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( SUMMARY )

Purpose &
Contents

Lane marking luminance measuring equipment(Retroreflectometer) was to
assess the state of the entire country have been introduced in road and
lane as well as to manage. Measuring equipment, such as the related
agencies operating agency is very rare. Through this research task, the
measuring equipment through the localization of the systematic
maintenance to provide the basis of the lane making.

The final goal of this research and development is three.

The first goal is development retroreflectometer.

The second goal is lane marking paint condition measuring device
development.

The third goal is quality maintenance program.

Results

Device for evaluating lane marking paint condition, Retroreflectometer,
and lane marking maintenance program.

Expected
Contribution

Carry out equipment for government agencies, and extended develop new
products. The global competitiveness and plan to promote joint projects
with other companies. Improvement of performance, technology and price
competitiveness as a global as well as local competitive as a joint venture.

Keywords

. . Retroreflectomete Lane
Lane marking Luminance Fall out
r management
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etato] A=A ) 7)o A Ak
Al wredstdth. wekbA Hol 100km/h
= bkl A4 239 Ses

TR AMES A Aol 99k 22 23S
of &t Aoz vehyth AgE mde

2 CCD(Charge Coupled Device)%

Aol Zh et Al

T 80km/hoﬂ A IOOkm/hi ARk
o)A 2mmztA el do] ig.‘
13,889frames/sec”7} ©th. 17 35
il et a1 7}“1]‘3} % &

30 Al

W

hECE D

49w

a3 3694 H&= vkep 2ol CP80-4-M-500 &2
A (ROL Region Of Interest)d}™

Ao Al TA AL

23,000frames/sec &= =2 o]y & 5o| 7ledlt). ol EHX%
s Ao, 100km/h ol el HEA ZAE 7Hs g ojvl g,
Camera specification
Model monochrome CP70-12-M-167 CP80-3-M-540 CP80-4-M-500
Madel color CP70-12-C-167 CP80-3-C-540 CPBD-4-C-500
CXP channel speed 6.25 Gbit/s 5,00 Gbhit/s 6,25 Gbit/s
CXP-6 CXP-5 CXP-6
CXP connector DIN 1.0/2.3 BNC BNC
Resolution mi. 4080 (H) x 3072 (V) 1696 (H)x1710(V) | 2304 H) x 1720 (V)
Framerate with full res, 167 fps (8 bit) 540 fps 500 fps
Framerate with 300 fps 1000 fps 10000 fps
reduced resolutions @4080 x 1690 @1200 x 1200 @2304 x 80
500 fps 5000 fps 23000 fps
@4080 x 990 @480 x 480 @ 2304 x 32
Image sensor Global shutter Global shutter Giobal shutter
CMOS CMOS CMOS
Sensor model CMOSIS On Semi Alexima
CMNMV12000 Lupa 3000 AM4T
Exposure: time (min.) 28ps 2ys 2ps
Active area 2244 x 1690 mm? 1357 x 1368 mm? | 16.13 x 12.04 mn??
Pixel size 5.5 pm square 8 ym square 7 pm square
A/D converter 810 bit 8 bit 8 bit
SNR (EMVA1288) 41 dB 42 dB 42 dB
Dynamic range 60 dB 49 dB 48 dB
SENSOr EMVA1288 EMVA1288
Sensitivity 464 Viux s 38 Viuxs 9 Viux.s
(with microlenses)  (with microlenses)

a9 35 A FhvlEt ARG

CP80-25-M-72
CP80-25-C-72

6,25 Gbit/'s
CXP-6

BNC
5120 (H) x 5120 (V)
72 fps {10 bit)
284 fps
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< 15prad [ °C
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10°, 20°, 30°, 45%, 60°, 75°, 90°

Elliptical

yes

50mm to 10,000mm

0.3mrad (1 /e*), 0.2mrad (FWHM)

yes

H 311 A8 dolA ALY

aho] 3249 zlol A W)=

) HnE A7

Al

AA HAE A

(1) "= =4
7 ROI A4 @ 2304 x 32
) A &3k 60=

(2) H=E H=2
7h) #9945 %  23,000frame/sec
) G ol A gkl =<l
o) &35 ¢F 4mm/pixel

_17_



A

- Y
=3 ) S
=) 7o M_M
o X X
S In o
nr M T =
" RO ™
o Nr Bo
T oF ol
o E
oy |
53 o)
o o =
W w ®
=
= o qr
—_
N i
] N ™
— ™
X o -
M o
il
i 2 ol
4 M

7}

vl
=

HH
e

5|

A

a9 314

A=

9]

_18_



2 A G T4l 808nme] #lol A FUS ARESA T wEkA 808nme] I
A7) = 32~ I E (Band-Pass filter)S 7St =ZH FHAS AAS 5 . H
% 808nm Igoje] A eldo]l EAsHAINE o] dFdle] Hef AYIvkS vlus] B 2

of wla FAle bk oty & wdol A EE dEek I AR ¥ 315 #H 163

i r{r

= X

o
%
2l

m oo 3

Lo g o
O

- dg A7) : 925 * 0.55mm
- g2 3 99 0 808nm(FWHM, Full Width at Half Maximum : 20nm)
- 3 Y Fag L 90% ol

-

(%
oo HBBE883888

— T
— D

a9 316 HZE AREE ZH

_19_



o Zhe kel 2 o] A

fsi3
=

9715 74

SEEE

= 32k el A

a9 317

1
=

.ZTI
TK

Jo

3

i

Jo
il
e

jant
1|

fie)
~N
No
I
;00
jan

0

T~

¢
,mﬂ

WA selet A4 %

=
=

Zto] Zof

0
"~

bl se, 2ase 371

7}38

dA kel AZl7b =

A
1t

=
-

KeX¥e;
=9

o

ojvpraA Fhwllebrt A %

=
=

WA el Aol Zhol

o

—_
fite)

o

gaL, ek = HolH

7t
o= 0.5mm F24 ¥

i Al

S

S

)

7} 14,000frames/sece] Hdl FAIEE=E

1=
[¢}

3

=]
RN

40485 =
NO U Klo Klo
R
Klo Klo ~Ng ~NO
T

w_ 10 3
N ® | oF |
oW w4
ol m | ROROE
ol S | fr K 30
il = KO
= o
~

HM2E

A AT AR

=
=

Zlmro g 713 AA

o
=

svlere 2zl 47k 144

Pt 19 318~199F o] AAE =ws 7wtew AW CNC7L

5|

wl
=

A4 el A=, e el A

2

_20_



[ srusoL | DESCRIPTION [ paTE [ check

4 |oRsiz0 PaRT

3 FLG120-01 1 PART

+ i

1 |O0_KYT-RTI0ML-A5MOp7 1 ASSENALY

L[] DRAW NG NO DESCR |FTION GTY | MATERIAL WT(Hgl] TYPE REMARK

TOLERANCE 2
DIHENSTON  iccunse] weanme | 70 MODEL| NVT-RT3DM-ASMOO
o e R ] i NAE
1] LI T 401 [a0r sy o G c
30 - T20 0 v Jaer Jdes | UM L] CHK. |APPE ¥l 00_NVT_RT 0Ky
120 - 315 " 407 [400 |40 TIKIM o = i
fevisioda ot o e e VIEWHELL

a9 318 A=A FESA7] AA =

| srupoL | DESCR | PTION | oaTE | cHECK
1 DF80120 PaRT
3 [omoraor ] PaRT
2 |CONVT-RTIDMV-ASMODY 1 ASSEMALY
1 |00 NVT=RT 30ML-ASMODZ ASSEMBLY
HO DRAW NG NO DESCRIPT [ON GTY | MATERIAL WT(Kg ] TYPE REMARK
' TOLERARCE[ - e - s OO O —
TINERSTON ecomve] oo | MODEL | NVT-RT3DM-ASMOQ
o 0 X Y= 0 ) N S
& = = OWG. | DSG. | CHK. [APPR —————
» v e & no| 00_NVT-RTIDM-v21
|MENS‘0.|A 1900-2008 3 7 13 cICHNN' VIEWRELL
=) =12 = Al }\]-EHZ =] ] Z} =k HO ‘] L=
s 3.19 Z]’\j_vl-—‘_l S =587 A Al =



&7 E

DMI= A& 7)8 o]y FE Al wt=A] " o3 Aol DMIE= A3 Ag=
Aojof dta, A HAnit EE|A HAHE

= , =2

A s ZYEH 3 4= qlojok sl A& Aol =4S dolE AEA P AL Ao

71o3gt}h, JjEe DMIE Imm AgS4 B 7|voz £ 8o 59 EgAES AT
AF S ngoz 7}

2 A

Q=S F 329 ol AASYY EF thdxt £

40 2 Vls(@AA AH Ve, 73 A

_22_



3% 32 DMI A A ARk
1= NSRS H| 0
He| 2dlls Imm
27 28 5 8 =8
5000E A/3| M

EERELTE

A2 2%
22AE| 5
I EAL 715

75
-Chsst 742/l |2
-PCOIEIH|0|~ x|l x=)

RIE{H 0|~ - SR x5

Az DMI 919 2 A7 sl2x& 19 322 9 3237 Zrh

Distance Measurement Instrument A
) - ‘.“'___‘ LR

(#) 2 € & Q‘ FELA

www.rdth.cokr

HZHE! DMI 23]
a4 322 AgE471(DMID T4

_23_




=3 e

tiehaRT

o
o |me |
e
LT R T
G Fm T F
A A0 SHETHOD SO
= 3,
EEty
e
=p 1
o . =
) SR =
- L3 il
b
= i
iy i TLf
- I
= & s
- 5 i on T
= us =
t = Wi WEh LR SGE SRR e ST = @ [
o o o ST W E e B T Fom 3o 1
& i
W i 3
X

_24_

a9 323 DMI 3 =%

LT iz

i

o i A O

-— iy AN E m e
E —Ton  Than-
o . %Al i T
2 F _x||w|,,<_,@, 100 -
o B nsmnan. s ikl
s ] :

(e

L:C Smuo .




o] -3}

=
=

DSP(Digital Signal Processor) 7153741 Code Compose Studio®} ol & o] H

tod 1%l 3.24¢F o] DMI

s

o1 S

t
=
@
E
=
e
£
o
>
=
=
@
=
@
i
b g
w
o
1]
=
1}
o
=
=]
g
®
[ =

3.24 DMI #H¢slo] 71

ad

o] AL 13 3259

ghele o]l A ek Fhdel FA oz RE 33 WS o]

o

Fel A

o]-&3

o

B
el
7

ol

_25_



LTz 2relolA P

23 7t 8

D tj|o|E

s

T35l %‘HW% L 7b wE A xgz,hcg} wo olulx] EzAA

o|¥ olujg} o] BE S CPU7F 0}‘4 steglojy oz 4 3l ?ﬂﬂ] S5 S/ F

7F 9tk 2 W F slhurt dae]l S FPGA(Field Programmable Gate Array)el] T3 sl

Aoltt, FPGAT A4ts & + 3+ O} ol AEES Folye oz Z+F dudyH
5 .

o
2 AFolA e 1 dugES 78t olE FPGAO &gt

b |

Y

LENS SENSOR ANALOG DIGITAL ouTPUT
18 3.26 Peak Detector &itg]= 2 A A7+
A8 E 93t FPGA A

_26_



A ZAAZ R A

A

 HelHE

1

i

—~
fite)

]

ol A

2

P AR R

Ieg @

-
T

N

o)

72l <

=
=

GPS#H 4 A1

3.3% 2t

_ JI0
R
— il
D 7 E
K-
)
s o m
H .Am =
e B oF O JF =
< = oll
i 10 o
S B2
MO\ _r_Ox_ X0 O M
0 S X X K
e, | C =
AL IEEE,
or
i 00 Jlo
it = =
Kd

el A A

3L

FA T

)

o= =3t

A

bo zab 7

S

Al NE T

Eo
3.287 -t

= H

5

Ao

e

_27_



|f A EH| AL AIE EM EQ ]

— RS
| 0.112 km | 7999 meh D
— E— L
[THBGe [T o[ wmEr[ e[ =EM[ ¢ &1 A}
(=]
rm —
EN iy E e SLE
[ =x2po=s -| 20159815 Zho]
] e\ - = =

0050815

T apsp - ROADTECH

[ wa =zs [ wz =<ssum
[ =t

BEkm|; QoD

ETTT HE [ smen:|z:
ETECI BT - | [z ceirm - [ Lo

Tz agm ;20058240 19251
[ #E . oo ooo

Mg e DoDew -E

HOD @ B 8% - 9315200, wa # 0 - 28Re2GE) (331

7t A AE] 9L

=N g

*

9 328 A EA S 2AZRO 24} g9

Ty 3297 AH A7) AgBeold A1 W Z2a9S UERATH

I T S o = = =

Bengold N1 o] g3 Aol PHe e )
(1) 29 3299 =213

(@) 271G DN ES F2a A Ee] 245 ° WA /ddd,

(3) AANES T2 dolA7t oA H Fo Fuelrl #9 F9 suo] e,

_28_



(4) ®FoF sH O] A e=gd ) o] A7) BtA] ggow JhetE 24ds

(5) AR ol A2E ol dolA7t Al Alm F 7k A stETh

6) 7 o 7hed 254 Az & 9jAo] AgrByold A7t FY L=F sETh

(7) o stxlom HolAg 1nx, Agrygoeld A1 9o FHAE T AgByold A 19

Bs gEth

(8) Al #olAE AL, Image Height #S WHANA viewdol A B ol X119 Aset

| 25 He=s AT Y Offsete] flotdl HES ol &stol A7k Hojgh 7ked @A

A g,

9) Aol FAML Agdgold A1 g % AFo

(10) Laser PowerE Z=dsl=d olu] Y5 73} Profile o]
H NosieZ7} BolAY stAS 2 GotA ubd

(11) HE HMES 549 “profile_single_left.json” Y-S Ak},

(12) I ©& ProfileCalibrationTool Z 2 18]S 28§ str},

(13) =9 3.309] wmzkA) wlxo} zro] M A3}l Open Jig Profile HES =] oA AAE

jsondt Y & A8 skt

ol

o

RN

- 5 N
a4 Profile Calibration Tool e

I Open jig profile I

Jig type Lens Focal Length
™ Ver. 1 {(big) MEemmiEE)
i) ver, 2 (small) @ 25 mm (FHH)

[7] show debug info
Calibrate | oK

% 330 El SA 7] A By ol

(14) Calibrate M &S 29 calibration_leftjson Yol AP Adz e Z¢ Yo AR
=3

(15) = & AAHE json LS FAAZRZ 18 o] 4= NoviRSJson Z T o] EHAls|s=t}.
(o] WS din|ste] 7|E FLdES dH WgdEr)

_29_



7} A% "HAE

(1) AdH=E

M A A 4 s g4 A
g T Ade AAYE ARt AAl FARE ASHEEES Aldstdnh SA Aed A 2
| A 5 RV 2 9 AR G2E= 7HA sl 4

H=5 AAAH.

[

a9 331 Ad "HEE

2 =3
- ZAHE L 2mm
ZAMEEE 0 100km/h(7H8 Z A
- ZAA8 1 10km W& (FHEEAD
- Hl2~E Wy @ DMI9] 7Hd A 715 S o]43te] Al4 100km/he] ZAF & (13,8893]/%)=

E A7, 100km/he] 4 %(13,8893]/%) A dleol¥ ek glo] m&o= 3%
e ARV FHES dUsioer A A9E # 347359 A

o

_30_



342 &2 2 34 S5 H2E A

= S
HAE A TAEE RS glold
S AHellkm] [km/h] [al/=] T =

1 10.112 100km/h 13,889 0

2 9.890 100km/h 13,889 0

3 10.325 100km/h 13,889 0

4 10.219 100km/h 13,889 0

5 10.101 100km/h 13,889 0

6 10.406 100km/h 13,889 0

7 10.098 100km/h 13,889 0

8 10.070 100km/h 13,889 0

9 10.109 100km/h 13,889 0

10 10.207 100km/h 13,889 0

F 35 W AAE HEAS

= 25X =Faby ==
=c 100km/h 100km/h 100%
SAMPLE RATE | 13,8893|/= 13,8893 /= 100%
(W) 24 +as HEE
D 12 H2E
- ZAE 0 1mm
- ZAFEE  80km/h(7HEZEA)
- ZAMAE  100m WY
- H2E WU 378 43 e 7T ESS vty w3 S48 AAg v

3.63 2t

_31_



a9 332 7=

29 333 =o] 24 3t
% 36, o] =4 Ax
== = =53 ST
) [mm] [mm]
5 : "
6 55 0 E
8 5 :
10 0 .
12 = .
14 13.5 G
18 7.5 e
22 > :

- 32 -




)

9 4F dAEL AMAT GLH ol (G~50mm)e] 7E BEL Algse] v
Aod 24 WS 24T 5 QA FAs] AF HAES IY 3349 o] &
Itk H2E 23 Hd) 04mme] 24 0 A4S B

=8 48
=5 =0 U 22}
[mm] [mm] [mm]
5.0 5.0 0.0
9.9 10.1 0.2
14.9 14.9 0.0
20.0 20.0 0.0
30.2 30.2 0.0
50.0 49.6 0.4
) =7 & HEE
ZAREZ 1 Imm
2SS 80km/h(Z7HEZ=A)
ZAFAE  100m W <]
W L PG EAE st Ve B 5ol ALS A ElE = Z) Ao fAIA7] L

NEesd A A=

_33_



(2) AofE2~E

]

o

al

5

AL BF

= 2
= T

i Al

H71 $18

5

ZALE HZE

=L S

7} =2

—
7o)

fie)

o)
o

2E

2]

=
¢

J

ERT

=i
=

(7h 7H=

: 100m

- 2

131, A% o]

)

0

N
]

uf-

B
T

s

o

o
el
;ﬁ ~l
<
ms
o
o

Nr
el

pa—

0
o

i)

7k A

1mme]

A

a7 3359 Zo] 1mm

ol =T

%W MY

a2 335 AH] XA} SolxAle H

H| oL

W)
<

e

N

O

N

© 70~80km <]
: 1km W<

7
s
.

- 2AAY

B

il

Fol dle] g 3 *}o]

of ZA}S

}

N

3} of

el

=

I~
0

i
ol
o

_._AwﬂO

Wl Ay 28 3363 o] Fokzt 370

=
=

CEIES RS

ZALE S Beleke

_34_



Z7EzAL
CE

19 3.36 FoRgt AL HolH

(th) %A} 914 "H2E

-9 A ASE(AIE SHAEA])

- ZAAE 01

- ZAMEE 0 70~80km/h W 9

- 2AAE : 1km 49

-9 W] 2A AAS AGISEA =Y A A &l

GPStHlolH HE 7|eS I AFAFS Flstr] sl A 2A) E2E AA Tt §
GIST S 283to] Fels] Bt GPS dHeolg 3d2S NMEA(National Marine Electronics
e o

Association) 8 21 & A3t T FHE HlolHE 48 AGISH(GoogleA =, ThEA &) Addl &

Google earth

19 3.37 HGISH ol =AMA #&

_35_



B

: 80~90km/h 2]
: 3km W<

- ZAAE

iy

thel 7hv et

ki3

o §-514

=
=

360%= AH-E] Fhv gt

7R A 2 ZA

KeN
T

A okzt

ol-&stH 1% 3384F Wl

s

o
g/\

77 338 360% 4

: 0~30km/h <

el
N

At
- ZAFAE : 40m

i 1% 3399 &

3]

HAEZS ¢

e

h
]

el

I

il

o

0

rvze)

N

_Zrl

3hel e,

Al

X1 270
29 3403 7ol &9

3T
A=

SN

_36_



=312 = 16.00%

1000mm

A EF : 15000

150mm |

0 mm> l

'

1000mm

=
£
=
o~

o

i

p

|
<]

14
o

0

veel

A
o

o

o))
—

THH

B
fife)
0

i
el
fron!

0
N
el
o

gy

o

0

o}

_37_



2 KH[%]

231
0.50

418
1.06

2| %]

3

]
K

7

16.00
16.00

16.00
16.00

2| 2 [%]

F

wil

.|

P
KIr

16.37
15.92

15.33
16.17

<

oK
KIr

A
<

—
A
=0

(@\]
Al
=0

: 0~30km/h <

i
N

At
- ZAFAE : 40m

—_
o

B

—~
fie)

i

~O

|

ok

¢+

o

0
Zﬁ
il

=4gkv) v

_38_



14
o

PR
g

X

B

2 KH[%]

6.3%

5.2%

3.2

1.9

[mm]

3.0

2.0

<

oK
KIr

7

Nr

i
_,dﬂ
g

X

Atk 19 3432 A

S

dgAde 7

A9 5

T

_39_



g o] HSH At
=
SN
49 [ A S 224 ET300F_05
3
~
E
E
=2
=
Uk (03
1-
g -k : - !
0~50 50~100 100~150 150~200200~250 250~300300~350 350~400400~450450~500
Distance [m]
Usge mouse wheel to 200m chart
a7 344 A FA =58 A
E
=2 g
8- — MNEEE2HMETI00F_05
— Current
6
2
o
o+
ol
7=
u 1 ] ] 1 1 e ] L] ¥ 1] /
0 50 100 150 200 250 300 350 400 450
Distance [m]

a9 345 A g 54 23

_40_



Anpgel kA =lielol A 7 Bol AREE = b =
3100 A stdrt. ZAA T QAT E SAHHAAM = FASE TS Belon
W FAS A Aol 7t AT

w
ofN
=
=
:(’)l:
oX,
ofr

o
BN
>
QL
s
kel

# 310 94k 3= S47] "l
=,k LTL-M ZDR-6020 LaserLUX
ek o = o k= 2{| O] X
=SEL] 1000 x 1000 mm 1000 x 880 mm 1100mm
S-SR
(med/ma/lux) 40 ~ 2000 0 ~ 4000 5 ~ 4000
24 12.5kg 10.5kg 22kg
P IEAYN == 90km/h 150km/h 96km/h

m
a1

(2) 7Hvilzte S = HAE

ZFu| A 2Fol] kA FhWElR 3| =Ho] 7le3dhR| &elo] FAQ st} g~ ENTPE Abol+=

DSLRo A &3t oln A& o] &3} = = 19 (Photolux)
< Mgt ow AR 32 A7 v EE o] AFEE L Qlt o] ZE %S Luminance map®]
At WS NAE] F =gS & ¢ AEE o vl DSLR oA S o] &alo] Arf
A=@e @7 AAME HoelolHe nARge]l Bast, o AP AW FHHA I
mge 92 At

@A PhotoLux®] ®rtdg wlo] F7)Eol 2ol olF olgate wz Aue) gl gk
S =Asger. 1 A7 a9 3463 o] FW Al uwlgl T 2 de daAE Ay =
= geger 2498 ¢ & 9

_41_



b, |

3) =l = AFE +8AFA oA 1
FIERFANAE AFAAE 24715 S9ste] L8503 Ak gl el o} Ald
408 Zolu $EATAIL WeR He /%S WA A8l $EATAY JAe Y
Sty Ergal £9E T AvE wasuy ¥ 3119 2t
® 311 ¢4 = A7) vl
T LaserLux
23 2Ol X
Cali X744 270
bration | 223+ 23| (A 13|, HHAE 13])
A Al ARMAM A2 TS
S EEAM ZIAMLE ZAL ©of njgl Y
A 2X oA Me|Eyold =H

1o
Y
rlo
=5}
w
—
Do
©
m

_42_



5}

7 oA

Al
=

ar

80
ol

E
or

ol

|-

-

8% F3XAY H2lg 20|

st A
=

=8 %

(HAE ER)
DMIA{2)7|

!

ol

3 7ts

ol

=

=

iz

TIHZ

B
O

Aot Hop A= N2

AbTpat
O L

Ao|220]d BAE H2oi0t

il

312 vl =&

i
st

g XFe| AHz|7t

=

=

=13
=

ZAFAl GPSZLO| SHEIO HO[E(0| EX7t

S
=

N

Lat 9is

s

=

e
o

£} R8Il

R (MRECPN gl o)

-
il

A et

°©

K

O
~X

o
o

(1 »

o
B

EE

shoh whepd A

o] B7l%

el

E

3L

o} A&
],
19 3473 o] H

S

el

)

_43_

- 1/60%
: F4.0

],
- Z g 7l
- ISO

: 100

Al



< TR RN W

e} EXR I
B B A o
T - =
) N
v !
W & Fm
oy o —
iz N
70 <] T Mo
= T LT
< o .9
Eo o ,Ul ,AO
A = 5 B° o
o = K = Wm
- —_ —_
go K W_L P —
NG = &
RS =% ™
~ —_ W Mo T
T ﬁo oA R
o v
W o o
{| X T E ,A]#
= ,WL < ofp w
G ) B
S ' Mo
'~ olo =W
e o
mh "y o - oﬁ_ Jo
‘I“_n —
S oo 50
w <0 W N MA_I ~
M o XV = XN
°© | % o L =
i — o 5] SN
~ 8 =
Bl S T T g
4 0T8T
17 T=T ¥os
vl < mo T
T S _zﬂ_ M Q & iy
J o E
0 — (! 0
zx VT 2EE
ﬂ LLO —_
0 0

gl 2kl @l

-

T

E oA Edor v

]

o
1l

-
X

7}

()}
H
- 44 -

& Hokch,

=

Fo A 2 deolA g

A 24} L A
3.130l B

e

-
it

1
T

(2) =elA 3

o] A



# 313 ZlEel A AR vl

= IR Line Beam System LS-8010K-L90 /Q-Laser
dlOlAd IH& 808nm 808nm 808nm
4ol =< Bw(ItHEZEED|s) w(OIHHEEDIs) | Bw(IIEHEEDIS)
dl0l A DI )
oo Gaussian Homogeneous Homogeneous
ol = 8mm <2mm < 1mm
PUR=s
FRIE #HolAE 1.1me %H& ZARSHZ] fd sy e F4HQ 7GR desin=g
WA SHAA sk gdeEol A WAlS AMEs7|2 AT deolA Fde] g
AL AHE el = 808nm=E AAsor, w5d vyl EEE VR dolA F #ele]
8F2 ZQ-LASERE & AT Al&s7]2 ZAAssth & 314+ 78 ¥QAE oA %x9
° ¥ 3159 #tt

e wlag Rolw, ZQ-LASER®] A¥A%e ¥

¥ 3.14 ¥ E #o]A A}k mvw

= KM 1000 LUMI-LASER300 SKIN-L1000
9 IHE 850nm 860nm 850nm
diold &4 11w 014
JIE ZOIE ghal pEa glgtal
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3.15 ZIE & o] A (ZQ-LASER) A& Apok

Output power up to 6,000mwW
Wavelength 808nm
Power stability +1% over operating temperature range within 24h,

+5% over complete lifetime+1% over operating temperature range within 24h,
5% over complete lifetime

Wavelength vs. temperature Typ. +1nm over operating temperature range

Pointing stability < 15prad / °C

Projection line homogeneous, line flat top, dot circular, dot elliptical
Line homogeneous profile 10°, 20°, 30°, 45°, 60°, 75°, 90°

Point Elliptical

Adjustable focus yes

Focus range S0mm to 10,000mm

Divergence of beam FWHM 0.3mrad (1 / e*), 0.2mrad (FWHM)

Intensity control yes
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IH 349 A=A AL S = SA T

1o
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e
e
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808nm<e] I}t
Bl 4 Sl = 808nm
gpelg o] Ao Hlaf
Hato] ld FH o A

o sl 808nme] el A AL AR ik
o2 BEE FHFORA FAFL AAY & 9

ool shglel wel Avlmke was) n
& dolA g 54 R pade 48
7

- ¥ Z7] : $25 * 0.55mm
- g~ g 49 0 808 + 20nm
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00 300 400 500 600 TOD 00 9S00 1000 1100 1500
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Specifications:
erial: Float glass

(114,012 5x6({moanted), B2 5. 4x6{mounted),Custom

=) What is OD?
(11.4%11.4);>08.7(vi2.7) > D21(D25.4)

Note: Other dimension and specification are available upon request.

19 350 AlAtE wEsfa I AR

2 AT AR AN A

Y FFAME B AFA L% 24 T Fhyolt B AFOAE QAT R S
HOE 10~ IOOOmCd/m /luxZ AR, =4 23 %‘% 12 7FAskdA H2A Video Data
Output(VDO)®] 10bitq] Zhd &7t 2 asfc}, ghef i} g a(xEM, MEH )& HAHx

= TRHaA
gakel AR B ASA Baw s Wl 4% 28 F £ dvhd VDO 10bit
Aotz B Age #9% 5 Ak et REF zUAE A8 % eARw 290 s
sto=Z o f3%S ayste] 43 VDO 12bitE 7HA &= Zhd et o} HE3F 80kme] FA}
54 Imrbt HolE S A537] fsME 29 0= o 8 e et
Fasteh 9 AFS NESE FY FRAME vl 34 AFS E 3163 o] MY
9o,

—|~
i)
fo
ol
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;
©
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%316 AR FHE Al E5

UL A B ¢
Video D@ﬁael Output 12Bit BW 12Bit BW 14Bit BW
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ARE ghiete HolAR Ads HAEE 7] & 7hdleket #eolAE ASTM E1710 1%
=5 AAGANA F= A2E 29 3513 Zo] Aztedt

ZH2}
 BELE = i [ %:If_j‘e‘
znexd . ! ” 23pn|

- [ERETE

Zexd |

a8 351 3| ==A HAE A1

Hh, oF7F HI2E
3N E5el AANAL 8 FhElEReh dlol A S ASTM E1710 sFAel st
sl AR o 8m A Al #elA #hle] FAHE T BmmA=E AREste] 9
NZo] SFrAT AA7E SJetel2 7]&e] ASTM E1710 Aol 24 &5 wjo] dole =
= z < I=4

Ea i

EFd9stn® Jhve 29 99 F Y52 daAE Uk olgd WA ew 13] HolH A
$HEHe FaAA 2T 5T F e Zdds TVRE F Ak oY d e 3749 A
g} 5 Adstd o vEo] AFINAL 33 A EE Hlushs o HAEES 1% 3529 7ol
FeAnt FAYHL e B 4 AAME Y= A= g ARG § g
FEdsE A9 09 353 B OE 3173 o] ‘C'ubEte] Aol M $4@ o ey
o, & gl AFANAL F3E Jhvetz A sl

a9 352 AFNEAL =38 FheEr Ao HAE
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(a) cllOIMd == (20%), XH==H Stolict A, B, C

(b) #eolA =9 (50%),
1% 353 7 Zhvlet

F 317 AFEAL FE Tt A HAE A

20| Z[AEfIY] 10% 20% 50%
WELIN! A 65 95 192
ADS
ree B 37 73 172
7t 2t

TRYE 4= C 72 108 210

AL BE A9 AE

SR F g e Bggel A Fw Axtvjel 1Y 35490 o] HAES
2 PEHHAT. AHiE B AGE AN F3E Al A vhera oy
§ BeuEe] Y2 Felsty] 9ol
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14 2% dnelE A% H2ES 96 245 2o HAES $989 o lkmT
zbol sl Frb HlAEAS 9%l el AHGAe AEetArh 1Y 3608 AFNAL 7o
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JEZF 30m A& vl 3= W3 Alo]ZhE on] 6}111 ASTM E17100ﬂ o] Z}& 1.056%== A3t
3 Qlth EN1436el = 2o 748 24 wdsta =, 2l ga 9= Aol 30m A
= HpeE o o] Wako] =W o] = Ao 220 WAIEAL Ut o] F wHRdl= 88m
Aol B ol EAS FF3] Fi AR oldS Fegsto]or gt

8.8 meters

29 3638 Aol A WirE Yehdt Ao de Faa] gaAE v B
3 wrol A Faatolor itk AHelolAe B M, B FAWE Fasin, 27he] g
A& olgeol A1E i} Aol ALGE YeL F Benol MES Telo] dojnell

g Faw Anndold Adge 85}o]

= 3
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I
u
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[=]
x
£

AL =2n0a
Z|[H 24 1500.00 A gk 150.00
E=RL R Pl BV R
= 2016/08/22
JE 400.0000 S Er 0.7254

EILH B 1500.00 Sk 150,00

del=2gnla ‘
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% 320 FoRt A4 ey HAak
B Ft Ot 71&2 FUL2} OFZtet SH}
[mcd/mi/lux] | [mcd/mi/lux] | [mcd/mi/lux] [%] [%] [%]
13 428 441 421 1.6 4.8
23] 425 438 421 1.1 4.2 <10.0
33| 428 441 421 1.7 4.9
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¥ 321 3 ==A AIx HAE A
x| o=
A = | Az X 7 2EAF 2] = [med/m /lux] = of =E
A E [m] =7} =7t =7} ofzt oFzt ofzt = =
A | oAl N T = = &l gz | [ [%]
< = 40km/h | 60km/h | 80km/h | 40km/h | 60km/h | 80km/h
100 214 211 221 214 215 213 212 42
200 218 211 222 219 222 217 208 6.7
300 179 175 174 169 173 174 178 5.1
of 400 186 183 181 179 184 185 184 2.7
j 500 189 184 189 187 194 188 181 7.2
= 600 195 193 183 192 188 183 195 6.2
c 700 212 193 190 185 189 196 204 9.3
800 197 194 184 180 188 179 193 7.3
L 900 200 204 198 189 189 187 192 6.3
A 1000 197 189 179 180 178 183 182 8.2 =100
1100 169 177 173 177 165 172 171 35
1200 180 174 169 172 161 176 168 71
1300 184 177 160 156 155 160 170 8.8
1400 197 195 187 179 181 184 188 48
1500 190 189 183 181 175 197 192 8.9
1600 193 185 179 170 172 178 181 6.6
1700 422 423 368 365 371 420 390 8.5
1800 413 426 394 399 383 401 412 7.0
100 115 113 109 114 117 118 115 52
200 119 120 116 123 123 121 119 34
= 300 132 128 138 125 129 131 137 8.8
= 400 130 130 127 125 128 124 123 57
El 500 113 108 108 102 102 102 107 56
600 148 146 138 144 154 149 145 6.2
700 126 119 117 116 115 115 119 59
800 119 117 112 113 111 114 110 8.2
2t 900 108 105 103 99 104 103 99 9.1
A 1000 115 113 111 113 111 110 121 9.1 =100
1100 109 112 108 106 106 107 109 2.8
of 1200 118 117 120 109 113 115 118 7.6
i 1300 128 130 130 129 133 135 133 3.8
= 1400 123 130 127 125 127 128 122 6.6
1500 119 124 123 119 126 127 127 6.3
1600 115 116 118 115 113 125 118 59
1700 115 112 113 109 110 108 118 8.5
1800 124 121 115 114 122 122 119 42
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2
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3 % 82181 (6015 EEOTTE SPES SatS DR EAS © senn cocd I
mEE DEE 220 HOHD B3O B4 COMEIHZM JHZE FE2AEW SapsE ;
=2— i3 D) - f DMP ¥ | & am2 |
SHe e~ e i AN E | JeT=TN
. : 1 sesnze , = [T
D ——— » | 2 AEE) |
a3 | emuy | ©5 , e
o = B2 Hldw b e mReAm).. .
! et s WSSO v | gunsTave. 2HE
2 218.00 1.00 Qb M DR P » (o azwe == |
3 179.00 100 = Hsgr=Tamm. ta wunn sumw aRes - Oena L o
b . : i
4 186.00 100 FEER0 | myszeTaze). susn iz
é}ﬂ.gg‘ Lc..l » _j_.,.SIJ_ SN ¥ ailer-Duncan
5 189.00 1.00 [F g amn 2 4=24(0).. Bonterroni  Tukoy ®48
& 195.00 1.00 FELR) » Sidak Tukey™ B Dunagtt
= Bshafie Dwirstan
T 212.00 1.00 EIHERA0) » REGWEE Hochbeng®| 6T [ Rl
8 197.00 1.00 A2AW r AEENs D =
9 200 Do 1 00 E;E&(XJ » BNAE IS S
il Tamhane®] T2 Cunnai2i T3 Games-Howell Dynned2) &
10 197.00 1.00 THel ZHAD) > RReE
1 169.00 1,00 HE(a) * e ' A | a | 8%
19 180 00 100 T e

19 371 SPSSE 43 EA A

T 372 WA 9 g Aol WARES vEo thee] ARAAES AR Aotk

(=

23

z
I

F7F 60km/h = =%+ 80km/h
oF7F 60km/h = ©F{F 80km/h

71k HE S48

(=

~

z
I

SEbT 28RS ST BHEN
53 =3z
A=g df Ha A F FUEE bil=3-15 df BZ A= F "rUABE
TE-2& 2978.714 6 | 496452 A0 996 TE- 196.778 i 32,796 280 945
TE-L | 585107.000 119 | 4916 866 SE-L | 13937.000 118 117118
= 5BB0BS.714 125 2H 14133778 125
(a) B4 A (b) 4 2pat

19 372 ANOVA A 23

< 242 0996, 0.945% YERY} 2 A AN FAACE X
fle slox vetwth = TukeydHel o3 AAFHAS AAE 23 Ao F FTx
E=
[



¥ 3221 F/obr N@Ade] Aoy A9S kst £ 99 A9 o fotES PR
Adolty, e A folA FelaE 0058 Z3lste] 2t Ja 1k A4 Felde] e Ao=
AERA Z, AFe] FYSEol F Rk ol TFFA} A Al Fugle] HAE =
A Ao JFS FA e FHoE G # 9t
%3272 S AT 1 Fo¥gE AE 49
o BHAH OtATE
T set1 set2 set3 set4 seth set6 set/ set8 set9
setl 1 0.376 0.335 0.499 0.162 0.3 0.189 0.204 0.306
set2 - 1 0.809 0.861 0.499 0.785 0.592 0.612 0.883
set3 - - 1 0.706 0.715 0.989 0.821 0.835 0.904
set4 - - - 1 0.425 0.678 0.502 0.521 0.753
seth - - - - 1 0.712 0.871 0.862 0.581
set6 - - - - - 1 0.823 0.837 0.885
set7 - - - - - - 1 0.988 0.687
set8 - - - - - - - 1 0.706
set9 - - - - - - - - 1
- BHAM G 232 E
T set1 set?2 set3 set4 seth set6 set7 set8 set9
setl 1 0.993 0.744 0.913 0.721 0.658 0.889 0.753 0.832
set2 - 1 0.753 0.918 0.73 0.667 0.895 0.761 0.839
set3 - - 1 0.833 0.968 0.895 0.862 0.91 0.916
set4 - - - 1 0.801 0.734 0.971 0.833 0.914
seth - - - - 1 0.924 0.837 0.972 0.889
set6 - - - - - 1 0.77 0.901 0.820
set7 - - - - - - 1 0.861 0.941
set8 - - - - - - - 1 0.921
set9 - - - - - - - - 1
. Bl ol ATHE
T set1 set2 set3 set4 seth set6 set7 set8 set9
setl 1 0.857 0.562 0.304 0.612 0.449 0.469 0.51 0.475
set2 - 1 0.751 0.844 0.286 0.715 0.91 0.624 0.92
set3 - - 1 0.89 0.45 0.942 0.786 0.846 0.692
set4 - - - 1 0.354 0.84 0.868 0.74 0.774
seth - - - - 1 0.527 0.356 0.603 0.272
set6 - - - - - 1 0.749 0.91 0.661
set7 - - - - - - 1 0.668 0.93
set8 - - - - - - - 1 0.578
set9 - - - - - - - - 1
o A Z 92| E
TE set1 set2 set3 set4 seth set6 set7 set8 set9
setl 1 0.66 0.448 0.687 0.414 0.681 0.591 0.552 0.504
set2 - 1 0.745 0.967 0.7 0.972 0.894 0.849 0.82
set3 - - 1 0.712 0.952 0.806 0.866 0.91 0.919
set4 - - - 1 0.668 0.943 0.863 0.818 0.786
seth - - - - 1 0.767 0.822 0.866 0.871
set6 - - - - - 1 0.934 0.894 0.873
set7 - - - - - - 1 0.958 0.939
set8 - - - - - - - 1 0.985
set9 - - - - - - - - 1
set No. set1 set2 set3 setd setb set6 set7 set8 set9
&t F7t F7t F27t F2t o) >4 okZt okZt o) >ds I =3t
= 40km/h  60km/h  80km/h oo 40km/h  60km/h  80km/h oo =
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PREFACE

FOREWORD

By Staff
Transportation
Research Board

A vast storchouse of information exists on nearly every subject of concern to highway
administrators and engineers. Much of this information has resulted from both research
and the successful application of solutions to the problems faced by practitioners in their
daily work. Because previously there has been no systematic means for compiling such
useful information and making it available to the entire community, the American Asso-
ciation of State Highway and Transportation Officials has, through the mechanism of the
National Cooperative Highway Research Program, authorized the Transportation Re-
search Board to undertake a continuing project to search out and synthesize useful
knowledge from all available sources and to prepare documented reports on current prac-
tices in the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available on those measures found to be the most
successful in resolving specific problems. The extent to which these reports are useful
will be tempered by the user’s knowledge and experience in the particular problem area.

This synthesis report will be of interest to local and state transportation agencies as
well as to the pavement marking industry that works with them in long-term pavement
marking practices. This report documents the current and best practices for managing
pavement marking systems, identifies future needs, and addresses driver needs and meth-
ods of communicating information to drivers, selection criteria (e.g., reflectivity, pave-
ment service life, wet weather performance), materials (e.g., color, durability, cost),
specifications, construction practices, and inventory management systems. It also ex-
plores several challenges facing agencies, including funding, nighttime visibility in rain
and fog, quality control after installation, and the shortage of quality labor, and discusses
new technologies, methods of performance measurement, and environmental constraints.

Administrators, engineers, and researchers are continually faced with highway prob-
lems on which much information exists, either in the form of reports or in terms of un-
documented experience and practice. Unfortunately, this information often is scattered
and unevaluated and, as a consequence, in seeking solutions, full information on what has
been learned about a problem frequently is not assembled. Costly research findings may
go unused, valuable experience may be overlooked, and full consideration may not be
given to available practices for solving or alleviating the problem. In an effort to correct
this situation, a continuing NCHRP project has the objective of reporting on common
highway problems and synthesizing available information. The synthesis reports from
this endeavor constitute an NCHRP publication series in which various forms of relevant
information are assembled into single, concise documents pertaining to specific highway
problems or sets of closely related problems.

This report of the Transportation Research Board contains information derived from
survey responses from 61 state, province and territory, county, and city transportation



agencies and private companies in the United States and Canada to document long-term
pavement marking practices and research, and discusses the many different practices
among agencies due to variations in structure, policies, and climate. Three types of sur-
veys were distributed: transportation agency, pavement marking equipment/material
manufacturers/distributors, and retroreflectometer manufacturers/distributors. The Man-
ual on Uniform Traffic Control Devices for Streets and Highways was used as the guiding
document.

To develop this synthesis in a comprehensive manner and to ensure inclusion of sig-
nificant knowledge, the available information was assembled from numerous sources, in-
cluding a large number of state highway and transportation departments. A topic panel of
experts in the subject area was established to guide the author’s research in organizing
and evaluating the collected data, and to review the final synthesis report.

This synthesis is an immediately useful document that records the practices that were
acceptable within the limitations of the knowledge available at the time of its preparation.
As the processes of advancement continue, new knowledge can be expected to be added
to that now at hand.
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LONG-TERM PAVEMENT MARKING PRACTICES

SUMMARY

An important means of communicating information to drivers is through pavement mark-
ings. Transportation agencies use longitudinal pavement markings, pavement markers, and
word and symbol markings to provide long-term markings for their highway systems. Sixty-
one state, province and territory, county, and city agencies and private companies in the
United States and Canada were surveyed to document long-term pavement marking prac-
tices and research. There are many differences in practices among transportation agencies
because of variations in their structure, policies, and climate. In addition, because of changes
in technology, driver needs, and environmental constraints, there are many more materials
being used and evaluated than in the past. Furthermore, new technologies and methods for
measuring the performance of pavement markings have been and continue to be developed,
making the scope of the topic area quite broad.

In this report, the current and best practices for pavement markings are highlighted and
future needs are identified. The relationship of the practice to the Manual on Uniform Traffic
Control Devices (MUTCD) is documented. In addition, the following issues are addressed:

e The process for making decisions on pavement markings,

e Driver needs and ways of communicating information to drivers,
o Traffic crashes related to pavement markings,

e The criteria for selecting materials,

o Specifications and practices,

e Materials,

e Inventory management systems, and

e Performance evaluations using retroreflectometers.

The top four problems and challenges facing transportation agencies and the pavement
marking industry are finding the funding for pavement marking programs, nighttime visibil-
ity in rain and fog, quality control when markings are installed, and a shortage of quality la-
bor. The estimated total money spent on pavement markings in the year 2000 by the 50 state
transportation agencies, 13 Canadian provinces and territories, U.S. counties, and U.S. cities
was $1,548,616,821 on 6 148 088 centerline-km (3,818,688 centerline-mi) of highways. The
MUTCD specifies and recommends where centerline, lane line, and edge line markings are
to be provided based on the type of roadway, the width of traveled way, and the average
daily traffic. Some agencies exceed the recommendations of the MUTCD.

Results of research on pavement marking material color, retroreflectivity, and durability
are used to improve marking programs. Policies and specifications guide material selection,
placement, and evaluation.

Eight state agencies have summarized guidelines for the selection of materials based on
11 factors, the most common being type of line, pavement surface, traffic volume, and type
of street and highway. Centerlines and lane lines are more likely to receive durable markings



than edge lines. Interstate highways, freeways, and expressways are more likely to receive
durable markings than two-lane, two-way highways. Highways with higher traffic volumes
and pavements in new or good condition are more likely to receive durable materials. Most
agencies specify the standard line width as 100 mm (4 in.). Wider markings are used to pro-
vide greater emphasis.

Drivers encounter difficulties in nighttime guidance because pavement markings often
disappear, especially during rain and fog. Increasing retroreflectivity can increase pavement
marking visibility and preview distances. A preview time of 2 s was found to be the mini-
mum acceptable limit on roads with properly maintained pavement markings and retrore-
flective raised pavement markers (RRPMs). At 90 km/h (55 mph), delineation must be visi-
ble at least 499 m (162 ft) ahead. A preview time of 3 s is recommended to provide long-
range guidance information. At 90 km/h (55 mph), delineation must be seen at least 74 m
(243 ft) ahead.

Older drivers require more light to see delineation and are slower to react. It appears that
older drivers cannot be accommodated at all speed levels with pavement markings. How-
ever, the addition of RRPMs makes it possible to accommodate most drivers.

The standard for measuring pavement-marking retroreflectivity is the 30-m (98.4-ft) ge-
ometry. The American Society for Testing and Materials specifies that a new marking is re-
quired to have a minimum initial retroreflectivity of 250 millicandelas per square meter per
lux (med/m*/lux) for white markings and 175 med/m?/lux for yellow markings. Some state
agencies require higher initial retroreflectivity, depending on the material, whereas others do
not have any initial retroreflectivity requirements.

The FHWA has developed candidate MUTCD criteria for retroreflectivity of pavement
markings, but no such criteria have yet been approved and implemented as policy. The crite-
ria are based on speed, road class, color of line, and presence or absence of roadway lighting
or RRPMs. The FHWA sponsored research to determine the impact of the minimum retrore-
flectivity values on a typical state agency. To meet the minimum values, a typical state
agency may have to replace as much as 25% of markings in the fall and 45% in the spring. It
may be necessary to increase the amount of money spent annually on pavement markings
from $2.4 to $3.5 million. However, the increase would be offset by a reduction of fewer
than two fatalities.

Pavement marking retroreflectivity under wet pavement conditions averaged only 46% of
the comparable values under dry pavement conditions. For example, to achieve a wet-
pavement retroreflectivity of 150 mcd/m*/lux, the marking would need a dry-pavement ret-
roreflectivity of 326 med/m*/lux.

A scanning tour of European pavement marking practices recommended that all-white
pavement markings and tiger tail ramp markings both be studied for U.S. implementation.
Chevron markings spaced at 40 m (131 ft) to indicate the proper vehicle spacing reduce tail-
gating and accidents and have an 80:1 benefit-cost ratio.

The long-term trend in the United States and Canada shows reductions in traffic fatalities.
U.S. traffic fatalities decreased 12% from 1988 through 1998, while traffic fatalities in Can-
ada decreased 29%. However, over the 10-year period from 1991 through 2000 traffic fa-
talities in the United States remained fairly constant, averaging 41,256 fatalities per year
(ranging from 39,250 to 42,056). The variation in fatalities appears to be random.



Pavement markings can reduce traffic crashes occurring under darkness. Fatal crashes in
the United States are more likely to occur under darkness than injury or property-damage-
only crashes. In 1999, 23% (1,449,000) of all traffic crashes in the United States occurred
under darkness during normal weather. An FHWA study of pavement marking retroreflec-
tivity showed an 11% reduction in nonintersection traffic crashes occurring at night on dry
pavements. In 1999, 4% (270,920) of all crashes occurred under darkness during conditions
of rain and/or fog. The FHWA study of pavement marking retroreflectivity did not show a
reduction in nonintersection nighttime crashes on wet pavements.

The three types of pavement marking specifications are prescriptive/material, perform-
ance-based, and warranty provisions. Of the agencies surveyed, 75% were satisfied with
their specifications. Most agencies are confident that they are receiving good materials, but
less sure that the application of the markings is adequate. Agencies are starting to use more
performance-based and warranty provisions contracts to place more responsibility for qual-
ity markings on contractors.

A number of methods are used for preparing the pavement surface for material applica-
tion including sweeping; air, sand, or water blasting; use of solvents; grinding; and scraping.
Air cleaning is often done with a nozzle on the striper located immediately ahead of nozzles
that spray the marking material. Surface preparation becomes more complicated when using
durable materials and on portland cement concrete pavement. Grinding is the most common
method of removing markings. Markings containing hazardous materials, such as lead or
chromium, are required be taken away when removed from the pavement.

Sixteen types of materials are being used for longitudinal markings, with state agencies
using the largest variety. There has been a shift away from using conventional solvent paint
with a high volatile organic compound content. Waterborne paint is the most common mate-
rial and is used by 78% of the agencies, followed by thermoplastic at 69%. Waterborne paint
is striped on almost 60% of the total mileage at a cost of 17% of the total money spent on
pavement markings. Thermoplastic is striped on almost 23% of the total mileage at a cost of
35% of the money spent on pavement markings. Durable markings are being used to in-
crease the service life of pavement marking systems. The trend is to have contractors apply
durable markings, many of which require specialized equipment and highly trained workers.

The service life of longitudinal pavement markings varies by color of line and type of
pavement surface. At a threshold value of 100 med/m?/lux, white lines have a service life of
34 months, which is 42% greater than the 24-month service life of yellow lines. The longer
service life of white materials shows a benefit of an all-white system of pavement markings.
Lines on asphaltic concrete pavement have a service life of 33 months, which is 27% greater
than the 26-month service life of lines on portland cement concrete pavement. However,
service life is highly variable and is affected by material, traffic volume, and other factors.

The service lives, costs, and life-cycle costs of longitudinal pavement markings vary con-
siderably by the type of marking material. The cost of traffic delay because of striping op-
erations and measurement of retroreflectivity can add significantly to the life-cycle cost of
longitudinal markings. New products are coming on the market that can improve nighttime
visibility in adverse weather and have the potential to improve traffic safety.

Acceptable retroreflectivity in an RRPM is dependant on cumulative traffic volume. Ret-
roreflectivity may last for as little as 6 months on a high-volume freeway with truck traffic.
The more durable and expensive RRPMs become cost-effective when average annual daily
traffic reaches 10,000 veh/day per lane.



An inventory management system tracks the service life of pavement markings by storing
information on installations, inventory, retroreflectivity, specific action steps, costs, and sup-
pliers in a database. The goal of implementing an inventory management system is to enable
transportation agencies to select cost-effective markings with increased service lives that
will reduce the cost of marking a highway system. Longer-lasting retroreflective markings
that reduce traffic crashes will be the benefit of such a system. One-half of the surveyed
agencies have implemented or are planning to implement an inventory management system.
At this time, agencies have not had enough experience with inventory management systems
to realize any benefits.

The FHWA has been promoting techniques to inspect and evaluate pavement markings.
Some agencies have specifications and guidelines addressing performance evaluations. New
markings are usually inspected within 1 month after placement, but there is no universally
accepted schedule for inspecting existing markings. Training courses are available to enable
personnel to become more proficient with inspection procedures. Agencies are using 30-m
(98.4-ft) retroreflectometers to evaluate retroreflectivity. Field tests of four hand-held and
two mobile retroreflectometers showed that measurements collected with these instruments
were within an 8% range, which is a good correlation.

Retroreflectivity data were incorporated into a geographical information system to evalu-
ate pavement-marking life cycles and develop predictive models for materials. The ability to
efficiently review and query retroreflectivity data by type of pavement marking, condition,
location, and jurisdiction benefits both the administrative and operational areas of a trans-
portation agency.

Mobile and hand-held retroreflectometers each have advantages and disadvantages.
Agencies selecting a hand-held or mobile retroreflectometer should consider initial capital
cost, maintenance costs, manpower resources, required data accuracy, equipment reliability,
and compliance with current testing standards.
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Foreword

This document (prEN 1436:2004) has been prepared by Technical Committee CEN/TC 226 “Road equipment”, the
secretariat of which is held by AFNOR.

This document is currently submitted to the UAP.
This document will supersede EN 1436:1997.

Annexes A and B are normative.
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Introduction

Road markings together with road studs form the means for horizontal signalization.

Road markings include longitudinal markings, arrows, transverse markings, text and symbols on the surface of the
highway etc.

Road markings can be provided by the application of paint, thermoplastic materials or cold hardening materials, pre-
formed lines and symbols or by other means.

Most road markings are white or yellow, but in special cases other colours are used.

Road markings are either permanent or temporary. The functional life of temporary road markings is limited by the
duration of the road works. For permanent road markings it is best for reasons of safety to have a functional life that is
as long as possible.

Road markings can be applied with or without the addition of glass beads. With glass beads the retroreflection of the
marking is achieved when the marking is illuminated by car headlamps.

The retroreflection of a marking, in wet or rainy conditions, can also be enhanced by special properties. The properties
can be produced by surface texture (as with structured markings), large glass beads or other means. In the case of
surface texture, the passage of wheels can produce acoustic or vibration effects.

Road markings with special properties as mentioned above are called 'type 2' road markings and are intended to
comply with one of the classes RW1 to RW4 and/or one of the classes RR1 to RR4, refer to Tables 4 and 5 of 4.3.
Road markings without such special properties are called 'type 1' road markings and are not intended to comply with
the above-mentioned classes.
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1 Scope

This standard specifies the performance for road users of white and yellow road markings, as expressed by their
reflection in daylight or under road lighting, retroreflection in car headlamp illumination, colour and skid resistance.

2 Normative references

This European Standard incorporates, by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies (including amendments).

EN 13036-4, Road and airfield surface characteristics - Test methods - Part 4: Method for measurement of slip/skid
resistance of a surface - The pendulum test

IEC 60050-845: 1987, International Electrotechnical Vocabulary — Chapter 845 : Lighting
NOTE: CIE Publication 17.4 International Electrotechnical Vocabulary is identical to IEC 60050-845.

ISO/CIE 10526, CIE standard illuminants for colorimetry

3 Terms and definitions

For the purposes of this European Standard, the terms and definitions given in IEC 60050-845 and the
following apply.

3.1

luminance coefficient under diffuse illumination (of a field of a road marking) Qd (mcd x m?x Ix™)
quotient of the luminance of the field of the road marking in the given direction by the illuminance on the
field.

3.2

luminance factor (of a field of a road marking, in a given direction, under specified conditions of
illumination) B (unit: 1)

ratio of the luminance of the field of the road marking in the given direction to that of a perfect reflecting
diffuser identically illuminated.

NOTE This definition is slightly adapted as compared to the definition of IEC 60050-845.

3.3

coefficient of retroreflected luminance (of a field of a road marking) R, (mcd x m?x Ix™%)

quotient of the luminance L of the field of the road marking in the direction of observation by the illuminance
Ep at the field perpendicular to the direction of the incident light.

34

slip/skid resistance (of a trafficked surface)

property of the trafficked surface which limits the relative movement between the contact patch of pedestrian
footwear (slip) or a vehicle type (slip) and the surface.

35
pendulum test value (of a road marking)
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loss of energy as the standard rubber coated slider assembly slides across the test surface and provides a
standardised value of slip/skid resistance. The abbreviation PTV applies.

NOTE The above-mentioned definitions of slip/skid resistance and pendulum test value are provided in EN 13036-4. PTV
is identical to the previously used SRT (Skid Resistance Tester value).

3.6

functional life (of a road marking)

period during which the road marking fulfils all the requirements of the classes initially specified by the
responsible road authority.

3.7

structured road marking  (in the sense of not allowing measurement of the luminance factor 3 and/or the
PTV value)

road marking with a structured surface that does not have areas covered with road marking material of
sufficient dimensions and planeness.

NOTE 1 At least some commercially available instruments allow measurement of the luminance factor 3 on approximately
flat areas with a diameter of minimum 10 mm at the top of the structure, or a somewhat larger size deeper in the structure to
allow contact of the instruments. The areas may curve with a radius of curvature of minimum 50 mm.

NOTE 2  The slider used to measure the PTV value requires approximately flat areas of a width of minimum the width of the
slider (76,2 mm = 0,5 mm) and a length of minimum the sliding length of the slider (126 mm + 1 mm) at the top of the structure,
or somewhat longer for areas deeper in the structure, in order to allow for the free swing of the glider. The areas may be
crossed by gaps that take up maximum 75% of the total surface area and have widths of maximum 5 mm. The areas may have
ridges or edges of blocks with a height of maximum 1,2 mm.

4 Requirements
4.1 General

The requirements specified aim primarily at the performance of road markings during their functional life. The
requirements are expressed by several parameters representing different aspects of the performance of road markings
and for some of these in terms of classes of increasing performance.

NOTE 1  The length of the functional life depends on whether the road marking is of short or long durability, on whether the
road marking is run on by traffic (e.g. symbols on the carriageway compared to continuous edge lines), on the traffic density, on
the roughness of the road surface and on matters relating to local conditions like the use of studded tyres in some countries.

NOTE 2 The classes enable different priorities to be given to the different aspects of performance of road markings
depending on particular circumstances.

Classes of high performance cannot always be achieved for two or more of these parameters simultaneously. As an example, a
road marking may have drop-on glass beads or drop-on anti-skid aggregates, aiming at high classes of either retroreflection (RL)
or slip/skid resistance (PTV). In general, high classes of retroreflection and slip/skid resistance cannot be obtained together

Further, the selection of performance classes implies a compromise between the needs of the drivers and the cost of supplying
the performance. The needs of drivers have been studied in COST Action 331, ‘Requirements for horizontal road markings’.

For skid/slip resistance, emphasis is sometimes placed on those road markings, which occupy a large percentage of the
trafficked areas such as zebra crossings, arrows, transverse markings, test and symbols.

Therefore, the choice of performance classes should be fixed in national tender specifications or other national provisions after
due consideration of all aspects.

4.2 Reflection in daylight or under road lighting
6
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42.1 General
Reflection in daylight or under road lighting is measured

- either by the luminance coefficient under diffuse illumination Qd as measured in accordance with annex A and as
expressed in mcdxmxIx™.

- or by the luminance factor 3 measured using standard illuminant D65 defined in ISO/CIE 10526 in the 45°/0°
situation meaning illumination at (45 + 5)° and measurement at (0 +10)° where angles are measured relative to the
normal to the road marking surface. Commercially available instruments use small measured areas, for instance
less than 1 cm®. Enough readings shall be taken and averaged in order to obtain a representative measurement of
the surface. The number of readings may be 3 for surfaces with little texture, but for very rough surfaces more
readings are needed.

NOTE Both of the above-mentioned parameters measure the brightness of a road marking as seen in typical or average
daylight or under road lighting. The main difference lies in the viewing directions, which for the luminance coefficient under
diffuse illumination Qd corresponds to a fairly long viewing distance and for the luminance factor B to viewing at close range.

For some structured road markings, the measured value of the luminance factor 3 is not always valid, refer to 3.7. The
visibility in daylight or under road lighting for such road markings can only be judged by the luminance coefficient under
diffuse illumination Qd.

4.2.2  Luminance coefficient under diffuse illumination Qd

The luminance coefficient under diffuse illumination Qd shall conform to Table 1 for road markings in dry conditions.



prEN 1436:2004 (E)

Table 1 - Classes of Qd for dry road markings

Minimum luminance coefficient under

Road marking Road surface Class diffuse illumination Qd medxmm 2xix*

Colour Type

White Asphaltic Q0 No performance determined
Q2 Qd =100
Q3 Qd =130
Q4 Qd =160

Cement concrete Qo0 No performance determined

Q3 Qd =130
Q4 Qd =160
Q5 Qd =200

Yellow Qo0 No performance determined
Q1 Qd > 80
Q2 Qd =100
Q3 Qd =130

factor 3, see 4.2.3.

The class QO is for when daytime visibility is achieved through the value of the luminance

4.2.3 Luminance factor

B

The luminance factor 3 shall conform to Table 2 for road markings in dry conditions.
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Table 2 - Classes of luminance factor 8 for dry road markings

Road marking colour Road surface type | Class Minimum luminance factor 3
White Asphaltic BO No performance determined
B2Y B 20,30
B3" B 20,40
B4Y 820,50
B5" B 0,60
Cement concrete BO No performance determined
B3Y 8 >0,40
B4" B 20,50
B5Y 820,60
Yellow BO No performance determined
B1Y B 20,20
B2" 820,30
B3Y B 20,40
Yin some countries these classes cannot be maintained during a limited time period of the year during
which the probability of lower performance of the road markings is high, due to the presence of water,
dust, mud etc.
The class BO is for when daytime visibility is achieved through the value of the luminance coefficient
under diffuse illumination Qd, see 4.2.2.

4.3 Retroreflection under vehicle headlamp illumination

For the measurement of reflection under car headlamp illumination, the coefficient of retroreflected
luminance R_ is used. It shall be measured in accordance with annex B and is expressed in mcdxm2xIx.

Road markings in the dry condition shall conform to Table 2; and shall conform to Table 3 during wetness
and to Table 4 during rain.

NOTE The coefficient of retroreflected luminance represents the brightness of a road marking as seen by drivers of
motorized vehicles under the illumination by the driver's own headlamps.
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10

Table 3 - Classes of R | for dry road markings

Road marking type and colour Class Minimum coefficient of retroreflected
luminance R, mcdxm™2xIx™
Permanent White RO No performance determined
R2V R, 2100
R3" R, 2150
R4” R, 2200
R5" R, =300
Yellow RO No performance determined
R1Y R.> 80
R3Y R, 2150
R4” R, 2200
Temporary RO No performance determined
R3Y R, 2150
R5" R.>300

1

in some countries these classes cannot be maintained during a limited time period of the year during

which the probability of lower performance of the road markings is high, due to the presence of water,

dust, mud etc.

The class RO is intended for conditions, where visibility of the road marking is achieved without

retroreflection under car headlamp illumination

Table 4 - Classes of R | for road markings during wetness

Conditions of wetness Class Minimum coefficient of retroreflected
luminance R_ mcdxm2xIx*
As obtained 1 min after flooding the surface | RWO No performance determined
in accordance with B.5 RW1 R > 25
RW?2 R.= 35
RW3 R.> 50
RwW4 R.> 75

Class RWO is intended for cases where this

technological reasons

type of retroreflection is not required for economic or
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Table 5 : Classes of R | for road markings during rain

Conditions of rain Class Minimum coefficient of retroreflected
luminance R, mcdxm?xIx™

As obtained after at least 5 min exposure in | RRO No performance determined
accordance with B.6 during uniform rainfall of [ rr1 R > 25
20 mm/h L=

RR2 R.> 35

RR3 R.> 50

RR4 R.> 75

Class RRO is intended for cases where this type of retroreflectivity is not required for economic or
technological reasons.

4.4 Colour

The x, y chromaticity co-ordinates for dry road markings shall be measured in the conditions that apply for the
measurement of the luminance factor 3, refer to 4.2, and the resulting x, y chromaticity co-ordinates shall lie within the
regions defined by the corner points given in Table 6 and illustrated in Figure 1.

NOTE 1 It is customary to measure the luminance factor 3 and the x, y chromaticity co-ordinates in the same conditions
simultaneously with a single instrument. Such instruments are well-known and commercially available from several suppliers.

NOTE 2 Intermediate measuring values are the tristimulus values X, Y and Z. The equipment can either be based on direct
measurement of the tristimulus values X, Y and Z using filtered detectors or on spectral measurements followed by computation
of the tristimulus values X, Y and Z. The stimulus Y is converted into (3, or 3 is measured directly. The tristimulus values are
further converted into the chromaticity co-ordinates x and y used for specification of the chromaticity of road markings by x =
XI(X+Y+Z) and y = Y/(X+Y+Z). The principles of deriving x, y chromaticity co-ordinates are independent of the measuring
conditions.

NOTE 3  Alternatively, the X, y chromaticity co-ordinates for dry road markings may be measured in the conditions that apply
for the measurement of the luminance coefficient under diffuse illumination Qd, refer to 4.2. For this case as well, the resulting X,
y chromaticity co-ordinates shall lie within the regions defined by the corner points given in Table 6 and illustrated in Figure 1.

NOTE 4  The conditions that apply for the measurement of the luminance coefficient under diffuse illumination Qd provide a
more realistic picture of the colours of road markings as seen by drivers of motorized vehicles. In these conditions, un-coloured
surface reflection and white aggregates in the top of the surface often make colours appear more pale, so that for instance
yellow road markings have less apparent colour separation from white road markings. This has some importance, when white
and yellow road markings are used for respectively permanent and temporary marking. However, the experience with the use of
these conditions is limited.

NOTE5  The x, y chromaticity co-ordinates for dry road markings may also be measured in the conditions that apply for the
measurement of the coefficient of retroreflected luminance R.. Requirements for the resulting x, y chromaticity co-ordinates are,
however, not provided.

NOTE 6  The conditions that apply for the measurement of the coefficient of retroreflected luminance Ry reflect the colours of
the road markings, as seen by drivers of motorized vehicles under headlamp illumination.

11
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Table 6 - Corner points of chromaticity regions for white and yellow road markings

Corner point No. 1 2 3 4
White road markings X 0,355 0,305 0,285 0,335
y 0,355 0,305 0,325 0,375
Yellow road markings class Y1 X 0,443 0,545 0,465 0,389
y 0,399 0,455 0,535 0,431
Yellow road markings class Y2 X 0,494 0,545 0,465 0,427
y 0,427 0,455 0,535 0,483

The classes Y1 and Y2 for yellow road markings are intended for permanent and temporary road
markings respectively.
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Figure 1 - Chromaticity regions of white and yellow road markings in the CIE chromaticity diagram
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4.5 Slip/skid resistance

Unless inappropriate in view of the road marking surface, the skid/slip resistance shall be measured by means of
the pendulum test value PTV according to EN 13036-4 using a wide slider and a CEN slider rubber, and shall
conform to Table 7.

The pendulum test value PTV is inappropriate for some structured road markings, refer to 3.7. For those cases, other
measures of slip/skid resistance normally show satisfactory values. Other measures of slid/skid resistance may be
used provided that they are relevant and that the test methods show acceptable repeatability and reproducibility.

NOTE 1 The "International PIARC experiment to compare and harmonize texture and skid resistance measurements",
PIARC - 01.04T - 1995, gives information about different skid resistance test methods and equipment, as well as their
repeatability and correlation to PTV.

Table 7: Classes of PTV

Class Minimum PTV value

SO No performance determined
S1 PTV =45
S2 PTV =50
S3 PTV >55
S4 PTV > 60
S5 | PTV>65

The class BO is for when the PTV value cannot
be measured.

NOTE 2  Skid/slip resistance is a property of a road marking surface to maintain the adhesion of a vehicle type and a
pedestrian footwear, it can be enhanced by adding anti-skid aggregates but with a substantial negative effect on retroreflective
properties.

NOTE 3  There are numerous factors which contribute to skid resistance of road markings in use, including:
- tyre pressure, contact area, tread pattern,
- wheel alignment,
- rubber composition of the tyre or sole,

- micro- and macrotexture of the road surface in relation to the film thickness of the road marking (it is the main factor
when the film thickness is less than 0,6 mm),

- frictional characteristics of the surface,
- vehicle speed,
- weather conditions, i.e. wet/dry/icy,

therefore, skid/slip resistance is not a constant but varies with climate and traffic and the effect of these on the characteristics of
the surface material itself and, consequently, its evaluation incorporates a high degree of incertitude.

NOTE 4 In the case that "in situ" inspections are requested (taking into account its high degree of incertitude), other
equipment more practical and safer than the pendulum presents advantages.

13
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Annex A
(normative)

Measurement method for the luminance coefficient under diffuse
illumination Qd

A.1General requirements for measurement

Al1l General

Equipment for the measurement of the luminance coefficient under diffuse illumination Qd of a field of a road marking
includes an illumination system, a photometer and means to define a horizontal reference plane with a reference

centre.

NOTE Diffuse illumination of a surface is obtained from a surrounding with constant luminance enclosing the hemisphere
above the surface.

A.1.2 Spectral match

The photometer shall have a spectral response according to the V(A) distribution and the illumination shall have a
spectral emission according to standard illuminant D65 as defined in ISO/CIE 10526.

NOTE 1  For the V(A) correction of luminance meters, see CIE publication 69.

However, it is permissible to use illuminants with other spectral distributions, if the spectral response of the
photometer is modified to provide a correct overall spectral response of illumination and measurement.

NOTE 2  Only in the case of fluorescence it is necessary that the spectral emission of the light source itself is correct.

A.1.3Arrangement of fields

The two fields of measurement and illumination shall be arranged in one of the following ways:
Method A: a part of the illuminated field is uniform and contains the measured field

Method B: a part of the measured field is uniform and contains the illuminated field

NOTE 1 Method A is based on the definition of Qd, i.e.: Qd = L/E, where L is the luminance of a measured field of a road
marking and E is the illuminance on the plane of the field. The measured signal is proportional to the luminance L. The Qd value of
the field is measured by suitable calibration in proportion to the illuminance E.

NOTE 2 Method B is based on a modification of the definition of Qd, which reads Qd =GxI/®, where G is a geometrical
factor, | is the reflected intensity of light from an illuminated field of a road marking and @ is the incoming luminous flux on the field.
The measured signal is proportional to the intensity I. The value of I/® is measured by suitable calibration in proportion to the
luminous flux @ and the Qd value is obtained by multiplication with G.

The geometrical factor is given by G = 1/sina and has the value of 1/sin2,29° = 25,027 for the standard measuring condition
(may be rounded off to 25).

In method A, the measured area is the area of the measured field, in method B, the measured area is the area of the
illuminated field.
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A.l.4Standard measuring condition

The photometer measures a field of the reference plane located about the reference centre. The observation
direction is the central direction of all rays from the measured field to the photometer leading to detection. The
observation angle, symbol a, is the angle between the observation direction and the reference plane.

In the standard measuring condition, the observation angle a is 2,29°+ 0,05° and the total angular spread of the
measuring directions shall not exceed 0,33°. Diffuse illumination is obtained with a light source of constant
luminance enclosing the hemisphere above the reference plane.

NOTE The standard measuring condition is intended to simulate a visual distance of 30 m for the driver of a passenger
car with an eye height of 1,2 m above the road.

The measured area shall be minimum 50 cm?.

The equipment shall be able to cope with the character of the surfaces to be measured including surface texture,
structure of structured road markings, etc., so that one of the fields remains contained within the other field. This
may be achieved by sufficient reserves of the larger of the two fields or by suitable alignment procedures.

A.1.5 Other requirements

The equipment shall have sufficient sensitivity and range to accommodate Qd values expected in use, typically 1 to

the maximum of approximately 318 mcdxm?xIx* (1000/m). The linearity over this range of Qd values shall be
adequate for the purpose.

The equipment shall be able to cope with the conditions expected in use such as stray light entering from the
surroundings.

A.2 Laboratory measurement

A.2.1Laboratory measuring equipment and samples

Laboratory measurements are used to establish Qd values for samples, that are to be used to test or calibrate in
situ equipment.

The photometer can be a luminance meter, a spectrophotometer, or a digital camera of a good quality.

The diffuse illumination can be provided in a photometric sphere. A light source is mounted in the sphere in such a
way that direct illumination falls only on the lower half of the sphere. By reflection and interreflection, the upper half
of the sphere has a close approximation to a uniform luminance. The reference plane is the horizontal plane
through the centre of the sphere and the reference centre is the centre of the sphere.

If samples of saturated colours are to be measured, the spectral response of the photometer shall be a good match
to the V(A) distribution and the spectral composition of the illumination shall be a good match to standard illuminant
D65. The photometer shall be mounted so as to comply with the standard measuring conditions.

In some cases, samples can be as short as 20 cm. Samples used to test or calibrate portable instruments need to

be at least 40 cm long, while samples used to test or calibrate vehicle mounted equipment need to be longer. For
some structured road markings, fairly long samples are required. A practical width of samples is often 20 cm.
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A sample should be backed by a substrate to assist handling and should show a non-deformed surface of the road
marking. The sample can either be laid directly onto the substrate, or it can be taken from a road and adhered to
the substrate.

A sample is mounted in the measuring equipment and aligned so that its surface is in the reference plane, and so
that the centre of the surface in the reference centre.

A.2.2 Arrangement of fields in laboratory measurements

A sample mounted in a photometric sphere receives illumination all over its surface, and accordingly method A
must be applied. The measured field must start at or after the front end of the sample at the top of the texture of the
surface, and must stop at or before the back end of the sample at the bottom of the texture. The measured field
must be contained within the width of the sample surface.

NOTE There is no advantage in applying method B in laboratory measurements.

A.2.3Measurement in the laboratory

L
The Qd value in the unit of mcdxm?xIx™ is obtained by Qd = E x1000

where: L luminance reading of the road marking sample in the unit of cd/m?

E

the illuminance on the plane of the sample in the unit of Ix

A.2.4Calibration of laboratory measurements

Direct calibration is obtained by mounting the photometer at the reference centre, with an orientation towards the
upper part of the sphere, and measuring the reading m,. This reading multiplied by 1t can be used instead of the
illuminance E (E =1t x m,), followed by a calculation of the Qd value according to A.2.3.

NOTE The reading my is typically a sizeable fraction of mz2 and can in principle not be larger. Accordingly, the maximum
value of Qd of a surface is 1000/1t= approximately 318 medxXm2xIx ™.

In the direct calibration, the reading m, should ideally be an average of several readings at different locations at the
upper part of the sphere, if the luminance of the upper part is not perfectly uniform. This may be inconvenient.

Therefore, indirect calibration by means of a sample with a known Qd value may be preferable. The 'sample’ may
be a curved mirror or another optical system that gives a view to the upper part of the sphere. The Qd value of the
sample is 11000/t mcdxmxIx™, where T is the transmittance of the optical system. However, the Qd value must be
determined in a traceable manner.

Another method of indirect calibration is to measure the illuminance E by means of a separate luxmeter. This

requires that both the photometer and the luxmeter are correctly calibrated to measure respectively luminance in
cdxm™ and illuminance in Ix, or that the two are calibrated to be mutually consistent.

A.3 Portable instruments

A3.1 Introduction

Requirements for measurement are formulated so as to be relevant for portable instruments, and so that
compliance can be tested in an objective manner using the methods indicated.
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NOTE The producer of an instrument may have the instrument subjected to initial type testing at a recognized laboratory in
order to verify its compliance with the requirements. Optional testing may be included in order to clarify the range of application
of the instrument concerning colour and structure of the road markings. The producer of an instrument may also use the
methods for factory production control.

A.3.2General

Portable instruments are intended for the measurement of Qd values of road markings on the road, but may be
used to measure Qd values of road marking materials on sample panels before placing them on the road.

A portable instrument integrates the photometer and the illumination system. The reference plane and the
reference centre is defined by feet of the instrument, or by other means and an alignment procedure.

Portable instruments may use collimated optics for the photometer, so that the photometer is at optical infinity, or
they may use other optical principles.

Because of texture and curve of road markings on the road, particles on the surface and structure of structured
road markings, a portable instrument may be tilted and shifted in height relative to the road marking surface.
Portable instruments have different application ranges in this connection.

Portable instruments are used in conditions of full daylight and must be constructed so that readings are not
affected by ambient light in these conditions. Some instruments may need to inform the operators by warnings or
error messages if necessary.

Portable instruments are used to measure road marking surfaces of more or less gloss. Portable instruments shall
be constructed so that surface reflections for Qd measurement conditions are fully included.

A.3.3Spectral match of portable instruments

A portable instrument shall have an overall spectral response that ensures correct measurement of at least white
and yellow road markings.

The overall response can be tested by means of a white (spectrally neutral) reflection standard, or a white road
marking sample, and a set of long pass absorption filters providing colours of light yellow and dark yellow. An
infrared filter can be added to the set.

The white reflection standard is mounted in the instrument and measured. An absorption filters is inserted in front
of the white reflection standard so that measurement takes place through the filter. The filter must be mounted at
some distance from the standard to avoid surface reflection back to the standard. Refer to Figure A.1.

The ratio of the Qd values obtained with a yellow filter inserted, and without the filter, shall be within £5% of the
luminous transmittance of the filter in standard illuminant D65 illumination. The Qd value with the infrared filter

inserted must theoretically be naught, but a value up to 3 medxm?xIx ™ is acceptable.

Instead of using a white reflection standard and yellow filters, reflection standards of permanent colours white, light
yellow and dark yellow may be used. After calibration of the instrument using the white calibration standard, the Qd
value measured for a yellow reflection standard shall be within 5% of the Qd value assigned to the standard by
laboratory measurement with equipment of a good spectral match.

NOTE: Absorption long pass filters with pass wavelengths at 515 nm, 550 nm and 715 nm are commercially available and
correspond to light yellow, dark yellow and infrared. Transmittance values can be derived by measurement of the individual
filters.
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1  Incoming light

2 Absorption filter

3  Reflected light

4  White reflection standard

Figure A.1 - Position of white reflection standard and absorption filter when testing spectral response of
portable Qd instruments.

A.3.4Arrangement of fields of portable instruments

The supplier of an instrument shall declare if the instrument measures according to method A (the illuminated field
contains the measured field) or B (the measured field contains the illuminated field), refer to A.1.3.

A.3.5Standard measuring condition of portable instruments

A.3.5.1 General

The methods for determining compliance with the standard measuring condition, as supplied below, are obvious.
However, other justified methods may be used.

A.3.5.2 Instruments with collimated optics

For an instrument with collimated photometer optics, compliance with the standard measuring condition can be
tested by putting steady light through the optical system of the photometer.

NOTE 1  Putting light through the optical systems must be done in consultation with the supplier of the instrument and
according to his instructions.

When projecting the beam from the system onto a vertical plane in a darkened room, images like those of Figure
A.2 are obtained. At close range, the image is formed by the exit aperture of the system, but at increasing distance
the angular spread becomes dominating. The location of the beam and its dimensions are indicated in Figure A.2
for 30 m distance. The correct measure of the depth is indicated. The maximum dimensions of the beam shall be
calculated and depend on the above-mentioned exit aperture.
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NOTE 2  The maximum height is 17,3 cm plus the height of the exit aperture and the maximum width is 17,3 cm plus the

width of the exit aperture.
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Key

1 plane defined by feet
2  height

3  width

Figure A.2 - The beam of collimated optics changes shape and size with distance. The location of the beam
and its dimensions at 30 m distance are indicated.

With steady light through the optical system of the photometer and with the illumination system switched on, the
resulting fields can be projected onto a plate as shown in Figure A.3. The plate needs in most cases to be a glass
plate of a milky upper surface, so that the fields can be studied from the underside. The effectively measured area

is defined by the dimensions of the smaller of the two fields.

19



prEN 1436:2004 (E)

Key
1 Width
2 length

Figure A.3 - Measured and illuminated fields projected onto a plate against the feet of the instrument. The
effectively measured area is defined for the smaller of the two fields and measured from 'middle of blur' to
‘middle of blur'.

Regardless of the method used by an instrument, the larger of the two fields - illuminated or measured - needs to
have a reserve compared to the smaller of the fields in order that an instrument may provide reliable
measurements in real conditions as mentioned in A.3.2. Alternatively, the instrument needs to have an alignment
procedure.

The projection shown in Figure A.3 gives an impression of the overlay of the two fields and the reserve of the larger
of the two fields. However, another test is available by shifting the height position H of the instrument relative to a
road marking sample and simultaneously moving the sample horizontally so that the measured area stays in the
same location on the sample surface. The movement of the sample is by H/sin2,29° = 25xH for method A, the
sample is not to be moved for method B.

Using a non-glossy surface, the measured Qd value shall not change by more than £10%, when the
height position is shifted from '0 mm' to -1, 1 and 2 mm.

NOTE 3 When an instrument is able to perform at a height position H, it is able to measure structured road markings with
structure heights up to that height, or with gaps between structures up to 25xH.

A.3.5.3 Instruments with other optical principles

For instruments with other optical principles, possibly including alignment procedures, test methods for the
compliance with the standard measuring condition have to be designed according to the construction of the
instruments. A particular test shall verify that the measured Qd value does not change by more than +10%, when
the height position an instrument is shifted from '0 mm' to -1, 1 and 2 mm - after realignment if an alignment
procedure is included with the instrument.

EXAMPLE For an instrument that simulates the full scale 30 m measuring distance in a reduced scale with a measuring
distance D, the observation angle a can be determined by means of the height H of the centre of the exit pupil of the
observation optics by a = tan'l(H/D). The angular spread of the observation directions is determined in the same manner using
the height h and the width w of the exit pupil of the observation optics. Refer to the Figure below.

LA
hs S Key
f IH 1 reference plane
LT
1
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A.3.6 lllumination system for portable instruments

The illumination system shall provide diffuse illumination, which is obtained by indirect illumination through an
opening of a photometric sphere, or other device, with an interior of white, matt finish.

When using a photometric sphere with the opening at the bottom, the direct illumination shall cover all of the
interior sphere surface above the opening with such a degree of uniformity that the ratio of the smallest to the
largest luminance of the interior sphere surface is minimum 0,8, when measured in directions through the centre of
the opening with a circular measuring field of a diameter of 0,1 times the diameter of the sphere.

When the height of the remaining part of the sphere, after introducing the opening, is minimum 0,8 times the
diameter of the sphere, no further measures to secure uniformity of luminance are required.

When less of the sphere surface remains than stated above, or when the sphere is approximated by other shapes,
enough testing shall be carried out to verify that interior surfaces have approximately constant luminance. The ratio
of the smallest to the largest luminance of interior surfaces shall be minimum 0,8, when measured in different
directions through different locations at the opening. The test shall be carried out with the opening empty, and shall
be repeated with the opening covered by a reflecting surface of white, matt finish with suitable holes to allow for the
measurements.

NOTE Reflection from a surface in the opening may disturb the uniformity of luminance of the interior surfaces of the
illumination system.

When the illumination system is based on a sphere and the height of the remaining part of the sphere, after introducing the
opening, is minimum 0,8 times the diameter of the sphere, the uniformity of luminance is not disturbed to a degree that affects
the measurements significantly.

When less of the sphere surface remains, or when the sphere is approximated by other shapes, there is no other general way to
secure uniformity of luminance than to test the uniformity directly, both with the opening empty, and with the opening covered by
a reflecting surface.

When an instrument is placed on a road marking, the opening of the illumination system shall be close to the road
marking surface, as surface reflections in glossy surfaces will not otherwise be included in the measured Qd value.

A.3.70Other requirements for portable instruments and options

The sensitivity, range and linearity of portable instruments may be tested by means of suitable samples.
Requirements are provided in A.1.5.

NOTE Interreflection between a surface in the opening and interior surfaces of the illumination system may cause an
increase of the illuminance of the sample surface, which depends in a non-linear way on the reflectance of the sample surface.
This cause of non-linearity must be eliminated as well as other causes of non-linearity, for instance by monitoring the
illuminance of the sample surface.

Offset by stray light in daylight conditions may be tested by measurement in full daylight, where readings obtained
without additional cover of an instruments are compared to readings obtained with additional cover by a black cloth
or other obstructions about the instrument. The worst case is mostly the one, where the instrument faces a low sun,
in particular when placed on a specular surface. A powerful projector lamp, or a mirror used to reflect the sun, may
also be used for the testing. Due to variability of daylight and road marking surface conditions, a precise test cannot

be defined, but offsets should in general not exceed 5 mcdxm™xIx™ for common conditions.
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Sensitivity to surface reflections may be tested by measurement of samples with strong surface reflection (as for
example a smooth substrate with a glossy paint) and known Qd values. A measured Qd value shall be at least 90
% of the known value.

NOTE High ability of instruments to be able to cope with surface reflections can be checked by using the following
samples. A black, acrylic plate with a smooth, clean surface shows virtually pure surface reflection and is therefore suitable for
testing the sensitivity to surface reflections. The Qd value is approximately 253 medxm®XIx*, but this should be verified by
measurement or theoretical consideration (Fresnel equations for surface reflection). A white, acrylic plate with a smooth, clean
surface mounted on a white substrate of high reflectance shows a high degree of surface reflection and has a Qd value close to
the theoretical maximum of approximately 318 mcdxm™xIx", typically approximately 312 mcdXm?XIx, which makes the
determination of the Qd value reliable.

Filters or reflection standards of other colours than described in A.3.3 may be added to the test the ability of an
instrument to measure road markings of such colours.

Other height positions than mentioned in A.3.4 (-1, 0, 1 mm and 2 mm) may be included to demonstrate the ability
of an instrument to measure road markings with extreme texture, in particular structured road markings.

A.3.8 Calibration of portable instruments

A portable instrument shall be calibrated by means of a traceable standard sample with a known Qd value.
Independent calibration of the standard sample must be possible. For instruments working according to method A,
an optical system that gives a view to the illumination system is particularly suitable, refer to A.2.4. A transfer
standard may be used for routine tests of the calibration in order to avoid frequent handling of the standard in road
conditions.

A.3.9 Measurement using portable instruments
Portable instruments are to be calibrated, maintained and used according to instructions by the instrument supplier.

Quality control of road markings is to be carried out according to a plan, which describes sampling and minimum
measured area per each individual Qd value to be entered into a report. It is often necessary to average two or
more readings of Qd at slightly different positions in order to reach the minimum measured area, depending on the
effective measured area provided by the instrument.

For a structured road marking, it is necessary to establish if the portable instrument in question is able to measure
the structured road marking with the actual height of structures and gap between these, refer to A.3.5. The Qd
value is established as the average of a number of readings taken with shifts of the instrument in steps along the
marking, in total covering one or more spacing of structures.

A.4 Vehicle mounted equipment

Vehicle mounted equipment may be used to measure Qd values of road markings while moving at traffic speed,
and can be used for longer stretches of road than portable instruments and in cases where the use of portable
instruments requires extensive precautions, in particular on motorways.

NOTE: At present, vehicle mounted equipment uses daylight illumination, which under an overcast sky with a reasonable free
view to the horizon, approximates diffuse illumination. Due to variations in daylight, luminance and illuminance should be
measured simultaneously. Suitable daylight illumination does not occur very often.
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Annex B
(normative)

Measurement method for the coefficient of retroreflected luminance R L

B.1General requirements for measurement
B.1.1 Introduction

Equipment for the measurement of the coefficient of retroreflected luminance R, of a field of a road marking includes an
illumination system, a photometer and means to define a horizontal reference plane with a reference centre.

B.1.2Spectral match

The photometer shall have a spectral response according to the V(A) distribution and the illumination shall have a
spectral emission according to standard illuminant A as defined in ISO/CIE 10526.

NOTE For the V(A) correction of luminance meters, see CIE publication 69.

However, it is permissible to use illuminants with other spectral distributions, if the spectral response of
the photometer is modified to provide a correct overall spectral response of illumination and
measurement.

NOTE Only in the case of fluorescence is it necessary that the spectral emission of the light source itself is correct, but it is
unlikely that fluorescence will occur to a significant degree in conditions of R. measurement.

B.1.3Arrangement of fields

The two fields of measurement and illumination shall be arranged in one of the following ways:
Method A: a part of the illuminated field is uniform and contains the measured field

Method B: a part of the measured field is uniform and contains the illuminated field

NOTE 1 Method A is based on the definition of R, i.e.: RL = L/IE, where L is the luminance of a measured field of a road
marking and Eg is the illuminance at the field on a plane perpendicular to the direction of illumination. The measured signal is
proportional to the luminance L. The R. value of the field is measured by suitable calibration in proportion to the illuminance Ep.

NOTE 2 Method B is based on a modification of the definition of R., which reads R. = Gxl/®, where G is a geometrical
factor, | is the reflected intensity of light from an illuminated field of a road marking and @ is the incoming luminous flux on the
field. The measured signal is proportional to the intensity I. The value of I/® is measured by suitable calibration in proportion to
the luminous flux ® and the Ry value is obtained by multiplication with the value of G that applies for the standard measuring
condition.

The geometrical factor is given by G = sing/sina and has the value of G = sin1,24°/sin2,29° = 0,54159 for the standard
measuring condition (may be rounded off to 0,542).

In method A, the measured area is the area of the measured field, in method B, the measured area is the area of
the illuminated field. The measured area may be further limited by the width of the road marking surface, refer to
B.2.2.
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B.1.4Standard measuring condition

The photometer measures a field of the reference plane, which is located about the reference centre. The
observation direction is the central direction of all rays from the measured field to the photometer leading to
detection. The observation angle, symbol a, is the angle between the observation direction and the reference
plane.

The illumination system illuminates a field of the reference plane, also located about the reference centre. The
ilumination direction is the central direction of all rays from the illumination system to the illuminated field. The
ilumination angle, symbol ¢, is the angle between the illumination direction and the reference plane.

In the standard measuring condition, the observation angle a is 2,29°+ 0,05°, the illumination angle € is 1,24°+ 0,05°
and the angle between the two vertical planes containing respectively the observation and the illumination directions is
0° + 0,05°.

NOTE The standard measuring condition is intended to simulate a visual distance of 30 m for the driver of a passenger car
with an eye height of 1,2 m and a headlamp mounting height of 0,65 m above the road.

The total angular spread of the measuring directions shall not exceed 0,33°. The total angular spread of the illumination
directions shall not exceed 0,33° in the plane parallel to the reference plane and 0,17° in the plane perpendicular to the
reference plane.

The measured area shall be minimum 50 cm®.

The equipment shall be able to cope with the character of the surfaces to be measured including surface texture,

structure of structured road markings, etc., so that one of the fields remains contained within the other field. This
may be achieved by sufficient reserves of the larger of the two fields or by suitable alignment procedures.

B.1.5 Other requirements

The equipment shall have sufficient sensitivity and range to accommodate R, values expected in use, typically 1 to
2000 mcdm™Ix™. The linearity over the range of R, values expected in use shall be adequate for the purpose.

The equipment shall be able to cope with the conditions expected in use such as stray light entering from the
surroundings or caused by surface reflections.

B.2 Laboratory measurement

B.2.1Laboratory measuring equipment and samples

Laboratory measurements are used to establish R_ values for samples, that are to be used to test or calibrate in
situ equipment.

The photometer can be a luminance meter, a spectrophotometer, or a digital camera of a good quality. The
illumination system can use a halogen incandescent lamp with a reflector or other suitable optics. The reference
plane and the reference centre is defined by means of a sample holder and an alignment procedure.

If samples of saturated colours are to be measured, the spectral response of the photometer shall be a good match
to the V(M) distribution and the spectral composition of the illumination shall be a good match to standard illuminant
A. The photometer and the illumination system shall be mounted so as to comply with the standard measuring
condition.
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In some cases, samples can be as short as 20 cm. Samples used to test or calibrate portable instruments need to
be at least 40 cm long, while samples used to test or calibrate vehicle mounted equipment need to be longer. For
some structured road markings, fairly long samples are required. A practical width of samples is often 20 cm.

A sample should be backed by a substrate to assist handling and should show a non-deformed surface of the road
marking. The sample can either be laid directly onto the substrate, or it can be taken from a road and adhered to
the substrate.

A sample is mounted in the measuring equipment and aligned so that its surface is in the reference plane, and so
that the centre of the surface in the reference centre.

B.2.2Arrangement of fields in laboratory measurements

Method A can be applied by illuminating all of the sample surface, and measuring a field of the surface that starts
at or after the front end of the sample at the top of the texture of the surface, and stops at or before the back end of
the sample at the bottom of the texture. The field can be wider than the surface provided that the backing plate and
any other items in the field are suitably non-reflecting or covered with black cloth. A digital camera, in which the
measured field may be set according to the sample surface, is particularly suitable.

Method B can be applied by measuring all of the surface, and illuminating only a band across the surface that
starts at or after the front end of the sample at the top of the texture of the surface, and stops at or before the back
end of the sample at the bottom of the texture. This requires an illumination system with optics as in a slide
projector, and a slit aperture to create the band of light.

1 2
Key
1 Method A (reduced field of measurement) 3 llluminated field
2 Method B (b and of light) 4 Measured field

Figure B1 - Methods A and B

B.2.3 Measurement in the laboratory
- d?
The Ry value in the unit of mcdxm?xIx™ is obtained by R, = % x G x1000

where:
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my = background reading

m; = reading of the road marking sample

d = distance from the reference centre to the photometer (m)
G = geometrical factor with the value of 0,542

@® = the luminous flux falling on the measured surface

The background reading my is obtained with the road marking sample replaced by a black non-reflecting surface,
for instance a smooth black plastic plate.

The luminous flux falling on the measured surface @ is to be determined during calibration in a scale compatible
with the scale of the readings mg and my, refer to B.2.4.

B.2.4 Calibration of laboratory measurements

Direct calibration is obtained by mounting the photometer at the reference centre, with an orientation towards the
illumination system, and measuring the reading m,.

The reading m, must be obtained with illumination of the full sensitive area of the photometer. For method A, the
illumination will normally cover the full sensitive area; while for method B, the height of the band of light must often
be increased to provide illumination of the full sensitive area, or a correction must be introduced. The reading m, is
several decades larger than typical readings m;, and accordingly the linearity of the photometer must be verified
over the full range.

The reading m; is used to derive the luminous flux falling on the measured surface ® by ® = m,xAg, where Ag is
the the area of the measured surface projected onto a plane perpendicular to the illumination direction. For method
A, Ag is determined as Axsing, where A is the surface area of the sample and ¢ is the illumination angle equal to
1,24° for the standard measuring condition. For method B, Aj is determined as the height of the illumination band
times the width of the sample.

NOTE 1 The direct calibration, and other calibration methods, is described in CIE publication 54.2.

NOTE 2  For method A, the correct value of ® depends on the actual value of €. This shows that the sample must be aligned
correctly, or the or the R. value will be offset. An offset occurs also, if the observation angle a is not set correct, so that the total
offset is in proportion of 0,542 to the actual value of sing/sina. Such an offset does not occur for method B.

Indirect calibration by means of a sample with a known R, value is often preferable. A sample in the form of a tilted
white ceramic surface is particularly suitable. A constant C is determined so that R_ = Cx(m;- my) is correct for the
standard and then used for other samples. For method B, the constant C must be modified in proportion to the ratio
of the widths of the standard and the samples. The same applies for method A, when the measured area is wider
than the sample.

The R, value of the standard must be measured with direct calibration or with another traceable calibration
technique.

NOTE 3 A standard with a tilted surface to be used for method B must be assigned the value of 0,542 times the measured
R. value.
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B.3Portable instruments
B.3.1 Introduction

Requirements for measurement are formulated so as to be relevant for portable instruments, and so that
compliance can be tested in an objective manner using the methods indicated.

NOTE The producer of an instrument may have the instrument subjected to initial type testing at a recognized laboratory in
order to verify its compliance with the requirements. Optional testing may be included in order to clarify the range of application
of the instrument concerning colour and structure of the road markings. The producer of an instrument may also use the
methods for factory production control.

B.3.2General

Portable instruments are intended for the measurement of R, values of road markings on the road, but may be
used to measure R, values of road marking materials on sample panels before placing them on the road.

A portable instrument integrates the photometer and the illumination system. The reference plane and the
reference centre is defined by feet of the instrument, or by other means and an alignment procedure.

Portable instruments may use collimated optics, so that the photometer and the illumination system are at optical
infinity, or they may use other optical principles.

Because of texture and curve of road markings on the road, particles on the surface and structure of structured
road markings, a portable instrument may be tilted and shifted in height relative to the road marking surface.
Portable instruments have different application ranges in this connection.

Portable instruments are used in conditions of full daylight and must be constructed so that readings are not
affected by ambient light in these conditions. Some instruments may need to inform the operators by warnings or
error messages if necessary.

Portable instruments are used to measure wet road marking surfaces, whose R, values might be small, while
surface reflections are strong. Portable instruments shall be constructed, or compensated, so that surface
reflections are not provoking offset of the readings.

B.3.3Spectral match of portable instruments

A portable instrument shall have an overall spectral response in the visual range, refer to B.1.2, that ensures
correct measurement of at least white and yellow road markings.

The overall response can be tested by means of a white (spectrally neutral) reflection standard, or a white road
marking sample, and a set of long pass absorption filters providing colours of light yellow and dark yellow. An
infrared filter can be added to the set.

The white reflection standard is measured. An absorption filter is inserted in front of the white reflection standard,
so that illumination and measurement takes place through the filter, and a new measurement is made. The filter
must be mounted with a small tilt to avoid signal by surface reflection, and at some distance from the standard to
avoid surface reflection back to the standard. Refer to Figure B.2.

The ratio of the R values obtained with a yellow filter inserted, and without the filter, shall be within £5% of the
luminous transmittance of an air space pair of two such filters in standard illuminant A illumination. The R_ value

with an infrared filter inserted must theoretically be naught, but a value up to 3 medxm?xIx ™ is acceptable.

For some instruments, it may be more practical to insert filters to cover either illumination or measurement, not
both. In that case, the ratio of the readings obtained with a yellow filter inserted, and without the filter, shall be
within 5% of the luminous transmittance of a single such filter in standard illuminant A illumination.

Instead of using a white reflection standard and yellow filters, reflection standards of permanent colours white, light
yellow and dark yellow may be used. After calibration of the instrument using the white calibration standard, the R,
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value measured for a yellow reflection standard shall be within +5% of the R, value assigned to the standard by
laboratory measurement with equipment of a good spectral match.

NOTE Absorption long pass filters with pass wavelengths at 515 nm, 550 nm and 715 nm are commercially available and
correspond to light yellow, dark yellow and infrared. Transmittance values for air space pairs of filters can be based on
measurement of the individual filters.

Key

1 White reflection standard
2 Absorption filter

3 Reflected light

4 Incoming light

Figure B.2 - White reflection standard and absorption filter for testing overall spectral response of portable
instruments.

B.3.4  Arrangement of fields of portable instruments

The supplier of an instrument shall declare if the instrument measures according to method A (the illuminated field
contains the measured field) or B (the measured field contains the illuminated field), refer to B.1.3.

Measurement of a white tilted standard provides direct verification of the method used by an instrument. An

instrument using method A will provide an R, value, which is the same or close to the actual R, value of the
standard, while an instrument using method B will provide an R, value, which is 0,542 times lower.

NOTE The actual R, value of the white tilted standard may be obtained by laboratory measurement, or the value may be
estimated, as a good accuracy is not needed for the distinction between instruments using methods A and B. A white surface
has mostly a reflectance of approximately 0,9, and when used for a tilted standard, the R. value becomes approximately 286
med i ?ix ™.

B.3.5 Standard measuring condition of portable instruments
B.3.5.1 General

The methods for determining compliance with the standard measuring condition, as supplied below, are obvious.
However, other justified methods may be used.

B.3.5.2 Instruments with collimated optics
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For an instrument with collimated optics, compliance with the standard measuring condition can be tested by
putting steady light through the optical system of the photometer and the illumination system.

NOTE 1 Putting light through the optical systems should be done in consultation with the supplier of the instrument and
according to his instructions.

When projecting the beams from both systems onto a vertical plane in a darkened room, images like those of
Figure B.3 are obtained. At close range, the images are formed by the exit apertures of the systems, but at
increasing distance the angular spreads become dominating. The locations of the beams and their dimensions are
indicated in Figure B.3 for 30 m distance. The correct measure of the depth is indicated. The maximum dimensions
of the beams shall be calculated and depend on the above-mentioned exit apertures.

NOTE 2 For the observation beam, the maximum height is 17,3 cm plus the height of the exit aperture and the maximum
width is 17,3 cm plus the width of the exit aperture. For the illumination beam, the maximum height is 8,6 cm plus the height of
the exit aperture and the maximum width is 17,3 cm plus the width of the exit aperture.

Gicmt 2fan \"

120 ot 2,6 cm

o

Key

1 Plane defined by feet
2 height

3 width

Figure B.3 - The beams of collimated optics change shape and size with distance. The locations of the
beams and their dimensions at 30 m distance are indicated.

With steady light through the optical systems of the photometer and the illumination system, the resulting beams
can be projected onto a plate as shown in Figure B.4. The plate needs in most cases to be a glass plate of a milky
upper surface, so that the fields can be studied from the underside. The effectively measured area is defined by the
dimensions of the smaller of the two fields.
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Key
1  width
2 length

Figure B.4 - Measured and illuminated fields projected onto a plate against the feet of the instrument. The
effectively measured area is defined for the smaller of the two fields and measured from 'middle of blur' to
‘middle of blur".

Regardless of the method used by an instrument, the larger of the two fields - illuminated or measured - needs to
have a reserve compared to the smaller of the fields in order that an instrument may provide reliable
measurements in real conditions as mentioned in B.3.2.

The projection shown in Figure B.4 gives an impression of the overlay of the two fields and the reserve of the larger
of the two fields. However, another test is available by shifting the height position H of the instrument parallel to a
road marking sample and simultaneously moving the sample horizontally so that the measured area stays in the
same location on the sample surface. The movement of the sample is by H/sin2,29° = 25xH for method A and by
H/sin1,24° = 46xH for method B.

The measured R, value shall not change by more than +10%, when the height position is shifted from '0
mm'to -1, 1 and 2 mm.

NOTE 3  When an instrument is able to perform at a height position H, it is able to measure structured road markings with
structure heights up to that height, or with gaps between structures up to the corresponding shift (either 25xH for method A or
46xH for method B).

B.3.5.3 Instruments with other optical principles

For instruments with other optical principles, possibly including alignment procedures, test methods for the
compliance with the standard measuring condition have to be designed according to the construction of the
instruments. A particular test shall verify that the measured R, value does not change by more than +10%, when
the height position of an instrument is shifted from '0 mm' to -1, 1 and 2 mm - after realignment if an alignment
procedure is included with the instrument.

EXAMPLE: For an instrument that simulates the full scale 30 m measuring distance in a reduced scale with a measuring
distance D, the observation angle a can be determined by means of the height H of the centre of the exit pupil of the
observation optics by a = tan'l(H/D). The angular spread of the observation directions is determined in the same manner using
the height h and the width w of the exit pupil of the observation optics. Refer to the Figure below.

W,

by
t

I—-
o
o
b Key
1 1 reference plane

The illumination angle € and the angular spread of illumination can be determined in the same manner.
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B.3.6  Other requirements for portable instruments and options

The sensitivity, range and linearity of portable instruments may be tested by means of suitable samples.
Requirements are provided in B.1.5.

Offset by stray light in daylight conditions may be tested by measurement in full daylight, where readings obtained
without additional cover of an instruments are compared to readings obtained with additional cover by a black cloth
or other obstructions about the instrument. The worst case is the one, where the instrument faces a low sun, in
particular when placed on a specular surface. A powerful projector lamp, or a mirror used to reflect the sun, may
also be used for the testing. Due to variability of daylight and road marking surface conditions, a precise test cannot
be defined, but offsets should in general not exceed 5 mcdm*Ix™ for common conditions.

Sensitivity to surface reflections may be tested by measurement of a black acrylic plate with a smooth, clean
surface, whose R| value is naught. The measured R, value shall be maximum 5 medxmxIx ™.

Filters or reflection standards of other colours than described in B.3.3 may be added to the test the ability of an
instrument to measure road markings of such colours.

Other height positions than mentioned in B.3.4 (-1, 0, 1 and 2 mm) may be included to demonstrate the ability of an
instrument to measure road markings with extreme texture, in particular structured road markings.

B.3.7  Calibration of portable instruments

A portable instrument shall be calibrated by means of a traceable standard sample with a known R_ value.
Independent calibration of the standard sample must be possible. A tilted white surface is particularly suitable, refer
to B.2.4. A transfer standard may be used for routine tests of the calibration in order to avoid frequent handling of
the standard in road conditions.

B.3.8  Measurement using portable instruments
Portable instruments are to be calibrated, maintained and used according to instructions by the instrument supplier.

Quality control of road markings is to be carried out according to a plan, which describes sampling and minimum
measured area per each individual R_ value to be entered into a report. It is often necessary to average two or
more readings of R, at slightly different positions in order to reach the minimum measured area, depending on the
effective measured area provided by the instrument.

For a structured road marking, it is necessary to establish if the portable instrument in question is able to measure
the structured road marking with the actual height of structures and gap between these, refer to B.3.5. The R, value
is established as the average of a number of readings taken with shifts of the instrument in steps along the
marking, in total covering one or more spacings of structures.

B.4 Vehicle mounted equipment

Vehicle mounted equipment is used to measure R, values of road markings while moving at traffic speed, and can
be used for longer stretches of road than portable instruments and in cases where the use of portable instruments
requires extensive precautions, in particular on motorways.

When operated in a stationary mode, vehicle mounted equipment should in principle comply with the same
requirements as for portable instruments, refer to B.3.

Vehicle mounted equipment has the advantage to portable equipment that it can be operated while driving at speed.
This, on the other hand, causes some additional difficulties of the measurement, which may lead to compromises with
B.3, or cause additional variation of measured values.

31



prEN 1436:2004 (E)

When used at traffic speed, vehicle mounted equipment should be able to cope with the movements of the vehicle
and with changing conditions of daylight.

NOTE Vehicle mounted equipment cannot be brought into contact with the road marking surface, alignment is disturbed by
movement of the vehicle and curve of the road, lighting conditions change by passage in and out of shadows, broken lines give
variable signal, etc.

Vehicle mounted equipment shall be calibrated by means of standard sample with a known R, value measured in
laboratory conditions in a traceable manner. A tilted white surface is particularly suitable, refer to B.2.4. A transfer
standard may be used for routine tests of the calibration in order to avoid frequent handling of the standard in road
conditions.

B.5 Condition of wetness

The test condition shall be created using clean water poured from a bucket from a height of about 0,3 m above the
surface. The water is poured evenly along the test surface so that a crest of water momentarily floods the
measuring field and its surrounding area. The coefficient of retroreflected luminance R_ in condition of wetness
shall be measured under the test condition (60 + 5) seconds after the water has been poured. The amount of water
to be poured at one location is at least 3 litres.

The test condition can also be created (60 * 5) seconds after stopping artificial rain as described in B.6.

NOTE 1  The test condition is not applicable for newly applied road markings, when the surface is hydrophobic so that water
forms puddles on the surface. The hydrophobic surface property normally disappear a few weeks after a road marking is
applied.

NOTE 2 In hot, sunny weather the road surface may be so hot that the road surface dries out very quickly. It helps to pour
water on the road surface more than once to cool it down.

If portable equipment is cool after transport, dew will form on its optics when placing it on a hot, wet road surface.
The portable equipment should be allowed to warm up and the road surface should be cooled down.

B.6 Condition of rain

Test conditions shall be created using clean water giving artificial rainfall, without mist or fog, at an average
intensity of (20 = 2) mm/h over an area that is at least twice the width of the sample under test and of a minimum
width of 0,3 m, and which is more than 25% longer than the measuring field. The variation in rainfall between the
lowest and the greatest intensity shall be no greater than the ratio 1 to 1,7.

Measurements of the coefficient of retroreflected luminance R, in condition of rain shall be made after 5 min of
continuous rain, or when stability of measurement is achieved, and while rain is falling.

The intensity of the rain can be determined by measuring the volume of water collected in six flat trays within a
specified period. A longitudinal row of trays can be used for the minimum width of the field of 0,3 m.

NOTE 1  The test condition is not applicable for newly applied road markings, when the surface is hydrophobic so that water
forms puddles on the surface. The hydrophobic surface property normally disappear a few weeks after a road marking is
applied.

NOTE 2  Protection against wind is often required, such protection should be open at the back in order to avoid reflections.
Any mist or fog should be let out before measurement.
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NOTE 3  Measurements can be made at night using a luminance meter of suitable specifications and a powerful lamp.
Measurements can also be made with portable instruments or vehicle based equipment provided that the measured field lies in

front of the instrument or equipment.
NOTE 4  Measurements can also be made in the laboratory on 2 m long samples supported by rigid plates. For a realistic

drainage, samples should be tilted 2% sideways and the supporting plate should have an additional width of (10 £ 0,5) cm on
the side tilted upwards.
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Translation of

Test Certificate
of the suitability of the dynamic retroreflectometer ZDR 6020
for the dynamic measurement of the coefficient of retroreflected luminance
RL of road markings
(This test certificate consists of 10 pages and an attachment of 2 pages)

1 Employer
The order for the preparation of the report was given by Zehntner GmbH Testing
Instruments, Gewerbestrasse 4, CH-4450 Sissach/Switzerland.

2 Order subject

Determination of the suitability of the Zehntner-Dynamic Retroreflectometer ZDR 6020
(hereafter “ZDR 6020”) for the dynamic measurement of the coefficient of retroreflected
luminance RL of road markings by method of 2 different comparative measurements.

2.1 Comparison of the measurements with a static measuring device
Assessment of the precision of the ZDR 6020 by comparing the RL measurements of the
ZDR 6020 with a portable, static retroreflectometer ZRM 6013 on a road marking test
field.

2.2 Comparison of the measurements at different measuring speeds
Assessment of the dependence of the measured RL values obtained by the ZDR 6020
on the measuring speed on a road under traffic.

3 Tested measuring system

The description of the measuring systems follows the data specified by the employer
and inspection of the tester. The retroreflectometer ZDR 6020 is installed on a vehicle
and enables the measurement of the coefficient of retroreflected luminance Rt on roads
under traffic at travelling speeds up to 120 km/h. Measurements can be carried out
during the day or at night.

3.1  General mode of operation

The ZDR 6020 consists mainly of a measuring head, a connection box and a laptop with
separate touch panel. For the measuring process, the measuring head is installed on
the outside of the vehicle and connected to the vehicle. The position of the marking is
visible for the vehicle driver on the touch panel. The driver navigates the vehicle in such
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a way that the measuring area is always over the marking. The measuring area hits the
marking 6 m in front of the measuring head. The operator has the possibility to store the
measured data directly into a measuring file. As a general rule, an average value is
calculated and saved for section of 50 or 100 m.

The measuring head is responsible for the logging of the measuring data. The data are
processed within the measuring head by an integrated computer and transferred directly
to the laptop via Ethernet. During the measuring process the measuring head is
connected to a connection box installed in the vehicle. The connection box is
responsible for providing supply voltage for the measuring head and acts is the central
interface for all cables and connections.

The Laptop is mounted on a console on the front passenger side of the vehicle and is
used for operation of the measuring software and for storing the measurement data. The
touch panel displays the current measuring value and a representative image of the
retroreflection data of the marking.

Additionally to the retroreflcection value, data like temperature, humidity, driven speed,
GPS- coordinates, pictures and voice files are logged.

3.2 Technical specifications of the measuring head
Measuring geometry 30 m Geometry
[llumination angle ¢ 1,24°
Observation angle a 2,29°

Length of measuring area | 1 m
Width of measuring area | 0,5 m

Number of sensors 16

Measuring position 6 m in front of the measuring head (exit/entrance lense)
[llumination aperture 0,17°x 0,33°

Observation aperture 0,33°x 0,33°

Light source Halogen lamp 100 W, stabilised voltage supply
Modulation frequency 600 Hz

Sensor Silicium photodiode

The measuring geometry (illumination angle, observation angle, apertures) corresponds
to the EN 1436, valid edition of January 2009 (German edition), observation angle a =
1,24°and illumination angle € = 2,29°.

3.3 Measuring principle

The measuring head contains a light emitting unit, sending a light beam onto the
marking, and a light receiving unit which translates the light reflected by the marking in
measurable signals. These signals are pre-amplified, filtered and then digitalized by a
A/D converter. The CPU picks up these data from the A/D converter, processes them
and sends them to the laptop in the vehicle.
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The light emitting unit consists of a halogen lamp, a chopper (perforated disk) rotating
with constant speed and a lens-based optical system. The chopper modulates the light
with 600 Hz before it hits the marking 6 m in front of the measuring head.

The receiving unit consists of 16 photodiodes monitoring the illuminated measuring field
on the marking through a lens-based optical system. The measuring principle follows the
lock-in principle with phase sensitive detection. A sensor identifies the position of the
chopper (chopper is sending light or not). If the chopper is open, the data from the 16
sensors are digitalized by the A/D converter and buffered in the CPU. These data are
called signal. The next step is to wait until the chopper is closed, and to take readings of
the 16 sensors again. These are the offset-data. Both data packages are subtracted in
the CPU, thus resulting in the actual measuring value.

Signal processing: the signal of the sensor is amplified by a pre-amplifier and reaches a
high-pass filter with a threshold frequency of 0.48 Hz. The, the signal passes through a
second amplification level containing a low-pass filter with a threshold frequency of 160
Hz. Afterwards the signal reaches the A/D converter. The value of

the surrounding light is measured simultaneously by A/D conversion of the raw signal
when the chopper is closed.

4 Data processing and evaluation of the measuring data

The evaluation and processing of the measuring data is executed by the software
“Retrograbber” which is running on the laptop during the measuring process. The
software receives digital measuring values as raw data from the measuring head. These
data are then averaged over the previously chosen measuring interval and saved as one
measuring value.

600 single measurements per second can be performed with the system’s measuring
frequency of 600 Hz. This results in 1350 single measurements per 50 m at a speed of
80 km/h, a single measurement is conducted every 37 mm. At a speed of 120 km/h, 900
single measurements or one measurement every 56 mm respectively are achieved.

5 Measuring location

Measuring location pertaining to paragraph 2.1: marking test field on the through road B
4 near Torfhaus (Oberharz): On this test field lie approx. 100 labelling test patterns, of
type | and type Il, applied to the direction of travel. Each test pattern consists of eight
dashes according to the size of 2 metres of length x 0,15 metres of width.

Measuring location pertaining to paragraph 2.2: through road B 82 near Bad Harzburg.
This through road is similar to the motorway, enlarged to four lanes.
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6 Execution of the measurements
Measuring day: February 18, 2009. Road condition on B4: road and marking surface are
slightly humid. Road condition B 82: dry.

The measuring head of the ZDR 6020 was installed on the vehicle before taking the
measurements and adjusted in a way that, according to paragraph three, the measuring
geometry was observed. Afterwards, the measuring system was calibrated by means of
a marking film which was stuck to an even base. The comparative device ZRM 6013
was calibrated by means of the internal calibration standard.

6.1 Comparison of the measurements with a static measuring device

Of each type, | and II, one streak of 15 test patterns was measured immediately in a
row, both with the ZDR 6020 (walking speed) and the retroreflectometer ZRM 6013, on
the test field Oberharz. Table 1 shows the measuring values Mzor and Mzrwm for all
streaks for both measuring systems, the common average value M, composed of Mzor
and Mzrwm, as well as the percentage deviation of the measured value of the ZDR 6020
from the common average value: Mzor/M 100 %. Picture 1 shows the measuring values
MZDR and MZRM for the 15 test patterns.

Type I G: smooth marking

Type Il A1: large, erratical agglomerates (s. Appendix, Picture A.1)
A2: small erratical agglomerates (s. Appendix, Picture A.2)
A3: large regular agglomerates (s. Appendix, Picture A.3)
A4: small regular agglomerates (s. Appendix, Picture A.4)
F: Foil, diamond-shaped embossing

Pattern No. | Marking type [ Mzem |(Mzor | M Mzor/M - 100 %
13 G 40 43 41,5 3,5
10 A4 54 50 52 -4,0
5 A4 58 61 59,5 2,5
4 G 93 94 93,5 0,5
12 A2 119 125 122 2,4
1 G 120 121 120,5| 0,4
7 G 123 130 126,5| 2,7
2 G 127 132 129,5| 1,9
9 A1 140 139 139,5|-0,4
16 A1 135 138 136,5| 1,1
6 G 151 140 145,51-3,9
14 G 153 160 156,5| 2,2
15 A3 172 171 171,51-0,3
8 G 202 196 199 -1,5
11 F 230 208 219 -5,3

Translation of test certificate ZDR 6020 Page 4 of 13



absolute average deviation 2,2
average value 127,80 | 127,20

Table 1: Measuring results of the test field
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Picture 1: Comparison of RL-values MZDR and MZRM for both measuring systems, test
field Torfhaus.

6.2 Comparison of the measurements at different measuring speeds

On the through road B 82, the coefficient of retroreflected luminance was continuously
measured with the ZDR 6020 between two junctions on the right road margin, consisting
of a streak of 15 centimetre of width, in both directions at a velocity of approx. 50 km/h,
80 km/h and 100 km/h. The driving velocity was kept as constant as possible during the
measurements. The measuring distance amounted to 2’050 km, respectively 2’150 km.
Every 100 m there was taken the average and stored in the software. The pictures 1 and
2 show these average values for both directions. In direction A there was a wet spot on
the marking, at approx. 650 m after the start. Therefore, the value for this measuring
interval was not evaluated.
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1 | 2 |3 |4 |5 | 6 |7 | 8
Measuring RL-average values MV over 100 | Common 100 % -
interval (m) m average M MV/M

(mcd/m2.1x)

50 80 100 50 km/h | 80 km/h 100

km/h km/h | km/h km/h
100 223 223 218 221,3 (0,8 0,8 -1,5
200 150,5 | 1445 | 164 153,0 |-1,6 -5,6 7,2
300 210 204 189 201,0 (4,5 1,5 -6,0
400 211,5 |[208 220 213,2 |[-0,8 -2,4 3,2
500 160,5 | 163 153,5 |159,0 [0,9 2,5 -3,5
600 199 203 1785 [193,5 |28 4,9 -7,8
700 126 127 114 122,3 |3,0 3,8 -6,8
800 164,5 |163,5 | 1485 |158,8 |[3,6 2,9 -6,5
900 176 176,5 |177,5 |176,7 |-04 -0,1 0,5
1000 167,5 | 1645 |183,5 [171,8 |[-25 -4,3 6,8
1100 175 170 170 171,7 |19 -1,0 -1,0
1200 145 145 145 145,0 |0,0 0,0 0,0
1300 161,5 | 1655 |161,5 |162,8 |-0,8 1,6 -0,8
1400 153 149,5 | 171 157,8 |-3,1 -5,3 8,3
1500 179 181 192 184,0 |-2,7 -1,6 4,3
1600 172 173 176,5 |[173,8 |[-1,1 -0,5 1,5
1700 189 201 1775 |[189,2 |[-0,1 6,3 -6,2
1800 180,5 |172,5 |188,5 |180,5 [(0,0 -4,4 4.4
1900 221,5 |[223 216 220,2 (0,6 1,3 -1,9
2000 227 233,5 |[250 236,8 |-4,2 -1,4 5,6

Table 2: RL-values in dependence of speed, average values over 100 m, route A
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1 |2 |3 |4 |5 | 6 |7 | 8
Measuring RL-average values MV over Common 100 % -
interval (m) 100 m average M MV/M

(mcd/m?2.1x)

50 80 100 50 km/h | 80 km/h 100

km/h km/h | km/h km/h
100 220,5 | 216 194 210,2 | 4,9 2,8 -7,7
200 191 184,5 | 184 186,5 |24 -1,1 -1,3
300 196,5 [190,5 [195 194,0 1,3 -1,8 0,5
400 196 1945 1975 [196,0 (0,0 -0,8 0,8
500 225,5 | 219 237 227,2 |-0,7 -3,6 4,3
600 214 208 186,5 |202,8 |55 2,5 -8,1
700 222 2145 |201,5 [212,7 (44 0,9 -5,3
800 219 209,5 |2055 [211,3 |3,6 -0,9 -2,8
900 268 274,5 | 257 266,5 [0,6 3,0 -3,6
1000 311 279 313 301,0 |33 -7,3 4,0
1100 276,5 | 249 259,5 [261,7 |57 -4,8 -0,8
1200 246,5 |237 240,5 |[241,3 |2,1 -1,8 -0,3
1300 277,5 | 2835 |2825 (2812 [-1,3 0,8 0,5
1400 236,5 |204,5 |2375 [226,2 (4,6 -9,6 5,0
1500 211,5 2215 |221,5 [218,2 |-3,1 1,5 1,5
1600 229,5 | 217 223,5 |[223,3 |28 -2,8 0,1
1700 213 209,5 | 218 213,5 |-0,2 -1,9 2,1
1800 242 249 2445 (2452 [-1,3 1,6 -0,3
1900 249 254 266,5 [256,5 [-2,9 -1,0 3,9
2000 219 209 2255 (2178 |[0,5 -4,1 3,5
2100 237 232,5 | 245 238,2 |-0,5 2,4 2,9

Table 3: RL-values in dependence of speed, average values over 100 m, route B

Pictures 2 and 3 show the average values My for both routes.
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Picture 2: Over 100 m averaged measuring values RL, measuring route A
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Picture 2: Over 100 m averaged measuring values R, measuring route B

The average values Rt at the three measuring speeds for the whole measuring distance

are arranged in table 2. Table 3 indicates the correlation coefficients r, which resulted
out of the comparison of the measuring results for any two velocities.
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Measuring speed (km/h)
route
50 | 80 100
RL (mcd/m2.1x)
A 179,6 179,6 179,7
B 2171 210,8 2144

table 4: R.-average values at different measuring velocities

Comparison of the RL-values at measuring

route speeds (km/h)
50 with 80 | 50 with 100 | 80 with 100
Correlation coefficient r

A 0,987 0,884 0,907

B 0,921 0,893 0,929

table 5: Correlation coefficient r at the comparison of the RL-values, determined for
different measuring velocities

7. Assessment of the measuring results

7.1  Assessment of the measurements with a static measuring device

Table 1 shows that the measured values of the ZDR 6020 differ from the common
average value of both measuring systems at most with +3,5 % / -5,3 %. According to the
validation process of the Federal Highway Research Institute (BASt) for road markings
and measuring devices a variation of about + 7,5 % can appear in at most 5 % of all
comparative values, this regulation is complied with the ZDR 6020. Averaged over all 15
patterns, both measuring systems provide practically identical measured values:

Mzrm: 127,8 mcd/m?2.1x; Mzor: 127,2 mcd/m2.1x; the correlation coefficient r amounts to
0,991. This confirms that the measuring system ZDR 6020 provides, within the scope of
an acceptable measuring accuracy, the same measured values of the coefficient of
retroreflected luminance as a static, portable measuring device.

7.2 Evaluation of the measurements at different measuring velocities

Table 2 indicates that the measured values, averaged over the length of the distances,
are practically identical at the three measuring velocities. The pictures 1 and 2 show the
deviation of the over 100 m averaged measured values. The investigation of the
percentage deviation from the common average value reveals that only in 4 of 123
measurement values (3,3 % of all cases), there is one single measurement value
deviating from the common average value more than 7,5 %. Therewith BASt regulation
is fulfilled (in at most 5 % of all comparative values a variance of more than + 7,5 % is
allowed, mentioned in paragraph 6.1). The correlation coefficients for the difficult
measuring conditions in moving traffic are acceptable.

Translation of test certificate ZDR 6020 Page 9 of 13



The coefficient of retroreflected luminance (night visibility Ry can be detected with an
acceptable measuring accuracy by the measuring system of the ZDR 6020, independent
of the measuring velocity.

7.3 Overall assessment

The retroreflectometer ZDR 6020 is applicable for the dynamic measurement of the
coefficient of retroreflected luminance (night visibility Rr) of road markings, independent
of velocity and it provides the same measuring results as a static, portable
retroreflectometer.

Dr. H. Meseberg

Chairman StrausZert

This test certificate has been issued in all conscience.

Translation of test certificate ZDR 6020 Page 10 of 13



Appendix: pictures of the marking samples on the test field

Picture A2: small erratical agglomerates
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Picture A4: small regular agglomerates
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Picture A5 Foil, diamond-shaped embossing
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Survey of traffic standards and guidelines

The Land Transport Safety Authority (LTSA) is the government agency responsible for
promoting safety in land transport at reasonable cost. Part of its function is to ‘monitor
adherence to safety standards within the land transport system’.

To support this objective, the regional engineering sections of the Land Transport
Safety Authority undertake a survey programme that assesses the effectiveness of the
implementation of various safety standards by road controlling authorities.

The purpose of these surveys is to:

e assist and advise road controlling authorities on the implementation of selected
traffic standards and guidelines that affect traffic safety

e measure the uptake of standards and guidelines by road controlling authorities

e provide a national summary of the uptake and compliance with standards and
guidelines, and report findings to road controlling authorities and other interested
parties

¢ identify changes to improve standards, guidelines or traffic rules.

The surveys are usually carried out in two parts:

e Part 1 uses a questionnaire to look at the systems and procedures a road controlling
authority has in place to deliver on the standard.

e Part 2 uses a field survey to measure, where possible, the actual delivery from the
user’s viewpoint. It essentially provides a snapshot of road safety delivery at the
date of the survey.

This report presents the national results of the latest of these surveys.

I believe you will find the information of value and will be able to use it to improve
road safety in New Zealand.

Please contact the nearest regional office of the LTSA if you would like further
information, or assistance with implementing traffic standards or guidelines.

RN

John Kay

General Manager Operations
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Executive summary

Introduction

Surveys were undertaken during 2003/04 to investigate policies and practices for traffic
calming devices and road markings in a sample of road controlling authorities (RCAs).

This report describes the procedures and presents the results for the road markings
surveys. A companion report (RSS 21 Traffic calming) details the results of the surveys
on traffic calming devices.

The road marking surveys were undertaken between mid-November 2003 and mid-
February 2004. This coincided with the season for remarking work.

Methodology

Interviews

The Land Transport Safety Authority (LTSA) interviewed staff in 33 road controlling
authorities about their policies and practices. The RCAs received a copy of the
questionnaire in advance, to help them prepare their responses.

Alister Harlow, Executive Director of the New Zealand Roadmarkers Federation
(NZREF), assisted with the interviews.

Field surveys

After the interviews, the surveyors, including Alister Harlow, joined with staff from the
RCAs to inspect a representative, on-road sample of road markings. A total of 643 lines
were surveyed at 221 sites (126 urban, 95 rural) in the 33 RCA regions. The surveyors
measured line widths and day and night-time visibility.

The results were assessed against the performance criteria in TNZ P/20 Performance-
based specification for roadmarking. (The results are detailed in Section 5.1 of this
report.) The performance criteria were not contractual requirements, in most cases.

Interview results

¢ Rural roads made up more than 70% of the total length of the sealed networks in
most of the RCAs surveyed. However, 6 large urban authorities, with urban roads
typically comprising more than 80% of their sealed networks, were also in the
survey.

e The TNZ/LTSA Manual of traffic signs and markings: Part 11: Markings
(MOTSAM) was used by all the RCAs surveyed as their guideline on what road
markings are required. 22 (67%) of the RCAs also used Road and traffic standards
series 5: Guidelines for rural road marking and delineation (RTS 5), or a local
modification of RTS 5.
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e The most common catalysts for changes to road marking design or the frequency of
road markings were road inspections, reviews or audits (in 14 (42%) of the RCAs)
and crash reduction studies (in 11 (33%)).

e All except 2 of the RCAs used TNZ specifications for road marking materials, with
paint systems being the most predominant method used.

e The use of reflectorised markings varied:
— 16 (48%) of the RCAs used reflectorised paint for most of their markings.
— 3 (9%) used reflectorised paint for markings on specific classes of road.
—  7(21%) used reflectorised markings in accordance with MOTSAM'.
— The other 7 (21%) used minimal or no reflectorised markings.

The Traffic Regulations 1976 require reflectorised markings for kea crossings (T
Reg 96A(4)(a)) and for the RAIL X markings at level crossings (106(6)(a)).

e Most of the RCAs (27, or 82%) stated that they welcome opportunities for materials
trials on their networks. Thermoplastic was identified as the long-life material of
choice for 4 large authorities for their urban arterials and high-wear areas. The
RCAs indicated that there might be more use of thermoplastic if there was more
locally available application equipment.

e All except 3 of the RCAs had some form of database for their road markings, with
the most common being RAMM (used by 19 of the RCAs (58%)).

e Most of the RCAs (23, or 70%) had method-based road marking contracts, and all
of the RCAs used TNZ specifications.

e Remarking programmes for the method-based contracts were based on time periods
ranging from every 6 months to every 18 months. Most of the programmes (74%)
were based on annual remarking, or annual plus 6-monthly remarking for high wear
markings.

e 3 RCAs were using or trialling remarking periods based on visual needs
assessments. One of these RCAs claimed they were getting up to 3 years’ life on
some markings on low volume roads.

e Nearly half the RCAs (15, or 45%) used blacking out to remove small amounts of
unwanted markings. More common was the use of sand or abrasion blasting (used
by 19 RCAs, or 58%), although this was sometimes restricted until there was
sufficient work to warrant a contract. Similarly, 14 RCAs (42%) used water
blasting.

e All RCAs rated their contractor’s general performance and traffic management as
acceptable or better.

' MOTSAM particularly specifies reflectorised materials for some road markings and allows discretion
for using reflectorised materials on other markings. The most used markings that are specified to be
reflective in MOTSAM are no overtaking (no passing) lines, limit lines, and flush medians.
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Field survey results

73% of the 631 line widths that were checked were within the specified tolerance for
line widths. 15% were wider than the upper tolerance limit and 12% were narrower
than the lower tolerance limit.

99% of the 551 lines that were assessed for daytime visibility met the 150 m
forward visibility criteria.

A wide range of night-time visibility performance was indicated by the reflectivity
measurements. Readings were taken on both reflectorised and non-reflectorised
markings, to enable comparison.

Reflectivity measurements were taken on 808 markings and assessed against the
TNZ P/20 intervention or performance-level criteria. This performance measure was
not a contractual requirement in most cases.

The assessment showed the following percentages as being at or above the
performance measure:

—  45% of all 808 measurements

— 68% of the 166 measurements taken at sites in areas marked under performance-
based contracts

—  67% of the 493 measurements on lines recorded as being reflectorised, or
specified to be reflectorised

— 76% of the 30 measurements taken on limit lines and 58% of the 86
measurements taken on no passing lines. (MOTSAM specifically requires both
these line types to be reflectorised)

— 88% of the 16 measurements taken on thermoplastic lines

—  75% of the 102 measurements taken on smooth surfaces (compared with 41% of
the 705 measurements taken on chip seal surfaces).

Very few examples of unexpected or non-standard markings were observed, either
at the sites or when driving between the sites.

Blacked-out markings at one site were noted to have reflectivity measurements near
and above the performance measure. These markings would be very misleading at
night and potentially unsafe.

Best practice

The surveyors consider that best practice includes:

adopting clear policies on what markings to use on which roads
maintaining a good database of road markings
having remarking programmes based on assessed needs

having formal customer service request systems
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developing good contractual relationships that allow trials, to increase knowledge
and ensure continuous improvement of the performance of road marking

using reflectorised markings to improve the night-time visibility of markings,
especially no passing lines and centre lines

carrying out complete reseals to remove unwanted markings, if removal by blacking
out or abrasion blasting could result in unsafe delineation

supervision of road marking contracts using industry-developed guidelines and
quality assurance records.

The degree to which these elements are adopted depends on the road marking budget
and the RCA determining that they will obtain value for the likely costs.

Recommendations

RCAs should continue to work with their road marking contractors to apply best
practice and to undertake trials to increase knowledge and ensure continuous
improvement in the level of service from road markings.

The requirements for reflectorised markings should be reviewed. More use of
reflectorised markings could improve night-time safety.

The removal of unwanted markings by blacking out or abrasion blasting should be
limited to small amounts of this work and locations where ineffective removal will
not create a safety problem. Resealing should be used for large amounts of this work
or where safety problems could be created.

The LTSA should, through its Standards and Guidelines Steering Group, promote
the development of guidelines for road marking on private land areas that have
public access and road-type use.

RCAs should assess whether they can achieve better value from remarking
programmes based on an assessment of needs, rather than simply carrying out time-
based remarking of all existing markings.

The NZRF should continue to promote best practice and develop guidelines to assist
RCAs to get the best value from their road marking programmes.




RSS 22 Road markings

1 Introduction

Between November 2003 and February 2004, the regional offices of the Land Transport
Safety Authority (LTSA) conducted surveys of traffic calming devices and road
markings in a sample of road controlling authorities (RCAs).

This report describes the procedures and presents the results for the survey of road
markings. The road marking surveys coincided with remarking work having recently
been undertaken in many areas, because the season for such work had just passed.

Alister Harlow, Executive Director of the New Zealand Roadmarkers Federation
(NZRF), assisted with the road marking survey. The involvement of the NZRF
stimulated discussion and helped promote good ideas and best practice for road
marking. The NZRF provided a MX30 retroreflectometer for undertaking
retroreflectivity readings on road markings during the field surveys.

2 Purposes of the survey

The purposes of the survey were to:
e identify RCA network characteristics and road marking policies

establish what standards and guidelines were being used by RCAs for the provision
of road markings

e establish what contractual procurement and management procedures were being
used by RCAs to manage their road marking

e take a snapshot of the standard of markings at randomly selected sites, and compare
them with recognised performance criteria

¢ identify aspects of the provision and maintenance of road markings that could be
improved, and recommend appropriate remedial action.

3 Methodology

3.1 Sample selection

A sample of 33 RCAs was chosen for the surveys. This included 29 territorial local
authorities (TLAs) and four regional offices of Transit New Zealand (TNZ). The sample
was weighted towards authorities not included in the 2002/2003 LTSA surveys. Six of
the territorial local authorities covered major urban areas. Four covered large provincial
townships, with more than a quarter of their sealed roads being urban. The other 19
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TLAs covered rural areas with small provincial towns. The surveys of Transit New
Zealand regions focused on one professional service contract area per regional office.

Appendix 1 lists the 33 RCAs included in the surveys.

3.2 Interview surveys

Interview surveys were conducted with representatives of each of the 33 RCAs. Survey
forms were sent in advance, to give the RCAs time to research answers, where
necessary. Questions were centred on the standards, guidelines, programmes and
practices used for the provision of road markings.

The questionnaire used for the interview surveys is shown in Appendix 2.

3.3 Field surveys

Field surveys were conducted for all except one of the 33 RCAs, and staff or
representatives from each RCA were encouraged to accompany the surveyors.

The field surveys aimed to determine the extent to which samples of road markings on a
RCA’s roads complied with:

o either the Transit New Zealand/Land Transport Safety Authority Manual of traffic
signsand markings: Part I1: Markings (MOTSAM), or

e any policies and procedures adopted by the specific local authority and stated in
their response to the questionnaire, and

e performance criteria for line width, daytime visibility and night-time visibility.

Sites were selected by driving along a sample of level 1 type roads (traffic volume 500
to 10,000 vpd) and stopping at sites that were typical of the general condition of road
marking on the route, and where it would be safe to take the measurements. The sites
selected were more often on straight sections of roads than on bends. Sites where there
was obvious damage to the road markings or where there was high wear (such as on
routes to industrial areas) were avoided.

In the regions of each of the major urban authorities, about six urban sites were selected.
In the regions of each of the other authorities, about four urban and four rural sites were
selected.

Generally, line widths, daytime visibility assessments and reflectivity readings were
taken on all lines at each site. At least three reflectivity readings were taken along a few
metres of each line. Five or seven readings were taken if there was inconsistency in the
readings. If the surface type varied at a site, readings were taken separately on each
surface type, or just on one surface type.

The performance measurements were used to give a snapshot of the markings at the
time of the survey. They were not used to measure or compare contractors’
performances. The performance measures were not contractual criteria, in most cases.
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4 Results of the interview surveys

4.1 Road networks

Length and surface types

Twenty seven of the 33 RCAs completed question 1, detailing the lengths of urban and
rural sealed roads and the type of sealed surface.

e 4 were large urban authorities and their responses showed that more than 80% of the
length of their sealed roads was urban.

e Responses from the other 23 RCAs showed that 70% or more of the length of each
of their networks was rural.

e In addition, the responses from the 27 RCAs showed the following:

—  78% of the urban sealed roads have chip seal, 19% smooth asphalt type
surfacing, and 2% ‘other surfaces’ (such as concrete or brick paved areas).

— All except about 1% of the total length of rural sealed roads have chip seal

surfacing.

Special conditions affecting road marking

The most common conditions affecting road markings were:
e gritting for ice — 16 (48%) of the RCAs

e snow —4 (12%)

e scal bleeding (weather or heavy traffic) — 9 (27%).

Other conditions recorded included stock effluent, rock falls, forestry traffic and heavy
vehicle use. One of the respondents noted that some research suggests marking too soon
after CMA application reduces the life of the markings.

Delegated authority

e None of the authorities surveyed had delegated authority for road markings on any
significant sections of another authority’s road network.

e 7(21%) RCAs noted they had authority for marking on boundary roads, or marking
parking and no stopping restrictions on state highways.

Typically, limit lines and other intersection markings on local roads at state highway
intersections are marked by the state highway road marking contractor.
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4.2 Road marking standards

General

e All of the RCAs surveyed used MOTSAM to determine what road marking was
required.

e 22 (67%) RCAs also used Road and traffic standards series 5: Guidelines for rural
road marking and delineation (RTS 5), or a local modification of it.

Centre lines and edge lines

Responses to the questions on the criteria for marking centre lines and edge lines were
incomplete. Typically the replies noted the inter-relatedness of the criteria for traffic
volumes, road classification and road width. However, there was no obvious
commonality or definitive criteria discernible from the responses.

e The proportion of the local authority networks marked with centre lines only varied
from 4% to 50%; and the proportion marked with edge and centre lines varied from
3% to 42%.

e Only a few authorities provided data on the road lengths marked with edge lines
only and these indicated that less than 10% of their networks were marked with edge
lines only.

e All 4 TNZ areas surveyed had both centre and edge lines (or kerbs) on the full
network.

The responses indicated that a variety of line widths are used by the RCAs for both
centre and edge lines. The following widths are used:

e 75 mm centre line — 3 (9%) RCAs

e 100 mm centre line — 29 (88%) RCAs

e 75 mm edge lines — 12 (36%) RCAs

e 100 mm edge lines — 23 (70%) RCAs

e 150 mm or 200 mm spot treatments for edge and/or centre lines — 8 (24%) RCAs
e 2 (6%) of the RCAs simply quoted MOTSAM for line widths.

e 1 (3%) of the RCAs indicated that they use a variety of line widths, but did not
specify what widths.

Some RCAs use more than one width for edge and/or centre lines, so the numbers
above do not add up to the 33 RCAs surveyed.

MOTSAM was referred to as the guideline. Section 2.01.02 of MOTSAM specifies that
standard urban and rural road centre lines should be 100 mm wide. Section 2.03.02
specifies 75 mm-wide edge lines for two-lane rural roads with an AADT < 2500; and
100 mm-wide edge lines for two-lane rural roads with an AADT > 2500, and for two-
lane urban roads.
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Other road markings

Question 7 of the questionnaire was intended to identify specific situations or road
markings where RCAs might use local standards or variations from MOTSAM. Various
road markings were listed in the question. Unfortunately, the question was ambiguous
and some authorities only responded if they used a variation from MOTSAM for the
listed road marking, and others if they used the listed marking either in accordance with
MOTSAM or to a different standard. Responses, therefore, do not add up to the 33
RCAs surveyed. Analysis of the responses shows the following trends:

Flush medians

o 21 (64%) of the RCAs indicated that they have flush medians and mark them in
accordance with MOTSAM. 3 (9%) of these have no gap in the median at minor
side road intersections. (Diagrams in MOTSAM show flush medians with a gap and
continuity lines across intersections. However, MOTSAM does note that they may
be marked straight through minor side roads that have very low turning flows.)

Painting of kerbson traffic islands

e 20 (61%) of the RCAs paint kerb faces on the noses of traffic islands and another 3
(9%) no longer paint them, but have done so in the past. (MOTSAM notes that kerb
faces may be marked with reflective white material.)

e Of the 20 RCAs that paint the kerb faces:
— 6 painted just the nose end of traffic islands

— 2 painted the full islands (generally, to give an overall tidy appearance in urban
areas)

— 12 did not state whether they painted only the nose or the full island.

Comments noted during the surveys identified:

e maintenance issues to do with keeping paint markings in good condition on the
concrete kerb surfaces

e that RG 17 ‘Keep left’ signs on traffic islands are the signs most often replaced
because of damage.

Right turn bays
o 23 (70%) of the RCAs stated that they have painted right turn bays, marked in

accordance with MOTSAM. Generally the full chevron marking is used, but 7 of
these RCAs had also used the MOTSAM urban alternative when space was limited.

One authority commented that the installation of cycle lanes was reducing the space for
right turn bays.

Private land (service stations, shopping car parks, etc)

e 24 (73%) of the RCAs stated that the marking at public access intersections to
private land (eg, service stations, supermarket car parks) is controlled through
District Plan or resource consent procedures. The other 9 (27%) RCAs either did not
answer, or answered ‘No’ or ‘Not applicable’ to this question. Generally, the
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developer was responsible for any markings on the private land, and the road
controlling authority for markings on the road.

e Similarly, 24 (73%) of the RCAs stated that they had engineering input, through the
District Plan or resource consent process, into what markings might be used on
private land that has public access, but the developer or land owner was responsible
for the markings. Again, the other 9 (27%) either did not answer or answered ‘No’
or ‘Not applicable’ to this question.

e Control of markings on public access private land was mainly an issue in the larger
urban authorities, with inconsistency in the standards being applied noted as the
main problem. One authority suggested the LTSA should assist in developing
national standards for parking areas. The interviews showed some support for this,
but the level of support was not recorded.

Pedestrian crossings

o 7 (21%) of the RCAs stated that they mark limit lines at pedestrian crossings.
— 2 of these mark all crossings with limit lines.
— 3 mark some of their crossings.
— 1 had tried them at one crossing but found they were not useful.

— The other RCA was implementing an upgrading to mark limit lines and centre
lines at all crossings.
Lane arrows for tourists

e 7 RCAs (21%) stated that they use lane arrows to help direct tourists to drive on the
left.

e A further 3 stated that they were considering using them on some tourist routes.

Two formats for their use were evident: placing the arrows in pairs (one in each lane),
or having the arrows staggered. It was considered the arrows in pairs had greater impact
and gave a clearer message to tourists to drive on the left. The staggered layout was
developed to overcome legal issues near access points where the arrows in pairs may be
interpreted as meaning drivers could not turn into the access, as they would be failing to
comply with the lane markings.

‘Keep clear’ zones

o 11 (33%) of the RCAs use hatch markings to indicate ‘Keep clear’ zones.
e 3 (9%) use either hatched markings or the words ‘Keep clear’.

e 1(3%) uses just the words.

Alberta markings at multilane roundabouts
e 28 (85%) RCAs did not have multilane roundabouts.

e 5(15%) RCAs had multilane roundabouts and all of these used Alberta type
markings.
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4.3 Reviewing road marking

Processes that caused changes in road marking design or the frequency of road marking
were:

e road inspections, reviews or audits — 14 (42%) of the RCAs
e crash reduction studies — 11 (33%) of the RCAs

e public complaints/requests, political pressure (to change frequency) and weather
problems — 1 or 2 RCAs.

RCAs were asked whether they had reviewed their no passing line markings as a result
of Road safety survey 13: No passing lines (RSS 13) (LTSA, 2000). Responses were:

o ‘No’—22(67%). 2 of these RCAs noted that they had reviewed no passing lines as
part of other inspections, but not as a result of RSS 13.

o ‘Yes’—11(33%), including 1 RCA that was also investigating using no passing
lines on horizontal curves.

4.4 Road marking materials

e 31 (94%) of the RCAs used either the specifications for road marking materials in
TNZ M/7 Roadmarking paints and/or those in TNZ M/20 Long-life roadmarking
materials.

e 2 (6%) of the RCAs stated that they specified ULTRAX, a polymer-modified alkyd
paint.

Reflectorised markings were specified by authorities:

o for all markings, or all except no stopping and parking — 14 RCAs (42%)
e for all longitudinal markings, but not limit lines or arrows — 1 RCA (3%)
e for as many markings as possible — 1 RCA (3%)

e for rural centre and edge lines and pedestrian crossings — 1 RCA (3%)

e for limit lines plus arterial or strategic roads — 1 RCA (3%)

e for high volume arterials or collectors — 1 RCA (3%)

e as MOTSAM? specifies — 7 (21%) of the RCAs, including 1 RCA that also specified
reflectorised markings for some collectors

e for limit lines, no passing lines and pedestrian crossings — 2 RCAs (6%)
e for give way lines, stop lines, one-lane bridges and no passing lines — 1 RCA (3%)

e for controlled intersections — 1 RCA (3%).

> MOTSAM particularly specifies reflectorised materials for some road markings, and allows discretion
for using reflectorised materials on other markings. The most used markings that are specified to be
reflective in MOTSAM are no overtaking (no passing) lines, limit lines, and flush medians.
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Three RCAs (9%) do not use, or do not specify, reflective materials.

The Traffic Regulations 1976 require reflectorised markings for kea crossings (T Reg
96A(4)(a)) and for the RAIL X markings at level crossings (106(6)(a)).

4.5  Wet/night visibility assessment

o 13 (39%) of the RCAs reported undertaking night-time inspections, but not specific
wet/night assessments.

e 19 (58%) reported that they do not undertake wet/night assessments.

e 1 of the TNZ regions noted that their consultant and contractor undertake reflectivity
tests for dry night visibility.

4.6 Skid resistance assessment

e 30 (91%) of the RCAs said they do not undertake skid resistance tests of their road
markings.

e 3 (9%) reported undertaking skid resistance tests for road markings. 1 had
undertaken British Pendulum tests near the start of the contract term and had not
repeated them because they demonstrated compliance considerably exceeding the
requirements. Another noted they were part of P/20, and the third did not give any
details of the tests they carried out or when they were undertaken.

4.7 Road marking materials and trial opportunities

Paint systems are the most predominant material used for road markings.
e 16 (48%) of the RCAs said they specify materials complying with the M/7
specification and have markings made using standard alkyd paint.

o 14 (42%) of the RCAs specify waterborne materials, with 5 of these providing for
the use of alkyd materials when the application conditions are not suitable for the
waterborne.

o 2 (6%) of the RCAs use a polymer-modified alkyd paint.

¢ 1 (3%) of the RCAs did not specify the materials, as this is their contractor’s
selection under their performance-based contract.

Responses to the question about long-life products being used showed the following:
e Thermoplastic is the long-life material of choice for urban arterials and areas of high
wear in North Shore, Auckland, Manukau and Wellington.

e A further 6 RCAs had trialled thermoplastic for pedestrian crossing, limit line or
profiled edge line markings, as a safety enhancement.

RCAs indicated there might have been more use of thermoplastic if there was more
local-based application equipment.
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e Cold-applied plastic is being trialled by 3 RCAs (Far North District, Whangarei
District and Hamilton City) on limit lines in high-wear areas.

A wide variety of marking systems are being used in the TNZ performance-based
contracts.

Most of the RCAs (27, or 82%) stated they would welcome opportunities for materials
trials on their networks.

4.8 Subdivision road markings

15 (45%) of the RCAs stated that control of road markings for new subdivisions was
through the District Plan and the resource consent process.

e 8§ (24%) of the RCAs stated that control was through their specifications or codes of
practice.

e 9 (27%) said subdivision road marking was not applicable because they had few
new subdivisions, or those they had did not require any road marking.

e 1(3%) said that control was undertaken on a case-by-case basis.

e 6 (18%) of the RCAs indicated that they had problems with developers installing
non-standard markings. The problems noted included poor advice from consultants,
resulting in wrong markings at islands; cheap paint being used on roads to be taken
over by the RCA; and there were a few instances of developers not following the
council’s development manual.

¢ One of the large urban authorities noted problems resulting from the number of
council departments that could be involved in subdivisions, and the difficulty
training all staff involved to check everything thoroughly. Another noted that they
had a specific engineering team responsible for managing the development of
subdivisions.

4.9 Road marking database

Six authorities reported having more than one type of database (eg, RAMM and
spreadsheet or contractors’ database). The types of database identified were:

e RAMM - 19 (58%) of the RCAs

e Excel spreadsheet or electronic database — 10 (30%) of the RCAs, including 1 using
a total inventory system (MAXIMO)

e contractors’ database — 5 (15%) of the RCAs

e no formal database — 3 (9%) of the RCAs (including 1 that was developing a
database).

Maintenance and updating of the databases was mainly based on contractor’s claims for
payment, which typically involved Excel spreadsheets. For RCAs using consultants,
responsibility for maintenance of the databases rested with the professional services
consultants. Eleven (33%) RCAs updated their databases from cyclic surveys of the
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network. Other systems for recording road markings included aerial photographs, GIS
data and annual videotaping.

4.10 Public enquiries and concerns

o 27(82%) of the RCAs had formal customer service request systems or procedures in
place for receiving and handling public enquiries or concerns.

e 3 (9%) of the RCAs noted that they received very few complaints or concerns.

e 3 (9%) of the RCAs said that any concerns were investigated by engineering staff.

About half the RCAs directly issued instructions to contractors for any remedial works
required. The other half used their consultants or design services sections to instruct
contractors to undertake remedial works.

4.11 Management of road marking programme

RCAs indicated that management of the road marking programme was undertaken by:

e aprofessional services consultant — 14 (42 %) of the RCAs, including 1 that
responded: ‘Asset manager plus professional services consultant’

e a council engineer or asset manager — 12 (36%) of the RCAs

e a council business unit or in-house consultant — 7 (21%) of the RCAs.

4.12 Contract terms, specifications and quality control

Contract terms and age

e Contract terms were:
— 3+ 1+ 1years— 12 (36%) of the RCAs
- 2+1+1+1years—5(15%)
— 3years —4 (12%).

e 1 TNZ contract was a 10-year performance specification maintenance contract
(PSMC), and another a 5-year hybrid contract.

e Other contract terms ranged from 1 to 3 years, with various fixed-term renewal
periods — 10 (30%) of the RCAs.

At the time of the survey, contracts had been let for:
e more than 6 months — 27 (82%) of the RCAs
e 3 to 6 months — 3 (9%)

e less than 3 months — 4 (12%)).

One RCA had more than one road marking contract.

10
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Changes to the management contracts

e 17 (52%) of the RCAs had not recently investigated or changed their management
of road marking contracts.

e 16 (48%) had recently investigated or were investigating a change, and of these:
— 4 (12%) of the RCAs had recently changed
— 2 (6%) had investigated but did not change
— 10 (30%) were still investigating changes.

Method- or performance-based contracts
o 23 (70%) of the RCAs had method-based contracts.

e 10 (30%) had performance-based contracts.

Typically, the method-based contracts required materials application rates in
accordance with TNZ P/12 Specification for pavement marking (150 microns dry film
thickness, 275 grams/m” minimum bead drop-on rate). Five RCAs noted that they
require 220 micron dry film thickness.

Performance criteria for seven of the performance-based contracts were based on TNZ
P/20 Performance-based specification for roadmarking (colour, daytime visibility,
night-time visibility, skid resistance). The other performance-based contracts included
criteria such as 80% retained after 6 months, condition rating based on forward
visibility (safety oriented), level of service, and no environment or health and safety
incidences.

Specifications

e 26 (79%) of the RCAs indicated that they use the TNZ P/12 specification. (Most use
the current 2000 version, but some use the 1995 or 1998 versions.)

e 2 RCAs (6%) said they use TNZ P/22 Reflectorised pavement marking.
e 5 RCAs (15%) said they use TNZ P/20.

Contract relationship

e 20 (61%) of the RCAs considered they had a service agreement type relationship
with their contractor.

e 12 (36%) said they had a partnering type relationship.

e 1 (3%) RCA was unclear, as the terminology in their contract was vague.

One authority commented that partnering, with its three-way partnership between the
council, consultant and contractor, provided more flexibility and innovation.

Quality assurance requirements

e 25(76%) of the RCAs indicated that their quality assurance requirements were
based on TNZ P/12, P/22 or P/20 specifications (specifically, ISO 9000: 2000).

11



RSS 22 Road markings

e 5(15%) used Transit New Zealand quality assurance requirements (TQS2 or
TQS3).

e 2 (5%) use NZRF quality assurance requirements.

o 2 (5%) did not state their requirements

Remarking programmes

The 23 RCAs with method-based contracts used the following types of remarking
programme:

e Annual remarking — 9 (39% of the 23 RCAs)

e Annual remarking, with 6-monthly for high-wear markings — 8 (35% of the 23
RCAs)

e 18-monthly remarking, with 6-monthly for high-wear areas — 1 (4% of the 23
RCAs)

¢ 9-monthly remarking — 1 (4% of the 23 RCAs)
e 6-monthly remarking — 1 (4% of the 23 RCAs)

e Needs-based remarking — 3 (13% of the 23 RCAs). 1 of these RCAs was trialling
needs-based assessments to set the remarking programme. Another noted they were
getting up to 3 years life on some markings on low volume roads.

The percentages shown above are based on the 23 RCAs with method-based contracts.
Remarking programmes, and the period between remarking, are not applicable for the
10 (30%) of the RCAs surveyed that have performance-based contracts, as remarking is
based on performance criteria.

4.13 Testing and other contract management procedures

Materials and application rate tests

Responses to questions 35 and 36, about what materials and application rate tests were
undertaken and who did them, clearly showed that the RCAs relied very much on the
contractors’ quality assurance systems, and carried out very little independent testing.
The responses indicated the following:

e No testing — 16 (48%) of the RCAs

e Quality assurance systems — 11 (33%) of the RCAs
e Plate or application rate tests — 6 (18%) of the RCAs
e Visual assessment — 4 (12%) of the RCAs

e Retroreflectivity tests — 1 (3%) of the RCAs.

Most authorities did not review the contractor’s quality assurance records to verify the
materials being applied and their application rates. In general, the RCAs relied on the
life of the markings to assess contractors’ performance.

12
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Road marking after reseals

Most RCAs indicated that the installation of road marking after reseals was part of the
reseal contract. Responses were:

e Subcontract or requirement under the reseal contract — 20 (61%) of the RCAs
¢ Road marker nominated to undertake remarking after reseals — 9 (27%) of the RCAs

e Part of overall maintenance contract — 4 (12%) of the RCAs.

Maintenance activities other than remarking
Maintenance activities (other than remarking) undertaken for road markings were:

e sweeping, vegetation control and removal of moss (as activities that would get
undertaken if required before remarking) — 18 (55%) of the RCAs.

Fifteen (45%) of the RCAs undertake no additional maintenance for road marking.

Removing unwanted markings

A variety of methods were used by the RCAs for removing unwanted markings. Many
used more than one method. The methods were:

e Sand or abrasion blasting (generally used when there is sufficient work to warrant a
contract. Reasonably effective, but can damage surface) — 19 (58%) of the RCAs

e Blacking out (used for small amounts and not always very effective) — 15 (45%)
e Water blasting (similar comments to sand/abrasion blasting) — 14 (42%)
e Bitumen emulsion/grit — 2 (6%).

It was acknowledged that resurfacing is a more effective way to remove unwanted
markings.

The field surveyors noted some confusing and some unsafe results from the removal of
markings. Examples are shown in the photographs that follow.

13
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Confusing ‘blacked out’ right turn arrow.

Unsafe delineation from ‘blacked out’ unwanted centre and edge lines. Glass bead was
clearly evident on the blacked out markings. Tests showed these lines had higher
reflectivity than the new white lines and would therefore be more visible at night
(reflectivity readings of 111 and 64 on the blacked out lines, compared with 58 to 80 on
the new white lines).

14
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4.14 Traffic management requirements

The RCAs used the following traffic management requirements in road marking
contracts:

e TNZ Code of practice for temporary traffic management (CoPTTM) — 13 (39%) of
the RCAs

e CoPTTM with local amendments — 6 (18%)

e TNZ G/1 Temporary traffic control — 13 (39%) of the RCAs. 5 of these advised that
they are changing, or will change, to CoPTTM.

e Council specification (specifies TNZ Working on the road handbook) — 1 of the
RCAs (3%).

4.15 Rating of contractors’ performance and traffic management

RCAs were asked to rate their contractors’ general performance and traffic
management, on a S-point scale. Some RCAs gave intermediate point ratings. The
responses were as follows:

General performance

e Excellent —4 (13%) of the RCAs
e Good to Excellent — 2 (6%)

e Good—12 (39%)

e Acceptable to Good — 5 (16%)

e Poor or Very poor — 0 (0%).

Traffic management

e Excellent — 2 (6%) of the RCAs
e Good to Excellent — 0 (0%)

e Good— 18 (56%)

e Acceptable to Good — 4 (13%)
e Poor or Very poor — 0 (0%).

Two RCAs considered it too soon to rate their contractors’ general performance and one
their contractor’s traffic management.

All RCAs rated their contractor’s performance as acceptable or better.

15
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5 Results of the field surveys

5.1 Survey sample

In total, 643 lines were surveyed, at 211 sites (126 urban, 95 rural) in the 33 RCAs. The
surveyors measured line widths and day and night-time visibility.

For the purposes of this survey, assessments were made against the criteria in TNZ P/20
Performance-based specification for roadmarking. These performance criteria were not
contractual requirements in most cases.

e Line width tolerances were taken as +10%, —5%.

e The daytime visibility criteria used was that the markings should be readily visible
for a forward distance of 150 m or, if less than 150 m, as far forward as possible
until obstructed by the geometry.

e Night-time visibility was assessed from retroreflectivity measurements. TNZ P/20
specifies that retroflectivity should exceed 100 med .m™.lux"!, measured with a
Mirolux 12 reflectometer. This is equivalent to 72 med .m™.lux"' using 30 metre
geometry readings with the MX30 retroreflectometer. In accordance with industry
practice, 70% of this value was used for yellow no passing lines (ie, 50 med .m’

2 lux™ for the 30 metre geometry MX30 readings). The field measurements taken
were all 30 metre geometry readings using an MX30 retroreflectometer. The
readings were not converted to equivalent Mirolux 12 readings, but were compared
against the above 30 metre MX30 equivalent readings.

Overall results, by RCA, are shown in Appendix 1.

The total numbers of sites, lines measured and retroreflectivity measurements for the
survey were:

e 221 sites — 126 urban and 95 rural
e 0643 lines
— 239 centre lines (172 on straights, 26 on bends and 41 flush medians)

— 251 edge lines (218 on straights, 17 on the inside of bends, 16 on the outside of
bends)

— 57 no passing (no overtaking) lines

— 96 other lines, including 29 limit lines and a variety of miscellaneous line types,
such as parking or bus stop markings

e 613 line widths, measured and compared with stated standards or expected width
e Daytime visibility assessed for 557 lines

o 808 reflectivity measurements (each being the average of three to seven MX30
readings on a line). These exceed the number of lines because reflectivity readings
were taken in two directions on some centre and no passing lines.
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52 Line widths

o 73% of the 613 line widths measured were within the tolerance of —5% to +10% of
the expected or standard width for that line type.

e 15% (95 lines) were wider than the 10% upper tolerance limit.

e 12% (73 lines) were narrower than the —5% lower tolerance limit.

5.3 Daytime visibility

o  99% (551 lines) of the 557 lines were assessed as meeting the 150 m forward
visibility criteria.

5.4  Night-time visibility

The following table shows the number, and percentage, of various line types that had
reflectivity measurements below the performance measure, 100% to 200% of the
performance measure, or over 200% of the performance measure. Measurements were
taken on all lines to enable a measured assessment of the night-time visibility, even
though many of the lines were not reflectorised and night-time visibility requirements
were not specified in the road marking contract.

The field measurements taken were all 30 metre geometry readings using an MX30
retroreflectometer. The readings were not converted to equivalent common base or
Mirolux 12 readings. They were compared against a performance measure of 72 med
mZlux! (50 med .m™.lux for yellow no passing lines) for the 30 metre MX30
readings, which is equivalent to the TNZ P/20 specification of 100 med .m™.lux™
measured with a Mirolux 12 reflectometer. This performance measure was not a
contractual requirement in most cases.

The table shows the following:

e 45% of all the measurements were at or above the TNZ P/20 performance measure.
More of the urban lines had measurements at or above the performance measure
than rural lines (49% compared with 40%).

e For sites in areas where the TNZ P/20 performance measures were contractual
requirements, 68% of the 166 measurements were at or above the performance
measure. These sites were from Auckland City, Southland District and the four TNZ
regions.

e 67% of the 493 measurements on lines recorded or specified as reflectorised were at
or above the performance measure.

e Only 16 measurements were on thermoplastic lines and 14 (or 88%) of these
exceeded the performance measure. One site had two measurements below the
performance measure but it was noted that the thermoplastic paint was very worn
and the readings may have been from previous paint markings.

e 58% of the 86 measurements on no passing lines were at or above the performance
measure. MOTSAM specifically requires no passing lines to be reflectorised.
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e 76% of the 30 measurements on limit lines were at or above the performance
measure. MOTSAM specifically requires limit lines to be reflectorised.

e More of the measurements on lines on smooth surfaces were at or above the
performance measure than measurements on lines on chip seal surfaces (75% of 102
measurements, compared with 41% of 705 measurements). Nearly 50% of the
measurements on smooth surfaces were over 200% of the performance measure.

30 metre geometry MX30 measurements

Below 100% to 200% | Over 200% of
performance of performance
Line type Total measure performance measure
measure
No. % No. % No. %
All (urban and rural) 808 443 55% 197 24% 168 21%
All urban 436 221 | 51% 109 25% 106 24%
All rural 372 222 60% 88 23% 62 17%
Sites in areas with TNZ 166 53 32% 45 27% 68 41%
P/20 specification
Reflectorised — all 493 163 | 33% 172 35% 158 32%
All thermoplastic lines 16 2 12% 11 69% 3 19%
No passing — all 86 36 42% 31 36% 19 22%
No passing — urban 30 12 40% 9 30% 9 30%
No passing — rural 56 24 43% 22 39% 10 18%
Limit lines — all 30 7 23% 7 23% 16 53%
All lines on smooth 102 26 25% 26 25% 50 49%
surface
All lines on chip seal 705 417 59% 170 24% 118 17%
surface

Directional issue

The field surveys demonstrated variations in the reflectivity of the lines according to the
direction the markings were applied. Road markings should be applied in the direction
of travel for the lane to which the marking applies. This is because the paint and
reflective beads have better coverage on the face of the aggregate in the direction of
travel than on the opposite face. Dual gun systems can overcome the directional issue
for applying the paint and the reflective beads.

Measurements were taken in both directions on 122 of the reflective lines surveyed.
Most of these were centre lines (84) or no passing lines (27). The measurements were
assessed to demonstrate this issue and are not intended to imply that the markings were
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incorrectly applied. In many cases, the higher reflectivity readings were in the direction
of travel for the lane to which the marking applied.

Analysis of the measurements for these lines shows the following:

5.5

The largest difference between directional measurements on any one line was 119
mcd.

16 lines (13%) had measurements above the performance measure in one direction
but below in the other.

7 lines (6%) had measurements that were lower in one direction than the other by
50% or more.

36 lines (30%) had measurements that were lower in one direction than the other by
between 25% and 50%.

48 lines (39%) had measurements that were lower in one direction than the other by
between 10% and 25%.

31 lines (25%) had measurements with less than 10% difference between one
direction and the other.

Observations

In addition to the specific site inspections, the surveyors made general observations of
road markings on the routes driven between the sites.

Their observations included the following:

The daytime appearance of markings was generally good and there were very few
examples of unexpected, non-standard or misleading markings.

Some blacking out of markings was not effective. Old markings showing through
can be misleading and potentially unsafe.

No problems with the reinstatement of markings after reseals were observed.
However, there were rural routes with quite significant lengths of centre or edge
lines missing due to dig-out repairs.

Remarking using non-reflectorised paint over thermoplastic resulted in a lower
reflectivity or level of service. The reflectivity was reduced even though the line
may have appeared whiter in the daytime.

There was some variation in the marking of edge line tapers at urban intersections.
Some RCAs had a simple, straight edge line taper from the kerb; others continued
the edge line around the kerb radius at the intersection. The latter appeared
unnecessary and could add costs to the remarking.
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6

6.1

Discussion

General

The survey showed that the overall daytime performance and standard of road
markings was good. Some RCAs had increased the level of performance of their
road markings through knowledge, trials and good contractual relationships.

The wide range of MX30 reflectivity measurements from the field surveys indicates
a wide range of night-time visibility performance.

The interview surveys showed that there is some demand for a guideline on
markings for private land areas with public access (car parks etc), to achieve
nationwide consistency for these areas. The interview surveys also showed that
there is variation in the use and format of lane arrows for tourists.

There is a strong reliance by RCAs on the expertise and integrity of their road
marking contractors. In general, the authorities relied on visual assessments and the
amount of remarking needed to assess contractors’ performance. The low levels of
supervision and checking on road marking may reflect the relatively low
expenditure on road marking, compared to other road network budget items.

All authorities rated their contractors’ general performance and their traffic
management as acceptable or better. More than half rated their contractors’
performance as good or better.

Most RCAs are using method-based contracts. Only three (apart from the TNZ
regions) have TNZ P/20-type performance-based contracts. The TNZ specifications
are the guidelines adopted by most RCAs and should be retained, even if they are
not in current use by TNZ.

Trials have shown waterborne paint to be cost effective over the full life cycle.
However, survey respondents pointed out that it is subject to climatic conditions
during its application.

The most common factors affecting road markings were gritting for ice, snow, and
seal bleeding problems.

Removal of unwanted markings is a safety issue. It is typically undertaken by
blacking out the markings or removing them by abrasion blasting (sand or water
blasting). Most authorities stated that relatively small amounts of this work are
undertaken. Surveyors observed examples of old markings having been ineffectively
removed. The results ranged from confusing indications to misleading and
potentially unsafe delineation. Resurfacing is the most effective way to remove
unwanted markings.

Good, clear road markings can enhance road safety. A high level of direct
supervision of road marking work is not necessary, as visual inspections can provide
a lot of information and quality assurance records can be checked.
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6.2

Best practice

A variety of policies, management procedures and specifications are being used for road
marking. The field surveys measured performance criteria that were not contractual
criteria in many cases. Road marking is not a ‘one size fits all’ process. It is difficult,
therefore, to identify specific policies and practices as constituting ‘best practice’. The
surveyors, however, consider that elements of best practice include:

adopting clear policies on what markings to use on which roads, including, as
necessary, clarification of any discretionary or optional issues included in any
national guidelines that are adopted

maintaining a good database of road markings

having procedures to remark the markings that should be on the network (this does
not necessarily mean remarking all existing markings)

having remarking programmes based on assessed needs
having formal customer service request systems

developing good, working contractual relationships that allow trials, to increase
knowledge and ensure continuous improvement of the performance of road marking

using reflectorised markings to improve night-time visibility, especially for no
passing lines and centre lines

completing reseals to remove unwanted markings if removal by blacking out or
abrasion blasting could result in unsafe delineation

supervision of road marking contracts using industry-developed guidelines and
drawing on quality assurance records.

The degree to which these elements are adopted depends on the road marking budget
and the RCA determining that they will obtain value for the likely costs.

21



RSS 22 Road markings

7

Recommendations

RCAs should continue to work with their road marking contractors to apply best
practice and to undertake trials to increase knowledge and ensure continuous
improvement in the level of service from road markings.

The requirements for reflectorised markings should be reviewed. More use of
reflectorised markings could improve night-time safety.

The removal of unwanted markings by blacking out or abrasion blasting should be
limited to small amounts of this work and locations where ineffective removal will
not create a safety problem. Resealing should be used for large amounts of this work
or where safety problems could be created.

The LTSA should, through its Standards and Guidelines Steering Group, promote
the development of guidelines for road marking on private land areas that have
public access and road-type use.

RCAs should assess whether they can achieve better value from remarking
programmes based on an assessment of needs, rather than simply carrying out time-
based remarking of all existing markings.

The NZRF should continue to promote best practice and develop guidelines to assist
RCAs to get the best value from their road marking programmes.
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Appendix 1. Summary of field surveys, by RCA

Width Day visibility Night visibility
(@)
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S2x| 2| 22 22|25 25|58 =g |28E23¢E
Far North District 3U, 5R 26 15 9 25 0 9 325 17 17
Whangarei District 5U, 2R 23 13 8 23 0 18 342 10 16
North Shore District 5U, OR 13 9 4 12 0 27 393 14 5
Auckland City 5U, OR 16 9 7 16 0 19 262 11 6
Manukau District 5U, 2R 16 11 2 9 0 22 269 21 3
Hauaraki District 4U, 4R 25 18 6 22 0 20 209 21 14
Hamilton City 6U, OR 21 18 1 12 3 27 317 20 6
Otorohanga District 3U, 4R 16 12 2 8 0 25 178 2 15
Waitomo District 4U, 3R 19 11 1 6 0 25 362 11 10
Rotorua District 4U, 4R 23 19 4 19 0 25 237 14 19
TNZ Hamilton 4U, 4R 27 15 12 18 0 34 368 29 4
Gisborne District 3U, 2R 22 12 10 22 0 14 299 18 12
Wairoa District 4U, 3R 18 5 13 18 0 19 292 19 7
Stratford District 2U, 2R 12 6 6 11 0 37 74 3 11
Ruapehu District 3U, 3R 16 9 7 14 0 27 67 0 20
Manawatu District 3U, 3R 16 11 5 14 0 13 217 5 15
Wellington City 7U, OR 19 13 5 14 0 25 223 5 14
Masterton District 4U, 3R 22 18 4 20 0 21 110 3 20
Carterton District 4U, 4R 16 15 1 14 0 24 116 5 14
Kaikoura District 0oU, OR 0 No field surveys in Kaikoura
TNZ Wanganui 2U, 5R 29 15 14 25 0 23 242 26 14
TNZ Wellington 2U, 3R 15 13 1 12 0 19 306 6 11
Hurunui District 2U, 4R 18 15 2 18 0 16 141 4 15
Waimakariri District 3U, 3R 21 16 5 21 0 15 232 12 16
Christchurch City 9u, OR 21 14 7 21 0 32 251 9 17
Banks Penin. District] 2U, 3R 9 9 0 9 0 16 53 0 10
Selwyn District 3U, 5R 21 18 3 19 0 16 66 0 29
Ashburton District 4U, 4R 23 19 4 23 0 27 249 6 20
Timaru City 4U, 4R 25 23 0 22 0 8 473 17 16
Waitaki District 6U, 3R 21 18 1 16 0 14 105 3 23
Clutha District 4U, 4R 23 16 7 20 2 21 178 12 16
Southland District 3U, 4R 22 9 11 20 0 24 245 16 15
TNZ Dunedin 4U, 5R 29 21 6 29 0 41 292 28 10
Totals 126U, 95R| 643 445 168 552 5 8 473 367 440
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Note

For the purposes of this survey, assessments were made against the criteria in TNZ P/20
Performance-based specification for roadmarking. These performance criteria were not
contractual requirements in most cases.

e Line width tolerances were taken as +10%, —5%.

e The daytime visibility criteria used was that the markings should be readily visible
for a forward distance of 150 m or, if less than 150m, for as far forward as possible
until obstructed by the geometry.

e Night-time visibility was assessed from retroreflectivity measurements. TNZ P/20
specifies that retroflectivity should exceed 100 med .m™.lux', measured with a
Mirolux 12 reflectometer. This is equivalent to 72 med .m™.lux"' using an MX30
retroreflectometer. The value for yellow no passing lines was set at 70% of this (ie,
50 med .m™.lux™' for MX30 readings).
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Road controlling authority:
Person(s) replying to questionnaire:
Position in organisation:

Contact phone number:

Appendix 2: Survey of road markings — Questionnaire

Contact email:

Interviewer: Date:

Road network and road marking policies

Prompts

What length of sealed road do you have?

Urban chip seal ...... km  smooth surface ....... km
other ....... km
Rural chipseal ...... km  smooth surface ....... km
other ...... km

‘Smooth surface’
covers asphalt,
slurry, friction
course etc. ‘Other’
covers paving etc.

Do you have any special conditions that may affect your road markings Snow, gritting.

and, if so, how do you manage these special conditions?

Do you have delegated authority for road markings on any other RCA Define SH and RP

roads or section(s) of state highway or another RCA'’s roads?

Yes / No

If “Yes', please define which sections/roads:

range or area.

What standards do you use to determine what road marking is required?

MOTSAM Yes / No RTS5 Yes / No

What lengths or proportion of your network have the following markings Criteria could
and what criteria do you use to determine where to use these markings? | include traffic

km or % criteria

centre line only e e
edge line only e e

edge and centre line..... e

volume, road type
and may vary

------------ depending on edge

marker delineation.
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6. What is your policy on line width for: Traffic volume.
edge lines Road type.
centre lines
other?
7. Complete the table below to show if you use any local standards or
variations from MOTSAM for the road markings listed:
Comment
(Briefly describe
_ ; ; standard and/or Attach copies of
Road marking : Yes/No . situation itis used in and | local standards or
i i any evaluations variations if
undertaken) necessary.
Flush medians Continuous across
' ' intersections.
Painting of kerbs on traffic islands | What is your
' : policy?
Urban right-turn bays MOTSAM full with
i i chevron diverge
(Fig. 3.26) or
shorter with
continuity line
diverge (Fig 3.27).
Intersections with public access | Who controls
to private land : : markingsat
accesses to service
stations,
supermarket car
parks etc?
Public access private land Car parks.
Centrelines and limit lines at
pedestrian crossings
Arrows for tourists : : Directional arrows
i : on road at exits
from rest areas etc.
KEEP CLEAR wording c.f. cross-
hatched clear zone
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RSS 22 Road markings

Other (describe)

List any other
markings not
included above.

8. What procedures or investigations have you used to influence or change | Crash studies,
. . P project or existing
your road marking design and/or frequency of marking ~ road safety audits.
9. Have you reviewed your no passing lane markings as a result of the
LTSA survey in 2000 or as a result of reading RSS 137 Yes / No
10. What specifications do you use for road marking materials?
TNZ M/7 Yes / No TNZ M20 Yes / No
Ot e
11. Which markings and on which roads do you specify the use of Centre lines, edge
reflectorised materials for? lines, limit lines,
arrows, other.
12. Do you assess wet night visibility of your road markings? Yes /No
If ‘Yes’, what programme do you have for this?
13. Do you carry out tests to determine the skid resistance of your markings?
Yes / No
If “Yes’, what programme do you have for this?
14. What policies do you have to select different material types (eg,
chlorinated rubber modified alkyd, waterborne, thermoplastic)?
15. List the product type and amount of any long-life markings you have on Thermoplastic, cold
your network: applied plastic. Km,
m, sq m.
16. Are there opportunities for materials trials on your network? Profiled edge lines,
Yes / No other.
17. Describe any trials and evaluations that have been or are being Profiled edge lines.

undertaken:
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RSS 22 Road markings

18. How do you control the standards and specifications for road markings in
new subdivisions?

Describe any problems you have had with developers installing non-
standard markings, and how you have rectified these.

19. What form of inventory or database of road markings do you maintain?

Industry concerns.
RAMM is not
adequate and issue
under
consideration.

20. What procedures do you have to update your inventory or database of
road markings?

21. What process do you have for handling public
enquiries/complaints/requests?

22. How are these actioned or authorised for action by your contractor?

Contract management procedures

23. Who manages your road marking contract programme?

Asset manager,
professional
service
consultant, TNZ
consultant
manager

24. What QA or quality control requirements are included in your contract?

25. What is the contract term?
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RSS 22 Road markings

26.

Circle or tick one of the options below to show when the current contract
was let:
< 3 months ago

3 to 6 months ago > 6 months ago

27. Is your contract method-based or performance-based?

28. If it is performance-based, what are the performance criteria? Day and night-
time colour and
visibility, skid
resistance,
durability.

29. If method-based, what are the materials application rates? Paint dry film
thickness.
Bead drop-on
rates, etc.

30. What specification do you use?

TNZ P/12 or P/22 Yes / No Whatversion? .....................
TNZ P/20 Yes / No
Other (STAE) .u vt e e e e e e e

31. Is the contract a stand-alone contract or is road marking a sub-contract

activity?

32. What is the relationship that you have with your contractor? Partnering,
service
agreement.

33. Have you recently changed or investigated a change in the way you

manage your road marking work? What was the outcome?
34. Is your remarking programme time based? Yes / No

If ‘Yes', state the period(s) between markings, noting any differences for
different classes of road or high wear locations.

If ‘No’, please state how your programme is determined.
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RSS 22 Road markings

35.

What tests do you do to check the standard of materials and application
rates?

36.

Who carries out these tests, and at what intervals?

37.

What procedures do you have to control the installation of road markings
after resealing?

38.

What maintenance, other than remarking, do you undertake for road
markings (eg, sweeping, vegetation control)?

39.

What procedures or specifications do you have for removing unwanted
markings? How well do they work?

40. How well does your contractor perform? (Assess on a scale of 1 t0 5.) Scale:
1 = very poor
3 = acceptable
5 = excellent
41. What guidelines do you require your contractor to conform to, in managing
traffic control?
42. How well does your contractor manage traffic control? (Assess on a scale of | Scale:
1to5) 1 = very poor
3 = acceptable
5 = excellent
General
43. Any general comments or suggestions on how the LTSA could assist you

with any problems that cause you concern with respect to road markings?

30




RSS 22 Road markings

Road safety survey series

RSS 1
RSS2
RSS 3
RSS 4
RSS 5
RSS 6
RSS 7
RSS 8
RSS9
RSS 10
RSS 11
RSS 12
RSS 13
RSS 14
RSS 15
RSS 16
RSS 17
RSS 18
RSS 19
RSS 20

RSS 21
RSS 22

These reports are available on the LTSA website at www.Itsa.govt.nz.

Traffic signal light output

Street lighting

Treatment of dip lanes at traffic signals
Sop and give way controls at intersections
Advisory speed signs

Pedestrian crossings

Temporary speed limits

Traffic control at road works

Safety management systems

Sid resistance

Pedestrian platforms

Floodlighting pedestrian crossings

No passing lines

Roundabouts

Roadside hazard management

Road hierarchies

School crossing facilities

Data collection

Traffic signs

Vehicle entrances, stock crossing facilities
and amenity carriageway surfacings

Traffic calming
Road markings

1995/96
1995/96
1995/96
1996/97
1996/97
1996/97
1998
1998
1998
1999
1999
1999
2000
2000
2001
2001
2002
2002
2003

2004
2004
2004

They may also be purchased from the LTSA regional office in Auckland (Private Bag

92-515), Hamilton (Private Bag 3081), Napier (PO Box 972), Palmerston North (PO

Box 1947), Wellington (PO Box 27-249), Christchurch (PO Box 13-364) or Dunedin
(PO Box 5245) at a cost of $10 each including GST.
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ABSTRACT

Laserlux, an automated real time mobile retroreflectometer is being used to measure the retroreflectivity of
pavement lane markings. This vehicle-mounted retroreflectometer provides the measurements needed for proper
highway pavement marking management. Quick, simple, reliable, objective, and inexpensive measurements at
highway speed are the key to getting a statistically representative sample, without hindering the flow of traffic, nor
putting the human operators at undue risk. The Laserlux retroreflectometer has repeatability within a tolerance of
10% as measured under supervised testing by the FHWA. The system can be used for various applications, such as
implementing pavement standards, planning re-striping strategies, measuring performance of different materials
application methods, holding contractors accountable, and establishing a pavement marking management data base.
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1. INTRODUCTION

1.1 Pavement Markings

Pavement lane markings (stripes) are an invaluable mechanism to facilitate the guidance of vehicles along
the highways of the nation. They bring comfort to drivers who know that these markings can be relied on to keep
them from driving off the road, to indicate when passing maneuvers may be safe, and to keep vehicles in organized



gueues under multilane conditions. Pavement markings are so valuable that virtually any road with significant
traffic is marked, and driving on roads that are not marked or poorly marked, results in more driver stress and
fatigue, and potentially more vehicular mishaps. According to the Manual on Uniform Traffic Control Devices (1),
markings have definite and important functions to perform in a proper scheme of traffic control. Section 3A-2 of the
MUTCD states “Before any new highway, surfaced detour, or temporary route is opened to traffic, all necessary
markings must be in place.”

Millar (1) indicates that pavement markings reduce crashes by 21% and improve traffic flow, and concludes that
on average every $1 spent on pavement striping yields $60 in benefits, with returns of up to $103 on some classes of
roads.

During daylight hours and under dry pavement conditions almost any type of marking would suffice.

Under good ambient light conditions, simple painted lines would be adequate, reflecting and scattering light in every
direction, so as to be visible from all angles. After dark however, the situation changes. Typically, the only source
of lighting is directional, emanating from the headlamps of the vehicle travelling down the highway. In the case of
simple painted lines, this light would then typically reflect off the pavement marking paint, in the direction of travel,
not back to the vehicle where it can be seen by the operator. Consequently, painted markers may be difficult if not
impossible to see at night, and are typically not used. Gu and Hubert (3) cite U.S. Department of Transport statistics
showing that 56% of traffic fatalities occur at night, even though there is much greater traffic density during the day.
According to the Traffic Control Devices Handbook (1), pavement markings must define the path of safe travel and
must be clearly visible in daylight, in darkness and periods of adverse weather, such as rain or fog.

Highway administrators and engineers have improved this by embedding glass beads in the pavement
markings, so the directional light from the headlamps is retro-reflected, with much of the light energy being retro-
reflected back in the direction of the approaching vehicle (Figure 1). This solves the problem of poor night
visibility, and even reduces the problem of poor visibility under wet conditions, providing of course that the film of
water covering the road is not thick enough to cover and obscure the beads. Consequently, striped roads with
properly emplaced beads offer a tremendous improvement in nighttime, and some improvement under wet weather
conditions.

Unfortunately, pavement markings deteriorate with time. Ultraviolet light and heat from the sun can deteriorate
the binder, releasing the beads. Abrasion from traffic, snowplows, and sand can wear off the beads. The action of
chemicals (primarily road salt) can result in significant deterioration. Ultimately, all or most of the beads will
disappear, and the beneficial effect of the beads is also gone. Ultimately, each road must be re-striped. The decision
of where and when to re-stripe has in the past been rather arbitrary and unscientific in the absence of reliable data.

1.2 Measurement of Pavement Markings

The science of measuring pavement markings is relatively young. Portable hand-held units have had mixed
success in the past. Gu and Hubert, (3) give reviews of various handheld units. These measurements were in the
past better than no measurements, but the measurements were highly variable. There was typically poor correlation
between measurements made by different units, because of different geometries or different hardware
implementations. It was also difficult to get reproducibilitgcause of the typically high spatial vaildp of the
pavement stripe.

Today, the inadequacies of handheld units are obvious. They are too slow and cumbersome to acquire the large
number of samples required, and their use puts the operators of the units at undue risk from traffic

Handheld units operate in a static mode. Consequently they are severely limited in the number of measurements
that can be made. Typically, the units must be positioned, the measurement taken, and then recorded. Even with
digital data logging equipment, manual measurements are limited and require a full time operator and result in only
500-1000 measurements per man-shift. This is certainly not cost effective, and provides a sample that is far too
small for large road networks.

In addition, the use of handheld units requires that the road/lane being measured be closed to traffic. In many
jurisdictions this is unthinkable. Equally unthinkable is the prospect of putting the operator of handheld equipment
at risk by making measurements without closing the road/lane to traffic.

More recently, measuring units using laser light rather than incandescent sources have been used. An Ontario
Ministry of Transportation study indicated that there was a very good correlation between the two light sources (3).
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Figure 1. Geometry of retroreflectivity. Light ray enters the glass bead, gets refracted, travels through the
bead, and gets internally reflected off the rear of the bead, and exits the glass bead and gets refracted back
into the general direction of the incoming light ray.
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Figure 2. Picture of a Laserlux unit mounted on the side of a Roadware data acquisition platform.



1.3 Laserlux

Laserlux, a real time scanning retroreflectometer (Figures. 2-4) was developed for the purpose of providing
simple, reliable, objective, and inexpensive high speed marking surveys, needed for the management of highway
infrastructure.

The Laserlux hardware is typically installed in a van that can be driven at highway speeds while collecting data a
rate of up to 32,000 measurements per hour. The system utilizes a laser beam, and consequently can be used under
all ambient light conditions, from bright sunlight to total darkness. The unit uses 1/3 scaled geometry using either
standard North American or European (CEN) geometry.

The Laserlux softwafe uses the QNXreal time operating system to facilitate approximately 9 stripe
measurements per second, consisting of 200 sampling points for each measurement, with an incoming data
frequency of approximately 100 MHz during each measurement. In real time, (9 times per second) the Laserlux
software identifies the stripe within a 1.07 m scan width, calculates the peak retroreflectivity, displays it to the user
console, and retains the retroreflectivity measurement. Over the distance of a user selected station interval, the mean
retroreflectivity is reported, as well as the variability. The user video console display can be superimposed on a
video image of the actual stripe being measured (Figure 5). Optionally, event codes for different conditions can be
entered by keyboard, and become patrt of the record.

In terms of productivity, the Laserlux unit is up to 400 times as efficient as a handheld unit.

2. LASERLUX HARDWARE

2.1 Principle

The Laserlux retroreflectometer was developed by Potters Industries Inc., who hold the patent for this unit. The unit
uses the principle of a scanning laser to deliver a beam of coherent light to the pavement stripe. The laser light is
retroreflected back to the unit ( Figures 3, 4), where it is detected by a an optical detector. Units of measurement
are millicandella per meter squared per lux (méthn

The Laserlux unit is designed to use a 1/3 scaled geometry, measuring the pavement markings at a distance of 10
m (Figure 4). The co-entrance angle can be set at either the Old North American Standar@ypfdt.the
European Committee for Normalization angle of 1.. The observation angle is fixed &t 1

The window of measurement on the pavement covers an area of approximately 1.07 m wide by 0.20 m deep.

2.2 Laser Path

The Laserlux unit utilizes a 10 millwatt 632 nm coherent light source to measure retroreflectivity. The beam is
transmitted or reflected through a series of lenses and mirrors (Figure 6), including a double sided rotating mirror,
which acts to “sweep” the beam across the forward field of view at a rate of about 9 rotations per second

Whatever portion of the beam is retroreflected from the pavement markings, (and typically a very small amount
of direct reflection off pavement components) returns to the Laserlux unit, and is again transmitted or reflected
through a series of lenses, filters and mirrors, including the back of the rotating mirror.

Synchronization of the outgoing beam and the return beam is facilitated by the simultaneous use of both sides of
the rotating mirror. The mirror also triggers a hardware interrupt to indicate the beginning of the active sweep.

The return beam moves through a series of interference filters, used to reject ambient light, and is measured by
an optical detector. The signal is then conditioned by a specially designed high gain amplifier, and sent to the
central data acquisition computer (CDAC).

2.3 Data Acquisition

The electrical signal is digitized by a 12-bit 100 kHz analog to digital (A/D) converter in the CDAC. This is a
continuous process, with each scan consisting of 200 samples being digitized in short 2 millisecond bursts, with
approximately 9 scans per second. The initiation of digitizing is triggered by a hardware interrupt from the rotating
mirror.



Figure 3. Schematic of the scanning laser path.
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Figure 4. Laserlux geometry. The co-entrance angle can be set at either the Old North American Standard of
1.5°, or the European Committee for Normalization angle of 1.24(CEN, 1995, ASTM, 1995). The
observation angle is fixed at 4



The Laserlux unit features digital controls on the mirror rotation, laser, and a tilt motor to adjust the vertical
alignment of the unit. It has a feedback signal to indicate the tilt position, and a temperature signal to indicate
operating temperature.

The unit also features a distance measuring instrument (DMI) attached to the wheels of the vehicle. This DMI
unit provides electrical pulses to the CDAC, correlating to distance traveled. A timer/counter card in the CDAC
accumulates distance traveled (chainage) in the form of a cumulative tick count.

2.4 Video

The Laserlux unit has video camera incorporated into the unit, which images the exact part of the roadway being
scanned by the laser. In conjunction with a dash-mounted monitor, the video camera is normally used to aim the
Laserlux unit, and can be used by the driver for vehicle guidance in terms of centering on the stripe.

Alternatively the video image can be recorded on video tape during data collection, with the Laserlux data screen
superimposed over the image of the stripe, using a video overlay card.

3. LASERLUX SOFTWARE

3.1 Operating System

The Laserlux softwafeis based on the QNX™ operating system. QNX is a UNIX-like operating system,
however, with the additional ability to prioritize tasks. QNX is considered a “real-time” operating system because
of its advanced interrupt handling and task prioritization capabilities. This makes it ideal for the complex data
handling requirements of the Laserlux system.

The software is coded in the “C” language, and uses a text based interface (Figure 7). This is to reduce
computational overhead on the CDAC.

3.2 Data Acquisition

The acquisition of retroreflectivity measurements from the A/D converter to the CDAC is done by the use of an
interrupt handler, which has the highest priority of any of the tasks on the system. Consequently, the CDAC is
always prepared to handle the stream of 200 data points over a 2 ms timeframe every 1/9 sec. The synchronization
of the data stream with the data acquisition system is achieved by the use of a hardware interrupt.

Periodically, the CDAC will call for temperature and retroreflectometer tilt position measurements. These
measurements are also handled through the A/D converter. However, they are sequenced so as not to interfere with
the primary data acquisition of the retroreflectivity data. If the tilt is out of position, it is corrected by the software
in real time using digital control signals.

Periodically, the CDAC will call for chainage measurements. These are available on the accumulator of the
timer/counter card.

3.3 Data Reduction

The timing of the reduction of the scan data of 200 sampling points to summary data for each scan takes place
using two different methods. For skip lines, the data reduction is done immediately after acquisition. For
continuous lines, the data reduction is done only for the last scan during a “sampling interval”, which is typically
about 3 m of travel down the highway. The purpose of this methodology is to make the measurement as
independent as possible of vehicle speed.

The actual data reduction consists of identifying the peaks in the scan, choosing the one or two most prominent
and calculating the average peak retroreflectivity across each stripe. Figure 8 shows a single scan, indicating dual
stripes. Each scan is displayed to the CDAC screen (Figure 7) and the peak retroreflectivity is reported below the
graph. Scan data is normally discarded after peak retroreflectivity has been calculated, but samples can be recorded
by the computer for later review of the retroreflectivity profile.



LASERLUX(r) SOFTWARE BY ROADUARE v.4.83
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Figure 5. Overlay of the Laserlux console display on the road video.
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3.4 Data Summary

Data is summarized on the basis of operator selected station intervals. All peak retroreflectivity measurements
are stored until the end of the station interval, at which time these data are summarized, and the peak retroreflectivity
measurements are discarded.

3.5 User Interaction — Event Codes

During the course of data collection, the user interacts with the Laserlux system via the CDAC keyboard. There
are two classes of events. The first class is series of events that affect the data collection process:

»  Stripe color, (W)hite or (Y)ellow—Software switches between white and yellow calibration factors

¢ Number of lines, (O)ne or (T)wo—Software switches between single and dual line modes.

* Line type, (S)kip of (C)ontinuous—Software switches between chainage based sampling, and time based
sampling with probabilistic correction.

* (L)eft skip—Software assumes left line is skip and right line is continuous if two lines are found.

* (R)ight skip—Software assumes right line is skip and left line is continuous.

» Data Validity (V)alid or (I)nvalid data—Software switches between processing the incoming data and
ignoring it.

The second class of events are user defined. These have no affect on the operation of the software, and are used
rather for the purpose of clarification of output charts only. Examples of such events could include such things as
concrete or asphalt pavement, construction zones where pavement markings may be obscured, bridges, exits, or
intersections, where pavement markings may by missed due to driving wander, or the need to avoid traffic.

3.6 Reporting

A report in the form of an ASCII file is made at the end of the run, when data acquisition is shut down. The
following items are reported at the end of each station:

» the chainage (distance traveled, in the units specified at the beginning of the run)
« the mean retroreflectance over the last station interval

» the number of valid scans (scans returning appropriate data)

» the number of invalid scans (scans not returning appropriate data)

e the number of dual valid scans (scans returning appropriate data for dual lines)
« the mean retroreflectivity of the right line

« the mean retroreflectivity of the left line

« the mean speed (in km/h or mph) over the station interval

* the mean retroreflectivity of the road pavement

» the event code

» the standard deviation of the average retroreflectivity

» the standard deviation of the average right retroreflectivity

» the standard deviation of the average left retroreflectivity

» the number of invalid scans due to raised pavement markers

« the temperature inside the measurement unit in degrees Celsius

In addition, the overall mean retroreflectivity and standard deviation of all valid measurements over the length of
the run are reported.
A graphical plot of the data can be generated from this report (Figure 9).
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4. PERFORMANCE

4.1 Accuracy and Repeatability

Standards of accuracy for measuring retroreflectivity of pavement markings are evolving. Currently, there are no
absolute “ground truths” or benchmarks with which to measure retroreflectance. While various manufacturers of
handheld and mobile instruments produce repeatable results amongst their own devices, no single traceable standard
has been yet established. Laboratory instruments often measure test panels in a manner that cannot be easily
duplicated by handheld or mobile devices with complete assurance. Some standardization of methods has been
established for handheld instruments by ASTM (7). Not only do different instruments measure the same test panel
with different results, but also test panels themselves may vary significantly from one manufacturer to another.

Until such time as a universal standard is available, working standards must be used by agencies seeking to
establish performance specifications for pavement marking quality and instruments. These working standards have
been established by several states by specifying a particular instrument or test panel as the truth. This is an important
issue both to establish safety levels, as well as to monitor performance levels of materials and contractors.

In whatever way these standards, or ground truths, are established. there must be correlation between readings of
one manufacturer and another. Laserlux was engineered with a software calibration capability that provides the
confidence that markings measured by one model of handheld instrument can be repeated by the mobile instrument.
This calibration can be performed in the field as frequently as desired by the operator or as department policy
dictates. A test panel, representing the truth, is used to set the Laserlux calibration during the initial setup before a
measurement mission. This takes approximately 10 minutes. Separate calibrations can be made for yellow or white
markings if desired. The test panel is usually a one meter metal panel which has its retroreflectance value marked on
the back and the direction that the measurements must be made. It is important that this panel is measured at regular
intervals by the handheld or laboratory instrument to ensure its value remains unchanged due to handling or
mechanical damage. It should be as uniform along its linear length as possible to prevent variation. Periodic
comparisons with field markings should also be made to be certain the mobile unit continues to correlate with the
handheld instrument. Obviously, it is not possible to take most laboratory instruments to the field or take a field
marking to the laboratory so a hand held unit is the most realistic method of checking consistency.

The precision required of this type of measurement is up for debate. A 10% error level is commonly talked
about in terms of a standard. This type of precision is, however, still much greater than is can be perceived by the
human eye. A recent study has confirmed that there are significant human physiological differences that result in
large differences in perception between, for instance, a group of old and a group of young drivers (8). This
particular study cited 50 to 60% differences in the distance that a marking was first observed between the old and
young drivers.

The results to date confirm that Laserlux does, in fact, produce repeatable measurements well.

4.2 Roadware Tests

Tests conducted at the Roadware facilities in Paris, Ontario, Canada typically result in repeatability within 5%,
for the same two-km stretch of road measured on three consecutive runs with the same Laserlux unit. Figure 10
shows an example of 3 sequential measurement runs conducted recently, in which overall run average
retroreflectivities were measured at 275, 276, and 274 ritabm This resulted in 95% confidence limits of less
then 1%. Differences between vehicles can usually be attributed to the effects of driving wander (Figure 10).

4.3 FHWA Acceptance Tests

Tests conducted during acceptance trials by the FHWA in 1995 are reproduced in Figure 11. FHWA had
purchased five Laserlux equipped vehicles as demonstration units and required them to pass a series of tests on
delivery. It was important that not only should each unit prove repeatable with itself over several passes on the same
section of highway, but that measurements made by other Laserlux vehicles also show good correlation.

The tests were conducted at the Roadware facility in Kylertown, Pennsylvania, USA, using the five different
Laserlux vehicles , measuring a one mile stretch of interstate highway, showed overall run average retroreflectivities
of 169, 158, 153, 162, and 176 mc8iox (Figure 11). This results in 95% confidence limits of about 11%.

Measured differences between vehicles in this case were systematic, most likely as a result of differences in
calibration.
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Figure 10. Graphical output of a report for a single Laserlux unit doing repeat runs along the same stretch of
highway. Legend shows time, date, file identifier, average retroreflectance in Mcd/m*m/lux, standard
deviation, and test identifier.
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Figure 11. Graphical output of a report for 5 Laserlux units running sequentially along the same stretch of
highway. Legend shows time, date, file identifier, average retroreflectance in Mcd/m*m/lux, standard
deviation, and vehicle and test identifier.

4.3 Independent FHWA Tests

Independent tests conducted by The Federal Highway Administration (6) on three Laserlux units, concluded that
the Laserlux retroreflectometers are capable of achieving good levels of repeatability, within the limits of 10
percent tolerance.

4. PAVEMENT STRIPE MANAGEMENT OPPORTUNITES

4.1 Pavement standards

“The U.S. DOT shall revise the Manual on Uniform Traffic Control Devices to include a standard for minimum
retroreflectivity for markings and signs and to define the roads that must have center lines and/or edge lines.”
ISTEA, Intermodal Surface Transportation Efficiency Act of 1991. The concept of ensuring nighttime visibility on
striped roads via legislation has resulted in much research into the needs of drivers of all ages and abilities. While
debates occur about what the minimum retroreflectivity should be, how the improvements are to be paid for, and
what the overall savings to society by the improvements might be, it has become clear to many researchers that
accurate, efficient, statistically significant data collection will be a key to ensuring success of the ISTEA concept.

States that have in place minimum initial quality standards, typically, have used previous standard of use
instrumentation, the handheld instrument Mirolux 12. Additional state DOTs (Departments of Transportation) are
moving towards initial quality standards of reflectivity. The move towards 30 meter geometry has led to new
instrumentation and the minimum initial quality standards for contractor and state applied markings. The shift away
from paints that emit VOCs (Volatile Organic Compounds), as required by law, has led to a proliferation of new
marking materials. Claims of retroreflectivity and performance life-span are unknown. States are forced to rely on
manufacturers claims and independent research. Correlation between test deck performance and actual road
performance is conjectural. Incorrect selection of material for a given states ADT (Average Daily Traffic), weather,
and budget, can result in poor stripe performance in a much shorter time span than advertised.

Mobile reflectometers, like Laserlux, are essential to the evaluation process by allowing for the evaluation of
significantly large samples.



4.2 Re-striping strategies and priorities

Many states still stripe based on the life cycle of alkyd based paints in their area. This limits the state’s ability to
respond to improvements in life-cycle of new materials, longer or shorter, resulting in re-striping of good markings
or not replacing poor markings in a timely manner. Time based re-striping strategies do not incorporate quality as a
performance benchmark of striping, only time and labor on an annual basis. This can result in measuring effective
performance of a striping operation by line miles per day, rather than how well the markings are visible to the driver
over the desired lifetime. States that do re-stripe based on need can save money in the long run. Surveying roads to
determine their current reflectivity level, comparing past performance of that material on that type of road, and
prioritizing roads that need striping is a plan that is easily accomplished using Laserlux. States that build quality
into the striping performance, as a primary objective, find that their stripes last longer.

4.3 Contractor performance.

Minimum initial quality standards appear to be the driving force in changes in reflectivity instrumentation. States
are able to place standards to ensure that contractors achieve desired performance over the engineered life span by
measuring reflectivity initially, and thereafter. In many cases the cost of the measurement is incorporated into the
striping contract. Although the minimum initial retroreflectivity value varies, the concept is the same. Test for
acceptallity on the road performance rather than testing an incoming material’s ability to conform to a laboratory
test that may be obsolete. Since the on the road performance test involves only one simple document that is
established at the beginning of the contract, it is easier to set up than to change the incoming quality test methods
multitude of material tests.

5.4 Emplacement Strategies

While the initial investment in a Laserlux system appears high, a review of the overall use of these systems
incorporated into a statewide pavement marking management system, shows that the increase in overall quality of
the pavement markings more than pays for the system. Incorporating monitoring of reflectivity and striping log data
allows for planning of re-striping based on needs that serve the ultimate customer, the driver. An increase in
reflectivity of the pavement markings makes roads safer, saving lives.

Warranty contracts take this concept further, allowing for the monitoring of performance over the engineered life
of the marking, allowing for better planning and cost savings. This shift toward monitoring on the road performance
rather than incoming material quality, allows states to minimize expensive laboratory testing, saving additional
funds. In the end, the driver is really only concerned about the visibility of the pavement marking, not the material.

6. SUMMARY

The ability for quick and efficient measurement of pavement marking retroreflectivity is an important aspect of
highway management. It allows standards to be set and maintained, and provides the management tools to do so
efficiently and economically. The performance of materials and contractors can be specified and evaluated. Re-
striping priorities can be managed as to improve substandard marking, while delaying the re-striping of markings
which still meet standards.

Laserlux, a truck-mounted retroreflectometer provides the measurements needed for proper highway pavement
marking management. These measurements are quick, simple, reliable, objective, and provide measurements at
highway speeds, at data rates high enough for adequate statistical characterization, and without hindering the flow of
traffic, nor putting the human operators at undue risk.

This retroreflectometer has demonstrated repeatability within a tolerance of 10% as measured by independent
testing. Laserlux measurements provide the accurate and statistically reliable data required for designing pavement
standards, implementing striping and re-striping strategies, and evaluating the performance of materials and
contractors.
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Exclusion of liability

The features described in this instruction manual represent the complete
technology of this instrument. Those features are either included in the
standard delivery or available as options at additional costs.

Illustrations, descriptions as well as the technical specifications conform to the
instruction manual at hand at the time of publishing or printing. However,
Zehntner GmbH Testing Instruments policy is one of continuous product
development. All changes resulting from technical progress, modified
construction or similar are reserved without obligation for Zehntner to update.

Some of the images shown in this instruction manual are of a pre-production
model and/or are computer generated; therefore the design/features on the
final version of this instrument may differ in various aspects.

The instruction manual has been drafted with the utmost care. Nevertheless,
errors cannot be entirely excluded. The manufacturer will not be liable for
errors in this instruction manual or for damages resulting from any errors. The
manufacturer will be grateful at any time for suggestions, proposals for
improvement and references to errors.

© Zehntner GmbH Testing Instruments
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|1. Introduction

1.1 Summary

The Zehntner "MappingTools” mapping and data analysis software makes your
administration and analysis of road markings measurements and retro-
reflective materials, e.g. traffic signs, warning clothes, etc. simple and easy. It
also helps you in generating measurement reports.

Features:

. Generating measurement reports

. Save reports as a PDF-file

. Measurements can be exported to Microsoft® Excel

o Measurements containing GPS coordinates can be displayed on a bing™

map in different colours using adjustable profiles as well as alternatively
exported to Google Earth™.
. The map can be saved as a picture for using in inhouse reports.

1.2 Device type

The "MappingTools” mapping and data analysis software is made for the
following device types:

Device type | Description Application area

ZRM 6014 Retroreflectometer R./Qd Portable determination of
the night and day visibility
of all types of road
markings.

ZRS 6060 Retroreflectometer Portable determination of
night visibility of
retroreflective materials
such as traffic signs, safety
garments, contour safety
markings, license plates,
etc. (depending on device

version] .
ZDR 6020 Dynamic Dynamic determination of
retroreflectometer Rt the night visibility of all

types of road markings.

Partially the illustrations are used of one device only. Therefore it is possible
that the illustration of the same with another device type can be different.
Anyway, the illustration can be used as an example.

page 4 last update: 16.09.2013
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1.3  Standard delivery

The “MappingTools” mapping and data analysis software is supplied with the
device types mentioned in chapter 1.2 “Device type” on page 4.

©®  Zehntner GmbH Testing Instruments rejects any liability and claims
under guarantee for damages caused by use of the "MappingTools”
mapping and data analysis software.

last update: 16.09.2013
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|2. Safety precautions and warnings

2.1 Dangers

A Attention!

This note is included in this instruction manual wherever it is warned about
dangers which will arise to life and limb of persons if the apparatus is handled
improperly. Observe these notes and be particularly careful in these cases. Also
inform other users on all safety notes. Besides the notes in this instruction
manual the generally applicable safety instructions and regulations for
prevention of accidents have to be taken into account.

(1) Caution

This note comprises instructions to be observed in order to comply with
guidelines, instructions, notes and the proper procedure of the work, and to
avoid data loss.

2.2 Notes regarding safety at work

o The "MappingTools” mapping and data analysis software is exclusively
designed for presenting road marking measurements and retro-
reflective materials, e.g. traffic signs, warning clothes, etc. Any other
application is not in accordance with the regulations. The manufacturer
is not liable for damage resulting from inappropriate application. The
user bears the full responsibility.

o Unauthorised modifications and changes of the "MappingTools”™ mapping
and data analysis software are not allowed. The manufacturer is not
liable for damages resulting from unauthorised modifications; the user
bears the full responsibility.

(1) Zehntner GmbH Testing Instruments refuse any claims of liability and
guaranty for any damages caused by the use of the "MappingTools”
mapping and data analysis software.

o To operate the ZRM 6014, ZRS 6060 and ZDR 6020 please refer to the
respective separate instruction manuals.
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3. Install/Uninstall |

3.1  System requirements

In order to install the "MappingTools” mapping and data analysis software on
your PC or laptop, the system shall meet the following minimum requirements:

. Operating system: Microsoft® Windows XP SP2,
Microsoft® Windows Vista or
Microsoft® Windows 7

. Required components: .NET Framework Version 3.5
Microsoft® Internet Explorer 7
o Memory (RAM): min. 512 MB
Recommended 1 GB
. Hard Disc space: min. 20 MB + space for measurements
. Internet connection: For using the map you need a connection to

the internet. If the .Net Framework 3.5 is not
installed you need a connection to the
internet at the installation.

3.2  Installation MappingTools

The current version can be downloaded for free from our website
www.zehntner.com.

Unzip the downloaded file and double click the setup.exe for the installation.
At this point Windows will lead you through the remainder of the installation
process.

o Depending on the configuration of your system, it might be possible that
you have to install additional components. The "MappingTools” Setup-
Wizard will advise you to do, if necessary. Simply install the desired
component by clicking on its corresponding link.

Zehntner recommends that the latest "MappingTools” version will be installed.

3.3  Removing MappingTools

In order to remove the "MappingTools” mapping and data analysis software
from your system go to

Start->Settings->Control Panel-> Add/Remove Programs and choose
Zehntner "MappingTools” from the list of installed software. Click on “remove”
to uninstall the program.
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|4. Using Zehntner MappingTools

4.1 Starting-up

First connect your PC or laptop with the internet otherwise the map will not get
loaded. The first time the "MappingTools” mapping and data analysis software
will start in English, however the language can be changed in the settings
window. Please also refer to chapter 5.4.2 “Settings” on page 23.

It might be necessary to export your measurements on your PC/laptop to get
them displayed with the "MappingTools” mapping and data analysis software.
For this please consider the separate instruction manual of the respective
instrument (ZRM 6014, ZRS 6060 or ZDR 6020). Afterwards the measurements
need to be opened like described in chapter 5.1.1 “Open” on page 18.

4.2 Components of the main window

The main window of the "MappingTools” contains several parts illustrated in the
picture below and explained in the following chapters.

BRI
EIEEIE

HEECEEECEEEEBELOE

HEBE0EBEHEEEE
HEIEICIBEHECIEICEI

L
g
Key:
(1) Job-Browser
(2) Map-Browser
(3] Measurement-Browser
(4] Main-Measurement-View
(5) Detail-Data-Browser
(6) Status bar
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4.3 Job-Browser

A job represents a series of measurements. If a Zehntner data-file is opened or
imported the jobs are listed in the tab of the Job-Browser. By checking a job the
measurements are displayed in the Measurement-Browser. Every device type
has his separate tab.

By a right click on a measurement, the job
can either be removed from the Job-
Browser or shown in the windows

File View Measurement Extras Help
ZDR6020 |'zﬁ5m4,

Name
explorer. [7] |Area Rheirfelden zmdf

Remove from List

Show in Windows Explarer

If a data-file contains several jobs the Job-Browser
is structured hierarchically. In the file tree you can

either select or deselect a single or all jobs. ZRMED14
=] Store {C\.\ZRMEDT4\)
) frea Rheinielden

File  View Measurement

4.4  Map-Browser

Measurements which are selected in the Measurement-Browser are displayed
coloured in the Map-Browser depending on the selected profile. You can switch
the view profile between “Road”, “Aerial” and Hybrid".

Foad Agrizl Hybrid
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The views “Aerial” and “Hybrid" are not available in high resolution on
every part of the earth but the “Road View” works everywhere.
Alternatively an export to Google Earth™ is provided.

0o If you zoom in too deep on the map in the view “Road” and there is no
element like a street it might be confusing and you have to zoom out.

4.5

The Measurement-Browser illustrates the recording data of a job selected in
the Job-Browser. Each selected job has its own separate tab with a Main-
Measurement-View and a Detail-Data-Browser.

Measurement-Browser

4.6

In the Main-Measurement-View the data (a collection of measurements] is
displayed line by line in table form. One measurement in the Main-
Measurement-View can contain several single measurements. So an illustrated
shown value of a geometry in the Main-Measurement-View is an average over
all belonging valid single measurements.

Following actions can be carried out:

Main-Measurement-View

The function “multi select of measurements” can
be used to delete measurements or to calculate the
mean value. The mean value is shown at the bottom
of the status bar.

Multi select:

Area Rheinfelden (Store zsdf) |

RL {mecd/be/m3 Qd {med/be/md MNumber of Measurements Seral Number Date Usi

3 440016014 20.09.2010 10:30
3 440016014 20.09.2010 10:32
3 440016014 20.09.2010 10:33
3 440016014 20.09.2010 10:34
3 440016014 20.09.2010 10:35

. S 3 440016014 20.09.2010 10:36

| 3 440016014 | 20.09.2010 10:37 |

_’_ 3 440016014 20.05.2010 10:38
3 440016014 20.09.2010 10:39
3 440016014 20.09.2010 10:40
3 440016014 20.09.2010 10:42

RL mean: 223.2 [2/2]

Qd mean:%)
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Left mouse click: By a left mouse click on a measurement, the map
will change its view to this section. The
measurements can be sorted in ascending or
descending order by clicking on the header of a
column.

Left mouse double click: The views in the Detail-Data-Browser can be
changed.

Right mouse click on row: With this action you can choose between delete
measurement, delete picture and add picture.

Delete Measurement 1

Delete picture
Add picture

The deletion and adding of pictures is only possible
for *.ZSDF files.

4rea Rheirfelden (rea Fheirfelden amd | irsa Rheinfelden (Store 257f) |
Postion ™ AL AL Min AL Max. RALo AL Pass Temparature Humidty Speed -
m) {med/fhuind () {med/iimd fmed i) [ [¥e) [ m/s)
20.09.2010 10:00:34 | 140 %6 156 5 8 2 Al 17.792 =
20.09.201010:00:37 | 161 100 26 11 % 2 2 18569
20.09.2010 10:00:39
20.09.2010 10:0042 | 234 169 252 13 %9 ) 45 19.878
20.09.2010 10:00:44 | 207 4 2
20.09.2010 10:00:47 | 246 3 2
20.09.2010 10:00:49 | 228 205 2%2 f] £ 2 3
20.09.2010 10:00:52 | 257 165 m 4 % 2
20.09.2010 10:00:54 | 231 171 E= 3 % 2
20092010 10:00:57 | 246 131 251 5 % 5
20.09.2010 10:00:58 | 236 & 242 5 7 2
20092010 10:01:02 | 229 200 275 3 100 2
20.09.2010 10:01:04 | 216 151 m 5 % 2
20.09.2010 10:01:07 [ 247 196 252 1 L 21 4 20464
20.09.2010 10:01:09 | 209 120 51 17 % 2 4 204
20092010 10:01:12 | 140 115 173 [ 100 2 4 204
20.09.2010 10:01:14 | 163 146 184 3 100 2 42 20.361
kusu 20092010 10:01:16 | 192 168 25 4 100 2 2 20,147
1100 20092010 10:0119 217 165 m 5 % 2 2 19.878 -
< w J v
RLmean: 2290 [3/3]
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A modification of a job in the Main-Measurement-View, respectively, the deletion
of measurements is indicated by a star in the tab of the Measurement-Browser
and in the Job-Browser.

— @ Storezsdf - Zehntner MappingTools -

|
|
" Area Rheinfelden {StDI'E.ISM_ File  View Measurement Extras Help
i | L {med/be/m3 Qd M

o g =-[¥] Store [G:‘-\Prudukt 6014 "Mapping Tools"
|

4] Area F{heinfel
The star will disappear when the job is saved.

If a picture is deleted the picture will be removed from the picture folder, if the
picture is not assigned to another measurement.

A picture will be inserted by copying the picture from the source folder to the
destination folder. If there is already a picture, this picture, will be replaced and
removed if it is not dedicated to another measurement. If a picture with an
already existing name and same picture format, not located in the picture folder,
is inserted the current picture with the same name will be overridden.

The picture will be copied only and represented as relative scaled in the
software. The resolution and the size will be unchanged.

Right mouse click column: With this click you can choose if you get to
the form of column visibility, adapt the
selected column width or all column width.

Default (Datafile.zsdf)
L 05 5[ Column Visibility \
| Column "0.5% {cd/by'm®)" Fit

All Columns Fit
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Column visibility: Define which column is visible.

Column Visibility (Default (Datafile.zsdf))

Defaut (Datafile 23df) | Detail [Info |

Color

Mumber of Measurements
Serial Number

Calibration

Date

0On Standard

User Name

Air Humiditiy

GPS Longitude

GPS Latitude

GPS Attitude

GPS Hdop

GPS Number of Satelltes
GPS Validity 5

m

[EEEEEEEEEEEEEEEE
[

4.7 Detail-Data-Browser

The Detail-Data-Browser contains more detailed and descriptive information
about a selected measurement in the Main-Measurement-View. Depending on
the device type the Detail-Data-Browser differs with the numbers of views.

The following views exist:

Value: The Value view presents the geometry values of the actual
selected measurement, as well as the maximum and the
minimum value. If more than one geometry exists, a geometry
can be hidden with a right mouse click on the tab or the space
key.

Value | Detail (3) | Info | Picture () | Profile |

« RL
¥ Qd
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Detail: The Detail-view shows the information of the single
measurements (single or average measurements) in table
form. Like in the Main-Measurement-View the delete function
is provided.
| Value | Detail (3) [info | Picture (1) | Profile |
‘ RL {med/bo/m? Qd fmed/bem? Measurement Mumber Date
E: 235 137 1|20.09.2010 10:57
230 137 2 |20.09.2010 10:58
225 121 3|20.09.2010 10:58
Info: The Info-View shows the additional information to a
measurement and helps to edit the information.
[ value [ Detail (@] Info” | Picture (0) | Profie |
| Description |I'1f0|TI13EIOI’1
EZ Sissach|
Strest |
Picture: This view shows the picture which belongs to the selected
measurement. A click on the picture opens an enlarged view
in a separate window with enlarged view. A click on the picture
name opens the explorer with the actual selected picture.
fir Humidty (%) GPS Longtude | | Value | Detail (3) [ Info | }| Profile |
533 el | [
537 78155/=
526 78149 |
529 7.3144
513 7.8138
489 78134
494 78128
478 78123
477 78118
503 78113
473 7.8107 ~ dc6e705d-0a31-4d42-8708-8ba33c 52 1a2ip 1

13
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Voice: With the Voice-View, voice recording can be played back.

Profile: This Profile-view depends on the device type. It is possible to
assign a different profile to R. than to Qd. Only R. or only Qd
are shown on the map depending on the selection. This also
applies for the different observation angles of the ZRS 6060.

Some views include additional information in the tab.

[Vae | Petrs @ [Voce ] Pefie

"res Rnofidon h3 Zuarchrsirasse 0060 8201871

0053_8281871 99 1”2

To change the view, click on another tab or double click the measurement in the
Main-Measurement-View.
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4.8 Filename extensios

Data file

Device / program

*.KMZ

Google Earth file exported from a *. ZMDF or *. ZSDF-
file.
Please also refer to chapter 5.3.6 on page 20.

*.PDF

PDF reports exported from "MappingTools”-files from
ZDR 6020

Please also refer to chapter 6.1 on page 24.

PDF reports exported from “MappingTools”-files from
ZRM 6014 or ZRS 6060

Please also refer to chapter 6.2 on page 27.

*.PNG

Picture format if the current map view in the Map-
Browser is exported.
Please also refer to chapter 5.1.7 on page 19.

*XLS

Original measurement file of the ZDR 6020
Please also refer to chapter 5.1.2 on page18 and
chapter 5.1.5 on page 18.

Excel-report-export-file from "MappingTools”-files
from ZDR 6020

Please also refer to chapter 6.1 on page 24.
Excel-report-export-file from mapping tools
measurement files from ZRM 6014 or ZRS 6060
Please also refer to chapter 6.2 on page 27.

*.ZMDF

“"MappingTools”-file with ZDR 6020-measurement data
Please also refer to chapter 5.1.1 on page 18 and
chapter 5.1.2 on page 18

*IMTP

“"MappingTools”-profile file
Please also refer to chapter 5.4.1 on page 21.

*.ZSDF

Original measurement file of the ZRM 6014
Original measurement file of the ZRS 6060

"MappingTools”-file with measurement data from
ZRM 6014 or ZRS 6060

Please also refer to chapter 5.1.1 on page 18 and chapter 5.1.6 on

page 19.

Should you not be able to open .ZSDF files and you have a 64-bit
operating system, please install ..Microsoft SQL Server Compact
3.5 Service Pack 2 for Windows Desktop”. This error occurs if a
different Microsoft SQL Server Compact is installed. Please
contact Zehntner if this would not solve the issue.

last update: 16.09.2013
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|5. Overview of the menu

The menu items are changing depending on the device type. So as mentioned
not every functionality can be chosen for every device.

5.1 Menu “File”

5.1.1 Open
This menu item allows you to load an existing "MappingTools”-file (*.ZMDF,
*.ZSDF).

Should you not be able to open .ZSDF files and you have a 64-bit operating
system, please install ., Microsoft SQL Server Compact 3.5 Service Pack 2 for
Windows Desktop”. This error occurs if a different Microsoft SQL Server
Compact is installed. Please contact Zehntner if this would not solve the issue.

5.1.2 Import

Import an existing original measurement file of the device ZDR 6020 as a
Microsoft® Excel-file. With each import a ZMDF-file will automatically be
generated in the same directory where also the XLS-file lies. ZMDF is a new file
format for storing measurements and gives more possibilities to maintain

ZDR 6020 measurements with the "MappingTools” mapping and data analysis
software.

O The structure of an original measurement must not be changed. It has to
be a tab separated XLS-file otherwise the import will not work properly.

5.1.3 Save

This menu item allows you to “Save” or to “Save as” the current selected
measuring file. To save all jobs in the Measurement-Browser “Save all” can be
used.

5.1.4 Export
The function “Export” in the file menu is used to convert open or imported data
to generate a file which is compatible with another program.

5.1.5 Export .XLS
This menu item is used to convert into a ZMDF-file to a Retro-Grabber
compatible XLS-file. The Retro-Grabber is the operating software of ZDR 6020.

page 18 last update: 16.09.2013
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5.1.6 Copy
This menu-item is used for ———
copying a ZSDF-file from one Copy Sk
place in the file system to e o ot o car o v et i 50 ot e
another. To keep the data
[¥] Datsfile [ZRS6060 - C:\UsersEntwicklung 5 Desktop\Kundenanliegen’| Add ]
consistence, the “PICS” folder and I S M - P rderend
a data-file with the same name (if
existing) will be completely : '
replaced in the destination Eencty
d|rect0r C:\Users\Entwicklung5\Desktop'\Kundenanliegen Path
. y . [BF] e chemclony e copny
It is possible to add data-files of
other storage locations.
2 Copyiictos ] )

Determine if the pictures should
be copied too or only the data-file.

Tick the “Open directory after copy” to open the directory directly after the copy.

5.1.7 Save map as a picture
This menu item allows you to save the current view in the Map-Browser as a
picture (*.PNG]).

5.2 Menu “View”

The menu item view includes the possibility to display or hide the map, the
Measurement-Browser or Job-Browser by ticking.

5.3 Menu “Measurement”

Basically this menu item is only activated, if at least one job is displayed in the
Measurement-Browser.

5.3.1 Information Editing
This menu item allows editing the header information from the selected job.

5.3.2 Remove from list
This menu item removes the current selected job in the Job-Browser.

5.3.3 Show in Windows Explorer
This menu item shows the data-file of the selected job in the Windows Explorer.
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5.3.4 Generating Report

This menu item will generate a measurement report from the selected job.
There are two types of reports depending on the device. One reportis a PDF-
output the other a Microsoft® Excel-file. For further information refer to chapter
6 “Measurement-report” on page 24.

5.3.5 Delete 0 Measurements
Use this menu item to delete all invalid measurements in the Main-
Measurement-View.

5.3.6 Export .KMZ

This menu item is used to export a job as a KMZ-file to display the
measurements in Google Earth. Define the value range. Feel free to add a logo
and to decide the size of the pictures. A progress bar shows the status during
the file's generating. Start Google Earth directly by checking “Direct Google
Earth Start™.

Export GoogleEarth *kmz file Datafile.zsdf

Use this window to create a KMZ-File for viewing in GoogleEarth.

[¥] Loge [ Pictures
Use this window to create a The smaller the pictures are, the smaller the
KMZ-File for viewing in file: will be.
GoogleEarth.
/]
Load Picture Tiny =

Values

Please select the desired value(s).

[ 033 & 05 & 10
[¥] Direct Google Earth Start Generate KMZ | [ Cancel
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5.4 Menu “Extras”

5.4.1 Profile Editor

This menu item will open an editor window in which different colour profiles can
be added or changed.

To create a new profile click on the “Add Profile” button, set a new name in the
“Profile name” textbox, change and/or add colours and values to the rule and
save it. There must be always one profile, therefore with “Add Default Profile”
the direct generation of a profile is provided.

Colours can be changed by clicking on the coloured boxes.

Profile Editor

In thiz window profiles can be edit which then can be applied to the display of measurements. It is possible to
make line color conditional en measuring values

Common Settings Rules
England Profile
Profilename: min
Fri Fraa o - [Transparent Transd
e Wi ., I ()
z : =]
50 5

w
I (-

D

-
I (-
[reansparent 7d (-

Add Color

Add Profile
Add Default Profile
Import Profile
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The colours of the selected profile are displayed on the map and in the Main-
Measurement-View:

1 {England zmdf)

Postion
fkem)

Datum

05.10.2009 10:24:25
05.10.2009 10:24:28

15.500 05.10.2009 10:24:30 | 212
15.950 05.10.2009 10:24:33 | 143
16.000 05.10.2009 10:24:37 | D

Area Rheirfelden (Store 2sdf)

‘ RL {med/x/m3 GQd imed/A/m? Number of Measurements

These profiles are stored locally on the PC/laptop. So if you want to use the
same profile on another PC/laptop, then you can use the “Export Profile” and
“Import profile” function.
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5.4.2 Settings

The global program settings
are structured by tabs in a
common, map and device

-
Settings

Common | Map | USB Setting | ZDR6020 | ZRMED14 | Proxy |

Language and Units

specific part (ZRM 6014 or e [Engieh =
ZDR 6020). Temperatur Unit: [Dearee Celsius -

Measuring Urit: [Kiometers -
Several settings can be set Veloty; Lt [ eter per Second 7

such as language, units,
appearance and reaction on
events.

Import

Decimal Separator: IMomaﬁc & ]

The device-specific settings for
the ZRS 6060 will be made
directly in the Measurement-
Browser with a right mouse SET J [ Cancel
click on the data columns. >

0o Only use the proxy settings if you use a proxy in your network.

55  Menu “Help”
5.5.1 Manual

If an instruction manual of the selected language exists, the instruction manual
can be displayed over this menu item or by pressing the key “F1". Otherwise the
English instruction manual is displayed.

5.5.2 About

Software information like the version is displayed here.
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|6. Measurement-report

One of the software’s features is the possibility to generate reports. Depending
on the device, the output file is a PDF- or a Microsoft® Excel-file.

6.1 Generate a report for ZDR 6020 measurements

For generating a ZDR 6020 measurement report select a job in the Job-Browser
and open the “Generate Report” window over the menu Measurement-
>Generate Report.

<
Generate Report
V!
Chose in this window which data should be displayed and il ST
printed in the report and click afterwards on "Generate Report”. [ Load Picture
JF4 ZEHNTNER
TESTING INSTRUMENTS

Pageorientation
@ Portrait (7) Landscape

Measurement Informationen [¥] Datatable

Commen information which will be displayed on the first side of Columns which will not be displayed in the report are on the left
the report. side, columns which will be displayed are on the right. There is a
automatic limitation of data presented by grey tems

z Region [] Client Name Endposition Position

[¥] Street [] OrderlD Marker Date

| Direction [] Retro Grabber Versior ? 9

L ! 1 i Reference RL

[¥] Startposition [¥] Fimmware Version AL

7] Interval [#] Tetal length - RL Max

[ Line Speed RL Min.

7] Side Startposition RL Pass

[@] Driver Temperature ( Humidity

[—] Comment

[ Order Date

| Generate Report | [ Cancel
\

In this window you are able to change some settings for the measurement
report.

6.1.1 Page orientation
Here the page orientation can be set.

6.1.2 Measurement Information
In the measurement information section it is possible to choose the header
information displayed on the first page of the measurement report.
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6.1.3 Company Logo

If the “Company Logo” function is activated, a logo in the formats BMP, JPG, GIF
or PNG can be chosen. The company logo will appear on the first page of the
measurement report.

Company Logo

[ Load Picture

F4 ZEHNTNER

6.1.4 Data Table

If the data table section is activated, a data section will be appended to the
measurement report with more detailed information. Data columns can be
moved from the left text box to the right, which represents the measurement
report. With up and down arrows the column order can be defined. The number
of columns available to choose depends on the page orientation. If there is not
enough space on the measurement report, the columns are disabled and cannot
be chosen.

[#] Datatable
Columns which will not be displayed in the report are on the left

side, columng which will be displayed are on the right. There is a
automatic limitation of data presented by grey items.

Endposition Posttion

Marker 9 Date T
Reference RL

RLe ! | AL Min.

Speed AL Max.

Startposition RL Pass

Temperature e Humidity

| Generate Report | [ Cancel
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In the “Report Viewer” window a preview will be shown on two sites. On this
window the report can be printed or saved as a .PDF or .XLS-file.

By clicking on this icon & in the menu the current view will change to a print

view.

Report Viewer

1 of 2 b M

) [@ |2 B | wo

Measuring Report - Area Rheinfelden

==y

m

Device: Zehntner ZDRG020
Serialnumber: 446020988

Date: 20.09.2010 09:58:47
Region: -

Street: Zuercherstrasse
Startposition: -

Driver: Bob

Firmware Version: -

Total length: 1.45 km

23.09.2010 11:20:38

112

by Zehntner MappingTools _

<|

T

| 2

Over the save icon the report can be saved in the
PDF format. You are able to save the report as
an .XLS-file if you choose ,.Excel”. |

page 26
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last update: 16.09.2013



Version 1.8 MappingTools Instruction manual

6.2  Generating a report of ZRM 6014 or ZRS 6060 measurements

With the devices ZRM 6014 and ZRS 6060 you are able to choose which jobs or
which measurements of a specific job shall be displayed in the measuring
report. You can choose from the following options:

o JAll listed measurements” (all measurements of the selected job)

o .Actual selected measurement(s]” (only the actual selected
measurements of the selected job displayed in the Main-Measurement-
View)

3 .Content of all open tabs” (all open jobs of the same device version of the

actual selected job)

The desired jobs must be opened and if desired the required measurements
must be selected.

In the sample below, the device type ZRS 6060 and its job “Default” is selected
where 7 single measurements are also selected. Furthermore, a second job of a
ZRS 6060 is opened. As both jobs contain measurements of the same device
version (6060.CENJ, both can be displayed in the same measuring report if you
choose the function “Content of all selected jobs”.

: ~
@ Zehntner MsppingTools - 1.134587.27136 [E=REER
Fle View Measur H TEST VERSION - Latitude: 47 46761; Longitudie: 7.80064; Zoom Level: 17
ZDR6020 | zRMsD14{ ZRSE060 &
Hybrid é‘
=
]
100 m
Gewerbegebi&rmoraer
bt G

Value | Detall (1) | info | Picture (0) | Profiee | i

Min_: 330.9

0.3°: 330.9
ok Max: 3308 ||l

orange

Min.: 3194 I

05  319.4
white Max - 3194
white
Min 732 ||
1.0% 79.2
Max.: 79.2
4 (ot
03%676.0[7/7] 05%:3921[7/7] 1.0%847 [7/7] e
== ==
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The generating of a ZRM 6014 or ZRS 6060 measurement report can be selected
over Measurement->Generate Report.

Depending on your selection of the jobs and the single measurements, you are
able to choose which jobs or which measurements of the jobs can be exported.

You can choose between , All listed measurements” (all measurements of the
selected job), ., Actual selected measurement(s)” (only the actual selected
measurements of the selected job displayed in the Main-Measurement-View)
.Content of all open tabs” (all open jobs of the same device version of the actual
selected job).

Excel Report
Measuremert Select
Plass selsct f you desie to genersts 3 report with all messursments or orly the selosted messursments @ Allisted meamurcments
) Actusl selscted messursmentis)
Cortent of all open tabs
Repor Dst Selsct
Data to select Data in report
Plasss selsct with the right and lsft amow the oo = e
desired data In the report. The right view is shawn A"T”"” ) . Eb .
S S e r Temperature 9 umber of Measuremerts
crests the sersl order Calizration 3 AL
Compass Azimut ad
Direction Location
GPS Atitude Serial Number
GPS Hdop Picturs
GPS Latiude Database
GPS Longiuds: Job
GPS Number of Satelites
GPS Validty e ¢
Giip Manufacturer A
[¥] Direct Excel Start [¥] Insert Fictures Genemte | [ Cancel

In this sample ., All listed measurements” was chosen. This means that all
measurements of the job “Default” of the device version 6060.CEN will be
displayed in the measuring report.

If all open jobs are exported to the Excel-file the order is given by the order of
the open jobs.

With the arrows left/right the data for the report can be selected or deselected.
The serial order can be controlled with the arrows up/down.

During the generating of the Microsoft® Excel-file the status is represented in
the progress bar. To open the excel sheet directly afterwards tick “Direct Excel
Start”.

The direct insertion of the picture not only as name is activated by selecting the
“Insert Pictures”.

If you have a PDF creating software you can generate a PDF-file from the
Microsoft® Excel-file.
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|7. Glossary

Browser
Detail-Data.............cccceevveeeeveveaann.. 14

C

Company Logo ......ccevecerreereerinnnnnnes 25
(0707 4 ) TR 19
D

DataTable........ccoeerni, 25
Delete 0 Measurements.................. 20
Detail-Data-Browser........cccccuuunnnnn. 14

E

GoogleEarth KMZ.......................... 20
Microsoft® Excel ZDR 6020..... 18
Microsoft® Excel ZRM 6074.......... 27
Microsoft® Excel ZRS 6060............ 27
PDF ZDR 6020.....................

PDF ZRM 60174 ...

PDF ZRS 6060....

Extras.......ccoooeeiiiiiiiii,

F

Filename extensions.........cccccuuuennne. 17

G

Generating
REPOM .. 20
Google Earth™ ... 20
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Main-Measurement-View ............... 1"
Manual ......cccceemreiiie s 23
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MappingTools
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Measurement
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REPOM .o 24
Measurement report
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0
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P
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PDF-Report
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PDF ZRM 6074 ... 27
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R
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PDF ZRM 6014
PDF ZRS 6060
Viewer-................
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Save
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Starting-up ..o
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PDF ZRM 8074
PDF ZRS 6060 ...
XLS ZDR 8020...........ooaeeaeaa
XLS ZRM 8074 ...
XLS ZRS 8060...........ooaeeaeea

U
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XLS-Report
XLS ZDR 6020...................cc....... 24
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