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SUMMARY

CEXC

S ok

i

I. A Development of Technique for Dynamic Vehicle Overload

Detecting System

II. 'The object of research and development and necessity

The transit of the limit on operation (overload) vehicle reduces the endurance period of
the major public facility of nation, road and bridge structure. Back the overloaded
vehicles service is maintained. Since the maintenance cost is increased and vehicle
control and brake capacity is decreased, it is pointed out as the cause for the big
accident. And the smoke, noise and vibration, and etc. is increased, it is pointed out with
the environmental pollution sources.

The government reduces the loss, that is indirect of the dimension of state because of
the overloaded vehicles service. The government checks the transit of the overloaded
vehicles with the continued enlightenment in order to protect the life of the people and
property from the large-scale traffic accident.

Presently, in the road administrator, the low speed axles measuring apparatus (Low
Speed WIM, LS-WIM) and high-speed axles measuring apparatus (High Speed WIM,
HS-WIM) is introduced and we use in order to control the overloaded vehicle. Because
the measuring result in which the measuring object vehicle driver becomes wrong Is
intent and the low-speed axles measuring apparatus does the measurement act of
hindering including axis manipulation, and etc. habitually, the effectiveness of the secure
1s degraded. For that the accuracy is low and it utilizes for regulation equipment, the
high-speed axles measuring apparatus is the improper actual condition.

Meanwhile, the overseas manufactured equipments are expensive the related equipment

integration, including the sensor is mostly the overseas. The expert who cannot help
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depending on the supply corporation and has the professional skill is rare and it has the
restriction on this application.

Presently, in the road administrator, the low speed axles measuring apparatus (Low
Speed WIM, LS-WIM) and high-speed axles measuring apparatus (High Speed WIM,
HS-WIM) is introduced and we use in order to control the overloaded vehicle. Because
the measuring result in which the measuring object vehicle driver becomes wrong is
intent and the low-speed axles measuring apparatus does the load measurement act of
hindering including axis manipulation, and etc. habitually, the effectiveness of the secure
1s degraded. For that the accuracy is low and it utilizes for regulation equipment, the
high-speed axles measuring apparatus is the improper actual condition.

Meanwhile, the equipments are expensive because the related equipment integration,
including the sensor is mostly the overseas. The expert who it cannot help depending on
the overseas equipment manufacture supply corporation for the operation and
management technique and who has the professional skill is rare and it has the
restriction on this application.

Therefore, the problem of the weight measurement of the existing overloaded vehicles
regulatory system and limit are overcome and the development of the high accuracy and
overload inspection foundation technique securing the stability is needed. And since the
development runs the leading edge overloaded vehicles traffic enforcement system in
which the unmanned operation is ultimately possible trustworthy regulation data have to
be provided to the overloaded vehicles, back, overloaded vehicles, back, the maintenance
cost reduction, import substitution effect through the localization and overseas market

pathfinding, and loaded vehicle operator.
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A4 A %4 (Quartz) Al 29 (Ceramic) PVDF Polymer Film
- Ghost Axle g4 %A - Ghost Axle 97 A - Ghost Axle &4 A
- A AEEAS - 2EEAe] X - 2EEAE Fou
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O 2291229 KistlerAl= T & A5 Aol A9 (Quartz)olgte 2AE AN A9
o2 RE e IS HA|(Sensing)dt7] Y&l FRIAFHOH, AAFES HAR
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O "9  MSI(Measurement Specialty Inc)Abs  T#AS Ao  PVDF
(polyvinylidene fluoride) & AAIE Aeatdli, ole] W74 FHE 93 7=

¥ #Hcasing)ste] AAES 7|

O X2 9 ECM(Electronic Control Measurement) Al %A= AA o Aghy
(Ceramic) A€ 2A1E A8 L, oo U4 SHE 3 oluidte] LA= 2%

(Casing)8le] AIAE 7t

M
=R
e ——

Compression  Flexural Shear

[719 2.15] st AlA o] 2s <l

[Z3: Richard Liu, et al., “Evaluating Innovative Sensors and Techniques for Measuring

Traffic Loads]

Tinned copper conduclor Graphite

Piezo polymer Copper braid  Polyoefin jacket

[¥ 2.16] Alol& FH A dukAl +4
[Z3*]: Richard Liu, et al, “Evaluating Innovative Sensors and Techniques for Measuring

Traffic Loads]
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O 3+ MA(Fiber Optic Sensor)
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(29 217] 3dF AA

. High-strength

steel plate Force applied

to load cell

g

Strain gauges
under plate

Bending plate typne | . Load call tyne
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- Al S 7K F shso] AVFEW o] Ao Reko] SlojAA Hal w3ty
5 sp7F A7IA H= A
- WFES 4Y A9s 10~12Ve] DCE ARSstaL glem, A9k M43} Sensor Line

5 Fol QY A% S Fuatn U3 4Y Aol A= e HEAE <

o,
B
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¢l Asset Road(Advanced Safety and driver Support for Essential road
Transport) Z2AEqA = RAA TS 2502 A E7] Heix 55U 1EHE 5
of shuleel e AAE AAete] AW 29 %9

HS WIM Uberladungskontrolle
wihrend der Fahrt

Dynamische Wiegeanlage (Array)
Eichfahig

[2”] 2.19] 2 ASSET Z2ZAE fAzHFGE }pE3JA 28 i
[£3]: ROC System Engeering, "Advanced Safety and Driver Support for Essential Road
Transport”, ASSET-Road, 2009]



O Asset Z2AEQ Ao Hodtil = 5YU2] ROCRigobert Opitz Consulting

& Engineering)Aboll A= 71E9] 2EHQ] Alo|A& A3l JHEsteto] 21844
= AME ME2s} 3} FAo 53 ASICs9 M2 RISC =
BAME Al A dud=g JEe TF SAAAE st IM-WIM
(Integrated Matrix WIM)2} Wl AlH &9 %

[¢]

o

]

=

1M WIM Sensor Sioindass Sheal
Elqsts Installaion Frarme

Cost Concrate

[2% 220] %< ROCAS] IM-WIM AlA R&

[£A: The ASSET-Road Consortium, "ASSET - DEL 6.1 Test site requirements and specifications”]

Width

16 Force Toaaes
(60 mT]/ Measurement Points

Sandwich

shear beam

transduer Hedght
(35 mm)

Inner elastic

Sensors
e Electranic board

(28 221] IM-WIM AlAl o] #+x2%

[ZA]: The ASSET-Road Consortium, "ASSET - DEL 6.1 Test site requirements and specifications”]
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(28 222] IM-WIM AlA dut]= @z} thojoj 1y

[£4: The ASSET-Road Consortium, "ASSET - DEL 6.1 Test site requirements and specifications”]
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[ The ASSET-Road Consortium, "ASSET - DEL 6.1 Test site requirements and specifications”]
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(1) Aoy~
O Z#g ECMAF= HESTIAZHE Alo}7] 2 sdtate] a4 WIM 2 &-&ka glom =

S22 F7](AVC, Automatic Vehicle Classification)= 2Loop, 1Piezo A]|2~®l 3}

Wi

FFE5A/(WIM, Weigh In Motion)= 2Piezo, 1Loop AlZ~8l o =2 A|o]7] G4

=

O 9= TDCA}= Hi-Tracolghe= Aloj71E A4kt glon AsasiF77] 2 F33)
A*=Ne]
[e)

% %37 % 7P RE 59el Piero, 1loop AHOE AolAE P 9

O AR SEAE MS-WIME Alo171E A% A4kshn glov], Fujols el
AY AEE At SN E Kistlerrh A1F AH)

(2) AABf=]

O 718 WIM Al &gl M= TFAS AMS dox AME 2708 dAste] AS383]

O WIM TEAAE [28 22413 2o] Ae] o5 me FalFe] T4 Wl

o o] e Htstol SAgke] Aoes A= U

O A¥e] LEAE W Aol 8719 Quartz Tl & ANE F4 2 REHA0R
WA T A ) AR uli Bohstel 5314 wjAe] AZeAh FEdt
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42 N ANE ol gate], A%
59 4% gla.

=t W,
= 5% = W y
_ . oW, o % AN zde Fwaw,
> e . Wy 7 Az ge 2w Aea
ol %\( [ —
W, 2 \

% 3% + AF A5o=2 A% T
AFFATF >
[ 224] WIM HsAAME 83 SHFAS A= 3 49 i
[Z*]: Hideshi Nishida, et al, ”“Special Vehicle

Automatic Measurement System and Its
Application”, International Conference on Heavy Vehicles, Paris 2008]
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(29 2.25] ++92<] TOP TRIAL®S] WIM ts4lA 4704
[ Eugene Obrien, et al, "A Statistical Spatial Repeatability Algorithm for Multiple Sensor
Weigh In Motion”, International Conference on Heavy Vehicles, Paris 2008]
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Research) &
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AAsHe g

SRl 1 ATE

Motion of Road Vehicle'® A5 o] 9&

FEOR 1970 ZWEE COSTehs ZRAE
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eysh

99 COST(Co-operation in the field of Scientific and Technical
He 7bso] oY Eore] st )l s 4
oA COST 3239 +

SR

afo A
A= ‘Weigh in

O fd9 thdst A4 7|E8 v AWM 393 WIM A 28-S 3713 639
ez WIM Al&ge] F85A4e vasta, 4% A7 3 ZAME 9Igh o]
Eel Bus 98] thkst WIM Al2ds ANE S0 Hassa 9

O WIMo] A&t FHIARE H53] 3 T2 7shrx, £33 A4 2 ¥3o]
FetAo] B3 5F w3 AAsta Qon, 1o wE sFsd WIM AEe] Asrs
AN 9

O Tg WIM AA e FH 2z ot 20T F4 30T o= AAst e
W, 2o w2 ¥FATE (% 2-8]7 2ol AL S

[ 2-6] A8 5] WE 24 AlolE 57
Accuracy site I (Excellent) site II (Good) site 10
(Acceptable)

Class A (5) et A B
Class B+ (7) A3 543 A5
Class B (10) ko 2%} SR
Class C (15) sl Bh o 2 5} g
Class D+ (20) AgsAnt =49 A3 22 23}
Class D (25) Aesl At g A &kalA|uk Bg g g}




[3£ 2-7] COST 32304 AAetaL A= WIM A 24 55
WIM AX 479 55
x % I II III
(Excellent) | (Good) | (Acceptable)
2243 (3m-beam) Zjzlo].(mm) <4 <7 <10
- 35 =%
WA A3 HHEAE(10" *mm) <15 <20 <30
3 (Deflection) e Aol +3 - +10
&34 o | BT EIAE0mm) <20 <35 <50
(quasi-static) 2o 2o +4 18 112
Wrade |- ] ## 999E10 'mm) | <30 <50 <T5
29 o +7 +4 +15
5 -2
WA ¥ (10" “mm) <10 <15 <20
F-5- Apol 2 4 7
13 (Deflection) . e 102 B 3
= = a4 Wt ¥EAHE(10" “mm) 15 <25 <3
2o zlo +3 +6 +9
(5t-axle) A Aol
o | BT WFAEA0 *mm) <20 <3 <35
s e 9 o] +5 +7 +10
IRI
. m/km 0-1.3 1.3-26 264
ZELA index
APL rating(SW,MW,LW) 9-10 7-8 5-6
TAA <1% <2% <2%
AL <3% <3% <3%
[ 2-8] 2% & XFZASF
Temperature -15C 0C 15T 30T
Scale factor of the
10 8 5 1
pavement modulus
O COST 32394 AAlstaL Q& WIMY #2475 U (& 2-9]9 2o 7t 5+
of i &84+ [X 2-10]19 2



[3 2-9] COST 323¢] WIM A% 5w9 387+ (ATE)

E— B A= 55/ AT (%)
B ¥¢l | AG) | B+(7) | B10) | C(15) [D+(20)| D(25) | E
1. Gross weight >35t 5 7 10 15 20 25 >25

axle load >1t
2. group of axles 7 10 13 18 23 28 >28
3. single axle 8 11 15 20 25 30 >30
4. axle of a group 10 14 20 25 30 35 >35
IF

& V >30km 2 3 4 6 8 10 >10
=719 2 3 10 >10
AFF 1 1 1 3 4 5 >5
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(1) ASTM(American Society of Testing Material)

O "= U A AT o] B2 v TF A5 T o 170499 F
AHE 7L 9l FHWA(Federal Highway Administration)
AwETA= WIM HEHAZE F5ste] stedd BRE AL B /bt SAE
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O LTPP x=z1=¢] H-

oA AL

FHWAS] AF4 L2 Z 2 13(Strategic Highway Research Program)ol 3}

o] +83t= LTPP(Long Term Pavement Performance)ZZ 18-S wERUEE A

el e wEAR

WAL @Y FAE,

enl

[ 2-11] LTPPAA} Z&2 1%

SRS PPHE o5k fE

ABSHA B

AEWe] F2aee] daE 7H

sty $1%

PEER -
AGHAA A 28]

a7
2UHE wjY
- z}o] k= A (the front axle weight)
- GVWRE

AR GVWE X (the gross vehicle weight distribution)
- 27+ 7}4(the spacings of tandem axles)
- BFAFE 1% FHtraffic volume)

el

=
=T

Al(weight) 2 X}&-#F(vehicle classification),
2% (speed), & 7+4(axle spacing)ol] e+ AH| o] A5HA

[3# 2-12] WIM(Weigh-In-Motion)A| =5 & e ] H] L
I P I ) III el IV
S99 [10-70mph 10-70mph 15-50 mph 15-50 mph
2 (16-113km/h)  |(16-113km/h)  |(24-80km/h)  |(24-80kmv/h)
2L nEATFY | 2EAEFF |weight station  |weight station
ARt 47 o) 471 o] 27 o] 22 ol
7% Tolerance for 95% Probability of Conformity(¢] 3 2.2}
Valuet Ib(kg) | Ib (kg)
Wheel Load |+ 25% * 20% 5000(2300) 250(100)
Axle Load + 20% = 30% + 15% 12,000(5400) 500(200)
Axle-Group Load|+ 15% + 20% £ 10% 25,000 (11,300) {1200(500)
Gross—Vehicle
) £ 10% + 15% * 6% 60,000 (27,200) |2500(1100)
Weight
Vehicle Speed |+ 1 mph (2km/h)
Axle-Spacing |+ 05 ft (150mm)

[=

2] : FHWA "States’ Successful Practices Weigh-in-Motion Handbhook”, ASTM E 1318-94]



O ] agAr dA:

LTPP ZzafoX= F2 HAF FHlE AREstv, 1del Hoj= 23]9] dgpiAte}
WG AuelA ARE Frahy] Hsf vigrit [# 2-13]19] @50 EUHY HE

2 3

=

(<3}
AR

=
dlo

A A28 W] o8 Qb= AFolnt Fa(site)ol] Wl BWAHE AN [F
2-1219}F o] &84

ArAl "] 9 2Herrors)= £ S H(axle rank)E HAZ =29 EGAEIY A9

59, 2ga AA e Zhso o) BT So TSR QAE A E A|AA

A5x4 45 7ks
[3£ 2-13] LTPPO] #H]-Al~¥ wAHAL

27 234 JEER

391
H 28k o] FFA| A

o 23 100tH 2 Al &2t
i WIM 5% WIM= % (WM, axle weight)¥} 7]+

BIE=3 (mean WIM axle weight)= 271 (static scale)?] =% %7+ H Ak bias)
Bt 7152 A D (mean static scale) > WIMSZ&-7]527A 9=9 *Herrors)

AE | AX Fi(site)ol] gt 2 GVW A

(2) NTEP(National Type Evaluation Program)

@)

"The National Conference on Weights and Measures(NCWM); < 1905 A H¥
noo) HlGe] A o2 FEFH SA #E =Y EFES Y &9 e
NCWIM®] National Type Evaluation Program(NTEP) 3]l ola &3} =4
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Class TEHSA U £ 54717
1 Precision laboratory weighing
Laboratory weighing, precious metals and gem weighing, grain test
= scales
All commercial weighing not otherwise specified, grain test scales, retail
i precious metals and semi—precious gem weighing, animal scales, postal

scales, vehicle on—-board weighing systems with a capacity less than or
equal to 30 000 Ib, and scales used to determine laundry charges

Vehicle scales, vehicle on-board weighing systems with a capacity
I L greater than 30 000 Ib, axle-load scales, livestock scales, railway track

scales, crane scales, and hopper (other than grain hopper) scales

Wheel-load weighers and portable axle-load weighers used for highway
IV weight enforcement(= 240l A S &80 2 ALEH =

agA/ ol 5T

[Z3*]: NCWIM Handbook 44 -2007]

o dr

O “SFAGAEAZAN APAE Fa el A% 2 4 el

2}. OIML(International Organization of Legal Metrology)

O International Organization of Legal Metrology(OIML)2 = A\ A A =7 | F2A SA

W, 54717 Sl e WA 8TAFE T4 Aushs AAHA 717



O OIMLeAM = AHe] S5 88 S48 WIM Al~dle] Jos

£ 67002, 05, 1, 2, 5,

1009] Class® #Fatal, d5olv 279 A== A B, C, D, E, F& &7
2
[ 2-15] OIML®] 5% 54 384
£33 A% 5% 339 AT el
234gE 25 27 AFR 29% AR

0.2 10.10% +0.20%
0.5 +0.25% +0.50%
1 +0.50% +1.00%
2 +1.00% +2.00%
5 12.50% 15.00%
10 15.00% +10.00%

[3£ 2-16] OIML®] A& zt=F Fstzol digh s &)

3= 2AF F5F A AT d39&

ERA e %7 AF#* 95 AA

LSl 2% 2} 2%9] A% 2%} 2%9] A%
A +0.25% +0.50% +0.50% +1.00%
B +0.50% £1.00% *£1.00% £2.00%
C +0.75% +1.50% +1.50% +3.00%
D +1.00% +2.00% +2.00% +4,00%
E +2,00% +4,00% +4,00% +8.00%
F +4,00% +8.00% +8.00% +16.00%

— 51



O m=e AW % =29 (Federal-Aid Highway Act)¥} 4 &5 HZE HoA
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(Interstate) LEERE et 2] TF A 7128 @59 4$= 20000 3}
= 250 80000 R A e o] e o
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F7F Bdake MNY] =Ry 54 ERdMe FAAYC uet 5
}

Truck tractor Truck tractor Other=
and 2 trailing units and 2 trailing units

Length Weight Length Weight Length Weight
{meters) (kilograms) | (meters) (kilograms) | (meters) (kilograms)

Alabarma no no no no no no
Alaska 28.96 MA 33.53 MN& 25.20 A
Arizona 28.96 58,510 2896 58510 21.03 - 2987 no
Arkansas o no i no Mo no
California nic nc no N no no
Colorado 33.83 49 900 A5 20 45,600 23.77 no
Connacticut no no no no no no
Delaware no no N no no no
District of Colurmbia no no no no no no
Florida 3231 c no no no no
Georgia no no no no no no
Haweall 19.81 c no no nio no
Idaho 28,96 47 850 289 47,850 23.77 - 29.87F no
inois no no no no no no
Indiana 32.31 57,790 31.85 5.779 17.68 no
lowa 30.45 58,510 3048 58,510 23.77b no
Kansas 3332 54 430 33.22 54,430 no no
Kentucky no no N no no no
Louisiana no (T} no no Mo no
Maine mo no no no no no
Maryland no no no no no no
Massachusetts 31.70 57.790 no no no no
Michigan 17.68 74,200 na no 19.20 no
Minnesota no nio N no no no
Mississippi 19.81 c no no no no
Missourl 3353 d 33.22 d nio no
Montana 28.35 62,510 20,48 5,450 26,82 - 31398 no
Mebraska 2B.596= 43,080 28,.05% e 20073 no
Mevada 28.96 58,510 2896 58,510 29.87 no
Mew Hampshire mo no no no nic no
Mew Jersey no no no no no no
Mew Mexico f 39,120 no no no no
Mew York 31.09 B&4,860 no nc no N
Morth Caralina no no no N nio no
Morth Dakota 31.39 A7 850 30.48 47,850 31.39 no
Chio 3104 57T 2800 L2160 no no
Cklahorma 33.53 40,820 2896 40,820 no no
Cregon 20,73 47 850 29,26 47.850 2148 no
Pennsylvania no no no no nio no
Puerto Rico no no no no no no
Rhode Island N no no no no no
South Carolina i no no no no no
South Dakota 30.48 58,510 048 58,510 2225-23.77b no
Tennassee o no N no no no
Texas [T o [ [0 nio no
Litah 28.06 E&.5T0 289 58510 26,82 - 32.00F no
Vermont no no no no Mo no
{continued)

[2% 226] V= @#&d F7F 5 Aldel] dg ArlE



Truck tractor Truck tractor _ Other (a)
and 2 trailing units{  and 3 trailing units

Length  Weight Length Weight Length Weight
{meters) (kilograms) | {meters) (kilograms) | (meters) (kilograms)

Virginia no no nio no na no
Washington 20.73 47 850 no no 20.73 no
West Virginia no no no no no no
Wisconsin no no no no no no
Wyoming 2469 53,070 na na 2377 - 2591k no

MA=Not applicable because Alaska has no Interstate highway system.

a Othervehicles may Include a truck towing one trailer, or a semitrailer and trailer;
an automohbile/boat transporter; or a saddlemount combination. Please refer to
individual State lisitings found in 22 CFR Part 658, Appendix C, for detailed infor-
mation about these “othar” vehicles.

b State submission includes multiple vehicles in this category. The values listed rep-
resent the range of cargo-carrying length for the vehicles covered by this regula-
tion. For details on specific vehicle combinations, see 23 CFR 658 appendix

Cc Mo maximum weight is established as this vehicle combination is not considered
an“LCV" per the ISTEA definition. Florida’s combinations are not allowed to oper-
ate on the Interstate System, and the combinations for Hawaii, Mississippi, and
Mebraska are not allowed to exceed 80,000 pounds.

d Different weights apply to these two Missouri LCWs. The truck tractor and 2 cargo
carrying units of 110 feet may weigh up to 120,000 pounds when entering the
State from Kansas; 95,000 pounds when entering from Mebraska; and 90,000
pounds when entering from Cklahoma. The truck tractor and 3 cargo carrying
units of 109 feet may weigh up to 120,000 pounds when entering from Kansas
and 90,000 pounds when entering from Oklahoma.

e 95 feet is allowed if combination units travel empty. Combination units carrying
cargo are allowed 65 feet, except for those carrying seasonally harvested prod-
ucts, which are allowed cargo carrying length of 71.5 feet.

f Mo maximum cargo-carrying length is established for this combination. Because
State law limits each trailing unit to not more than 28.5 feet in length, this combi-
nation is allowed to operate on all NN routes under the authority of the STAA of
1982, The maximum weight listed is Mew Mexico's maximum aI?-:’:wabIe [ross
welght on the Interstate System under the grandfather authority of 23 U.5.C.127.

(29 2.26] ml=ved 3 FF 3 Aol g A71=A5)

[Z3: FHWA, "Comprehensive Truck Size and Weight Study”, 2000]
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[E 2-21] A% FY5% @ £29 L% Watd] me} $3 49 o

HAE A1 4 (Quartz) I &(PVDF) A2t (Ceramic)
&5 T5%Fke) | dEHE TSk & | FFFke dHE
30Km/h 1936 -30.3% 2120 -23.71% 2506 -9.9%
S50Km/h 2514 -9.6% 2281 -17.9% 3110 11.9%
70Km/h 2488 -10.5% 2314 -16.8% 3367 21.1%
Ages | 4 9 (Quartz) : I & (PVDF) i A2} (Ceramic)
FT5%ke) | dEHE TIFke & | FFTF(ke)
102T 2644 -4.9% 2077 -25.3% 1157 -584%
22.2°C 2604 -6.3% 2167 -0.5% 2059 25.9%
3447C 2631 -04% 3239 16.5% 2948 6.1%

[£4: Xiaohua Jiang et al. Improvements in Piezoelectric Sensors and WIM Data Collection

Technology, Annual Conference of the Transportation Association of Canada 2009
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Ac:tion Action
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15 Foldet bl Foldes
F Save S Save
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CH1 100mY¥  CH2 SO0mY M 1005 CH /7 320mi CHY 100mY CH2 S00mY M SO0ms CH 7 32.0m
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[ 3-11] A& AN EE5EH2~E 23
5T A s
L 500Kg 1,000K [ 1,500K | 2,000K | 2,500K [ 3,000K | 3,500K | 4,000K | 4,500K | 5,000K
A3 -
13] 590 1,133 1,468 2,045 2,307 2,873 3,316 4,263 4,567 4,991
23] 415 928 1,354 2,278 2,590 2,980 3,466 4,023 4,429 5,005
33 556 875 1,532 2,290 2,553 3,148 3,401 4,094 4,469 5,082
43] 592 1,148 1,373 2,293 2,556 3,208 3,439 4,124 4,301 5,126
53] 454 1,129 1,544 2,148 2,511 3,126 3,306 3,903 4,334 5,225
63l 500 986 1,455 2,164 2,593 2,808 3,435 4,110 4,454 5,063
73] 455 1,078 1,671 2,048 2,643 2,934 3,797 4,094 4,794 4,963
83| 600 1,174 1,649 2,095 2,712 2,841 3,534 4,201 4,408 4,881
93| 438 1,160 1,505 2,121 2,411 2,399 3,343 3,929 4,667 5,121
103 450 908 1,540 2,076 2,392 3,237 3,475 3,917 4,309 4,909
= 72 (kg) 510 1,052 1,509 2,156 2,527 3,005 3,451 4,066 4,473 5,037
Min(Kg) 415 875 1,354 2,045 2,307 2,808 3,306 3,903 4,301 4,881
Max(Kg) 600 1,174 1,671 2,293 2,712 3,237 3,797 4,263 4,794 5,225
22 XH%) 1.96 4.93 0.60 7.23 1.06 0.18 | —1.41 1.62 | -0.60 0.73
HZE=HEXHKg) 68.89 1158 103.1 98.36 123.7 159.9 141.9 121.7 160.5 106.6
5,500
5,000 o % _*“-'--—-—-«—-"’A“'w
4,500 .
4,000 \’,_A\Vf'——’ﬂ\
3,500 M—W,/\w
3,000 ..._———-‘"/’._-_———.___-——.\\__/F\.____.__(/
B T ) e e e ;
2,500 =
) —————————e
2,000 —
1,500 k--...__________*_____...-"" “"‘---....__*__..-—"" Er _/""_'—_—j-..._____‘__- .
B /I—.\._ ___ g
1,000 . ———— o . —
500 ‘_-__‘-.._*___--— - = i . i * —
1 2 3 4 5 6 7 8 9 10
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2. AI0l7] AR A R e

7k A Al=E T

@)

% 3241 B AHAHA Alorlel Wik A Alzdl RS =43k A1),
IMAZEY ] FFAAS Linux Kernelo] %%+ Control 2=9F A/D H =9}
a1S 98 UART(RS-485) <QlEHo]~z2 FAF ol lom PC ofZg| Aol
Control BE9} TCP/IPEAl0] o] FA|a PC of&EeAlol 2 AHEAF SIEHo| =5

—

FHGF ARl S 9@ 2TEd ol [19 32517 2ol e lElslo]~E A

38t PC oj&FeiAlold 3 #-73 Control RE FE02 T4 Ho| &

O o] & AA 28-S slr] 93] daldols =247, PCB YAl G A A
(Linux) Porting 5& F338te] Apdo] MLe ¢gstes AL 27z o
PC Control Board A/D Board

Application
| TCP/IP

[ (o

Ethernet _—@ @O
€S8900 @O
a3

Button

s

[C29 324] A7) AAA =" 4=

- 102 -




PC Control Board

Application Application
TCP/IP Server TCP/IP Protocol
Operate Command Reset, FTP Server

Pattern Algorisms

Analysis

Data Acquisition
RS-485 Protocol

A/D Roard LED | Button
Application Device Driver
UART LED Button

AD | DA UART TCP/IP

OS (Embedded Linux)
H/wW

[29 3.25] Alo]7] €9 AZEY Y AR

O & A73Ae A E S /pded s dastde] e Axs TR or 3.
% HOST PCollA #Alo7] RE9l AZEOE /Mitstal 243 LT EY]
7] BEd HEsto] dasts $doln, o] 7oA Bootloader ®H
A9+, Linux Kernel Patch & Kernel X8 59 7% A4S 213 [17 3.26]+

Az N 84S =435 A4

Application
Application [
TCP/IP

Ethernet
; wh 2 Device Driver
< i '
Kernel
Kernel HostPC - — — — — — — — = Target Board —-
JTAG

1

Ethernet

RS-232

Device Driver

Lo
:

(28] 326] 222~ A 34
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t}, B E 29 (Bootloader)

O Y-E &t (Bootloader):= PC¢ BIOS¢} LILO(Linux Loader)E ZAgHst Zolw HE

HollA st=9o]S %7]3HCPU Speed, Memory, Interrupt, UART) &5+, B3t

25 B8 & & I s 715 2 Kemel, Root ©|VAE thez2d o

7%
0 %
&
< o o] A%

- W2 ¢}7] 227]
- EA HAR o]F

- AY 2= 8 7y

- ZMODEME- ©]&3% oju|#] th2=
- TFTPE o] &3 oA tLz=

- 7] &4 AA
- e A vee 2%

Working Area
BASE : OXA100 0000
MAX SIZE : rest

O0xA100 0000

VoA OB UKD

BootlLoader Stack Area
BASE : OXAOF2 0000

MAX SIZE : 1Mbyte (-128Kbyte)

OxAOF2 0000

BootlLoader Area
BASE : OxAOFO 0000
MAX SIZE : 128Kbyte

OxAOFO 0000

Compressed Ramdisk Area
BASE : OXA080 0000
MAX SIZE : 7Mbyte

R
<|>OXA080 0000

Compressed Kernel Area
BASE : OXA000 8000
MAX SIZE : 8Mbyte (-32Kbyte)

K
OxAO000 8000

Kernel Boot Param Area
BASE : OxA000 0100
MAX SIZE :

OxAO000 1000

[19 327] A4 2= 2 2g

OxAO000 0000
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2rsla o]gA g2 =3k o|ujX|E Flash Memoryel A3k FEZH
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Ar

rir

foss

2EXN A HAdH KernelolW Rooto|n A= Al#]EE o]&3le] SDRAMY| tf

7T

Reserved
BASE : 0x30000
MAX SIZE : rest

Bootloader Param Area
BASE : 0x20000
MAX SIZE : 0x10000 (64KByte)

OO TV UHA/USI

Bootloader Area
BASE : 0x00000

MAX SIZE : 0x20000 (128Kbyte)

Application Area (Yaffs)
BASE : 0x400000
MAX SIZE : rest

Compressed Ramdisk Area
BASE : 0x100000
MAX SIZE : 0x300000 (3MByte

D

Z>70 TV CNZ o™

Compressed Kernel Area
BASE : 0X000000
MAX SIZE : 0x100000 (1Mbyte

S

¢

AR L



O # yads mdd] dREs via Ego]HE QNAA o8 stEyiaAH

AFEERE Aol dukd oz SHt|E HE = stutj A} glomg @ T AAd

O # fazd 7Ado] Rrxl & A|2HY F5S QdA = mit, FEEE, vkeld g
o] st A&7} whE A g we A 23 FTP Server®=
A o] Qlojof HEo] 7bedh wehA [1¥ 328]% Zo] @ txa AMES 9

Kernel Configurations A4 &

Arrow keys navigate the menu., <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, =<M> modularizes
features. Press <Escr<Esc> to exit, <%= for Help. Legend: [+] built-in
[ 1 excluded <M> module < > module capable
(ReTaTelslalelsls]sls[s]s s alatals s sls[sls [s[s[sTulels s s[s[s[s[sTsluTe s o els[s]s [s [ssTulels slels]s s [s[slule s slels]ss s s sTs e s ulels s s]
¥< > N rmal PC floppy disk support
®<*> oopback device support
®<+x> N twork block device support
®<x> AW disk support
x(8182) efault BaM disk size (no need if use ezboot Yer more than 1.4)
Initial RAM disk (initrd] s

A L&
2
H
=
b
g
H
H
ks
H
H
m

[29 3.28] ¥ ©tJ2== Kernel Configuration

vl GPIOE |83 Ddevice Driver 7%

—

O GPIO(General Purpose Input/Output)= @WFEQ1 S5 2 AL 7bssh txg

jinss
n
I

71%5-9] Port Pinso.2 Aol
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O & A7l WEd A4 A] Ao}7] 9] Aojiol =g PXA26°] GPIO= % 857H
olw 7t7ke] Ping& Input/Output &2 Z2# HAY QEHHUE 4222 AgE

4

s

O &bl GPIO®| LED, Buttones AR&-3t7] 9184+ Device DriverZidto] 42 14|,
Device Driver= <9 AA¢} gz 20 2 F=9oj7ke] QeI ol A5 Fdst=

Z2age oJnlae, seslolrt g $AAA ol 4557 A A8

[ 3-14] FAAA A7) AA 9 M Y&

7 ¥ 4 A W 9

1) 3= AA
- CPU 32Bit(ARM10), SDRAM, Flash
- RS484, Ethernet, Power, JTAG
Alo17] Board 714 2) PCB tjz}el
- Main Control Board Artwork
- Main Control Board BOM
- Interface Board(Serial) PartList

1) Bootloader : Z22~ujx] 2 #iv}<l
2) Linux Kernel Patch & Kernel Porting
- SRAM Bus AH&& 918 7 34
- SDRAM & 73 3 4]
&4 A A (Linux) Porting - 79 799 2 2"
3) RS-485, Ethernet : 2= 4 HAE
4) FTP Server Porting : Hdlo] A& LHolE
5) LED, Button Device Driver 7@
- Ae1E9 ) Button 3% A9
- GPIOZ ©]&-3F Device Driver 1@

1) Be A4 z2a8 A
- HZ ID, AWIP, HEIP A4 X213
2) Bdlo] A5 YJHolE Tz M
- Heo] fRE Yhry 229
3) A/D Board ¢}9] B4l RS-48 Z2EF A9
4) A ete] A TCP/IP Z2EF A9
5) B9H2E 1 A/D BHE ZZEE AE PC TREE
6) 53 H2E(@AHs HE 2 H2E)

[e)
=%

b
[

3L

]
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A W,
W, | TEOIF
/\ W, : ZEOIF
W [\ \J U A Wes B2 229
Ve 2=Cl,
x HE
* TP HET|
* ATl 3 ...
i
[29 3.29] A& /54 3tz Aol
7k A/D W%

O AMdAY ZHE = A5 oldZI(Analog)dlso)m AXE Y3 tlA € (Digital) 3}
A W3lsle YAS AXEH diAHEE T 4 da o]E e Ao
A/D(Analogue to Digita)®3t7]9]. [2@ 3.30]o] el A3} o] & H ofdz
A& = a9 8l Bit)ell tl-s-ske] Digitaldl &2 HEHg}

1.0V M =5 s S8
wgg T 1e)
BB 539 S8
< \
i \ ;
1 =
\ ( ”
10l 3.4V [ I =0
IR vy
a) T10vo] HYTE (024 5) ) ¢ s s s
b) Q24AISO| [IXIE 3t

[19] 330] olgd2 1 2159 txd 235 ¥
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O A/D¥gke] bt} walls o] A= [21™ 331000 FA

s, olu 9Eas W
7 £10Vol 3t 8hite] ADABINE AHgaHE ol +10Ve] dEA% WA

o Z 560% SR ¥

=

O 8hite] A/DWHE7|+= 20V + 256 = 0078V, = ¢ 78mVel #3lsS 7FAH whef
12bit ADH3I7]E AMESE= A9dd= #3ls 20V + 212 (4096) = 0.00488V, <F
49mVe] #alleS 7FAl Hof bitel] HIE|A 168] o] wallsol SYH. whEhA
AN AEAS T AsREe] W 449 ABAT ADASI)E A

. CIXE &z
1 Ot2 &S /
N N
/M
Vi \
\
\\ /
X yal | A
T/
T A47=1/100%10%_(1/sec)_\ y 4
a) 2ils, SamplingF Il E28t &2
Otg2 AMs CIAEg &S
] | P
4 71
\
Jib ]
I
A

WA
I/

11
LA
-
B —
-
-
-
<
N
p
y
-
»
N

| ,
i A\
7 N,

LAY

b) EsS ==26tL, Sampling=2 )t ¥ A

=)
= o T

[1¥ 3.31] A/DR¥Zo] loJA] Sampling 39 A
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959 Fosk o4
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O opdEIdA YAEdR A5E Wasled 9o Bass yehie bitee d4 F
Q3 Zlo] A=Y Fupeold], Ha AZY Fuk5r) 100kHzSl A/DHSI & AHEE

AgE= obdza Aot AEY ForE 2iets w2

o

=1
e

T=nxarl

47 Sampl ingF 71

L7 DataZ #THF FFT AxbAelst
The Datag Wol5d wiztxle] Aizk

[1%] 3.32] SamplingT 35} DataZd o] <}<] 7

C}. MEMSE AlAalE Q2+

O 7B Aloj7li= [27 333]39 o] AlAMFoM S4HE A5 3ge das 7eew
25 A A 9] dlolE)s AE L o
A gl eabgo]l FbE A H MEMSE shEldlAd o] 74 441 o
Qlo] &Asto] dojEle] ool & AFel= AAHE  Threshold(71E=h)#

Sampling interval(AZ% 7+24) W7o Qg
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O ol Te EARL A AHE Aol AR WeHlZ Adstol
MEMSE ¢heliliel s 249 5= gke] 423 043 /1% e

yeho] A ghel AEE £AE F5shofof 3

Lo
©
A
rir
S

O o] m AAFolN dEe dHeolHe| s B dAstefof s, £33 7sHTE

el TREES FHdts Al tgd Weto] Rt ojof g

Threshold

W
07

T

| T

|
\ Sampling interval
[29 3.33] A FolA Aoj71=2 dolg Ad e

AlZE

(2% 3.34] A% SEdte] et A5 e
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4.

O <rA 3
B Qd@e ZAvd, ANE Evet A% SE/ maw [1d 33419 2ol
MEMSE SHEANe 25 F& golAn £u7} wad 259 £& A e

F2 ANY

AT ER R EE DS

7L ZREZ A

pakel

O Ao} Ao i ko] FAS 9Jg RS-485 B4l ZREZ dig Ho= ALHAI

Aol zlgr]ojof dtm ALEE WAA] TS [F 3-15]9F S
- MEMS sensor ID : Z}z+e] A4 Dotk 4 <]
- Time : 2} AAolA ZHE A7 gk

- Command @ AlX5-9] &2H Aol M B & W71 917k o]

- Data : AA AAA SHD Nz = oA 29 SA F29 o= 4o

[3 3-15] AIA & Aol FA4lS 9% wiAA]l 29

MEMS .
Header | Length Time Command Data End
sensor ID
1710
1 Byte 1 Byte 1 Byte 1 Byte 1 Byte 1 Byte
Byte

L A R Aol A

O RS-232 ¢lg|#o] A% Point - to-Point(1:1) W21S AF&3tn, RS-485 ¢lE|#H o]~
Multi point-to-Multi point(32:32) *2]& AREsle] ofe] AFS HEZE FojA b

B $20] FstES A
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O UART(Universal Asynchronous Receiver/Transmitter)olA] Yo+ As+= HE
TTL 2lsdEE 2k7] wZo] wmo]zo ofalar FalAg e Aleke] A7) wZol o]
& TTLAISE d9utol wolz=o] Zeta deld 4 Al slFe AHF 0]~

RS-485% ol§3to] AAY-sh Aelie] BNE +4F

l

O [29 3.35]9] AlAF-l Transmitter board®} A|o]F-Ql PXA 2559 EA1S RS-485%

o S TEXT LCD
o e iRl oz ‘ Transmitter Board
1~10m chl
» OP-AMP |
1~10 h2 j— 74
2 e % = wdas
1~10i h - !
1-10m g | ADC
s Core |
1~10 h5 PXA 255
o |
1~10 h MCU
" » | OP-AMP if
Ex2] RS-485 [—3 [RS-485
Hy =20y
[ chl 05 ch2 150 ch3 100 ch4 20 ]

1_4

[C19 3.35] AlAH-oF Alo] o] RS-485 &A1

[e5

O AFFANA ALHE FARA Aol7)E ol A AFF AukA 7% 0|9l
MEMSE SFelAliel ] Agsl Holee] 8a Hel 2 Aolg 93 Fujrls 74
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71E A7) e AR Aol ol AMAZE AelAzte] Wol Ay w9 Azk W 4E
3 g7} B7Fs sk PXA255 ARM RISK Processor(400Mhzo] )] Alg-oz A3

L 7k AR @5 8 3Bit ks % EEe] A Tk

A= LT EY OIS A4317] $18 Linux, WinCES} 22 4l 0S<be] &34 &
31 3ko] Multi Process 78 7Hs

Network File System & tst 94 H& A o] 7hssto] &8 Z=ao] X

9 welo] goly

Awg Aelk Bssta Jbg el g L wme) gl 2 Aol S/Wel §A)
7} FPed viEel SHET 16 Giga) 59 Mz #esls A9

97 #50] 7158 Boot Flash 715 2 A9 44 Folw HURE nykel 7Hsd

64 Mega Byte NAND Flash Memory 7]%
Debugging< 913t Status Bit A9 7|&
1607 9] H =AY E = PXA2SHOA A Ldh= Alaxy) a4

Pipeline 5 Step A ¢o.2 Weo] WHA 7} 7hssto] AHg&x ofF ou) F7}



O Power Supply ACHYE Wolr obgd DCHAYES WIM A|oj7] Yo FFshe 3

AzA Alzdl o] b Al A FES AAstel 2709 Raol WE &4

LS

Ho

- ALAY 110220V AC A&
- AC 110V(90V~130V), AC100/110V£15%(85~132V)
- AC 220V(190V ~250V), AC200/230V+15%(170~264V)
- T3 HEl 60z + 3.0Hz x (57~63Hz) T

- =849 5VDC max. 20A, 12VDC max. 2A

ipple & Noise : 50mVP-P(5V DC) ©]3&}
100mVP-P(12V DC) ©]s}

- AR B AT AE AEA] Y A

’;U

- 8§ 110/220VAC 94=#dlA 100% H-3FA 80% o]/
#HA9 W54 (Line Regulation) @ +2% ©o]3}

- 13 % S (Load Regulation) : +5% ©]3}

- 3}45F BE (Over Current Protection) W7

- 34 B35 (Over Voltage Protection) W%

Sew 1 - 30T ~ + 70T

_Z,_
- BAFYIEE 30 ~ 90% RH
<

- HEZE - 30C ~ +&TC
SN AR T
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304, 1.5t)
A9 LE2AS 0% Fan 2 HEE AA 3 AFoE 3

A2EE ) mEER AAse] BEE B4 L 1gAuE Auske] fA1
o) A% % FoIHS B
A 19 A%

YreE 2 gegn
g Wel 718 sre melrbteiE BEs) s 55 A48 TN
g

Aol Boop o)F-2% WA E Aste] 23 € A

gk A AoY7) o] 7] R

[3 3-16] Alo}7]¢] 7] EA}beF

Item Standard Value Unit

Size 140 = 100 mm
MCU 400MHz PXA255 ARM RISC Chip -
RAM 64Mbyte SDRAM -
ROM1 512Kbyte Boot Flash -
ROM2 64Mbyte NAND-Flash -
LED Debugging 4Bits -
Serial RS-485: 2Port, RS-232: 1Port -
Ethernet CS 8900 10Mbps -
USB USB Client -
Extension Connector 160-pin Board to board Connector -
JTAG ON-Board JTAG Convertor -

- 116 —



(3£ 3-17] A7) 7]5 HAIA

Part oA
S R 400MHZ 32bit RISC 29 Heolw, 52 Hdl dF+= 500mA o™, OS7t
YHEo] A S W FAA AFE 150mAR vl AHH, b A
o 512KB "X 2] PCe BIOS9 % 9sts sl HEZY §0=2 ALEH
64MB o] WE = > GAA, A A 2F, §8 Z2Td g9 §Oo= AL
FEREY, 74, 3"‘1]/“3 olul x5 Alxde] THEAY, MY 22F 24 2
RS7292 |44 @ ) Host PCAlA /lWre 4+ Aw% mUHY @ & ot Aee AT
RS-485 | 7} A o] AlojE5 913 dlo|E AFol| ALE, AMAFEZ FE dolg +3
USB USB Client7} & 5o, 711 = vpg-2~ 59 USBE A&3& AME&A)
AE o) ~E 93 ] -FF Ao A&
s AE e Fa Hlﬂi dole & HAF3tALY Alol7] #A HH&%_%%HS}O%
Ao =2 A7) AEHY Aofr]olA 3= delHE EYHY 3 o A&
JTAGE MCU ¥ o) Boundary Cell o]& AL Fo] 919 Ay I 4=
JTAG AAANA Z2AA7E & 5 U= TS Fitol Cells T3 EE 534S
ol9l " o7 adl 4 glo] olg 7A st=go] HlAEY A4 AEHE A=
Ak el S22 ALE Jbed YAdE 9-F8 75 #Aolth PXA 2559]
GPIO GPIOE % 857olH, Zt7+e] IEL input/output &8 Z 22 w71 }

AHHE 222 ALE

6.

A A7) HE FAYE(ES

=)

—————————————————————— ‘———1——————————1 Iintel®
: | : nstructions 1 StrongARM®
I PLLT |1 1 I SA-1110
i osc i ey e Imécﬁghe ; 0 [ JTAG
1Hz =L | yies ¢ 1 and
\ PLL2 1 ARM® i <::>
32768 p : { Bcache | Adar | 241 : Toat
e : ' [ ovmu | (o KEvtes) | i
1 : 1 Minicache :
1 ! 1
: RTC 1 : T Load/Store Data T :
OS Timer 1
| ! A |
<::'l:> General- ! |
| Purpose 1/O : : ggwfifte | gef_?d ' : _LCD |<:2>
| Interrupt 1 Lffer uffer | Controller
i Controller : G — L A |
1 Power 1 A
: Management | | System Bus
Reset !
: Controller : - I [!TV!A
I 7 I Bridge | Conlrollerl
Memory and
rpcvciA K>
Control Module
Peripheral Bus
| 11 11 11 1 |
Serial Senal Serial Serial Serial
Channel O Channel 1 Channel 2 Channel 3 Channel 4
uDcC SDLC/UART IrDA UART CODEC
A A A A A
Y \J Y \ Y
A=
[Z% 336] 7/ AlojRE BEE5%
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o 4 TEMPERATURE\ A TENPERATURE?, 'K TENPERATURES,
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[Z34: The ASSET-Road Consortium, "ASSET - DEL 6.1 Test site requirements and specifications”]
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[Z*]: ROC Consulting & Engineering, "ASSET-Road Project Company Presentation”, 2009]
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[3 3-41] COST 3239 Agr H2E x4

87 WEY/AEH 22 5% 24
53 = = 5 il <5
0] T dg&Hog =9
e e OEASE TR shutel Aol FALER oW F3}
[ |e34717F B kg = NdzAY rl
Aol 35 2L B3 A= 599
9w gl g
e TE HASH9 £ e 7
_ fasAt T A T shitel Aol e Hrg ojew 3
I |e=A77F EoF 7pAAQ 7| AZAY r2
_ b s L B AAE wekd
CE SRS % KR E)
‘ || +e1ama A Ake 10
R e e K R L et
A EE I W AA]
2= = 2=z
M 2710 sek spama Jpzasn PR e A A e
e s R2 | mEFolA FE3AY dEASS
443

F) LW,

I AEA e 3|, IO hAd AEA

rl(full repeatability): $+7#38 WHEA - r2(extended repeatability): 25 wHE-A

Rl(limited reproducibility): #13+-¥ A&AA], R2(full reproducibility):

COST 323 : European Specifications on WIM

Accuracy calculation (9. Initial verification/10. In service verification)

Fulfil the green cells, and if necess ary the blue

Conditions ' |Test plan Env! |Initia| verification (Yes=1, No=0}: 0 |
2 I

SYSTEM | Mumber | Identified | Mean | Stddeviat| =z, |Class| & |8, | & z | Accepted |See definitons on lines 42 &

Entity (%) (%) (%) (%) (%) | (%) ] (%] (%) class
gross weight | 200 9.2 | -3.00 8.00 922 |D+{20)] 20 |[163[163] 972
group of axles | 80 9.2 400 5.00 907 |D+{20)] 23 [187[157] 965 | D+{20)

single axle 200 855 | 400 5.00 922 | C15) | 20 [1a7[137] 942
axle of group | 210 9.0 5.00 13.00 923 |D+{20)] 30 |265[165] 957
1
“r1"=full repeatability Users' instructions:
'r2"=extended repeatability 1. Enter the test condtions in cells B5 and 04, and put ™" in cell M4 if the same data sampl
"rr1"=limited reproducibility was used for calibration {initial verification). "0" otherwise (in service verification)
“2"=full reproducibility 2. Enter the test statistics (on relative errors) in cells BY to B12 and D3 to E12

"I'=environmental repeatahility

“I"=environmental limited reproducibility

“II"=environmental full reproducibility

[28 343] COST 323 A 8w 53 utEo]: wut

3.{option) Initialise the expected values of i, incells 19 ta [12 {only if step 4. fails)
4. Start the command "Tools/Solver/Salve/keep the results”
- "Outils/SolveurResoudra/Garder la solution du solveur” and then OK if successful
if the solver doesn't find an accepted solution,

return to step 3. and modify the initial values of §

it

o4

X2

[#*]: Bernard Jacob, "COST 323 Weigh-In-Motion of Road Vehicles”, Final Report]
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MEMS A A ¢ 1Ad = 22d =
2 MNEERE 73 MEMSAA 7§12 A3 | MEMSAA ] E 58
ki
MEMS . MEMS . MEMS Uni
gead | O L gegan | UM | ggan | UM

Accuracy 1 %FSO +1.74 %FSO =] %FSO

Non linearity <05 %EFSO <0.87 %EFSO <05 %EFSO

Hysteresis <05 %FSO <0.87 %FSO <05 %FSO
Operating

temperature -40~120 C -40~120 C -40~120 T
range

A2d && et

12) http://www.asiae.co.kr/news/view.htm?idxno=2009112506443048709
13) =572, http://www.cbs.co.kr/nocut/Show.asp?IDX=1328515
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E9Ql Asset Road(Advanced Safety and driver Support for Essential road

Transport) Z2AEo| A= JA2FS g o2 1HXst7] fJalA 599 1&% Fol

Fheekel B A E AAste] A &9 T

1. Overview

ASSET Holistic Concept and Integrated Safety Theory

The enlargement of the EU together with progressing globalisation and competition is
driving the need for better use of resources in the expanding transportation industry. In
road traffic there is considerable potential for increasing transport sustainability in terms

of safety, fluency, efficiency, infrastructure protection and energy saving.
The ASSET concept comprises the following main aspects:

e To develop a new "System Theory of Traffic Safety”

e To deduce from the theory, practical measures needed for an integrated safety

system

e To develop and integrate technologies & architectures including a "Holistic System
Design”
e To integrate different important and useful applications and built test sites

e To investigate functions, performances and operations and optimise the systems for

future use

The consideration of multiple interactions between aspects of traffic safety will allow

focused improvements.
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Learning from Nature

"Natural Mobility is accident free and highly efficient”

The main ideas in ASSET are centered on the development and implementation of a

holistic approach to improve safety and to achieve more efficiency in road transport:

e Driver and operator
Vehicle and traffic

Infrastructure and environment

Regulation and control

This approach unites the most important safety-related categories into a complete
system, generating a number of dialectic interdependencies between the main safety

elements, networking and interdependent processes.

Key factors:
e Improving driver knowledge and human behaviour aspects
e Increased use of modern technologies and automation for support and supervision
¢ Introduction of innovative measures for safe and sustainable infrastructure
e Application of modern traffic control and networking
e Achieving overall-effectiveness in the analysis and management of system

complexity
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2. ASSET Objectives and Approach

The concept of the ASSET project is based on:

e Integration of the main transport elements for increased safety (Driver, Vehicle,
Infrastructure and Control)

e (reation of a practical holistic approach generating an overall safety theory to

manage the complex interactions

e Chains of interdependencies and processes will be analysed to identify critical

parameters influencing road safety

e Developing and operating different test sites covering the technologies and

applications of ASSET supported by road users and administrations

e Bulding a competent team of experienced and multidisciplinary experts
(Kybernetikwerkstatt)

Innovative fadi b Enhanced
el ASSET Holistic Approach :=:u=

lications
Poly In - Poli Out App

Video Tracking Traffic & Road
LPR License

Plate Reading —y
Identification & Driver
Vehicle RFID Support
Weight Data Kybernetik
Measurement Transport Efficiency
Thermal Infrastructure
Imaging

Protection

000000 O

Driver Knowledge

Infrastructure
Base & Agents

Life Cycle

Human Machine

Safety Confrol &
Interface Support

Efficiency

Pavement & Load
Condition Monitoring

Security
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Main Elements:

Driver Behaviour:
The understanding and attitude of drivers towards traffic regulations and dangerous road

conditions has a major impact on safety. The result will be safer driving.

Safe and Sustainable Infrastructure:

Deficient road maintenance and repair 1s a significant factor to accidents and costs. Much
road damage can be attributed to overloaded trucks. New processes will be developed to
effect pavement maintenance and repair. The result will be less traffic disruption and

less accidents.

Traffic Control and Cybernetics:

New procedures will be developed to achieve better dynamics and more efficient traffic
flow. The holistic approach will integrate various types of data. Methods for enforcement
of overloaded and unsafe vehicles will be improved. The number of unsafe vehicles and

accidents on road will be reduced with faster and more effective response to emergency.

International Test sites are planned:
Integrated safety station (DE), Test modules (AT), Mobile safety applications (FI),

Remote safety monitoring (F).

International Cooperation & Dissemination:
An ASSET forum "Saver Roads” will be arranged efficient dissemination will be
established for ASSET results including a forum and two transcontinental co-operations

with Africa (Tanzania) and Asia (India)
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3. ASSET System concept and Workpackages (WP)
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4. ASSET Innovations and Technologies

Tracking & Tracing including Identification

ASSET will implement applications for tracking passing vehicles in conjunction with
other sensor systems. The applications will monitor driving behaviour in longer road
sections based on a camera vision system together with RFID systems. It adopts the
Structure from Motion (SFM) paradigm. The tracking & tracing module produces basic
data for the virtual driver agent system.

L P el A
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Virtual Driver Agent System

The virtual driver agent is an assistant tool for instructing a driver to save fuel and
costs of driving, to protect the environment and to support safe driving according to local
traffic rules or weather related conditions. The main purpose will be to warn drivers in

advance of upcoming problems and to prepare active ADAS (Advanced Driver Assistance
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Systems) interaction. Distance keeping, tailgating and dangerous overtaking manoeuvres

are some examples that are not yet subject to automatic enforcement.

Fully Automated overload control (High Speed Weigh in Motion)
A new generation WIM system (embedded electronics and data bus in the road
pavement) will be able to measure accurately the weight of individual wheels, axles and

vehicles with a flat sensor-array installed in the road pavement

HS WIM Uberladungskontrolle
wiahrend der Fahrt

Dynamische Wiegeanlage (Array)
Eichfahig

e Highly accurate WIM for fully automated detection and enforcement (traffic speed) of
vehicle/axle overloaded

Synchronization with Video License plate recognition

Embedded RFID reader in the WIM sensor

e Sensor arrays for different dynamic WIM accuracies

Enhanced dynamic weight measurement for pavement deterioration models and life
cycle optimization
e New traffic load flow data parameter and algorithms

e Synchronization with wheel inspection (thermal imaging)
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Thermal Imaging (Vehicle Status Control)
Ultra sensitive far-infrared cameras have a great potential in detecting the condition of
HGV brakes and tires for safety monitoring. Thermal imaging technology is adapted to

automatically detect defective wheels, tires and brakes.

10/25/05 4.47 53PM =096 Dst=6.6 -20-

5. ASSET Details

Project—duration: 01.07.2008 - 31.12.2011
Project-budget: 812 Mio €
Project-advancement: 6,15 Mio €

BMVBS/BAG: Co-financing of control station trucks overloading
Disclaimer: "This publication has been produced with the assistance of the European

Union. The contents of this publication are the sole responsibility of the ASSET partners

and can in no way be taken to reflect the views of the European Union.”
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6. ASSET Project partners

The Consortium consists of 19 partners, composed of universities (7), research institutes
(3), industry (1), SMEs also from the developing countries (7) and public administrations

(1) as user. Furthermore are partners from India and Tanzania
Project members:

PTV Planung Transport Verkehr AG (Coordinator)
ROC GmbH (techn. Coordinator)

VTT Technical Research Centre of Finland

VTI Swedish Road and Transport Research Institute
Universita di Modena e Reggio Emilia

Université de Technologie de Belfort-Montbéliard
Universitat Stuttgart

National University of Ireland

Leibniz Universitat Hannover

University of Nottingham

Technical University of Iasi

Bayerisches Staatsministerium des Innern

KRIA Knowledge Research in Imaging Applications
Manfred Hiigel Selektionstechnik

EMTELE Ltd.

Clarity Consulting Ltd.

ADC-AfriDeut & Philtec

National Institute of Transport (Tansania)
MTEL-KTEI Teleinfra Company (India) Pvt. Ltd.
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“COST 323 : Weigh-in—motion of Road Vehicles (WIMLOAD)”, Final Report of the
COST323 action, Bernard Jacob

Bernard Jacob, "Weigh-in-motion of Road Vehicles”, Proceedings of the Final
Symposium of the project WAVE (1996-99), Paris, May 6-7, 1999.

International Conference on Heavy Vehicles Paris 2008, "Heavy Vehicle Transport
Technology (HVTTI10) and Weigh-In-Motion(ICWIMb5)”, May 19-22, 2008 Paris,
France.

LCPC, Bernard Jacob, "COST 323 : Weigh-in-motion of Road Vehicles
(WIM-LOAD)”, Final Report of the COST323 action.

TRANSPORT RESEARCH, "Weigh in Motion of Road Vehicles”, 2nd European
Conference Lisbon,14/16 September 1993, Pre-proceedings.

TRANSPORT RESEARCH, "Weigh in Motion of Road Vehicles”, Final Report
(1993-1998). 6. WAVE, "Weigh-in-motion of Axles and Vehicles for Europe ”,
Laboratoire Central des Ponts et Chaussees, General Report.

ASTM, "Standard Specification for Highway Weigh-In-Motion System with User
Requirements and Test Method, E-1318-02", 2004

FHWA, "Commercial Motor Vehicle Size and Weight Enforcement in Europe”, 2007
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12. A/D Convertor: ¢} 223 E AY A2 npH= HEFY)

13. ARM CPU: A 7]-& Microprocessor &

14. ASIC: Application-Specific Integrated Circuit =& 3% W=

15. ASTM: American Society for Testing Materials "= A& A5 &3
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NS A
CISC: Complex Instruction Set Computer 7= A|oj7|o] A& = o]
Set

Cross Compile: Host A28l 7]%3L74 & Target Systeme] 7] 7 ¢ (Object
program) & W3a= A

DAQ: Data AcquisitionAt& 3 =] 2

Debugging: Z2Z 14 9] ol E FAsI= HA

Device Driver: x| 57|

=AY ez 2ad R sEdoigte] QAEHolAE WHehs T2,
st=glo) 7t g F@AA otefell A Zs st=dl dash TR

Diaphragm: tholofZ (Al 785 3 vk

Dopant Activation: 22| 3}8t% E+=EHk3-

Drive in &74: A2 & o]zl # H
Embedded Linux: Alo17] /WS 918 &FAA dwd= g5
ERD: Entity Relationship Diagram <EE] A=

ESAL: Equivalent Single Axles Load &7} ©=3}%

Ethernet: $7}=

FHWA: Federal Highway Administration

FSO: Full Scale Output At &% &9

Ghost Axle: 54 F3dtT SHoA Fo] o8 M= deve A4
Host computer: Cross Compile 3+ oA 7§ #AFH

HS-WIM: High Speed Weigh-In-Motion 114 Fex}afo] 5%

A A

A
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Hysterisys: (A& d])

IM-WIM: Integrated Matrix WIM # % 81 WIM
JTAG: Joint Test Action Group dt=¢lo] #lojg
Kernel Patch: 252 &4 AAdA a3 7|55 7

Kernel Porting: M2 HWolA Ado] 528 & s Z20W S 74
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Ibf: 4.4482 N(T+$])

Long Term Stability: 7] 4%
Longitudinal Strain: & W38k
LPCVD: Low Pressure Chemical Vapor Deposition A% 3}8t714 52 H
MCU: Micro Control Unit A|o]-& wlo] A= ZZ A A

MEMS: Micro-Electro Mechanical Systems VAl Az} 714 7)<
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Output Resistance: =2 # ¢
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Piezo-Ceramic: Alet® Fd(WIM AlAT)
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PR coating: Photo Resist coating

Protocol: Al ¢F (FAIA] Farntolofsh Aafxl of&)

PT: Pressure Transmitter &= 2 %57]

Resolution: &3l 5 (FA1), 317 %E(44)

RFID ®jz®] ¥ 7]: Raidio Frequency Identification Tag Reader

RIE: Reactive Ion Etching ©]& ®¥F$ o] %

RISC: Reduced Instruction Set Computer 1% A4S $jsle] HHAFE =
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SDRAM: Static Dynamic Random Access
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Supply Current: &
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TCS: Temperature Coefficient of Sensitivity 7= 9] =W 3} A 4

Thermal Evaporation: & 2 7] %
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