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SUMMARY

Tracking construction workers onsite yields trajectory data that can be very useful in
safety and productivity monitoring. Tracking via cameras and computer vision-based
methods is one of the tracking options available and deemed suitable for worker tracking
in congested outdoor environments. It provides the location of a large number of entities
in a camera view across frames. However, this option has yet to yield a practical, robust
solution, because of its poor performance in handling occlusions and maintaining
trajectories over time. Also, vision trackers provide only two-dimensional (2D) pixel
coordinates, which are not adequate for construction applications. This research aims to
develop and implement a novel framework of tracking multiple on-site workers in 3D
using the stereo vision system that consists of two fixed cameras. The framework consists
of several core functions including object detection, 2D tracking, camera calibration, entity
matching, and triangulation. The workers are detected and tracked in two camera views
independently through the combination of object detection and 2D tracking. In other
words, each worker is tracked in 2D camera views and 2D pixel coordinates are obtained
from the two views. The 2D pixel coordinates are triangulated based on the camera
calibration results to calculate 3D coordinates. This research project focuses mainly on the
combination of object detection and 2D tracking, and entity matching, which have not
been investigated before. The final objective is to integrate all the functions into the
single platform which takes videos from two cameras and provides trajectories of
construction workers in 3D space. As planned, the object detection and 2D tracking
algorithms are combined together to supplement each other and to track workers
continuously and stably. The combination also allows to handle various occlusion cases.
In the process of detecting workers, two poses are included - standing and crouching.
Furthermore, the hardhat detection is implemented additionally, which enables to identify
workers without wearing hardhats. This application is expected to help on-site safety
monitoring. Prior to the triangulation, the entities tracked in two different camera views
need to be matched across the views. Accordingly, this research proposes an entity
matching method that performs with high precision. Several ways of camera calibration
methods are revisited, and two methods that can be applied to the stereo vision system
with long baselines are selected and implemented. Experiments are planned to evaluate

the performance of the 3D tracking that integrates all required functions.
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Distance

e

29 16 AAY taggingo] BaF THFRE 7wk A 2w

Ago] 7hsattke @ ol ol A5 (Ko9l 2010).

(6) RFIDS] @3S Hesl7] £13te, GPS9te] FFAI~HE A48 vk & (Ergens
2007).

(7) Costin®] 2%1(2012)2 1A A% Fd#z HdES flste] RFIDE &8&3 14 <l
g FAd #3 A5 TR sHARE RFIDE A5%Q 1A HeolHE Al¥
b2l 7] wWiEol, L A8 ®We7F wg g Ao

o}, Wi-Fig o] €3 Tracking

(1) AUelMe =95 9a Wi-Fi 7€ =dd9en, A4 ga A

A3 23 5m ol BEEE 97 7He e (Woos], 2011).
gt T FaE 7N As"Ee] FEH 94 FHs iz sh= A vtk AlA (sensor)

B Z(tag)E F-#stoloF $H2d 1-6).

(1) F2 JHA F7F soldel wet Laugo] sojuA HH, Fajzl 7trtr AlA
S5 3Feta, vA] Bt HARZRS Aok 3k

(2) GPS7} oln] AzrE o] d= FHAIH|
AMEE = HAgE Y] e )
GPS7F §l& AvEQl Ao d4dql.

3) &% JAFE

o
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i o
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3. 94 7)9F Tracking Al 2~®lol] 3k A

7t 947 719k 2D Trackingel gk

(1) &% dddgE HFHe= 1

(Yang<] 2009).

(2) EF A Aol o3 RtEE ZAYE HAS FHe] AL AEed AEe o
T7F 32 A= (Gong®l 2010).
= @ FhEE AREElY] well, 23k pixel FHEREoR FA o], g4 oF

A A2EA setelr] olel g,

= Trackingo] AZt¥ W AH&A7F 248 AAES AZel A4 stusdel A4 F

ofof .

L. Object Detection®} 2D Tracking® A4 <dagl& W

t}. AprilTag &8

e},

(1)

(1)

(2)

N, ol of

=]
T

<l

(1)

Object Detectione 7| E# o g2 7}7re] g olwuitt 3pAA o] =

=9 $IAE At AN, ZE§) gholl AATE HE o] FojAA FS Z
¥ =97 Aags Aeed {-“*O . Ed,
| gFow, wmelx AAE X9 Alzto]H
, 5 A AZrolE HolHE Alwetr] fsiAe e T s v
= 2D Tracking #Ao] FAQdtt} o)¢t AdHE A7 IPd vyt o
A4 Aulelrt s d Oﬂ?»\#‘ﬂ Hrj 2789 MARES FA st A ko]
¥ 9 th(Rezazadeh Azar® 2013). T3k 2 AAvAE H= o2 279 An|(
Egy w5 p)ololX, & Afole] o] WEE Ay owt A8 Ths st

2 Pan-Tilt-Zoom 7}# g} &-&

AR S "HAG ] oA AFnje Ao
(AprilTag)s Fhlo] F&3sto] g 28 A= st
2015a). QR =9t AR AprilTages A G&=7F w9 £7] wol A=A 01
2 W H9AE M E T R A o] e geof g wE
H EAe] shdg}t ol Fol s 7 v ol
o dHS A BHestr] 98] Pan-Tilt-Zoom 7heletE 283} 2 (Rezazadeh
Azar, 2015b). v A4S &EA F Zoom-in st #A S T EI A E
A et= WA S AFE3
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EE A F= 33 X FF A ="S ARMsE AL, AbE frameworke]
A A4 Ayso] AEtiE W3R A5 (Brilakis®] 2011a, Park?] 2011, Park
2012a, Park<] 2012b).
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5 FA57] ARAE FHAoE Edsolol @ dued L wAEe gom,
A BgE Aol Gl e BEe AU o Fold ut g

(2) Object detection¥} 2D tracking®] A&ol #3F BEE HAst A sford Apgt

ol

.

(3) Entity matchingell gt AF4 3= of# T xE w7k gls.
= 2 AFo A= ofF AT HA
[AES Tt ©d H7
3}

=
=
A] ]
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o
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4. ~€H L A 7=
7F o] Aol A= /7t tracking Al~¥lS AlQtslar 9low, o] Alxwl Fado] @l
K847} stereo vision©] T} stereo vision< AFH H|H, EHE X 5] vk ok
A kst Al ARSI AT sHAI R, 7 oZheEr e AUt e A9 gERe R,
AR 33 3 AR F5 AFEEH AL S
L, A Fokol A9 stereo vision &&
(1) A ARE A7] g FI3A Sl AFEH.
(2) TxE9 3x9 md8 %53l stereo vision 71 A& H(Golparvar-Fard$]
2009, Brilakis<] 2011b).
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2ol = free source?] ©|v|X|] ZZAA] golHEE P E

_18_


http://opencv.org/

oFx.7]

1

A
=~

1

T

.?_

dl @2 A7k olfAA

9

Alagozxo] dgol T

91
s

=]
“1of H]

T
T

2

],

-

R

°©

b )
A7

3
s

GPS¢} RFID7} A%

-

= OFoll A AFA]

Ao AR g},
o 9% 7% o

oFH v g
]_

R

EfH A 7]
H

3T

=
CAAFH A sFo R

7

ol
=

1
o

o7

&A=
ATk Zhdet 9 7

1

o
pal

o

o)

A
o

A

ol A A

+

&3 1

sl

S

T8 RE

bt} Lakehead University®] Rezazadeh Azar

—_
fils)

Aol A 4

th=

ok
o

55

0] &
= =

1
1

of o] o ekt

0]
yul

1o}, wetA,

A3

o] A7

o

&3

Zboll M2 7he A=

==
=)

]

2] ®Bod A= 3 occlusion handling 7]+ o] Q7FH T o] Ao = o]

-
o

Anlell 7FAAY Q

CEEEE!

3=

ox

A

B

o
i

o

o el Fhuete] ¢

T

i

e
il

=]
Aol ghvgtz o]F zHP e uH Alx

o}, wepA,
AT AR,

el

Aol A 2k
# <+ pan-tilt-zoom 7]&5& %t

the

ol
olo
ol

el

TR

}

7

akof T A

)
2}

pzs

=]
T

Al S
=1

1
o

A
it

-
1

Z) o] AprilTagzt

A A58 iyt Lakehead Universityoll Aol -+

K
o

Jjo
_

o= o] dvelA &=

8|

&
A~

=
T

JICE

4

o A7)7F Aar A&

s
&S

il | L

1<

ulel ]
s/ @A ek webd, Al el 33

a e 2HEe Bld Vel HE A

S99 A

A}

%1—

—_
file)

]
H

0

FH, ol

S

1o gleha AbsE,

bl

&

X
M

;e

ofo| A A

=]
RLUs

™
)

)

RS

T

Tk weA ol

_19_



2 S £ al
H2Z o7ld =8 s X 23
P
A A+d dEf 3 W E
o] L 5=3) vk
SERE A
CERRECERER &)
o g I B AZESJO(MATLAB) 74
o A4 QY Yl R GAE 919 training image 53
e Standing, bending F 7F* A9} oA Ro] tiel A B ==zl
A 19 B bR 73
&) . A st ok be) oA A1 S
. A Al 9 Wk A A4
e B
o A9 Y AHTE B HA e A, Bk i

Detection®} 2D
tracking®] <7

A4 AAE el Alebe BAE 4 e 24 tig
(e

= JNAE 7ke] HJR o= Qe g siA7E S
A 7HAA] = gl tig Al 71 &Y
2D tracking®] E<FAA 21241 93
Detection®] ¢]3F 2D tracking®] &<F
A Aol W wyl wa AA
sH7t

EURES

1

PN
% & 9% 59

o1 FHA dEE A, nebk i

N SE,
Oy

mZ oZ:
ot or
il

Epipolar geometry
714} entity matching

=
epipolar geometry 71¥ke] mjH 71w 13 2 A ghob
Precision HU|3l= 9|8t 37} wot 3kg] 1 97}

7RAS] olw]x] o] g ol AA

A 2 AS5S 5% A ey A4
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SERIOE EEs

%7}

camera calibration ¥ triangulation ¥+# &3 ZA}

camera calibration 7|'"HE 7& % v|nl H7}

triangulation 71% &

GPS T+ EgzdHolA dolHete] Hlus 3 33k fAF4
A z‘zh: A=

## 9] camera calibration 7]} 4%
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A2 ATrdAy, e % Ay

L WA &A

7 A4 QY @A

-

(1) Standing pose
AdNE A= AdAFA7E o de] LESAA = “Construction worker detection
in video frames for initializing vision trackers(Automation in Construction)”& E =
T3] AFEeATE AEAE S ARV E P2 AMFo R Ao, ok
< ESs 9 gl 4 WelA FAsta, HAE d9s 22kl g4 # %
of A w44, 4, A 5 Al 7HA 9

[e] ’ U]
ot gii-Eo] 71Ee AFAHRE gEFste] Fdd

d

o] Aol es nAH FhetEs ALt wElA SH o= EAld st Jdde I
Al gkwko]l A A Wt 1 9o gEL vy dAS g4 eSS fASH. oy
ApA e ZEABte] FA ol EAIZE e 3o d9S st ol 19 2-19149 A
HA A Background Subtraction(Mcfarlane®] 1995)0]t}. &2 o]= 9 oA Al
o] FA4S el FES gX sk Aol F WA dAelth 4S UEhE ov A &

Ao g HOG(Histogram of Oriented Gradients)(Dalal®] 2005  AM&3FSic).
SVM(Support Vector Machine) 71 At G ES o]&35te] s dlZglow e}
yWaack F WA GAr 9EHE JAoRRE A8 AAE ©@AXI A3ES AA A

Background Subtraction
(Motion)

Moving object

HOG features (Shape)
&
SVM classifier

People-shaped

object

Color Histogram (Color)
&
k-NN classifier
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) E4 0 2= color histogram(Swain<]
RGB7} o}d HSV(Hue, Saturation, Value)E AF&3Fich =%, W
9] TS Fo]7] st Wr)d s FstE Valuex A 98t al, hue®t saturation® & o]
FoZ color histograms /A8t tdx7] ZAEARE FEeEE sEh ohYgg <k
qzx -

1279 AgES BE ness] Astel ¥ A ddE7] ANE FA dolHE

o
oA b 458 92 5 qom, T WA @AM 2
Ao wag el AAENE FeeA L AR VA ANE @A 22 5 A 2
o 39 228 AR TR ASH Ade @ mEolth xBAe FHENE F
goh4 e Age P9 Ve, wAe ddEE A8 e 99 b
2 3} Jo1e] B of

a9tk A BA 9 Aee AubA O 7 precisiond recall® H7hgkch AA
]

A €] precision®} recall® th&3} o
e precision = TP / (TP + FP)
* recall = TP / (TP + FN)
* TP(True Positive) = &4 Ad0H /A T AAZ BAAH WA
» FP(False Positive) = ®A1€ 409 7HA

* FN(False Negative) = G4toll Uetd Ad<8 MAE F ©@AHA & A 4

ps

. ANAY: FHEAET FEF AY

Precision®} recall> SVM<e| threshold #kol welx WEstH, dwbd o=z shvprl xolX]
H TE st dolAl= AEAAIE Feth o dAFtelAe] dddY gx dagEe
FHA 2 2249 tracking g EHe] AAE T At A 23 91254 o]
t}. w2} A, recall Bt} precision®] U T3 Aleo 2 13 F 9 precisions o g} s}h
= Weko® SVMO thresholdE ZA3F4 L, 99.7% precision, 83.0% recalle] A& o
AT Recalle]l 83.0%et= A2 17.0%9 Q1= o] & ¥ A Ftas owstA Rt o] 17.0%
+ tracking €alE]FHY] AAIR AT F Aol F Fol7] wiiel] o] wAdA =
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1% 2-4. Negative training images

[

F ol o o e e Y &

1% 2-5. HOG feature ol 4]

(%=1 standing, -5 crouching)

(2) Crouching pose

A e AAL Qe Fad ApA o] 19 S 'x]str] YE F7HAH 2 HOG HERS A
stk 19 2-37 2-4v= HOG ®1Z&3 Aol AH&-% training image M EEo°lth 1%
2-5¢ S5 52 247 A AAe Fad AAY HOG feature ol& Rolal gk A

ZFA 9] training imageE- 64x128 S EE Zte= HbH) Y A9 training images
2 64x969] HHNEE ZEE P HOG feature WE o] Z7|+= ZhzF 37809 2,7727}
HAt}. Training image®+ 718702] positive imageﬂ 2,87271 9] negative image”} AF-&
St} Positive imagedl= F1H AlHS 53 oA vl AR Eo] @HabA x g}

= Atk
H2Eo| ALE317] 93 J4s AIY= FGste &% A5E Fristan. 18 2-62
SVME] threshold #tell W& precision?} recall®] Fo|& Ho|il 2t} Threshold #h<
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Precision-Recall

07 05 03
1.0 oo @
.06 04 02
g
09 -
5 08
< 07 01
Q
06
05 .........................................................................................................................
00 01 02 03 04 05 06 07 08 09 10

Recall
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0.1014 0.77+A) WAA71HA & 7H HAEZE &gt 92 o2 threshold 7S W7
Al 71 precision¥} recall #te] A= trade-off ¥AES zZHA Ho} 19 2-69] 130 A
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precisions W 3}sl= Wekow HAE ojok 3p, 1o] wlg} threshold #< 0302 A
Aot Aol 71 AEge Aoz veEhdth 0349 wl, precision 100%E 81314, o] B
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2 Drummond ] (200613 )]

FAST (Features from Accelerated Segment Test) &il#]+&
FHHEA o2 Aty s wE

_O/]?S‘H X{]O]—Q O)—“rg]fi()i /\1}\] )E)]_g/] ?o/\_]o] FH
L2 SAAS Feold=EE uckd dargFoln
SURF(Speeded-Up Robust Features) ¢i#]52 vz =79 &3k A2 (Multi-Scale
Space Theory)ol 71w ¢nelZoleh. 279, 213, A4 59 $7 WsE Sush

= X

EAES FE e dagFolt. 54 A=A (Feature descriptor)
|

A -3k S A]ek 3 & (Hessian matrix)S 7|WHo 2 HEHUY. Aol 435t dnty o
2 dg 2ol SIFT dags3 vus)A tisd A Hole sAld £5& A &
A7l dagFolt). £25 FAAT77] 8] AE AA(Integral image)E FE3de] F
PRI

SIFT(Scale Invariant Feature Transform) &i#ls2 #5FH #]A

Ade F=2 o 7P dy 2ol= duglFeld. SIFT g aS Ad £27F =4
ol AEA FAS Agstrloe AgetA Fok AR WA S Ay HAH 5
MM BAEE SAPNE HMHE FEote] 94 3, 2Ad W3, FAEE 7R WY
(Affine deformation), ¥7% W3} (Viewpoint change), &< (Noise), =%  3}(Illumination
change)oﬂ e g 545 AUn AlE dadgs T M =8 AdEE et
SIFT 41852 ()2AY 37 =3 A 3(Scale-space extrema detection), (2543 X
gﬂlﬂ(Keypomt locahzatlon), (3)3FA ¥l x| (Orientation assignment), 4)A<2F A
(Descriptor generation)®] 494 #AS A P}

T 71etes g AA A Tt 91AE & A 1 Hol FdE T 2xd AN
HHe #AE vebd ¢ Jom I A#ABAAE RdstE Bl vtE V| xgHo|r 7z
&) & (Fundamental matrix)¥ 5= (Epipolar line)d] #AES 18 2-245 E3] & = 2
o A xe= AA 3R] EAste g Holm ] O Ore F 7HWlEte] FAlolth &5
ISl A 22 HE #HFsH 7 ity FAA A x7F FEEE A AR G

Xy, X3% O]FdlE x o A= WEol %i . , xp9 ¢ 1&— ES! eRJ+ XR —g— e

e
I
=
X
=
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Wb AAE AT = e 433}04 o] FAE 3 7é§E3‘)r o] “o”jé‘ﬂ]ln:‘ A=
A shbe]l Mo Yehue T4 S E A fel AXE £ de TR
NAES 78 F3] B7I “HEO]U} U?}E]r’ﬂ shue] T4 FHo| fX3E oy TR
MAE T M =2 AFEE z2te AAE wAA 7= $HOEHR Distance ratio
threshold& 4§ 3l t}.

(2) Ao 2 A5 8y

A =4 Azt A AAZ 77k A F HAR 77k N
t. =, st s A dE F e Ay FE NAE T AFE
A& vt A gl

a9 2-329F 2o = Distance ratio®] A& Z&AIUT. e T4 FHel X g F
A At B =, ol® Zo] &utE JRAIIA #dstr] fEiM e o =S AFEE e
NAE e #‘3%01] glth. Entity matching #AolME 2 NS 5343 5

Distance ratiot™ &=
Aol AgvlE e
7h

T 2o Ao &=

Aol SAF Abele] 2 AgE o] &t 19 2-27dA = 2 ARE A7 d, d,E &
718l t}. Distance ratio threshold”7} % &% %] & Entity matching A= o e
T4 AYE zZe A JRAZE A dE Roln AN AAlRE B AV 2 wiA el
NHAYS w, 7445 QAER A8 d R d, #ol 9 A Ad dd A EY 4
HE 7P A A old A5 WASHY] f& AFE =Y BE glste] A o]t H|
5 2t ASdd wid AxE FE&evd 59 Ay Y= AS HAY s
Zloltt,
Object A Centroid of
/ Detected object

\
/ T Epipolar line
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Detected object

Object B
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Distance ratio thresholding (Ratio) Recall (%) Precision (%)
Not Applied 91.21 96.49
Applied (2.5) 80.72 98.10
Applied (4.0) 71.40 98.65
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