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Abstract

With the rapid growth of surveillance equipments, detecting, tracking, and recognizing
moving objects in roadway videos is currently a popular issue. Because most accidents are
caused by cars and the appearance features of cars are hard to be hidden or counterfeited like
license plate, this research develops an intelligent traffic monitoring system which identifies
appearance features, such as sizes, models, and colors under varying camera viewpoint and
light reflections. Due to the effect of non-homogeneous light reflection, the improper
foreground pixels, such as the windshield, or lamps influence the extraction of color type. A
tri-states car body segmentation algorithm is proposed in this dissertation. Different strategies
are designed for bright, dark, and colored cars, and only the pixels belonging to the car body
are considered for color classification. Therefore, a purer car color can be extracted and a
more correct color type can be classified. To rapidly estimate the size and pose of a car, a
symmetric center detection algorithm is proposed. The algorithm searches the symmetric
center on the head (or rear) of a car and computes the distance between the center and the
closest boundary as half of the head width. Two aspect ratios: car height to head (or rear)

width and head (or rear) width to car width, are designed to identify the car size and car pose.

_ii_



To recognize car model across varying poses, a mirror morphing scheme is proposed. The
scheme is able to transform cars with varying poses into a typical (front, rear, or side) view.
Then a template car with the same pose with the tested car is selected and matched against the
tested car. Because the mirror morphing scheme effectively reduces center bias and estimation
error of tested and template cars, higher recognition rate can be anticipated. Finally, the
experiments show that the proposed system is superior to conventional approaches for

classifying colors, sizes, and models of cars.

Keywords : car color determination, car pose estimation, car size classification, car model
recognition, intelligent transportation system, tri-states car body segmentation,

mirror morphing

-1iii-



Table of Contents

;@ e i
N € 2oL S I
TADIE OF CONENES: -+« v+ v errrrreneenemnernerteeteeteeteeteeteeteeteeteeteeteeneeteeneeneeneeneenees iv
LiSt OF FIQUIES-«++++vvesssrrsnnnsesettie ettt ettt Vi
LISt OF TADIES: -+ -+ v vvvveneeneenrunmuneunrunrtruetetetetrtrtetrtraeneneneraerneeneenens viii
ot AR P PP PP PP PP PP PP PPIPRIPPER ix
Chapter 1 INTOQUCHION =+ ssssrrmemmrerssiniiiiiiiiiin i 1
1.1 RESEAICH MOLIVALION -+« ++vrererrrernemnrermerneaetieerneeeeieeieeiaeineeneenns 1
1.2 RESEAICH ODJECHIVE: -+ +++vveeeeessrssmmmmririietiiiiiiiiiiit 3
1.3 PropoSed SOIULIONS:«+++++xxeeeerssssmmmmmmrrieeiniiiiiiiiti e 4
Chapter 2 Related WOrKS:++«««++sssseseerermnemriiieiii i 7
2.1 Current research on car color determination:««-«««-«-eoeeeeeraeareaeanennne. 7
2.2 Current research on car poSe eStIMation-«++++«+«+++seresseerrrsserrruannneennn. 9
2.3 Current research on car size classification:«««-«scoeerereeraeiriieariaianinn. 10
2.4 Current research on car model recognition««««+«+«sseeeeeeerereeeinniinien.. 12
Chapter 3 Car Color Determination AlGOrithme«««+«-+++evvreeeeeeriiniiiiiiiis 14
3.1 AlGOrithm OVErVIEW -+« s +sserreeerrmunntriiiieiii i 15
3.2 Car body candidate generation:«««««««++++sseseerrrserremiinnniiiinenii. 17
3.3 Car body determination:««+««+««««sveeeeeersranimmiiiriieiiniiiiii s 35
3.4 Car COlOr ClasSifiCation -««««««+reerrerrerrrereeruriieeiueiierieereerseeieeiaennees 37
3.5 Experiments of car COlOr determination:««««««««««««ssesssmmmmmrrreesnniiunnne 38
Chapter 4 Car Pose Estimation AlGOrithm«+«««+sseeeeeeeeeiiniriiiiiniiii. 53
4.1 POSE ratio COMPUEINQ«+++«reesrerernsrnssnnsrunrermunmtntirtintttiinieee 53
4.2 SYMMEtric Center deteCtion-««««+++++sssserrrrraeermmmiiereiiiiniiiea, 56
4.3 Experiments of car pOSe eStimation:«+«««+++++ssssrreeerrraeerrinnriiniiinnniian. 61
Chapter 5 Car Size Classification Algorithme««««-++sseeeeeeeminmmiiiini. 64
5.1 CONCAVitY JEtECLION -+« ««+++rrrrsserrrrmneertiineeiii it 64
5.2 Size ratio COMPULING-«+++++esrressrrrnnerrnanermintiiitii i, 66



53 Three_dass Support vector machine ............................................. 67

5.4 Experiments of car size classifiCation-«««««««««--eeeeeeereereenninniiiiiiinins 68
Chapter 6 Car Model Recognition AlGOrithme««««««+++ssermvrrrrrriiiiiiiis 71
6.1 Shape feature eXtraCtion:«+«««++++ssserresrrrmmmmminiiiiniii e, 71
6.2 General MOIPRING:«««««++++sssrrrrrrrrrrertiiiiiiii s 74
6.3 MiIITOr MOTPRING:++++++veeeevreeesesssiniiiiiiiiit i 76
6.4 TeMPIAte MALCRING:«««++++++essrrrrrreeerriniiiiiii 79
6.5 Experiments of car model reCOgNition:«««««««+«+seeeeeeersiiumiiiirienninnn, 82
Chapter 7 Conclusions and FUtUTE WOTKS:+++++++++++eeeessensinnsiiiiiiiiiiiniiee, 97
7.1 CONCIUSIONS:++++#+veeerrnemnenenenemniniieuietienetiteaeteaeeneaeneaeaanes 97
7.2 FUTUTE WOTKS++++ v v veerernennmnemneneeeteeneteeteieeeeeterneneeneaeeneaeneenes 98
T Ty T T TN 100



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

10:

11:
12:

13:

14:

15:

16:

List of Figures

(a) Some examples of black, gray, white, red, yellow, green, and blue cars, (b)
small-size cars, medium-size cars, and big-size cars, (c) car models, including
Mitsubishi lancer, Mazda 3, Nissan march, Honda civic, and Toyota yaris--+------
Car images with non-homogenous light reflection:«««««-oeeeeeeeeeeeieiiiinn..
Car images covering different vehicle orientations«««-««-«eeeeeeeeeeeeeeareaeiannn.
SYSLEIM OVEIVIEW -+ + e v veseemtmenentnttttititititiiititiitttittttitttitittieiees
The car body extraction and color classification framework:««««-«««cceeeeeeeeeeceeees
White, black, and orange car images and their segmentation results by
hill-Climbing @lgOrithm e« ««seeeseeemmereitii
(a)-(c) The specular-free images of the white, black, and orange cars, (d)-(f) the
segmented results of the specular-free images via hill-climbing algorithm---------
The extracted car body candidates of the (a) white, (b) black, and (c) orange cars
after the process of the SARM algorithm:+«««+sereeeeermmmeniiiiiiinniiii,
The intensity (a)-(d) and saturation (e)-(f) histograms of six cars with black,
white, dark-gray, light-gray, red and yellow colors and the background------------
The CovAcc analysis with various BinNum and MergNum parameters for (a)
black, (b) white, (c) dark-gray, (d) light-gray, and (e) colored cars. (f) Optimal
parameters 171 0] [ LT PP P
Hierarchical SVM of color type classification«««-++«+«s++serreeeeremiiaeriiiiinniiiin
Covering precisions of three compared methods on (a) ITS, (b) CBIR-simple, and
(c) CBIR-complex datasets for each color category. Covering recalls of three
compared methods on (d) ITS, (e) CBIR-simple, and (f) CBIR-complex datasets
fOr @ACN COIOF CAtBQOrY -+« +++rsssrrrssernnnrrrunnrriititii ittt
Accumulated percentage of hue deviation by three compared methods on colored
car images in (a) ITS, (b) CBIR-simple and (c) CBIR-complex datasets.
Accumulated percentage of intensity deviation by three compared methods on
grayscale car images in (d) ITS, (e) CBIR-simple, and (f) CBIR-complex datasets
Accuracies of color type classification of the three compared methods on in (a)
ITS, (b) CBIR-simple, and (c) CBIR-complex datasets:-«««--eseeeeeereereeeeeannn.
(a) The left, right, top, bottom ends and the symmetric center of a car, (b) the
ratio y.ov Of car width to car height and its estimation error Ay, (error bar), (c)
the ratio jpes OF half width to car width and its estimation error Appgs:«+«+«=+=+=++++
(a) The planar area and the possible range to search for the symmetric center, (b)

-vi-

4
14

18

20

26

30

34
38

44

47

50

54
57



Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

17:
18:

19:
20:
21:

22:

23:

24:

25:

26:

27:
28:

29:

30:

the check width and the check point at x-axis = 27, (c) the check point at 43 and
the pixels in correspondence to COMPULE ASD -+« +++xesserrsssrrunsrrmnnsriinrieinnnes
ASD results and the prominent factor results for all check points:«««««««ceceeeeeeeees
The estimated pose errors of the conventional approach adopting jv and the
proposed approach adopting oese ONn (a) theoretical analysis and (b) the
EXPEIMENTAl FESUILS - -+« = +rrrererrenrrrri ettt
Flowchart of the proposed size classification algorithm-««-««-ceeeeeeeeeeaninnnnns
The concavity triangles appeared in a (a) small and (b) big car with large poses---
Point distribution of (rsiz, Ipose) OF small, medium, and big cars across various

ASM result (a) with erroneous initial position, (b) with improper initial mean
shape, (c) with proper initialization setting. (d) ASM result of a different model
car, (e) the segmented result of (c), and (f) the segmented result of (d)------------
Establish the corresponding relationship between Img; and Img, for all pixels
based on known key point pairs (a) source image Img; with 61 key points (b)
source image Img, with 61 key points (c) a pixel S in Img; but not one of 61 key
points (d) the pixel S’ in Img; corresponding to the pixel Sin Img----«---eeeeeeeee
(a) Segmented image of front region, (b) mirror image of (a), (c) synthesized car
image from (a) and (b) by mirror morphing, (d) synthesized template car image,
(e) segmented image of side region, (f) selected mirror template, (g) synthesized
car image from () and (f) by quasi Mirror Morphing:««+-+«+««s+sssreeeerreuaeernn
Sensitivities of the algorithms with and without mirror morphing to pose error
and center bias in the initial phase .........................................................
Accuracy of estimated pose angle over all orientations:«««««««ceeeeeeeeeeieeeaninne.
Accuracy of estimated center position over all orientations:««««+«+++eeeeeeeeeneeeees
Matching error distributions of (a) PETM-A, (b) PETM-B, (c) PASM-A, (d)
PASM-B, (e) ASMM-A, (f) ASMM-B, (g) QRAFM adopting the template car
whose orientation is 30 *, and (h) QRAFM adopting 50 ° template on target cars
and NON-TAIQEL CAIS:« v veeereserreeernretutitttiiititiiitiiitti ittt
Recognition rates over all orientations of the PETM, PASM and ASMM
AIGOTIEMIS -+ v e e e et et
Recognition rates over all orientations of the ASMM-B, PE-QRAFM , QRAFM
with45° and 135° templates, and PASM-B algorithms:««««cceeeeeeeeseenenenee.

-vii-

58

62
64
65

67

73

75

78

81

89
89

92

93



Table 1:
Table 2:
Table 3:
Table 4:
Table 5:

Table 6:

Table 7:
Table 8:
Table 9:
Table 10:
Table 11:

Table 12:

List of Tables

Terminology table of the car color determination algorithm«««-««eceeeeeeeeenenne. 15
The generated CBRs for the white, orange, and black cars in Fig. 6(a)-(c)------ 36
Sample images from the ITS dataset:««««««««-sseerereeesssmmeeernniiiiieeiiiee. 40
Sample images from the CBIR-simple and CBIR-complex dataset:-««-««««+««--- 41

Confusion matrices of color category classification on ITS, CBIR-simple, and

CBI R_Comp|ex datasets .................................................................. 43

Average computation time of each component in the proposed car color

determination algorithm and in the compared methods:««««««+-+xseeeeeecereeeenen. 52
Accuracy of the cONCavity deteCtion«««+++++«sssrrrreeerrrminereiiiinnniiiiineiia, 68
Accuracy of the symmetric center detection +««««--+++ssssererrmnerriiianniiinn... 69
Accuracy of the Size Classification:+««««+++erreseerrrineeriiiiniiii 70
The functions working in the car model recognition algorithms:««««««-«scoeeeeeeees 84

Examples of database images. Each row displays car images in the same view.
The first car with red boundary is the target model and the others are non-target

mode|s ....................................................................................... 85

Average computation time of each step in the car model recognition algorithm 96

-viii-



Wt

Acknowledgement
BB AN AREUR I L EWRE . FL G Ko gR g

l}ﬂ’}\}‘j ;ZE{:T"H ;—‘aé;,{ﬂ'i“ ) l——'&h m;!? ,Q#H%T ’;FTTJ \—"f'%ﬁr‘d E‘E’}s ’:'l-i—j'%.ﬂ o{ﬁifiﬁ:&
A

FIT Eenpr il > PINE AR EF 3 > RBf e 2 v @ F gt@s,uzz 318, @A

gy
e
F_‘-

EARE S REPT I MEENS A RF LAY L o - AP R .

Bt ripd B o SRR B OREE SRR L X H R RS
R AR PR S ArES arER AR A0 ARy RASR A 0 U]
B4 4GB e 7 g BR BER kg g

&ﬂﬂ:Q@ﬁ%ﬁ@?agﬁﬁﬁzmgaﬂuaﬁé%w’aﬁ%%g%ﬁ%

P AP- T HE R L BRMEA- AP ETRAT AT SR
PoHA SRR HE AR IIFR R R AR 0 AN §
ﬁﬂ%ﬁ’ﬂéﬁluWwﬂl~’¥ﬂwﬁ*%3 AR

B BRMARE AR THTE I R FRE LD FlL G 6 Pt A

FOEBERENEY o RBA NS S B EEAYEE ] ARFE R
SR b o LRE WA - R I E LB LS A AR aR o A
P R LT R R R 0 4 R A I S I R R R 0 R
SFIR e R SRR R A MY R B
A P

[ = Jf,],_i\.m_q._

—-ix-



