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(Performance Evaluation of Car Model Recognition System Using
HOG and Artificial Neural Network)
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Abstract  In this paper, a car model recognition system using image processing and machine learning
is proposed and it's performance is also evaluated. The system recognizes the front of car because the
front of car is different for every car model and manufacturer, and difficult to remodel. The proposed
method extracts HOG features from training data set, then builds classification model by the HOG
features. If user takes photo of the front of car, then HOG features are extracted from the photo image
and are used to determine the model of car based on the trained classification model. Experimental results
show a high average recognition rate of 98%.
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et v Table 1 Specification of system for experiments
2
£ 5:511"9; Type Specification
2 s P Intel(R) Core(TM) i5-6200U
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v M
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Table 2 List of Cars

Car name Manufacturer
SM5 Renault Samsung Motors
Morning Kia Motors
Grandeur Hyundai Motors
K5 Kia Motors
Chevrolet Spark GM Korea

YF Sonata
NF Sonata

Porter

Hyundai Motors
Hyundai Motors

Hyundai Motors
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==

g stk AA FHE G dg SA3A
FE9 4§ HOGe A

16%16, 3232, 64#64(px) & 47HA = A&
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Table 3 Computed time of cell size

Cell size Number of features '
(unit:px) (256/ce11.width * Computed time
128/cell height * bin)

8+8 4608 241s

16x%16 1152 258

32%32 288 11s

64+64 72 10s
ek AAE A Alol= = QA FE9 WEE

gty fske] MLPel sts A7 A3l
ooolgl 4HEe 2t 5AHe JedR A4
shlom 24 BE 1002 A4 sla &
g5 AF T 79 MR 44 & F MLP
= 1000 wrE Shss AlA AP sielth 7 A
Atel= 1000W St A7l A" AREE
<Table 4>¢} #1 A2&F A3 A= <Table

5>¢F #Zth

Table 4 Training time by cell size

. . Trained time of 1000
Cell size(unit:px) .
times
8+8 2773s
16%16 701s
32%32 202s
64+64 54s

42 4 AOI= W M5 24

A% Az A Alol= 16x160] B A H
915%= 71 =gt A& nusE ¢Jsf 4 A}
o]z 8x89} 16%16S ZrzF 5HA WrE Ag 3

2 91.375%°1 A Hdl 92.75% 7HAl YERsETh o]
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7P stol of¥ Aol AblE H9li=d <Fig.

Table 5 Recognition rate

(unit : %)

88 16*16 32%32 64+64
SMb5 100 100 98 92
Morning 91 89 85 5
Grandeur 73 78 76 19
K5 82 89 36 9
Chevrolet Spark 93 94 95 6
YF Sonata 97 95 93 76
NF Sonata 86 93 69 35
Porter 97 94 91 83
Averaged rate 89.875 91.5 86.625 40.625
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Table 6 Recognition table of cell size 16%16

(unit : %)
SM5 | Morning | Grandeur K5 Cléeggiet S;Zta S(lleta Porter
SM5 100 0 0 0 0 0 0 0
Morning 0 39 0 0 8 0 0 3
Grandeur 0 0 78 1 1 20 0 0
K5 1 0 0 39 5 3 2 0
Chevrolet Spark 0 2 2 0 94 2 0 0
YF Sonata 0 0 0 1 4 95 0 0
NF Sonata 0 1 1 5 0 0 93 0
Porter 2 0 2 1 1 0 0 94
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Table 7 Recognition table of each hidden layer B Foerng 24s »& J5d g g
(unit : %) <AAE ¥Hs= 2 vt gl & 5 Qo
100 | 200 | 300 | 400 | 500
Morning 39 R P 93 0
Sh2s Hrw = olaE = & -
Grandeur B ™| ®™| BB St WHel me A4F Mug S k-NN
5 9 3 ) ) P (k—Neares:] Eelgilbour) < j’;ﬁl %[11];% ;};8:0}04
=0 q o E X
Chevrolet Spark | 94 | % | %4 | B | % kMI&ii oo j Eﬂ 4 ;T if;j]L N 1w ;;j] :]
YF Sonata B | B | B | U | B o ol Tl e
NF S @ ol % » @ v, ol AHFqA BRT g AR BH
onata Stk k-NNolA] B8 golgi 41864
Porter A R R B 93 A Aso] Eobu Al Alo]l= 16+169] =47
Averaged rate 915 | 91 | 905 | 91.75 | 91.37 HolHE AE 893, k-NNelA k2 1,3, 5, 7,
902 uxA AHS skt A4 ES <Table
Table 8 Training time by each hidden layer 9>3 a1, sty ddo] Ay AZFE <Table
. . Trained time of 1000 10>3 2o
Hidden layer size .
times
100 750s Table 10 Computed time of k-NN
200 983s
300 1336s k Computed time(unit @ s)
400 1734s 1 1.872
500 2016s 3 1732
5 1.750
%1:1 %94 == 4007Hi 6]’91'% uﬂ O]}ﬂlgo] 7 1.766
9.75% = 7H4 EA vgror}, e &5 Holg 9 1773
o} H2E folHE 2435 =t /Fd= 51
W A ) s AE QAwel Ao e L
HA 90% = Uk AS gFS AlFetr] dogel '
Al o 7 z7ko o A A E =
ot Aelel Zhel ghel el A wAR el W (e olastd waw as aads A9
gt HE QA Eo] 1~2% Abo]ol|A] xfo]7} ATl
Table 9 Recognition rate of k—NN
(unit : %)
1-NN 3-NN 5-NN 7-NN 9-NN
SM5 97 98 97 96 94
Morning 98 100 98 98 98
Grandeur 60 52 50 50 50
K5 98 97 93 91 91
Chevrolet Spark 99 97 97 97 98
YF Sonata 99 99 98 98 98
NF Sonata 92 90 92 92 90
Porter 97 95 99 99 98
Averaged rate 92.5 91 90.5 90.12 89.62
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Table 11 Recognition rate of k-NN after changing training data ordering

(unit : %)
1-NN 3-NN 5-NN 7-NN 9-NN
SM5 100 99 99 99 99
Morning 100 100 99 99 99
Grandeur 9% 92 9%5 86 84
K5 100 98 99 93 97
Chevrolet Spark 100 100 99 99 98
YF Sonata 93 99 97 93 93
NF Sonata 100 100 100 100 100
Porter 100 99 99 93 93
Averaged rate 99.25 98.37 98.37 97.12 96.62
3t U xE rFo] Aty a@A e o Table 12 Recognition rate after changing
Algo] HAGAHoR vrol 1 o|f&E A7t ¥ training data ordering
< W oA Adgk upel o] g5 doly 100 (unit : %)
ol A 127w%e] 2011 ZA:A 0|, HAE ©lol o5 1506 T332 | ot
ol A 6170 2011 @A o]7] wiEel 2011 = SL o % 0 o
Aol tgt g5 dolH 7t EAte A 2914 Morming 00 0 100 o
olg} A7} H Tk A Ae 100dS st Grandeur % o 29 60
olH 2, YA 1008S HAE HolHE AL&35 K o7 o o5 &
& e v 20086l s e 10082 % ma T ek | % | 9 | % | 3
% Helgz, dge=z Hddd 100%4S At VP Somata 0 %9 97 79
HeAE HEE HolHE she] k-NNell digh e 9 97 1 71
d9e oA Ak Porter % | % | ® | 9
Averaged rate 97.37 98 96.37 | 69.87
47 & HOolH =AM HZA F 2AAME I
A9 A% <Table 1>3 gol Ao 4 ST O AGE OGS A8 T
sol 2 @Y sen 1NN B 0025% S0 T v me qels A
e wE AIRES Rnen AAHSE CANE g g0 190 Aw woh gup A Abe)z
of FAHAATE Wb dlole] w4 WA AN (oo B golEel HAE HoHE AEo
Boll 9 MG AREE A F AN o 4345 po] vz wr iy 48S A
s oledqE WE A g FFE A=A gaigom MLP SHE w=t Jj5E QAge
g3kl f18 =47 WA E HolEE ZFAA <Table 13> 2t}
o] el P AFS wHEFHY Ad Ay > =9 MFE 4002 s
WA 4183 FASA A Alojz Wz ovd= U QIYEC] 7 =dou, 4449 Aol 2ol
== NS 100702 ARG F 10008 wkE 8 27| 7FEA ol Al A4 =l wet A
HAA AL 393 1 A= <Table 12>7 71 A= = Aol = JiF E QIXES
pazsh 2ko) 7F glkar T A
g% tlolE ¢ HAE HolH e Ao uhehA
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Table 13 Recognition rate of each hidden layer after changing training data ordering

(unit : %)

100 200 300 400 500
SM5 99 100 100 100 100
Morning 100 100 99 100 100
Grandeur 94 95 94 95 93
K5 98 98 99 99 99
Chevrolet Spark 99 98 98 98 98
YF Sonata 99 99 99 99 98
NF Sonata 97 98 99 99 98
Porter 98 100 98 99 99
Averaged rate 98 98.5 98.25 98.625 98.125
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