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Automatic counting and Classification of vehicle on urban road

by convolutional Neural Network

Attapong Sangphet"’, Vera Sa-ing?

Abstract

In current years, some large cities are expanding rapidly and many trip generations were
generated on the public roads in their city. This huge increase in the number of vehicles on the road
causes many transportation and traffic problems to their city, especially in the urban area. Without
effective management, transportation problems will affect to another development sectors, economics,
environment system and so on. To manage a growing traffic volume as transportation and traffic
engineering practice, vehicles information is an important thing that we need to collect regularly and use
it for study and designs or providid mitigation plan of any traffic issues. In this paper, we proposed a
vehicle counting and classification system using convolutional neural network for collecting volume and
type of vehicles. Our proposed system used YOLOvV8 as our vehicle detector and trained detector system
with our local dataset of Thailand vehicles which is collected of 11 different types of vehicle images.
Then we combined our trained detector with some great performance trackers in multi-object tracking.
In our experiment, we compared system performances between two state-of-the-art trackers, ByteTrack
and BotSORT, to see how different between them and choose the best one as our tracker for the future
works. For the counting process, we provide a referenced counting line to collect the number of vehicles
and their class when they cross the line. we tested and evaluated our system with various scenario of
traffic footage that collecting on urban road in Bangkok, Thailand. The video results show that our
proposed system can detect and classify all 11 types in our provided video frames. The figures of average
accuracy of total counting and mean absolute percentage error (MAPE) of classified counting are about

90 per cent and 51 percent respectively.
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1. STUURSIIUEIUNIMUE (Vehicle Detection)
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2. sTUUARAINETUNINUL (Vehicle Tracking)
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3. STUUNS2VL1UNMUL (Vehicle Detection)
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q

v 6

nadauszuLAell 9nnaveInsindudayanudn nsidenld YOLOVSx 1u weight Tunisilndu Tinadnsnafian aed
A1 MAP50 LR885INNUsHNNUNIUE g TUseam 97 Wesldud uagA1 mAP50-95 1nRe Ty nUsEnne NI iU
agfiusyann 81.7 Wosidud dwwandlunmusznauil 5 uay confusion matrix Y8INTVINUIEUTLNNVDILIUNINALE

LERIRanIUsENauN 6
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100 epochs completed in 9.482 hours.
Optimizer stripped from runs/detect/train/weights/last.pt, 136.7MB
optimizer stripped from runs/detect/train/weights/best.pt, 136.7MB

validating runs/detect/train/weights/best.pt...
Ultralytics YOLOV8.0.54 £’ Python-3.9.16 torch-1.13.1+cull6 CUDA:@ (Tesla T4, 15102MiB)
Model summary (fused): 268 layers, 68134161 parameters, © gradients, 257.4 GFLOPs

Class Images Instances Box (P R mMAP50 mAP50-95): 100% 94/94 [01:49<00:00, 1.17s/it]
all 3000 54960 0.989 0.959 0.98 0.863
full_trailer 3000 402 0.996 0.998 0.995 0.92
heavy_bus 3000 276 0.993 0.995 0.995 0.889
heavy_truck 3000 1228 0.983 0.909 ©0.959 0.802
light_bus 3000 144 0.991 1 0.995 0.936
light_truck 3000 12641 0.988 0.941 0.977 0.83
medium_bus 3000 1322 0.994 0.981 0.994 0.904
medium_truck 3000 2112 0.99 0.964 0.986 0.86
motorcycle 3000 11905 0.972 0.859 0.922 0.715
passenger_car 3000 21676 0.983 0.955 0.984 0.847
semi_trailer 3000 1023 0.997 0.993 ©0.995 0.93
van 3000 2231 0.986 0.95 0.982 0.857

Speed: ©.3ms preprocess, 25.6ms inference, ©.ems loss, 1.5ms postprocess per image
Results saved to runs/detect/train

AMWUsENBUN 5 MNTINTENHUTZUU 778 YOLOVSX weight hagyndayasuninugiasaiy

Confusion Matrix

10
full_trailer S
heavy_bus 1.00
heavy_truck 092 w0z 0.8
light_bus .00
light_truck 045 017
0.6
b medium_bus 0.98 .01
]
H
£ medium_truck a7 003
-04
motorcycle 088 nar
passenger_car 047 035
semi_trailer 099 _02
van .03
background 0.07 005 0.02 0.02 012 0.03 £.01 0.03
-0.0
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True

AMWUTENBUN 6 confusion metrix KAAIHANITVINUILUTHANE U UL VDIYATBYATINNHY

4. n1sARMUEIUNINUE (Vehicle Tracking)

dmsussuuinnueuingientd §iduasldseuufnniuues BotSORT uay ByteTrack Nfinsdaun3eulily

repository U84 YOLOV8 agudn 1uszuufinniueiunivue lneagldszuufnnuia 2 dadenaivihausiuiussuy
o P P . v v Py v 9 o v X

ATRusIun U Aldlasiasiaves YOLOVS wag custom weight fildiannnisilndussuudieyateyanasiedu (Local

Dataset) 5¥UUATIRTULAEARAINEIUNIMUETaT190uaTl asgninluUssenldluduneunistueumimugiay Iananis

NedaUsTUUsalY
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5. NSUUUTUIUNITITHAZIUNU TNV IBIUNIRUY (Vehicle Counting and Classification)

lunsiunarduenusstanveserumiiug awldnaansnlaanaimounisnsiadulasfnnueunIviug dude
Bounding boxes @ Class Probabilities tJunisfimesdmivaendeyaresenunmurusasfu lunistuemunivuy
AgliignsaiadugeduuuauunusuInIvasauulunin Ingld OpenCV Library uagyiin1simunng1asauy
Boundary Box vasgnumvugzuiazdunlanndunsunisnsinivuasinaueunmvugnewntin Ingldannnansasnin
Y a o 1 A a o o Yaw Y Y Y -
gunnuglun1sgadeiunieeunnug uagitaiinaduwiuglunsiveumnue Rdeldaiadununlunis

AUV IUN MU TAgVNNISAINUMLEY offset = 15 9EBIAUYBUEUD1NDINLaRIR08 19 lunINUTENBUN 7 SPUU

¥y v
= o o

Fuguwmuziaiieduil agvhmstiusumvugenmmug egndedwessnunmug edeuiinfiuidusnadaiiaiig
Juluusiargy viedlemunimenniisdsteunnusindeuill egluiufiveadudieds ssuvagshnmaifudoya
msrfimesveserunnusdudug AefeyaussianvesswmmusiaydiuuasanveseunnurUsLANTUY U
wansrauazduiinualuguiuudennuuunmidleduansiogddunmuszneuil 7 wanwmadnduiasuuiisves

AIN)

0 200 400 600 800 1000 1200
ANUSENAUN 7 NISMNUALEUSIBIIUNTUUS U ULUUN N

6. N15IANANISNAABY (Evaluation)

v
= V.

nsneaeuszuuaievy §IdelaidenldiyinaAininuuiugn (Accuracy) dwsuianasyuutuiiuau

v
o

grun e waglviiinAnadsvealesidudainuianainduysal Mean Absolute Percentage Error (MAPE) dusu
FanaszuuiuunUssiavvessinviug lnaldunmsSeufisunadnsinaueunnuzuuusendsznnildanssuuiu
Havastayalaay (ground truth) Nldainnsnendeyanisile lneuuuunmsuaninan1sNAaeIRInaIll azuananaly

Fdedall
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NAN1528LazaNUSIUNANISIY

Aounagyinisnageuszuuiuialendanssulinnanimnisal Weswindaluwmaves YOLOVS ignudae

Ya

sonubildanuldlduiuin deldlmduiienegrunsnatomiou VOLOVS §idedalivadouninuunnd19veeszuy

sl

ATITULALTTUURAMNEIUNIUE LGNS LBRTI9d0UUTEANT A NUBI5EUUATIUNTwIlUNLiRaanshTan lny

M3l 1 uanansiUIeuifisusenintenismsseuuasieduiililessaiiaues YOLOVS Au YOLOVS Audeyaidled 1 7
IFnn3ould azudiuldin lunmsamuds YOLOvS vieuldfndnunnludesvesdiuiueunivueiinsaduldfidinny
uslughgafia 97 Wedidusd 1nnd1 YOLOVS fivildiuszanas 78 Wedidusdt snfiansaniFesanuusiugilunisyiune
Uszinnueserunnuy (iesain YOLO grrnsuliiueseunmuglaies 4 Ussinvmvdngdsuandlunisne) 63 YOLO

4 2 ety onavdwhnuiuvveaidenldldlifunin Inefiduadevendesiidudnnuiinnainduysal (MAPE) ifl

Argaunng wazdaudiinasuiildues YOLOV8+ByteTrack AnadevasUasidudninuianainduysal (MAPE) figendn

o

YOLOV8+BotSORT uildadanniiin YOLOVS @1unsansiraduenuninusiiduuszian motorcycle 16 Tuangi

o

voLovs lawnsansaaduldias vilifideideniias@nwuasld YoLOvs \ulassasiamdnvesnsvheeessyuy

M15199 1 HaMIVAgeUIYUUMSTUE MU LUUKENeUssLanUSuiieuiudeyaaay

YOLOV5+ DeepSORT YOLOv8x+ByteTrack
Class Ground Truth
Counting | Accuracy rate | MAPE | Counting | Accuracy rate | MAPE

car 407 4389 1646.4 556 1885.7
motorcycle 28 0 100.0 [ 98.9
bus 2 81 _ 161.3 65 » 109.7
truck 343 35 85.8 134 as.7

Total 780 605 77.53 - 759 97.27 -

MAPE - 498.4 - 535.0

v '
[ =

weNINUY FI3E9lAvnN1INAEEUNIITVINNUVBITEUUATIITVE U U IgNEnHuie gadayaeunmug Ty
Uszwelnesta 11 Ussuamiiadraau Tael weight ldlunsiinduves YOLOVS fiunndneiu wasvagounisyinausauiy
syuURamuia 2 2 (ByteTrack wag BotSORT) ymsnadautdesiufuteyadnled 1 wuidu tnedaunfgiuiy
UszAviBnmnnsvineaiuwes weisht Mdenld sxfinudenadesfuradnsiildainnisilniusyuu nanie svuufidentd

YOLOV8x aglviauuaiugitunistiugmumiugiiniian 9na191eil 2 uag ANs19N 3 Muaau
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M13199 2 UARINANITUTEUBUNISYIN91UB4 volov8n, YOLOV8m Way YOLOVSX fiusyuufaniaing ByteTrack

Ground
YOLOv8n+ByteTrack YOLOv8m+ByteTrack YOLOv8x+ByteTrack
Truth
Class Absolute Absolute Absolute
Accuracy Accuracy Accuracy
Counting Counting Percentage Counting Percentage Counting Percentage
Rate Rate Rate
Error Error Error

Motorcycle 28 4 85.7 16 429 16 429
Passenger Car 376 364 3.2 433 15.2 395 5.1
Van 31 51 64.5 63 103.2 40 29.0
Light Truck 247 184 255 192 22.3 224 9.3
Medium Truck 37 6 83.9 11 70.5 10 73.2
Heavy Truck 16 9 - 43.8 2 - 87.5 a - 75.0
Light Bus 2 0 100.0 0 100.0 0 100.0
Medium Bus 0 4 - 5 - 8 =
Heavy Bus 0 1 - 3 - 1 -
Semi-Trailer 39 4 89.7 24 38.5 27 30.8
Full Trailer 4 0 100.0 1 75.0 0 100.0

Total 780 627 80.35 = 750 96.11 = 725 92.91 =

MAPE - 66.3 - 61.7 - 51.7

M13197 3 LAAINANITIUTEULTIBUNTSYII9IUYBY volov8n, YOLOVBmM Way YOLOVBX fiusyuuinmuing BotSORT

Ground
YOLOvV8n+ByteTrack YOLOv8m+ByteTrack YOLOvV8x+ByteTrack
Truth
Class Absolute Absolute Absolute
Accuracy Accuracy Accuracy
Counting Counting Percentage Counting Percentage Counting Percentage
Rate Rate Rate
Error Error Error

Motorcycle 28 13 53.6 24 14.3 26 7.1
Passenger Car 376 378 0.5 502 33.5 465 23.7
Van 31 a8 54.8 53 71.0 40 29.0
Light Truck 247 177 28.3 144 4a1.7 171 30.8
Medium Truck 37 3 92.0 14 62.5 12 67.9
Heavy Truck 16 7 - 56.3 1 - 93.8 3 - 81.3
Light Bus 2 0 100.0 0 100.0 0 100.0
Medium Bus 0 6 = 10 = 12 =
Heavy Bus 0 2 - 1 - 7 -
Semi-Trailer 39 5 87.2 27 30.8 27 30.8
Full Trailer a 0 100.0 0 100.0 0 100.0

Total 780 639 81.89 - 776 99.44 - 763 97.78 -

MAPE - 63.6 - 60.8 - 523
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9uLiule 11391191983 YOLOVBX wag YOLOV8m fanuudugiigalndlAsaiu Iag YOLOVBm 81afimiy

1 o [y 1 (=3 ¥ 1 a = 1 o o <@ v 1
wiuglun13n999uNINNd1 YOLOVEX agidniles uwininfiansandsauwiudrlunisdwunussan asdiulaegng
Faauin YOLOV8x fisednSamdigendn vian1svinaiusaudu ByteTrack uaz BotSORT lnediAnadeveaasidusingig

Aananduysal (MAPE) Weenin YOLOVBm dsudmiunisfinnsannisyieivesszuuiuteyainleduqseluiu ms

v
a o o Y

§iduazidenld YoLOvSx 1lu weight Tunisieusiufussuuiinauingisaesiiuasuanssonuilugduuunsg

q

a =

W8 ULgun15%197114v89 YOLOV8x+ByteTrack ag YOLOVBx+BotSORT lagn1nfii1081998anaansNlauandna

Awdsenaui 8

motorcycle: 16 motorcycle: 1
passenger._car: 395 passenger_car: 319
s van:

van:

light_truck: 224 light_truck: 67

medium-_truck: 10 medium_truck: 0

: heavy_truck: 0

light_bus: 0
medium_bus: 3
heavy_bus: 0
semi_trailer: 0
full _trailef=g

-

Z

l21/0272019 Wi g 46

: 49
—car: 78

0 o‘orcycle: 17
s seé)ger_car: 72

ANUTENBUT 8 M98 9HASNSALAINNNITVNUYBITEUUTULAL I MUNUS A NEUN UL N LEUD
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uiulean szuufinisnsnduiiniunsinlusegadeyaveteunivugiia 11 Ussianiasnduingielissuy
AUN50MIIVL UV U LA BE1998 1NN EUTELANANABANTT kagNanN1SHUSoUBUNISYINaIuYessEUUiUIALe

N1595195 IUANINATAUR N LEAINIATI9N 4 Tenns1eh 9

' °

M13199 4 LaARNaN1SUTEUBUNITNIUTDesEUUAUIALENITT1AT aNNN53595UNG AFvneadndand1sdn

FHaINaNIU LasAsudIger InNazldenvesnInszau HD (720p)

Ground Truth YOLOvV8x+ByteTrack YOLOV8x+BotSORT
Class Accuracy Absolute Accuracy Absolute
Counting Counting Percentage Counting Percentage
(%) (%)
Error (%) Error (%)

Motorcycle 28 16 42.86 26 7.14
Passenger Car 376 395 5.05 465 23.67
Van 31 40 29.03 a0 29.03
Light Truck 247 224 9.31 171 30.77
Medium Truck 37 10 73.21 12 67.86
Heavy Truck 16 [ - 75.00 3 - 81.25
Light Bus 2 0 100.00 0 100.00
Medium Bus 0 8 = 12 =
Heavy Bus 0 1 - 7 -
Semi-Trailer 39 27 30.77 27 30.77
Full Trailer 4 0 100.00 0 100.00

Total 780 725 92.91 - 763 97.78 -

MAPE - - 51.69 - 52.28
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M13199 5 LanNan1sUTeuieunMIvinauresseuuiuIAleni1s93193 a0 nn1533asUnR Arvneadngndisnn

FIIAINANAY (IAT1TRMUNUBRgITLAUIAleN 1) IA1uazidenvenimsydu HD (720p)

Ground Truth YOLOvV8x+ByteTrack YOLOvV8x+BotSORT
Class Accuracy Absolute Accuracy Absolute
Counting Counting Percentage Counting Percentage
(%) (%)
Error (%) Error (%)
Motorcycle 38 2 94.74 0 100.00
Passenger Car 679 503 2592 538 20.77
Van 72 2 97.22 2 97.22
Light Truck 123 97 21.14 71 42.28
Medium Truck 3 0 100.00 0 100.00
Heavy Truck 5 0 - 100.00 0 - 100.00
Light Bus 0 0 = 0 =
Medium Bus 1 a4 300.00 5 400.00
Heavy Bus 5 0 100.00 0 100.00
Semi-Trailer 2 0 100.00 0 100.00
Full Trailer 0 0 = 0 =
Total 928 608 65.52 - 616 66.38 -
MAPE - - 104.34 - 117.81

M13197 6 KAAINANITIUTEULTIEUNTYINAILYBITEUUAUIALEN13ATIAT an1NNNTITITUNG 7iAN19sf9eenanendnsia

Franaeiu wareut1deey M39919sldnnuiilunisdulgaianuasiBenvesninsedu HD (720p)
Ground Truth YOLOv8x+ByteTrack YOLOvV8x+BotSORT
Class Accuracy Absolute Accuracy Absolute
Counting Counting @ Percentage Counting %) Percentage
Error (%) Error (%)
Motorcycle 67 25 62.69 65 299
Passenger Car 449 455 1.34 486 8.24
Van 36 25 30.56 26 27.78
Light Truck 279 275 1.43 331 18.64
Medium Truck 17 6 64.71 [ 76.47
Heavy Truck 5 [ = 20.00 1 = 80.00
Light Bus 0 0 - 0 -
Medium Bus 7 [ 42.86 5 28.57
Heavy Bus 2 2 0.00 1 50.00
Semi-Trailer 20 16 20.00 16 20.00
Full Trailer 0 0 - 0 -
Total 882 812 92.06 - 935 94.33 -
MAPE - - 27.06 - 34.74
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' °

gmd15e

Prnanasiu vihadiuouuiinennsenuldaineaus Jauazsideaussninseau HD (720p)

Ground Truth YOLOvV8x+ByteTrack YOLOvV8x+BotSORT
Class Accuracy Absolute Accuracy Absolute
Counting Counting Percentage Counting Percentage
(%) (%)
Error (%) Error (%)

Motorcycle 196 160 18.37 169 13.78
Passenger Car 245 333 3592 349 42.45
Van 19 14 26.32 14 26.32
Light Truck 153 61 60.13 51 66.67
Medium Truck 7 3 57.14 2 71.43
Heavy Truck a4 0 - 100.00 0 - 100.00
Light Bus 2 0 100.00 0 100.00
Medium Bus 14 16 14.29 13 7.14
Heavy Bus 2 0 100.00 0 100.00
Semi-Trailer 3 3 0.00 3 0.00
Full Trailer 0 0 = 0 =

Total 645 590 91.47 - 601 93.18 -

MAPE - - 51.22 - 52.78

' °

M13199 8 UAAINaNISIUTEUTBUNMIYNUYRIsEUUAUIALENTITT1AT @ NN159595UNR rmnesaingndnsaa

1 U L4 @ Y a a U
AINANTY ety Nodiug U U laTaaL dnuasldenuesnnsyaAy HD (720p)

Ground Truth YOLOv8x+ByteTrack YOLOvV8x+BotSORT
Class Accuracy Absolute Accuracy Absolute
Counting Counting Percentage Counting Percentage
(%) (%)
Error (%) Error (%)

Motorcycle 165 164 0.61 164 0.61
Passenger Car 336 340 1.19 282 16.07
Van 25 21 16.00 5 80.00
Light Truck 178 205 15.17 222 24.72
Medium Truck 6 12 100.00 18 200.00
Heavy Truck 6 0 = 100.00 0 = 100.00
Light Bus 2 0 100.00 0 100.00
Medium Bus a4 1 75.00 6 50.00
Heavy Bus 0 [ - 2 -
Semi-Trailer 36 18 50.00 16 55.56
Full Trailer 3 0 100.00 0 100.00

Total 761 765 99.48 - 715 93.93 -

MAPE - - 55.80 - 72.70
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A13197 9 waRINaN1IUSEUTIBUNTYUYedsEUUAUIRLeN159183 dnnnsasasAeudsiindaidniiesainnsien

! ° !

sodayaadlnasnes fanegadidandisna aainaieiu danuasidenvesnmsedu Full HD (1080p)

Ground Truth YOLOvV8x+ByteTrack YOLOvV8x+BotSORT
Class Accuracy Absolute Accuracy Absolute
Counting Counting Percentage Counting Percentage
(%) (%)
Error (%) Error (%)
Motorcycle 149 133 10.74 139 6.71
Passenger Car 111 105 5.41 121 9.01
Van 6 5 16.67 3 50.00
Light Truck 22 29 31.82 20 9.09
Medium Truck 0 2 = 0 =
Heavy Truck 0 0 - = 0 = =
Light Bus 0 0 = 0 =
Medium Bus 3 3 0.00 a4 33.33
Heavy Bus 0 1 - 0 -
Semi-Trailer 0 0 = 0 =
Full Trailer 0 0 = 0 =
Total 291 278 95.53 - 287 98.63 -
MAPE - - 12.93 12.93 21.63

M137199 10 NaATUHAMTUTEULTIEUNTYINIIUTDeTEUU04N535195 lunanmnisel TneuandlugUiuuanuusiug

Tunsiugmummugnmun warAladereaasidudauiianainduysallunsduundssinnveseruninueynusenm

YOLOV8x + | YOLOvV8x +
Evaluation Metrics Situation
ByteTrack BotSORT
Incoming traffic/ Bright Light/ AM period/ HD 720p 92.91 97.78
Incoming traffic/ PM period/ HD 720p 65.52 66.38
Accuracy of Outgoing traffic / AM period/ HD 720p 92.06 94.33
Vehicle Counting Incoming traffic with road shadow/ AM period/ HD 720p 91.47 93.18
(%) Incoming traffic/ vehicles are seen more clearly/ AM period/ HD 720p 99.48 93.96
Incoming traffic/ congestion/ AM period/ Full HD 1080p 95.53 98.63
Average 89.50 90.71
Incoming traffic/ Bright Light/ AM period/ HD 720p 51.69 52.28
Incoming traffic/ PM period/ HD 720p 104.34 117.81
Mean Absolute
Outgoing traffic / AM period/ HD 720p 27.06 34.74
Percentage Error
( ) Incoming traffic with road shadow/ AM period/ HD 720p 51.22 52.78
MAPE
) Incoming traffic/ vehicles are seen more clearly/ AM period/ HD 720p 55.80 72.70
%
Incoming traffic/ congestion/ AM period/ Full HD 1080p 12.93 21.63
Average 50.51 58.65
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