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(Vehicle Type Classification Method for Road Traffic Surveys)
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Representative
Vehicle Structure
and Axle Layout

Axles |2 @ Class’] (2:Axdes): Vehicies Compact cars, small vans,

with less than 16 seats, |y oot Spark, Renault, Mini

compact cars, mini trucks, | 2SS €L CF
Axles |2 @ Class 2 (2 Axles): Vehicles | School buses, tourist buses, city

Classification

ey Vehicle Definition
Criteria

Example Vehicles

and 2-axle vehicles
with 16 or more seats, buses, large vans, airport buses,

Unit 1 bus-type vehicles etc.

Axles | 2 % Class 3 (2 Axles): Cargo | Small trucks, delivery trucks,
trucks with up to 1 25- vehicles with under 2.5 tons of

Axles |2 M .
Class 4 (2 Axles): Cargo | ;0 dium-sized trucks, 2-axle
trucks with over 2.5-ton .
trucks, fire trucks, mixer trucks

Unit 1 payload capacity

Axles |3 w
Class 5 (3 Axles): Cargo | Large trucks, 5-ton dump trucks,
. trucks with 3 axles cargo transporters
ni

wies |4 (S
Class 6 (4 Axles): Cargo Mixer trucks, dump trucks, large
3 trucks with 4 axles cargo trucks
wier || g
Class 7 (5 Axles): Cargo Large dump trucks, large cargo
. trucks with 5 axles vehicles
Class 8 (2-unit, 4 Axles): | s trailers, large tankers,

Semi-trailer trucks with 4 |50 0TS

Axles |4 w Class 9 (2-unit, 4 Axles):

Full-trailer trucks with 4 | Full trailers, cargo transporters

Axles |5 % Class 10 (2-unit, 5 Axles): A
= B 3 Large semi-trailers, large cargo

Semi-trailer trucks with 5 | 21 °

Ades |5 M Class 11,(2-unit, 5 Axles): Full trailers, large cargo
Full-trailer trucks with 5 ., large carg
) transporters
Clas§ 12A(2 tails, 6 A’fles)' Extra-large semi-trailers, large

Semi-trailer trucks with 6

1128 AE 2RE

Fig. 1. Vehicle Type Classes
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" — [ Initial Vehicle Classifier
Vehicle Image Full Semi
9 Trailer Trailer Other
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(T1~T7)
{ Feature } [ Feature }
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Feature l Feature l
Full Semi
Trailer Trailer
Classifier Classifier
l l $
Vehicle Type
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712 &R T, 4T, HAE HolHE yro] ARSI
o g 27] A EF dACA ‘3101137]- B3 E9d T | sEAMT |27 H|o|E
2] Ao 1" 3% Ze] 8%, 10F, 12FS "Semi”, 9 Table 1. Korea Institute of Civil Engineering and Building

1%L "Full's BEF39 97 7}51] a] agqg_:-; A o] 3} Technology (KICT) data

3} 2.35}93
ol &gl T1 T2 | T3 | T4 | T5 | T6 | T7 | T8 | T9 | T10| T11| T12

ol

41,495 | 1,174 17599 3500|3589 | 1871 {1,021 4 | 2 | 8 | 3

2. ResNet 7|9t =7| Xt&f 27

oo o] Ex A ghad
Tol A= oA [13]9] A Fi R ResNet™50 & oigul 251 wjo|gf (8% ~ 128)

a2 o]83 o] YA~ (E H = .
A= o183 9le) S (EddE FUAE Semish Table 2. Data collected on the internet (8 ~ 12 types)
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=& F718 & gE 259 JEAE 1Ay Frid B 164 205 276 232 123
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Table 3. Training, validation, and test data for 12 vehicle
3. Grounding DINOE o| &%+ EZ £& classes
Efdy] Fgx AF EFE &6 g5 dolgrt 75 Vehicle classes Train Validation Test
o AgS sldstaxl, A=A A HdE EdEQl Tl 700 100 200
Grounding DINO [10]8 =¢34t} o] RS g3dld] T2 700 100 200
HHAE F8 27/ Vo Z A2 & g9 vy AF 3 700 100 200
S X ARE FESRAL Y AAE ey vae e 70 100 200
FHE JlFon dglon, FH AuE A Au W o w 0 L
o ] N T R T6 700 100 200
gataint ol %, v Y g MEdE FH AxRE &89 - 0 100 0
EEO]EO piR=] %87_%6]—1:—‘—01 .
04 ﬂ = 1-’] ﬂ‘l‘ T ]E R O]'MD} TS 117 16 35
T9 144 20 43
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Table 4. Training, validation, and test data for 9 vehicle
classes

Vehicle classes Train Validation Test
T1 700 100 200
T2 700 100 200
T3 700 100 200
T4 700 100 200
T5 700 100 200
T6 700 100 200
T7 700 100 200
Semi 401 56 118
Full 305 43 90
2. ResNete &8% 7| A2 2F/7| a5 Z4nt

ResNet-509] stols geln| B & th3 o] AA st 2
de Adgsrt. Max Epoch< 1002 %, Optimizer=
A7 3t
fine-tuningS FH}Ah ALE (Accuracy)= EHo]
=3 & %Oﬂ’ﬂ dui} F2 9ol Ags 93E

Adam, Loss Function® Cross Entropy®

2, F=2 Holgrt &vdd c}%‘fﬂl/ﬂ 35 Bl
=i 2]

st A, g erﬂoﬂ*i 91 A epochdlA] A=
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Fig. 4. Experimental results for 12 vehicle classes
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Table 5. Accuracy of experimental results using rule-based
approach

T8 T9 T10 T11 Ti2
Train 56.41% | 64.58% 63.4% 70.81% | 50.62%
Valid 43.75% | 65.00% | 69.23% | 56.52% | 83.33%

2 6. EYY HIF A&l Z=2E AR
Fig. 6. Examples of incorrect trailer wheel detection
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w = Efde EFoAE Gradient Boosting Classifier
7} 8871% % 714 wojd %S vehit) olo utal, Al
Edy 77| Extra Trees ClassifierZ, & Eddd

57715 Gradient Boosting Classifier® X33l A5 7
=& JYsigrk ukF 9 o A HRE Efde]e F
2% EAL g $83% 247 AREEJeH, 7 A g
T BEe] 9jE WgEA upF e Fof 92 HHE AMES)
o Egdy E/7IE FHAAY. o 98 HRe 74 Ed
de] Y EAS AGsHA wtdste T8 7Fo] Hole

H 198 M 55 20244 10 231

Model Accuracy AUC Recall Prec.
et Extra Trees Classifier 0.7714( 0.9063 0.7714 0.7793
catboost CatBoost Classifier 0.7643 0.8851 0.7643 0.7707
gbc Gradient Boosting Classifier 0.7571 0.8934 0.7571 0.7591
rf Random Forest Classifier 0.7536 0.8919 0.7536 0.7625
xgboost Extreme Gradient Boosting 0.7464 0.8783 0.7464 0.7493
ada Ada Boost Classifier 0.7250 0.8192 0.7250 0.7363
da Linear Discriminant Analysis 0.6821 0.7900 0.6821 0.6829
knn K Neighbors Classifier 0.6786 0.8000 0.6786 0.6836
ridge Ridge Classifier 0.6750 0.0000 0.6750 0.6762
r Logistic Regression 0.6679 0.7844 0.6679 0.6687

27 M| EMYY 2R A dnt

Fig. 7. Experimental results of Semi-trailer classification

Model Accuracy AUC Recall Prec.
gbc Gradient Boosting Classifier 0.8831| 0.9254 0.8831 0.8851
r Logistic Regression 0.8784 0.8642 0.8784 0.8806
knn K Neighbors Classifier 0.8783 0.8980 0.8783 0.8810
rf Random Forest Classifier 0.8783 0.9455 0.8783 0.8799
et Extra Trees Classifier 0.8783 0.9387 0.8783 0.8813
catboost CatBoost Classifier 0.8736 0.9408 0.8736 0.8761
ridge Ridge Classifier 0.8691 0.0000 0.8691 0.8721
xgboost Extreme Gradient Boosting 0.8690 0.9202 0.8690 0.8736
1da Linear Discriminant Analysis 0.8645 0.8306 0.8645 0.8665
ada Ada Boost Classifier 0.8456 0.8534 0.8456 0.8493
dt Decision Tree Classifier 0.8269 0.8249 0.8269 0.8343

J2 8 7|AIgEY [dEER e 25 MY 4t

Fig. 8. Experimental results of full-trailer classification
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Fig. 9. Experimental results of trailer classification using
machine learning models
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