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Real-time vehicle type recognition using a convolution and Haar
wavelet pooling based classifier

Seyyed Mohammad Javadi Moghaddam, Hossein Gholamalinejad

Abstract: Over the past few years, real-time classification of vehicle types has become an
increasingly popular and important topic, given its wide range of applications in traffic control and
analysis. Among the various methods available for classifying car types, convolutional neural
networks (CNNs) have emerged as particularly appealing. In this article, we introduce a new real-
time CNN architecture that is specifically designed to detect different types of cars. This innovative
structure incorporates several unique features, including novel network architecture and structural
elements, as well as an advanced learning method based on the back-propagation algorithm. One key
aspect of our proposed method is its use of feature extraction at three different locations within the
network, which allows for more accurate and efficient classification of car types. To evaluate the
performance of our approach, we conducted experiments on two popular datasets (IRVD and MIO-
TCD), and compared our results against those obtained using traditional CNN structures. Our
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evaluation results demonstrate that our proposed CNN architecture outperforms existing approaches,
achieving superior classification accuracy across a range of criteria. Overall, our work represents a
significant advance in the field of real-time car type classification, with broad implications for traffic

management and analysis.

Keywords: Convolution Neural network, Deep learning, IRVD dataset, Vehicle type

Recognition.

ol Gooe 5 3L sy (en Sla By ST o Sl 050!
ch s omb e G Sy gl 03 s B S Sl S
IVl oy padedi 5 (o5 sudid s 5 lp 2 pad YL
Glpais @l BB s) o Sl Sl B IS e e B eSS
o e G sla iy [A] RLSes 5 O g dis g0 5
=S 5l sl O gy b SIS (oS 0T ks S 4l et
a5 3 Soslinal lagys s sl Sis pl il 1y Solaiaes sla
K953 55 & 5 (s lB5l 53 (Ghao 3 MIFD oo

3 Olie by lemloslgty n e GBISS e oSS
2 [ w516 55 6,05 sl suaih sl 231,
sl sl Calisee L1o5 L 55055 slal gluazb coda Sy gl
SIS o onl 53 (o3 AUNF Cms 3 g (Cide glas ¢ Sl sled
ok

S 515 S Sl eslizal b 53 5 shual 5 S5y SS [V ] T
s Sy e gl el SSSS1 0T )s &8 5 8 sl 4y
S35 eslamal 4 1 651 el Lol ekl als i J gl
Oy 1s 2 onble 25 SIS 3 51N 5 235 8Y iy, 0l
Sk 3280 Lo il 5 55 S o2lial 550 5 (s uaib 1, OCR
S5 O seael 551 S V.u_,)ﬂ;\ Y] OLSKer 5 cpasp S fool> 1y
odaT oy 33 s S eslinal gu3 5§ lulid sl S0
Geee S8 s 6K I (ST s ANV iy opl baws
35 03linal &S5 a3 ilosl Sl gys s sunaib ¢l
MEL (r s § 5550 0 (512 DENSENEEI2] W8S 0 0l
P30 Sl ealinal b )3 5 g 5 (sevaids Je &KV O, 5 52
Olsea SOt Max 51 55y cal 3,8 (3 me ad i S ol sl
-o5l3 (645 games G (65) p Jlesl b gy ol A4S o enlinul s il
S 05355 WIS s sl slad sl 1 BT S5 S s
S 5 e S [V0] 515 rede sl enls ame |y (g duo ;5 AV/AS
J;@j:;-a?blé?fftbs\dhq‘)l;ﬁ,!jlf&ijlu&mlle
“okd e HISen 5 55 o K05 i I ey A 3 VY
(NIN) s 5 St oSS 51 adss oy jaeis ¢l p 45 Sl
St ol Sl 2ol 51 ¢y gl 93 V8] Sl 035 o3lizul

Sluaib (gl Jie ol S 23 5 oo o3l 3515 i 51 (6,8 ol

doddo -)

S WSS Sl s 53 S e 5w o)l
5 huarb g sled 4 BBl Gl 5o ey b Dle sl s
Slasly Candy 3 Sluis Jie 63,050 Jo 4 adi bley jaseis
Peglon s ST Ll b g )50 0 589 5 uhS (mnd 5 500 5
DT Lo sledr @ omdle by 5o Hleds 5 ooy flas o0
S e Dbl SN PN OG- 7Y 33 5d 8 éuw
dadgn 355 J S Gl ol op g 3l S diledd slewl Sl 5
Y]l 2 I 515 s aaSs ) eslinul ¢ o gie sp e
ol Caliies laastls 53 3 I 58 wae claaSd sl cladle s
P S St 5 B (Bl il ol S
maib la bg) YL oy Glasls ‘5;5;'-*" Sl go (o8 san
0 gl 4 5l e g ealid Sl s (0I5 5 e
s ozl 5 Sl sy ol @bl 5o S
sloble ol gladle 5o & Cul jslal guuaib (a5
gl 3 S ot e s ol 4 S sl stliee
30055 pobal Al lodamy s olad (guail 55 oslizal dla )bl
!

b 1S I s el e (935 Sl L 8IS saeSS
LS 6,8k s Waasls 03V LSS slas 035 5L 5 ¢ gulal gla
S s gl 1T 4 a3 ol b D)y oo S
Slebs Sl 5 63 505 i | S T 5 Wil g e aSs ol s
s 2alS LSS

gl T b 4 ol Ooda bcdlan oyl 55 il s, Kal,
‘gsf,fé\iﬁ)}ij‘cbﬁﬁ)xf@)‘ﬁ-bcbﬁpﬁm;jw
L (o

e Sy -y

bl Calibme glaacr SI015 (0 1) 5005 ¢ 5 2ol Sl fis)
b Sy b iy gwo ClAl 4 o Gl o s, S
ol Canad abais 5,05 5L [#] SURF r;;_,}in,‘[a]HOG JF] ometin
Tl 13 53 5ol o G S 305 5l (Fp 0B s S

' R-CNN: Region-proposal CNN

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

AV ,u&?fcu;t,&s;j\f&_.;ﬁ@;,@a,bj\,gu;wlt{jﬁ)s@s&)muem

5 5"”‘%&1“"("”—“ 63l dasee A

DWT' plesl ¥ Y-
a¥ i S e s S 53 LY o 5 el SIS
Sl S5y ek sl 2ol @Y ol ol gaibs .l plesl
~al pplesl algtig Hlsle ol 5 I laaY jleds £ s
(s cpl 3 eslizal b .Cslods 9o s (4t Ko g0 b5 (o
m o s ke sla S5 ol el 5 slad 2alS T3 plosl s
o g0 S (ol o S 53 e G, ST A S
2 ol A ¢S elizal 1y o 5157 A8 Sler b st 53 (saneS
X 633554 b AS ol (s fim fun fun 58V sl 28 5 oy,
A5 XLLs XLps XHp Xip Seeb 4 n5a8 Sl L5 Jles!
£33 S5 (JB Gl o p 5 4 Sl sl pl sl s sl

St b A (i 5 oS eslinal Hla $So go 34T 5 50 55 el

Wl 3
= 1) A= )
f=(Cy Z1) fan=(C7 ) "

Al e 5 ol gy b atenS b o) sl s S

(XLL = (fu®x) ,  xpp = (fLu®x) 'Lz)
Xy = (fm®x) 2 xpy = (fun®x) L,

(\p)
l, ;My»j&&)};lfﬂ.o&mmu@) CaMe (B s sakaly 5

Ll ¥ (55 0 b 2l (6,8 6 sm sl 4

ol Ay adb ¥-F

03 Al 53 (05 SuaEb S ol bl S bl
0 Oy Gl g lolid Coms 5 o lulid S il os 8 8 3
S 2y 55T e bl sl il 5 pe Ly e ey
§5 Vb (bl S S5 4 Oy Oouln oy g1 5 Bl a2l
iph Sl 28 4 L e Y 645 e

LS S b b i 3 5157 (64K (sl Y o(s3lgriy bl 5o
ki LS 5 olas Ol sl Y 5 (S e plosl glaaY 5 S o5
s e Ol 1y (glgiiny duaid Hlsla ) S

oyose
T07PVOLN VYAV YASY P —
YYTYOr [ ypoypor

§ k. -
Mish+ DWT + BN + (— ( \ )

Dropout(0.5) + SEBlock
Golgriy Ay aib bl ) S

Lo 3 AV/Y e sl Jun gl (S03ls (Sas sazme (55,5 pcadd filus

lods 1S
o g 3l oslial b oo (6,55 5 (e gy S LK 5 55
of 03 V] el ols slgily 5505 ¢ 5 (alold 6l 5l 00,08
RS Sl ke i ghp GBS e S S S s
Ol a0 0L dlie oyl 3 0d )18 sl L Conlods o3zl
S SER LIS IR TES s)JTC’.- 03037 slaesls 635 » 0T Laseis

R

SN o 53 oa sy b sl e 3 i b dle

AWl)‘_;.tg@‘_;LaJL:uji.::)w6@\:;;&,“‘_;;:\;_
l.o’c &

Lsa “vdg} =Y

3PS EGRY bl sl oalgrin Ll sl 5 (6 slons

55 e Oly aalsl )3 (o IS8 5 ne

LOjs sloissn ¥-)
Lo s B IS p e e SRS 53 DL 6,50k T
ol o Oy Sleoisn slp psie 1! Hlisl e p-:iui“
S 3 G S s e s Gl il sl sy o S
Y G055 (iP5 ae (aSs 5 Calods slgtin 551
LOjs ool Ll edgea 1y La n Sedbl s duT 3 (b 5187
Jols Logas a¥ 55 (Uh 00, dbible 5 s Sl D)o S
4 L5 oo caline Ol ol dadds Codo s gplin S
3lgtey Sltings 02, SIS LS g o Sy 54k il
3 3.5 g0 aslia S| Ladia Cod- ¢l s WGD Slokigr s p sui s
oSl e le e (Oata cpl Gl (5l el 5 I8 slaaY
ol aSan oY a3 s S eslizad 4Y s s 0Lsl S
5336 S 0L E (guan 5l 5o albous b i S 0L E Sl

1l ) Dot ST oy o530 G Y ) 533 5

hk,xn = Vxn](xn(k)) — HUXn

1 p ")
UxXy = 5; Vxn](xn (l))

soyle k g(\ﬂ b;hp‘ S}L 23%) LSU’J"; m;uxn Al 4.1:{‘) BE
B] r\u\f A3 s s S ‘_;Labb_:bf u:ivl.:ﬁ MXn ¢ g5 S
039 S Sle sl P.cwl [T CUJ GU Ll ol s b

| C‘X e Sk 5o

! Discrete Wavelet Transform

Journal of Control, Vol. 18, No. 2, Summer 2024

VEF Ol o ojled (VA dor J =S aloe


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

ola o g plesl 5 3 SIS Sy et Sl oslial b 505 g5 KoM pasets M

S5 e e Cpdds (53] o dazee o

(IS S el a3 (IS e saSlE o
0Ll S 1unl WGD (gslgiiy pay 555,05 555 G55 b5 gl
0L 3l 8l Sln s 255 o s b i 57 151 1S 2 51
oSOl e ok amloun (sLa0LLS 1 eulg 53 345 Sl
o3lizal 530 Sludigs 53 o3lizul Sl el o pl s 5 355 a S|
2,5 ol

JB il 2 53 (Saloss gy cal ehd Oy WS S bokes
OL3E r n slaslotigs g ls ol 5 b Sl (3Ll
v"‘-»f‘“ «uz.s Radam , Nadam Adam SGDM ¢ Js5
enlodd oy p ki pl 53 3Ltk

DenseNet121 wuaib v I« psy ol 5, Ses o)y &l
($0315 (545 gazee 35 (53, p b EL;T s ResNet50 ; ResNet18
s 3ldas 03 Vb .l ol | 1 Animals-10 5 CIFAR-100
695 2 WGD iy, 30 .l osls (a5 sazme 35 ol Sl eslizul Cle
G ol Sl (s S 0 20035 Slaesls gluls
Jole sl plasl ey bbb ilejT ples gl vl 0k
o o a5 D lie bl 4 el (6,85 LSS

=0T s Sﬁj\aﬂs«Animals-lo Sy i lasT Lo 4 lts!
GSL Animals-10 (esls S48 gams Cuwlodd ol> OLLS aslsl s
Cakides gazws Vo 55 Sllso SIYL ClS 5 slead b odomy (545 s0zes
(Caltee ladin e Jto ol il s gazme opl 5o [YY]
2,05 3 g 0k iVl (glaatis 5 calzee 5 Gy

4 WGD 055530 0355 g0 odalin ¥ 5¥ (Y sladsda 53 45 5 b0k
St gl 2ol 5 (sl oo 3,V o o b Slakig (S4an
WGD s, L 4> s Radam jluag 53 aes o g Ol 0
Ol o b Sl Lo ys 4 luis L DenseNet121 ¢SS s
WGD 55, L asl 55 Nadam jluag 53 wlilijl Coms 35
Iy ool Ao s 5 odd fuol> ReSNEt50 s duail L oS ol
NG L PRH WSR-S W T 481

S0l gl S ol T il S LS s el
- Y] 558 oo oslial (AST (gumaids o3I (g1 Oliebsl kB
o il sl Cyds Osls Ol @l ol Olge 4 OT Sl 0ls
Sloangs 53 1 eyl ol 53 35 e ) s 4 a5 b8 8
DenseNwt121 ¢4 45 o ys & Sldie 4 45 ol 03 Nadam
ResNet50 aSs s dwys Vo 550> 5 ResNetl8 i
L DenseNet121 a3 oa LIS o i doys o 5V ol

Ll otaT Cssa WGD 55, b 4zl 5 5 Radam luacgs

4 Mish L. Jls e 3 oSS sV a5l e Ol ol o
Sl 31 g sl o3zl (S35 ol ezl (51, DWTel pan
LY IS o 5l e 055 s 0desl BN jlazsl & &7 ' Glazs
53y o, Ken Oloj LialS Coda b S cpl o 48 a 03lizul DWT
—)L':.édf}l{.w\e.,\..‘zclqu'\;.eOL».UUA{Q.,\.,»))L;;:L_(ga.l;-ja
el Sy ! Al s L Dropout g4 a 5lin "o o
S 5 Celed 4 (pdy saY Sl et £l Sy sei
IS sl ol 53500 ol b me s Y (sogdlay b IS 0y
Lesls 51/ alas Ll Jlaz=| L Dropout saV ¢S o
,;Lg;;\p.w\,vuﬂ,>mtijtﬁﬁ;|6;k,&;rgué\ﬁ
SlrsesS s oo paly Shs et o sl Jam ples so¥
sl Softmax s @b S e oslel il gaY w55
ol oslanl gduanl

gl s Mish gLl @5l eslinal (oalgig sbsle o
b e Sy g Y0 V4] 3 kS 0 SKGS S 538 sl S s
ool Loy G (SLaeSi > Shas 3 0T 156 5 5Llab b 535 50 55
Sldles &b onl 3 ealiul Sl ol Ol Eass 93 ol 3 LSl
Ly 5313 Oles (s o s 0 085 5 o lutie Sl 31 o 5o
b a5l S Glle cal sl esdle Wl els I oa
22 5 o3 elanty Ol ezl b Bslas Ol oK 1S il
odd o3lizul Lo y3es Ol Jlazt b dslas Codem ¢ oLl (s Y
|

= ol (55 5k (sl o 53 o3linal 35 4m Sl (sla bl b
Slan Glp A iy 6 sleiy b S e 63T S
3ol 55y WGD iy ol jLesl g 025580 sl 3 W05
Sl s ol S35 00318 e sla e plad 3 eslizal L6
S 0 03leul [Y\ JWGD-SGDM (g4l 5 5gs slwaigs 51 solgiiny

Sl 9 b g lo3T -¢
a3 bl s e 1y ol bl o Slas Ol 5 idu oy
0311 b e 5 3 i 53 8,8 O g (sl LT ST
5 5K S LSl kil o LK L Core i3-9100f
-ou o3l (63b L e ;3 RTX Turbo 2080 K31 8 (goutijls
5 Sl (a3l sl p3Y (Bl Ol ok SIF ol ol
Qj}@lﬂ«))'))‘\{u'i'})‘l.\;jl.g‘.nlaJ.i‘VSQT)‘lLaul;‘_g)lf)l{th
I3 oo 3pse oy Lasl e 5 Sles 55 ol WGD (gslgziey

2350 o o p 6\ dudi b bl e 95,5 0

WGD&J%&)}@J} i—‘

! Batch Normalization: BN
2 Squeeze-and-excitation Blocks

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

A a S s plesl 5 b SIS Sy e gl eslial b gy0 5 5 KoM et

5 dlu)\by‘r.xb 63l dasee A

go / M Radam
©

%0 F:/ B WGD Radam

1 5 9 1317 2kg8chO 33 37 41 45 49

()

» B Radam

B WGD Radam
0.3

0.2 1 5 9 131721252933 37414549
Epoch

)

(S48 gozn ($9) Lg):f.sl.: 56,3 DenseNet121 coSls s Shas ¥ IS
ot comis (0) Comeo s () Animals-10

el 0k plendl 55 CIFAR-100 (go515 (g48 sazes (555 b isle 5T oyl
ol 5 55 sl 5 b Sk L (5 5L (S5l o33 (54 gz )
Al e cpl o iabejT S [YF] Llodds (ol oo cas Vev s ny
r‘)d’ sh e odss &S HsbOles L CualedBosls Ol Y Jgd> s
VD Como s b CukS olal ols ds gazes opl 4l
Cwsas WGD Radam jleang U zolesT slaesls cg) (gt )s

CaslodaT

Animals-10 (s4s sems gl sotn 4ibs R Jad>

o 5
Ea0ad
‘ods < T [ S Sleay
LS
Tsdee
MY | Ay | AaAe eV | AV ?f"seNetl
vAE | AsE | vana MY | AYAS | ResNett8 | SGDM
veva | veey | vesv | vave | wwer | ResN
et50
AR | avev | vy | eker | avse | Dens
eNet121
vare | avre | vamar | oser | avev | ResN WGD
et18 SGDM
vavs | Ass | vase | oaee | avwa | ResN
et50
very | veaa | e | osae | vwry | Dens
eNet121
sa/4 | via | vem Ay | ovras ResN Adam
etl8
vena | ovear | sasr | ovar | veay | ResN
et50
veisa | vana | wsy | s | vase | Dens
eNet121
ResN WGD
A | vens | vere | ooaer | vem
et18 Adam
vers | veve | vees | ovsa | vese | ResN
et50
sa5 | vyva | viny | oovav | ovesss | Dens
eNet121
sory | sy | sviea | ass | sana | ResN Nadam
et18
sywve | seae | seve | ava | svy. | ResN
et50
vors | wien | veev | oesvy | vas | Dens
eNet121
ResN WGD
VWA | vesy | eves | e | vy
etl8 Nadam
vevs | vese | ovene | oovey | ovsy | RESN
et50
Ay | A | oavee | avse | avsa | Dens
eNet121
Aoy | A | aar | amea | avay | ResN Radam
et18
MY | oavev | avna |y | oavmy | ResN
et50
s | aves | aera | esry | auey | Dens
eNet121
avse | oavav | avsa | e | oaewy | ResN WGD
et18 Radam
ars | oaers | aese | ooaar | aaxa | ResN
et50

=50 5 Jseme RADAM jluarg Sl osliznl b 6,850 auT 5 oia
s o S sbalen .l aiesls Lol o i 55 WGD L asil
B bl S Aoy ol 53l Esls WGD eslanal oo 5

Celodd 5 b I

3 Loss

! Precision
2 Recall

Journal of Control, Vol. 18, No. 2, Summer 2024

VEF Ol o ojled (VA dor J =S aloe


https://joc-isice.ir/article-1-990-fa.html

ola o g plesl 5 3 SIS Sy et Sl oslial b 505 g5 KoM pasets 4.

S5 e e Cpdds (53] o dazee o

WalS™ 5,6 SialS 5 wlidi Sl S sl 53l ;5 WGD Ul s (r [V CIFAR100 (g4 gozes gl (s aib @l:s AEPRES
C«w‘ 3*::-.‘
, ol
Vﬂﬂ AR Yooy - B . .
és < ! [ S Sleag
LS
"sdee
. ASY | AZBY | ABAR | edey | AV 2'31"‘“59'\‘9‘1
X o
> 60 VAY | A/SF | VAR | oYY | AVAS | ResNetl8 | SGDM
o
=}
o VRNV | VERY | VEBY | VAYE | vy 59550’\‘
< 10 = Radam
1 6 1116 2126313641 4651 AB/AD | AVAY | AVAY | w/ROY | AV/SS Ehelgfm
Epoch
P vase | AV | vasar | oser | Avev | ResN WGD
B Radam et18 SGDM
YAVS | Ass | VareE | oaew | Avra | ResN
et50
Dens
VEXY | v | verE | asay | vviRy
() ! / ! ! 1 eNet121
sa/.4 | vioA | very | oAy | vya. | ResN Adam
etl8
ResN
Vona | VAR | sasr | oovae | vy
et
4 / / / / / -
2 versa | vana | vwisy | esse | vass | Dens
9 2 eNet121
ResN WGD
| onew v
0 VAL | vene | very x| very | R oo
1611 T
16 21 76 Radam ResN
Y v
3136 49 46 VS| Ve | VRS | v | veise | Re
51
Dens
#4485 | VIV | VA | ovas | vess
Epoch ® Radam / / / / d N1
so/N | FEIAV | VAN | eass | gana StiSSN Nadam
SYNS | svAe | #Ear | A | opvy. | ResN
(g)) ets50

vors | WA | vev | esvy | vars | Dens

> eNet121
S35 S5k 56 s DenseNet121 L;qg.:_b :}gh.o s Y Jg.i:
. ResN WGD
ot oin (0) 5 Comer gomie ())) CIFAR-100 (45 same VANVA | VRIBY | OT/B0 | AVA L VOITY Nadam
VYNF | VR | VENE | ovEY | vy ;eSSON
Sl Bl 3 g il oy F-Y
) AN | RSV | AV | Vs | AVISA 332:121
6..4:-6\.&4&.@)\5;\MQQT>§L~:¢L§>%JU&-L~@)J{L§\J{
ResN
. . ABY | AYRE | AAY | VYea | AYAY
DarkNet ;dnception v3 ResNet VGG ¢ Juls (o5 e Guns 18 Radam
. ResN
0315 42 gazes ¢ MIO-TCD 5 IRVD ;5,5 55 (slresls as sazme S35 » MAY | AYEY | AYAS |18y | AEY | R
Lol ks (o) 2 ANiMAlS-10 5180 57 M55 | Ao | auea | svy | auy | Dens
eNet121
- . R ResN WGD
IRVD (sls s LT AV/Se | ATAY | AYE [V | ARV | RS pep
OSan 5 315 Jmee Lo g a5 Cool IRVD cosls (as gazes sl NS | AFITP | ARSY | AT | OATA | Re

‘n}‘}f T 00 0dls Gassazs ) pslas LY0] cvlons 5))T;Jf

5 Hledd (uatas il Ol clam g0 (51 (N SO (5] St 5 Jgome RADAM luag 5leslinul b 5,850 w5 oo

3808 Bl 03 o3l e e pl ek 315 sl ol - o ol 53 ol ok a3l 0L ¥ S8 3 WGD L 0T (5 L 3 50
b 5 e o sl e BT (LU slun oo il a5 T

[ Downloaded from joc-isice.ir on 2026-06-17 ]

3 Loss 1 precision
2 Recall

Journal of Control, Vol. 18, No. 2, Summer 2024 VP Okl oF oyled A o ¢ 25" aloes


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

4 a S s plesl 5 b SIS Sy e gl eslial b gy0 5 5 KoM et

5 dlu)bwocrw 63l dasee A

MIO-TCD (gla _zsbesT
MIO- o |21 0T (53, &8 (aale3T &7 (5,505 o3l (46 yamae
b Caltben (gams VY 53 5ef VAPV Y Joli cds sazes o) .ol TCD
35 WYY 5 clidil Colal (gl guas PFASDA &S ol Hl
BERSUR 1V SGHN P V-SSP PY BV S W I RO W 0 | RPN
S sy w95 s 3 Lo Calises (glaole 5 555 Calises Slol
alinbis Conlods (555755 15 oT edote SYLI 5 15U s Calises
U sgde &S S seh (Tl ol (..Ja.i Ml cosls (s4s same oyl
Lza pickup sbackground car (gawes aw 43 aesls doys
modd iyl E P 5 bauaib 4 031> (g4 gers ol Jles! =t
Sl oS ) SR RET- NP ERC-V) JUPRE AR S sboka .ol
ol an e b ol o 3 15 eyl Sl o 508 solgni
@Lﬂ Gl b Clon 5T S 1 @l:é R TR 0315 (648 gaza
Saseze S35y bduath ml oS 5550 sdalie F 5 ¥ Gladsur
e G2l e el IRVD S ol sl 51 208" MIO-TCD
5> MIO-TCD (g4 saes la oS 5ldw 033 i ajlns o
ol 53 55 MIO-TCD 5las ol kS .l IRVD Lt lie
Caslos g 1 56 e JialS

MIO-TCD (g5, 55 (slaeSid b (slgring lslo amslin F Jgir

ol
5L ] o sl
ST e | Sl
(ms) (SN oo byl Jde
L Sddae
t33) (O gukas)
GPU
g |y | aem MO | aFssf we | VGGLL+
BN
8| ARAE | AGAY | AVAE | ansa v | ResNet50
VASY | QF/0F | ARVA | AYVA | agnA v¢ | Inception-
v3
Sl
SRV | aEss | A | AR | ages 5
©3lgiy

oslr Caliee Ll 5 3yl ol osdhe LCanlodd (6,5T5 8 &KLt
S lreslr cogme s ol SHiLT (s 5 s so3lr Jols
Cawlos g a5 5590 50 4b b g5 glaesl> 6"" dw g 93 G4 b
05 ) el b Kbl eian 8 gy o sl
S edksiodsl 55 L gligs slacs 55 6 s 5 LED (glay 58755,
©lp oslimal 5,50 Gl 3 2l Gy sl Glagyd S
ol i 2oV B e Lo B 3l eCalien Sl 1 55 (gl5 2 g
5038wl gl 5y p i Jals GOB (15 pald 5l dn
Wwlodd oy s g5 5 (oS bl flates
S350 p ke glay aib m GIRVD .olons S i 53
(olgiin Wuakb (Glalin lajlre Gaen i 51O Jgd 4 a5 L
Sie b S o e o elii Sl o L 1 Sl abls (g g 8,
3 e Sl el T Cdas (golgii 64K L s 55 44708
S 0T 5 el S5405¥ 05505 20k O gk =, DWT 2505 te
Gl b o 305 gLttt lu 5kl US55 &S ol Bl
GPU (55, 0T 6l 1 Olej bl Jlo- 53 5 0 s i 1387 OLj 4 5
U Ous g b ooyl Jlasl 5 Caledis ang (SIS (gobijls
$os SDWT o5 508 53 ke ol 51 e olidiSl Ol
TSRS YIPAICE SO P G- SR T KW PP YN - Y PO

Animals-10 sl il ;T

S ol d}iﬁ (S48 gozea Animals-10 Ol g (50315 (648 gazea
Joli 4 gazee ol oo 03lizal OT 3l egalgion Jlstlo )y s (sl 5
YY) ol Calien Ol g 03 515 oS YFIAW

B Jsdor 3 o315 (48 sazma nl (S5 wf;))yéuu:ﬁuﬂ@u
ol S35 8Lt b le 035 r odalie 457 biles . Cuslodd Ol
@ o2 b ez y Ko Slaas gz Sl ok 5 55k 45 48 pare
el il (glala>Na B 5 o

IRVD
ol
5L ) o sl
el ) Sl A
(ms) AR Cowo J:A‘)L; Jbe
13 Sdoes
s (Osade)
GPU
g | aaar | aa WeF | aare VY VGGL1+
¥4 AW IR LVAR N VIS avAay | e A ResNet50
VA | Ay | aasr AATS | AAAY oA | ResNet152
SRV |4y | ands 44/:4 | aaeA f DarkNet53
sy | avay | A a8 | aavA v¥ Inception-
v3
gefy | oaays | aary WAY | aaee 0| olgta sbtla

SMEs oG0S Jgdr Gb oS 5500 bl O sk e (2liin s
w5 b ol ol 02, S S Ol el 4 a5 Lol
505 ok (5L 05 ady sl sla bl sled 035 oS 4
sl onlte 6553 3 6las I8 (61 el S (sl slne

Journal of Control, Vol. 18, No. 2, Summer 2024

VEF Ol o ojled (VA dor J =S aloe


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

ola o g plesl 5 3 SIS Sy et Sl oslial b 505 g5 KoM pasets ay

S5 e e Cpdds (53] o dazee o

S5 dmS -0

ol 53 b B gy 6 g (alB Sl sl s B cllhe a5
S e i (e (48 e K slgiiy posdle by
ol 0 1 L] ey (6,8 5L dnT 3 53 05y Sleysase &l
slal il s osMe Lo plesl saY eslgiy e HlEle )
L S 5s gl ChB o258 oV 5l s i Shs usds
ol ol (3l o3ly e S ge ot 3l ealizal b Y ol Lsls
AU Y le b s pleal a4 5l 0l bt LT s
(ol Kos 65T ol gy b 1 S Ll 6o e
& S IS Gl I S S i lis slacS il Sl eslizal
i kSl Como YL Cge STl Sl eslinal LB
250 Solgia b D)o 4 S e ) ol Soleme 5 Oledr
Ll ol o s Shee ool @5 15 andlas 5 )y
Aas o OLES garb glas )

S el bl e lazl ey Sk p—%)}iﬂ » 36085
S i oIl ot Sl be ok Gy b 505y Slesisse
Slasl a4 &S gy cpl il ok fool wlid 3l oo o5 50
kit glajluang 53 iluesly LB QJL.:T 4 s ol WGD
48 gazmn (§3) 5 el Grar (LS 4 (6)5T 5 onl el sl
s o Ol ) gkl (la jlre o8,V Calien (5 peai (laools
Ol IRVD (gosls ae gams (sl (s3lgiy Sy oS 35 Ol ks
LGPU (55, slast oo /0 FA 5 CPU (g5, (glail Jus FY olisil
ra;w,l&s;,\rw{gwla;;yut)ész‘\‘\/o«w
ol AP S bl 3 (il Ol s )
MIO- 2l s (go3ls 4 sazes (535 s5lgiy Hltlo Ll Sl
Wl 03537 Sy |y (6o ;3 48/08 s 55 TCD

Glam ol el 5 oslgitg Hlstle 53 (55T ool Sl ealanal U
MIO- 5 IRVD 5,555 (6 s pu5 slaosls (545 game (53 Cakiius
Oley b 5l e & cealgiiy Hltle &S 558 s eseis « TCD
Kb es,ls 6 3 Shas (s Goas GBS Lo & Cond (i3l
b G glaslle 4 ol 55 gunazb S8 e slaslme il

Wl a2l (6 20 5 ,Shas ¢ 55555 Slaesls (as sezes S35

&lw

[1] C.Zhang, H.Ho, W. H. Lam, W. Ma, S. Wong, and

A. H. Chow, "Lane-based estimation of travel time

distributions by vehicle type via vehicle re-

identification using low-resolution video images,"

Journal of Intelligent Transportation Systems, pp.
1-20, 2022.

[2] N. Arora, Y. Kumar, R. Karkra, and M. Kumar,
"Automatic vehicle detection system in different
environment conditions using fast R-CNN,"

G5 i&an G (b olgity iy Saelie D Jpr

Animals-10
ol
s sldas
el . R
P ) Sl A
(ms) b o | ALY s
LS ERE]
23) 05k
GPU
BN | OARBY | ARV ADEY | A/ \Ya VGGL1 +
BN
JOAD | FAIVE | AYIVY VYRV | VYA A | DenseNet121
EY | AVAY | AVER AY/EN | AF/e® " ResNet18
AV | AV | AYVY MAY | AV v ResNet50
¥YS | OAYAY | ARISY ARV | AN Yf | Inception-v3
Y | A | AS/EA ANS | ASIAD o ©olgiin Hlle

COVUD-19 CT (sl jzslejT
sl COVID-19 CT (gas sams ¢S5 p g5 (g0313 Slras gazes L;;_
ulb;aw%“&bci&)ww‘w‘amgﬂ”vﬂ?])éf
slduaib e 5 oslgiin duaab Jlesl C_LJ ol gl VAPAO L
Skl s cdgde opl glresls G Clods L P J s 5o &b

ozl I Inception-v3 ¢ i b g =B oAl G sl

el 508 b oty SEE L I ol g 1S
Gy ian St S b oolgit sy Ghmlin P U

COVID19-CT
Ol
kst A o A
R ) Sl A
(ms) FORY Cowe J:A‘)L; Je
L S
Y (Osade)
GPU
LAY\ AVIAY 40/Y0 AA/FY aY/vy AAR) VGGI1 +
BN
+/OAA PYNYV | AN #7/+4 van A | DenseNet121
/2 FY AM/AA ab/va AQ/¥_ ay/va AR ResNet18
AR B A 7 ar/AA | Q0/AA Yy ResNet50
AvN4 a7/4F | AAN/F4 av/#\ LVVAR Y¥f |nception-v3
o[y RYZAN av/a6 a7/vY av/iYd o GQQgLeNet
VAR 4 AN/FY AAVY AA/480 44/.¥ o L5JL€_'\..’:93 olaals

Journal of Control, Vol. 18, No. 2, Summer 2024

VEF Ol o ojled (VA dor J =S aloe


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

ay a S s plesl 5 b SIS Sy e gl eslial b gy0 5 5 KoM et

5 dlu)\.cw..ocrw 63l dasee A

efficient emergency vehicle classification in real-
time traffic monitoring,” IAES International
Journal of Artificial Intelligence, vol. 11, no. 1, p.
110, 2022.

[14] X. Xu, J. Wu, J. Wang, Q. Qu, Z. Tan, and M. Luo,
"Materials Identification of Polarized Pulse Laser
Detection Based on Sparse Autoencoder and
Softmax Classifier Framework," IEEE
Transactions on Instrumentation and Measurement,
vol. 71, pp. 1-9, 2022.

[15] H. Gholamalinejad and H. Khosravi, "Vehicle
classification using a real-time convolutional
structure based on DWT pooling layer and SE
blocks," Expert Systems with Applications, vol.
183, p. 115420, 2021.

[16] E. Zhu, M. Xu, and D. C. Pi, "Vehicle Type
Recognition Algorithm Based on Improved
Network in Network," Complexity, vol. 2021,
2021.

[17] Y. Zhou, "Vehicle image recognition using deep
convolution neural network and compressed
dictionary learning,” Journal of Information
Processing Systems, vol. 17, no. 2, pp. 411-425,
2021.

[18] H. Gholamalinejad and H. Khosravi, "Vehicle
classification using a real-time convolutional
structure based on DWT pooling layer and SE
blocks," Expert systems with Applications, vol.
183, 2021.

[19] D. Misra, "Mish: A self regularized non-monotonic
activation function,” arXiv preprint
arXiv:1908.08681, 2019.

[20]E. C. Seyrek and M. Uysal, "A comparative
analysis of various activation functions and
optimizers in a convolutional neural network for
hyperspectral image classification,” Multimedia
Tools and Applications, pp. 1-32, 2023.

[21] H. Gholamalinejad and H. Khosravi, "Whitened
gradient descent, a new updating method for
optimizers in deep neural networks," Journal of Al
and Data Mining, vol. 10, no. 4, pp. 467-477, 2022.

[22] W. Wang, P. Zhang, T. Lan, and V. Aggarwal,
"Datacenter net profit optimization with deadline
dependent pricing,” in Information Sciences and
Systems (CISS), 2012 46th Annual Conference on,
2012: IEEE, pp. 1-6.

[23] M. L. McHugh, "Interrater reliability: the kappa
statistic," Biochemia medica: Biochemia medica,
vol. 22, no. 3, pp. 276-282, 2012.

[24] A. Krizhevsky and G. Hinton, "Learning multiple
layers of features from tiny images," 2009.

[25] H. Gholamalinejad and H. Khosravi, "IRVD: A
Large-Scale Dataset for Classification of Iranian
Vehicles in Urban Streets," Journal of Al and Data
Mining, pp. - 2020, doi:
10.22044/jadm.2020.8438.1982.

Multimedia Tools and Applications, vol. 81, no. 13,
pp. 18715-18735, 2022.

[3] N. Arora and Y. Kumar, "Automatic vehicle
detection system in Day and Night Mode:
challenges, applications and panoramic review,"
Evolutionary Intelligence, pp. 1-19, 2022.

[4] M. Anandhalli, A. Tanuja, and P. Baligar,
"Geometric invariant features for the detection and
analysis of wvehicle,” Multimedia tools and
applications, vol. 81, no. 23, pp. 33549-33567,
2022.

[5] R.S.El-Sayed and M. N. El-Sayed, "Classification
of wvehicles’ types using histogram oriented
gradients: comparative study and modification,"”
IAES International Journal of Artificial
Intelligence, vol. 9, no. 4, p. 700, 2020.

[6] A.Thomas,P.Harikrishnan, P. Palanisamy, and V.
P. Gopi, "Moving vehicle candidate recognition
and classification using inception-resnet-v2,"” in
2020 IEEE 44th Annual Computers, Software, and
Applications Conference (COMPSAC), 2020:
IEEE, pp. 467-472.

[71 H.-H. Jebamikyous and R. Kashef, "Autonomous
vehicles perception (avp) using deep learning:
Modeling, assessment, and challenges,” IEEE
Access, vol. 10, pp. 10523-10535, 2022.

[8] F. C. Soon, H. Y. Khaw, J. H. Chuah, and J.
Kanesan, "Semisupervised PCA convolutional
network for vehicle type classification,” IEEE
Transactions on Vehicular Technology, vol. 69, no.
8, pp. 8267-8277, 2020.

[91 Z. Huo, Y. Xia, and B. Zhang, "Vehicle type
classification and attribute prediction using multi-
task RCNN," in 2016 9th International Congress on
Image and Signal Processing, BioMedical
Engineering and Informatics (CISP-BMEI), 2016:
IEEE, pp. 564-569.

[10] S. Awang, N. M. A. N. Azmi, and M. A. Rahman,
"Vehicle type classification using an enhanced
sparse-filtered convolutional neural network with
layer-skipping strategy," IEEE Access, vol. 8, pp.
14265-14277, 2020.

[11] I. ©. Joshua, M. O. Arowolo, M. O. Adebiyi, O. R.
Oluwaseun, and K. A. Gbolagade, "Development
of an Image Processing Techniques for Vehicle
Classification Using OCR and SVM," in 2023
International Conference on Science, Engineering
and Business for Sustainable Development Goals
(SEB-SDG), 2023, vol. 1: IEEE, pp. 1-9.

[12]R. I. Borman, Y. Fernando, and Y. E. P.
Yudoutomo, "ldentification of Vehicle Types
Using Learning Vector Quantization Algorithm
with Morphological Features,"” Jurnal RESTI
(Rekayasa Sistem dan Teknologi Informasi), vol. 6,
no. 2, pp. 339-345, 2022.

[13]A. Kherraki and R. ElI Ouazzani, "Deep
convolutional neural networks architecture for an

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


https://joc-isice.ir/article-1-990-fa.html

[ Downloaded from joc-isice.ir on 2026-06-17 ]

ola o g plesl 5 3 SIS Sy et Sl oslial b 505 g5 KoM pasets af

S5 e e Cpdds (53] o dazee o

[26] "COVID-19 CT Scan Images.”
https://www.kaggle.com/azaemon/preprocessed-
ct-scans-for-covid19?select=Original+CT+Scans
(accessed.

[27] W. Ning et al., "iCTCF: an integrative resource of
chest computed tomography images and clinical
features of patients with COVID-19 pneumonia,”
2020.

Journal of Control, Vol. 18, No. 2, Summer 2024 VEY Ol o oplad A o o 257 als


https://joc-isice.ir/article-1-990-fa.html
http://www.tcpdf.org

