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Abstract

Vision-based object tracking, as one of the most challenging fields in machine vision, means following
the target(s) in the sequence of image frames in the presence of various challenges. In general, tracking
algorithms can be classified to the single-target and multi-target based on the number of objects that
should be tracked in frames. Trackers use two basic features in tracking: the appearance and motion.
The appearance features are extracted from independent images but the motion features are produced
through sequence of frames. According to the evaluations, motion models improve the tracking
performance and take less process compared to the appearance features. Our investigations show that in
contrast of single-target algorithms, the multi-target algorithms consider more contribution for the
motion models, and due to the multiplicity of objectives in the scene they focus less on the appearance
features.
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Despite the wide range of methods and significant progress in machine vision, reliable and flawless
performance cannot be expected in the use of tracking algorithms with real-time criteria. This will be
aggravated if one of the challenges occurs. Challenges such as sudden and fast movements by the target,
occlusion by obstacles or other targets in the scene, extreme changes in the appearance and dimensions
of the target, as well as entering and exiting the scene, which cause tracking algorithms to fail.

Having a good trade-off between the accuracy and the execution speed is one of the main problems for
applied tracking algorithms. Detection algorithms, which are known to detect different targets in an
independent image, have shown acceptable accuracy, but it is not possible to use them in every frame for
a real-time tracking, because either due to the high processing volume of these algorithms, the execution
speed of the detector is limited or they are only able to identify certain classes. But the purpose of a
general tracking is to follow an object in a sequence of images regardless of its type and class as well as
considering temporal and spatial dependencies among successive frames.

With the development of recurrent neural networks and their great ability to process sequential data
such as text, audio and video, their use in tracking algorithms is increasing. The use of these networks
has helped to improve the performance of tracking algorithms due to their short-term and long-term
memory in maintaining important features during tracking. Different methods of integrating
convolutional and recurrent neural networks are presented and showed grate performance in tracking,
but the main drawback of most of them is the low execution speed of the algorithms. OQur studies show
that direct feeding the high-dimensional inputs, such as features extracted from images, to the recurrent
networks greatly reduces their processing speed. Therefore, in some methods with the approach of real-
time execution, the dimensions of the recurrent networks input are downsampled and reduced to the
smaller size, although the accuracy is also slightly reduced.

Our investigations show that the use of motion models in single-target tracking algorithms is less
explored compared to the multi-target methods. Meanwhile, the studies show the success of these models
in improving tracking performance. Before the introduction of convolutional networks and their
remarkable success in extracting deep features from the image, motion models were mostly used, but in
recent methods, especially in single-target trackers, appearance features are used more. In single-target
algorithms, the presence of only one object in the image and less computational volume compared to
multi-target algorithms allows for more free use of appearance features, but this is not possible in multi-
target tracking due to the multiplicity of targets so the motion models are more useful in these
algorithms. Therefore, in this paper, a more detailed investigation of motion models and their effect on
tracking performance is done. The results show that motion models have a profound effect on improving
tracking performance while being simple and impose low processing volume.

In this paper, a comprehensive review and implementation of different tracking algorithms is discussed
and appropriate methods are introduced for practical implementations. On the other hand, different
tracking structures are investigated and categorized based on spatial, temporal, appearance and motion
features. Also, due to the development of deep learning methods and their impact on tracking, deep
architectures, training datasets and standard evaluation methods are studied and the future horizon of
this field is discussed. Our studies show that temporal and motion features have received less attention
despite their favorable impact on tracking performance. With the development of deep memory
networks, the use of these features is increasing and they have taken a greater portion in tracking.

Keywords: Vision-Based Object Tracking, Appearance Features, Motion Features, Deep Learning,
Machine Vision.
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(Figure-3): (Right) Distance between the center of groundtruth

and prediction bounding boxes as the tracking precision, (Left)
Intersection over union as the tracking success
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(Figure-4): Fully connected neural network
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(Figure-5): Convolutional neural network and classification

(S 3 pas ALY -F
sladed glgl 5l % (o NSk e A0S
b e laosls (Sjlsy jslaie & o5 el (prae
Dglis 05 (oo 5 oolital 3y90 b g g (ke
L ogras glaased Ko L Sl is Lol
@ bgye Gloj dm )l 5l eslinul Tolrayy) Slonlre
Sl L b aSed ol el L3 slo iy,
degorme Sy 59y 2 4T 50 (ilog 5l edsliissa
Slslegisu b gl @ WSSl Guzes 5 gt
CE-US o p oo Jlge sloosls Llo g (o) 4
55k gleasis Sl eslanul )5 (glos s JLSI 5,00
ho 5 wormb L) il n b (AlSe slaoje 5o
9 Do IS (S 5 Do 4 e b (g
Lo foslewlons bl Tedls o,50, fuimen 5 %o
by o ol 5l esliial sl cnl (3805, Anwgs
5 s loosls Galoyy ol po o8 cali » (e

Cwldid ool el 7 ilae pgal g4

Olgy &Y

s aY

55k Jast

by ole

b lad e 0ot JUs
el g0 s

- ?).Lg . . ‘S. - ES‘):;LDJ;.J :(F_ ls :.)
(Figure-6): Recurrent neural network
£5 Lz (=9 Bolo g (s9g,5 bols el 4
Sy e o aSil laaSis gl Jlisle
Pedee A5 s Wzans g Spanir WS
Cowlodds aiSls y la LSl ol o i3 4y aslsl jo

4 Long Short-Term Memory (LSTM)

! Recurrent Neural Network
2 Feed Forward
3 State Estimation

Y o2l ) oLl VFeF Jle


http://dx.doi.org/10.61186/jsdp.22.1.83
http://jsdp.rcisp.ac.ir/article-1-1409-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-28 ]

[ DOI: 10.61186/jsdp.22.1.83]

0 9 Hilo) BT g lin 22 Sae (LS) BBYBY) 2 BI9 M0

Slizl mped S, g AN patie 5 oddipmsS
Lol ljee <S> by (obs) Bas o ;5 9290
S 3l 9d Gl Pl o Al jen coge Wi
Sl Gaygo b dizmo S8 > (gt 9 Siledde K
5 SRIL wdzmn > 0 gedge (nl g Sl Jlado
Slre & ol cnl oo S Sl Ll 098 00 WaiS @
3 BTy Gl 5 Censs 5,0l S Sy S5 Coidse
s ool Slis whsle s sl il |
S5yl 6,2l (sl S > gl il e 5 Aojmg
bolaiwl g,cplil (gd oo Lo, cds jials Coge
P el s S ol Sny oSS
@l 236 5 00 3 b, S ol slagaiesls
i b S sl Ty medls walys )l o Slee 5o
5 FSZS wzge Baa jeha> lp (e (n et
S 59 g 0dd peal )3 ggluer lad (bG8
g oo e |y S odhs (2bs) sl la Sy

Wil Sepm g Slubre e A 5l izeen
osliinl g conl anso (5 0l (6,0lb sla S gl Pl
San 335 Jowo Gmin lp 4 S slades
SB 3 SSZeS Sozatemx bogae ohlr lp ez s
By Slabre x> 1al5 4 SLLE S s
S 2 sl Jae 5l eslatwl g0l wisS o 12l ey
Sl g e slaggiluesly 0 Gl Cungerne
I I e I L N S
lie cnl po Ol & Ced (g slaghy, Az PeS
b S sladas ohgt Sloj sla S sl ool
az8 513 gy 390 (5 St 3 oS

Bl g G xS0k Sede Séi L
sbotale (Jlge glaosls 6, 50L codlB b olas loxo
5 kS 13 g3, Jldid 3550 039> (5o 75k
bi> o gl Uy 53k Glass e
ol coge gl gl eolaiul g ails Sbey sla S
Gaindiwd )0 gyeplil canloads Loy o Sles jo S i
Glaasls flgcay SiS il gleasl ) olal (Yo
SopeS 4 4y bocwlad wdS ki e
b adoacSs o b, loph,ssl 4 baywe glagunaius
Ay GaRdied (ke Olyiedr oSl ogadanais
gt Slse 5 G Slepdg bl o Ceslonds b 5
Cawloads ools )13 (Y- Jgaz) ;o oads

4 Geoe 65 (slapi )sSl 5f ealiiul b guiains
Sy Jate S5 sloa¥ Sl eslinl L Jyene 5k
AL Sla Sy &5 Cul Sjpge nl 4 1S gy 005
2L Gla Sy oSS oy 4 poal jl gl 5l
Dy oo Tt HY 0)ls g 00 o

Y o) ol Ve JLe

b Sily Bdo | Laas ol U v o ojl! 4
Lg[ibo.)‘o u»)b); db‘y 41'«»1 5);)-.’.‘)‘ Ay 61“‘?\’“"“"‘4’
dalgz ool Sl sledSil cons a 1) 5 SV

lovleals

218 30 Slboj 9 SBw b S9-0
e (Sloj 5 (SSe Dbl s I3 Sty &5 jsblen
4 by e G ledbl asie b, slaps S b
057 (6990 Jolls 5 0391 poal Sy )0 SBoe jea> e
SoeSey J| g% 6oL Gla SRy 5 e date
sl 85 ke b Gl Dbl el pga
e Jlgte pglal e 0 Sboy Baa o Sy
iasls gsoge (al e Cesa ol S5 S
Ol o by o Lz sl 350 2bo) Su sl oot

035 (o0 Dyge K b sy 9 Jlgie slace
slaals 4 axg (5ol GlaShy LS
Gt S by Baa Sy )l (S >
G sl o Sles Soupe ;0 Glgi oo &5l (60))50
S bz ol (I Gl Sy 85 Sl b,
bogrye (B (g ol )13 eslital 3y90 Dlgis (Sloj g
ml y3 Gloj Ty 9 009 e ;0 Baa Coxdse
Jie gl el Jlgie slocld jo Sus (JSe le LU
B yre €y Ol pudd OS5 o Sk pus Byme S Sl ss
SBgo ol Aol glej axly ool Ban S > Ll

Bgd oo 435 Sl

20l Sase 5 Gree Tk 9339, ShreS b
2995 S35l (6 i DAl ! glias sl g g5
ool 0 epSeie Ad;y gynlil g cdelcanaa eolu
by slept sl g cnlil swsloals Jol> ygla
lly siomn el wlails oog BB iy
29 3 (G Gree SNl jonds g gl o (B35
e Sy byl )8 4 o8 ks 4 Ll i)l
S b bl (55950 g)0nlil waitass Jlgie slacle
g 48,5 51550 5 Jloj daite K05 sla bl

S fles dgge 0 w8 T 50 ool i
Gilosrallys 5 anwgi @ b 2o, lept,sSl
S)Br 5 6L Gla Sy i g gl il 0 s lone
Sl ool (e o b Shy ol ple e bLS)
shle glper (> Gla Ty ple nl 5o Slosy,
s 55 azgi 990 yeS Sloj slad > e

s 4 Sy s wim 4 Glge 1) gsose )
o Jl e Jge polas 50 39290 oS > Jsone

! Semantic Features


http://dx.doi.org/10.61186/jsdp.22.1.83
http://jsdp.rcisp.ac.ir/article-1-1409-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-28 ]

[ DOI: 10.61186/jsdp.22.1.83]

S sere sy gy ol 50 98 o0 ddgi aseie olas
g g0 ol (295 adg (6l g T

BT sbobo,-1-0

ol by Groe ol gla 5y 0d S5 45 b (loa
5 e Sl o & Canla Sy cnl conlio 23l o
Sty Cal oboy slap )5Sl o Shae 3 35,50
S (hinaiins S po a5 W5yls 0929 el ol (sl Ao
ool SOl p e slagtsy 4 1) bl Glese
35S (ol a5 1Sk g (SedS)

Sloy o s jb Al 5l eoliiwl-1-1-0
ool 350 (ygms 55 sy 3l Pl L [OV] oS 5 S5
Q) alie g sl L, b, o olulis slagn,o Sl o
51 ool b an S auians (cum i 4 0] 0 g X35,
eloliss slapi 165l a8 sl 5l cslasls iS5l as

2 lagl 5l eslitul wiS o ooy Jis |y paal ,o
Lol ool cwl Sl slodaasls og58l aejls b,
Gz [V ] pluli o )68l @ el 88 pog3d
Gl Gl lidl dlae ol Lol Bos cwiloas
by &by o po SledMbl g § oS h eae 4SS
he, Cds gy ol 5l eslainl b icislosgy G5 o2 g
St 3505 sl il s ol 5wl
5 S e o olulis o, 5l eolaal Lcalails
o I3k A8 byl by pr Gl Grioen
Iy el ey g 0ol Glulows g (il cge o)
AB3 oo ualS
aiedyud ololis w68l ) eolinul b [0A] S8
@ ond glulid 2 o8 g ools asas lanl 1, aa [64]
oolaul b aSiiss (pl g so adlsl il Al Cow g
o sy Bl s oy s e cledbl ]
Sheasgl gl (S sl Sy 9 splb sla S
Pgbior FEBS (St cxge b slacl o Sue
B g2 gl 6 S5 Jae ST L b,y ol (o
Ol GLLI s oz egamme (pdi g ol pnd (Gom
3 oolainl b oogd o ools slpiiny Bon jpax (gl
l.f Q—‘ :\.W.ALM 9 Lbo;)5d.‘>bo uJ‘ )‘ Cb?u.w‘ Lg)QUo LgLQ(;):’.B
5 2kinl bosguss (Ban 5,0l gla Sy dzoy b
S jlo slawdl g o ool calis b dlaal jgax

ol y.ad)F ks 1y sadeslaul oS5 e Jaw (Solw

4 o gy 3 (219 Sty 398l (guiydiuws (Y= o)

o3liiwl )30 (59 9 e x93l (ol s bu S
(Table-2): Classification of the studied tracking algorithms
based on the architecture and tracking method
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(Figure-7): The deep learning-based architecture of [37].

using recurrent and convolutional networks to incorporate
temporal features into the tracking
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(Table-4): The results of [88], the increase in precision
and success of single-target tracking algorithms by
incorporating motion model to their architectures
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