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Image Processing and Machine Vision in Surgery and Its Training

Mohammad Javad Ahmadi, Mohammad Sina Allahkaram, Parisa Abdi, Seyed-
Farzad Mohammadi, Hamid D. Taghirad

Abstract: Due to recent advancements in artificial intelligence, the utilization of image and video
data along with image processing technologies has been significantly used in automating surgical
procedures and their training. Today, one or more cameras or imaging devices are commonly used in
most operating rooms to capture crucial medical information for further analysis. These visual data
can be leveraged to design and develop automated image-guided systems aimed at assisting
specialized surgeons during procedures and facilitating their training. Furthermore, these systems can
serve as the cognitive knowledge for assisting surgical robots. An image-guided surgical system
comprises of various components, among which the identification, segmentation, and tracking of
surgical instruments and critical anatomical regions, phase recognition, motion analysis, and gesture
recognition, and more importantly as surgical skill assessment, are the most crucial components.
Automating these components by the use of image processing and machine vision will certainly
contribute to the system's deep and independent understanding of the surgical scene. This article
introduces the important datasets relevant to image processing and machine vision in surgical
applications. Subsequently, several research endeavors in the realm of image processing, machine
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vision, on the above-mentioned applications are presented, and some prospect research areas are

introduced.
Keywords: Machine Vision in Surgery,

g (4 Gl Sl (ol (6 sl ooy 4 o s Sl

[‘“] Cowl 0l LR

s s

———————

‘ /’ gﬁ. = L )3
J

oo & D ’ A
& ol
ke o 2 AN ey », o~ Lo
o 2 sl K | »

omhr selopls
S Ml - S
S slaans s la ol (RS s e Sl 3 b
hol el 51 (S (ol Ol Ll eaal aily 213 (6,8 o
A 35h 005 sl odd O OVl 4 b Ll Sleys slalles
S Fapi g plonil a Jor Opbeo ¥ 5l i VLSSl Jb s

Vil 5 Sy b e glaej e o B SLSS o8, e

Lgd o Ol Sl g lodes (o515 Celila ol 2l 515550 O sabae

(ol sl 51 AU o510 5168 sl b il or (ST e
ol 50303 28l 1) jlaw sdome 3 dy P00 550 filus VL
W slge a3 o plonil [FH{F] ST g g 0 SY5 D5k PYYF
(sl bdle LT 6,815 & Col Glodomy Sldl Sl 2o 5
Sl sl b Ks G b il oo )l S 51 5 o e
s ol T ) e Sy e Ol o S5
Sl 53 Cras B sla,lge S Cnl ods jedeine 05,0
i gazms (i gas (5l a0 il Bl 1y ol Sl e LS S )lse
J.:S:A;.C\j‘»W&QJL@»JMb@QLﬁJQ@;ﬁj\ﬁj&G
St Csllael gladaly b I 5 momo o)) 5 25seT puts
V] il 0355 ol pan Oljlas s (S s 5 3dzme Jas 05 a alax
sdoze VLI 5 (Ko jguad clalesl )5 55 glandllas s e ed
Lo s BI5T Slee pe 0T 5 Lt o7 (5 (slallas 1T
G shre 5 Cossdias 4 8 (63 150 o3 PV )3 (ol 03 Ll
o3lizul ¢ pl i L[A] Wlos gy s blodkd e Olylew <5 L0 b alls

9 u.i)'}aT ‘CL?U.‘ 03 G pedd Colda Ladga sbaalls o oyl

Image-guided surgical system, Detection and
Segmentation, Phase Recognition, Skill Assessment

dodo —
O 4 Olsla Oleys 3 Gk ol G b 514 Sl 51 > ¢
Sealen J 28 YL )lgn 5L ol saias [V 355 3 5
Slp Q! Gl Sl kst 4 K iaen )l s 5 0 DI
@nﬂ&;r@guyﬁjﬁu{ou\ﬁ«s@iV,@,.)L_,qobu__,.
sl g plamil b gt iy B 50T (2ys 4 Ol S35 2 ) seT
Jsb 53 s BB osba s sl 3l ok dler (1
CColal Len (g ¢S s I8 53 ol 4l eSS @i dE sl
Sl e (GRls bl s g 51l Bl L1y g ley Oleys b oyl ASle
e Joe SGLT 031 Ll 6313 o plonil oo Slalin 5 5
30l 1 ol s el (sl (s3mte (slaoins 1 S 515 3
S e o3lizal ol

rar S5l s Asle gl eddpll Sla AN o2 Je
ol Ol (1 5 Oless ST 3 55 gl (251 5 (5 s
03 3 Sl g Hs 1 &S A ol sl d&:‘-’ﬂ
Ll 5 0leys Lg) 5 03l plonil | o5liel e S ek
Dl g e el 90 Olza ST js S e Calda
(Sl Gols o s o BUI 55 3 5o (gonls dan S5
Gl 5 ol Sl 5 Joged 4 e o) 230 Al 28
Lo el 8 gan Esr g eals oo st gla B Sl ealind L OT
]

S 4yl Be 3w p Olie ¢ty Jle VA Ity
i Vo r e 55 18 1y e T Jas BN o887 T wL 1,
3T S8 55 Jas BUI OS5 Oledige OKa 5 dexr
YeXs dl s els oo e Jas BT SIlediar b ks 87 0S5
Jl 5o & ola Al 5 OV 1 (6ol ST i 5 1y 53Dk
ol wlinbe 5 L5 oo odalie on 550l (bloks glulid §3Me Yoo F
el 03 S5 b g ekizils Ut 3le 3 OT s Oliises &7 26w b atd
M Yoo B dle 53 & el op S 3l (SO gl Olgen
8313 5 DMl Calisun ¢151 plesl 5 (5557 paor (6ol 505 (0,181 0T
b 0T T s e 5 omnie B &S5 W ayse
Al S Ogisay (S5 $laas pazes S 5l Ol per 7 (25550
25 &l sl by ol Gladle 5o Wl oyl b pd oo 875 gl

seomile ols 9 pgad 515 5 (Gaes ‘_gj;f;li u:l;rl.c s sy

s 457 A5 ol Ol ol 53 g (1 Osken YA (633 YA Y UL s ™

LIV Tl asls il da s YA (oM Yoo F Jlo

! Physician for all purposes
2 Computer Aided Surgery (CAS)

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

\3% OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;d‘ Lwvdazes ((Ghas=] 3 g o

iz 0315 1 s o L0383 mm Sla B
5 Ol 5 ke () San b esls I3l ) e (5o5Tmar 00350l
5l Colda SIS bl a8 sl odd s Olaikige
“Gd 5 S Sy 0 g 3 b (ol 25T
s & (S (s gosls @osTpar 0l Sose s
e S Ll 5 o il i 5 F e 4 el
oals ST has Sl Sl eslamal &ST il esls Ol ale ool o
22 s a0l (ol 55T Ol Sl gl $ln (S~
DTl Na¥orns Jolio &y a5 o sler L2035 a5l il o
G033 osa= s pmlim G nsal 8315 4 o e (Jilie s
S| e Sl S 58 oS ¢ Jos WS 5 R 5o
b s s B3l Gl S s sy Go b Sl AlE e 58 (S~
o3> o5 ~ osls & gl sl ol o S Wgh C‘J;":“"‘ ool
3 8313 B8 F s b hin B gr e iy e
ks lao > 3 Wil S o pdle ol 5 sa B0 b
I abg e GdsT 3 51 idw 5 05,8 dstlibe OT 35T 5 >
s )lf;)&

Sl e b il gl 5 neds S5l 5o il b
G o 63 s i gr Bl oS Calits (o
57 A gnaik (b 4 015 e Ol pl ) les ST Iy
3 pateis ol e (15 5 LI Gl S s p 5 T s
25 )l (la Soles 2l s (03 S pasii (>l
G383 5 Coca a0 a5 died 3L K51 o laaaas Cayll s o ples
ol Solla Gadlbele G b 10T 2550l 5 (ol T3 JalS
A oSS

il ol 5 25 B30 5 00 28 NS el 5

ot sl i 03 3,8 o B s p 305m O ipeT 5 ol 5o

.u\}}_&&d}aﬂf\ﬁAi.bﬁfwéﬁ}..ajé;l:u)wé:lwdﬁn

wtlay ol plal S8 b Sl e 4 ipss s
5 S et b Daer gl bl S 5N
Lo G o Sl o ) Sl (e Sl S
@ by slagtash B 4 g S 3 ) ol (ol
5Ll (ol aseii 53 il ol peal 51 208
TS g e & Ui ol Sl edd wlay lr glac
éuj})gf)tﬁui%)ﬁ.u\ff“QT.&AT)KJ;’J'}@\J?
© R ol Clodd (B ome (>l Solge (2L 3 s 2 (e
=l S s &S s 40T Sl ded oa glawlels ¢S5 slou |
Seispa (o hdm 53 S 0 S 30 g0 L () 5 (o

g r Oy i 85 03 ele (b s s 31 5 BT 1

Gl 5 giledds Loyl ob) Coeal (oL
Sam Seslimal L OT Sslge (ool s SiseT 5l glanT 3
335 Sl ol sl gion 5 D8 L U155 san
S 5535 Bl sl 61 1) 5o (e a0 $SLST S
IS pl 53 amsilir ol o 03,5T 1 LIS g, 5 oled )
s Sl 5 W ls S eslizad b asdE 53 ol 045 0 dSe
Dy 53 5 4 Sy GBGLT )3 (2 w0l el 8 8 0 o) s
slaab s boSus 2l 31K n S 3pdy o Oy geo Saze SeKans
S s g S SBlle a3 S e JUis
233488 ot oo GUI 3 35 3o (slaolSans aleS ¢ 2 5o
55 St s o S B

35003 F 50 G131 Ol ) 2 eSS (Sl slaailalu 0586
Il os 48 8 S 4 (glos 28 55k 4 Ol Sl 535 Jas
5 s =l 4 0o WS Bl 4 )36 s kbl ol Jl
AR 3ylsn (S 53 sl e edbelnl DI 1SS @ Ll
g Ba by ol S g5 opl Sk pn s dme Lo Loy 25 )
Jsb 53 LOT (5 b el (sl Ol 4 5187555 oSS (slael
by & pleil (U5 .l 0 o3ls HI 3 a5 35 50 VS
S5 pin (Db o S50 Sty (68 o 5 i
conlpl LS o LI 0T 3 SGL, oKans o8l ass I e
2 S pole ar &S pl adis Wb ol Ao Sl (6 e bl
dsb 53k ol Ol e s T3 g 4 ol L 5 s i
ST (Ol Oongd (81 i o 2513 Sl Bl o G el ke te
o Dol 5 S il Y T s e S
Dot i Ol sl DI 0350 shae a5 552 sl
Sy el 31 28 Gl il 58 oot sl
el ($)378 S 35 Tyln iad g Glakilabe gl (] 2SS
G2 3 Fan an 13 S eha Dk bl ladle 5
4 by sl )8 55 o gt 4l Gy, dan s sl
2 s Sals (sl Sl eslizad Lo (SSU Sl S 4 (e
o Sy S s

S B 53 8 il 5 Lapltl clall ool 316 ol ar 5 L
Solade slras o ol cdinls) 55 5 6345 § 55 51,15 ) s (|
235 3135 G by Sleslinel (eSS gla g, el g o
3] 0an 5 (35T ol 0 g o Sl Groe 555k 1 (2
2 ol ol s G 65k Sl 38 5 b dallas
ol b Oa s olaT ol Coda Wles S &l 5 SalybY 1
b s S 5 Olal Slaal ol y 5 Sl o3 Ak B

Ales ST Iy Caws sl S T

3 Segmentation

 Robot Assisted Surgery (RAS)
2 Detection

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 55T 5 ol 5o opile gl 5 sl 5505 YA

3y B Lo e ((Ghazea 3w (gbe Luy L(;ﬂ“ Lwvdazes ((Shas=] 3 g2 o

(Blodd s gl Gliamaiete Lo 5 & o slata, 303,28
el 45 & Oy g0
05 1 glasgezee e VY] JIGSAWS  islsas sazes
Bl b g g o ool Gy T3 51687l g 5 5 (Slain
dw Jolo LT 3 oyl .l ok L;,,T@,,.‘&;J_,u eSSy
o DAk 5 Gl Todii g loans sl js ol o olinl dabs
0L Y g Ul Sl &ges O gt 55 &7 5305 5% S 005 5

ol ol 051

I LRNI-S g B3Id4s g0 -
iy 2520l 5 o Sege 5SS eals s 5 (siluesleT o5l
a5 sl Gres Sk 5 oetle gl B30 OSS 3 S d
Qlfm:w}:}a:brlaolmb ;516.&;&:‘5« olés Lnoa_.ﬂjlm
o 5 5 oo 5 355 0o 5l o3 Ve g 6035 (o siame B g
6)-<:> ST 3 ol okile 3L 0L 503 S 05lsas gazms sl
23 VS e b gy ane s 5 SiulesT ¢ 550 T cdbe bl iile

3 Paes 330348 gazma Slaul (gl 95L5 s SN w8 gadls

) e 051348 saes &LJS‘..Q.»Q,’-A—\ PRES

Sl e oo oyl Sl 5 o pbgsals ¥ e DY]JIIGSAWS
(885 8 Loes)
o Sl
. G idu 5 e (e sty sals A [v#] Cholec80
- S ssbY
- ‘T
2 (Action) = Jls PEALL 065 (g 5lsY Surgical Actions160
S ek Ladeis o B Sl s YO 06 o sSalybY [v\] GLENDA
\_ s Sl LY .
A 0 5 S o kT = [v¥] LapSig300
> s, 5
u oty PR &yl T [vr]Cataract-21
. . (45 bl o ¥) O lga PR &yl T [vf] Cataract-101
sl 5 15 G s YO 5l s FEV: Lyl T [vo] CaDIS
503b 515l b3 sttt ¢ paeis Nppy) ;
SR o PR KIS W= R - el [vv],[Y#] ARAS-Farabi
(a2la 8 306+ 6 ad) O ylge (PRSI fensy)

FAY 53 8F mabsbs oty (ol Gl S oS5 T 90
oBn (Srloa 3303 L s 5 3315l ilodsio 3 5 s oSSy
u&.&ﬁ Oy ghn b JIGSAWS 831548 gazes e Ailodd
o Dl ol b Dbl aSTT L Culg s 5 et
C,...«j.L:?):)l.ublga:eﬁscu’:)l.ycla“w):l):}&é.‘algﬂ:lbé
sal0a8 gazes &5 Lol S5 a4 05V Tl 03 S s gadl
o] FlapNet10 ,[v¢] UCL dVRK (\*]ATLAS Dione
J,,u&.ﬁs,uu.uwﬂ@?@,udﬂ@p);mu&ﬁwﬁ

imen 65y Sl S eslitel b ol GaaisT 351 s 53l

sty i A SHIIGSAWS Gslsas yome S5 61

o SR L T 5 G slie & o Ol e oK a 45T Sl ool 03l
Szl el Vool i pale 0s S (slagl o blazils &S,
Yer Y Qﬁbﬂw;&udﬁ}uuh jlj:vf)m;ua,;
by aw e n o1l e tilasls oSSy ol b Cela
ol bl Dlp & LSS L m Gl b ol b
Sl .l 05, Oloj 4lds 93 dgd> lawgie Hgbay aibgan
Sl e V4 Jols oa JIGSAWS eslsas sazs  SSlatn
‘_g),TCQ.,,;,aW w&K})J&@‘b&MJ&QV?QJQM‘
33 2 51 JIGSAWS Gslsas gazee osbs 8305 .l ol Lo

Jsl o &gad Qg 53 S35 L E3e s ool ol 03,5 oslitul (6 5my) e
el ok et ) gl
4 Needle-Passing (NP)

® Suturing (SU)
& Knot-Tying (KT)

1 JHU-ISI Gesture and Skill Assessment Working Set
2 da Vinci Surgical System (dVSS)

s 039530 Cundly (la il 51 eslinal (Gliae 4 lr ol 53 (el (g jlwandn Lod v

Sesls gy >l slaesls st IGSAWS &8 cline oyl a5 S

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

Y4 OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;d‘ Lwvdazes ((Ghas=] 3 g o

onl ol ok plol 2 51 oy i8NS 3 (3 Obsles 00555
3B 5l o 03 0T )3 5 0is (6557 maor anles 5,55 & 55 Lo s
Wl 0l g il i ) o G Lo 5l T
D) G-L\:A(‘;.L;\ Sl S s 4 g L e ol ol e
S 33 Llods (gt s 5 Caliien (5 slge pelaw 93 )3 0L Jad Cond o
Ol K5 8 33 5 () ) ot & b 2l sl 0T )
s (¥ o) YU 25 L

) s ngip 331545 sazes [¥0]TCADIS s51348 yonea
i Gl s YO 1S Cl y 5uad FEVE ot &S ol Wy g 0T
Lyl 031308 gazn ol o g JoSy g2 3 Tl 00k (613 145 500
Al ol (6 i s 5 (Gl i ol puand (SSL

b5 sb e el oBails s eyl &SGL, 0s 8
3 030348 gazme 3l (g)B (S pata Obijley 6K
Gl S J eSS ol 5 K Gl a1l
S8 (Gl Wlg e eslsds pezs ol [YV] [YP] Cnl 03 S
@il 5l e 18 0 L bos 5 sk i (pasls
@134 gazes Cpl lawbens SIS 53 sy L8 4 ol Olgs
ol el s LS s VYO & b Goles Sl e
Sl bl plcdis e S K 4 by by
Tl e b ol ol A S ST Bl Ll e T
B o Sl b (ol al popinn datli €3 5 paain
(ol & D sl T (3 8 s s s el
ilodd (6l s (dows 20) JS70 35 5 pale &t 93 ;o laglss

5 Frean s ) 53 Gl G tasn S Sl S3a Y
st Tl 5 S o 515 1) 555 4 o geins 83134 yomn ¢ | >
Vo dsd 55 Sl St Dl Gl SV ol By 3 eslbas e
Sogen i ol 03 ek (B yme Glaeslras gezms o St Sl Soled
531548 gazms Olo 45 (ol Ladein &S sb0les diloldd b ae 4
5 oeals LS 5 sl o Ll el Baldassera g e
BRSO IS SOWINEN-S P b ol OF Sl g el
315031340 gams (1% 8 pl Ll 53 Sl 53 S5 L sl Jl-
230 5l o e

03 e Gl il (i3 ) 53 o ST 850545 pers o sde
Gleosly 5 (| 831340 gezmn JoaSS 5 SIS Oouta L Ol e
ol ez Sl ssia I LOT Gy e Jier sladde
55 oyt M2CAIL6 5 EndoVis « olg s gl il
G dl 5 b en b Y pamn Lol a5 0T 351540 pacrs

o2l 61zl b e ENAOVISLT 6slsae yome Hoo k55 oo j2a (0T

5 55K dl 55 3 b A Jols 121 ChOIECBO 53154 sazes
Kails Obwjlan jawde VW bug & ol o SusLY
2l Lo 36 (55l OB YO it b g 0 ol 5 sl
263 DB LI (g gt Jalh 031348 gazes ol !
G5yl i 5y BT 4 by e gl dlab Conlin 5055 456
b Bl 031548 gazms pl 4 55 > ol e o it [WV] s
Slml bos ool ren (G55 Sum o MC2cail6-tool sslsae pomes
b3y s ¢l OT (3luoslel 5 150 ) SKe gms acil
DA LS osls arw g >l sl b3l

clels e V4] Surgical Actions160 :slses sazes
5oy 3 Jgame Jas V9 3dia0li oS Sl A6 ombs
A Sl el ok (5758 Calibes Sl 3l Sl 0L
LapGyn4 islsas sezs .5505 55 5 S @505 V0 s Jus OIS
Gl B Sl e Sl s e 00 51 e Juls s Y4
Slall ¢ o LT (gla st o ¢ | SlalBl slajide 5 o sSal LY
o3l e S 255 Glgme o g 125 5 515l Soled o 5UT (555
sl 0B

Sl i X0+ v+ 51z Jals (VY] TGLENDA 351345 yazes
sk s Sl ot 8 8 065 g SelbY (ol B Sl i Sl S
Slgoe Jdou 4 by e Jilua glol lp B ol ol slon] Aadia
ol 3,8 S5 eslimal sype T g reskT Laseis s L Ts
b1y 5 200l 47 Sl (6 9o OB VYo st fold 030548 gazes
Crsd SV 5o ET R 5 e e Ol Calides o
4 M (6 s LB I (6ol a0 O 1y g s T &S
Azep Ole 5 4l (f2r (ganaS S s sl S5l 552 s ]

Lie 3 oslsas ez 3ol YY] LAPSIQ300 sls4e sems
Jols colsas oz ool sl S, 8 0 SLY (ol 515
55 255 s kT S o 1 ol SlodaT s 4 sy Yo
el dla Vv Jsb 55 Caltsen Ol o 5 ba ol ool 01553
I @ gme pable lHls 0dlsae gazma (pl (6 5 5ad SAOB L Llelds
e 15 O 5 CIld cal> 4

S edsls s Y el (YY) Cataract-21 :slsac yazs
ST G S a ealaas g ol el )l 0T Sla
s e s B el alisl i 65 5 s WV el
2 s S (s Gla s sl b BB S sy sl
0dd s (1o o ,0) oS 03 51 (S 1y (6 o8 OB o las
Cataract- (s , sas 531548 gazes .83 oo L o lg o T >l 53
Sl Lyl 0T Jas VoY Sledilas slagpbs Jols [YF] 101

2 by 5 Shpete i 5 Gl £l ey bey

3 Endometriosis
“ Cataract Dataset for Image Segmentation
5 www.aras.kntu.ac.ir /datasets

! Gynecologic Laparoscopy Dataset
2 ITEC Gynecologic Laparoscopy Endometriosis

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 25saT 5 ol 53 bl ol s 5 gad 2515 5 A

3y B Lo e ((Ghazea 3w (gbe Luy L(;ﬂ“ Lwvdazes ((Shas=] 3 g2 o

b oS o Sl gluaib ol s paie
Y rl?u" 4w

3 s 3 sbdl QLKL Gl s Sl ek @
o b gh e oalitel S ) same glayslS L 0T Oslaoles
Condy Ulgor gl P 53l L Db e
B3 513 s 3ssm oS Dygen s ol S Sl
OT L Jds ops s JQ‘NJ:E‘M’YMJ?)}M sl ol
s ez 1 bad U ISl 0l 5 s

2385 33 JuS TGSl Lt h a g pl p3 g i @
G oo (29983 Sy ot U8 o 1) gerlthf:asaua;uh
Lol Olge 4 s 6 55 JuSy 2 S Soge 43S
Sope w Ol b U ol sh 8 e
Laad 5 JSC8 51 (6583 b c(siy i 313 planil o IS e
G s oT ) izl el SleMbl 5 dad a0 s
WSl Ll g

23 mks S8 53 4 A8 S Gbs) slapn S b, @
Simer 5 A gl 5 Lol 5 Sledbl Ok Jb
Ol o DMyl c28l3 b eubly axils LOT SIS (glaond 5o
03 L 5 sl Gt ol T3 oSS 3 40T 5l 5o (S
38T Cawd a5 el OL

Y S s ot ) 53 ekt e Canlbs 3l 5 (K8 5l gl

4 Culg yo Calby ol oph e edalin &5 5 5bols .l ol Y

Gt 53 3L 5 bl Cambge 1 ol eSS gaailel o

Joos (1 DMl 3l elizal 5 (S DMl £ il ¢ |

3)";’@)’““‘1""‘-‘}

OgeiT Sasts

e *
FiglaLbist -
S
i

o3 bigel Joe

‘.,aw)mgp,,};‘@y,amv Jlo hCal YAV Jlo s 2l
S o NF R S Ml I S 53 ks e b Sl
29U 33 B S 9 (1) ¢ aid Y
>~
S 0T 3 opn (L) (155 el 5 (1 e oo 5 4 52
53 6,5‘.:,,.‘; 5 IVl (s U5 5 ol Gpole &S
b das e sl T3 sl l bt (655,58 ol Caliben slatsT 3
5 sl GG Sl L Ly, Oy ol pslas Jow
J:la_?bfljg-W);C‘ﬁ@zsu&wiﬁﬁrﬁjcu)l}ﬂ
Ole &K s el 3y > slayly & Bl C)Uo\ et BS
B i o P T R = U LI NT-NV {5 VA PP
S B (I3 pasis 5 (ol psa S Ul ol 2l
Lo ) glaailele ACT (sl s 45 0 LT (sla bl
Mo ple Guu e 5 eis O Ll 98
T 3 g5l 5 gl 1y giute DleDbl casy = Libe ¢ >
ol ol s e 3l slapms S S e a3
bl nsla 5o Gbay 5 Gluidn (paid 4 by e by
(e 5SSl sy pe g B 4 ey L)sT a0 S s
s 23 3050 4 OIS on 1y s G5 sl pasnts Gl b
Y
03 Al I S d s ) S s g duail @
Sy Sl > sanaib | S ol Sl oaal
My s oS JgS I3l OT 02 & Sl s

Sl T3 ol 4 Lsn &8 )l o 0T (ol il e o0 S

PETENE 2o S

Byl g

(O L] i

o

(X
& SN gl gt

A9 SN 3 kS

0556 58 oyl mlr s by (15 51 S OABetilay
S Sl el gl aby ol Gl gl silee gla)lS
les o gy eile (gl 5 g sad S5 e sl )
5 oyl el 8303ae sazs G [ YA] O, n 5 o8
0T Camdgo andns 5 15l Gadnls (61 g gedd B315 5 » (e (SB35
bl 0T (galgiin bsbe 45 Lles ST ) sdaigs sl s
LU I glas gozmn  gas 5313 5 KM (gla g, ) oslizl
P N - ILTT ST REP 5 PE S K I
P S s 348 e itk Joue b ol LS

Pl 29l 58 (2125 9 sk (Sl -1 -
Gl b 4 Sl s sl I 3 Sl Je el b
LT ot s S ) (o ST L (ol T3 015
(o K8 Sy slaylpl b a8 b s S sl OT s ads
s s byl S Sledbl 5T 5 O ot 4 Gl & 5 g
S easdigr slas s 65 e Comal 13551 s 4y (ol e
Cald (prlie o8 A5l SWSe 4 055 o0 o181 5l gl Sl Ao

5 0p DL Wl wms Gll (S by KK bl

2 Masks

L www.icrom.ir

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

) OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;d‘ Lwvdazes ((Ghas=] 3 g o

Slr ey M S S L oS5 s (RPN
bl jasts 6l m e RECNIN 6 5 bl e 05 8 jaintie
ATLAS Dione PU L (gloslsas gazmn LOT IS ol 53 .55 S oslizul
“ ol sl 5l gagee Salacgame (g ST L3 ST Sme
LIFO] (IS 5 [FF] 55 ol 03 Sl ) (o sl Ly Sl &SGS
ST o VL Joolie 1 glas sazme Sy gty Loyl 3l (55 led e
ol 3 5 S ke Jolin gl sl (RIS e G5 S
Ll S o3kl ba )l Lomd go s (Sl (s &

5L ET of st CNN K51 eslizal L ¥8] 0Sen 5 o
@ 50,8 lls 1) LOT Gla S5y s slpl bk "hst (glasks
Sl Sk 03l N e 4 et SO b3,
5 ebld ¢l ol CNN e [FV] 0L 5 515 s
LB Sl S slgdy SGby ) Jee pasis
B K 5L ol s e s ) Ll S5 Al Sl
2 S35 Sopame 2 0pm S, 1y skl VGG-16
ol i s b YA OLer 5 o ol 035 eslinul )l > (laasss
& olgea s o sl T8I 05 CNN e Sleslial 5,18
Ln) 35 085 5 Tk 3 guge 4 B398 LIS opl A3 S (Giludde b
A ol s

s 3 )8 sl 1, YOLOVTX s (¥4 ] o, 5 K5
fU L doile &K LOT sls wxwg 5 55 (>l DRl Sl s
b3 Ol il 1 e se Ll 5 e oS Wi S e RepLK Block
S Al 3,8 ol Sl SR 8 S e ol bS5

23 padeds g Gluaib el g eslinal 5550 gla g5 Ol o
Wl oladue I il classens 5 WENN o1 > sl
Ol gk Car e 5 padi 5o QU5 e ©YOLO
Lok (B pmn ojp (nl 3 oS SYe lossy (Srlene 2 Fpsm 0
O BS54 (oo 5a 5 (o see Calius 530340 sazme (55 Llatl
STy s o y3 Vs BAD

.g;,ﬂ\afg)yw5u,l§ﬁ@lﬂ,lﬁi&p)@)~,;
3ty LSTM 5CNN e s S5, K F 1] 0L80s 5 45
Gl &S 3 gl sla Kol Giledis ond OT .Liles S
sl Gha 4 (G Sl plsel s
G gm gl G)lpEs @l e el LOT tlasls
G5k e &K (Y] 0K el ilos ST &) 031340 poen
li8 ay 53 5 8 a,y S lls o s S slgiin (slaids sk
G315 2l 3 5 12 2 s W 0 & i o 0T
Sl by camoler SO {FY] 0L 5 93 5 ST S ae lee

sl >l ol @bos 02 Aiom 5 ke paiS e

Comd g el AT 3 9 550 oo Jlasl odiionls jaieis bl 6, )5
R gaiand asis pde O cpl ol S5 00y 0 Sy g0
o ey Sy Sl ALl s Sl Sl sl 5o
Db oslaal sl

Y pone 013 6 53yl o g Sl Y (o Slag s )3
A i Sy gemts (gulidid (ol ply Sl 5l S5 1 (gl
il b WIS I s Bl 0 305 2 0T 5348305 oa planil
At (s K5 2, 81 S Y] O,Ken 5 155G L AsL
IS e b & Sl eslial L) iy 03 (ol 055
s 5 03 O ol o 53 isls demn s 4l 2e (CNN)
SsesmlT Jsb 53 S @S, Ly Lyl buy Sus 4 S
Dah o oy ekl o 4 Bl el g SV Sl S
ools pasi (fwys 4 Qg ) (Fend 3)lse Sl (Fp 0> e
35 g0

L35 1)) IS i (sl s, oSG YA 0L K0n 5 oK
,[¥v]GoogLeNet ;v ]VGGNet i 45 ii Jue 55 8
AT ol Sl 53 S o S S ol s W Gl
LT 5SS mba )5 25 0313 [ 50T a8l 5 b 4 S5
ol ol s g 355 0 13 8 80le ol (Snail hlows (51
33 el SleMbl el by Sy Sl o3 K ki s L8
Gl sy Cals JShe pads 5 15l 255 55 et
el el il S

Leslojm 51K el 457 5 57 sl ¥Y] 01,0 51,40
S o5 S b il L e e K S S aslin
WJl Wl e 53 553 3 8 b3 s i) gunaadb dle s (LSTM)
Bl (6 pas B 43 il sy ez o)y CNN &

&lp CNN Loy sazian ol gla S5y (o tim o iiseT

555 o 03lizel LSTM 28 o Sl astizal b il dute oS5 (6,854

el oy (Sl Rl Gnarh 516 SV Zds 4 ) !

Lol dsb yo ol il oS5 M) o, !
slgz (RNN) Jufjb 5 S ae S I eslizal
&l CNN i fols LOT (olgiy Hbstle Lles S
ool o BRNIN 8 o ozl 1 b5 (6l b Sy
s bl 05 50 b S s Gl s NN Gl s =
Iy Cows A 83 b 638 Jor 0 0T 0,50 55 opl b otiS o ulows
Lles S

2 e 3,5 6y sl Y dle s W] 0L 5 LISl
Sl 53 Sl Joe plolid 5 Gasis Gl Gras e eSS
b oslgdy B oS LOT s ST Gleesly 1l peSS

4 Anchor
®You only look once (YOLO)

* Region Proposal Network (RPN)
2 Multimodal Convolutional Network
3 Line Segment Detector (LSD)

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 55T 5 ol 5o opile gl 5 sl 5505 Yy

3y B Lo e ((Ghazea 3w (gbe Luy L(;ﬂ“ Lwvdazes ((Shas=] 3 g2 o

Wl S slgriuy L8 ey 138 s,y e (g slome &G ([FY] 01,10
o lile Bl 6 S3L 1 (mn Geas sl b &S S ey 0T 3 S
&1y dte ) ol CNN-LSTM e 382 oS5 LS 5 5 o
asl Cows Lo yn AY 1 i Cds a4 a5 g ul i e
S ENdoVis 2015 :lle sslsac gama 3, 1) Jpay ol LOT.Cl
L3S (S5lmesly skl ko s

) Calsen Grae 6,85k (Sslame Slgm FO] 0L 5 3 p5
[F7] U-Net s s slgiy (o~ slaslil stuisn sl
I ¢ 4 [fv] TernausNet ;i oldz sl Il 53 ol ool
U-Net & s &5 2 & 01 e o [FA] LinkNet 5ieaz -l
o3kl o> iiseT i 3l gl e, b aline claald I 0T
S el wle-U-Net g lne <K TernausNet s s
ol Jijsel Lt 5l S VGG16 L VGGLL ssble bs slaslls
e, &K 51 LINKNEL Jue S o o3lizul S8 50 Ol giear L
ResNet34 51 )8 1 55 .48 s eslizel RESNEL (¢)lors 5 2
S op S ol LS 5y ol ok oslizad o> el iy
by NG 5ay S 4 oS ol ods a5 L8 ey Sl ptis
Cl V) il Sldas Joli a8 5n ) &S5k a digd o Juaie
;SJLMJL‘;;}‘Q-:?V-’MMbg‘ SR sue ¥ Ol a |y b s slues oS
Sus el 5Ll ods oslial 5415 balgly 5 aas
5 eslizal Jsw LINKNEt-34 (¢ lne 45 51 558 6ls o4 g5
el 033 e i e Sllons 2T 5 51 5 1 )
Soslial 1) audlS i 5 55k (s ptom (51 3 ,Shee o 2 OT
5 Sl inys] s 4 ek ool TernausNet s s lors
o3lizal ReSNEt-18 &y b s 55Tl s K 51 {F8] ol g
O (T (galgty i aml Cws e I £s 8
o B 1y (ol YU ST L sl (555 S5,5500 o jisw
A o @2l &L 6 T B YF

U- 6L 4 cotsmdhol U-NEt (lers oK 00 ] <l 5 oo

Jae &S5 5188 Ws 8 slgi 12 L1l gdu isw ol (NetPlus

S o bl s (3ledlo 5 b S8 ey Ol gie @ ods 55T oo

LY & L 1, Deconvolution LY WoT S, e s
4 s alean o S0 5 b33 51 L 8 o Sil- Upsampling
0V] OLes 5 5 S e erlizal 3T AN gs 0T JUs
8 S5 (s slena 3l oslizal b1y (ol L sl (s i
05y S oleme I 0T Lsls DA eor s Lifj'.w
Shyls L8 e, 51 5 s S eslial HIIS 5, 0 2o 4 MobileNetV2
3 gl 35 03litel OGS L5k 8l Bl ST 5
L8 (LSTM of jene RESNEL-18 i oslizal L (BY] 01, Kes

.x:i:w}.?):e‘_;x.k;éqbﬁwL»léAgL':.ALs:c,»la‘l)LaQT

b das s ol obsy & () Sl 4t g es S L3 S
S gty s (el SLOB o SLETL olhe Sl o

LT3 5l )83 5 &e )3 gl dlad oo sl S5 055 5
@l ol &b s S oS (Al I et 5 il
o.»\.ij:.;;ﬁL;b)lfjléﬁ):.g;.wlaf;&)y(r&?&:f}w)
oais Gl L 530548 gazes S5 B jme e ¢ [Y9] aia) ol o
bz S g o fon S Y 3S r ir 55 01
gﬁ)%eﬁiq{@b;.;Mu.\.zwuﬁ;ﬁ,lf&_\);w;u&tﬁ
S sl jasis 5 il S Gl Gee 6,
b qxsméuv;,_uin,mmw 3l esliiul bl 45T ol o
53 S Bk Sl ey ol S e sl Sole gl pdle
L}ﬂQw)‘é_{:ﬂ.ﬁ)o};‘ﬁ’v]ﬁ.}&)l{)bL'):l?:-rh.g:.w‘wjlw.)
L.S’.‘J’f ‘;..4‘ @\y}ﬂj‘ L.S{Lf-:) 4 .]o}:f L_g\.k)bl,w ngLuo:L_._::j
A 2l 53 G s YT

415 e DMl o 53 ainis slaen ;S sl 21 b
UJS@&J&JQ&*.MM\?AJJNJQJ:B”A):K&
Sl s s ol g 5 b S O I 65 Es Sledlbl
Gt o ptosde DMLl 03 S 4 sk gl el
el VL) ol (6 e o 5 Sl sla sl g aT LIS
ol 3348 S boles .l o anls OLES ¥ IS 53 unT 5 ol (g1 e
(o (3l ol 03 Sl i (gl et S
Srsd Colda 5856 Hlpl 4 Gy id ol Lledd (U jidw
Bl adls ol e 65 i DMLl 58 el oSS
L:;)Tg:,.;jjbﬁamCl;u‘l@jlebgilﬁudthb;U

2 b b omds i bl Olg e oL, dabs

(»
el

93 G i e e - Y S
3y 5 e 6l e gy oSG Y] oL 5 LY

213 dm 55 1y (G fide

Sl ol CNN oS 5187 8.8 slgity ol ) &5
Loy 3 1m0 (Skn i 5 e By 55 oy ol (Sl s 3l
ToolNet ob 4 (S solers slgiin L IS ol [FF] 0L
LT @olgiin olons inls trwy o Susll Glaply @l
Ol camzs s 3,15 5L o 5 508 Al 4 5 3,503 (65087 gla el
N Rty N e A TNt
&olhe S o o3litul wliadir sl S s Tl Al 0T b,

* www.github.com/aras-labs/ARAS-DeepL earning-FW
2 Attention

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

vY OT 25saT 5 ol 53 bl ol s 5 gad 2515 5

3y e Lo ez t(gebozua 31 B (6 Ly 3 cp S Al Linmnidazes ((Gula] 5] g

i SV iy i 4 5 S aallan (AST (i o 53 03
o3latul clal tukidny g0 3 g 1) (S A ¢ F it 13 2 8315 055 331
4 Ll Folbieas 6,83k &K 53 St e Oa B30 )
Wl s (G B 5> 235l Glawlae 6 c]a.»:
S i (gl e OS5 5 e Sl B yme LY YY L s
b oodeT oal Ol ool el oks sl [00] 'SAM &
Coget 5 FOLT ity @l JWsise b sadls
03Uzl Lo a5 31 35 ol S5 35 Ty 5 5 s liaes
236 5 Sl o i30T 6555 Jlaw (Glodlsas sazme (55, 5 LS oo
S Aol Gl glas Cakee 1l 25 5eT & 5L Og Sl
skl Calien (gladbe 355 5 LS oy i |y (o2 s
s el ol s slad g ides 53 1, 0T Cés 0l 55 0 SAM )
5ol sbob, 55 1, SAM clacs b (o] 0Ses 5 s
OLan 5 alosilyl ilos Sy o (G el Culda sla !5l
o Geaes 53 5 e @l ol 1, SAM ksl o [ov]

A0ls dan g

i Olies I ($5lm 5 (| Sl Sy i S
ol ooy Sl 6 (ol el 03 8T L 55 4 1) (g
3 4 8l BOT asts o Sl Kos cldl I (g5l Jolt &
o @l pl il (655 ,8 o Loes S5 S 33 5 Gras il
> 0o e 6l Bl Oy o T (ol b b ade i il 5 o
ol 487 enl s o iy i 5 68 pa (sis i oyl o T
533 bl sy 2 YU el Sl yls 4B 0T L ol 1
Jsb 53 plih o) &7l s 4 AST sty ide (g SlLY (>
oot jrbr Lo 37 Y mma 5355 0 (6315 Sl S okl s ol r
el 5 Al 31 Gl e
AS sl Sl it S Sl 1y ) OV 0L 5
olitul pand LOT . Liles S sl | ol Ol 53 abgs e JolS™ sl
S oslizal b (5585 pa S5l ealgiiy 5 KL )
b 5,5 ealizul JolS (clad b (63555 g S 1 Caltben (gloo It
so1> 0o g0 51 OF] OLKan 5 b S ale elie i Sis

@t itn Cmlby g 6l 1 SR e O b o

03 GRS 5 abho) (Rt e 5 e SRR AN Sl oled = Y i

F1 Score = AF.7% PRTLE PPeA AT W RetinaNet, YOLO-v2 [BA]Y+ Y NP &S 5 adets
YOLO-v4, Faster- [Y#]Y+Y) Lo 03 o il
MAP = 4 ¥-44 Y% (solaz)) ARAS-Farabi RCNN, SSD, MobileNet, e
ResNet, VGG
ACCLIACY = ADAYY DVAFS b ol TernauesNet, MobileNet, [04] YY) Syl b,
U 0 AT e ShuffleNet
Accuracy = 4\.Y% [Fe]vem IRl A 5 sadets
LVl s OFVA L olans
Dice = fAY% PETACSIFT P YOLACT
Dice = aYA% LAIARAA BIFCEES
EndoVis17 CycleGAN, U-Net
10U = Af V%
mDice = W.or—51..¥% . . [$Y]Y+1A 1l 655550 (g 2
’ EndoVis18 , EndoVisl7 DMNet. LSTM SR ISR
mloU = sv.o-o¥A3% '
[P¥] Y Y Lol S JgS
loU = A5.5% EndoVisl7 YOLO-v3, ResNet ,
St
MAP = YY.Y-¥v¥5% VIS0 31 s guad AV b ool YOLO-v4, Faster- [FFIY-YY 0 b e
o RCNN, MobileNet,
F1 Score = vaAs-ar.0% g 4ids EfficientNet
loU = #4.A4% (solaz=)) ARAS-Farabi SiamBAN, GradNet [YV]Y-YY s s ol
Mean IoU = svy- [#8] Y YY BNt
EndoVisl7 SurgiNet, MobileNet-v2
MIF%
MIOU = SAVF_VE A% EndoVis17 Maslf R-CNN, CNN, [#5]YYY PRt
Swin Transformer
LA SSTIRPWE RIS o VA AR e [sv] Yo vy deae s i iS
MAP = vax% el < YOLO-v5 S e
B Dl
Eo ol S O BE [OV] Y- Y¥ 3ol (s i
B e 2k S EndoVis18 ;EndoVis17 Adaptive SAM SRS
SAM ple Jue &
3 Transformers ! Meta

2 Segment Anything Model (SAM)

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 55T 5 ol 5o opile gl 5 sl 5505 Y¢

3y B Lo e ((Ghazea 3w (gbe Luy L(;ﬂ“ Lwvdazes ((Shas=] 3 g2 o

536 85 Sl 1 (S g oo JShiglo 13 (s 53
Ll S ol Tl (e G i 0 ol Ol g0 4ie
b 56 Jadets el 5 sl 25150 53 Jobs Calies glaus T 5
S| Ygans s ks i (Sl ST Jets 1) Dolee (2L
plesl oy SEMLIL 1) ol Slacil jlodipl el Sl
2zl S Gl o b S o STl pl fgazms 53 S (0
o 5 patein 5l gt 5 DI = opd glalis syls 15 0T
DMl plal  Calgins 5 0sh Gl o) (S e 255
o gl 4 EKGST laies 53 Ol 5 g Il SlankeT
3O el s (2l 5B 4 ks e olealy 5 555 B
oS elial ol 3eT 5 Sl 2l gl i

S iss oty b Sl e 0G5 s b
G 5 an Sl b i Ol ST Gl ol
0T S o oslizal ol 0315 F ) OB Job 3 & lalzsl
Lie gy bame (3L yskh 4l (o~ x slaphs Sl el
o Sl 5 g (s Dot il A e b TS eSS L
335 Sy i el ply el ;8 I8 g 0diS st AT 5yl S e
2 bl 5 O o ol 575 (4es) s sl Il S
gl gl plddbe Ay ophe el (ol Slasd
S e UL SGST L ol ) g 3 (>l a6

sLiss o Bl pde 4 015 s aihy ol sl e dear
(o 3305 B B8 Bl G030 4 55 (o IS e
ol 2 0l Kos do o o o 51 s 0l G5 et
aalsl 53 .l aid onls OLES B SKE 55 aidy opl ST 58 es

1o sl g s
Sl ssg>
AAC: main Il oS o
&5"5)3 (5‘“°°'° port incision g::),aT 9 2L
o
J
AT Gladasio hisel (Slosts Kool Je
3l 3 oslit
PEITCIE S ) |
& 2 Dbl Q,.eﬂ Swodld g_\,_,;u;,j’ﬂ Jw ;b’o,& )ls " A

)>w3a|;u,w6uu;¢j}7a;w;l@uw Jsd s
3:\:49}»}.“ Lku:.A}}:' Lﬁ:‘.ﬁ ol ol aJ)}T ﬁ:-‘ éLAJLw
FB Ot 5L 5K 50T & Cﬁ-)b.-xf.xj‘u; <1yl (polazsh

RECCI G P

P12 29l 3 e § ol sl -1

s o el il g g il o i ) Sz ) T 5
St 12 glime DM 03531 5 0de ol pl ) AT
2 i B8 B AS o ESUS (i (5 Sylla SIS
Gl 8 5o 5 (o abeda ol 50T 2550 T L ba ol
s s ol eSS (Sl bl 3l dne g bl Olabs!
Ay g e 5Ol a5 5 S el oSS Sl a o slajl
Slaw; OB 4 (6 e c..‘li 5Ll adls 6 58 Sledbl | ol Jl-
eiir_.gsJﬂu@lﬂ;uu@x.454:1,‘,,&.:%1,_1),,\J\>,;
636 plalid gl e 2500 T s 5 ¢ ol o Sl (148 pares 4 419,
2yls Casllas oddiosls el b aS Sl o

e (gt 5 DI Jde 5 4 b e
25 o 5 4525 (6 e el 53 1) (ol by Ol e a6
3 W56 b alin 3 bl T bl 5800 e AT )
e o 5 BOT ot 5t e S w0 5t (IS Sl e
S OB Sl Glassaze 4 Ol b A gl p ol
it T Sl 35 (s Ll 1y 55 4y o gt Slal
o 08 5 (G308 g s S S 3l (Glae pazme 4 Wl e
4 5 or Al DT (o 03 oS S AT i or 250
OT 031> &S o 5 i o 51 JS88 5 &Y il p aile SIS >

el 5B et Glas )8 5 ol - SKs

b asls SIRGB s L OT sl 5 sz g s 605
I g P PO 8 RS WYY PRSP

el o« CNN wus olene K V8] 0L 5 1l 5

23 3l yeds asis 5 3B Lasis L5« EndoNet

EndoNet .5 s plil (515 Sledlbl i oslizal b g5 15 1

WY K w ¥ o 2T 0T 55 8 ol AlexNet ¢l 51 glarw 5

5 Jst (6 5L psgde ) eslizal b (PA] ab s 5 Kl

WSS e s BT e AlexNet gl S
Gt S 03 S olgty (sl i (61 (e 4ST)
J:JL‘ LOT Ve ] gt Solllas 43 . 5ls anw 5 [FA]Y VA Jlo ya 1, 8
o Sb sanaib 5 1y Gles Sledbl p8ia s 5 adsl les]

OB g Sl S - Sl glAel ] cl.’c:l L3S ey

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

o OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;d‘ Lwvdazes ((Ghas=] 3 g o

G5 L il (glajl JUsl Ol Lasds sl Gees 6,5 5L
OL8en 5 OUS™ .3 5 sty 56 o LU 5 3T (6 geas slab
L (ol 6 pins 55 Gasedi sl p o ks stdid SHr (VY]
S SedLICNN 65,57 J> CNN-LSTM (¢ jlane 3l o3lizal
S Jo 53 S o 0,0 5 Al sy 6 el O 5 )
aﬂ;-éjdv\.e\J@‘f&T}MML};;AJb)Q‘&W‘ LSTM
Isb 33l pBins ) asnis SIS ol Coda &7 g0 5148 e
Gl ST L JalS sy Sl glawge L CNN 25 0T
Calir S LOT s wdi YL Sloss b sl e
L35 e ok T glasl sy cwbe 612 LSTM s i
.@‘e.\,ﬁq;ﬁbrli.u}jua?&d;:ﬁwaf

L edd pus gadle B3ls (g3l Hlie 4 el s S,
CNN jg;ﬂé)th!%ﬁ u:))ei;_‘[\//\] O‘)&"‘A)Q’:"‘U)b
¢l (GAN) Wis oline 8 & 51 il LOT s S slgztey
&,@aﬁ_;um.Hu;;numﬁ,wy@&wuufk,c\ﬁ#\
o3litul (5 p 3o S Sl &) 5 § b0 a5 61 LSTM
plesl (sl Follians (5 5k Lhas oSG 50T (g 53 ks S
A3 S 0slizal a5 (385) 58> b5 el Sl s S Sl

e s lle (4t ) pl 53 e ld g luosly Calibes sl Sg) 555 L
Sl b 1S 5 bl T b s sl s b Ssy opl il
..UQL» C)}b&ﬁ U’"j’- )b u.a._a;i&' alidee Oladles O Ls\ab,lwf)j.‘a
5 L3S e ly Gl ol i s (VAT OLKes 5 eSS6
3,57 8107 gl o b,Tely

ég!}ﬂ"i} U”L"“‘J'f Lo @‘Ja- L;\Ag;..wjj C;lfja- u’ﬂ‘:"‘:‘;
DM 2l il 1y jise syl 4 4 ol 5 Sl Al
@) ol 03 &8 ladsl glas S5 505 5L s 3l (Gl s s,
(el DB e S5y oS ) pial 4 Bes Wiks e
1) ol LI5S As  Sae coddast ol b jlucs o=
S 5L sl Sl A 0L 5 eSS S S o ks
6;;\;_ s, GBD-CNN) 5¢~;m SESSE e s
A 5 s e s S Gl S8 sl S
sl L;,,;(,SCNN S AV] GL3s 5 st s S bzl
slgi &UA.‘Q.-};SS&J.:}*AJ slacl I ol C,Sfua._aafﬁ
633 50T owlin Co o b Ol oo 1) OT (ealgiiy CNN LG5 57
Lo Shes o g OT 2503 (6508 ol a5 4 5L ST
Cﬁw)‘t:f\fdﬁ-\ijd_@jbal:ﬁg@j\dﬁwébugj‘abhﬁ.w\
(-li.a B) C)Y &T)lf S Canl ol Ll ool o g sy eT
c.»\l)‘.l.} J}é.? gf‘)? J‘J;‘ QT BE) Yy LS‘LS_):"}‘@” L;Uhu\; )\ oslaiw!

KNt

e 3 ol ) et S a5 s Jamilels
G L5 b s e Sl AleXNEt =55 L aY ol 55
Oy J1s g2 eile Sl oslaal U ¢ g 23 55 ol 2l slas Sl (65l
B e oy pl s S dde Olgn 58k gladde 5 (SVM)
351348 gozes (55 1y ENAONEL 0T 558 0 035 e o1 o b
om BLL VY] 0L 5 e 3 ST (g5leesly Cholec80
Ges (5500 B K S eslizal b B asis 5 Jlpl jaseas
Syl sl 93 LT (ealgrin (olems 3,57 (615 0 0 (gladds gl
sl RNN Uil 55 Ll Lasis sl CNN Uyl oK
Bl a5 )8 55 ol o b5, 0557 Jde gl OT 56 Laseis
T N R LR - W PR E g,
Pl L Sl S VY] B3 68 5 T ks S (b Soen
plesl 1) Sl 5 sols Sledbl &8 L5 87 slaty SV-RCNet
gl )y RESNEt-50 i ol (oolpiy &b aS
Sl et iludde ¢l LSTM s 51 5 olus gla 5
S opl 5o LOT ST e eslinwl st (65 seai SLOB 45 54 g0
S plp 03 1y Gl S sl Sis oS mte 6,85k Cuj
Asls Ol s 5 s ol 56 1

s sgdome >l S s esid Jseme gl i,
@\QQMq@du;u,gqmsuﬁ;o.\;ﬁwdgw‘mﬁ
el pllae S g0y B asis Oua b syl (S gl A
Sape g dlg S Sl Gl ysgdme s 4 e 355
5 e sl Shs ol (S K 36 Vb slag s il
35 et ol e Gl st S S e b ks S 4 gl
pU L a5 IS 55l 5 LaodS o5 (e Sl & (V] 01, Ken
);(..au.\Jg,#@,au;@ujauw\s,u;;;%LoViT
S g S 5 S e

5 eslimal gl 1) Calises las STy (VF] 0K 5 ¢Sl
Sa b P S 55T iy 0o Sl el pseie
SL3,8 o5 LOT LS wyy ol Gl o id
5348 35pb 1y ol S35 b a8 o st 1) CNN (255T 2y
O o ko) bgy ol Ol i g S g Lyl Lae 1 B ok
S o S 5 glre (6 385 S (S s T L 15l
Sppa GLOB (S (53 & Caline pl s on Slo ploved s
5458 oo s olyT 4 Olej sb 55 cdien Olej CB 5w
(8,10 S Ol k) ol s g OT ol

S S o ol gl sl by or (VO] 0L 5 Vil
Slsidg 5o aen g alie Gl 2 8L Gl (o g mbis Slsee
sy 1, ResNetb0 Ju ¢ ol pi o Jlesl o SulLY
23 e Jeed Sl glme Gnpa GBS ey gl
i S5 VE] 0K 5 (g 3led inls 55 0eT 555 esls (slaelL

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 25saT 5 ol 53 bl ol s 5 gad 2515 5 \ig

3y Lo ez t(gbozus 31 B (Gl Ly o S Al Linmsidazes ((Gulan] 5] g

oslizel bagtiy 3 bi e sla S gl sl» (VGGNet
GBS 5s b odsly i 5 4yl Ul sldd &G o 5 LS (o0
S dn or DL 0T gl S oo sl | &S leim (sla 0313 5 5ol
4 S 6 5 5, es (65103 5 (Sl Sledb S 5l eslizal
o2 dAFHAD] 0 5 15 3l (Soilataw (G033 31 3 oo 63liza
S Llos S ome B IS G e N ey e oL
3208 (61 WOT 5l 5 &S oo plesl 1 Solain 5 (6 el SleDb
Slp bt ls i en LOT .S o oslitul (|2 s (Sl i
oo 5B Lles S slgihy s bt ol i
S (68 gl s LS
L) )3 eddpizie Ga sy o ke Sl oled ¥ s )2
el ol 05T ol g w5 ol ol eseis
A g ol e esis S ol s 4 il esein oS sb0la
AP Ds e Gladie 005 o plonil 5 sbad b g ol
03 Gz htes o3lial 350 sl S5l s LS S s
S ) e ) Sl elisel ca pay phes 5 B re b5 | sladle

.\:/—M“

S G pasis) o glels Dl JAY] 0K 5 5
ER PSP CH PS5 RINCIUS DN Cgs EpY - L (P I SO
LOT . Lsls 515 anlllas 3550 Siade sbagds 5o 1) (Bl o Sl
@355 15 25 CNN-LSTM 5 LSTM (claay , oe clasls
S 2 sl o5 ol 0L crzes 5 o RGB (sl LS 53555
by 55361 (6 s e

o SLIBl ez sl s oSS JAY] OS5 4
(s 5 b GIph Jor S8 a5 (ol 6 o & LS slgity
NN Cholec80 83154 gazme 5| il 3 ¥ T 15 S oo oo
SMaled i (Sl 5 K38 cw padl Codn WIS VA 5 s A
Jo Ol s b o) e (5,8 5L K8 oS 1 il 5 1
5 s a3 LOT (ealgiiy s 5,8 eslizal Oods
el o3 504 RESNEL-18 Ly

LS Sl a4y a5 S AR OSn 5 15
gyl ol oy stu e ¢l (TSC-DL) Gue 5,550
SSleis 5 g mds 031> 5 Sl LU Os gy 3l s pl L3S
5 AleXNe) o5 55507 5w cWCNN I oT us s pleal 1,

u”\j’-JDL&C,.:Jl.oﬁjLﬂﬁ,.w}c&lfM@)J)bﬂjxd}v\ibjldju—v;bb

Accuracy = A4.Y% [v#]Cholec80

Accuracy = A% [v¥]LapSig300
Accuracy = av.\Y% [v#]Cholec80
Accuracy = M% ol

Accuracy = AV.0% [VY]JIGSAWS

Accuracy = 46.5v% (Cholec) ol

Colda 5855 1l Sl eslial b (ol S )les 25 5 b))
[N ]l (ol 5507 Slaaali s sty Jod bl 2 08 2 5o
Ll 2 Shee CadS 5Ol &S ¢t b3l bl
WDslgr bl S Glaskae S b S e (5,8 oI
boylpl ol S o oS 5 6, S el Lo 1) ol 5 Shes
ol S35 gl 4 b e Slaadd s Sl oits D) oa il e
Sl S 5 0T SlodaT (23l de gazmn 1L 5 48 oslizl (|
Sl 3 kS eslizal SUSo) Sl psedd 5515 5 o sae ian
Lo o SNl g Oilegh sl 1) alanls 65 28 el ge pl o5
Olalles a8 0 Wl (osre Bsa sladdbe 4 >l Dles 4

Sl bl b Wlg e byl STl LT &8 Wles ST )y 3L 5

VGG50 + LSTM AAJARAE A o el
Xception AMARAE o o ol
LAST, VAE, Transformer [AV]Y.YY A o el

AlexNet + LSTM [AY]Y.Ye Sy e

Vision Transformer

[AA] YTy S AL

ASTCFormer, [AQ] Y. Yy Sl jasmis
Transformer

Pl e LeNI-G e (LI
Sl gl lutal 3 gles 28 Cab 0SB &Sl amg b
5 el odd bl WLl 5 e Spsen ol Ol
3 el (ol Bl 3 5gr (gl B 5 30T ,187 5 skl Ol > glian L,
comaiie il 85,58 58 4 5l (0253, 5 5 Joa byl
ol 8158 5 35on (68 g DSl 5 O3 g0ais a5 5 ;S By
Sgma el o3ls (e &7 W5k pl Ly aatiie O 055 0! 4]
S pbobwsley G255l Glaasly 5o ol jais Ol 4 Ll
o Do b 58 8 8 5 55 s e 5T 1 et T Ol
St o 5ol 0T (gla i 53 co3ls e 5 Liadgn sla3 Sy,

PUCHPP N 9% T N U VR CR g SN B W U PO O PN 1

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

vV OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;d‘ Lwvdazes ((Ghas=] 3 g o

PRy ‘_;La&?& S8 e L5 es ‘_;LMQ.J
3 tl.q-\ Lk d_uﬁu ck;'..':.}jy’lf sl sl OT 43 o dzea
3 1S s Glj S s dm ity (Shs oK
. . & - £ /. Z .
wﬁ}jf‘séu&u&‘_;)ww}w}«fé& L[*V]Oﬂﬂ)
Sbnr 25 1S (Sa e 4y Oy (812 e e slukial 53 (G
b L[] INCeption & i s dei & 5 Lilosls o5 )
ot 4 S ol S 1 0T 31 .diles ST b me INCEPLiON 13D
(Sl 4zl (GlodiS I gdsl A Sl Caliiee OIS > 1 (65l
.:;:;Lé:ulf\ﬂ);wzolffQ)Lg.nzﬁ)lfg_g\ﬁoT)'\Ql}:sa
s 4 L3 Tl Gl Gaee mae SaSKS jaTise el
do Gl Cosome 3l &Kl Gl gl 5 eals 3k
S35 G (s K8 55 90T o ctiny ) 53 5 g g0 (SBT3 guloma
e b L e dels Sl et oyl s 685 30540 pame K
Ol 3 g e 28 0 e 5 () )l (ol D) s
Inception 13D s o 51 oLKan 5 ¢SSb [AV] ol al> e
S Q)}JQA{[QA]’&:&’S;D‘J@W S a-\i:g}j}nTﬂ
ol o nd 35 655 )W 0L s RGB (55,5 JSi 55 8 ol
Sl Gla S 51 WS Fee Jols oslsae gazms opl Lles S o5l
B by pbsFro Jolis b WIS ol 51K a5 o8 ol
S S 55 51 ol ool samen 5l (S 05 (25507 e b Goas e
b Sl bgpe Gll O o a0 8 Ly 5o il Sloj- ol
2l 5 055l Bolas g5 h glra aba OT 5 g8 bt <1515
4 RWEY S ;j}" BE) ‘5}7‘,5 osls E) LS;L‘“'[’M Z..UA l; Q\}S@ 5[AJ:.A\)\._;:
o el Al O n 5SS 5,5 Iy Caws o gllan (glazes
LT3 55 ¥ (sl 0155l 2587 AT b (65l 5 25507 6
&' Mixed-5b oSyl =T 6 pss &Y 5> 1) G8s o
,;Mﬁ«a;,szgm@ot,&“&uuﬂsat(wg.mu
OB 036 dws 4w 53 JIGSAWS islsas gams 0305 J,lge guais
Sy S ale g Low gt

5 SSSb eolgitn Lltle ulul L, 84] OLKes 5 2SS
Cbu‘ L‘?‘J’. )‘ @éb Ls\ab\:-t&}o.?u RED) szLuaJl:.; &g_ H’J‘)&Qﬁ
) gty Jola )8l ysedseslinal s g (gosls . Lsls
Sl bl 4 by b Sl 03y K5 855 g SwlLY
uj:)‘J’f.LﬁJb*' Uvbwdl&nq&})bea‘b&w&'x‘&ﬁ,\ij
eSSl Liagh 5o ol bme Hltlu oS das e OLES ol Ll 0l
J;J«s@)yﬁ):bls:Jl:wtéq.x:»\LgﬁJ\émwQ)u\éol)&n
slig sl 851348 gozs 4 Cad >l (Al G m by 5> G5
TSNﬂd:,._;)wura[\n]ob@,g;u 5,15 JIGSAWS
sty 5 ol ol bluowl LB 8 Ws S slgiy

S AS r Oy Dlalllas opl gl b AL L e oddplanil S5
TP1 5005 3 5m 5 (ol 55 55 ol Ols (@YU (S

oslial b (>l Sjlge ol de) 5o ilzes Sla,l8T 0STE
S ohiai gl K Sl odizl il g3 5 S o3l
S Sss 3l s ol S ed el ol bl (ol sl
5 opd B S e 5 5 6305 3l B 45 el ola,lS
Sl 4 ol ol B bsy ol Cuje S e eslimel Cpile ol
LI e SGEI 53 b0l F Sl g s 4 S5 5413 0
O wl g Jas SBET | > T ol Sy S
33 oo 2 4SS LBy s das o plonil s (Sl 15 5
3,5 G Ol S ylge Ol g 03l

3 258 P31 i, Sl ekl b (la Doles )
S 0 b pll e GbSpe 4 bl ol
s 3 2SS Dopon Sy e s S S5,
sd Gole Guaib U Lsk e G e S 6 o)l
a5 3 )5 b (6l Sl ' Clb et 4 b e sla )
S YV Tl g 53 il (ol Slgs 2k 55 5o
Sk Ol K Ol 4 LS 5 s b s TSNS
Sre nls p (e Sl dlasl el 5 s ib 6l G
50348 gazes g by 53l [AF] OLKen 5 oSb[AF][AY] Wi
S oS 5 Geee S0k Glabs) Sl eslizad L1, JIGSAWS
Soler goaib e TON (2550 b stmma 22587 (¢ S0
e GLaSs G eslimal 0L 5 SSb o Lol sl s S
Stel et ol &S5 1ol S dalad oy iy vl 5l (35S
om gl Gk 5 26 ol o it e 5 BOT & (Sle
i 53 oolinl gl 4 Sl 345 53l o3y Ly 5 &5 ol
S 0l s RGB Wil 55 Wil e 03LeT LI ool 53 Goes e
Afm:@omajﬁ6&)545&\:-)5.,\51,:.&;4:5)?}&;):'5)}5
oais T3 03 el 4 RGB s (o) 5 5L S etz
S s Sl oslizul clalil o Gras (5,550 it Sl SIS >
S o8 0 e 0o Gerer 2l @Y Sleb e
Sl 51 AT Ll 6358 DL Las (6 2 3o (SLOOB (S e ol
s 93 &S e laiand e B e (sl s 0T
G s @Y el Gl il 5 Ll O~ il
Q)l@s@r_arj.ﬁ-&liﬁ)ﬁjé&)uij:ﬂfﬂbwdhuﬁg
213 Ll 3L L el s #1

oaieii 53" Sl s s S5 6,55k 3 et sk 4
s aSs jlaslimul b tags & o Sluil O > (gunail

oM oy [49] 0] Whos S sttt 1, T gman 28 51

5 Fine-tune
6 Kinetics Human Action Video Dataset

* Action Recognition
2 Optical Flow
33D ConvNets
4 From Scratch

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 55T 5 ol 5o opile gl 5 sl 5505 YA

3y B Lo e ((Ghazea 3w (gbe Luy L(;d‘ Lwvdazes ((Shas=] 3 g2 o

50l dsk 53 b S s sline 4 05 St 5 b das o plonil [ (1
Sp Soh S by el Gla du oy Blalislae Cllas
05,5 eslizul b b g5 LSTM (slaaslis 51 golgiiy Hlstlos ol bl o
Iy Cows iduital s 4 JIGSAWS :slsae gazms 355 5 ol
Ll 03 S

Slhads (ol Dol S by Sln S s s
SLB (ol Sl e Lsh o b G B 4 (Al
39,5 Olseas B 35h oo (6515 pagad il Sl 500 (6 2 52
F o 3OS e ] 3 s sl Gaas s 2 S
GBS eslital &, (6 sl OB 4 p by Jids Al Lo
S 0Tl Jlsie 625008 DB 33 53 8 Jool (B S8 S 5o
o calenls Caadl s 5o (S sy Ok (les (gl o1 s
Slolos & 3n 2l 5 s Coanly SIS (Gl 2 4 Ll 8
S s S SLOB 1 gyl paised Ol jme et NUgtiey
2235 @S SIS Galys g 4 a5 L OIS b s
Grot PP s s S 4 G 5 S sl
358 gl el (6 s DB a3 (S5 o1 2 6K 6 L5k e 3l
B e by sl ol s sl ¥ I glady Wiy o 18518 K8
csn o8 53 )ls (6 (S s gl Al SoblB oS o 5T
S 55 mds A S pa SO Sl edizl el (S5 slasls
U dl b5l 1 (Sins e oK 5 4,8 0015 S
S 525 O D gy 55 a3 S Sis il
Ko &K b 1y G o slaolb 5 0l b s s il
Jamelales slaa¥ 0sls 53 L 0T s 53 5 5,5 3l Lo
ol (glaazws 53 15 OT L blize slayds 5 (S slagm 5l
PSS LN F 0L 5 Gl 58 suaib Sl
53348 gazes 555 (>l Dolge wmbs SLIO 4 alie (3 S,
Al s deo ;3 AV B 4 5 s ls , JIGSAWS

JIGSAWS  ishsassems @lp isy opl @ileesly L
#0 .= F1 score « oy - ARAS-Farabi , Cataract-101
S S5 Ol @b s Glp 25 My Caws dops A
Lo b SR A b e e ils 1 e Sl
S SO podle Olg o (83505 03 Grzpn 315y r@ﬂ
by i s b SIRGB sl (g5 5l edsiml 2l
bads Go DL Ol (a5 Sl eddpl el G0l glacB
3,5 eslizul

ol ool el aals 0la 0 IS a T ol 51 ST sl
©I5 S 4 s D 0L sREB &0 s 4 sy SIS
ol ol eslemal b oS us i AJ.:TL?J\ Gilwesly 3 il el

w\;sa‘{py.;l:u})lvﬁwﬁ‘\bUl)Fljk:u\Qlj:@L;hu;))

slgtiay pp o guaine ST B 355 Coda (51 BOT 2505 5 (1
s S

s Sl Hl (e 4 0 a1 es NV ] OS5
Go3ls wsle esle glacy Bl Sl esliul (ol S > godls
5 omlle By Olyea ) Jas Ol sy adls 5 ol
ol ol 0T s S slgity Ol S)les U514 520S
5 3L g Laphll 03 52 dalin LB 5 (5525055 Olis sl 2 1)
ol 1) 550055 25l gl oS5 s ST 0l boT s S
b e LS 0 ol edly 5 O 1y yps s Olkn 5 by e
O b VU byl jesls ol oS Wsls ol (Ko slaom
2 e Sy S eslinal b LT a)ls Ol 425 5 Ol
Sl ey b s (K B Shs cusal il
x;;;,l)wudu&,;ql,uoT,u;CiJsg.u\\,&,Q\,w
gl gy g sl 05V Skl U

(s Soles gl A 5 415;(\?5‘ sl ra s 5ol
Lilsy 5 W S oy ol sy 5550 5 858 sl
LVY] 0L 5 Ky (e gl Liles S eslizuel ety 5 ol 587
oMl b 5 5 (6 52 38 SO 1) obast b sobnrss sla S5
(285 Al eslizal b 5 L3 8 ol sl 25 SIS slaeSls
5 Sl sk (sl 0T 515 5,8 (gSledte 1) LOT Gl el
s S sl ol gl

U S 505 ST 31 b can) ol 3 sk iluosly o oy b
Pl sl (oea) (5L g 53 15 0T S 3,15 (obay sl Lo b St a1
o3l 1y Calibes gla Thy olme glawilsls OB ol S e
2Ll Oaly (lab wlde 53 e Shs 5 Sledbl plas 53,8
.\;;ljssa@ngéu)uu,u@‘@p.gu@u;&
osba 1y Gl ol sl i 55 o s S5y Sl i,
5 Cabibee slaylpl O > e Olge 4 a8 (gludie 4810
i ph oo blod okdples| L;LA;}J 33 L C8b Caas g Ol i
Sl LU Sl ehisn Nl ) AHIN patie Sy Ll
o m S L ap it o balpl obsy oS (el oo (>
el calin ysb & Sl 6500 ol SokS 2550 0 Dl Sl
3 ol ol gr 5ol Sl 55 0Ly sk 5 L Sl o
5 oS DML oS kized (6 il v e (S0 592 50 b 25
.M@)&Tbgﬁdd;‘x{éﬁlﬁlﬂﬁff

LBl ol (ol s o 0T Sl ol sl
Aed Al e 5 3L Ol e o gl Slae b (63 5ds
line med pU L L o ler S V] 0L 5 SIS
,gstméuj;w@ﬂ@?gJx;;:%‘(ViSA)@_ﬁ.gj

Sl 50l T glime Glag ol 5 Slajm S slal

3 Fast Fourier Transform (FFT)

! Clearness of Operating Field (COF)
2 Video Semantic Aggregation (ViSA)

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

¥4 OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;ﬂ“ Lwvdazes ((Ghas=] 3 g o

g 33y se S s gl el 6l e 215 [ 5] XeEpiON

..u,l;u;.\ﬁ-&uy_.b_,,nﬁy@,l#éwgl{qefﬁ

PPN ==
I 1 [

I ] !
- Je [
1 Sl P : K 1
s o 23 : 1FFT |
I+ ResNet 1 1
I+ Incepton h ! 1
T=pi 1 ! b
h———_ll ! _-l

S dal i o B S (S ol el sl K LS
S As JA’;,:.A U;‘A}.}-’- u’.‘ BE) o-\.ﬁ:rlqd‘ ‘ﬁu&fﬂ)ﬁ E) Lh‘ﬁjbe:\:i b
s [¥v] Inception {1:0] ReSNet50 sus ;0T i slaalls

==\

I 1

I 1

1 1 ——————
| : I Tl SFle g
1 1 Al
| Eb=! Ly ]
I 1 1 (LS |
[ Nm—— o
I 1

I : CNN + Dense

l--ﬂ

ol Ooler wmds b sl i, 5 S sl -0 S

Q)&g_.l.? LQ).L“’l:'.’,)L;";)" Sl G‘JEM‘NSJ)\J |) C,.:La\;
oS 5353 Oy ot ilises (sla e L 315 Ol o O lgs kit
52 s ol b 511 le s cal 4 by e 5 b DSBS dlos

GO g PR

oyl 4 ol g (SN -0

Sass iy il 4 ool TS b Sy oo e
ladle 5o il ol 5 pods S50 ((Eae Par Glabs)
G oo Culda 85 ‘5&‘,.:,.:..» SRR LR g IR Nty
line DL 2l Sl dn 55 ols sl el aleT Wy
Sy Sl sl 3 e 5 (AT Wyl ghie 4 ol slas
3L, Sea el Il il atils sadie gla O iy (8l
ST 5 (Aly (S5 slably 5 (S lapanm 355 ploil L
AL adls ol Ao

Smart Autonomous sl sl O sz e ol slaod
0T s o dttes s [V 4] Robotic Assistant Surgeon
N g s slaklob G b 1Sl (Sl s S 8
GIKer 5 (i Sl Goee 53 4 3B pble ol s g
‘54.'.3&59.);,;._5’.:3AJ!.\A!@\A{&Q&:&U..\J\{C\J?\{JZ:‘M
S 5 ¢ o ol (65 T 5 8L el ¢ o o 517355
Ll o) &8 S 0 ST 1 Slgs 25 (250l Sl )
S 52 0T 5 Sl sl (o 65 53 4 0T 51V el 05 &S5
Sl 5ol (1 &G 0T G b 515 il andls s o shlan >
LS S 55 lge JESI L (6K

S ol Ol e s ) 02 e sl s Ll
5 ol LS Glaalole anw g 1 gai 0 Lal oSl gulial Slidos
o Gl O s a9 a S chiadigr >l S5sel Saailels

bl b5 Gl Ol OT 51 s 8055555
3l Gads 3 S Dbl el S eslinal
03 5ad Sl el SVl Gls s > slga oLl e
Ol b B 5 ol Oipe b2 b oS oS
LT G Gllae 5 LS Sy gt |y LOT (5 > Sledb
4 i O g 5 5 S o Camd s Ol 5 n oMbl 2l e
6503 Sl a pr Skt 5 Lo 0 S gl a4 S
Uil 53 S 0T Sl dies gl gl BB Sl 5 SIS Sledbl
S o OleMbl Wy ol Ol 4 355550 &Il 5 ol Dlge
o3zl | o (1 Sl oyl 31015 o 03505 a4 sl
Gl la sbul gl plin 5 S (69, 3l ‘[h/\]r;}[hv];.:;
Sl OIS i 3l eslizal b (ol 03 Sslen b3 (oS
L3S eslinal sy 5 p st

s BNl Sl Gl ol gl S| S
2 S Sl g ol s e O 35 Sl 5 e el S
AT L 5 e e 3 sdaie Sl ek b 1y 25 Sl (gl
ol B35 5 b3 Sl Sy Hlealizal b oS wias e 0l S~
23 ot ki desloe BB s Sl ez il DA S s
OVl 3 sl b Ll 5 DS o Sl g s nl o (il 5 L3
.-\.‘.AJ@

Sl ol ples 5 Ges G50k sladde syl &Sy 05 5 o
Ol Sslge b3l 5 (ol s 3 (S DDl 2l
S e il gl i b Sl el ol b
sla g, Sleslimal b1y dipd o Cun)d Jlowi Sl le (| s
o 88 g S Sl 0387 o el Bl
Sl ta) el b oS o iy (ol r O 5 &S 5 L gL Cald S

) DBl rmer Lph e Ol 2b3) p (S s S0

1 aras.kntu.ac.ir/softwares

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 25saT 5 ol 53 bl ol s 5 gad 2515 5 \&

3y B Lo e ((Ghazea 3w (gbe Luy L(;d‘ Lwvdazes ((Shas=] 3 g2 o

U0l 03 (Soler ot 4 3B &S s (b 5 L SO ol O 03
Wl ol &G 4 by 8 Sl plad (il Ol 2 D)lge
Je &5 53 3,03 13 alale 5, blie 55 457 olasls) ples 5 ol
Sl 2 esde s pl S el (GSleaiy Ll b ek
5 e Sl ol Gl Db gladlle 4 (ol Ol
Al sl ST OT 53 i gn Ate 5 o Lo 65 3
b Solee JUI 51 pgbslen sdbe pl 51 015 i pn 35
53,5 oslial | O 5a )8 4 ol (ol Sl ol oS oS
2355753 5873 5 Doy gty (63U 5 Sl A B (| 25T LT 3

b e SOAS SIS 3 0 iasl onl 03 kb b re sl oled
Sl A &S5 s Al ol Ao Sl Gees (S5 Sl
35003 Sffrw 5 Al 6 dsb s Ol (6,85s 61
Wl $5p5 83 ol 1) ool bl il Al T Sl 5 et
) Gzt e Soson Ll ol 51 pa a5 el e
o) 03l 355 VU Cmal 3 )L IB S s ()
WS 5 (5t (8 san igp Sladie Sl ealinel i
g el oS ESLS O T s slaaSs ke

e 53 65,5 ol (5,5 408 5 oy «Dlesbe pl 2 osdle
Canbly 5 ol Zumdly p (e (sla S (655l enlimul (2D Y1 ¥
OT 23T 5 m Jorl e 3 oo 3L o 55 i o 5 0035 381
G313 g 3l o3l das 5 b ol 0k 5155 55 51 (6 5V Sl Coranl S
oo ol sl e Sl ol (s il gl s s
Soled 5 Wlae ol 3 edd ) Slatasl S el Slles
L3 53 S5lesly S ol ponas 5 5 Sl b S5 s
ten e s 53 S
e
S e (E5,5) 4y peSaS Ly Liann cpl sl 4ugs 3l oidu
foovvee 5 (NIMAD) f+03v4 5,Ls o NIMAD-INSF
sl 488 15 Slzds 5,50 INSF)

&in

[1]1 A. Gawande, “Two Hundred Years of Surgery,”

New England Journal of Medicine, vol. 366, no. 18,
2012, doi: 10.1056/nejmral202392.

[2] M. Swaminathan, S. Ramasubramanian, R. Pilling,
J. Li, and K. Golnik, “ICO-OSCAR for pediatric
cataract surgical skill assessment,” Journal of
AAPOS, wvol. 20, no. 4, 2016, doi:
10.1016/j.jaapos.2016.02.015.

[3] L. Maier-Hein et al., “Surgical data science — from
concepts toward clinical translation,” Medical
Image  Analysis, vol. 76. 2022. doi:
10.1016/j.media.2021.102306.

Sl ba) CLILE (I3 s (IS B Rags ol 53 i ke
Wl Osloy 5 (S Jow o 4 48T (s a5 b >

S bl 0 sl s Gl pasdl L)
P03 Skt 4 536 55 eeT O g 4 SAM Wil skl
O @ g sl 5 (5l ol (it (glaie
Sheslizel b ol ladimes gl LOT LT il 5 L
Sl Gl 5o LISk 5 byl G365 Wb gl iy,
ar g ol bl wal YL Shs b e s 0SG! Calises
Cppds Solla glaalbele 5 SSL, glaalle S 558 0 b
Slr oY ol ol GUlnl @ seme SS15 Sopen ol
450 0 5 Lol ol Go b 5l s K58 ohss 5 ks iom piedS
R e I T PG N IO s S PO
Sladde ol dam s 4 o 5 b i o 3l (L D 1 (S
&K clin (glaosls 3T par L0145 S losl Ol 5 o iad 58
S 5 S Dl 2l LB Bl sl 35 Ol ol e
el dax s STy Caws cwlie ((lACES 4 5 2 50 e
(pais 4 OlSie o Wl g5 OT b Olarps ae) ol &
A L B Sl e A 6 383 Sl gb3 5 Sy
SIS gl S 655 S 5 LS oLl (ol 0 S5 e
2UF e ble ol Gladde S 5 LB, sl BS1 4
25 acde bl 0l

Lo ol gbaw) 5 bodle (Jolp jasi L0
Gl b 5 Ly (o Sladis I sl 0158 o5 Trexr
5 e Cd S 4 (5395 4 eoshei; g e sladde Wil
) Al bds e (6 el Solda sladibels I Sl
by 3l et Sl S o oledbl g ane ol eslanal L baalale
23 ol A S0 55 40T Sl agh 0 oS 5y il 506
bS5 53 S Gadedd iy ol 53 S Iy S Sl OL -
S S 4 Wl e dmer ol Slge <S04 B ST Lladie
Jods BT @ paabie 2l & S s 5 et 6l p
2

S >l SOl b psad b)) Ae) 5o S8k
S OpST el pihss SR e b s slaee) &
el o el L S 5 O = esis i) 5 s
B e S sl s sy ) ol Solee 2l Ll
Sy patie ol oK Gyl sl Sl ol Lo
At ol Aes alie LE s b Shy s e
Sl alie LB s i 51 laaoms al 53 Golee bl
5 LOkulay ol&iils 55 ke slaodsp ol S0, Ml

4;.L.‘;‘.w\(-lqdiJb);@j&\)zyzf}ﬁa"-jgﬂ):‘_ghdfi

tgithub.com/MJAHMADEE/Awesome_Video-guided_Surgery

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

A OT 25saT 5 ol 53 bl ol s 5 gad 2515 5

3y e Lo ez t(gebozua 31 B (6 Ly 3 cp S Al Linmnidazes ((Gula] 5] g

A Feasibility Study,” IEEE Robot Autom Lett, vol.
5, no. 4, 2020, doi: 10.1109/LRA.2020.3013914.

[16]A. P. Twinanda, S. Shehata, D. Mutter, J.
Marescaux, M. De Mathelin, and N. Padoy,
“EndoNet: A Deep Architecture for Recognition
Tasks on Laparoscopic Videos,” IEEE Trans Med
Imaging, wvol. 36, no. 1, 2017, doi:
10.1109/TM1.2016.2593957.

[17]1. Aksamentov, A. P. Twinanda, D. Mutter, J.
Marescaux, and N. Padoy, “Deep neural networks
predict remaining surgery duration from
cholecystectomy videos,” in Lecture Notes in
Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), 2017. doi: 10.1007/978-3-319-
66185-8_66.

[18] A. Jin et al., “Tool detection and operative skill
assessment in surgical videos using region-based
convolutional neural networks,” in Proceedings -
2018 IEEE Winter Conference on Applications of
Computer Vision, WACV 2018, 2018. doi:
10.1109/WACV.2018.00081.

[19] K. Schoeffmann, H. Husslein, S. Kletz, S.
Petscharnig, B. Muenzer, and C. Beecks, “Video
retrieval in laparoscopic video recordings with
dynamic content descriptors,” Multimed Tools
Appl, vol. 77, no. 13, 2018, doi: 10.1007/s11042-
017-5252-2.

[20] A. Leibetseder et al., “LapGyn4: A dataset for 4
automatic content analysis problems in the domain
of laparoscopic gynecology,” in Proceedings of the
9th ACM Multimedia Systems Conference,
MMSys 2018, 2018. doi:
10.1145/3204949.3208127.

[21] A. Leibetseder, S. Kletz, K. Schoeffmann, S.
Keckstein, and J. Keckstein, “GLENDA:
Gynecologic Laparoscopy Endometriosis Dataset,”
in Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics), 2020. doi:
10.1007/978-3-030-37734-2_36.

[22] D. Kitaguchi et al.,, “Automated laparoscopic
colorectal surgery workflow recognition using
artificial intelligence: Experimental research,”
International Journal of Surgery, vol. 79, 2020, doi:
10.1016/j.ijsu.2020.05.015.

[23] M. J. Primus et al., “Frame-Based Classification of
Operation Phases in Cataract Surgery Videos,” in
Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics), 2018. doi:
10.1007/978-3-319-73603-7_20.

[24] K. Schoeffmann, M. Taschwer, S. Sarny, B.
Minzer, M. J. Primus, and D. Putzgruber,
“Cataract-101 - Video dataset of 101 cataract
surgeries,” in Proceedings of the 9th ACM
Multimedia Systems Conference, MMSys 2018,
2018. doi: 10.1145/3204949.3208137.

[4] T. G. Weiser et al., “An estimation of the global
volume of surgery: a modelling strategy based on
available data,” The Lancet, vol. 372, no. 9633,
2008, doi: 10.1016/S0140-6736(08)60878-8.

[5] T.G. Weiser et al., “Estimate of the global volume
of surgery in 2012: an assessment supporting

improved health outcomes,” The Lancet, vol. 385,
2015, doi: 10.1016/s0140-6736(15)60806-6.

[6] N. Alnafisee, S. Zafar, S. S. Vedula, and S. Sikder,
“Current methods for assessing technical skill in
cataract surgery,” Journal of Cataract and
Refractive Surgery, vol. 47, no. 2. 2021. doi:
10.1097/j.jcrs.0000000000000322.

[7] M. Nathan et al., “Intraoperative adverse events can
be compensated by technical performance in
neonates and infants after cardiac surgery: A
prospective study,” Journal of Thoracic and
Cardiovascular Surgery, vol. 142, no. 5, 2011, doi:
10.1016/j.jtcvs.2011.07.003.

[8] S.E. Regenbogen, C. C. Greenberg, D. M. Studdert,
S. R. Lipsitz, M. J. Zinner, and A. A. Gawande,
“Patterns of Technical Error Among Surgical
Malpractice Claims,” Ann Surg, vol. 246, no. 5,
2007, doi: 10.1097/sla.0b013e31815865f8.

[9] R. Anteby et al., “Deep learning visual analysis in
laparoscopic surgery: a systematic review and
diagnostic test accuracy meta-analysis,” Surgical
Endoscopy, wvol. 35, no. 4. 2021. doi:
10.1007/s00464-020-08168-1.

[10] K. Nandigam, J. Soh, W. G. Gensheimer, A. Ghazi,
and Y. M. Khalifa, “Cost analysis of objective
resident cataract surgery assessments,” J Cataract
Refract Surg, vol. 41, no. 5, 2015, doi:
10.1016/j.jcrs.2014.08.041.

[11] Anaconda, “The State of Data Science 2020
Moving from hype toward maturity, 2020.”

[12] Y. Gao et al., “JHU-ISI Gesture and Skill
Assessment Working Set (JIGSAWS): A Surgical
Activity Dataset for Human Motion Modeling,”
Modeling and Monitoring of Computer Assisted
Interventions (M2CAI) — MICCAI Workshop,
2014.

[13] D. Sarikaya, J. J. Corso, and K. A. Guru, “Detection
and Localization of Robotic Tools in Robot-
Assisted Surgery Videos Using Deep Neural
Networks for Region Proposal and Detection,”
IEEE Trans Med Imaging, vol. 36, no. 7, 2017, doi:
10.1109/TM1.2017.2665671.

[14]1E. Colleoni, P. Edwards, and D. Stoyanov,
“Synthetic and Real Inputs for Tool Segmentation
in Robotic Surgery,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2020. doi: 10.1007/978-3-030-
59716-0_67.

[15] A. Attanasio et al., “Autonomous Tissue Retraction
in Robotic Assisted Minimally Invasive Surgery -

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 25saT 5 ol 53 bl ol s 5 gad 2515 5 FY

3y Lo ez t(gbozus 31 B (Gl Ly o S Al Linmsidazes ((Gulan] 5] g

[36]Z. Chen, Z. Zhao, and X. Cheng, “Surgical
instruments tracking based on deep learning with
lines detection and spatio-temporal context,” in
Proceedings - 2017 Chinese Automation Congress,
CAC 2017, 2017. doi:
10.1109/CAC.2017.8243236.

[37] Z. Zhao, T. Cai, F. Chang, and X. Cheng, “Real-
time surgical instrument detection in robot-assisted
surgery using a convolutional neural network
cascade,” in Healthcare Technology Letters, 2019.
doi: 10.1049/htl.2019.0064.

[38] Y. Liu, Z. Zhao, F. Chang, and S. Hu, “An anchor-
free convolutional neural network for real-time
surgical tool detection in robot-assisted surgery,”
IEEE Access, vol. 8, 2020, doi:
10.1109/ACCESS.2020.2989807.

[39] B. Ran, B. Huang, S. Liang, and Y. Hou, “Surgical
Instrument  Detection  Algorithm Based on
Improved YOLOvV7x,” Sensors, vol. 23, no. 11,
2023, doi: 10.3390/523115037.

[40] C. I. Nwoye, D. Mutter, J. Marescaux, and N.
Padoy, “Weakly supervised convolutional LSTM
approach for tool tracking in laparoscopic videos,”
Int J Comput Assist Radiol Surg, vol. 14, no. 6,
2019, doi: 10.1007/s11548-019-01958-6.

[41] M. Islam, Y. Li, and H. Ren, “Learning Where to
Look While Tracking Instruments in Robot-
Assisted Surgery,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2019. doi: 10.1007/978-3-030-
32254-0_46.

[42] X. Du et al., “Patch-based adaptive weighting with
segmentation and scale (PAWSS) for visual
tracking in surgical video,” Med Image Anal, vol.
57, 2019, doi: 10.1016/j.media.2019.07.002.

[43]1. Laina et al., “Concurrent segmentation and
localization for tracking of surgical instruments,” in
Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics), 2017. doi:
10.1007/978-3-319-66185-8_75.

[44]L. C. Garcia-Peraza-Herrera et al., “ToolNet:
Holistically-nested real-time segmentation of
robotic surgical tools,” in IEEE International
Conference on Intelligent Robots and Systems,
2017. doi: 10.1109/IR0OS.2017.8206462.

[45] A. A. Shvets, A. Rakhlin, A. A. Kalinin, and V. I.
Iglovikov, “Automatic Instrument Segmentation in
Robot-Assisted Surgery using Deep Learning,” in
Proceedings - 17th IEEE International Conference
on Machine Learning and Applications, ICMLA
2018, 2019. doi: 10.1109/ICMLA.2018.00100.

[46] O. Ronneberger, P. Fischer, and T. Brox, “U-net:
Convolutional networks for biomedical image
segmentation,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in

[25] M. Grammatikopoulou et al., “CaDIS: Cataract
dataset for surgical RGB-image segmentation,”
Med Image Anal, vol. 71, 2021, doi:
10.1016/j.media.2021.102053.

[26] M. J. Ahmadi et al., “ARAS-Farabi Experimental
Framework for Skill Assessment in Capsulorhexis
Surgery,” in 9th RSI International Conference on
Robotics and Mechatronics, ICRoM 2021, 2021.
doi: 10.1109/ICRoM54204.2021.9663494.

[27] M. Lafouti et al., “Surgical Instrument Tracking for
Capsulorhexis Eye Surgery Based on Siamese
Networks,” in 10th RSI International Conference
on Robotics and Mechatronics, ICRoM 2022, 2022.
doi: 10.1109/ICRoM57054.2022.10025355.

[28] D. Bouget, R. Benenson, M. Omran, L. Riffaud, B.
Schiele, and P. Jannin, “Detecting Surgical Tools
by Modelling Local Appearance and Global Shape,”
IEEE Trans Med Imaging, vol. 34, no. 12, 2015,
doi: 10.1109/TM1.2015.2450831.

[29] S. Wang, A. Raju, and J. Huang, “Deep learning
based multi-label classification for surgical tool
presence detection in laparoscopic videos,” in
Proceedings - International Symposium on
Biomedical Imaging, 2017. doi:
10.1109/1SBI.2017.7950597.

[30] K. Simonyan and A. Zisserman, “Very deep
convolutional networks for large-scale image
recognition,” in 3rd International Conference on
Learning  Representations, [ICLR 2015 -
Conference Track Proceedings, 2015.

[31]C. Szegedy et al., “Going deeper with convolutions,”
in Proceedings of the IEEE Computer Society
Conference on Computer Vision and Pattern
Recognition, 2015. doi:
10.1109/CVPR.2015.7298594.

[32] K. Mishra, R. Sathish, and D. Sheet, “Learning
Latent Temporal Connectionism of Deep Residual
Visual Abstractions for Identifying Surgical Tools
in Laparoscopy Procedures,” in IEEE Computer
Society Conference on Computer Vision and
Pattern Recognition Workshops, 2017. doi:
10.1109/CVPRW.2017.277.

[33] H. Al Hajj, M. Lamard, P. H. Conze, B. Cochener,
and G. Quellec, “Monitoring tool usage in surgery
videos using boosted convolutional and recurrent
neural networks,” Med Image Anal, vol. 47, 2018,
doi: 10.1016/j.media.2018.05.001.

[34] X. Du et al., “Articulated multi-instrument 2-d pose
estimation using fully convolutional networks,”
IEEE Trans Med Imaging, vol. 37, no. 5, 2018, doi:
10.1109/TM1.2017.2787672.

[35] E. Colleoni, S. Moccia, X. Du, E. De Momi, and D.
Stoyanov, “Deep Learning Based Robotic Tool
Detection and Articulation Estimation with Spatio-
Temporal Layers,” IEEE Robot Autom Lett, vol. 4,
no. 3, 2019, doi: 10.1109/LRA.2019.2917163.

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

Fr OT 25saT 5 ol 53 bl ol s 5 gad 2515 5

3y e Lo ez t(gebozua 31 B (6 Ly 3 cp S Al Linmnidazes ((Gula] 5] g

vol. 6, no. 2, 2021, doi:
10.1109/LRA.2021.3066834.

[57]J. Choi, S. Cho, J. W. Chung, and N. Kim, “Video
recognition of simple mastoidectomy using
convolutional neural networks: Detection and
segmentation of surgical tools and anatomical
regions,” Comput Methods Programs Biomed, vol.
208, 2021, doi: 10.1016/j.cmpb.2021.106251.

[58] M. Kalia, T. A. Aleef, N. Navab, P. Black, and S.
E. Salcudean, “Co-generation and Segmentation
for Generalized Surgical Instrument Segmentation
on Unlabelled Data,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2021. doi: 10.1007/978-3-030-
87202-1_39.

[59] J. Wang, Y. Jin, L. Wang, S. Cai, P. A. Heng, and
J. Qin, “Efficient Global-Local Memory for Real-
Time Instrument Segmentation of Robotic Surgical
Video,” in Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics),
2021. doi: 10.1007/978-3-030-87202-1_33.

[60] K. Zinchenko and K. T. Song, “Autonomous
Endoscope Robot Positioning Using Instrument
Segmentation with Virtual Reality Visualization,”
IEEE  Access, vol. 9, 2021, doi:
10.1109/ACCESS.2021.3079427.

[61] A. Boonkong, D. Hormdee, S. Sonsilphong, and K.
Khampitak, “Surgical Instrument Detection for
Laparoscopic Surgery using Deep Learning,” in
19th International Conference on Electrical
Engineering/Electronics, Computer,
Telecommunications and Information Technology,
ECTI-CON 2022, 2022. doi: 10.1109/ECTI-
CON54298.2022.9795561.

[62] Z. L. Ni et al.,, “SurgiNet: Pyramid Attention
Aggregation and Class-wise Self-Distillation for
Surgical Instrument Segmentation,” Med Image
Anal, vol. 76, 2022, doi:
10.1016/j.media.2021.102310.

[63] X. Sun, Y. Zou, S. Wang, H. Su, and B. Guan, “A
parallel network utilizing local features and global
representations for segmentation of surgical
instruments,” Int J Comput Assist Radiol Surg, vol.
17, no. 10, 2022, doi: 10.1007/s11548-022-02687-
z.

[64] P. F. Baldi, S. Abdelkarim, J. Liu, J. K. To, M. D.
Ibarra, and A. W. Browne, “Vitreoretinal Surgical
Instrument Tracking in Three Dimensions Using
Deep Learning,” Transl Vis Sci Technol, vol. 12,
no. 1, 2023, doi: 10.1167/tvst.12.1.20.

[65] J. N. Paranjape, N. G. Nair, S. Sikder, S. S. Vedula,
and V. M. Patel, “AdaptiveSAM: Towards
Efficient Tuning of SAM for Surgical Scene
Segmentation,” Aug. 2023, [Online]. Available:
http://arxiv.org/abs/2308.03726

Bioinformatics), 2015. doi: 10.1007/978-3-319-
24574-4 28.

[47] V. L Iglovikov and A. A. Shvets, “TernausNet,” in
Computer-Aided Analysis of Gastrointestinal
Videos, 2021. doi: 10.1007/978-3-030-64340-9_15.

[48] A. Chaurasia and E. Culurciello, “LinkNet:
Exploiting encoder representations for efficient
semantic segmentation,” in 2017 IEEE Visual
Communications and Image Processing, VCIP
2017, 2018. doi: 10.1109/VCIP.2017.8305148.

[49]1 D. Pakhomov and N. Navab, “Searching for
Efficient Architecture for Instrument Segmentation
in Robotic Surgery,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2020. doi: 10.1007/978-3-030-
59716-0_62.

[50] S. M. Kamrul Hasan and C. A. Linte, “U-NetPlus:
A Modified Encoder-Decoder U-Net Architecture
for Semantic and Instance Segmentation of
Surgical Instruments from Laparoscopic Images,”
in Proceedings of the Annual International
Conference of the IEEE Engineering in Medicine
and Biology Society, EMBS, 2019. doi:
10.1109/EMBC.2019.8856791.

[51] Z. L. Ni, G. Bin Bian, Z. G. Hou, X. H. Zhou, X. L.
Xie, and Z. Li, “Attention-Guided Lightweight
Network for Real-Time Segmentation of Robotic

Surgical Instruments,” in Proceedings - IEEE
International Conference on Robotics and
Automation, 2020. doi:

10.1109/ICRA40945.2020.9197425.

[52] M. Islam, V. VS, C. M. Lim, and H. Ren, “ST-
MTL: Spatio-Temporal multitask learning model to
predict scanpath while tracking instruments in
robotic surgery,” Med Image Anal, vol. 67, 2021,
doi: 10.1016/j.media.2020.101837.

[53] A. Nazir et al., “SPST-CNN: Spatial pyramid based
searching and tagging of liver’s intraoperative live
views via CNN for minimal invasive surgery,” J
Biomed Inform, wvol. 106, 2020, doi:
10.1016/j.jbi.2020.103430.

[54] Y. Fu et al., “More unlabelled data or label more
data? a study on semi-supervised laparoscopic
image segmentation,” in Lecture Notes in
Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), 2019. doi: 10.1007/978-3-030-
33391-1_20.

[55] S. M. Cho, Y. G. Kim, J. Jeong, I. Kim, H. jin Lee,
and N. Kim, “Automatic tip detection of surgical
instruments in biportal endoscopic spine surgery,”
Comput Biol Med, vol. 133, 2021, doi:
10.1016/j.compbiomed.2021.104384.

[56] T. Cheng et al., “Deep learning assisted robotic
magnetic anchored and guided endoscope for real-
time instrument tracking,” IEEE Robot Autom Lett,

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 25saT 5 ol 53 bl ol s 5 gad 2515 5 Ff

3y Lo ez t(gbozus 31 B (Gl Ly o S Al Linmsidazes ((Gulan] 5] g

[77] S. Kannan, G. Yengera, D. Mutter, J. Marescaux,
and N. Padoy, “Future-State Predicting LSTM for
Early Surgery Type Recognition,” IEEE Trans Med
Imaging, wvol. 39, no. 3, 2020, doi:
10.1109/TM1.2019.2931158.

[78] Y. Chen, Q. L. Sun, and K. Zhong, “Semi-
supervised spatio-temporal CNN for recognition of
surgical workflow,” EURASIP J Image Video
Process, wvol. 2018, no. 1, 2018, doi:
10.1186/s13640-018-0316-4.

[79] L. Funke, D. Rivoir, and S. Speidel, “Metrics Matter
in Surgical Phase Recognition,” May 2023,
[Online]. Available:
http://arxiv.org/abs/2305.13961

[80]I. Funke, S. Bodenstedt, F. Oehme, F. von
Bechtolsheim, J. Weitz, and S. Speidel, “Using 3D
Convolutional Neural Networks to Learn
Spatiotemporal Features for Automatic Surgical
Gesture Recognition in Video,” in Lecture Notes in
Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), 2019. doi: 10.1007/978-3-030-
32254-0_52.

[81] T. Khatibi and P. Dezyani, “Proposing novel
methods for gynecologic surgical action
recognition on laparoscopic videos,” Multimed
Tools Appl, vol. 79, no. 41-42, 2020, doi:
10.1007/s11042-020-09540-y.

[82] F. Luongo, R. Hakim, J. H. Nguyen, A.
Anandkumar, and A. J. Hung, “Deep learning-
based computer vision to recognize and classify
suturing gestures in robot-assisted surgery,”
Surgery (United States), vol. 169, no. 5, 2021, doi:
10.1016/j.surg.2020.08.016.

[83] C. I. Nwoye et al., “Recognition of Instrument-
Tissue Interactions in Endoscopic Videos via
Action Triplets,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2020. doi: 10.1007/978-3-030-
59716-0_35.

[84] A. Murali et al., “TSC-DL: Unsupervised trajectory
segmentation of multi-modal surgical
demonstrations with Deep Learning,” in
Proceedings - IEEE International Conference on
Robotics and  Automation,  2016.  doi:
10.1109/ICRA.2016.7487607.

[85] J. Xie, H. Zhao, Z. Shao, Z. Shi, and Y. Guan, “A
Fast Approach for Multi-Modality Surgical
Trajectory Segmentation with Unsupervised Deep
Learning,” Jigiren/Robot, vol. 41, no. 3, 2019, doi:
10.13973/j.cnki.robot.180387.

[86] H. Zhao, J. Xie, Z. Shao, Y. Qu, Y. Guan, and J.
Tan, “A fast unsupervised approach for multi-
modality surgical trajectory segmentation,” IEEE
Access, vol. 6, 2018, doi:
10.1109/ACCESS.2018.2872635.

[66] A. Kirillov et al., “Segment Anything,” Apr. 2023,
[Online]. Available:
http://arxiv.org/abs/2304.02643

[67] A. Wang, M. Islam, M. Xu, Y. Zhang, and H. Ren,
“SAM Meets Robotic Surgery: An Empirical Study
on Generalization, Robustness and Adaptation,”
Aug. 2023, [Online]. Auvailable:
http://arxiv.org/abs/2308.07156

[68] S. Petscharnig and K. Schoffmann, “Deep learning
for shot classification in gynecologic surgery
videos,” in Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics),
2017. doi: 10.1007/978-3-319-51811-4_57.

[69] S. Petscharnig and K. Schoffmann, “Learning
laparoscopic  video shot classification for
gynecological surgery,” Multimed Tools Appl, vol.
77,n0.7, 2018, doi: 10.1007/s11042-017-4699-5.

[70]S. Petscharnig, K. Schoffmann, J. Benois-Pineau, S.
Chaabouni, and J. Keckstein, “Early and Late
Fusion of Temporal Information for Classification
of Surgical Actions in Laparoscopic Gynecology,”
in Proceedings - IEEE Symposium on Computer-
Based Medical Systems, 2018. doi:
10.1109/CBMS.2018.00071.

[71] Y. Jin et al., “Multi-task recurrent convolutional
network with correlation loss for surgical video
analysis,” Med Image Anal, vol. 59, 2020, doi:
10.1016/j.media.2019.101572.

[72] Y. Jin et al., “SV-RCNet: Workflow recognition
from surgical videos using recurrent convolutional
network,” IEEE Trans Med Imaging, vol. 37, no. 5,
2018, doi: 10.1109/TMI.2017.2787657.

[73] Y. Liu et al., “LoViT: Long Video Transformer for
Surgical Phase Recognition,” May 2023, [Online].
Auvailable: http://arxiv.org/abs/2305.08989

[74] 1. Funke, A. Jenke, S. T. Mees, J. Weitz, S. Speidel,
and S. Bodenstedt, “Temporal coherence-based
self-supervised learning for laparoscopic workflow
analysis,” in Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics),
2018. doi: 10.1007/978-3-030-01201-4_11.

[75] D. R. Chittajallu et al., “XAI-CBIR: Explainable ai
system for content based retrieval of video frames
from minimally invasive surgery videos,” in
Proceedings - International Symposium on
Biomedical Imaging, 2019. doi:
10.1109/1SBI.2019.8759428.

[76] B. Namazi, G. Sankaranarayanan, and V.
Devarajan, “Attention-based surgical phase
boundaries detection in laparoscopic videos,” in
Proceedings - 6th Annual Conference on
Computational  Science and Computational
Intelligence, CSCI 2019, 2019. doi:
10.1109/CSC149370.2019.00109.

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o ¢J 287 als


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

£ OT 55T 5 ol 53 ol gl 5 sl 5505

3y B L e ((Ghamea 3w ((gbe Luy L(;d‘ Lwvdazes ((Ghas=] 3 g o

[99] D. Kitaguchi, N. Takeshita, H. Matsuzaki, T. lgaki,
H. Hasegawa, and M. Ito, “Development and
Validation of a 3-Dimensional Convolutional
Neural Network for Automatic Surgical Skill
Assessment Based on Spatiotemporal Video
Analysis,” JAMA Netw Open, vol. 4, no. 8, 2021,
doi: 10.1001/jamanetworkopen.2021.20786.

[100] H.Doughty, D. Damen, and W. Mayol-Cuevas,
“Who’s Better? Who’s Best? Pairwise Deep
Ranking for Skill Determination,” in Proceedings
of the IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, 2018.
doi: 10.1109/CVPR.2018.00634.

[101]  D. Liu, T. Jiang, Y. Wang, R. Miao, F. Shan,
and Z. Li, “Clearness of operating field: a surrogate
for surgical skills on in vivo clinical data,” Int J
Comput Assist Radiol Surg, vol. 15, no. 11, 2020,
doi: 10.1007/s11548-020-02267-z.

[102] T. Wang, Y. Wang, and M. Li, “Towards
Accurate and Interpretable  Surgical  Skill
Assessment: A Video-Based Method Incorporating
Recognized Surgical Gestures and Skill Levels,” in
Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics), 2020. doi:
10.1007/978-3-030-59716-0_64.

[103] Z. Li, L. Gu, W. Wang, R. Nakamura, and Y.
Sato, “Surgical Skill Assessment via Video
Semantic Aggregation,” in Lecture Notes in
Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), 2022. doi: 10.1007/978-3-031-
16449-1_39.

[104]  A. Soleymani, A. A. Sadat Asl, M. Yeganejou,
S. Dick, M. Tavakoli, and X. Li, “Surgical Skill
Evaluation  from  Robot-Assisted  Surgery
Recordings,” in 2021 International Symposium on
Medical Robotics, ISMR 2021, 2021. doi:
10.1109/ISMR48346.2021.9661527.

[105] M. Shafiq and Z. Gu, “Deep Residual
Learning for Image Recognition: A Survey,”
Applied Sciences (Switzerland), vol. 12, no. 18.
2022. doi: 10.3390/app12188972.

[106] F. Chollet, “Xception: Deep learning with
depthwise separable convolutions,” in Proceedings
- 30th IEEE Conference on Computer Vision and
Pattern Recognition, CVPR 2017, 2017. doi:
10.1109/CVPR.2017.195.

[107] Y. Gu et al.,, “Construction of Quantitative
Indexes for Cataract Surgery Evaluation Based on
Deep Learning,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2020. doi: 10.1007/978-3-030-
63419-3_20.

[108] T.S.Kim, M. O’Brien, S. Zafar, G. D. Hager,
S. Sikder, and S. S. Vedula, “Objective assessment
of intraoperative technical skill in capsulorhexis

[87]R. Tao, X. Zou, and G. Zheng, “LAST: LAtent
Space-constrained Transformers for Automatic
Surgical Phase Recognition and Tool Presence
Detection,” IEEE Trans Med Imaging, 2023, doi:
10.1109/TM1.2023.3279838.

[88] D. Kiyasseh et al., “A vision transformer for
decoding surgeon activity from surgical videos,”
Nat Biomed Eng, 2023, doi: 10.1038/s41551-023-
01010-8.

[89] B. Zhang et al., “Surgical workflow recognition
with temporal convolution and transformer for
action segmentation,” Int J Comput Assist Radiol
Surg, vol. 18, no. 4, 2023, doi: 10.1007/s11548-
022-02811-z.

[90] K. Lam et al., “Machine learning for technical skill
assessment in surgery: a systematic review,” npj
Digital Medicine, vol. 5, no. 1. 2022. doi:
10.1038/s41746-022-00566-0.

[91] L. Maier-Hein et al., “Surgical data science for
next-generation interventions,” Nature Biomedical
Engineering, vol. 1, no. 9. 2017. doi:
10.1038/s41551-017-0132-7.

[92] L. Wang et al., “Temporal Segment Networks for
Action Recognition in Videos,” IEEE Trans Pattern
Anal Mach Intell, vol. 41, no. 11, 2019, doi:
10.1109/TPAMI.2018.2868668.

[93] L. Wang et al., “Temporal segment networks:
Towards good practices for deep action
recognition,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 2016. doi: 10.1007/978-3-319-
46484-8 2.

[94] 1. Funke, S. T. Mees, J. Weitz, and S. Speidel,
“Video-based surgical skill assessment using 3D
convolutional neural networks,” Int J Comput
Assist Radiol Surg, vol. 14, no. 7, 2019, doi:
10.1007/s11548-019-01995-1.

[95] Y. Jia et al., “C3D: Generic Features for Video
Analysis (Learning Spatiotemporal Features with
3D Convolutional Networks),” 2014 IEEE
Conference on Computer Vision and Pattern
Recognition, 2014.

[96]S. Ji, W. Xu, M. Yang, and K. Yu, “3D
Convolutional neural networks for human action
recognition,” IEEE Trans Pattern Anal Mach Intell,
vol. 35, no. 1, 2013, doi: 10.1109/TPAMI.2012.59.

[97]J. Carreira and A. Zisserman, “Quo Vadis, action
recognition? A new model and the kinetics dataset,
in Proceedings - 30th IEEE Conference on
Computer Vision and Pattern Recognition, CVPR
2017, 2017. doi: 10.1109/CVPR.2017.502.

[98]J. E. Kim, P. Weber, and A. Szabo, “Medical
malpractice claims related to cataract surgery
complicated by retained lens fragments (an
American ophthalmological society thesis),” Trans
Am Ophthalmol Soc, vol. 110, 2012.

i1

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oplad (VY o oJ 287 alos


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61186/j0c.17.2.25]

OT 55T 5 ol 5o opile gl 5 sl 5505 \id

3y Lo ez t(gbozus 31 B (Gl Ly o S Al Linmsidazes ((Gulan] 5] g

using videos of cataract surgery,” Int J Comput
Assist Radiol Surg, vol. 14, no. 6, 2019, doi:
10.1007/s11548-019-01956-8.

[109] F. Setti et al., “A Multirobots Teleoperated
Platform for Artificial Intelligence Training Data
Collection in Minimally Invasive Surgery,” in 2019
International Symposium on Medical Robotics,
ISMR 2019, 2019. doi:
10.1109/ISMR.2019.87102009.

[110] S. S. Vedula, M. Ishii, and G. D. Hager,
“Objective Assessment of Surgical Technical Skill
and Competency in the Operating Room,” Annu
Rev Biomed Eng, vol. 19, 2017, doi:
10.1146/annurev-bioeng-071516-044435.

Journal of Control, Vol. 17, No. 2, Summer 2023 VEY Ol oF o5led (VY o ¢ 287 alme


http://dx.doi.org/10.61186/joc.17.2.25
http://joc.kntu.ac.ir/article-1-999-fa.html
http://www.tcpdf.org

