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Algorithm 1 :Training and testing steps of our model
provided

Dataset division; Training, Validation, and Testing
Output: Class labels

Training :

1. Model parameters
- Filtersize 345
- Number of filters :150
- Activation function: RelU
- Optimizer: ADADELTA
- Learning rate: 0.01
- Dropout rate:0.05
- Mini-batch size: 32
- N: Number of samples
- Number of epochs: 40

2.  Set the number of mini-batches as; Nb = Nb2.
3. Foriteration = 1. number of epochs

3.1For batch =1 number of mini-batches

- The obtained training set is fed to
CNN+AdaBoost

- The augmented images batch is fed to
CNN+AdaBoost

- The classification token is fed to the token
classifier

- Cdculated the loss function
- Loss backpropagation
- Updating the model parameters

Model testing:

1. Feed the input images to the model
2. Calculate the prediction label using output label Y
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Accuracy = (TP+TN)/N QR
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recall = TP/(TP +FN) QRY;

2 X Precision X Recall v

F — measure =

Precision + Recall

e s Sede g o35 @ TN 5 TP G kil o
oS5 a4 FNy FP Ll gduaib cawyy & dzaa

N 5 Llodd (ghoaid Cow sl & did 2o 5 Clo (Slad 5o

Silwesky wld> -F-Y

S @ Gees 6L L by gl S ol
Cilises e3ls Lgghe ole I oMbl 23l 5 ol
codls Uil Ol s Jgems odiils n SO Sl 0,8 e s
L ol Bl 4 w)sme 1) ey bl ) wllas oyl
Slp il G Lul b ge LS 31 S 5 VL s e
o3lil Ol el 0L ) olgdey B Silwerly
Sl S Silosly 5 b et el S o o
el gl Ll ddd G Lgﬁf:l:' 5 oebe Lgxfsl:-
osb @l 0l eslimal 106 5SUT 31 e0 50l o sl Jases
s ¥ ol S a Al ol slagiluesly alS casds-
Intel GH ol L (e S0 %)Y Sl pus albuls
plril Sid Jamms 53 0y CLIKS A 5 Xeon 2 E5-2620 2.0
) 0

Grid Jde obil 5y 51 dlae ol glagilwesly o
o sl el el Jde e (S ()0 Search
JENSH 6ﬁ>;a>uw| s sl 58 el an 51 Lol
Silwosly s« IS 5sb a5 OLuSS s o1l Lol plas’
La mld sldas 5 0 5 F oY ol e b ojluil (ol o 5187 glaasli
Sledled @U Olge 4 30 ReLUuJA:'-J.:.& @\3 D VO ol
Slp s pSesdle b 51l ol eslinul S ol s
By Sl o 4 050 A el Slg gy s
0 Bl W55 5 s v 0) 6,550 5 L ADADELTA
S ol S5 Y 23S 15 elinad 350 Jhe S35l )
AR TRE RS WP TR TR u,:)'yTgiﬁ\ g solgln Jde
| 0l ‘Jiq.h 0313 48 gazmn 4w 2 (54 dij}»T)y

M‘)Lﬂ}&“ﬁksw

ABODA 315 4 gazes 53 0 b 5 o adedd 1(F) S5
S ¢ Sy 0B Kbl s 5 4 DF 4 LE(SF (VF)
(O;WWJ&}QMMWJjﬁ‘oMoB;WJ

AVSS2007 o35 46 gozes @

9 odkd bay sl SRS bda 95 L oesls 48 gaes QZ"
ol e Sl W az g b ol sl 0dd SHL slaile
aJ\J@MCﬁ‘JﬂMQW‘eM U)&@‘de
o o YV] el @S S5 eslimal sy lasledl s
45\) &\P&M‘%{d)h)b &;J)N)J ob‘b &M
B 9&5 Oods 5 0l> )‘J.; ﬁ:;.;'& 4119.2.0).) 03 g ol el s
M}\@bwwf)\mjbﬁcjbwm
BL il 4l S J:ﬁjp £ o ol 4 RS
.L.jj.e .J‘}.:Lsﬁ o)‘bu.a:.&r..iﬁo.)\.i s, ;‘_5'.; d‘)'-"“”gs:’ Llas
4L gazes C).‘!")b ol LAJ FJZMJ}L.\»MQ.};&&
el ol 0315 OLES O JSKS s esls

AVSS2007 o515 48 gozee 3 0dds Loy o 3 adels 1(0) Jgafr



4:.5\:1.5_9..@ ;;“":‘JJJ"KM 41...:,'! BJ‘.&:.MH?BJ-J:J LA) 9\:..3|ﬁ-"§

oLlis R D80 d&jyj Slaesls acgazes 3 |, 6;\.@;..'"\::-
..L&Jg;c

boanslie o |y oolgin Jdde L)) 51 Lol @u Y Jod>
AP e S35 el 3 525235 (CNN &l s
S Sy bags S ol 1,1 sladds 5 (SOD+CNN)
s S5 5 (CONN) (il (258 a2 5
CCNN + Generated ) s 5 sl go5 5 oLl od ) 518
o3ls OLES (s o, ol Wy s Li) SLuls (¢l (Samples
4o pazms S35 4l adde il Sl Sia Y el ol
[V] ks, <V¥ls 31 PETS2006 5 AVSS2007 (slaesls
Oy 50 (Silwosly ABODA 0315 ae gozen (G55 5 ol Gb&a.«\

el 3 S

ABODA esl5 45 gazes

Jbe Lo 55 0k bl ol Lay oLl 31 (gl ol (V) K
e

S sl pdls Dl wolaslil 5 ol = bl
s gozes a2 (Say w0l ladde plo 4 o ol Jue
Dl aw o wlad o gdsaias Gl e s Shes Sl esls
Mooy Sl e 53 o2 5 b mhe 5o er SLD)
31 eslil b S e Ol bl ool o il sy s
Gl ) sl Cinnd (ladiodiws Cu s &S Cow gl r;:,)jfj\
A3 Sl s ol 0l (guttiws 35 il 4 e
039 5 XS oo i |y odid ghuarb slaesls bly LIS
(s A 1) s bLE 035) s SR Lagyl
S 28 o ol @ (gt a5 (Sibay oS iueil oS5 ey
S fo 5 Gipatins > Sl 4 e ol 5o TS ol
R

Sliglesl s -F-F

LT3 ol Ples 5 GBSt sl el )
Jlesel Laosls g3, gilwdts 5 S Tl 5 Bl
do 2B b3l SBs b glemlie b cpl s 33 8
38 0 g s Sadde gl b avglie s oolgniy

95 3 ol Jbe il olal cpl 1 g &S Hsboles
Ao g6 b ois Jsl do .wlaumz:\}?uu}ﬁ
Jsl alo e T3 & JSE ol 0dd Lay e b (suvaed g3
O Jols oS das e 0L 1) (oalgntg Jde 3 0 el
oy G bl dnad P (eedS o) e ol
S5 % ks Sl G bl S5 s S
Sl Go S bl Ll (b adedl p g i 5 g
S Sl oLl (ol Jl ol 55 i i Sls 3 S~
Aon S 93 5 Qe G g e )Uab

~

>
A. Background Subtraction

C Stauc?biect Detection

48 gozws (69 (63 gden J o Jl fde gl 2 51 (5140 905 1(F) Ji,...
AVSS2007 esls

SEVRT-S WELWE ST RNCIV Iy N WAV S-S WL £3° > e

ol 0 o3l o plsl 5 CNIN S S5 31 (golgndiy
Calses slao3lll b e ald 51 ol sla Shus bty ool s
slaa¥ & ) il 256 ae sl 51 Jol
o S@:L{u OF w5 o 305 Iyzes (duaiws 5 ;f;._..&ﬁ
o o3l 531800 51 bl oty Lndigatins 1 plaSn a5 4l
S G s e eslinud suaias JS ol A5 sl
LS ol el Lates (800 Ole Rl el
Slaosls SIS g mlie §p0 S5 hnd s L S
doas Ol 5 e OF SaS a5 3,51 oo s |) w53
ﬁ:’)}iﬂ .A;C)Lp\ Ly Llodd (ghodins G y3l &0 40 &S
G ol e Sy e laedls 4 cend canslsl
S5 x50k slaemy S iy ) 35l ey S5k 0 o
Jde law g o Lay bl luls 31 glaged VS 550




e G s Gua b ) eole s Lo b ey S5
o Sy SN o e S8 SYL s b ey
Iy glosls bla Gl bl ,;u:,;?w(.:wfj\ SSLIRTE S eI
S el glosls bl Jbs w0 of gl 4 5 3,8 Uas

5 |y (6 Sl (S

oot 6550k Sladis Ol o ol 5> sl S5 4 05
2D Ol ladde ol ol ) gl besls 31 edae oL
akizee Glas )8 55 o)lsen Lol tag Ll oy s
AL dde cpl Olgw Sy S o3lLl 4 o3ls a5 gazes
3] ”}f@ slgdy s e w0 )l Dy ls ui)‘).aT
o3l 30,8 ol 3 (6, 8L JlEil 5 awls Gl gla s,
a8 gazes plu Hlodel Cawdas A3 31018 0 S5l w5
SB35 50 3,80 Sslie wnls ol (Sas 45705 g2 g0 (glaesls
5,8 o3l adde (5,550 )3 (sl 4l

OlP e 30 olgnig dde (e 3 9 CSJ:§°L3 Jde cb.w);
sdalin 1) OF 56 Ol 5 5l 2ol3dl o J 518 laaY slixs

Sk Sladie 5l el p Sl @ a5 b iamen 250l

28 S e b Gees 65500

MM‘)L»}J:.Z’MJ;&QW

& eSams ¥

b Ll (ol fen ol by 5 S

N Stn oLl 55, el g ol Cabides 5L
ST T E NPT IC N USSR W20 V3 P U GV IOV LS AL | PO
m3d ek ldd p pl sgale SO 0L e ol
G35 g 3pd o ST 5 SCSw S el by
S cwl GLSESS @ 06 Glply abe S sl
@B S S a5 S8 5 e 4 ) s ok~
3 Bl s LS Slals 3l ol e 1) Sl
S sl sl Q:’)j"’L o SaS Gl 1y 5L e saylaia
w3580 sl 3l Gladle 53 LSUSS (ol s 5 &1
45 gores den (535 Sty o el 3513 Lol el
ABODA 3 AVSS2007 (PETS2006 s,ldibul &5 sel o3l
wolilell 51 ool ks il 8 8 18 L5l 5,4
0315 48 gazes w2 (5wl Sla i) 4 Sl (Sl Je
@l:..} olel i Hls, i ghuaws ¢l YL cds
o 23T 02, S 51 oslind oS 05 8 s Ol e SLialasl
0 e als (coea glaesls ghuaias 35 Ll 4 e
& 5L S e Sl esliad bl ooy sladute
S0 4 o plsl Ko sle w040 2l Oleyen sk

b sladde 5 slgdoy ddo (s5Lwasly 31 fuol~ @l;s duslin 1 (V) J g

st ethod Frame level (%) Pixel level (%)
Precision | Recall F-score | Precision | Recall F-score
SOD+CNN 60.17 | 60.87 | 60.52 | 41.19 | 53.03 | 46.37
SOD+CCNN 97.77 | 51.89 | 67.80 | 97.77 | 51.89 | 67.80
AVSS2007 Samplee N Gl o748 | 6659 | 79.13 | 97.47 | 65.70 | 78.49
SOD+CNN+AdaBoost 98.12 | 66.88 | 80.12 | 98.63 | 66.75 | 79.64
SOD+CNN 68.01 | 60.54 | 68.77 | 68.00 | 69.54 | 68.76
SOD+CCNN 83.25 | 69.54 | 75.78 | 83.25 | 70.12 | 75.78
PETS2006 in?pl; CCNN + Generated | o =7 | g374 | 8931 | 9567 | 8347 | 78.49
SOD+CNN+AdaBoost 96.72 | 84.25 | 90.31 | 96.24 | 83.11 | 90.12
SOD+CNN 7032 | 76.33 | 73.20 | 66.22 | 74.65 | 71.18
SOD+CCNN 86.54 | 74.41 | 80.12 | 86.52 | 74.40 | 80.05
ABODA Smplee N TGl o564 | 7583 | 8212 | 87.35 | 7645 | 85.12
SOD+CNN+AdaBoost 96.74 | 85.12 | 91.12 | 96.73 | 85.46 | 90.12




Aﬁlf:ﬁ wﬁﬂyl{wﬁ &.ﬁ)‘ AJ\.&L..-»H?A.L:: LAJ r—\:..f:‘ﬁu.&ﬁ

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

Fan, Q. and S. Pankanti. Modeling of temporarily static
objects for robust abandoned object detection in urban
surveillance. in 2011 8th IEEE International Conference on
Advanced Video and Signal Based Surveillance (AVSS).
2011. IEEE.

Tian, Y., et al., Robust detection of abandoned and
removed objects in complex surveillance videos. 1EEE
Transactions on Systems, Man, and Cybernetics, Part C
(Applications and Reviews), 2010. 41(5): p. 565-57.7
Porikli, F., Y. Ivanov, and T. Haga, Robust abandoned
object detection using dual foregrounds. EURASIP Journal
on Advances in Signal Processing, 2007. 2008: p. 1-11.

Lin, K., et al. Left-luggage detection from finite-state-
machine analysis In static-camera videos. in 2014 22nd
International Conference on Pattern Recognition. 2014.
IEEE.

Filonenko, A. and K-H. Jo, Unattended

identification for intelligent surveillance systems using

object

sequence of dual background difference. IEEE Transactions
on Industrial Informatics, 2016. 12(6): p. 2247-2255.
Filonenko, A. and K.-H. Jo. Detecting abandoned objects in
crowded scenes of survetllance videos using adaptive dual
background model. in 2015 8th International Conference
on Human System Interaction (HSI). 2015. IEEE.

Cuevas, C., etal., Detection of stationary foreground objects
using multiple nonparametric background-foreground
models on a finite state machine. IEEE Transactions on
image processing, 2016. 26(3): p. 1127-1142.

Sidyakin, S. and B. Vishnyakov. Real-time detection of
abandoned bags using CNN. in Automated Visual
Inspection and Machine Vision II. 2017. SPIE.

Irsoy, O. and C. Cardie. Deep recursive neural networks for
compositionality in language. in Advances in neural
information processing systems. 2014.

LeCun, Y., Y. Bengio, and G. Hinton, Deep learning
Nature, vol. 521, no. 7553, pp. 436-444, May, 2015.
Schapire, R.E., Explaining adaboost. Empirical Inference:
Festschrift in Honor of Vladimir N. Vapnik, 2023 :p. 37-52.
Thirde, D., L. Li, and F. Ferryman. Overview of the
PETS2006 challenge. in Proc. 9th IEEE International
Workshop on Performance Evaluation of Tracking and
Surveillance (PETS 2006). 2006.

Branch, H.O.S.D. Imagery library for intelligent detection
systems (I-lids). in 2006 IET conference on crime and
security. 2006. IET.

[28] Lin, K., et al., Abandoned object detection via temporal

counsistency modeling and back-tracing verification for visual
surveillance. IEEE Transactions on Information Forensics
and Security, 2015. 10(7): p. 1359-1370.

(5]

(6]
(7]

(8]

9]

[10]

&y

Luna, E., et al, Abandoned object detection in video-
survetllance: survey and comparison. Sensors, 2018. 18(12):
p- 4290.

Shyam, D., A. Kot, and C. Athalye. Abandoned object
detection using pixel-based finite state machine and single
shot multibox detector. in 2018 IEEE International
Conference on Multimedia and Expo (ICME). 2018. IEEE.
Savaliya, V. and P. Thakar, Abandoned object detection
system—a review. Int. Res. J. Eng. Technol, 2018. 5(10): p.
1668-1677.

Patel, A.S., et al. Abandoned Luggage Detection: An
Ontology-based approach for unusual activity recognition.
in 2022 IEEE 9th Uttar Pradesh Section International
Conference on Electrical, Electronics and Computer
Engineering (UPCON). 2022. IEEE.

Din, M., et al., Abandoned object detection using frame
differencing and background subtraction. International
Journal of Advanced Computer Science and Applications,
2020. 11(7).

Teja, Y., Static object detection for video surveillance.
Multimedia Tools and Applications, 2023: p. 1-13.
Smeureanu, S. and R.T. Ionescu. Real-time deep learning
method for abandoned luggage detection in video. in 2018
26th European Signal Processing Conference (EUSIPCO).
2018. [EEE.

Pathak, A.-R., et al., Assessment of object detection using
deep convolutional neural networks, in Intelligent
Computing and Information and Communication. 2018,
Springer. p. 457-466.

Smith, K.C., P. Quelhas, and D. Gatica-Perez, Detecting
abandoned luggage items in a public space. 2006, IDIAP.
Kong, H., J.-Y. Audibert, and J. Ponce, Detecting
IEEE
Transactions on Image Processing, 2010. 19(8): p. 2201~
2210.

Ferryman, J., et al., Robust abandoned object detection

abandoned objects with a moving camera.

integrating wide area visual surveillance and social context.
Pattern Recognition Letters, 2013. 34(7): p. 789-798.
Szwoch, G., Extraction of stable foreground image regions
for unattended Iuggage detection. Multimedia Tools and
Applications, 2016. 75(2): p. 761-786.

Ilias, D., et al, An edge-based method for effective
abandoned luggage detection in complex surveillance
videos. Computer Vision and Image Understanding, 2017.
158: p. 141-151.

Pham, N.T., et al. Two-stage unattended object detection
method with proposals. in 2017 IEEE 2nd International
Conference on Signal and Image Processing ICSIP). 2017.
IEEE.




M‘)b}&“ﬁkﬁw

B b })5- J‘"L”":'JK LSZTE} .»\lAJ;A oo
LS)’.M:"-’ QLI.f‘ el ab; CJL_UJ VYAV
)‘JQ‘ {’j’ &‘;ML‘J‘) J‘W Ju:‘)‘ wu)lf

Jﬁzb&w-uﬁy o&f&‘éjé

kg by 53 1) 3 6158 detma |Hlu
VYAF Jle 53 eraee hea u:“:’bf &Ll
Sbsbd g8 > okl el 03,8 by
ol ST ol &sls FaeslS kg o
S5 R Srdes) il St 5 e gh Al
3 el (ol sl (B3I (s o2

ol 03l (..Lc





