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ABSTRACT

Online exams have become widely used to evaluate students’ performance in recent years.
The ability to efficiently proctor is an important limiting for online exams due to the lack of
face to face interaction. Prior research in computer vision has shown that online exams are
more vulnerable to various cheating behaviors. The problem is challenging due to its various
behavior activities in examination or by monitoring them. There are many algorithms attempt
to analyze and detect in human behavior activities. But techniques are the limits in various
conditions. To overcome this problem, this paper proposes a detection of suspicious human
behavior with Rao-blackwellized particle filter. The proposed model extracts the keypoint
features in an automated way with OpenPose. This paper presents main three steps
including (1) data preprocessing, (2) detect behavior with Roa-blackwellized particle filter,
and (3) efficiency measurement and evaluation of experimental results. The experimental
results indicate that our framework offers performance improvements. The proposed model
can achieve significant improvements for behaviour detection with maximum success rate of
79.63% with data set 2. The experimental results indicate that our proposed approach offers
significant performance improvements in the detection of suspicious human behaviour.

KEYWORDS: image processing, human behaviour, human action, rao-blackwellized particle

filter
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Tadawanala [11, 12]

Qs ‘ﬂl a v v | = ad A a A 1 o~ A o v
msma%ugﬂLLuumaauVmeadmmmaagLmaauLﬂuamﬁ‘ﬁm'ﬂmquumaﬂ [13] vl,(ﬂ

ﬁnwﬂ%’luﬂﬁmnﬁ'uwqaﬂiiuﬁadmé}'ﬂmaaQﬁﬁaaumn@ﬁ%ﬁ'@mdaﬁﬁﬁu”uﬁﬂvl,@i”izmw
MIfay §1un1IAeMIAlINIULUUMIIEU AT LT TIIMURLI I NATEE LT N3
Aib L1889 I nIafsdTEe 1Judw Prathish et al [14] was Narayanan et al [15] JaavI988L
ANNRUULL TVBIYULEL mﬂ"ﬂﬁmLm:msﬁ'umwwﬁwaﬁl"ﬁmuagmmm“ﬁqmﬁwaﬂmu

@

B savuaanlaibld waz Wiodarczyk et al [16] lasitanadtn1Iasiaduvinmefdssesiuny

u
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'gm%'am@ﬂuwﬁwﬁ'mﬂ’lun’mzqﬁﬂmaﬂ’mi”awawaa@’tﬁeﬁmﬂumsam‘iﬂm&ﬁn danlu
Nunadinat1anguwniay Hu et al [17] Ghizlane et al [18-19] WAz Garg et al [20] 1o
weneuigdunumsadluntudiunfeaiunndnsmwaesznininisdmiiueanulaiuin
i Lwiaaiﬁdvliﬁm’luvl@i”ﬁn’liﬁmsm’]gﬂLLuuaﬂ"mﬁuimﬁasJ L% NTEIIAN USRI
AendaspasmsnanTuRanw sruumansofiviaauanundanlninslunseuiiaivas
mIsey uaz lawsdhedszamiisuanaivluniiesgaey Snguinisunangunenea
Sianzdnganssumatedenlmvesandiveshaduuuusiass [21] sremsldanuning
a1 lwmMIndueng anvivesmsedonlnizesand wardraunsisudunieasand
Lﬁaﬁwﬂ%‘lumsmmﬁuﬁaﬂii&lﬁﬁ@ﬂﬂ@hgﬂLLuu’iﬁIa@h pATuRaW (Markov) bns
famumItndand Lwiﬁ):Lﬁﬂﬂmumﬁvl,&immim:qgﬂLLuuﬁqu"L@TLWiﬁzgﬂLLuuﬁvL@TLflumi
$1duszuzawirintin Jameinisuuas Yang et al [22] 19 Hierarchical Dirichlet Process
a%m%’umima'«ﬂmﬂéjuﬁamﬁmnﬂmmﬁ'mﬁufmaqﬁﬁ]mmﬁgﬂa:mﬂ"l,ﬂmaawqaﬂﬁwjl,%
FOU Lwiaahﬂsﬁmumﬂﬁmm%mwaaﬂ@;uﬁﬁmﬁuﬂ”avl,ajmmmﬁﬁvlﬁnﬂmzﬁ 189970
vefansindanututenanAnluvinliiiesdidasiie dwmsuauispillainmaieiud
\Tew (Bayesian) Lfluﬁ'yug']waamim@hmmmazLﬂuluanﬂwLLaﬂﬁauLLﬂsN”umaa@Laan
$2MRUYNTNINEINE (body language gestures) [23, 24] AiENANINFOAIANURINENNINTEA
N8 (sign language) VL@TmngaJLLuumimﬁauvlm Lﬁammﬁ]”quammﬁamaé‘wad;EL%TW
saulunissavaauladdisifnshuwisviinisindinsasaynmaunuiiuuianalad
(Rao-Blackwellized Particle Filter) [25]

2. FUADWNITATLHBHINWIVEY

(2
Aa e A

SR ﬂu"L@Tw”@umﬁmimam‘fquammﬁﬁaaaaé’sm’%miumsaauaauvlaﬁ
Uszneudissunounsaiiunuissae MILa3suTaya (Data Preprocessing) WUL1884
@TamaamgmmmmnLLuﬁmm"l,asﬁ (Rao-Blackwellized Particle Filter) [25] &g 318017
ATIVLNANTING 898988 (Suspicious Behavior Detection Report) a4 LLa@ﬂugﬂﬁ 1 lag
minaaadldindayanngiutoyaiflaluszun Online Exam Proctoring (OEP) [26] Afnms
ﬁwu@gﬂLLuuﬁﬁmsmﬁ"ﬁ'@wmfﬁﬁﬁ]nsml@ﬁtflumidam%m LLa:ﬁamm‘L@ﬁmgqjmlﬁ
mmmm:ﬁﬁvl,éfﬁ%m%'umsaauLLUUL‘%Ua"Lﬂﬁﬁﬂs:ﬂauﬁawmaJmjmhmas'mmj”wﬁ'mﬂu
Aanssunandn@ wIavinmaUnd (Primitive activity) lszrinanssavdsznauaas NYNTIINTY
el u,azm?'uéTunJ?iﬂu"LﬂLﬂugiJmehmaﬁwﬁw Hudu wadhfanssufiiednfniafianssw
AaIRINE (Suspicious activity) Usznauaag mjwhmaffaLLa:mﬁ'uéTmﬂﬁsuvlﬂLﬂugmmu
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' o 6 & (2 A a Aa a A a A o 6
‘Y]’]‘YI’NQEII‘YHFIWY] 1wt ‘ﬂiﬂﬂ‘ﬂﬂii&l‘ﬂ&Iﬂ?iﬁu‘ﬂ%’m‘]_l‘]_qlﬂﬂﬂau ﬂﬁ]ﬂii&l‘ﬂuﬂ’]i@]‘ﬂli‘ﬂSﬂW‘ﬂ

A A Aa a A o AT o A & oa A a
%5aﬂ"ﬂﬂ§iwﬂ&|ﬂqil>@uvlﬂN’]uanL%ua"ﬂ’]ﬂﬂqiudﬁaﬂﬂI@]z "ﬂgﬂal’ﬂuﬂﬁ]ﬂijuﬂﬁan"ﬂim

Primitive Activity: DBN :
Extraction Posture t Efficiency Measure and J

Dynamic Bayesian Network Evaluation Method

Visual Data Skeleton

Predict: RBPF Suspicious Behavior Detection Report

Data Preprocessing Rao-Blackwellized Particle Filter

y & o [ o [ 1
E‘llﬁ 1 m%ma%msmﬂmquanﬁ&l é’faa a\'laﬂ\';l/'] gaINIad a%ﬂ']ﬂllﬂﬂi’]'] LLua m‘azﬂa‘ﬁ

24 nsanadeyamuniidragunlasisenszan
massutayanwiiathandianeinndnsmwsznitnisseuanninnmauazgduuums
wdanlna drsmianateayadiuniddguuinime aihandenziniwsuildan
\ = A IS af A a & v &
Mnsuazanuiiivaimaatewiny iungejiuguneiriineuusdmadunamans
@MIANATaYAUALAUNUIIINNILARBKNVDI319NY (Human action movement) AN

Qv '

° : o { o X . ‘
ﬂ$@l7LL1ﬁ%0U%ﬁ!@]ﬁ’]ﬂfﬂU%i"l{lﬂ’] m‘quummﬁmmu (Movement trajectory) ‘]J%Iﬂi{li'%‘l

o

Aaada

CRELRRSISTHELNRN IS Imas’nni:@n LLamﬁw‘hme%@iaﬁﬂugmﬂaﬁwm
15 melu@‘inmﬂaé”wﬁa (reference point) §IBINNILVIAUUH LAZFIBTIINTLATHBE
Usznaumy &2 Ao TAS WIUFIUUL WIUFINE 82lwn 11 Uz T8 @”@melugﬂﬁ 2
fnsumInasasilldinReadinomenauus (upper body) UsznauaiuaIuna (head)
Aa (neck) & (shoulder) LUBEIBLH (upper arms) UUBEIBES (forearms) T8 A1¥iIANT
’?LﬂﬁzﬁgﬂLLuumiLﬂﬁau"meaw‘hmei,aia@iaﬁm”zyuuiwmﬂ éwm%’uﬁagamwiuu@iaz
Wsugnanaeae OpenPose [27] Ysznauday QﬂL%ﬂN@iaquﬂNi’Nﬂ'lEJY]%%%JG] N ﬁlwﬁgn
aﬁ'@aanm%ﬂumm%msaﬁ'@%gaﬁ]zﬁma@hmeﬁmﬂmﬂvlﬂslumaLWnJLL@iﬁ)zﬁ'm'ﬁ
L%au@iaﬁ;@méiwfmﬁaslﬁmmmﬁﬁmuvlﬁ@hﬂ OpenPose uaz B = (xi,y!). \la i unu
@‘hLmﬂwaaq@uﬂmaiwmﬂ“?'imw k wazt1 OpenPose "L;immsnm'mifuﬁﬁme?@%@ia
i i lwnawd k azasdnaudu gl =0, wasiwuald gL =i, &1 Bi =0, uaz
BiE@ k=1 k-1 uaz j' <J ol wnumdudumistoded i laoiwuald 7 e
w7 LLa:a:LLam@hmeLwia:ﬁ;@uuimﬁ"mmmaww:ﬁauuu'ﬁ'ﬁﬁmm 8 3 o

g7, 1la B0 \lwyaisuduludunistodenduas atuaailuglfl 2 uaz OpenPose Uil
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@Taﬂmsﬁ’ma{uaavl,afl,ﬁaﬁmsmm’rmﬁﬂmn@i’]meﬁﬁ'@ﬁa@iaﬁgnLﬂﬁauﬁm’mmmﬁn

12408 d,, lwudaznw dinutadananuazgnunuiaumanIndomduaumsld
Bt (B = B%)/dy (1)

o d, = (x,,dp; 6,), Suald d, WnuAIUTZNTMI89ANEN WAL X, WNWIINLABS
YINTN"4 (augmented pose vector) 6, LmumgmzﬁdwaaaqﬂﬁL%au@iaﬁ‘uuuiﬂiaiwaukmﬁ
LRZ N WNWATTBIG LAV DIT A 0A UL (upper-body joint coordinates) F1RILNIINAREI
IFianzgimsemaorianuuidl 8 Tade Usznoudiodiunis duns ae lnadhe Tnsun

AULUUTIE AULUUDIT LUUTIE RS WUWVIN m”auam‘[ugﬂﬁ 2

s 2 awdrasslasssnenszan auvielasesanszan OpenPose [23]

2.2 MPNATILENYANITNADIEIFE

MIAATNEANYANTINADIRIRD Lﬁ@mﬂmséﬁ'mwv\myﬂqﬂﬁﬁ]ﬂﬁuﬁﬁmw@ialﬁaaﬁu
ANLIEAN ﬁnnmiﬁyuﬁagaﬁi’wmwﬁwummmLL&Jaaﬂ’nwmwaa‘*g@ﬁanssu"l,ﬁ fanysw
snIndan U AU UG 1w AanTsugulnsdn -> myndulnsenr@uan
-> myfialnsdawiuuuy -> nanalnidwd -> n1319lnIdwd JdubbanuduRusvas
matadeulmrimamsiaunsougasfisanunansuesfanssudasasss 55mslaundin
wiiFowiai3sd (Dynamic Bayesian Network: DBN) [28] 13 sminitefisnansnnianang
mwﬁwuﬂumnmqmirﬁﬁ'mmﬁm‘fm‘fwmsﬂs:mmm lagazvinnisunudeya
ANNFUNUT A e rmWﬁl,muﬁhunmlm:uuﬁﬁmm@u"’uﬁn"l,’i’lugﬂqumaaiﬁu@ wazAn

a a A . s o dq/ va A A
PaIAILLT ad‘na’]minLmum’mauwuﬂuanwmuwuuvl,@@‘nq@ﬂa mim‘!,mmwu
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\wilBuu (Bayesian Inference) Usznaudis anuaunialumildinguanuanyliwinan
wazhmadsznuddisusdouunuiugy mitmualasesisfansmweg 9 vasmywd
sdluuuudraasfanssunariliaaniniuazduiunsarasenld amulunuisadld
\Wen3tnsdinsaseyniauuuiuuianalad (Rao-Blackwellized Particle Filter: RBPF)

dld &/ ada = d. ) o o a v
[25] NifiAuzIRIINITMTILsdwdein lddszandluupudiassmswongdnsindas
fIFeluMIROUDOU LAY

53 @redisuuudiasslaseinenszangnananay OpenPose [27] 91Ng1hdaya
NN OEP [26]

2.21 ﬁ?ﬂiada%ﬂﬂﬂLtﬂﬂiﬁﬁllﬂgﬂlﬁalaf

mﬁmmjuﬁﬁ]mwi@Ulﬁmm”mammu: DBN [15] filAAananuauwiiaasrinms
AN (By, fo) TEWINTININ (1) I@yﬁmimﬁauvl,mmaw’hLmuﬁa@iaﬁm“%yuuinmm
ananadly OpenPose [27] ldtdugadaya B = (B, ..., B} e B = (o yh), unw
@‘hLmuaﬁ;@%@iauﬂmaiwmﬂﬁ i Twnnd n uaziwnald B, gﬂﬁﬁv\uﬂlﬁlﬂu@hﬁwﬁu
nanIsw mwuuwuflumaamﬁaﬂsiuiml,um‘i'maa virnsananuwazidunawnin e
P(Z,) mindnudidon e snuald Z, Dudrwaslnuafanssuifatulugae ¢ la 9 69
LLammmﬁ'uw”uﬂugﬂﬁ 4 e mnsarmuaRanssuATa s R el

U4 @NaFANWSVBININITTARANAAINT Z,_y UaE Z, % RBPF
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P(Z|Z,—y) = TII., P(ZE| P, (ZD)) )

4 : ' = A ' o N 1 ' o
e Py (2}) wnuanuhandulunguianssuneuninues z§F tifiadulugas ¢ lala fnua
aulsFana'le (Observed variable) LW V., Vi £ {v4, V5, ..., v} laomnnaliiduaauys
daszanndenlyvasnzuiums Z, wazdowmduaamsld P(V,1Z,) wazimualdnniaa
1 = wa 1 =1 > s 6 1
dasfiquantfvasudazanuniin Zo, 2 {z1,2,, ..., 2.} xfianudunusvasnuiiag
\Jusrunaadsy (Joint posterior probability) L% P(Zg.¢|Vy.r) fenunisdszanmaniarinld

(2
a

sansamanunasiduwed P(Z|Vy.) sunsadouaumsnisuanuiad laasd

P(Ve|Ze)P(ZelZe-1)

P(ZO:tlvl:t) = P(ZO:t—llvl:t_l) P(Ve|Viie—1)

3)
v o v 1 v 1 g’ b o 1 i N 4
dimualinisnszasenlasldgadimin N Swnwsansadowdn (21, o} _ , e
ZL, unueinf i 909018819 P(Z1.) WaZRNWUWSNUAIENTaIuaa: w!

Tasfi
Niot=1 4)

wi = ’tr=1 P(VelZy) (5)

[

susadsudusunisianuasnInsas (Filtering distribution) laaadl
P(Z V1) = TIL, 0k8(Z,, ZE) (6)

Tagraldusr3insutanisnsessanidudau 9 wIadanaitudInIasauna (Particle
filtering algorithm) a:gumfj”wfﬁﬂmmuéw‘fuﬁﬁﬂﬁqwﬁaazhuﬂum‘i’n uas1rIUNITuLadn
dauqazgﬂa%ﬁuﬁw {Z;',wi}{ilaﬁﬂﬂﬁsﬁmu@@hﬁwﬁfﬂﬁam&ﬁﬁ lagfmualingy
§18679 N As9@28n1Tunufianndn (Zhwi 3V, Heudas Transition +Tu
7i~Q(2Z}|ZE_, V), dsusniimindas

i i PWZ)P(Z¢|Ze-1)
Wt = W1 =5 1

(7)

P(Z¢|Zy-1,V)
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4 o ' @ ' i & 4 [ ' ' v i il il @
Warnisgudladialnd N assildndudesgnaiislniidu (ZF, wi 3L, dron1s
' ' ] 4 ! P o & :’ £% 1
dszumdianuiaziduwesdn P(Z|Vy.,) We P(Z = Z,) = ok, asiudrdminiandu
i, 1 N ada 13 VL € | ' @ ' A Aa A
{wf =1/pHL, Amamuudanaladeztiusarwiavaindualetsuaziiulszininw
2 ) Aa v a 6 o o A (> A
lumsafsuuuiiaesifilasseinannmainnziaiudsuazmsdsuiewlrannaiudsau o
aaurinnudsdeyaeaniduresngudladns dnualidudiuds Z, 7, = {r, z},
Tt = {AC, T, Ai}t, Zt = {D}t

P(Z|Zy—1) = P(x¢|1e—1, 2e—1)P(relTe-1) (8)
sansnuanuatlugdunuananhandn P(Z V) Waudszndudradnadu {r,z)t nil
ANUFNRBER LI w! Taefi TV, wi =1

t i=1 t— L
P(ro.t, Zo:e|Viit) = P(Zo:e|Vaies To:t )P (Toit [Vaie) 9)

MIUANUIINEHRAY (Posterior distribution) 28960 P (rg.¢|[Vy..) sansaidionlaiu

P(VelViero.)P(relre—1)P (ro:t-11Va:t-1)
P(Y¢|Vie-1)

P(ro.clVi) = (10)
222 MendnINIINRIBAINTBIERMALLLIIUURALA LT
mfimuwazduuLraIRansIa (Activity: A) Anetuluudazrsnauwsies
ANuFINUEIznIudazianssu e unlElumInszanadansas (filtering distribution) 1w
aunny RBPF mnualilnue T unufanssudwang (target), Inua Ac unulnuaagdu
(current activity) N518381329R9n330 uazlnua Ai Lmuﬁﬁmimﬁgﬂmy@ﬁ'\am: (interrupt
activity) lassa$9pasnad ldanuuuinnasde D, mﬁaﬂimﬁgﬂmam‘fﬂﬁ (desired
activity) mam‘"’;LLﬂiﬁvl@Ta]'mL’f‘i"auvlwaan@uﬁagaﬁﬂs:nauﬁ’as’J {Ac, T, Ai}, \BTuL@8IN%
ﬁaﬂisuﬁazLﬁ@%un”@vlﬂﬁ]zgnﬁﬂmmmmﬁiauhﬁﬂfuﬁ'ﬁ n@umaaﬁagaﬁﬁ]mmﬁﬂiznau
a8 {Ac, T, Ai}, \Twido1n% unuarnanssuaslulasiasrsves RBPF Usenauday
r. = {Ac, T, Ai}, uaz Z, = {D}, @”JLLamm'mé'ww”uﬁmaaﬁaﬂssulugﬂﬁ' 4 \Jatnuald
RBPF sznausiy N Lﬂuﬁﬁmumjmﬁaaiw’ﬂ”a%laLwiaz?g@\ﬁ@hﬁé’uﬁuﬁﬁumﬁmﬁfmﬂﬁ

gumIash {({rz} ., o, = 1 uaz P(Z Vo) luudas {r, 2z},

P(Z|Vyy) = Z?]:lwi({r,z}t,{r,z}i) (11)
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P(Z Vi) = IV, wi({Ac, T, Ai, 0}, {Ac, T, Ai, O}}) (12)

NNFNNMIN (5) UTLANABNARTLFDININTIY Ac Uae T QInBaINNTOUNUANNTUNUTN

e X wee I
AR LA AI7h

|Act|+1
il

wi = wi_y x P(ZHV,) x (13)
lﬂ. ) Qs a vV A tﬂl o v : o A v v tﬂl =
waidunsdasiumafedafiananantlddniminddndilndgudluaunisn (10) uazding
liaumsf (12) iwwdpanuanesyinliifadves P(AL{Ac, T, AL, AL,_;) ~ 0 usztindn
a J e t&l o 13 J :’ b { v
284 1 — P(D¢|A,) \iadidnduay (false positive) Inunaz¥inmsmunaainnsni batdu

0.01 lagazaTununisviniwuasaanassy RBPF @Tﬁgﬂﬁ 5

Algorithm 1 : Rao-Blackwellized particle filter (RBPF)
Input : Ac : current activity
T : target activity
Ai : interrupt activity
w: Weight vector for the feature attributes
N: number of random sample
Resampling: [{4c, T, A}, wi]¥, and w,
Output : Predict D} from set activity {Ac, T, Ai}
Begin
Fort=1toT do
fori=1toN do
Sample : {Ac, T, Ai, D} _,
Transition : Z{~{Ac, T, Ai}t_,
If P(AL[{Ac, T, Ai} == 0) && (Acf ==TF)
Reset activity

end if
Compute: P(D{|{Ac, T, Ai}L, AL.,)
Predict D}
Calculate w! Equation (13)
end for
Normalize: w, and Resample Z,
End for
End

5115 @ana3da Rao-Blackwellized particle filter

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuaisinuvuUruia OA 12 aUuR 2 wnUNIAU-AYHIAL 2565 ]]

3. m3adss@NnsnINNIITINK

myiadszinsnwiienaseuiimyinddssaninwainwieves seansssiuaw
FosmaRsaladionanlgonuess dmsulunuisoitldinaue 35msaaniwgdnssud
ﬁaaaaa«?ﬂumsaauaauvl,aﬁﬁrmgﬂmelaomimﬁiauvlmﬁawﬁmaaawmﬂmenuuﬁﬂ
nalad ieldluminrasaungdnssumsay mianadayaanmwiala @1 OpenPose
[22] S2uAUday8971n 32U Online Exam Proctoring (OEP) [26] Lﬂuizuuquaauaaﬂaﬁ
u,'uué’miuﬁ‘aﬁmuqmLLazgLLamsaamT’Jﬂmsu”uﬁn’iﬁiaaﬂmzuugmﬁagaLLum%'ﬂavlmﬁﬁ
YUIA 640x480 ANLTAA1LAATIANNLTT 25 WTudaIw N D uszaziiandszunos 20-25 w1
FINNIRUA 24 gatays lagltauninhduizaslunsanaiundauazlulaslnu %aﬁaga
°uaa@aauﬁ"tﬁ%’umnmn”@Lﬁuﬁagaumzuu OEP 1sznaueis Tayanianys TayaLaes
Toyantrenauiaes uaz ﬁagamwLﬂﬁauvlﬁaiz%’jnaﬂﬁaau Zaluminasssitazsin
ToyANLNEIFIULAY? ﬁa‘ﬂ”agamaaizmwmmauﬁﬂs:ﬂauﬁamhmdmsmﬁau"lm
ANBUZEY 9 TOYRAUAUIININEY UAZ AdszunmuaInNanIIN 8 30 AILEAINTIN
@“ﬁamﬂugﬂﬁ' 3 dAmiumInasadldinuazduuunginsind198ian Baseline 311NN13
MAUAILUUUINIATIIUNFUNEANTINANIFOUIINTEUY OEP ﬁLLﬂaaamﬂugL%aammm
WndnIsunaia I@ﬂmmaumugﬁuizmwﬁﬁmsaau HINFULEAINANTINGBIFIFE
@Taﬂmi%ﬁm‘fuqﬂnitﬁﬁams@m 5 vuefifimisou Hihsauiinadanifaianansdng g
JEnieigay uas ;jLﬂTﬂaauﬁvlajﬁwnammL@iu“ﬁ'm%aﬁvi'mnﬂnﬁlumsaau lasnsiudin
il”agaﬁmimuqmm‘wLL’mé”auLﬁmﬁ'mﬁ]ﬁaaLLazqﬂﬂirﬁﬁlﬁ’lumsﬁuﬁﬂ FIRNEI150
LL‘Li\‘]ﬂ@;lI@l’]&Iﬁﬁ]ﬂiimﬁﬁﬂ’]i@]i’)’ﬂﬁmﬂ,ﬁ4 ﬂﬁjm“'af: (1) wn@nyIuUn@ (Normal behaviour:
normal) LLazwqaﬂﬁ&Jﬁadmé’ﬂ (Suspicious behaviour) [26] %oﬁgﬂuuummim‘huuﬂ
Wqﬁﬂsiuﬁaaaaé'aaaﬂl,ﬂuﬂéjusjaﬂm"'af: (2) msw”@qﬂﬁ'mﬁ"au (talking to the person in the
room :Talking) (3) N151FIn3ewT (using a phone: Phone) Waz (4) HLanansans § 4uan
(cheating from a book or notes: Note) @4 LLammwéﬁazinﬁﬁmiwlugﬂﬁ' 6 §1IUNT
ﬂ@aaavl,@i”ﬁﬁmsm%ﬂuLﬁﬂuﬁ'ﬁ%miﬁ'ﬁuauaﬁamadagtmmmumuwﬁmmvla%
(Rao-Blackwellized Particle Filter: RBPF) &) 4 55a9il

3.1 BNNDIALINLADIUNBTY

TANIALINLABSUNTTY (Support Vector Machines: SVM) [29] lErann13ua4n13%1

]
1 v =

a a Af 4 v v 1 o ot v 1 v
s ANTUaIrUN TN AT FULLIFIRTL LLEJﬂﬂE:l‘3J°llQHﬁ‘ﬂgﬂﬂaulﬂl’]qnitu%uﬂ’ﬁﬁﬂ%lﬁ
a °

a k4 v s v 1 1 v v v v a k tdld
i:‘ummug I(ﬂEILuuvLﬂEl\‘iLﬁuLLUGLLUﬂﬂQQJTﬂHﬂVL(ﬂ@ﬂﬁ@] m%u@lw‘qmagamsnﬂug N ny

9
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dayatiu {y;, 2,3, Wo x; € R™ ustuuudayading i uaz y; € R™ (dustuuudons
U u U U U
pan? i uazdzUuuuvadIni1sdIuuna183IN1T SUM aIFUNTT
y(x) = sign(E™, a; yiK (x;, x) + b) 1ia a; idudruinasnuas b 1ua1a9Na1 414939
v ‘-'sl o v a Y 1 5| U [l a U Fé
gayafihanlluszuvunmsseuldszvuSouisulngdnidudeysuvuladudadu o
sansauddymiaInanndis Kemel Function wnldduuntdayauuszwiunansdd a1unin

= . ¥ aql/
W UURNAITVBINIANAW Cost function bAAI%
minimize,, ¢ p{llWll*/2 + C X2, &} (14)

melddadnnevas y;(w.x; —b) = 1—§& uaz & =0, @sU i = {1,2,...,m} \la & 1Ju
Jayaltiadnimsuundayanfanaiaved x; uazauliniugu € 1AIVANITZRINAN

ﬁ@wm@LLazﬁhgaqmmaaﬁagamiﬁwj’I@mﬁfﬁ C = oo 3zt lded Margin

3.2 laseznadszammiisuunuudeiauinis

lassnsyseamfis i uURIT@UINNT (Convolutional Neural Networks: CNN) [30] 3%
WosiFUasannanssu (Multidayer Perceptron) 15znausas (1) Convolution Layer: &16
’mezﬁ']minsad’ﬂ'agml,uu 2 16 szwing Taya x @INTBI w UaT h Lﬂuﬁagamwﬁnﬁ'@‘ﬁ'
Qnﬁni‘fu wae A CT Lmummé'uw”uﬁmamj”agaLiTﬁLLazaaﬂ Lﬁam”amamauauaamﬂﬁ'aga

LﬂTﬁﬁL%amiaﬁ'mTagaaaﬂéﬁLﬁmﬁ'ngm%amiaﬁ'wﬁmmﬂuawms
hj = Yikecr;k,j (i * Wi) (15)

(2) Sub-sampling Layer: 810U hLWad1LA®N1T “Max-Pooling” tdwn 13t swudasuas
v o v ] ‘;/ o s qq: IQ/ U v
sanauldamanininulaatnemaiiaiu (3) Fully-connected Layer: f1auguisugayaiii

=
LN

o
o v Aa o [ T .

mInudududoyasan uuy 1 s miuaaurunaly (4) Output Layer: S1@UTH

v

)
ayaaanNgNIUBNNEIAARLALILUY 1 AA9NEGUTU Fully-connected Layer

1 o o (%) 6 6
3.3 lasezngdssa s uuuudeInwIn1s-nNaIALINLAD LT EY
lassdnsdeanifisuuuusiawmn-oTanasainiaasuasdn (Convolutional Neural
Network - Support Vector Machines: CNNSVM) [29, 30] LJum3ingasdimsninausIunis

aunTadsuisntunsaafulanazannsna ldues SVM s f(x) = (w. @(x) + b), \ila
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= & RS 9 ] a ) A & A
w iuiiniaatuasdriinin, b 1ludraad (Bias) uaznnwiindiaatasiind) @ unw
Arbitrary Function a4%%IanUszasAnanainssuundas CNNSVM NavinnsmdLdu
[l dl o dl o Qs v Qs Qq: o v v = U _ m
wisnmanzaungadmindaya f(x) aaiuimualvdoyanmaiouiidu S = {(x, y)IR,

\Wa x; € R™uaz y; € {+1, —1} &MiuMIIUunaaIngy uazdn Cost function Jzunmsiin
minimize,, {1/2 |w|l* + 1/m X2, 1(x;, yi; W)}, (16)

A o o

Wa A =0, uax l(x;,y;w) = max{0,1 — y;f(x,)} dwsumey max{0,1 — y;f(x;)} azgn

UNHA2Y Hinge-loss wazmnuali f(x;) AauFuABENY Kemel K(...), uaziinuald

/2 ||w||? QﬂIfLﬂ%ﬁ’]gdij@]‘Uﬂd Margin tiaway 1/m Y™, 1(x;, yi; w), Lfluﬁw’hqmaa@h
A a o v = a & ° A Aa

anuamaadaulunadouiivazli dn ¢ iunnfilweivemsduunaaianion lasnd

anuguNusiuwIdaes 2 = 1/mc lasvaldudimasousluravastoyavas CNN uaz

Y ° 2 1 o A
SVM azdasvilwldfadndnfiga R(f(x:), v:)

3.4 TasednglsianifisanuuminganasiseasdwuUen
13991813 M NIA DU LUURII DA ST B TRLLI N (Long Short-Term Memory:

LSTM) [31] Lflmzuuiﬂmﬂwﬂizm‘nLﬁﬂumemﬁyﬂﬁﬁ’i%msmmsmm‘h%gavl,@“l,wﬁm

RUmmm’;muﬂ’jﬂugmmuﬁu fszozianluudazgate 639t

1) Input gate (i) tummiugudayariiarinniasangedaya (d)

it = 0(wgd¢ + wpihe—q) (17)

fwuald o unu Warudnuasd (sigmoidal function), w,; Unutayada (hidden input)
h; Wb hidden state
2) Forget gate (f) ludrfiaygralid LSTM fuainudinauniin (c,_,) iWala3ow

[

wundniTudeyalnad dransdaiulaaindayaiiugriaun hidden state (k) daunii

ft = 0(wgrd; + wpphe_q) (18)

3) Output gate (0) tudrnvinisdadulaindayaluniivaiuirezgnaslyds
hidden state (h;)
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0 = 0(Wgod; + Wpoht—1) (19)
¢t = f[tOct—1 + 1t OB (wgcd; + wpchi—1) (20)
hy = 0,©Op(cy) (21)

Aruald o unu NedTudnuase (sigmoidal function), @ WNu +aLUTLUANLNULAUN
(hyperbolic tangent), L8 ¢ LN Waﬁ‘ﬁ/uﬂiwju (activation vector) ﬁﬁ%%‘ﬂﬂ’agamﬁﬁﬁﬁfﬂ
' @ o o A (% ' . . [

senivdayaniidiniatayaton (hidden input) QNUNUINY Wqy, Whi, Oaf, Whfr Ddos
Whe» WachdE Wpe AIUUNTUTVLFIATERIITRAB UM TRz T UMIINTaYR N
< ' 4 A [ ' £ o @

Tunaudraialsznoum IR Tanlunlivdsdrzassa Sedadvesnisld LSTM Aa

o A ° o ' A A v v & o =

sansaveniaiuiialaszimadiudyaes druwmaniadvudayaitnundien gate aziiu

@‘i”;muqumivlmmamj’a%la

4. HANMINANDY
mimﬂaaaLﬁamnmwq@mwﬁﬁaama%'ﬂummaumngﬂmeaamimﬁaﬂmﬁm
dinsesaymaLuuTILUianalad lasyihnsudsdayaniwnisseueanlailuszuy OEP
laugutaya?nizuy OEP (primary dataset) mn’gmj”agmﬁuﬁﬁmiﬁmma aantdu 3 374
ToyanWeIFINTUNIINARES 10 W17 m”aifuﬁagm%'mi”mﬂu 72 gavaya (primitive
dataset) LLazﬁagaa:QﬂﬁﬂmﬁmaaLﬁaLﬁuﬁmmﬁagamwﬁmmiﬁﬁ data augmentation
[32] 3znaUeIE NI MIAALIIEIL madsuapuanuging Lﬁ"al,ﬁm‘hu'sm]”a;daslu
mInasasnanuaLdu 576 pOVEHE @T’Jﬂmsg}m]”agaém%'urmmamﬁ 1 U8 2 NS
madeifiundszintnwaioaanugndasaudaznaudoys diznauday draanuuanii
(False positive rate / Precision: Pre.) Lﬂ%é’@iﬁd%umaami@lﬁﬁ]wquaﬂii&lﬁgﬂﬁadmn
ahmmhmaﬁ?mm, f1AI1NT=AN (True positive rate / Recall: Re) 1% aIN&#I4209017
mmwquaﬂsm‘ﬁ'gn@Taamﬂﬁiwmuﬁagaﬁgﬂﬁaaﬁwm waz AUszAntanlassiu
(F-measure: F1) 1I1#n1570@a10 08N U Tzn3I9aauTz A nuazA1an v lugs
‘a'lﬂ&lﬁﬂLLamNami‘Vmaadtﬂu@i’lmﬁﬂﬂﬁ’mgﬂﬁaﬁ’m (total average accuracy) i1
AN A1ANNIEAN wazanyUszEninnlassiu (F,) @rumadSouisuny aduaadl
a191971 1 uaz 2 Lﬂuqml”a;gam‘smaaaﬁ 1 LA 2 UEIAU 25 SVM fnuadl Kernel

o A

sigmoid 1Muad1 & = 1, 113u35 CNN LulaTadnouuumaTeuiizedn dsznaudas

Convolutional layer1 10 kernel NA®1@ 11x11 Waz Convolutional layer2 i 6 kernel N
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U1 5x5 Convolutional layer3 § 23 kernel fidau1a 5x5 uazlun1inasasazinisld
Tas98$19289 CNN 39070 SVM uaz LSTM 31na1319KHan1naaasi 1 ’qum]’agaﬁ 1 ¢
mm?zﬁmmgnﬁaoﬂmJaamsm’mwuwqﬁmmﬁaamé’mﬁam‘i%ms SVM, CNN, CNN-
SVM , CNN-LSTM uaz RBPF fd1aaugndasiadesinagl 50.47% 52.99% 69.43%
72.13% WA 76.98% AMNS1GU 3ziAuIIn131435017 RBPF dn1vdnaesglunuaay
mwé”uw”ufvhmaﬁamswmmhaL'mﬂujgﬂLmumaamm‘sawmm{ﬁ%m e lAden

v A a X
mwgﬂmadmwmu

= a A [ a v [ 1 ¢ v
M1929N 1 ﬂizaﬂ5mwmsmnaqumnsmmmaaamwmaaauaaﬂau ﬂ’]ﬂ"lgﬂ

Hayadi 1
Performance (%) Average
Categories
Normal Talking Phone Note Accuracy (%)
Pre. 60.22 50.96 44.07 57.89
SVM Recall 58.33 56.99 59.09 36.42 50.47
F, 59.26 53.81 50.49 44.72
Pre. 50.98 54.78 54.39 68.13
CNN Recall 56.52 61.17 63.27 39.24 52.99
F, 53.61 57.80 58.49 49.80
Pre. 75.00 60.58 73.12 72.45
CNN-SVM | Recall 64.08 72.41 65.38 7717 69.43
F, 69.11 65.97 69.04 74.74
Pre. 72.45 75.82 71.00 70.87
CNN-LSTM | Recall 78.02 75.82 71.72 75.26 75.13
F, 75.13 75.82 71.36 73.00
Pre. 82.29 84.27 75.73 75.96
RBPF Recall 78.22 71.43 78.00 80.61 76.98
F, 80.20 77.32 76.85 78.22
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Hoyadi 2
Performance (%) Average
Categories
Normal Talking Phone Note Accuracy (%)
Pre. 59.14 52.88 44.07 57.89
SVM Recall 56.12 56.12 58.43 44.00 52.93
F, 57.59 54.46 50.24 50.00
Pre. 47.06 58.26 53.51 58.24
CNN Recall 52.17 62.62 62.89 42.06 54.27
F, 49.48 60.36 57.82 48.85
Pre. 73.86 65.38 67.74 64.29
CNN-SVM | Recall 63.73 73.12 69.23 64.95 67.62
F, 68.42 69.04 68.48 64.62
Pre. 75.51 76.92 73.00 72.82
CNN-LSTM | Recall 80.43 70.00 72.28 75.76 74.49
Fi 77.89 73.30 72.64 74.26
Pre. 81.72 85.39 78.22 74.29
RBPF Recall 79.17 73.79 82.29 83.87 79.63
F, 80.42 79.17 80.20 78.79

ARAWINMIMRI DT RBPF mmmmnaﬁmqﬁmm"l,@i”gaﬁqﬂ‘[@m«a,ww: Talking @128
AR 84.27% Ay A1ANLIREIEIMSUNIsFaUNTYITN9UNE Normal ag‘ﬁl
82.29% WLANITINUBANGANTING2E CNN Uaz SVM lurinnsUné Normal azlddrainu
LL;J'us‘i'lagJJ'ﬁ' 50.98% U8z 60.22% W635N13 CNN-SVM 8101303 UUNWOANTIY Phone dfn
ANNUNUEIFITD 73.12% Wel CNN-LSTM laidanausindifiss 71% uaz RBPF 811130
asaaungansvlddmanuudngrannie 75.73% @T\aLLa@mmwLWsw‘i‘aamaﬂ'}imaaﬂugﬂﬁ
6 ﬁ]'mmimaaﬂuqm]”agaﬁ 2 Lﬁaﬂﬂaauﬂizﬁﬂﬁmwmsmnﬁ'uwqaﬂssmzijms
gousawlad sansnugasnaluansni 2 VL@T@i']LaﬁUﬂ’mgﬂéTaa‘nwaﬁ%‘ms SVM, CNN,
CNN-SVM , CNN-LSTM uaz RBPF ‘ﬁ"ﬁnLauaNaﬂﬁﬂgiﬂﬁ@hmmgnﬁadLa?imwagjﬁ
52.93% 54.27% 67.62% 74.49% WAz 79.63% ANNE1AU #1ATUATIEAT SVM ddnaqnu
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waiug1289 Normal. §9919 59.14% el CNN 22 |@R 849 47.06% Waz CNN-SVM 1dnInsuun
WANIIN Normal. "L@Tqaﬁa 73.86% udiial?3% RBPF s1u130u8nwn@nssuainiinig
Aanssundenusunuinuld 89 81.72% Wissannisaresuiuldaufanssudeunms
Lnaawlri89vinsauAInTINALAAY % uaegslsAa1u5% RBPF aansasuunyinnig
Talking lefaugndasgatis 85.39% ﬁm%’um%&q’m‘lumﬁ 2 Fgwndnnarnriimalu
LL@iazLWsummsaLﬁu"L@TL@iu%@mﬂmsmﬁauﬁwaapjrﬂ”waauﬁﬂﬁwaﬁ"lﬁmnm@muLinu:‘h

ﬂ'au"lhx‘lfﬁ\'i ﬁ’qaaaﬁq@msmaaa

]
~ e

( iy

o Al

@ v U /An\n.ru

n. Madungansuriinen1saaudnd (Normal)

Q 1 J 1 o ‘54
J. A28NN[N N INNINIINITWHILDNEIIUNN (Note)

{ a 1 3
311 6 mamaMmmiﬁanaauTaua1ng1u‘fl’aadan1w OEP [26]

5. @dyuaniInaaad
NIV R LA LEWD u,umimam"’aﬂsaam}mmmmn LURALIA AT LNDATIAIY
wpdnssudasssselunmszavaanla la m:uﬂamjumugﬂLLuwaawq@nssuﬁdmlmya:
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avranulumsssunaly dwsunisnesasitlautseanidn 4 naa Urznauals woAnITa
Uné uaz wnﬁmmﬁaaaaé’sﬁuﬁan@;uLflu, wqaﬂimwﬂ@qﬂﬁ'mﬁau woanysultinsany
waz WadAnTINtLena s I@ﬂl"ﬁ’?%‘miaﬁ'@iagalmhLtﬂﬁaﬁﬁm‘"{yﬁLﬂuﬁa@iamwn
ﬁauuumaﬁ'nmmﬁamaaﬁ'ummmé’ww”uﬁmaamimﬁauﬁlugmmwaammmauﬂﬂu
mjmaaﬁanﬁuLﬁaﬁﬂﬁﬁ@mmﬁwﬁuﬁﬁnmalLﬂquanﬁﬂumia:ﬁammmaa;gl,iwaau
nHamINaaesfivimaUSsufisudssinsnnazduindimssuundemsleaanses
agmmmmnLLuﬁﬂna"l,asﬁﬁmmﬁ'ﬂmwgﬂﬁaagdﬁa 79.63% S1WILNINARDIGILYA
ﬁaga‘ﬁ' 2s'fidgﬂLLUUﬂﬁﬁNﬁumaa5&ﬂa%ﬁm:ﬁmw&uw”ufﬂvwhmdﬁamimm

]
=

AU LB WLUUINE13 9 TR T NI w Ak kg RIANIAT TN Lwiasmvl,iﬁmm]”agaﬂ
I Il wn1INaaasitdunIInas o lwk eI NS R UA FNIWLIAR DN AL I N1TAIAINRDIN
Lba 1 Lﬁalﬁmm:auﬁ'ugﬂLLuuﬁﬁmsmnﬁq@ FIUNILI B RINITDATIIROUNITRITAAIN

A & v v o = I v o @ X o & A ad o
mamﬂmmmaahﬂugauvl,maLﬂumamnmaamsmaau AIBWAITILLANITNINTIAIL
%ﬁwaﬁpjaaﬂ%muagj iwﬁhmﬂ’ﬁﬁaamdﬁagamiaauﬁ%mﬂummLazLLﬂiLﬂﬁml,

v v 4 v 1 o { AI J o %

amwLL’maau"l,@LﬁammgnmmLLaszummaamimaaaﬁmumnmummumsmaaa

ol

References

[11 Prince DJ, Fulton RA, Garsombke TW. Comparisons of proctored versus non-proctored
testing strategies in graduate distance education curriculum. Journal of College
Teaching & Learning 2009;6(7):51-62.

[2] King DL, Case CJ. E-cheating: Incidence and trends among college students. Issues in
Information Systems 2014;15(1):20-7.

[3] Ullah A, Xiao H, Barker T. A classification of threats to remote online examinations. In:
2016 IEEE 7th Annual Information Technology. Electronics and Mobile Communication
Conference (IEMCON); 2016. p.1-7.

[4] WeiH, Li H, Xia M, Wang Y, Qu H. Predicting student performance in interactive online
question pools using mouse interaction features. In: the 10th International Conference
on Learning Analytics and Knowledge; 2020. p.645-54.

[5] Rogers CF. Faculty perceptions about e-cheating during online testing. Journal of
Computing Sciences in Colleges 2006;22(2):206-12.

[6] Cluskey GR, Ehlen CR, Raiborn MH. Thwarting online exam cheating without proctor

supervision. Journal of Academic and Business Ethics 2011;4(1):1-7.

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuaisinuvuUruia OA 12 aUuR 2 wnuNIAU-AYKIAU 2565 ]g

[71 Bella G, Giustolisi R, Lenzini G, Ryan PYA. A secure exam protocol without trusted
parties. In: Proceedings International Conference on ICT Systems Security and Privacy
Protection; 2015. p.495-509.

[8] Mariani L, Micucci D. Audentes: Automatic detection of teNtative plagiarism according
to a reference solution. ACM Transactions on Computing Education; 2012. p.1-26.

[9] Chen K, Liu P, Zhang Y. Achieving accuracy and scalability simultaneously in detecting
application clones on android markets. In: Proceedings 36th International Conference
on Software Engineering; 2014. p.175-86.

[10] Ullah A, Xiao H, Barker T. A dynamic profile questions approach to mitigate
impersonation in online examinations. Journal of Grid Computing 2018;17:209-23.

[11] Ullah A, Xiao H, Barker T. A classification of threats to remote online examinations. In:
Proceedings IEEE 7th Annual Information Technology. Electronics and Mobile
Communication Conference (IEMCON); 2016. p.1-7.

[12] Kuhnke F, Ostermann J. Deep head pose estimation using synthetic images and partial
adversarial domain adaption for continuous label spaces. In: 2019 |EEE/CVF
International Conference on Computer Vision; 2019. p.10163-72.

[13] Ruiz N, Chong E, Rehg JM. Fine-grained head pose estimation without keypoints. In:
2018 IEEE Conference on Computer Vision and Pattern Recognition Workshops; 2018.
p.2074-83.

[14] Prathish S, Narayanan SA, Bijlani K. An intelligent system for online exam monitoring.
In: Proceedings International Conference on Information Science (ICIS); 2016. p.138-43.

[15] Narayanan A, Kaimal RM, Bijlani K. Yaw estimation using cylindrical and ellipsoidal face
models. |IEEE Transactions on Intelligent Transportation Systems 2014;15(5):2308-20.

[16] Wlodarczyk M, Kacperski D, Krotewicz P, Grabowski K. Evaluation of head pose
estimation methods for a noncooperative biometric system. In: Proceedings 23rd
International Conference Mixed Design of Integrated Circuits and Systems (MIXDES);
2016. p.394-8.

[17] Hu S, Jia X, Fu Y. Research on abnormal behavior detection of online examination
based on image information. In: Proceedings 10th International Conference on Intelligent

Human-Machine Systems and Cybernetics (IHMSC); 2018. p.88-91.

UnADIUIRY ACU:3AINSSUANAQS UKINYNAYINUUUNUNG




E” Kasem Bundit Engineering Journal Vol.12 No.2 May-August 2022

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Ghizlane M, Reda FH, Hicham B. A smart card digital identity check model for university
services access. In: Proceedings The 2nd International Conference on Networking,
Information Systems and Security; 2019. p.1-4.

Ghizlane M, Hicham B, Reda FH. A new model of automatic and continuous online
exam monitoring. In: Proceedings 2019 International Conference on Systems of
Collaboration Big Data, Internet of Things Security (SysCoBIloTS); 2019. p.1-5.

Garg K, Verma K, Patidar K, Tejra N, K. Patidar. Convolutional neural network based
virtual exam controller. In: Proceedings 4th International Conference on Intelligent
Computing and Control Systems (ICICCS); 2020. p.895-9.

Xia M, Wei H, Xu M, L YL, Wang Y, Zhang R, et al. Visual analytics of student learning
behaviors on K-12 mathematics E-learning platforms. Computer Science, Education;
2019. p.1-2.

Yang T, Chen Y C, Lin YY, Chuang YY. FSA-Net: Learning fine-grained structure
aggregation for head pose estimation from a single image. In: 2019 IEEE Conference
on Computer Vision and Pattern Recognition (CVPR); 2019. p.1087-96.

Wan J, Zhao Y, Zhou S, Guyon |, Escalera S, Li SZ. Chalearn looking at people RGB-
D isolated and continuous datasets for gesture recognition. In: Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition Workshops; 2016. p.56-64.
Negin F, Rodriguez P, Koperski M, Kerboua A, Gonzalez J, Bourgeois J, et al. PRAXIS:
Towards automatic cognitive assessment using gesture recognition. Expert Systems
with Applications 2018;106:21-35.

Doucet A, Freitas N, Murphy K, Russell S. Rao—Blackwellised particle filtering for
dynamic Bayesian networks. In: Proceedings of the Sixteenth Conference on
Uncertainty in Artificial Intelligence; 2000. p.176-83.

Atoum Y, Chen L, Liu AX, Hsu SDH, Liu X. Automated online exam proctoring. |IEEE
Transactions on Multimedia 2017;19(7):1609-24.

Cao Z, Hidalgo G, Simon T, Wei SE, Sheik Y. OpenPose: realtime multi-person 2D
pose estimation using Part Affinity Fields. IEEE Transactions on Pattern Analysis and
Machine Intelligence 2018;43(1):172-186.

Murphy KP. Dynamic Bayesian networks: representation, inferenceand learning [Ph.D.

thesis in Computer Science]. Berkeley, CA, USA: University of California, Berkeley;

2002.

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuaisinuvuUruia OA 12 aUuR 2 wnUNIAU-AYHIAL 2565 E]

[29] Bishop CM. Pattern recognition and machine learning. New York, USA: Springer; 2006.

[30] Simonyan K., Zisserman A. Very deep convolutional networks for large-scale image
recognition. In: International Conference on Learning Representations;2015.

[31] Donahue J, Hendricks LA, Sergio G, Marcus R, Subhashini V, Kate S, et al. Long-term
recurrent convolutional networks for visual recognition and description. Computer Vision
and Pattern Recognition 2014;39(4):677-91.

[32] Yun S, Oh SJ, Heo B, Han D, Kim J. VideoMix: Rethinking data augmentation for video
classification. Computer Vision and Pattern Recognition. 2020. arXiv:2012.03457.

¥ A

U5 ARDIRUNAINN

u

wanzoboe anilansw: 819139052313 N0780wIANTINAK
waluladuazimnssuaaas I IngasgInatudad 9uldy
NUAIRANTUTZUIANAATNAINANIIAIUATNANILATN 91%
UIz02aWaN NN ULTHIUEATRNITUNINEA N1IFUUNAN
a318 33N NaEIra nsdszniananwidlauuuiealngd Sl
nutchanun.cha@dpu.ac.th In3Anyl 0-2954-7300

wsaganl ety anasduszdiaaninemaasuazinalulad
I Inenapglavissiianing nuwitendiulnsaswan Wi
diaansafia nMIUTENIaauLFYS loT ATUTTNIANALLLY 3D NNY
UszanananIn@ing nsUszulananiwialauuuisoatngd diua

tejtasin@gmail.com

Article History:

Received: March 7, 2022
Revised: August 22, 2022
Accepted: August 24, 2022

UnADIUIRY ACU:3AINSSUANAQS UKINYNAYINUUUNUNG




EE Kasem Bundit Engineering Journal Vol.12 No.2 May-August 2022

SIMULATION SYSTEMS OF BEAM DEFLECTION FOR DESIGN
MECHANISM BEAM

Gerametha Sungkasem1, Kriengsak Junsengz, Sunan Saranyanit3,
Thaweesak Manchawanont’, Kittisak Kanglah5 and Prompan sangkeaw6
123458 acturer, Department of Mechanical Engineering, Faculty of Engineering,
Department of Mechanical Engineering, Faculty of Engineering,
Kasem Bundit University, 60 Romklao Rd., Min buri, Bangkok, Thailand 10510,
'gerametha.sun@kbu.ac.th, *kriengsakj@hotmail.com, *sunan.sar@kbu.ac.th,

4thaweesak.mun@kbu.ac.th, 5daris.darus@gmail.com, 6prom_sang@yahoo.com

ABSTRACT

Beam Deflection System is a part of theory’s mechanics which is necessarily to study in
design for mechanics beam in mechanical engineering. It can be applied for many designs
such as cable bridges, frames, and machines. The problems for calculation could be
complicated and many methods are involved (only superposition method was selected). The
functional using in the software will be receiving the several conditions from toolbox those
are 1) Ability is designing by choosing cross-sectional area types Shaft - Beam, | — Beam,
and Square-Beam 2) Ability is designing of the beam for the difference type of load action
are point load, distributed load and moment Load 3) The alternative options will be provide
by choosing simple support or cantilever beams. Finally, the conclusion of the software has
two parts 1) Show result by Shear Force Diagram (S.F.D), Bending Moment Diagram (B.M.D)
and deflection 2) Show answer of S.F.D, B.M.D and deflection. The results of a software
which compared to the calculation is very similar.

KEYWORDS: Beam Deflection, Shear Force Diagram, Bending Moment Diagram

1. Introduction

Beam Deflection Systems is usefully developed for study in the area of calculated
mechanism beam. Which is used for design the structure & link of robotics, frames &
machines and analysis effective of deflection for analyzed the maximum deflection length of

the structure in machine and robotics. Which are able to take the load without any cause of
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serious damage. Which is can use for analysis the Shear Force Diagram (S.F.D) of structure
and beam, as well as helps to analyzed the Bending Moment Diagram (B.M.D) in the area
of mechanical engineering, which are designed able to against the action of the impact. The
calculated method has four different ways there are: 1) Double Integration Method 2) Area
Moment Method 3) The Conjugate Beam Method and 4) Method of Superposition, which can
developed as a computer program for reducing the difficulty of calculating manually action
force such as point load, distributed and moment and moment of inertia choose a cross
section area of three different types of beams. There are, Shaft - Beam, | — Beam and
Square-Beam and the program will be transferring the data to the modulus of elasticity
database. The modulus of elasticity database will perfectly store the complete type of all
materials. Moreover, it's can report all the information, which has been analysis and report
in the form of graph and charts which easy to understand such as Bending Moment Diagram
and Shear Force Diagram. Its can reported as a chart and diagram accurately, which good
for the research who is starting to work on the information mechanical engineering or

mechanics of solid and the engineer, who lack of experience.

2. Approach and methods
The major parts of the beam design process consist of: Types of beam, Types of load

and moment of inertia.

2.1 Types of beam

Type of beam that use for designing the mechanics & mechatronics Engineering
includes consists of four types there are:

1) Simple supported beam is an ending part that use to supported as hinge which has
reaction at X-—Y direction and roller that has reaction aty direction as shown in 1.1 Table 1.

2) Cantilevered beam is an ending part of a beam that one side is fixed and the other
side is set free which has an several types of reaction as shown in 1.2 Table 1.

3) Simple beam with overhang as similar as the simple supported beam on the other
hand, roller supported does not place at the end of the beam, as shown in 1.3 Table 1.

4) Fixed beam is a part of the beam that is fixed at both side which cause the one —

force and one moment Yy direction. Types of the four beams are shown in 1.4 Table 1.
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Table1 Types of beams and free body diagrams

Types of beam Beam and forces vector | Free body diagram (F.B.D)
1.1 Simple Supported Beam [1] ¥ P P
—r— x| * H‘:]J:
A M B o M B,
1.2 Cantilevered Beam [1] s P i P

Ay
“ b X = Z
Ay

w
lll b e [TTH
) — x —| x
(o) -«
M

1.3 Simple Beam with Overhang [1]

M A, E.T
1.4 Fixed Beam [1] i) M HllwiNTni 111
O, |~ 4 )

2.2 Types of load

Types of load or weight which has an action on the beam can be translated into four
types there are:

1) Point load is a force that has an action to a particular point or a specific area as
shown in 2.1 Table 2.

2) Couple or moment is the moment or couple which attempt to rotate the beam as
shown in 2.2 Table 2.

3) Distributed load is an action force that has an impact on the upper beam-distributed load
which has an impact through the whole length or one particular part of the beam, there are two
types : 1) Uniformly distribute load, which is an action force that has a very stable of the impact. 2)
Non - uniformly distributed load is an action force that has the number of impact that is not really
stable, depends on the equation of those action force as shown in 2.3 Table 2.

4) Combine Load is a beam that can handle many kinds of the action force types of

four load as shown in 2.4 Table 2.
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Table2 Types of load

]

Types of load

Beam and Forces Vector

2.1 Point Load [2]

5 1

2.2 Couple or Moment [2]

Action Forces

e F

2.3 Distributed Load [2]

Uniformly Distributed Load

w(NAm)

Wil
T

wz)

Non-Uniformly Distributed Load

2.4 Combine Load [2]

F w(N/m)
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2.3 Calculating deflection of beam by Method of Superposition

The methods of calculating the value of the beam deflection has four different ways
there are 1) Double Integration Method 2) Area Moment Method 3) The Conjugate Beam
Method 4) Method of Superposition. The Method of Superposition takes the result of the
equation from the Double Integration Method or Area Moment Method and use them for the
beam which received the weight of each methods and then use the computer program to
calculate the complicated equations as shown in the table of Method of Superposition by

boundary condition of each types of the beam as shown in Table 4.

Table 3  List of symbols

No. symbols Quantity S| Unit
1 P Action force N
2 w Distribute load N/m
3 M Moment or Couple N.m
4 M ax Maximum moment N.m
5 v Shear force N
6 M,, Mg Moment or Couple at point A, B N.m
7 E Modulus of elasticity GPa
8 I Moment of inertia m*
9 Ay Ay Reaction force at point A direction x - direction, N
Y - direction
10 B,, B, Reaction Force at point B direction x - direction, N
Yy - direction
11 y Deflection m
12 Yimax Maximum deflection m
13 X Distance of load m
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Table 4 Formula Method of Superposition [3]

Case BEAM \ M Y
P P L 2 _4y2
; Soomst | B ol |bdE-a])
e | L L
1 e .| )
77 P) —<x<l P(L—x) —<x <L 2 _ 2,2
| f'm—'] 7(5} 5 . P 1P, BL° - 4x, x, =L—x
f 48El
S . & 0<x <a P—ba'x:a _ M
L L’ 6LEI
2 3
JQ& .| (P1) g <x <1| PalL=b). _, —(i[i(x —a) + (2 -b -XBJJ
L L L ’ 6LEI (b
L wlx L
= p[——x] _— 0<x <— [ > —2lx? +x j
, | e a 2 |z ")
L i 0<x <L %(L—X) %SX <L [%(LS—ZLX1Z+X$)}X1=L—X
M ™M Mx
: )M T 0<x<lL TE) osxal _(6LEI fo* - aux +X2))
4 ﬁ%
: )
M Mx L Mx L
M - — 0<x <— |- P -4x?)| O<x<3
gf; ) | | - L X =2 (24LEI b -4x )] 2
5 L/2 ﬂ%
e M _ L Mx L
| L | (L=x) S=x =L [24LEI (L2_4X12)) S=x <L
M Ma X =a Mx 2 o2
E; 7\13,1 T et ; (x=a) (GLEI (6L ~3a> -2* ~x )J
6 | s
| a | b M _ Mx, ap2 2,2 = -
| - | | Tb-1) (x=b) (GLE/ (bt ~36% 21 - x, )j X, =L-x
P [+P ~(P(L—x) [PX - X)]
A — "

% ll’ | +P —(P(a-x)) (GEI (3a_x)]
8 /1 . : N 0 [GEI (3x —a))
" | =

P " 0 -M M 2 0<x <a

= L ! 261
P o (VO e (2451 au )
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3. Results and discussion
As the results of this research, which compare the data between the value that is
calculated by the computer program and the values that is calculated by human for the most

accurate results as show in the table.

_ EndProgram )

Figure 1 Flowchart of a Beam Deflection program

The Figure 1 Flowchart of a Beam Deflection program shows the sequence of
developing the Beam Deflection program begin with, input the value of the initial condition

to the program and the let it calculate until the result is generated.
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Simple problem of beam is shown in Figure 2. Force is action at a position half beam.
Cross section is a square —beam 150 x 300 mm. length 100 m. Material of beam is carbon
steel. Calculating moment (M), maximum moment (M,.,,), shear force(V), deflection (y) and

Maximum Deflection (¥ax)-

lE‘.D k.

}:7[75::> 50 m .-’751!’?

100 m |

Figure 2 System of Beam in problem

Table 5 Summary of resultant by calculating

x(m) V(KN) M(kN.m) y(m)
0 + 10 0 0

20 + 10 200 -3.388
40 + 10 400 -5.630
60 - 10 400 -5.630
80 - 10 200 -3.388
100 - 10 0 0

Y. Beam Deflection Program
Frogiam  Help  About

e e et | e e ) Clear Al

Length i) m

mament of interia o Eelefate

E Chonse —> 3 ~| &N 2

Figure 3 The first page of the calculating Deflection of Beam Program
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The Figure 3 shows the page of the program that stated to calculate that length of the

beam that has an action force, the variable are length of beam (L), moment of inertia (I) and

modulus of elasticity (E).

=m0 x|

Section | Suppart Clear 4l

|

|
@ [m T
- — 1l b \150 mm
Ciccle || Rectangular 1 n
Hbg.l h [300 mrmn
Length foo  m Caculate
X 4
moment of interia mm

E Chaose > -] GNZ 2

Figure 4 Explains how the values can be placed into the program as a parameter, the

variable consists of moment of inertia (I) of rectangular beam

The Figure 4 shows how the value can be placed to the program, the variable are
moment of inertia (1) as the section of the object is shaped up as a rectangle and consists
of b = 0.15 m and h = 0.3 m. The program is designed to have several options of the

surfaces there are shaft, beam, | — beam and rectangular beam then click at the section.

¥..Beam Deflection Program

Clear &1l

Length 100 m
moment of interia [ 0003375 o’

E

[Carbon steel =] Gnz 2

Figure 5 The value of moment of inertia (I) and the value of modulus of elasticity (E)

which depends on type of material



The Figure 5 shows the value of moment of inertia (I) and the value of modulus of

elasticity (E) which depends on type of material.

A =13

Section | Support Clear A1

Length 100 m

moment ofineria [ 0003375 o’

E Carbon steel ~| GNg 2

Figure 6 The alternated ways of the supported

The Figure 6 shows the optional points of the supported which can be choose by click
at the supported then the program will display the picture of supported which has 2 options
there are simple supported beam and cantilevered beam. The question display beam as a

simple supported.

¥..Beam Deflection Program
Frogram  Help  About

Section Support | PeintLoad  Moment Distributed Load Clear All

Paint Load

Numberof PointLoad 2 [T

e

X P
Point Load # 1 50  m 0000 M

Length 100 m

mament of interia |.0003375 mm® Calculate

E Carbon steel v] GNj2

Figure 7 The position of the action force which will be a major impact to the beam
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The Figure 7 shows that process of choosing the type of force acting on the beam. The
action force can be selected by click at point load, moment or distributed load the location
of load can be input to X and the amount of the action at variable P. Since all of the values
are placed into the specific variables and the type of force acting fo on the beam is selected
then program will ready start to calculate. Click at calculate then program will report the

value of the results, as shows in Figure 8.

V.. SHEAR-MOMENT-DEFLECTION

20000.000 N

10000

500000

0

100000
01 hd

100000

Return l &0 Il 10000 nl 500000 Hla,swsm'lrs,nmuss'

Figure 8 The all of result and graphs of program.

The all results of computation are shown the Figure 8 that consist of Shear Force
Diagram (S.F.D), maximum shear force (V,,,), Bending Moment Diagram (B.M.D), maximum
moment of beam (M,,.,), deflection of beam (y) at distance x-direction (x), and maximum

deflection of beam (Ymay)-

4. Conclusion

The results of Beam Deflection Program compare to the results which are solved by
persons. As shown the outputs of the researches that are a simple supported beams and
also tests with many types of beams which followed the values of initial conditions and
boundary conditions all together has 11 methods, Method of Superposition shows that the
results of all methods have exactly the same value and very accurate, which collected for

the students of mechanical engineering and mechatronics engineering in the university by
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designing the structure & simulation frame & machine and mechanism link to complete the

study and the whole process perfectly.
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ABSTRACT

The aim of this research is the study of physical characteristics of Tani banana leaf cup
deforming with PCM does contribute heat to the upper mold and lower mold. Cup’s diameter
was 11 cm and deep 6 cm. Three heaters each 300 W were heated paraffin which distributed
to the mold. The controlling handle forced banana leaf to deform. Results of the experiment
to increase the compression time to heat up, the container to be shaped closer to mold, but
may not be perfect. Increasing the number of layers of banana leaves by using perpendicular
fibers horizontally in each layer increases the durability of the container. Although it may not
be suitable for commercial use as the cost increases and the appearance of the container
is too thick may not be suitable for use. The increasing the molding temperature It will help
forming banana leaves easier, does not Does not cause torn banana leaves both inside and
outside and no dehydration occurs during the water filling test which is the main factor that
helps the container to be durable and stable. From analyzing the economic value, it was
found that the hot extrusion of the banana leaf container at 115 °C, the number of banana
leaves in 3 layers and the compression time of 2 minutes, they are minimum payback period
is 11 months. In the future, the use of hydraulic systems will be improved instead of levers
to achieve stable compression and study the proportion of glue that is suitable for the
container.

KEYWORDS: Banana leaf cup, Physical characteristics, Phase change material
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ABSTRACT
This paper presents the impact of grid-connected solar rooftop for high penetration in low
voltage distribution network of the 24000-416/240 V grid system. Transformer capacity is
2500 kVA which each loaded 85%, 3% and 12% respectively. The study considers the
different load profiles at factory and office. the hourly load profile of an organic fertilizer plant
in Thailand base on work schedule is presented. Using the load profile, a solar rooftop
system has been designed. PVWatts Calculator program has been used for forcasting
capacity of the system. In this study, the DIgSILENT PowerFactory program is used to
simulate and analyze Power flow, Voltage stability and Power factor at the proposed
distribution network. Therefore, this research presents the effect of installing a rooftop solar
power system with and without a battery in an organic fertilizer plant. For the results obtained
from this research, it will create recommendations that can be considered for practical use in.

KEYWORDS: Renewable Energy, Solar Energy, Solar Rooftop, Solar Rooftop with Battery
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YUIANITAAAINAIIW WAL FIDAATUUIAIAT NazrinIIaasasldsunsy PVWatts

(3
(% a

Calculator I@mmﬁ'&liagaﬁ anasUaINwANLIUNTBANEN

{ 1 a 6 1
A13199 1 ﬂ'lW’]i’]Nl(ﬂaTﬂ%'lﬂﬁ']Elﬂa%(ﬂ'N )

WRIARY - R L XL Z
5 TUA
(mm°®) (Q/km) (mH/km) (Q/km) (Q/km)
3x50 cv 0.4938 0.3300 0.1037 0.5046
3x240 THW 0.0915 0.41635 0.1308 0.1596
3x300 THW 0.0736 0.41508 0.1304 0.1479

AI U a 6 1 o []
AT NN 2 AININLABITTACHYH ﬂizLﬂVI‘[ﬁaﬂ ALK IILASDUIATDS PV

T599% AUNIn
BUS Factory (1) Factory (2) Office
ILULNNRIURS (km) 0.80 1.20 1.20
Load (kW) 1,091.89 43.83 153.40
Max PV (kW) 280 190 190
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6. HanINAasdnazanilgna

6.1 Nﬂﬂ’liﬁﬂﬂ’]ﬂﬂbﬂ’]ﬂiznnvlﬂﬁ'] (Voltage Profile)

A151971 3 1iwfinaAn Voltage Profile 9nn13anaasszuulnnsmbansnang o

= Bus Factory (2) 2 ~—Bus Factory

600 = Bus Factory

Case Study Bus PEA Bus LV Bus Factory | Bus Factory(2) | Bus Office
(p.u.) (p.u.) (p.u.) (p.u.) (p.u.)
Case 0 1.00 0.99 0.80 0.97 0.89
Case 1
Case 1.1
Case 1.1.1 1.00 0.99 0.80 0.97 0.84
Case 1.1.2 1.00 0.99 0.76 1.04 0.84
Case 1.1.3 1.00 0.99 0.78 0.97 1.12
Case 1.2 1.00 0.99 0.79 0.97 1.08
Case 1.3
Case 1.3.1 1.00 0.99 0.75 1.04 1.04
Case 1.3.2 1.00 0.99 0.77 1.01 0.98
Case 2
Case 2.1
Case 2.1.1 1.00 1.00 0.89 1.00 0.86
Case 2.1.2 1.00 0.99 0.62 1.34 0.84
Case 2.1.3 1.00 0.99 0.71 1.00 1.75
Case 2.2 1.00 0.99 0.77 1.00 1.01
Case 2.3 1.00 0.99 0.76 1.02 1.01
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6.2 wan1sanwIAIlsznauniadtivn

M50 4 wansAns1aIaalsznauniad i

NIHANTA Aasznauias I
Case 0 -0.22
Case 1
Case 1.1
Case 1.1.1 0.28
Case 1.1.2 0.15
Case 1.1.3 0.08
Case 1.2 0.52
Case 1.3
Case 1.3.1 0.72
Case 1.3.2 0.34
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cda & o
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