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Abstract - Bai bio dé xuat mot phuong phap phat
hién bat thuong gdm hai giai doan, trong giai doan
dau tién, SVM mét 16p dugc thiét 1ap dé loc ra hau hét
cac hoat dong binh thudng; ¢ giai doan tha 2, cic dir
liéu bat thuong duoc chuyén dén mot tap hop cac mo
hinh hoat dong bt thuong c¢é diéu chinh thong qua
ham nhan phi tuyén hdi qui dé phat hién thém. Qua
trinh huén luyén mo6 hinh duogc thyc hién qua thuat
toan ky vong cuc dai (EM). Chung toi ciing da tién
hanh thuc nghiém va danh gia két qua ctua phuong
phap d& xuét trén tap dit liéu thu thap tir 50 ngudi gdm
20 hoat dong va van dong bat thuong. Két qua véi do
chinh x4c va d¢ nhay trung binh dat duoc 1a 76.32%
va 78.95% cho thay nhiéu tiém ning ung dung cho céac
tmg dung chiam soc, hd trg ngudi cao tudi, hodc giam
sat an ninh.

Keywords - Cam bién, hoat dong bat thuong, hoc
may.

l. GIOITHIEU

Tu dong phat hién cac van dong bét thudong nhan
dugce nhidu sy quan tim cia cong ddng nghién ciru
trong thoi gian gan ddy vi tiém ning Gmg dung trong
thuc t& nhu tro gitp theo ddi va cham soc stc khoe
cho ngudi cao tudi, canh bao an ninh, ty dong phat
hién tai nan v.v... Vi du nhu ¢ noi cdng cong (public
space) can dugc bam dao an ninh trong khi c6 nhiéu
nguoi dang tham dy sy kién nao do. Néu ¢o mot hé
thong theo ddi cac hoat dong cuia tirng ca nhan va phat
hién duoc hoat dong bit thuong thi hé théng co thé
khoanh ving va giri canh bao sém dén lyc lugng an
ninh, tir d6 s& han ché dugc cac hdu qua cia viéc mét
an toan hodc tham chi khung bb. Cac nghién ctru trude
day thuong tap trung vao bai toan nhan dang céac hoat
dong binh thuong (hoat dong thudong xuyén dién ra)
cua nguodi (human activity recognition) va da thu duogc
céc két qua dang ké, trong d6 cac nghién ciru [1][2][3]
phan tich dir liéu tir cac cam bién dé hudn luyén cac
mo hinh hoc may hoac hoc sau [1], qua d6 nhin dang
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cac hoat dong cua nguoi. Trong khi do, bai toan
nguoc 1a nhan dang cac hoat dong bat thuong ciing ¢6
nhiéu ung dung rong rai dac biét trong linh vyc an
ninh va chiam soc sirc khoe cho nguoi cao tudi. Ching
han, d6i véi viéc dam bao an ninh, gia st can theo ddi
hoat dong cua tat ca moi nguoi trong mot khu vuc can
bao v¢ dac biét, nguoi ta co thé sir dung thé dinh danh
¢6 gin cam bién, cam bién nay c6 thé theo ddi cac
hoat dong cua ngudi deo thé, néu c6 modt hoat dong
dugc coi 1a bat thudong, hé thdng s& phat ra bao dong
canh bao vé viéc mét an ninh cho cac bd phén co lién
quan. Hay trong linh vyc cham séc sttc khoe & nguoi
cao tudi, thay vi quan tim dén cac hoat dong binh
thuong ctia nguoi dung, cac bac sy hodc nguoi cham
soc s€ dac biét quan tdm dén cac hoat dong bat
thuong, c6 thé 1 ngd hay cac hoat dong mét kiém soat
& cac bénh nhan Parkinson.

Nhing hé thong nhan dang hoat dong bét thuong
¢6 thé gip kho khin trong qua trinh huin luyén do di
lidu vé hoat dong bat thuong rat khan hiém. Vi du nhu
dbi v6i hé théng an ninh bao mat, viée giam sat c6 thé
dé dang nhan biét cac hoat dong binh thuong co tinh
thuong xuyén xdy ra do tinh sin c6 cua cac dit lidu
nay trong huan luyén. Nhung véi cac hoat dong bt
thuong, hé théng kho nhan biét duoc do céac hoat dong
bét thuong 1a méi mé véi hé thdng. Hon nita, khi dir
liéu vé hoat dong bAt thuong duoc st dung dé huan
luyén thi hoat dong bat thuong d6 c6 thé bi thay doi dé
tranh bi phat hién. Déi voi viée nhan dang hoat dong
bat thuong, sy han ché cua dit liéu huin luyén thuong
din dén hiéu suit phat hién hoat dong bét thuong chua
dat duoc d6 chinh xac du cao.

Trong bai b4o nay, chung t0i mo rong mot phuong
phap phan loai cac hoat dong bat thuong don gian dva
trén md hinh méy véc to ho trg (support vector
machines) [4] bang ViéC‘ su dung thu,ét toan lap thich
nghi dua trén mo hinh héi qui phi tuyén véi ham nhan.
Ching t6i thuc nghiém trén mdt tap dir li¢u tu ‘50
nguoi tham gia Véri,20 hoat dong khac nhau bao gom
ca cac hoat dong bat thuong do nhom nghién cuu tai
Pai hoc Beich~ khoa Ha ndi va Hoc vién C6’ng nghé
Buu chiph Yién thong thu thdp va da cS‘)ng bo tg}i Hoi
nghi quoc t¢ ICPR 2018 [5] va budc dau cho két qua
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tuong ddi kha quan.

Il. CACNGHIEN CU'U LIEN QUAN

Trude day, di c6 mot sé nghién ctru dé xuat cac
phuong phap dé phat hién hoat dong bat thuong va
thuong tiép can theo ba hudng chinh:

A. Nhan dang hoat dong bat thuong s dung hoc mdy

Nghién ctru [6] st dung viéc khai thac cac luat don
gian dugc sir dung dé mo ta hanh vi binh thuong trong
céc hoat dong ctia con ngudi. Tiép can theo hudng nay
¢6 thé cung cap mot kha ning nim bt cac quy tic bat
thuong tot bang viéc sir dung cac quy tic dic biét
dugc biéu dién boi kién thirc chuyén gia.

Nghién ctru [7] tiép can bang phwong phap ké
hoach miu nhan dang (template-based plan
recognition) cho ung dung gidm sat bao mat. Véi
phuong phap nay, mot ké hoach mau dugc dé xuit
dé cong nhan va xép hang cac mau tiém ning cé
kha ning dan dén mot cudc tdn cong bat hop phap.
Dau tién hé thong tién hanh bién dich mot tap cac
mau dién hinh bing cac khung logic dé lap ké
hoach thong minh nhén tao, sau d6 hé théng tién
hanh két hop cic miu nay vdéi cac hanh dong va
muc ti€u dugc giam sat. Cach tiép cén nhu vay chi
dat dugc ty 1¢ thanh coéng cao khi cac mau ké
hoach dugc dinh nghia la uu tién.

Nhiéu nghién ctru trude day da dé xut cac phuong
phap dya trén mé hinh Markov 4n (HMM) [8] hay
mang Bayesian dong (DBNs) [9][10][11] trong phat
hién hoat dong ciia ngudi. Vi du, Lester va dong su
[8] dd nghién clru cach tiép can phan biét lai dé cong
nhan cac hoat dong cua ngudi, trong dé cac dac trung
quan trong dugc trich xuat dé xay dung mét tap hop
cac bd phan loai tinh va HMM dugc huén luyén dé
phat hién cac hoat dong khac nhau. Patterson va dong
su di 4p dung mang Bayesian trong [9][11] dé du
doan vé vi tri ciia con ngudi va phuong tién di chuyén
st dung GPS trong moi treong do thi. Nghién clru cua
Yin va dong sy [12] 4p dung DBN dé phat hién céac
hoat dong trong nha ciia ngudi tir cac chudi gia tri
cuong d06 tin hiéu mang LAN. Trong [13] lai st dung
micro va gia tbc ké dé phat hién cac hoat dong hang
ngay ctia ngudi. Piém chung ciia cac nghién ciru ké
trén 1a déu sir dung phwong phap hoc c6 giam sat,
cac phuong phap nay doi hoi mot luong 16n dir licu
duoc gan nhan dé huin luyén, do do néu su dung dé
phat hién bat thuong s& dan dén thiéu dir lidu dé
huén luyén.

Mot sé nghién ciru st dung phuong phap thi giac
méy dé phat hién hoat dong bét thuong trong video.
Xiang va dong su [14] st dung mot DBN dé mé hinh
hoa ting loai mau video binh thudng. o} day, mot hoat
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dong dugc coi 1a bt thuong néu kha ning né duoc
nhan dang bdi cac m6 hinh binh thudng nhé hon
ngudng. Pay la hudng nghién ctu kha don gian va
hap dan, tuy nhién viéc xic dinh ngudng thé nao la
hop 1y 1a mot diéu kho khan. Nghién ctru [15][37] sir
dung mo hinh Markov an dé phat hién hoat dong bat
thuong trong chu ky trang thai, dy ciing 1a hudng tiép
can mang lai cac két qua kha thi.

B.’ Phat hi¢n hoat dong bat thuong su dung hoc may
ket hop khai pha dir liéu

Day 14 hudng tiép can sir dung cac kién thiic vé hoc
méy va khai pha dit liéu dé phat hién miu ngoai 1& hay
ngoai lai (outlier). O hudng tiép can nay c6 thé dugc chia
thanh hai nhanh: Thir nhat 13 tiép can dua trén sy tuong
ddng [16], thi hai 14 tiép can dya trén mé hinh [17][18].

Trong nghién ciru ctia Breunig va dong su [19] lai
sir dung hoc may két hop véi khai pha dir liéu dé nhan
dang hoat dong bét thuong, cac tac gia da s dung
phan cum dua trén mat do dé phat hién céc ngoai lai
cuc bg, thudt toan nay thuong dua vao khoang cach va
ngudng mat 6 do nguoi ding xac dinh dé phat hién
su xuét hién cua céac ngoai lai (hoac cac diém dit lieu
bat thuong) trong khong gian nhiéu chiéu (high-
dimensional space). Nguyén 1y cua phwong phap la
néu cac diém lan can gﬁn nhau thi miu dugc coi 1a
binh thudng, nguoc lai mau dugc coi la bét thuong.
Phuong phap nay c6 uu diém 1a khong can phai xéac
dinh phan phdi dé xac dinh ngoai lai va c6 thé thyc
hién trén mot tap dit liéu I6n. Thé nhung kho khin 1a
lam thé nao dé x4c dinh tinh twong déng mot cach
hiéu qua véi mét luong dir liu 1én va khong chéic
chan. C6 thé ldy vi du trong mot khu vuc mang cam
bién, cac thong sé cam bién lién tyc thay doi theo thoi
gian. Do do6 rat kho xac dinh mot khoang céach du
manh dé tim ra cac diém dir liéu ngoai lai. Mot kho
khin khac trong trudng hop hé théng can phai hoat
ddng truc tuyén thi cac mé hinh phai dwoc huin luyén
trude khi cac hoat dong bét thuong xay ra, didu nay 1a
khong kha thi. Hon nita, khi ¢6 mét lugng dir liéu 16n
mang tinh da dang va ngiu nhién thi cac cac phuong
phap tiép can theo huéng tuong dong va dwa trén
khoang cach thudong khé co thé hoat dong tét nhu
mong mudn.

Nghién ciru ctia Ma va Parkins [18] tiép can viéc
phat hién hoat dong bit thudng bing cac mé hinh dy
bao, trudc tién ho tién hanh trich xuit cac dic trung
hitu ich tir dir liéu chudi thoi gian (time series data),
sau d6 tién hanh huin luyén mo hinh SVM mét 16p dé
phat hién dir liéu ngoai lai. Piém han ché cua cach
tiép can theo hudng nay 1a viéc lya chon mot tham sb
c6 d6 nhay thich hop dé dat duoc su can bé’mg hop 1y
gitta d chinh xac va céanh bao gia (false alarm).
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C. Phat hién hgat dong bat thuong sw dung hudn
luyén co trong so

Mot s6 nghién ciru tiép can theo hudng huan luyén
c6 trong sd (Cost-sensitive learning). Pay 1a hudng
nghién ctru nham giai quyét cac van dé phan loai trong
su hién dién cua cac trong ) phén loai sai khac nhau
¢6 lién quan dén cac 16i [17][20] va rat hiru ich cho
viéc huan luyén trong trudng hop céac 16p 1a khong can
bang. Van dé vé trong sé phan loai sai khac nhau rét
pho bién trong nhiéu linh vuc doi song nhu chan doan
y khoa, phat hién xAm nhap hay tiép thi truc tiép. Dién
hinh cé cac nghién ctru [17][21] d& ching minh viéc
sir dung cac chi s6 danh gia dya trén xép hang theo
duong cong dac trung hoat dong cua bd thu nhédn
(Receiver Operating Characteristic - ROC) thay vi st
dung d6 chinh x4c. Trong [22][23] Yang va dong su
gidi thidu mot cach tiép can tich hop hudn luyén co
trong s véi xir 1y gia tri con thiéu (missing value
handling) noi c6 thém trong s6 kiém tra ton tai (where
additional test costs exist) khi thu dugc gia tri con
thiéu cho dit liéu tuong lai.

K§ thuat hudn luyén c6 trong sé thudng duge sir
dung dé giai quyét cac van dé vé dir liéu mét can bang,
bang cach thiét 1ap cac trong sb false positive va false
negative khic nhau va két hop cac yéu 6 trong s trong
mot risk formula [17][24] (tam dich: ham rui ro). Cac
nghién ciu vé huin luyén cé trong sd co ba nhom
chinh. Nhom dau tién tap trung vao viéc phan loai cu
thé huin luyén co trong sb bao gdm cac phuong phap
str dung cdy quyét dinh [25], mang noron [26] va may
vecto hd trg (SVM) [27]. Nhom thir hai thiét ké trinh
bao boc cho bét ky thuat toan phan loai nao bé‘mg viée
ap dung 1y thuyét Bayes va gan cho mdi miu trong s6
16p thép nhét cua né [24]. Nhém thir ba bao gdm cac
phuong phép huin luyén sira d6i phan phdi cac mau
(modify the distribution of training examples) trudc khi
ap dung céc thuat toan dé cac phan loai hoc dugc tir ban
phan phdi da sira d6i 1a nhay cam vé trong s6 [28].

. PHUONG PHAP PHAT HIEN VAN BONG
BAT THUONG

Thuc té cho thay rang, di véi cac hoat dong bat
thuong, viéc thu thadp mot luong 16n dit li€u cho huén
luyén mo hinh 1a kha khé khan nhung lai dé dang thuc
hién didu nay véi cac hoat dong binh thudng, diéu nay
cho phép tao ra cac mo hinh nhan dang véi két qua tot
v6i hoat dong binh thuong. Do @6, ching t6i thuc hién
mot phuong phéap phat hién hoat dong bét thuong gdm
hai giai doan voi dit liéu huan luyén co sin cua cac
hoat dong binh thuong. O giai doan thir nhét, ching
t6i xdy dung mot may véc to hd tro mot 16p (One-
Class SVM) chi dya trén dir liéu cta cac hoat dong
binh thuong dé loc ra cac hoat dong co xac xuit cao la
binh thuong, trong d6 mdi hoat dong binh thuong
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duoc mo6 hinh héa bdi mot moé hinh Markov 4n tuong
tu cach trich chon va biéu dién dic trung trong céc
nghién ctru [32] [33] [34] [35] [36] [37]. Céac d4u hiéu
dang ngo, con phan van dugc chuyén tiép sang giai
doan hai dé phat hién thém. O giai doan thir hai, ching
t6i sir dung phén tich hdi quy khong tuyén tinh dé phat
hién ra cdc md hinh hoat dong bat thudng tr mot mod
hinh hoat dong binh thuong. Véi phuong phap tiép
cén nay, ching toi ¢6 thé dat dwgc mot ty 1¢ phat hién
hoat dong bat thuong kha tét ma khong can phai thu
thap va ghi nhan dir liéu bat thudng mot cach rd rang.
Chuing t6i tién hanh thu thap dir liéu tir nhidu cam bién
deo trén co thé nguodi ding va chimg minh tinh hiéu
qué cach tiép can cua chung t6i bang cach sir dung cac
dir liéu nay trong thyc té.

A. Hudn luyén mé hinh bing thudt todn ky vong t6i da
(EM)

Cho X 1a vecto ngdu nhién tir mot tap hop duoc
tham s6 héa, muén tim € sao cho P(X|0) la cuc
dai. Yéu cau nay dugc goi 1a udc tinh t6i da kha ning
Maximum Likelihood (ML) cho €. é uéc tinh 6,
ham hgp ly log (log likelihood function) dugc dinh
nghia la:

L(6) = InP(X|6) (1)

Ham likelihood duoc coi 1a ham cia tham sd 0
cho dir liéu X. Vi In(X) 1a mot ham gia ting nghiém
ngat, gia tri cua @ t6i da hoa cho P(X ‘49) ciling tbi da
cho L(6).

Thuat toan EM 1a mot thu tuc lap dé tdi da hoa
L(6) . Gia sir rang sau lan lap thir n uGce tinh hién tai
cho @ dugc dwa ra boi @, . Vi muc tidu 1a dé t6i da
héa L(#), muén tinh toan mot wdc tinh cap nhat €
thi:

L(6) > L(6,)

(2)

Tuong tu, mudn tdi da hoa su khac biét:

L(O) - L(6,) = InP(X|0) - InP(X|6,)

3)

Trong céc vAn dé vé tdn tai dir liéu, thuat toan EM
cung cap mot khudn khd tu nhién cho sy bao ham ciia
chiing. Noi cach khac, cac bién an c6 thé duoc gidi
thiéu hoan toan nhu mot thu thudt dé wdc tinh kha
ning t6i da € d& kiém soat. Trong trudng hop niy,
gia dinh ring viéc biét rd vé& cac bién 4n s& lam cho
viée t6i da héa ham co kha ning dé dang hon. C6
nghia 13, biéu dién cac vecto ngdu nhién dn boi Z va
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duoc thé hién béi boi z. Tong xac suat P(X|0) c6 thé
duoc viét theo cac bién 4n z nhu sau:

P(X|0) = > P(X|z,0)P(z|6)

(4)

Cong thirc (3) ¢6 thé dwoc viét lai nhu sau:
L(6) -L(6,) =In>_ P(X|z,6)P(z|6) - InP(X|6,)
(5)

Luu ¥ rang biéu thic nay lién quan dén logarit ciia
mot tong. Str dung Jensen’s inequality, né da dugc
chtng minh rang:

In Zn:ﬂ,,xi > anﬂi In(x;)

n
cho hang s6 4 >0 véi Z/l, =1 . Két qua nay co
i=1
thé duoc ap dung cho cong thirc (5) lién quan dén
logarit cua tong duoc cung cap cac hing sb A ¢co thé

duoc xac dinh. Xem xét dé cho céc héng s6 co dang

P(z]X.,6,). vi P(z|X,6,)1a mot thuse do xac
P(z]X.,6,)=0va

suat, chung ta co

ZP(2|X ,49”) =1 theo yéu cau.

Sau d6 bat dau véi cong thuc (5) hang sb

P(Z|X ,Qn)duqc dua ra:

L(6) - L(6,) = In > P(X|z,0)P(z|6) — InP(X|6,)

P(z|X,0
_ InZP(X|z,0)P(z|0).% ~InP(X|0,)
=In> P(x|X ,9)(%} —InP(X|6,)
P(X|z,0)P(z|0)
> EP(Z|X ,en)ln[WJ - |nP(X|9n)

B P(X|z,0)P(z|0)

= ZZ:P(2|X "9”)In[P(z|x ,Gn)P(XIHH)j

=A0)6,) ©)
Chung ta c6 thé viét lai trong duong:

L(@) = L(b,) + A(6?|6’n) @)

va dé thuan tién cho xac dinh:

166,)=L(8,) + A(0)9,)
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dé mdi quan hé trong cong thic (7) c6 thé dwoc thé
hién 14 rang:

L(6) > 1(6]6,)

Bay gio ching ta ¢6 mot ham |(t9|9n) duge gisi
han trén boi ham L(6) . Ngoai ra, c6 thé quan sat:
16,16,) = L(E,) + A6, 16,)
P(X|z,6,)P(z|6,)
P(z|X.6,)P(X|6,)
P(X,z|6,)
P(X,Z|t9n)

=L(4,)+ > P(z|X,6,)In
=L(6,)+ > P(z|X,6,)In
=L(6,)+>_P(z]X,6,)In1

=L(8,) 8)

vi viy d6i véi @ = 6, cac ham 1(6]6,) va L(6) bing

nhau.

L(HH+1]

Z('gu-#llﬁu)
L) = 1(6n]0)

L)
10]6x)

L(#) 1(6]6,,)

=~ f
Hu On+1

Hinh 1. Biéu dién do hoa mét lan ldp ciia thudt todn
EM: Ham L(6|6,) b giéi han trén boi ham L(6) . Cac
ham ¢6 két qua @ = 6, . Thudt todn EM chon 6, ,, lam

gid tri cia @ ma |(¢9|9n) la cyee dai. Vi
L(O) > |(t9|9n) tang 1(6 |Hn) dam bao rang gid tri ciia
ham L(8) kha nang dwoc tang lén 6 moi bude.

Muc tiéu ctia chlng tdi 1a chon mot gia tri € sao
cho L(@)cuc dai. Nghién ctru chi ra rang ham
(0 |0n) bi gi¢i han & trén bdi ham L(0) va gia tri cla
cac ham 1(6]6,) va L(6) bang véi ude tinh hién tai
cho @ = @,. Vivay, bitky 0 lam ting |(t9|t9n) s& lan
luot ting L(6). Dé dat duoc su gia ting 16n nhét co
thé vé gia tri cia L(6), thuat toan EM dugc goi dé
lua chon & sao cho |(6’|0n) duge cuc dai. ching t6i
biéu thi gia tri dugc cap nhat nay 1a 6, ;. Qua trinh
nay dugc minh hoa trong hinh (1). Tt d6 ta cd:
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0,.. = argmax{i(06,)}

0. =g mﬁaX{L(ﬁn) +ZX:P(z|x 01

. P(X[2,6)P(z|6) }

P(X|6,)P(z|X.6,)

Bay gid, giam céac hang s6 w.r.t. 0

= argmax {z P(z|X,6,)InP(X|z,0) P(z|6?)}

= argmax ZP(Z|X 6)in P(X,z,6) P(z,¢9)}

P(z,0) P(6)

= arg mgax{z P(z|X,6,)InP(X, z|¢9}

= argmax | E InP(X,z|9)}} )

Z|X.,6,
Trong cong thirc (9) cac budc ky vong va tdi da 1a
rd rang. Do do, thuat toan EM bao gdm viéc lap lai:
1. E-step: Xac dinh ky vong c6 diéu kién
{InP(X,z|6)}

z\x 6,
2. M-step: Tdi da hoa biéu dién lién quan dén 6

Tai thoi diém nay, dé yéu cau nhimng gi di dat
duogc khi cho rang ching toi da chi don gian 1a trao

ddi t6i da héa L(0) cho tdi da hoa 1(0]ON) . Cau tra

107 thue t 1a 1(|ON) tinh dén dir lieu khong duoe
quan sat hodc bi thiéu dir liéu Z. Trong truong hop
ching t6i udc tinh cac bién nay, cac thuat toan EM
cung cip mot nén tang cho viéc nay. Ngoai ra, nhu da
dé cap trudc do, kha thuén loi dé dua ra cac bién an dé
t5i da hoa [(|ON), diéu nay duoc don gian hoa nho
kién thirc vé cac bién 4n (so v6i toi da hoa truc tiép
cua L(0)).

Céac tinh chét hoi tu cua thuat toan EM duge dé
xuit boi McLachlan va Krishnan [29]. Trong phan
nay ching toi xem xét su hoi tu chung cta thut toan.
Vi 6., la uéc tinh cho @ tdi da hoa sy khac biét
A(66,) . Bat dau véi uéc tinh hién tai cho €, d6 1a
0

n°

chon dé t6i da hoa A(9|9n) va sau d6 lai co

ching t6i da c6 A(6|6,)=0. Vi

n+1 duqc

6,.116,) = A(6,|6,) =0, do d6 dbi voi mdi lan

13p, kha nang L( @) 1a khong thay déi.
Khi thuat toan dat dén mot diém cé dinh cho mot
vai @, giatri 0, t6i da hoa 1(6). Vi L valbing nhau
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tai 6, néu L va | c6 kha nang khac nhau tai 6, thi 6,
phai 1a mot diém dimg cta L. Diém dimg 1a khong can
thiét, tuy nhién 1a cuc dai cuc bo. Trong [29] cho thay
réng 6 thé cho cac thuat toan hoi tu dén cuc tiéu dia
phuong hodc diém yén trong truong hop bat thudng.

Trong thuat toan EM mé ta ¢ trén, @ ., dugc chon

n+l
lam gid tri 6 véi A(6|6,) cuc dai héa. Trong khi
didu nay dam bao sy gia ting 1on nhit trong L(6),
tuy nhién n6 c6 thé lam nhe boi yéu cau tbi da hoa
mot A(0]6,) sa0  cho

trong nhitng

6,.116,) = A(6,16,). Vi cich tiép can nay, chi
don gién la tang va khong nhat thiét phai téi da hoa
|6’ ) duoc goi la thuat toan t6i da héa ky vong

n+1
téng quat (GEM) va thuong hiru ich trong truong hop
viéc tdi da hoa 1a kho khan. Su hoi tu cua thuat toan
GEM c¢6 thé duoc 1ap luén nhu trén.

Sau khi chuyén d6i n ddu vét huén luyén thanh
Xn, chang toi
huén luyén mét SVM mét 16p dua trén dir liéu binh

mot tap hop cac vecto dic trung Xy, ...,

thuong. Y tuéng co ban 1a tim mot khu vyc hinh cau
chira hau hét cac dit liéu binh thuong sao cho ban kinh
R tuwong tng c6 thé 1a nho nhit:

minR? +C> &
i=1

stfe—x|* <R*+¢&

& =20
(10)

O day, cac bién &, duoc su dung dé cho phép mot
s6 diém dir liéu nam bén ngoai hinh cdu va tham sd
C>= 0 dicu khién sy can bang giira so0 lurgng cta hinh
cau va so0 1oi. St dung bi€u dién kép cia ham
Lagrange, ham muc tiéu tuong duong voi:

maxZa(x,,x) Zaa (Xi:X;)

i,j=1

st. 0<,<C ) g =1
i=1

11

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 32



PHAT HIEN HOAT DONG BAT THUONG SU’ DUNG HAM NHAN PHI TUYEN HOI QUI

Festure 2

Feature |

Hinh 2. SVM mét lop

Bai toén trén c6 thé dwoc giai quyét bang cach sir
dung cac ky thuat t6i wru hoa tiéu chuan [30]. Dé xéac
dinh xem dit li¢u thir nghiém co nam trong hinh ciu
hay khong, khoang cach t6i tdm cua hinh ciu phai
dugc tinh toan. Néu khoang cach nay nho hon ban
kinh R, thi dir liéu tht nghiém dugc coi 1a binh
thuong.

Théong thuong, dit liéu huin luyén khong dugc
phan phéi theo hinh cau trong khong gian dau vao. Do
d6, cac diém dit liéu ban diu duoc anh xa dau tién vao
mot khong gian dic trung dé c6 thé thu duge mo ta dir
lidu tot hon. Thay vi yéu cau mot ham 4nh xa rd rang
tir khong gian dau vao dén khong gian dic trung, giai
phap c6 thé thu duoc bang cach thay thé tat ca cac két
qua bén trong <.,.> trong (3) bdi mdt ham hat nhan
k<.,.>:

n n

max > ok (X, X;) — D o K(x;,%;) (12)

i=1 i,j=1

Trong truong hop nay, do cac dic tinh phi tuyén
va nhidu ctia cdc cam bién, ranh gidi phan biét cua
trinh phan loai SVM mét 16p c6 thé kha phic tap. Do
do, chung tdi st dung mdt hat nhan Gaussian Radial
Basis Function (RBF) cho SVM mgt 16p nhu sau:

k(x;,x;) = exp(-af Hxi - X H2 (13)

O day w1 1a mot yéu té mo rong kiém soat do rong
cua ham hat nhan.
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O Normal Activity Model

O Abnormal Activity Model

O

(a)

(b) (c)

Hinh 3. Thu tuc thich nghi lap lai

Mot han ché 16n ciia viée sir dung SVM mot 16p dé
phat hién bat thuong 1a khé khan trong viéc chon do
nhay dii cao dé mang lai ty 1¢ false negative thap va ty
1¢ false positive thip. Hinh 3 minh hoa hai ranh giGi
quyét dinh ctia mét SVM mét 16p duoc xay dung trén
cac diém dir lidu véi hai dic trung. Trong hinh, mét
ranh gidi quyét dinh rong duoc biéu thi bang duong
cong dut nét, s& din dén qua nhiéu false negatives;
trong khi ranh gidi quyét dinh hep duoc biéu thi bang
dudng cong lién nét, s& din dén qua nhiu két qua
false positives.

Lay két qua cia SVM moét 16p lam dau vao, giai
doan thi hai cua cach tiép can dugc dé xut cua ching
tOi 1a tao ra cdc mo6 hinh hoat déng bét thudng tr moé
hinh hoat dong binh thuong. Cac mé hinh nay dugc su
dung dé phat hién bat thuong.

B. Phdt hién hoat dgng bat thuong bang Idp thich nghi
trén mé hinh da hudn luyén

Ching t6i tao ra cac md hinh cho cac hoat dong
bét thuong trong mot tha tuc 1ap. Nhu thé hién trong
hinh 3a, bat dau bang cach chi c6 mot mé hinh chung
cho cac hoat dong binh thuong. V&i mé hinh binh
thuong dugc ude tinh tdt va mot dau vét kiém tra,
trudce tién chdng tbi tinh toan kha nang theo ddi nay
dugc tao ra boi mod hinh chung. Néu kha ning

(likelihood) nho hon ngudng dugc xac dinh trude 0 ,
ching t6i xac dinh ddu vét nay 1a mot ngoai 18. Cac
ngoai 1¢ dugc coi 1a co thé dai dién cho mot loai hinh
cu thé cua céc hoat dong bét thuong, do dé no6 cod thé
dugc s dung dé huén luyén mot mé hinh hoat dong
bét thuong. Tuy nhién, chi c6 mét ngoai 1€ duy nhat ro
rang 1a khong du dé tao ra mot wdc tinh tot vé cac
tham s md hinh cho mdt mdé hinh hoat dong bat
thuong. Do d6, ching tdi thuc hién phan tich ham
nhéan phi tuyén hdi qui dé didu chinh mé hinh chung
thanh mgt moé hinh hoat dong bét thuong cu thé béng
cach su dung ngoai 1€ duoc phat hién (xem hinh 3b).
Sau d6, khi mot dau vét kiém tra khac dén, ching toi
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tinh toan kha ning toi da tao ra dau vét nay boi cac md
hinh hién c6. Néu kha ning tdi da dugc dwa ra boi mo
hinh chung, chung t6i duy doan dau vét nay 1a mot hoat
dong binh thuong; néu khong, ching tdi xac dinh né
1a bat thuong. Trong truong hop tiép theo, chlng toi
phai quyét dinh liéu mét mdé hinh hoat dong bét
thuong méi c6 dugce tao ra hay khong. Néu kha ning

t6i da cao hon ngudng 0 , ching t6i coi ddu vét nay
thudc vé mot mo hinh bét thuong hién co; néu khong,
diu vét nay dugc coi la mot loai hoat dong bét thudng
moéi. Vi vy, ching tdi 1dy dugc mot méd hinh hoat
dong bat thuong méi tir mo hinh binh thuong chung
(xem hinh 3c).

Quy trinh 1ap trong hinh 3 nhu sau: Ban du, chi
c6 mot nut trong cdy, dai dién cho moé hinh binh
thuong chung. Khi phat hién mot hoat dong bét
thuong, mot nit 14 médi dugce tach ra tur nat cha trén,
tao ra mot mo hinh hoat dong bét thuong. Khi mot diu
vét bat thuong khac dugc phat hién, néu no co thé
duogc dai dién boi mot trong nhiing moé hinh bAt
thuong hién co, ciu tric cdy van giit nguyén; néu
khong, mét mo hinh hoat dong bat thudng méi co
ngudn gdc tir nit cha dugc hinh thanh. Cau tric cy
nay duogc stra d6i mot cach truc tuyén, cho phép tat ca
cac md hinh dugc tao ra mét cach hiéu qua. Trong
truong hop nay, chdng ti chon diéu chinh cac vecto
trung binh ctia md hinh. D& £°*,1<i<Q |, biéu thi
vecto trung binh cua trang thai thr i. Sy thich nghi
duoc thuc hién theo hai bude. Pau tién, voi dir lidu
méi, wéc tinh méi cua vecto trung binh " duogc
tinh toan dya trén mo6 hinh chung. Thu hai, vecto

trung binh 2, duoc diéu chinh theo cong thirc sau:

p= g + - a).u™ (14)

O day @ 1a yéu t6 trong sé kiém soat sy can bang
gitta mo6 hinh cii va wdc tinh méi. Gia tri cang nho, thi
cang c6 nhiéu dong gbp dir 1iéu méi cho mé hinh duoc
diéu chinh.

Dé thyuc hién cac phép bién doi tuyén tinh giira mo
hinh chung va dir liéu thich ung. Do d6, chdng tdi
thuc hién sy thich nghi bang cach st dung mot ham
nhén phi tuyén hoi qui [31]. Y tuéng co ban cua ham
nhan phi tuyén hdi qui 1a 4nh xa cac phép bién dbi hdi
quy tuyén tinh thanh khong gian dic trung chiéu cao
thong qua mot ban d6 hat nhan phi tuyén. Coi

old old PN new new <A
A:[,u1 vy Mo ] va B= [/“1 ey Mg ] biéu
thi cac vecto trung binh tuong ung vdi mo hinh cii va
mo hinh mai. Cac vecto trung binh ,ui* sir dung ham

nhén phi tuyén hdi qui ¢6 thé dugc tinh nhu sau:
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,ui* = (BK+ ﬂAK‘l)(K2+ el)'K
(15)

Trong cong thirc nay, twong ty nhu o, f la mot
yéu t6 trong sb can bang mé hinh cii va cac udc tinh
méi. | 1a mét ma trdn nhan dang va & la thong so
thuong xuyén do ngudi dung xac dinh. Ma trdn K Ia

mot hat nhan ma trén Q X Q:

k(™) k(g™ )
K =
_k(ﬂgldiﬂfld k(ﬂgld,ﬂgd)_

(16)

V6i k(.,.) 1a ham hat nhan. O ddy, dé nim bit sy
chuyén d6i phi tuyén giita mé hinh chung va dir liéu
thich nghi, ching t6i cling sit dung hat nhan RBF

NE exp(—a)22 s = 1 ||)2 dé thich tmg voi

md hinh. Bang viéc tinh toan (7), chlng tdi c6 thé co
dugc mot giai phap t6i uu toan cuc cho cic vecto

trung binh cudi cting ,ui*, khi 1<i<Q.

Str dung ky thuat thich tmg ham nhan phi tuyén hoi
Qui & trén cho phép phat hién mot hoat dong bat thuong
mdi, tr mo hinh hoat dong binh thuong da dugc huin
luyén.

IV. THU NGHIEM VA PANH GIA

Phan nay trinh bay vé thir nghiém dé danh gia
phuong phép phat hién van dong bit thudng da trinh
bay ¢ trén.
A. Tdp dit liéu thu nghiém

Thtr nghiém nay st dung tap dit lifu CMDFALL
dugc thu thap boi nhom nghién ctru vé hoc may va
tmg dung (Hoc vién Cong nghé Buu chinh Vién thong
(PTIT) két hop v6i nhém nghién ciru MICA tai dai
hoc Bach khoa Ha ndi [32]). Tap dir liéu dugc thu
thap tir 50 nguoi, deo 2 cam bién gia toc tai ving that
lung va cd tay va thuc hién 20 hoat dong va van dong
bat thuong (¢ muc thip véi cac nhin duoc liét ké nhu
trong bang 1). Mdi truong thir nghiém duoc thiét lap
voi 7 Kinect cameras tai cac vi tri dé thu nhan déy du
cac goc nhin anh (view) nhu hinh 4 (méi trudng thiét
1ap trong thir nghiém).
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= Kinecté

Hinh 4. Thiét ldp méi truwong thu thdp dir liéu

Moi nguoi thue hién 20 hoat dong véi khoang 7-8
phat nén tong sé thoi lwong 1én dén ~ 400 phat véi
hon 350 Gigabyte dir li¢u. Dit li¢u thu thap dugc bao
gdm ca anh RGB, Depth va Skeleton cling véi céc file
logging cuia dit liéu cam bién. Sau khi gan nhén tir tap
dir liéu thu dugc téng sb6 1én t6i 400 van dong bat
thuong va 600 hoat dong binh thudng. Chi tiét vé tap
dir li€u thtr nghiém cé thé download tai website:
http://mica.edu.vn:8000/KinectData/Datasets

Hinh 5 1a mdt khung hinh dugc truc quan hoa tir
tap dir liéu; gdm 7 khung nhin khac nhau tir 7 Kinect.
Dir liéu truc quan hoa bao gdm biéu dd dir liéu anh
depth trén timg khung hinh va dir liéu cam bién (goc
duéi bén phai man hinh). Dit liéu camera va cam bién
dugc dong bd nhd mot chuong trinh do nhém nghién
ctru MICA-PTIT phat trién dé dong bo nho vao cac
nhén thoi gian (timestamp).

Ly o "

Hinh 5. Triee quan héa dit liéu dnh chiéu sau (depth)

va cam bién
5.2. Két qua

Béang 2: Két qua nhéan dang céac hoat ddng va phat hién
vén dong bét thuong trong tap dir liéu CMDFALL.

Do chinh xac | D¢ nhay
Tén hoat dong

(precision) (recall)
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nga ve phia sau 75.43 76.23
bo trén mat dat 56.31 62.22
ngd v¢ phia trudc 79.56 77.58
ngi vé bén trai 77.63 79.14
lay d0 bang tay trai 58.41 57.32
nam trén giudng 67.42 69.39
va ngi vé bén trai

nam trén giuong 65.43 64.57
va ngi vé bén phai

nam trén giudng 68.22 65.44
va ngdi 1én xe lan

di chuyén tay va 77.13 79.31
chan

ngi vé bén phai 71.36 76.25
lay d0 bang tay 91.78 93.42
phai

chay cham 96.23 95.67
ngoi trén giudng 87.23 88.41
va diing

ngoi trén ghé va 83.26 81.98
ngi vé bén trai

ngoi trén gheé va 84.12 83.67
ngi vé bén phai

ngoi trén ghé sau 89.61 91.34
d6 dung day

nhay loang choang 93.02 92.71
loang choang 84.25 82.59
di bd 94.46 95.58
hoat dong bat ky 53.12 58.47
(chua c6 nhan)

Trung binh 76.32% 78.95%

Tir bang trén chi ra rang, hau hét cac hoat dong déu
¢6 két qua c6 do chinh x4c twong dbi cao nhu di bd
(walk) 1én dén hon 94% d6 chinh xac va do nhay; hay
chay cham (run slowly) c¢6 d6 chinh xac va do nhay
1én t61 hon 95%. Cac hoat dong thuong ngay khac nhu
ngdi trén giuvong sau d6 dung 1én, hodc ngdi ghé rdi
dung 1én c6 do chinh xac kha 6n dinh trong khoang
87-90%. O chiéu nguoc lai, mot ) hoat dong nhu
ding tay trai ldy do vat c6 két qua nhan dang khong
t6t khoang 50-60% d6 chinh xac. Didu nay kha hop 1y
do cam bién dugc deo bén phia tay phai ma khong
duoc deo bén tay trai nén dir liéu tir cam bién thu thap
dugc rat nhidu. Nguoc lai cac van dong bat thuong
nhu ngi theo cac tu thé khac nhau (ngd bén phai, ngi
bén trai, v.v..) c6 dd chinh xac phat hién khong vuot
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qué 80%. Piac biét hoat dong unknown la hoat dong
khong dugc gan nhan chi c6 d§ chinh xac va d6 bao
phii trén 50% Vi day 1a hoat dong chira nhiéu nhiu
nhit do n6 dugc dinh nghia 1a tat ca cac hoat dong ma
khong bao gém céac 19 hoat dong dau tién (c6 thir tyr tir
1-19) da duoc dinh nghia trudc. DY chinh xac va do
nhay trong nhan dang trung binh cta ca 20 hoat dong
va van dong bét thudng 1a 76.32% va 78.95%.

V. KETLUAN

Trong bai bao nay, chdng téi da thuc hién mot
nghién ctru vé nhdn dang hoat dong bét thuong, dé
xuit st dung thuat toan EM dé huan luyén cic mo
hinh hoc may. Thuc hién mt phuong phap nhan dang
hoat dong va phat hién bt thuong gom hai giai doan,
trong giai doan dau tién, SVM mot 16p duoc thiét lap
dé loc ra hau hét cac hoat dong binh thudng; & giai
doan tht 2, cac ddu hiéu dang ngd dugc chuyén dén
mdt tap hop cac mod hinh hoat dong bat thudng cé didu
chinh théng qua ham nhan phi tuyén hdi qui dé phat
hién thém. Chlng t6i ciing da tién hanh thuc nghiém
va danh gia két qua cua phuong phap dé xuét, véi 20
hoat dong va van dong bat thudng, do chinh xac va do
nhay trung binh dat dugc la 76.32% va 78.95%. bay
1a két qua rat dang khich 1& cho cac mg dung chiam
soc, hd trg nguoi cao tudi. Vi vy trong tuong lai,
ching t6i sé tiép tiép tuc mo rong nghién ciru theo
hudng tap trung vao cic phuong phap ty dong trich
chon va biéu dién cac ddc trung tir nhidu ngudn cam
bién dé cai tién d6 chinh xac phat hién va nhan dang,
hoan thién tng dung gii cac tro giup canh bao vé
nhitng van dong bit thudng dén ngudi chdm séc nhdm
hd trg cudc sdng cta ngudi cao tudi tai nha bang nén
tang két ndi internet van vat (IoT).
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ABNORMAL HUMAN ACTIVITY
ECOGNITION

USING NON-LINEAR KERNEL REGRESSION

Abstract: This paper proposes a 2-step method for
human abnormal activity detection. In the first
step, one hidden Markovmodel is trained for each
normal activity, a support vector machine is used for
classification of normal and abnormal activities; in the
next step, abnormal data segments are inputted in a
non-linear resgression kernel for weight estimation for
further detection. The models are trained using
Expection-Maximization (EM). An experiment on a
dataset collected from 50 people with 20 normal and

abnormal activities is conducted. The results of
76.32% precision and 78.95% recall have
demonstrated the high potential of practial

applications for health monitoring of the elderly
and security.
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