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LOI CAM DOAN

T6i xin cam doan day 1a cong trinh nghién ctru cua riéng téi. Cac két qua duoc viet
chung vdi cac tac gia khac déu dugc sy dong y cua dong tac giad trude khi dua vao
luan an. Cac két qua néu trong luan an la trung thuc va chua tung dugc cong bod

trong cac cong trinh nao khac.

Tac gia

Nguyén Ngoc Piép
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LOI CAM ON

Thuc hién ludn 4n tién si 1a mot thir thach 16n, doi hoi sy kién tri va tap trung
cao dg. Toi thuyc sy hanh phuc voi két qua dat dugc trong dé tai nghién ctu cua
minh. Nhitng két qua dat duoc khong chi 1a nd luc ca nhan, ma con co6 sy hd tro va
gitip d& ctia cac thdy hudng dan, nha trudng, bd mon, dong nghiép va gia dinh. Toi

muon bay té tinh cdm ctiia minh dén véi ho.

Trude hét, toi xin giri 161 cam on sdu sic toi thily PGS.TS. Tir Minh Phuong
va thdy TS. Pham Vin Cudng di quan tAm hudng dan va giup dd toi trong sudt qua

trinh thuc hién va hoan thanh luan an.

T6i xin tran trong cam on Khoa Cong nghé théng tin 1, Khoa Qudc té va
Dao tao Sau Pai hoc va Lanh dao Hoc vién Cong nghé Buu chinh Vién thong da tao
diéu kién thuén loi cho t6i trong subt qua trinh thyc hién ludn an. Toi xin cdm on
tap thé can bo, giang vién Khoa Cong nghé thong tin 1 — Hoc Vién Cong nghé Buu
chinh Vién thong di c¢6 vii dong vién toi trong qua trinh nghién ctru.

T6i xin giri 10i cam on chéan thanh t6i tat ca nhitng ngudi ban cua t6i, nhimng
nguoi ludn chia sé va ¢b vil toi trong nhitng lac kho khin. Cubi cliing, toi xin bay to
1ong biét on v6 han dbi voi cha me va gia dinh d3 ludn bén canh tng ho, gitp d&

toi.
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PHAN MO DAU

1. GIOI THIEU

Nhéan dang hoat dong nguoi (Human Activity Recognition - HAR) 1a qué
trinh gidm sat va phan tich hanh vi nguoi dung va trang thai moi truong xung quanh
nham suy dién/nhan dang cac hoat dong dang xay ra [33]. Nhan dang hoat dong
ngudi khong nhitng 13 chi dé nghién cru quan trong trong tinh toan nhan biét ngir
canh ma con 1 chu dé cho rat nhiéu linh vuc khac nhu tinh toan khép noi, twong tac
nguoi-may hay tinh toan di dong. Mot trong nhiing muc ti€u cua nhan dang hoat
dong 1a cung cap thong tin vé hanh vi ctia ngudi ding, tir d6 cho phép hé thong tinh

toan chu dong hd trg ngudi dung trong cong viéc [4].

Nhén dang hoat dong sir dung cam bién mang trén ngudi ung dung cong
nghé cam bién c6 thé mang theo ngudi dé giam sat hanh vi ctia ngudi dung. Dit liéu
cam bién duoc thu thap va sau d6 dugc phan tich bang cach sir dung cac ky thuat
hoc may va khai pha dit liéu dé xdy dung cac md hinh hoat dong ngudi ciing nhu
thuc hién nhan dang miu. Trong phuong phap nay, cac cam bién cé thé dugc gin
tai nhiéu vi tri khac nhau trén co thé ngudi. Cam bién mang trén nguoi ciing kha da
dang vé chung loai, do d6 c6 kha ning thu thip nhiéu loai thong tin vé hanh vi
ngudi dung. Vi du nhu cam bién gia toc, con quay hoi chuyén, cam bién do nhiét

d6, nhip tim hay thim chi ca cam bién RFID (Radio-Frequency Identification).

Co rat nhiéu ung dung hiru ich dya trén nhan dang hoat dong ngudi, nhu cac
mg dung trong y té, trong coéng nghiép, trong thé thao, giai tri, v.v. Dé cic ung
dung nay c6 thé phuc vu cudc sdng con nguoi trong thuc té, chung phai hién dién
khap moi noi va tai bat ky thoi diém nao nguoi dung can. Piéu nay c6 nghia 13 hé
thong phai truy cip dugc thong tin cua ngudi ding mot cach lién tuc. Hé théng
mang trén ngudi c¢6 thé dap tng yéu cau d6 nho st dung cac cam bién c6 kha ning

thu thap thong tin ngudi dung ma khong bi gian doan. Mot loi ich quan trong khac



clia cac hé thong mang trén ngudi 1a kha ning nhén thirc thé gidi tir géc nhin nhan
vat mot cach lién tuc, ma khong can ha tang hd tro bén ngoai. Kha ning nay gitp
cai tién cac ung dung hi¢n tai, tao ra nhiéu ung dung nhan dang hoat dong maoi, nhu
chim soc stc khoe con ngudi, hd tro cudc song hang ngiy, cic ung dung trong

cong nghiép, giai tri va ngh¢ thuat.

Luan an nay s& tap trung khai thac vé nhdn dang hoat dong swr dung cac cam
bién mang trén nguoi. Trude tién, luan an s& khao sat cac loai cam bién mang trén
nguoi, kién trac hé théng nhan dang hoat dong st dung cam bién mang trén ngudi
va mot s6 phuong phap nhan dang. Sau d6 luin 4n md ta cach thic st dung cam
bién va két hop véi cac phuong phap hoc may dé thu thap dir liéu, mé hinh hoa, hoc

va nhan dang hoat dong nguoi dung.

Phén tiép theo s& trinh bay vé tinh cdp thiét, muc tiéu va khai quat vé nhiing

dong gop cua luan an trong viéc gidi quyét bai toan nay.

2. TINH CAP THIET CUA LUAN AN

Nho vao sy tién bo ciia cong nghé va cac nhu ciu ing dung trong nhitng nim
gan day, nghién ctru vé nhan dang hoat dong ngudi di co6 duoc sy phét trién manh
mé. Trong mot thap ky qua, cic cong nghé cam bién va ky thuat xir 1y dir liéu da co
nhiing budc tién 16m. Cac cam bién dugc thu nho hon, chinh xac hon, b nhé 1én
hon, tiéu thu ning lwong it hon va gia tién ciing ré hon, déng thoi co kha ning két
ndi mang. Su tién bo cia cong nghé da thic ddy cong dong nghién ciru chuyén tir
truyén, thu nhan va xt 1y dit liéu mirc thap sang nghién ctru tich hop thong tin mirc
cao, xir Iy ngir canh, nhan dang va suy dién cac hoat dong. Thém vao dé, ngay cang
¢ nhiéu bai toan thuc té can cac gidi phap dua vao nhan dang hoat dong. Vi du nhu
ung dung an ninh va theo doi giam sat can cong nghé nhan dang hoat dong dé xac
dinh cac mdi de doa vé khung bd. Cac tmg dung trg giup con ngudi trong cudc séng
hang ngay cin cong nghé giam sat, nhan dang hoat dong va hd trg ngudi sébng mot
minh, dac biét 1a nguoi gia cd6 don. Hang loat ing dung mdi khac nhu phong hop

thong minh, ngo6i nha thong minh, bénh vién thong minh, v.v. cling phu thudc vao



cong nghé nhan dang hoat dong dé cung cip nhiéu cach thirc twong tac da dang, chu

dong cung cap cac dich vu, tro gitp ngudi dung hoan thanh cong viéce.

Hién nay, c6 ba cach tiép can pho bién dé giai quyét bai todn nhan dang hoat
dong, bao gf)m: nhan dang hoat dong dua trén thi gidc mday tinh, nhan dang hoat
dong dya trén cic cam bién gin trong moi truong xung quanh va nhan dang hoat

dong dua trén cam bién mang trén nguoi.

Nhitng nghién ctru trong thi gidc may tinh tir trude to1 nay da va dang dugc
mg dung dé giai quyét bai toan nhan dang hoat dong [50,54,86,122]. Céch tiép can
nay dua trén cac thiét bi cam bién thi gidc nhu may quay phim dé quan sat hanh vi
nguoi dung va cac thay ddi ctia moi trudng xung quanh. Cach tiép can th hai 1a st
dung cam bién gin trong mdi trudng xung quanh dé theo ddi cac hoat dong nguoi
dung [53,63,116,129]. Cu thé 1a cac cam bién duoc gin trong cac d6i twong hay vt
thé cau thanh moi truong hoat dong ctia nguoi dung. Hai cach tiép can nay déu co
han ché 1a céc hoat dong cua nguoi dung bi gi61 han trong mot moi truong c¢d dinh,
dong thoi hé théng ciing can dugc trién khai, lip dat sin trong moi truong. Cac han
ché nay 1a rao can trong viéc trién khai rong rii cac tmg dung nhan dang hoat dong
ngudi trong thuc té. Cac nd luc dé nhan dang hoat dong trong moéi truong khong
han ché cua cudc séng hang ngdy da tao nén budc chuyén dich trong nghién ctru vé
nhan dang hoat dong nguoi, d6 1a st dung cac cdm bién cé thé mang theo nguoi
[5,11,47,99,121,136,138,144]. Bay chinh la budc tiép can thu ba trong nhan dang
hoat dong nguoi. Cam bién mang ngay trén co thé ngudi di mé ra nhidu tng dung
tiém nang trong nhan dang hoat dong do con ngudi khéng con bi gidi han trong
nhitng cin phong dugc ldp sin cac thiét bi. Ching mang lai kha ning cung cap
nhiing su trg giup théng minh, cic giao tiép ao tai bat ky noi dau va bat ky khi nao,
thong qua viéc quan sat cac hoat dong tir goc nhin nhan vat.

Bai todn nhan dang hoat dong nguoi néi chung va nhan dang hoat dong dua
trén cam bién mang theo ngudi néi riéng ciing c6 thé tiép can theo hai hudéng, d6 1a

nhan dang dya trén tri thirc va nhan dang dua trén dir li€éu [32]. Trong truong hop



dua trén tri thac, hé théng nhan dang st dung cac luat suy dién dugc xdy dung
trude. Uu diém cua cach tiép can nay 1a 1d rang vé ngit nghia, c6 tinh logic cao va
dé thuc hién. Tuy vay van ton tai nhirng nhugc diém nhu can nhiéu chi phi vé thoi
gian va kinh nghiém cua chuyén gia dé xdy dung duoc tap luat suy dién tét, viéc
cap nhat tu dong cac luat 1a khong kha thi do ngudn dit liéu dau vao thudng khong
c6 ciu triic va ludn bién dong, dong thoi khong c6 kha nang xir 1y thong tin tam thoi
va chua ro rang. Chinh vi vdy nhan dang hoat dong dya trén tri thirc c6 xu hudng it

duogc stir dung.

Cach tiép can thu hai cho nhan dang hoat dong nguoi 1a dya trén dir li¢u. Céc
quy tdc nhan dang duoc xay dung dua trén cac tap dir li€u hanh vi nguoi dung 16n
c6 san va cac k¥ thuat hoc may thdng ké. Phuwong phap nay lién quan toi viée xay
dung nén cac moé hinh hoat dong dua trén xéc suit hodc théng ké cung vdi cac tién
trinh hoc va huan luyén. Do dya trén dit liéu nén cach tiép can nay dam bao duoc
rﬁng hé théng c6 thé cap nhat cac quy tac nhan dang hoat dong mot cach ty dong
ma khong phu thudc vao tri thirc chuyén gia cling nhu c6 kha nang xu 1y cac thong
tin tam thoi va chua rd rang. Dong thoi, hé théng cling c6 kha ning thich nghi cao
va tan dung duogc nguén dit liéu c6 san. Chinh vi vay, cach tiép can nay duogc quan
tdm nghién ctru nhiéu hon so v6i phuong phap nhan dang hoat dong dua trén tri

thuec.

Dui ¢6 chung nhiéu van dé vé miat phuong phéap luan véi cac linh vuc nghién
ctru khac nhu thi gidc may, xir Iy ngén ngit ty nhién, hay nhin dang tiéng noi, nhan
dang hoat dong dua trén cam bién mang theo ngudi ciing van phai ddi mat véi
nhiéu thach thtrc riéng, doi hoi cac phuwong phap tinh toan chuyén biét ké ca khi da
su dung cac phuong phép hién dang dugc ng dung trong céac linh vuc khac.
Nguyén nhén 13 vi bén canh nhitng vin dé chung cta bai toan nhan dang miu, van
tdn tai mot s6 van dé mang tinh dac thu ddi v6i nhan dang hoat dong st dung cam
bién mang trén nguoi. D6 1a sy chua thong nhat vé dinh nghia ciing nhu tinh da
dang cua hoat dong thé chit, sy mat can bfmg cua céc loai hoat dong, kh6 khan

trong gan nhan dir liéu, kho khan trong thu thap dir li¢u va thir nghiém, va kho khan



trong viéc ddm bdo can bang giita do chinh x4c, do tré va kha ning xir ly. Mic du
da c6 nhiéu nghién ctru hudng téi cac chu dé nay, nhung diy van 1a nhitng van dé
nghién ctru ma, c6 tinh thoi sy va thu hut dugc sy quan tdm cia cong dong nghién

cuu.

Dé tai “Nghién ciru phiong phdp hoc mdy cho nhdn dang hoat déng sir dung
cam bién mang trén nguoi” duge thuc hién trong khuon kho luan an tién si chuyén
nganh hé thong thong tin nham gop phan giai quyét mot sé van dé con ton tai trong

phuong phap nhan dang hoat dong st dung cam bién mang trén nguoi.

3. MUC TIEU CUA LUAN AN

Muc tiéu cta luan an 1a nghién ctru dé xudt mot sé phuong phap hoc may
nham ting cuong hiéu ning cho cac hé théng nhan dang hoat dong sir dung cam
bién mang trén ngudi, cu thé 1a dé xuit cac phuong phép trich xut dic trung méi
va hi€éu qua cho nhan dang hoat dong. Dac biét, nghién ctru tap trung vao hai muyc
tiéu:

e Nghién ctru va dé xuat phuong phéap trich xuét dic trung c6 téc dé nhanh
cho cac tmg dung nhan dang mot sb hoat dong riéng Ié, stt dung cam bién
mang theo ngudi v6i yéu cau vé thoi gian thuc. Cac hé thdng nhan dang
hoat dong trén thiét bi nhiing nhu cac hé thong hd trg nguoi dung thong
minh mang trén ngudi va c¢6 yéu cau hoat dong theo thoi gian thyc can
cac phuong phap trich xut dic trung c6 kha nang tinh toan nhanh nhung
van phai dam bao do chinh xéac can thiét. Bé c6 thé dap ung duoc yéu cau
nay trong truong hop tong quat 13 vo cung kho khan. Phuong phéap dé
xudt s& giai quyét van dé dit ra cho mot 16p cac ung dung nhan dang hoat
dong, d6 1a nhirg tng dung nhan dang mot sd hoat dong riéng 1¢é.

e Nghién ciru va dé xuat phuong phap trich xuat dic trung giup nang cao
do chinh xac cho hé théng can nhan dang cho nhiéu loai hoat dong. Cac

hé théng nhan dang hoat dong phé bién thuong c6 mdt han ché d& nhan



thay 14 khi sb lugng hoat dong can nhan dang cang nhiéu thi d6 chinh xac
ctia hé théng cang giam. Phuong phap dé xuét s& giai quyét dugc han ché
nay.

Cac muc tiéu liét ké trén day ciing mo ta pham vi va dbi tuong nghién ciru
cta ludn an. D6 13 st dung cdc phwong phdp hoc mdy dé nghién ctru va dé xuit cac
phirong phdp trich xudt dic trung moi trong cdc hé thong nhdn dang hoat déng sie
dung cam bién mang trén nguoi. Cac phuwong phap trich xuit dic trung ndy cé thé
phu hop véi cac hé thong tro gitp c4 nhan thong minh nho gon mang theo ngudi,
ning luc xtr 1y thip va yéu cau hoat dong theo thoi gian thuc, hodc phu hop véi hé
thong can nhan dang nhiéu hoat dong ngudi phirc tap. Cac hoat dong con ngudi bao
gdm céc hoat dong trong cudc sdng hang ngay, cac hoat dong san xuat, giai tri, thé
thao, 14 cac chuyén dong ctia co thé c6 thé ghi nhan va phan biét duoc bang cac cam

bién mang trén nguoi.

4. CAC PONG GOP CUA LUAN AN

Pong gop thir nhat ciia ludn an 13 dé xuat mot phuong phap trich xuat dic
trung méi don gian, hiéu qua dya trén tin hiéu cam bién mang trén ngudi cho cac

bai toan nhan dang hoat dong riéng 1¢. Cu thé 1a:

e Dé xuit phuong phap giai quyét bai toan nhan dang hoat dong ngudi dua
trén phuong phap trich xuit dic trung méi, goi 14 HALF. Cac dic trung
HALF c6 kha ning tinh toan nhanh, phii hop cho cic hé thong di dong
thong minh nho gon véi ning luc tinh toan thap, dic biét 1a cac hé thong
doi hoi thoi gian thyc. Cac dic trung nay cho két qua cao khi tmg dung
trong viéc phan biét cac hoat dong nga va cac hoat dong khac, sir dung
cam bién gia téc.

e Thir nghiém va danh gia két qua ctia phuong phap dé xuat trén céac tap dir
ligu da dugc cong bd rong rai. Két qua thtr nghiém duogc so sanh voi két

qua ctia mét s6 nghién ctiru c¢6 dd chinh xac cao va dang tin cdy gan day.



Pong gop thir hai ciia luin an 13 d& xuit mot phuong phap trich xuét dic
trung tu dong c¢6 do chinh xac cao cho nhiéu loai hoat dong ngudi dua trén hoc dac

trung. Cuy thé 1a:

e D¢ xuit phuong phap giai quyét bai toan nhan dang hoat dong ngudi sir
dung phuong phap trich xuét dic trung ty dong dua trén hoc dic trung
nham tu dong nam giit duogc su phu hop ca cac dic trung. Cac dic trung
dé xuat 1a cac dic trung da mirc, goi 13 motion primitive forests (MPE).
Céac dic trung dé xuat khong nhitng cai thién duoc d6 chinh xéc trong
nhan dang hoat dong nguodi so voi cac dac trung da muirc kiéu cli ma con
gitip loai trir dugc cac han ché vé mat tdc d6 xur 1y, dong thoi phu hop voi

viéc nhan dang nhiéu loai hoat dong nguoi.

e Thir nghiém va danh gia két qua ciia phuwong phap dé xuat trén cac tap dir
liéu d3 cong bd rong rai, so sanh két qua thir nghiém véi mot sé phuwong

phap nhan dang hoat dong nguoi tién tién nhit hién nay.

Pong gép thir ba cia ludn an 13 ap dung phuong phap trich xut dic trung
da dé& xuat dé xay dung cac tng dung nhan dang hoat dong ngudi, bao gdm: ing
dung phat hién ngd trong thoi gian thuc va ung dung xdc thuc nguoi dung swr dung
chiv ky 3D. Hé thong phat hién ngi sir dung cac bo cam bién deo trén ngudi ré tién,
va d@ trién khai, c6 thé phat hién ngi trong thoi gian thuc. Hé thdng xac thuc nguoi
dung cho phép cac ung dung cai dat trén thiét bi di dong thong minh c6 thé xac thuc
nguoi dung thong qua hanh dong “ky tén” trong khong gian (goi la chit ky 3D)
trong thoi gian thyc. Cac hé théng nay ciing duoc thir nghiém va danh gia vé hiéu
nang cling nhu tinh kha thi mdt cach chat ché trén tap dir li¢u thu thap vé hoat dong

nguoi dung.

5.BO CUC CUA LUAN AN

Noéi dung luén 4n dugc xay dung thanh bdn chuong nhu sau.



Chuwong 1. Gi6i thiéu tong quan vé nhan dang hoat dong sir dung cam bién
mang trén ngudi, bao gdm giéi thiéu chung vé nhan dang hoat dong sir dung cam
bién mang trén ngudi va nhing khé khin hién tai trong linh vic nghién ciru nay.
Chuong nay ciing trinh bay vé cic thanh phan cau thanh hé théng nhan dang st
dung cam bién mang trén ngudi bao gdm céc loai cam bién, cac hoat dong ngudi va
kién trac hé théng nhan dang hoat dong. Cudi cung 13 phan loai cac phuong phap
nhan dang hoat dong ngudi cing nhitg wu nhuge diém trong ting phwong phap.

Tur nhitng co s& nghién ctru nay s€ xac dinh rd hudng nghién ctru cta luan an.

Chuwong 2. Trinh bay mot phuong phap trich xuét dic trung méi c6 tée do
tinh toan nhanh, pht hop cho cac hé thong di dong thong minh, nho gon véi ning
luc tinh toan th?ip, dac biét 1a cac hé théng doi hoi thoi gian thuc. Cac dac trung nay
cho két qua cao khi ung dung trong viéc phan biét cic hoat dong nga va cac hoat
dong khac. Noi dung trinh bay trong chuong nay dugc tong hop dua trén két qua

cac cong trinh nghién ctru s6 1, s6 2, s6 4 va s0 6 cua tac gia.

Chuwong 3. Trinh bay phuong phap trich xuat ty dong méi nho hoc dic
trung, pht hop cho nhiéu loai dit liéu va nang cao do chinh x4c cua hé thdng nhan
dang. Cac dac trung dé xudt con gitp loai trir dugc cac han ché vé mat tdc do xur ly,
dap tmg duoc yéu cdu nhin dang nhiéu loai hoat dong ngudi. Noi dung trinh bay

trong chuong nay dugc tong hop tir két qua cong trinh nghién ciru sé 7 cia tac gia.

Chuong 4. Trinh bay hai ung dung nhén dang hoat dong nguoi trong thoi
gian thyc dua trén cc dic trung da dé xuit trong chuong 2, bao gdm tng dung phat
hién nga trong thoi gian thyc sir dung cam bién gia toc tich hop trong thiét bi Wii
Remote va tmg dung x4c thuc ngudi dung sir dung chit ky 3D dya trén chit ky viét
tay ctia nguoi ding. Noi dung trinh bay trong chuong nay dugc tong hop dua trén

két qua cac cong trinh nghién ctru s6 4, s0 5 va s6 6 cua tac gia.

Cuoi cung 1a moét so ket luan ve luan an.



CHUONG 1
TONG QUAN VE NHAN DANG HOAT PONG SU DUNG
CAM BIEN MANG TREN NGUOI

Chuong nay trinh bay nhiing van dé tong quan vé nhin dang hoat dong sir
dung cam bién mang trén nguoi, cic kho khin trong nghién ciru, cac loai cam bién
thuong ding va cac hoat dong nguoi. Phan tiép theo trinh bay vé mot kién triic
chung thudng dung cho cac hé thdng nhan dang hoat dong sir dung cam bién mang
trén ngudi. Do pham vi nghién ctru ciia ludn an tap trung chi yéu vao trich xuat dic
trung, nén dé lam co sé trinh bay cac chuong sau, phan tiép theo s& trinh bay cac
két qua nghién ctru di c6 vé ndi dung nay, d6 1a cac phuong phap trich xuat dic
trung cung nhitng vin dé ton tai trong timg phuong phap. Nhirng co sé nghién ctru
nay s& gitp xac dinh rd hudng nghién ctru cu thé cua ludn 4an. O Viét Nam, nghién
ctru vé nhan dang hoat dong st dung cam bién mang trén nguoi la hau nhu khong
c6, dic biét 1a cac nghién ciru vé cai tién phuong phap nhin dang. Do do, cac
nghién ctru trinh bay & ddy déu 13 cac nghién ctru qubc té. Cudi cung, phan két luan

chuong néu ra mot s6 van dé quan trong ma ludn an s€ tap trung giai quyeét.

1.1. GIOI THIEU CHUNG VE NHAN DANG HOAT PONG SU DUNG CAM
BIEN MANG TREN NGUOI

1.1.1. Khai niém

Nhéan dang hoat dong nguoi 1a qua trinh gidm sat va phan tich hanh vi nguoi
dung va trang thai moi trudng xung quanh nhim suy dién/nhan dang cac hoat dong
dang xay ra [33]. Mot trong nhitng myc tiéu cta nhan dang hoat dong 13 cung cap
thong tin vé hanh vi ctia ngudi dung, tir d6 cho phép hé thdng tinh toan chi dong hd

tro nguoi dung trong cong viéc [4].



10

Nhén dang hoat dong st dung cam bién mang trén nguodi & mdt hudng tiép
can hiéu qua vaéi chi phi thép cho thu thap dir liéu va nhan dang vé cac hoat dong
ctia con ngudi, nho vao cong nghé cam bién gan trén ngudi. Hudng nghién ciru nay
gan day thu hat dugc nhiéu sy quan tdm cta cong dong nghién ctu do nhitng nhu
cau cap thiét v& nhan dang cac hoat dong nguoi trong méi truong khong han ché
ctia cudc sdng hang ngay. Thém vio d6, su tién bd khong ngimng cia cong nghé cam
bién di tao nén cac cam bién mang trén ngudi manh mé, c¢é tinh tng dung cao, gia
ré, cho phép kha ning hoat dong lién tuc khong han ché. Nho kha niang theo dbi cac
hoat dong tir goc nhin ciia ngudi ding, cam bién mang trén nguoi cho phép cac tmg
dung nhan dang hién tai khic phuc dugc nhiing han ché do méi truong hoat dong,
bién chung tr& thanh cac hé thdng trg gitp thong minh cho con ngudi moi lic moi

noi.

C6 nhiéu loai hoat dong khac nhau tuy thudc vao ing dung nhan dang hoat
dong nguoi. Tuy nhién, vé co ban thi hoat dong ngudi c6 thé duoc chia lam hai loai,
doé 1a hoat dong murc th?ip va hoat dong murc cao [55]. Cac hoat dong muc th?ip bao
gdm cac hoat dong nhu di bd, ngdi xudng, dimg 1én, hut bui, in, rira bat, v.v. Day la
cac hoat dong dac trung boi chuyén dong co thé, tu thé hoac cach st dung vat dung,
thong thudng kéo dai chi trong vai gidy hay vai phut. Tham chi ching c6 thé chi ton
tai trong thoi gian nho hon véi cac chuyén dong co thé riéng biét va ngan gon, vi du
nhu mét budc di hodc dong dua mot cai vot hay mét cur chi nhu gép canh tay.
Nguoc lai, hoat dong mirc cao thuong gém mot tap hop cac hoat dong mirc th?ip va
dién ra trong thoi gian dai hon nhu lau nha, di ngém canh hay lam viéc tai van

phong. Cac hoat dong nay c6 thé kéo dai vai phut hodc nhiéu gid dong hd.

1.1.2. Cdch tiép cdn

Nhén dang hoat dong st dung cam bién mang trén ngudi 1a mot qué trinh

phre tap va c¢6 thé duoc chia thanh bbn bude co ban (theo [32]), bao gdbm:
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e Buwéc 1: chon va cai dat cac cam bién thich hop cho céc doi tuong va moi
truong dé€ gidm sat cling nhu nam gitt dugc thong tin vé hanh vi ngudi dung

clng véi cac thay doi trang thai moi truong.

e Budc 2: thu thap, luu trit va xur 1y cac thong tin nhan dugc nho st dung cac
k¥ thuat phan tich dit liéu va biéu dién tri thirc & cic murc d6 triru trgng phu
hop.

e Buéc 3: xay dung cac mé hinh hoat dong dé hé thong co thé suy dién va xir
ly.

e Buéc 4: chon va xdy dung cac giai thuat suy dién dé suy luan ra cac hoat
dong tur dir liéu cam bién.

Thong thuong, phuong phép st dung trong mot budc s€ phu thudc vao phuong

phép dung trong mot bude khac.

Phuong phép giai quyét bai toan nay c6 thé duoc phan 1am hai loai theo cach
thirc xay dung cac quy tic nhan dang (hay mé hinh nhan hoat dong), 1 nhan dang

hoat dong dua trén tri thirc chuyén gia va nhan dang dya trén dir liéu [32].

Nhan dang hoat dong duwa trén tri thirc chuyén gia. Trong truong hop
nay, hé thong nhan dang str dung cac luat suy dién dugc xdy dung truéc. Phuong
phap nay khai thac cac biéu dién tri thirc cho viéc md hinh héa cac hoat dong va dir
liéu cam bién, sau do st dung suy luan logic dé thuc hién nhan dang hoat dong.
Cach thtrc chung dbi véi phuong phap nhan dang hoat dong loai nay bao gom: (i)
str dung hinh thirc logic dé xac dinh va mé ta mot tip cac mo hinh hoat dong rd rang
cho tit ca cac hoat dong c6 thé co trong linh vuc dang xét, (ii) tong hop va chuyén
d6i dir liéu cam bién thanh cic cong thirc va hang tir logic va (iii) thyc hién cac suy
dién logic dé trich xuét ra mot tap ti thiéu cac mo hinh dién ta tir tadp mo hinh hoat

dong dua trén cac hoat dong da theo doi nham giai thich dugc cac quan sat.

Uu diém cua cach ti€p can nay 1a rd rang vé ngit nghia va ¢6 tinh logic cao.

Céc luat suy dién c6 thé duoc tinh toan nhanh chong véi chi phi thip. Thém vao do,
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c6 thé dé dang tich hop tri thirc chuyén gia va cac thuat giai heuristic cho cac mo
hinh hoat dong va téng hop dir liéu. Tuy nhién, c6 mot sé nhuoc diém & ddy 1a: can
nhiéu chi phi vé thoi gian va kinh nghiém cta chuyén gia dé xay dung dugc tap luat
suy dién tdt; viéc cap nhat tu dong cac luat 1a khong kha thi do ngudn dit liéu dau
vao thuong khong o cdu tric va ludn bién dong; khong c6 kha ning xtr Iy thong tin
tam thoi va khong rd rang. Hau hét cac phuong phap déu khong cung cip cach thirc
dé xac dinh xem mdt md hinh cu thé nao dé cé hiéu qua hon cac moé hinh khac hay
khong. Mot nhugc diém nita 1a cic phuong phép dua trén tri thirc va suy luan logic
khong c6 kha nang hoc. Chinh vi vdy nhan dang hoat dong dya trén tri thirc c6 xu

hudng it dugce su dung.

Nhan dang hoat dong dwa trén dir liéu. Trong cach tiép cin nay, cac quy
tac nhan dang duoc xay dung dya trén cac tap dir li¢u hanh vi nguoi dung 16n, cé
san cung v&i viéc st dung cac ky thudt hoc may. Phuong phap nay lién quan t&i viéc
tao ra cac mo hinh hoat dong duwa trén xdc sudt hodc tho”'ng ké cung voi cac tién
trinh hoc va hudn luyén. Cac phuong phap hoc may c6 hai loai 1a c6 giam sat va
khong giam sat. Cach thirc chung d6i v6i nhan dang hoat dong loai nay, ching han
nhu d6i véi phuong phap c6 giam sat, gdm cac bude sau: (i) thu thap dir liéu cam
bién, (ii) trich chon dic trung dit liéu dau vao (feature extraction and selection), (iii)
huén luyén bd phan 16p va (iv) phan loai hoat déng str dung bo phan 16p da huan

luyén.

Do dua trén dir liéu nén cach tiép can nay dam bao h¢ théng c6 thé cap nhat
cac quy tdc nhan dang hoat dong mét cach ty dong ma khong phu thudc vao tri thuce
chuyén gia, c6 kha ning xir 1y cac thong tin tam thoi va khéng 16 rang, ké ca cac
thong tin khong dy du, dong thoi hé thong c6 kha niang thich nghi cao va tan dung
duoc ngué)n dwr li¢u. Tuy chi phi tinh toan dé hoc hoat dong trong mot md hinh xac
sudt cho cac tng dung thuc té kha cao [32], d6 phirc tap tinh toan can thiét dé suy
dién cac hoat dong 1a khong cao néu budc trich chon dic trung va phan 16p khong
phtc tap. Vé6i nhirng vu diém nhu trén, cach tiép can nay duoc quan tAm nghién ctru

nhiéu hon so v&i nhan dang hoat dong dya trén tri thire chuyén gia. Ngoai ra, nho
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vao sy phat trién cta ha ting céng nghé, viéc thu thap dir liéu cho hé thong nhan
dang hoat dong ngay cang nhanh chéng va dé dang, 1am cho nhan dang hoat dong
dua trén dir li€u tro thanh cach tiép can chinh. Chinh vi vy, luan an s€ tap trung

nghién ctru nhan dang hoat dong theo hudng nay.

1.1.3. Cac ung dung

Y tuéng nhan dang hoat dong sir dung cam bién mang trén nguoi da co tir
cubi thap nién 90 khi bat dau thoi ky cua tinh toan di dong va tinh toan khip noi,
khai dau véi mot s6 nghién ctru kha thi vé phan biét mot sé hanh dong don gian cia
con ngudi nhu chay va di bo. Nhiéu thanh cong ndi tiép sau d6 trong nhan dang
hoat dong di tao ra nhirng dong lyc manh mé trong viéc giai quyét cac van dé kho
khan va thuc té hon. Co thé dé dang théy duoc, mot sb cac linh vuc thue té d nhan
duoc nhiéu ich loi tir nhan dang hoat dong str dung cam bién mang trén nguoi, vi du
nhu trong cong nghiép [95,126], an ninh [62], trong vin phong, thé thao, giai tri
[73,75,98], va dac biét la trong linh vuc cham soc stc khoe. Cu thé, cac hoat dong
song hang ngay (ADL) [67] d4 thu hit dugc rat nhidu sy quan tdm cua cong dong
nghién ctru [17,90,117,135]. Giam sat hoat dong hang ngay da cho thiy nhiing wu
thé quan trong so v&i cac phuong phap y hoc truyén théng trong viéc hd trg chan
doan y té, phuc hoi chirc ning hodc gitip d& bénh nhén suy giam chic ning man
tinh [15,31,105,115,125,132,137]. Mdt muc ti€éu quan trong khac nita do 1a hd tro
som dé khuyén khich con nguoi sbng mot 16i séng khoe manh. Muc tiéu nay dan
dén nhiéu nghién ctru vé cac hoat dong co lién quan cua con ngudi, vi du nhu danh
rang [82] hodc rira tay, an udng [10,112] va ubng thudc [104,143], hay thoi quen di
chuyén [37,72] va tinh toan tiéu thu ning luong [65]. M6t vai nghién ctru khac nira
cling tap trung vao canh bao cic nguy hiém cho strc khoe con nguoi, vi du nhu phat
hién ra sy kién nguoi nga [96,111], hodc su kién c6 cac d4u hiéu de doa su séng con

ngudi [12,88,141].

Gan day, nhan dang hoat dong da tr¢ thanh mot thanh ph?m quan trong trong

kha nhiéu san phim tiéu dung. Vi du may choi tro choi Wii cta Nintendo hay
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Kinect cua Microsoft dya vao nhan dang cac cu chi hoac tham chi ca chuyén dong
toan than dé ngudi choi diéu khién tro choi. Mic du ban du cac hé thdng nay duoc
phat trién cho viéc giai tri, chung ciing dugec mo rong sang cac tng dung khac, nhu
huin luyén thé thao va phuc hoi chirc nang, tao thém dong luc mdi cho linh vuc
nghién ctru nhan dang hoat dong [130]. Mot s6 san phém thé thao nhu DirectLife
Philips hoic gidy chay Nike+ ciing tich hop cam bién chuyén dong dung cho ca van
dong vién chuyén nghiép va khong chuyén dé hd tro qua trinh luyén tap thong qua

nhitng phan hoéi vé hi¢u suat tirng hoat dong cua van dong vién.

1.1.4. Mt s6 khé khan trong nghién ciru

Nhitng mo ta trén vé céc ung dung da thé hién tam quan trong cua nhan dang
hoat dong nguoi trong ca nghién ctru 1an san xuét hién nay. Mic du di co nhitng
tién bo dang ké trong phuong phap suy dién cic hoat dong nhd cam bién mang trén
ngudi cling nhu kha ning tao ban mau va trién khai cac hé théng nhan dang hoat
dong [13,49] nhung viéc phat trién cac hé thdng co thé dap tmg duoc yéu cau cua
nguoi dung va tmg dung trong thuc té van 1a mot nhiém vu rat khé khin. Tham chi,
cac k¥ thuat nhan dang hoat dong da ap dung thanh cong trong bai todn nay nhung

chua chic di thanh cong trong truong hop khac.

Thém vao dé, du c6 chung nhiéu van dé& vé mit phuong phap ludn véi cac
linh vuc nghién ctru khac nhu thi giac may, xu 1y ngon ngir ty nhién hay nhan dang
tiéng no6i, nhan dang hoat dong ciing van phai ddi mat v&i nhiéu thach thirc riéng,
doi hoi mét phuong phap tinh toan chuyén biét ké ca khi dd tng dung cac phuong
phap hién dang sir dung trong cac linh vuc khac [28]. Chang han nhu, chua co bat
ky mot phat biéu vé bai toan chung mét cach rd rang (hoat dong nao can duoc nhan
dang, mo ta dac trung cua mot hoat dong cu thé nhu thé nao, V.V). DPoi voi mot sd
ung dung nhu giam sat hanh vi trong thoi gian dai, cac hoat dong c6 lién quan thong
thuong tham chi khong duogc xac dinh rd rang tir trude. Ngoai ra, hoat dong cua con
nguoi c6 mirc do da dang cao dan t6i yéu cau phai c6 sy lwa chon ky cang giita cac

loai cam bién khac nhau vé ca kha ning 1an dic tinh. Khi d6 cling c6 thé phai thay
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d6i to hop cac cam bién tuy thudc yéu cau tmg dung hién tai. Thém nita, di v6i cac
tmg dung cu thé, nhan dang hoat dong thong thuong doi hoi co thude do danh gia
riéng, cu thé dé phan anh chét lugng hé théng. Su khac biét nay da tao ra nhiéu khé

khan trong nghién ctru nhén dang hoat dong str dung cam bién mang trén nguoi.

1.2. CAC CAM BIEN MANG TREN NGUOI

Khai niém cam bién mang trén nguoi 1a dung dé chi cac cam bién gin truc
tiép hay gian tiép trén co thé ngudi. Cam bién sinh ra tin hiéu khi ngudi dung thuc
hién cac hoat dong. Dya vao nhimng dic diém cua tin hiéu dau ra ciia cam bién, hé
théng o thé phan biét dugc cac trang thai sinh 1y hodc loai hoat dong dang thuc
hién cua con ngudi. Cam bién c6 thé dugc gin trong quan 4o, kinh mat, thit lung,
giay, déng hd, cac thiét bi di dong hodc dat truc tiép trong hodc trén cac bo phan
ctia co thé ngudi. Cac thong tin thu nhin duogc c6 thé 13 théng tin vi tri, cac chuyén
dong co thé hay trang thai sinh 1y. Nhiéu nghién ctru cho thay thong tin dau ra cia

cac cam bién khac nhau c6 hiéu qua khac nhau trong viéc phan loai cac hoat dong.

C6 thé phan loai cac cam bién theo cach thirc sir dung chiing trong phuong
phap nhan dang hoat dong ngudi, bao gdm: cac cam bién chuyén dong (c6 két hop
cac cam bién khéac), cac cam bién giup xac dinh vi tri nguoi dung, cac cam bién
dugc gin vao ddi tuong sir dung va cac cam bién phat hién ddu hiéu sdng. Nhom
thir nhit gdbm cic cam bién mang trén ngudi hay dung nhit trong cic nghién ctru
nhan dang hoat dong. D6 13 cac cam bién thu nhan dugc thong tin chuyén dong cia
co thé, bao gdm cam bién gia téc, cam bién con quay hdi chuyén, cam bién 4m
thanh. Trong d6 cam bién gia téc dugc ding nhiéu nhat [17,68,81,92] do kha ning
do duoc ca tan suit 13n cuong do cua chuyén dong, va ciing c6 thé két hop véi mot
s6 cam bién khac nhu con quay hdi chuyén hay cam bién am thanh dé tang hiéu qua
nhan dang hoat dong trong nhiéu diéu kién moi truong khac nhau (vi du
[8,17,81,92]). Cac cam bién trong nhém nay c6 do tin cy cao, ré tién va d& giy
phién ha cho ngudi dung so v6i cac cam bién khac nhu mi-cré hay may quay phim.

Nhém thir hai it phd bién hon 13 cac cam bién ding dé xac dinh vi tri, ma phd bién
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nhat 14 GPS va con quay hoi chuyén [17,81]. Dir liéu GPS ¢6 thé duoc st dung dé
x4c dinh cu thé hanh vi méc cao cua con nguoi [108], hoc cac dia diém quan trong
va du doan di chuyén cta nhiéu ngudi [14], hay hoc va suy dién mot mo hinh di
chuyén cua ngudi ding dé xac dinh cac hanh vi bat thuong [85]. Con dit liéu con
quay hoi chuyén giup dinh vi nguoi dung va ting d6 chinh xac nhin dang hoat dong
ngudi cho mot s6 dang hoat dong cu thé nhu ngdi, dung va di b [17,81]. Nhom thir
ba 1a cac cam bién gin vao ddi twong sir dung, vi du nhu RFID, cam bién phat hién
tia hong ngoai, chuyén mach cong tir va cam bién chuyén dong, dugc Gmg dung dé
phat hién su kién str dung cac d6i twong (nhuw md cira ra vao, cira s, ti, v.v.) va cac
diéu kién moi trudng (nhu 4nh sang, nhiét do, d6 4m) [90,127]. Nhom cac cam bién
nay gitip tao ra cac cach tiép can linh hoat cho nhin dang hoat dong ngudi nhung
giy ra nhitng han ché do méi truong dugc thiét ké déng. Cudi cung 1a nhém cac
cam bién sinh hoc, gitip do hién cac diu hiéu séng (bao gom huyét 4p, nhip tim,
dién ndo, dién tim va thong tin ho hap), tir d6 tng dung trong nhan dang hoat dong
nguoi nhu phat hién hién tugng ha than nhiét [131], do nhip hé hap [24], do cac con

co thit co bip [91]. Bang 1.1 liét ké cac nhém cam bién nay.

Co thé thfiy duoc réng, cic md hinh cam bién da duogc st dung va khai thac
trong cac nghién ctru tir trude toi nay 1a rt da dang, tir cac md hinh véi chi mot cam
bién dén cac mé hinh két hop nhiéu loai cam bién voéi nhau. Trong nghién ciru [83]
vé nhan dang hoat dong cua minh, Lester thuc hi¢n xép hang cac cam bién st dung
mot co ché lua chon dic trung va théy rﬁng dit liéu cam bién gia tde 1a dir lidu dong
vai trd quan trong nhat trong thuc nghiém. Pong thoi, cam bién gia toc ciing 1a cam
bién duoc trang bi va ung dung nhiéu nhat trong cac thiét bi tro gitp ca nhan di
dong thong minh mang theo ngudi. Do d6 cac phan sau ctia nghién ciru nay s& tap

trung chil yéu vao cac phuong phap va hé thdng st dung cam bién gia téc.
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Bang 1.1. Tém lwgc cac cim bién mang trén ngudi sir dung trong nhan dang

hoat dong

Phwong phap nhan dang ,
Cam bien
hoat dong

Dua vao thong tin chuyén | Cam bién gia toc.

dong cua co thé (co thé két | C¢ thé két hop cam bién con quay hdi chuyén hodc

hop cac cam bién khac) cam bién am thanh.
Duva vao xac dinh vi tri GPS, cam bién am thanh, cdm bién con quay hoi
nguoi dung chuyén.

., Bd doc thé RFID, cam bién phat hién tia hong ngoai,
Duya vao cam bién gan vao , i
N chuyén mach cdng tir, caic cam bién do nhi¢t d0 moi
doi tuong su dung
truong.

Huyét ap, nhip tim, dién ndo, dién tim, hd hap, cam
. ; bién nhiét do co thé, cam bién 4p suat bot, dién trd do
Dua trén dau hiéu song ., ., .
ap luc, cdm bién do 0xy, cam bién dd dan dién cua da,

dién tim.

1.3. KIEN TRUC HE THONG NHAN DANG HOAT PONG NGUOI

Vi¢c nhan dang hoat dong co thé duogc thuc hién theo nhiéu cach, véi nhiéu
kiéu cam bién hodc hudng téi nhiéu loai hoat dong khac nhau. Mot hé théng nhan
dang hoat dong nguoi noi chung nhan dit li¢u dau vao 1a dir liéu thd léy ra tur cac
cam bién va thong thudng gom cac budc nhu sau: tién xir Iy, phan doan, trich chon
dic trung, huan luyén va phan 16p hoat dong (xem hinh 1.1). Dé c6 thé nhan dang
hoat dong, trudc tién hé théng phai biét duoc cach thuc cac hoat dong dugc mo ta
trong dir li€u cam bién. Sau d6, cac mau dir liéu s& duogc thu thap va gan nhan dé

lam dit liéu huan luyén cho hé théng. Két qua nhan dugc nhu trong hinh 1.1 sau khi
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phan 16p 1a xac suét cua tung hoat dong. Kién trac nhan dang hoat dong nay duoc

str dung cho céac hé théng nhan dang trong cac chuong sau (chuwong 2, 3, 4).

Dit liéu Tién Phan Trich/chon Huén luyén
i Hoat

Vv

cam bién xu ly doan ddc trung /Phan 16p

dong

Vv

Hinh 1.1. Kién tric hé thong nhian dang hoat déng ngudi

Phan dudi day s€ mo ta dac trung cua dir liéu cam bién va nhiém vu cu thé
cua tirng budc (nhu trong hinh 1.1).
Dir liéu cam bién

Can chu y rang, dir liéu cam bién dau vao cho hé théng 1a mot truong hop
riéng ctia chudi dir liéu thoi gian, gém mot chudi cac diém dit liéu duge 1iét ké theo
trat ty vé thoi gian. Khi d6, chudi dit liéu cam bién dau vao co trat ty vé thoi gian.
Tinh chat nay khién viéc phan tich chudi thoi gian khac biét so voi cac loai nghién
ctru khac str dung cidc miu quan sat khong tuan theo trat tu thoi gian. Trong mot
chudi thoi gian, cac miu quan sat gdn nhau vé& mit thoi gian s& c6 méi lién hé chit
ch& hon cdc mau xa nhau. Thém nira, chudi dit liéu thoi gian co tinh chat mét chiéu
theo trat tu thoi gian, do d6 cac gia tri trong mot khoang thoi gian nhat dinh sé duoc
thé hién phat sinh tir cac gia tri trong qua khir, hon 1a cac gia tri trong twong lai [27].
Céc tinh chat nay cua chudi thoi gian c¢6 anh hudng dén cac budce xir 1y trong nhan
dang hoat dong ngudi trinh bay & cic phan tiép theo.
Buwéc 1: Tién xir 1y

Tién xu 1y 1a giai doan dau tién ciia mot hé théng nhan dang hoat dong dién
hinh. Dit liéu dau vao cho budc tién xir Iy (cling chinh 13 dit liéu déu vao cho hé
thdng) 14 cac ludng dir liéu thu duoc tir cac cam bién mang trén ngudi. Dit liéu cam
bién dau vao co thé 1a mot chudi dir lidu thoi gian nhiu chiéu do nhiéu nguyén

nhan, nhu 1a mdt s6 loai cam bién c6 nhi€u gia tri (nhu cdm bién gia toc 3 chiéu co
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3 gia tri twong tng véi 3 truc x, y, z), hodc sir dung nhiéu cam bién khi lay mau,

hodc cac cam bién dugc lay mau sau cac khoang thoi gian khac nhau.

Tuy vay, tbc do ldy mau cua cac loai cam bién thuong cé thé khac nhau.
Hodc cam bién c6 thé thay doi tan s6 lfiy mau tai mot s6 tinh huéng, vi du nhu dé
tiét kiém ning luong hay do hé thdng yéu cau. Hon nita, dit liéu cam bién chua xur
ly c6 thé bi ngat quing do nhiéu nguyén nhan, cé thé 1a do hoat dong ciia con
ngudi, 16 cam bién hodc nhidu séng dién tir. Do d6, chirc ning cua tién xu 1y 1a
déng bd, giam nhiéu va loai bd céc tin hiéu la, chuan bi cac tin hiéu da léy duoc cho
budc trich chon dac trung. Tuy nhién, tién xu ly can gitlr lai dugc cac dac diém tin

hiéu c6 chira thong tin quan trong vé cac hoat dong dang quan tam [28].
Buée 2: Phan doan

Budc phan doan (con goi la phat hién hoat dong, hay 1a danh ddu hoat dong)
lay dir liéu dugc xtr 1y (tir ludng dir liéu sau khi tién xu 1y), sau d6 chia thanh cac
phan nhoé hon c6 kha ning chia thong tin vé hoat dong hay ctr chi. Cac phan dit liéu

nay duoc goi 1a cac doan (segment).

Ph4n doan mot ludng cam bién lién tuc 13 mot viéc khd. C6 3 phuong phap
khac nhau dé thuc hién phan doan [28], bao gém phan doan st dung cua sO truot,
phan doan dua vao ning luong va phin doan dua vao cac vi tri nghi (bang cach st
dung mot loai cam bién dé phan doan cho dir li€u cua mdt loai cam bién khéc hay
st dung cac thong tin nglr canh bén ngoai). Trong nhan dang hoat dong st dung
cam bién mang trén nguoi, phan doan st dung ctra s truot thuong duge st dung
nhiéu nhat [28]. Do @0, ctra s6 truot duoc su dung dé phan doan dir li¢u trong cac

hé théng nhan dang & cac chuong tiép theo trong luin an nay.
Budc 3: Trich chon dic trung

Trich chon dic trung bao gém hai phan: tach/trich xuét dic trung (feature
extraction) va lya chon dic trung (feature selection). Trich chon dic trung nhim rat

gon cdac tin hi¢u thanh cac dac trung dé phan bi¢t cac hoat dong dang c6 va sau do
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duogc sir dung 1am dir liéu dau vao cho budc phan 16p. Tuy thudc vao timg hé thong

cu thé ma lya chon dic trung cé thé dugc thuc hién hodc khong.

Céc dac trung c6 thé duoc trich xuét tu dong (vi du nhu trong [114]) hoac
dua trén tri thuc chuyén gia. Tap cac dac trung cé duogc tu dir liu duoc goi la
khong gian dac trung. Noi1 chung, khi cac hoat dong dugc phan tach cang rd rang
trong khong gian dic trung thi hiéu suat nhan dang cta hé thong cang cao. Ly tudng
nhit 13 cac dic trung cta cung hoat dong c6 thé nhom thanh moét nhom trong khong
gian dic trung va nguoc lai cac dic trung cua cac hoat dong khac nhau can phan

biét cang xa cang tbt.

Khéng gian dic trung c6 sd chiéu cang 16n thi can cang nhiéu dit liéu huin
luyén dé tinh toan cac tham sé cho mé hinh ciing nhu cin cang nhiéu luong tinh
toan khi thue hién phan 16p. Dic biét 1a trong cac hé thdng nhing can xir Iy theo
thoi gian thuc, muc tiéu can dat 13 toi thiéu hoa yéu cau vé b nhd, luong tinh toan
va biang thong. Vi vay, diéu quan trong 1a can sir dung sé luong it nhit cac dic
trung trong khi van dam bao hiéu nang cho h¢ théng nhan dang. Ngoai ra, viéc lua
chon tap dic trung tbi thiéu nhu vy bang thu cong 1a rat khé. Do d6, nhiéu phuong
phap phan hang (ranking) va lua chon dac trung tg dong da duogc dé xuét (xem
[45]). Cac phuong phap ndy c6 thé duge phan loai thanh khung bao (wrapper) [70],
bd loc [109], hodc phuong phap lai [124]. Thém nita, can chi ¥y ring cac phuong
phap hoc may hién dai nhu SVM hay AdaBoost ciing c6 co ché chon dic trung
duoc tich hop san.

Nhu di dé cap dén trong muc tiéu va pham vi cta luan an, budc trich chon
dic trung trong cac hé thdng nhin dang hoat dong dé xuét & cac chuong sau s& chi
tap trung vao viéc trich xuat dic trung ma khong c6 lya chon dic trung (hinh 1.1).
Budéc 4: Huan luyén va phan 16p

O ché d6 huan luyén, cac dic trung duge tach ra va cing véi cac nhin twong
ung, cac dac trung s€ dugc su dung lam di li€u dau vao dé huan luyén mo hinh hoat

dong. O ché do phan 16p, cac dic trung va mé hinh di huan luyén trude d6 duoc st
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dung dé tinh ra gia tri ctia mdi 16p hoat dong va anh xa cac gia tri ndy voi mot nhan
riéng trong lac phan 16p. Khi str dung nhiéu cam bién hay nhiéu bo phan 16p, dau ra

ctia cac bd phéan 16p nay duogc két hop véi nhau dé dua ra mot quyét dinh duy nhat.

Viéc chon lya mot phuong phép suy dién tiy thudc vao sy can bang gitta do
phtrc tap tinh toan va hiéu ning nhan dang. Khi phan 16p trong hé théng nhung co
tai nguyén han ché, can tdi thiéu hoa do phuc tap tinh todn va bd nhd sao cho van
dam bao hé thdng c6 hiéu ning cao. Cac phuong phap suy dién thong thuong duogc
chon phuy thudc vao loai hinh hoat dong va do phtic tap cua khong gian dic trung,
hodc c6 thé dua trén cac nhan té nhu do tré, hoat dong truc tuyén (online) hay do
thich nghi. Déng thoi, tuy thudc vao ché d6 hoat dong cua hé théng nhan dang hoat
dong hién tai 13 huin luyén hay phan 16p ma hé théng tiép tuc xur 1y cac dic trung

da tinh duoc.

1.4. CAC PHUONG PHAP TRICH XUAT PAC TRUNG

Nhu mb ta & phan 1.3, c6 thé thdy ring, ¢ mot hé thong HAR nhén dang
duoc céac hoat dong, tin hi¢u tir cdc cam bién phai dugc xur Iy qua mo-dun trich chon
dic trung (gdm trich xudt va lya chon dic trung). Sau d6, thong qua st dung cac k¥
thuat hoc may dé xay dung mo hinh nhan dang hoat dong véi dir licu dau vao la tap
cac dac trung c6 dugc. Sau khi huén luyén xong mo hinh, cac mau hoat dong dau
vao (vi du nhu cac cira s6 thoi gian) chwa biét s& dugce xac dinh va nhan dang thong
qua md hinh nay. Nhu da dé cdp dén trong muc tiéu va pham vi ctia luan an, phan
nay sé& chi tip trung vao cic phuong phap trich xuat dic trung. Cac phuwong phap

lya chon dac trung s€ ndm ngoai pham vi ctia luan &n nay.

So véi tan suit léy mau cla cac cam bién thi hoat dong nguoi dugce thyc hién
trong mot khoang thoi gian tuong dbi dai. Hoat dong c6 thé kéo dai vai gidy hay vai
phut trong khi tan s6 14y mau c6 thé téi 250Hz. Bén canh d6 thi mot mau don 1¢ tai
mot thoi diém cu thé khong du dé cung cap du thong tin cho hoat dong. Vi vay, hoat
dong can duoc ghi nhan trong mot ctra s6 thoi gian hon 13 trong mot mau. Van dé 1a

lam thé nao dé€ so sanh hai ctra s6 thoi gian? Rat khé dé€ co thé so sdnh duogc cac tin
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hi€u nay, ngay ca khi ching dugc thuc hién boi cung mot nguoi, cho cung mét hoat
dong 1ap lai. Do d6, can st dung cac phuong phép trich xuét dic trung déi voi moi
ctra s6 thoi gian dé loc ra cac thong tin can, tir d6 ¢6 duoc cac sb do dinh lugng

dung cho viéc so sanh cac tin hiéu.

Tiéu chi cho viéc lya chon phuong phap trich xuat dic trung phu hop s& phu
thudc vao ban chat cua tin hiéu. Phan tiép theo sé& trinh bay cac k¥ thuat trich xuat
dic trung phd bién nhat, tip trung vao tin hiéu gia téc duoc sir dung chi yéu trong
cac chuong tiép theo clia luan an. Pong thoi phéan loai k¥ thuat trich xuat dic trung
thanh hai loai: mot 1a dya trén tri thirc chuyén gia dé xéac dinh cac dic trung va loai

thir hai 13 hoc ty dong tir tap dit liéu hudn luyén.

1.4.1. Trich xudt ddc trung theo tri thitc chuyén gia

Tin hiéu gia toc (xem vi du trong hinh 1.2) 1a tin hiéu c¢6 mtc d6 dao dong
16n, do d6 rat khé co6 thé nhan dang nhitng mau co ban khi chi sir dung cac gia tri
tho cua tin hi¢u chua xu ly. Hau hét cac hé théng HAR hién thoi st dung cac dac
trung theo mién thoi gian hodc tin sd [40]. Phuong phap trich chon dic trung
thuong dugc st dung nhét 12 tinh toan cac dai luong théng ké truc tiép trén dir licu
thé dau vao cua cam bién, doc 1ap trén ting khung dir liéu dugc phan doan bdi ctra
sO truot. Cac dai lugng théng ké phd bién nhat bao gdm trung binh, do 1éch chuén,
phuong sai, ndng luong, trung binh dao ham, khoang tir phan vi, entropy, tuong
quan gitra cac truc, skewness, d0 nhon (kurtosis). Trong mién tan sd, céc phuong
phap nhu bién ddi Co-sin roi rac (Discrete Cosine Transform) va bién doi Fourier
(Fourier Transform) duoc 4p dung [52,106] va mang lai nhitng két qua kha quan.
Céc phuong phap nay dugc hinh thanh dé giai quyét tinh bién doi cao vén c6 cia tin
hiéu loai nay. Tom tit vé cac phuong phap trich xuét dic trung dugc mo ta trong

bang 1.2.



23

4 3 Ngbi
2
o1
E. 0 I "-'-N‘I- T 1
8 1 ¢ 10 20 30
5 .
5 2 .
. Thot gian (gidy)
a) Tin hiéu cho hoat dong ngdi
~ 5 R
% Pi1bd
E} 2
1 - "
g 0 fﬂ:a.-:*-«i‘ﬁu;‘-ﬂ\m‘,’-tmﬁéfﬁwﬂ%%
g 10 10 20 30
8 .
5 -2
-3 - Thot gian (gidy)
b) Tin hi€u cho hoat dong di bd
o~ 31 Chay
T 2
= 1 |
E o LA
3 Jﬂ('( J‘( 19 ” A l“mﬁwf p.%o
3 Thoi gian (gidy)

c¢) Tin hi€u cho hoat dong chay

Hinh 1.2. Cac tin hi¢u gia toc trong cic hoat dong khac nhau



24

Bang 1.2. Cac phwong phap trich xuit dic trung cho tin hiéu gia tdc

Nhom Phwong phap

Trung binh, RMS, d¢ 1éch chuén, phuong sai, MAD, trung
binh dao ham, MCR, ZCR, khoang tr phan vi, entropy, tuong
Mién thoi gian quan gilra cac truc, skewness, d0 nhon (kurtosis)

[17,94,107,134,150].

Céc dic trung vat Iy caa chuyén dong [150].

Mién tan sb Chuyén d6i Fourier [17,34,106], bién doi Co-sin roi rac [9].

Céac dic trung thong ké duoc sir dung nhiéu nhét trong cac nghién ciru do
tinh don gian va hiéu ning cao trong rat nhiéu bai toan nhin dang hoat dong nguoi
[28]. Mot sb dic trung dd duge khao sat ky ludng va duoc chimg minh 13 hiéu qua
cho nhan dang hoat dong, dac biét 1a cac truong hop can phan bi¢t mat s6 hoat dong
cu thé, don gian. Vi du nhu trung binh [17] chi ra mic trung binh cta gia tri gia téc,
tir d6 gitp phan biét cac tu thé nhu ngdi, dimg im, va ndm xudng (thong qua tinh
toan cac véc-to trong luc), con phuong sai duge chimg minh 1a giup phan biét t6t
cho cac hoat dong di bd, chay bo va nhay [58] do cho théy muc do chuyén dong cé
trong tin hiéu. Twong quan giita cic cip truc gia tbc gitip phan biét cac hoat dong
lién quan téi cac chuyén ddi theo mot huéng nhu di by, chay va cac hoat dong
chuyén d6i nhiéu huéng nhu leo cau thang [117]. M6t sé dic trung hiéu qua khac,
nhu ty 1& vuot qua diém khong ZCR (zero crossing rate), ty 1& vugt qua trung binh
MCR (mean crossing rate), va first order derivative, 1a cac dic trung théng ké quan
trong hay duoc st dung trong cac bai toan xir 1y dit liéu chudi thoi gian, vi du nhu
nhan dang tiéng néi [149].

Mot tap dac trung khac duoc gidi thi€u trong [150] dugc chung minh hi€¢u
qua hon céc dic trung thong ké khac trong phan biét cac chuyén dong di lai co ban

goi 14 ddc trung vt 1y. Tén goi nay dua trén cac giai thich vat 1y vé chuyén dong
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cua con nguoi. Cac dac trung vat ly dugc tinh toan khac voéi céach tinh dac trung
théng ké. Pdi vai dac trung théng ké, mdi dic trung duoc trich ra tir mot tryc cam
bién (kénh) riéng. Trong khi d6, hau hét cac dic trung vat Iy dugc trich ra tir nhiéu
kénh cam bién. N6i cach khac, su két hop cam bién duoc thue hién & mic dic trung
dbi v6i cac dic trung vat 1y. Trong nghién ciru ctia minh, tac gia da chi ra rang tap
cac didc trung vat 1y c6 thé phan biét tot hon tap cac dic trung thong ké rat phic tap
cho cac chuyén dong nhu ditng, ngoi, di cdc hiedng, di lén cdu thang, xudng cau

thang, chay va nhay.

Céc dac trung trong mién tan sb cling dugc st dung cho nhan dang hoat dong
nguoi va thudng dua vao chuyén dbi Fourier [17,34,106] hay Co-sin roi rac tinh
todn trén cac khung hoat dong [9]. Trudc d6, Huynh [58] cling da thuc hién danh
gia cic md ta dic trung dua trén thdng ké va dic trung trong mién tan sd bang thuc
nghiém va cho réng cac dac trung st dung hé s6 Fourier thim chi con tot hon cac
dic trung thong ké khi phan biét cac hoat dong c6 cac mau chuyén dong lip lai nhu

chay hay dap xe.

Céc dic trung dd néu trén khong phai lic nao ciing c6 thé sir dung tot dé
phan biét cac hoat dong don gian. Trong trudng hop mdt bai toan da dugc quan tdm
tir trude d6 rat 1au 1a phan biét ngd va cac hoat dong khéc thi cac dic trung don gian
trén lai khong phai rat hiéu qua [38]. Ly do 1 ngd va mot sb hoat dong twong tu ngd
khac nhu ditng ngéi, ngdi nam, nhdy c6 tin hiéu cé tinh chat twong tu nhau va dé
gdy nham 1an [1,84]. Cach tiép can truyén théng dua trén nguéng co kha ning phat
hién nga nhanh, don gian va twong d6i tét, tuy vay thudng bi ti 1 canh bao gia cao
va trong nhiéu tinh hudng lai khong hiéu qua, din t6i kha ning khai quat hoa thap
[60]. Pé tang tinh khai quat hoa va hiéu qua phan biét ngi thi cac cach tiép can dua
trén hoc may gan ddy nhu [7,69,106] dé xuat str dung cac tip gdm nhiéu dic trung
thong ké phic tap hon, bao gdm ca skewness, kurtosis, ty twong quan, hé sb
Fourier. Tuy vay, d0 phtic tap cta tip dic trung 16n dan téi tinh khd thi ctia cic
phuong phap nay bi han ché do khé c6 thé tinh toan nhanh trén hé thdng c6 ning

luc xtr 1y thap va thoi lugng pin khong nhidu nhu da s6 cac thiét bi trg giup ca nhan
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di dong thong minh mang theo nguodi, dac bi¢t 1a cac hé théng doi héi thoi gian
thuc. Do d6, ching khé co thé Gmg dung duoc trong thyc té hién nay, khi nguoi
dung can sy thuan tién cao véi cac thiét bi di dong trg giup ca nhan thong minh, nho
gon. Pay chinh 1a mot van dé ton tai trong nghién ctru nhan dang hoat dong st dung
cam bién mang trén ngudi, d6 1a cin phai ¢ cac phuwong phdp biéu dién dic trung
mdi, hiéu qua cé thé phan biét tot ngd va cdc hoat ddng khdc cé ddc tinh dir liéu
twong tu, 6 khd nang tinh todn nhanh dé chay dwoc trén cdc hé thong yéu cau xir Iy
theo thoi gian thwc va bi han ché vé tai nguyén. Van dé ton tai nay s& duoc ban luan
va giai quyét trong chuong 2.

Phan dudi day liét ké mot sb6 dac trung thuong duogc su dung nhat ddi vai
mot tin hiéu § = {sl,...,sn} , vOi s; 1a mot gia tri d4u ra cam bién tai mot thoi diém
(i = 1,..,n). Cac dic trung nay ciing duoc st dung trong cac chuong tiép theo nhu
trong phan so sanh cic phuong phép trich chon dic trung trong chuong 2 (trong
phuong phap cua Pham [110], cac dac trung cuc bd trong chuong 3 (tdp 5 dac trung

thdng ké va tap cac dic trung vt 1y).

e Do do hudng tim nhu trung binh sé hoc s va trung binh binh phuong RMS.

s=13s, (1.1)
i

RMS(S) = /lzn:sf (1.2)
n o

e DJ do phan tdn nhu do 1éch chuin o, , phuong sai Gf , va do 1éch tuyét ddi

trung binh (MAD).

o, = Jﬁz@ ~ 5y (13)

ot =3 (s —5) (1.4)
n—143
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AbﬂXS)zJ—lTjig—E‘ (1.5)
n

L=l

Céac d6 do chuyén d6i mién, chiang han nhu ning luong theo FFT, trong d6

noi F; 1a thanh phan tha 7 cua bién doi Fourier cua S.

S

Energy(S) ==— (1.6)
n

Céc d6 do thong ké khac nhu:

Trung binh dao ham (Averaged derivatives): La gia tri trung binh cuia cac

dao ham du tién cua tin hiéu trong cira s6 thoi gian.

MCR (Mean crossing rate): So 1an tin hiéu vuot qua dudng trung binh.
ZCR (Zero crossing rate): S6 1an tin hiéu chuyén tir 4m sang duong va
nguoc lai.

Khoang t&r phan vi (Interquartile range): do khac biét gitta khoang 75%
va khoang 25%.

Entropy: #, =-Y" p(s)log(p(s,)), v6i p(s:) 1a phan bd xé4c suit cia s; trong
ctra s6 thoi gian, tinh bang s céc s; trong cira sb thoi gian chia cho x.

Tuong quan gitra moi cap truc:

5 -l )li=s) .

No o,

Skewness: do d9 bat ddi xtmg ctia phan phdi xac suat tinh hiéu.

%@:ﬁJgﬁzg% (1.8)
(Zizl(s" _S) )

Do nhon (Kurtosis): d§ nhon ctia phan phéi xé4c suét tin hiéu.
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>S(s-s)

Kur(S)=T—2

(20 (s-5) )

-3 (1.9)

e (Cic dac trung vat 1y:

- Cuong d6 chuyén dong (Movement Intensity - MI):
MI(t)=s(t) +s,(t) +s.(¢) (1.10)

Day 1a khoang cach O-clit cta tong cac véc-to gia tde sau khi loai bo gia
toc trong truong tinh. Trong do, s.«(7), s,(f), va s:(f) dai dién cho cic miu
gia tc ther ¢ clia cac truc x, y, z twong Ung trong mdi ctra s6 thoi gian.
Pic trung nay doc 1ap véi huéng cua cac thiét bj cam bién va dung dé do
cudng do tirc thoi cua chuyén dong con ngudi tai thoi diém ¢ Cuong do
chuyén dong khong duoc st dung truc tiép. Thay vao do, hai dic trung
gOm gia tri trung binh (Average of MI - AI) va phuong sai (Variance of
MI) ciia cuong d6 chuyén dong qua cira sd (d6 dai T) duoc sir dung va

duoc tinh nhu sau:

T
Alz%(ZMl(t)j (1.11)
t=1
1< 2
VI=? > (M) AI) (1.12)
t=1
- Dién tich cta d 16n tin hiéu chuan héa (Normalized Signal Magnitude
Area - SMA):
1 T T T
SMAZF[Z|(Sx(t)|+ Z‘(sy(t)‘+2|(sz(t)|j (1.13)
t=1 t=1 t=1

Day la tong cua dd lon gia toc trén ba truc trong moi cua so, dugc chuan
hoa theo d6 dai cura s6. Pac trung nay dugc coi 1a wdc lugng gian tiép cua

tiéu hao nang lugng.
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Tri riéng cua cac hudng chinh (Eigenvalues of Dominant Directions): Khi
mot dbi twong nhay, du kién s& c6 mot thanh phan gia tdc ting 1én theo
huéng thang ding. Tuong ty nhu vy, khi mot d6i twong chay vé phia
trude thi mot thanh phan gia téc ting 1én theo hudng chay va mot thanh
phan gia tdc cling twong dbi 16n theo huéng thang dung. Dé co duoc
nhirng hiéu tng nay can tinh ma tran hiép phuong sai cua dit liéu gia toc
doc theo 3 truc x, y, z trong mdi cura s6 dé tir d6 tinh duoc cac véc-to
riéng ctia ma tran hiép phuong sai tuong tng véi cac huéng chinh chuyén
dong cta con nguoi. Cac gia tri riéng do dugc cuong do chuyén dong
tuong ddi twong tmg theo cac hudng. Hai gia tri riéng ddu duoc dé xuat
str dung lam dic trung, twong tng véi d6 16n chuyén dong twong ddi theo

huéng thang dimg va hudng di chuyén.

Tuong quan gitra gia tbc theo lwc hdp dan va hudéng di chuyén
(Correlation between Acceleration along Gravity and Heading
Directions): Dya vao cac vi tri va hudéng ctia cac thiét bi cam bién duogc
mo ta, hudng trong luc s& gan song song vdi truc x, va huéng di chuyén
ctia d6i tuong khi di b 1a két hop cac truc y va z. Pau tién ldy dugc
khoang cach O-clit cua tong cac véc-to gia tc theo hudng di chuyén, va
sau d6 tinh toan cac hé sd tuwong quan giita cac gia téc theo hudng trong

luc va gia tc ¢6 duoc theo hudng di chuyén dé tao ra dic trung.

Van tdc trung binh theo huéng di chuyén (Averaged Velocity along
Heading Direction): duoc xap xi bang cach sau: ban dau tinh toan vén toc
trung binh theo truc y va z trong cira s, sau do tinh toan khoang cach O-

clit cua hai van toc.

Van toc trung binh theo hudng trong luc (Averaged Velocity along
Gravity Direction): dugc tinh bang trung binh cong vén tdc tirc thoi theo
hudng trong lyc tai moi thoi diém ¢ trong ctra s6. Van tdc tac thoi tai mdi

thoi diém ¢ duoc tinh bang tich phan cua gia toc theo hudng trong luc.
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- Trung binh géc quay theo hudng trong luc (Averaged Rotation Angles
related to Gravity Direction): tinh cac géc quay tich Iy xung quanh
huéng trong luc. Tong tich liy sau d6 dugc chuan hoa theo do dai cira sb.
Néu cam bién gin & phia trudc hong phai ciia d6i tuong, dic trung nay

mo ta goc quay cua than ngudi xung quanh hudng trong luc.

- Téan s6 chinh (Dominant Frequency): Tan s6 chinh dugc dinh nghia 1a tin
) tuong ung voi cuc dai cua can bac hai cdc do 16n thanh phﬁn FFT roi

rac cua tin hi€u tir moi truc cam bién.

- Ning luong (Energy): Ning luong duoc tinh bang tong ctia cin bic hai
do 16n cac thanh ph?m FFT roi rac cta tin hiéu tr mdi truc cam bién.

Tong nay sau d6 dugc chuan hoa theo do dai cura so.

- Trung binh ning luong gia tc (Averaged Acceleration Energy): duoc

dinh nghia 1a gia tri trung binh cua nang luong trén ba tryc gia téc.

- Trung binh nang lugng quay (Averaged Rotation Energy): dugc dinh
nghia 13 gia tri trung binh cua ning luong trén ba truc ciia con quay hdi

chuyén.

1.4.2. Trich xudt dic trung tw déng bang hoc déic trung

Céc dac trung dua trén tri thirc chuyén gia thuong dugc st dung trong cac hé
thong nhan dang hoat dong do tinh don gian va hiéu qua. Cac dic trung dang nay
thuong dugc thiét ké dua trén két qua ciia mot qué trinh phan tich k¥ ludng vé ban
chat cua dir liéu dé tir d6 x4y dung nén mot biéu dién dic trung c6 kha ning nim
bat duoc cac dic tinh dit liéu cua ung dung. Tuy nhién, chiing chi hoat dong hiéu
qua khi ing dung dé phan biét mot s6 hoat dong don gian, cu thé ma khéng dap tng
dugc khi can phan bi¢t tdp cac hoat dong ADL nhiéu hon va phuc tap hon. Vi du
nhu cac dic trung théng ké don gian nhu trung binh, d6 1éch chuan hay phuong sai
c6 thé phan biét tét cac hoat dong di bg, chay va dirng yén nhung khi tich hop thém

cac hoat dong phirc tap nhu xem ti vi, dn, ddnh ring, di lén cau thang, di xudng cau



31

thang thi tap dic trung trén khong c6 kha ning nhan dang tot. Mot cach tiép can cho
van dé nay 13 sir dung mét t6 hop cac dic trung thong ké phirc tap hon. Chang han
nhu trong [150], Zhang st dung cac dic trung bao gdm 13 dic trung thong ké, trong
d6 c6 ca ning luong, entropy, cac hé sb tuong quan, skewness, kurtosis dé phan biét
7 hoat dong. Pham [110] sir dung tap gdm 7 dic trung, bao gdm ning luong cac hé
$6 tuong quan, skewness, kurtosis dé phan bi¢t 14 hoat dong ADL phtrc tap va dat

két qua tuong dbi tot.

Mot diém yéu dé nhan thfiy cua cach tiép can st dung cac dac trung dua trén
tri thirc chuyén gia nhu trén 13, mdi mot tap cac hoat dong khac nhau can phan biét
trong moi tmg dung cu thé lai yéu ciu mot tap cac dac trung riéng dugc lua chon,
thiét ké k§ ludng dé sao cho phu hop, hiéu qua ddi véi tap cac hoat dong dang xem
xét [78]. Yéu cau ndy lam ting chi phi va gay kho khin cho viéc xay dung hé théng
nhan dang hoat dong ngudi. Nhiéu nha nghién ctiru da tim cach cai tién cac phuong
phap nhan dang dé c6 duoc do chinh xé4c cao hon, hiéu qua voi nhiéu loai hoat dong
ngudi va hd trg duoc nhiéu ung dung nhan dang hoat dong. Mdt cach tiép can hiéu
qua la str dung hoc dac trung, tic 1a tim cach t61 wu hoa mot ham muc tiéu dé “bat
duoc” su phu hop cua cac dac trung cho moi dir licu, déng thoi ¢6 thé tu dong kham
pha cac biéu dién c6 ¥ nghia cta dir liéu duoc phan tich. Cach tiép can nay co thé
tim dugc mot biéu dién dic trung chung cho moi dir li¢u, déng thoi rat kha quan
trong vi¢c cai thién do chinh xac cia nhén dang. Mot sb phuong phap cé thé ké dén
bao gbém tdi thiéu hoéa ning lwong [80] va hoc sdu [79]. Cac phuong phap khac
dugc thir nghiém va cé két qua kha quan trong nhan dang hoat dong nguoi nhu:
PCA [51], ECDF dua trén PCA [114], hoc dac trung st dung céac k¥ thuat hoc sau
voi RBM [114], CNN [148] va hoc dac trung dgya vao phuong phap tai tu
[55,71,151]. Hi¢n tai, cac nghién ctru nhan dang hoat dong cho két qua tdt nhat sir
dung phuong phédp hoc dac trung ECDF dya trén PCA [114] va hoc dic trung dua
trén hoc sdu nhu CNN [148]. Phan tiép theo day s& mo ta vé cac k¥ thuét nay.
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a) Hoc dac trung véi PCA va ECDF

Phuong phap phan tich thanh phan chinh PCA 1a mot k¥ thuat duoc tao ra
nham khir tvong quan va giam chiéu dir liéu. PCA 1a mot hinh thirc co ban ciia hoc
dic trung voi kha nang ty dong phat hién cac biéu dién nhé gon va ¢ ¥ nghia cua
dir liéu tho ma khong dua vao tri thirc chuyén gia hay tri thire vé kiéu Gng dung cu
thé. Cac véc-to riéng cua hiép phuong sai cho mot tip mau (twong Gng véi gid tri
riéng 16n nhat) duoc sir dung dé md rong thanh mot khong gian phu c6 s chiéu
thip hon, tap trung vao phuong sai ctia dit liéu goc. Viéc chiéu dir lidu gbc 1én

khong gian con véi phuong sai cuc dai dugc sit dung lam biéu dién dic trung.

Biéu dién dir liéu cam bién dwa trén ECDF: PCA thuong kém hiéu qua
khi céc dit liéu dau vao khong duogc chuén hoa. Tuy nhién, viéc chuin héa trén mot
dai gia tri chua biét thuong gy ra nhiéu vin dé khi cac thanh phan lién quan dén
cac khia canh hoan toan khic nhau ctia mot hién tuong; cu thé 1a viéc sir dung
khung c6 kich thudc 16n s€ khong hi¢u qua trong truong hop nhan dang hoat dong
ngudi. Mot cach biéu dién dir liéu tho dua trén ham phan phéi tich liiy thuc nghiém
(ECDF) cta dir liéu mau duoc dua ra véi ¥ tudng 13 xay dung mot biéu dién cho dir
liéu du vao sao cho doc 1ap voi cac pham vi tuyét ddi ma van gitt dugc thong tin vé

ciu triic. Phuong phap ndy dugc mé ta nhu dudi déy.

Dbi véi mdi khung hoat dong (frame) 7 = (;Ci)T, ldy duoc cac ham phan
phéi tich liy thyc nghiém ECDF £, cla cdc mau Xi (da thuc hién whitened) doc
theo mdi truc i = {1,2,3} sir dung wdc luong chuan Kaplan-Meier [36]. Nhitng ham
ECDF nay don diéu ting trong pham vi [0,1], va mo ta xac suat dit liéu cam bién
nho hon hoac béng mot gia tri cu thé. Nho phép noi suy bac ba C? , tinh gia tri cua
cac nghich dao ECDF &' trén mot tap cb dinh N diém p ={ Dyl N} . Cac gia tri
nay duoc coi 1a biéu dién cia dir liéu cam bién ;l . Trong phuong phéap nay, dir li¢u

mau duoc chuin hoa thanh moét pham vi chung ma khong pha huy ciu trac phu

thudce von ¢o. Véi i ={1,2,3}, c6 duge:
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X, =C7(g7 (x) e RN (L14)

v6i g =x, = Fy (x)=P(X,<x,) va C? 1a phép ndi suy bac ba st dung

—_—

P ={ppy
b) Hoc dic trung dua trén ky thuat hoc sau

Mic di PCA c6 thé hoc dic trung theo cach khong giam sat nhung né chi la
két hop tuyén tinh cua cic dic trung chua xir 1y. Do d6, PCA khong du kha ning
mo hinh héa cho cac phu thudc phi tuyén phirc tap [18]. Plotz va cong su di dé xuét
sir dung mang no-ron siu (DNN) [114] dé tach duoc cac dic trung cd ¥ nghia hon.
Mot trong nhitng khac biét chinh giita mang no-ron truyén théng va DNN 1a DNN
c6 thé c6 nhiéu 16p, trong khi mang no-ron truyén thong thuong st dung nhiéu nhét
3 16p. Mot lgi thé quan trong khac nira cia DNN 1a kha niang biéu dién cac dir liéu
dau vao. DNN c6 thé mé hinh hoa nhiéu hoat dong da dang ma khong can nhiéu dix
liéu hudn luyén. N6 co thé chia sé cic phan khong gian dau vao tuwong tu chi véi
mot vai nat an, trong khi gitt cho cac nut khac “cdm nhan” mdt tdp con cac dac

trung dau vao quan trong cho viéc nhan dang [114].

Gan day, DNN dat duoc cac dot pha trong nhiéu linh vuc nghién ctru. Nhing
ciu trac sau co thé dién ta cac ham phirc tap mot cach ngdn gon, thé hién nhimng két
qua vuot trdi so voi cac thuat toan tién tién nhat trong nhidu ing dung nhu nhin
dang mit ngudi, nhan dang tiéng néi [18]. Hinh 1.3 duéi ddy so sanh DNN véi cac

k¥ thuat khac.
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Diu ra DNN
Piu ra théng ké Piura PCA X
Piu vao: dir liéu thd Piu vao: dit liéu thé Piu vao: dit liéu thé

Hinh 1.3. (trai) tinh dic trung thong ké; (giira) mé hinh PCA; (phai) mé
hinh DNN (tham khao [148])

Trong nghién ctu [114], Plotz dua ra mot cdu tric mang DNN dua trén
RBM (Restricted Bozltman Machine). Viéc huin luyén mang DNN nay duoc thuc
hién theo cach c6 gidm sat. Cach huan luyén nay khac véi cach huan luyén mé hinh
hoc sau khéc trong [19,142] 1a Shift-Invariant Sparse Coding, st dung hoc khong
giam sat dé hudn luyén. Han ché cuia RBM [114] va Shift-Invariant Sparse Coding
[19,142] 12 cac mo hinh DNN két nbi day du, do vay khong bt giit dugc cac phu
thudc cuc bd clia cac tin hiéu chudi thoi gian [3] nén két qua dat dugc con han ché,
kém hon phuong phap sir dung dic trung ECDF két hop PCA [114]. Zeng va cong
su [148] di dé xuét sir dung CNN dé khic phuc van dé ndy. CNN bao gdm mot
hodc nhiéu cac cap thudc 16p convolution va pooling. Cac by phan nho cuc bd cua
dau vao dugc bét gitr bai cac 10p convolution véi mot tap cac bd loc cuc bd. Lép
pooling ¢ thé luu giit dugc cac dic trung bat bién. Cubi cung, 16p két ndi day du
dung dau sé& két hop cac dau vao tir tit ca cac dic trung dé thyuc hién phan loai toan
bd dau vao. Két qua dat dugc 1a rit kha quan do Zeng di cai tién cdu trac cia CNN
dua vao mot ky thuat goi 13 partial weight sharing nham cai thién hiéu ning nhan

dang hoat dong cho cac dau vao 1a chudi gia tc.

Mot nghién ctru khac sir dung DNN ciia Nils [102] thir nghiém mot sd tiép

can hoc sau goi la “deep, convolutional, and recurrent network™ va ciling dat dugc
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két qua tot trén cac tap di liéu kho. Nghién ctru ndy di khao sat sy phu hop cia mbi
mo hinh cho ting ung dung nhan dang hoat dong, thir nghiém anh hudéng cua cac
tham sb st dung khung 1am viéc fANOVA va dua ra duoc cac khuyén nghi cho

viéc tng dung hoc sau vao nhan dang hoat dong st dung cam bién mang trén nguoi.

Maic du hoc dac trung dya trén hoc sau (deep learning) da mang lai duoc
nhirng két qua rat dang ké trong vi¢c cai thién hi€u nang nhan dang hoat dong
nguoi, viéc dua hoc sau vao cac ing dung nhan dang hoat dong thuc té trén cac
thiét bi di dong thong minh dé tro gitip ngudi diing van rat khé khin do cac han ché
vé ning luc xtr Iy cia cac thiét bi ndy. Hau hét cac ung dung déu hoat dong dudi
dang dich vu ddm may chtr chua thyc sy chay truc tiép trén thiét bi. Hién nay, moi
chi ¢c6 mot so rat it cac thu nghi¢m chay hoat dong trén cac thiét bi di dong trang bi

phan cimg twong ddi tét, vi du nhu thir nghiém cta Lane trong [77].
¢) Hoc dac trung dua trén phwong phap tui tir

Mot phuong phap hoc dac trung khac trong nhan dang hoat dong 1a k¥ thuat
dya trén mo hinh tii tr BoW (bag-of-word) hay ti dac trung BoF (bag-of-feature).
Phuong phap nay dugc sir dung phd bién trong linh vuc phan loai vin ban va phan
loai anh. Trong nhan dang hoat dong, hoc dac trung dua trén phuong phép thi tir tao
ra cac dic trung phire tap goi 1a dic trung da mirc. Co thé hiéu rang cac dic trung
nay duoc xac dinh bang t6 hop cua cac dic trung co sé cua chuyén dong co thé
nguodi. Pac trung da mirc khong qué doi hdi nang lyc xur 1y cao nhu cac déc trung

dua trén hoc sau.

Pic trung da mic dugce tinh thong qua cic budc: ban dau dir liéu dugce phan
cum st dung médt phuong phap phin cum (nhu k-means) dé tinh cc théng ké su
xuét hién ctia nhom trén mot ctra sb truot, sau do cac dic trung c6 y nghia dugc tao
nén théng qua cac tinh toan vé quing thoi gian, tan sd va sy kién ddng xay ra tir dir
ligu. Cac m6 hinh BoW nay cho nhan dang hoat dong thuong duoc xay dung theo
ba budc sau: trich xudt dic trung, hoc tir vung (vocabulary hay codebook) va cubi

cung 13 xay dung phan phdi tan suat (histogram) cua cdc tir (chuyén dong). Cac dic
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trung duoc trich Xuét thuong la cac dac trung cuc bg, dugc tinh toan tir cac phan
doan nho cua cira sd thoi gian. Tu vung co thé dugc hoc béng cach sur dung thuat
toan phan cum khong gidm sat nhu k-means [55,71,151] hodc Gaussian Mixture
Model (GMM) [44,151] dé nhom cac didc trung thanh cac cum (cluster). Ting trung
tam cua cym tao thanh mdt tr (hay véc-to ma/code vector), va mot tap cac tu tao ra
tur tap dir liéu tao thanh tur vung. Tén suit xut hién cua cac tir co trong tir vung tao

nén biéu do tan suat cua cac tu.

Céc dac trung da muc cd dugc thong qua hoc dac trung dua trén md hinh
BoW nhu trén ciing di dat duoc nhitng két qua kha quan trong viéc cai thién do
chinh xac nhan dang. Tuy nhién viéc su dung cac phuong phap phan cum khong
giam sat nhu k-means hoic GMM trong cac nghién ctru vé nhan dang hoat dong sir
dung cam bién mang trén ngudi [55,151] dé xay dung tir vung ¢ cdc han ché vé dé
phike tap toc dé tinh todn khi dit liéu ddau vao cé sé chiéu 1om, gay ra kho khin cho
viéc ap dung trong thuc té. VAn dé& nay s& duoc phan tich va giai quyét trong
chuong 3, v6i dé xuét cua tac gia vé sir dung cac dic trung MPF dé tang toc do tinh
toan. Két qua thir nghiém, danh gia trong chuong 3 cho thiy cac dic trung dé xuat
nay khong nhiing co téc do tinh todn nhanh ma con gitp hé thong nhan dang chinh
xac hon cac phuong phap khac co két qua nhin dang hoat dong tét nhat hién nay

dua trén céac dac trung ECDF [114] va CNN [148].

1.5. KET LUAN CHUONG

Chuong nay da trinh bay giéi thiéu tong quan vé cac khia canh cta nghién
ctru nhan dang hoat dong st dung cam bién mang trén nguoi, bao g@)m cac khai
niém chung, cac cach tiép can va ung dung cua nhan dang hoat dong, mat s6 kho
khan trong nghién ctru, cac loai cam bién st dung, kién trac va cac budc thuc hién
trong mot hé théng nhan dang hoat dong dién hinh. Ngoai ra, cac phuong phap trich
xuit dic trung cho nhan dang hoat dong ngudi ciing duoc khao sat k§ ludng véi

mot loat cac cong trinh nghién ctru gan day.
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Noi dung di trinh bay trong chuong cho thy con rat nhiéu van dé kho khin
trong nghién ctru nhan dang hoat dong nguodi. Tuy nhién, ludn an s€ tap trung vao
viéc dé xuat cac phuong phap trich xuat dic trung dé giai quyét hai van dé quan

trong, cu thé nhu sau:

e Nghién ctru va dé xudt phuong phép trich xuat dic trung dé giai quyét
van dé dam bdo nhdn dang hoat dong chinh xdc cho hé thong yéu cau xir
Iy theo thoi gian thue, bi han ché vé tai nguyén. Phuong phap nay c6 toc
d6 tinh toan nhanh, ung dung dé phan biét ngi va cac hoat dong thuong
ngay khac, st dung cam bién mang theo ngudi véi yéu cau xur 1y theo
thoi gian thuc. Cu thé, phuong phap dé xuét duoc trinh bay trong Chuong
2.

e Nghién ctru va dé xudt phuong phép trich xuat dic trung dé giai quyét
van dé xdy dung phirong phdp nhdn dang hiéu qua cho nhiéu logi hoat
déng nguoi. Nghia 13, phuong phap trich xuit dic trung dé xuit tao ra cac
dic trung phu hop véi nhiéu kiéu dit liéu, gitip nang cao do chinh xac cia
hé théng nhan dang hoat dong ké ca khi s6 hoat dong nhiéu. Phuong phap
dé xuét duoc trinh bay trong Chuong 3.
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CHUONG 2
NHAN DANG HOAT PONG VOI CAC PAC TRUNG HALF

Chuong nay trinh bay cac dac trung méi va hi€u qua cho nhan dang hoat
dong nguoi, goi la HALF (Histograms of Angles of Line Fragments between Two
Consecutive Points — Phan phdi tan suit goc cta cac doan ndi hai diém dir liéu ké),
v6i muc tiéu giai quyét van dé 1a dam bdo nhdn dang hoat déng chinh xdc cho cdc
hé thong yéu cau xir Iy theo thoi gian thwc va bi han ché vé tai nguyén. Phuong
phap trich xuét dic trung hoat dong nhanh va hiéu qua trong cac ng dung nhin
dang mot sb hoat dong riéng 1€, dac biét 1a phan biét cac hoat dong nga trong h¢

thong st dung cam bién mang theo nguoi.

Céc dic trung nay duoc trich xuat thong qua viéc tinh toan cac phan phbi tin
sudt goc cua cac manh nho gitra hai diém dir liéu lién tiép, trén cac doan (segment)
nim trong cira sd truot, trén ludng dir lidu gia toc lién tuc ciia cam bién khi biéu
dién dudi dang hinh hoc theo biéu d6 duong (line chart). Cac ngdan (bin) ctia phan
phéi tan suét dugc tinh toan tu dong hodc dua trén cach tiép can heuristic. Viéc tinh
toan ngan tg dong co thé duogc thuc hién dua trén cic cum (cluster) goc cua céc
madnh (quantum), nhd vy s& giam bot sy anh hudng cua cac tham sb t6i viée lwa
chon ngan. Pac trung cia mot ctira s6 hoat dong/khung dugc tinh toan béng viéc
gdp cac dic trung cuc bd thanh véc-to dic trung tong. Cudi cung, cac dic trung
duoc sir dung véi may vée-to tya (SVM) d3 hudn luyén dé phén loai cac khung cua
cac ludng dit liéu thanh cic loai hoat dong. Trong chwong ndy, cac dic trung dé
xuét duge ap dung cho mot img dung cu thé 1a phat hién nga. Viéc danh gia hi¢u
nang cua phuong phép trich xuét dic trung dugc thuc hién dya trén 3 tap dir liu da
dugc cong bd, chira cac dit liéu gia tdc cho hoat dong ngd va cac hoat dong séng
hang ngay (ADL) khac. Két qua cho thay, hiéu ning ctia phuong phap dé xuat cao

hon dang ké so véi cac phuong phap phat hién nga hiéu qua khac.
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2.1. PAT VAN PE

Nhiéu nghién ctru vé nhan dang hoat dong cua nguodi da su dung cac dac
trung théng ké (nhu thdy trong chwong 1) do tinh don gian va dé sir dung cia
chung, nhat 13 trong cic hoat dong don gian va phd bién trong cudc song nhu ngdi-
dung, ding-ngdi, leo cau thang, di bo, v.v. Nhiéu dic trung di thé hién dugc anh
hudéng quan trong trong viéc phan biét cac hoat dong. Chang han nhu phuong sai,
dugc chirng minh 1a c6 do chinh xac cao khi phan biét cadc hoat dong di by, chay bd,
nhay [58], hay d6 twong quan giita cac cip truc gia toc gitip phan biét tot cac hoat
dong lién quan téi cac chuyén d6i theo mot huéng nhu di bo, chay va cac hoat dong

chuyén d6i nhiéu huéng nhu leo cau thang [117].

Tuy nhién, cac dic trung di néu trén khong phai lac nao ciing phu hop dé sir
dung va phan bié¢t tdt cac hoat dong don gian, vi du nhu ngd va céac hoat dong khac.
Ly do 14 cac hoat dong vé6i cac tin hiéu ¢ tinh chat twong tu nhau nhu ngd, ditng
ngoi, ngoi nam, nhdy, v.v., rat d¢ nham 1an v6i nhau va cac dic trung théng ké
khong c6 hi¢u qua trong vi¢c phan biét cac hoat dong nay [1,84]. Trong khi d6 cach
tiép can truyén thdng dua trén ngudng co kha ning phat hién ngd nhanh, don gian,
chinh x4c thi lai thuong c6 ti 1& canh bio gid cao va trong nhiéu tinh hubng lai

khong hiéu qua, dan t&i kha nang khai quat hoa thap [60].

bé giai quyét han ché trén trong khi van dat duoc muc tiéu vé do chinh xéc
can thiét, cac cach tiép can dya trén hoc may g?m day nhu [7,69,106] dé xudt st
dung cac dic trung dugc thiét ké phuc tap hon (vi du nhu st dung skewness,
kurtosis, ty twong quan, hé s6 Fourier), két hop chiing véi nhau nham dat duoc mirc
dd cai thién tdt hon. Viéc thiét ké cac dic trung nhu vay thuc sy da mang lai nhitng
cai thién rd rét trong viéc nhan dang céc hoat dong. Tuy nhién van dé ndy sinh 1a
cac dic trung phuc tap hay tip hop nhiéu cac dic trung phire tap dan téi luong tinh
toan tang, khong phu hop khi thuat todn nhan dang hoat dong phai chay trén cac
thiét bi trg gitp ca nhan di dong nho gon, bd nhd va nang lyc tinh toan thép, nhét 1a

khi can phai thyc thi cho cic tng dung can xir 1y thoi gian thyc. VAn dé dan t6i han
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ché vé kha ning ung dung trong thyc té hién nay, khi ma da phan nguoi dung doi
hoi sy thuan tién cao nhé céc thiét bi di dong thong minh nhé gon mang theo nguoi,
nhung di kém theo la cac gidi han vé pin, bd nhd, nang luc xur 1y, chéng han nhu

dién thoai thong minh, dong hd théng minh hay may tinh bang.

Dé giai quyét cac van dé trén, chuong nay trinh bay mot phuong phép trich
xuét dic trung moi, don gian (khong doi hoi tinh toan phirc tap), dong thoi hiéu qua
trong nhan dang hoat dong nguoi, goi 1a HALF. Y tudng co ban tao nén dic trung
HALF duogc bat ngudn tir viéc quan sat hinh dang cua tin hiéu cam bién gia toc ciia
cac hoat dong trén biéu d6 dudng (line chart). Vi cac loai chuyén dong khac nhau,
biéu db tin hiéu gia toc s& c¢6 hinh dang thay d6i khac nhau, trén timg doan ngan nbi
hai diém dir liéu lién tiép. Van dé 1a lam sao bét duogc thong tin vé su khac nhau
trong thay ddi gia toc cua timg hoat dong nhanh va hiéu qua. C6 thé thiy sy thay
d6i gia toc giita hai diém dir liéu lién tiép co thé duoc thé hién thong qua goc cua
véc-to ndi hai diém dir liéu nay va truc thdi gian (xem hinh 2.3b). Pic trung vé sy
thay di gia toc trong mot cira s6 thoi gian cua tin hiéu gia tc c6 thé duoc nim bat
thong qua théng ké, phan phdi vé tin suit goc cua cac doan ndi hai diém dir liéu
lién tiép nay. Pic trung ndy c6 thé dugc tinh toan rat nhanh chéng, hiéu qua va
phan bi¢t dugc cac loai hoat dong khac nhau. Nhu vi du trong hinh 2.1 vé dic trung
dira phan phéi tan suat goc cia cac doan dir liéu gia tdc cua cac khung tin hiéu cho
3 hoat dong ngdi, di bd va chay nhu mo ta trong hinh 1.2, dua vao cac dic trung

nay co thé d& dang phan biét 3 loai hoat dong.
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Hinh 2.1. Vi du vé cic phan phoi tin suit goc ciia 3 khung tin hi¢u gia
toc cho 3 hoat ddng ngoi, di bd, chay nhw md ta trong hinh 1.2, véi s6 ngin/cum

(bin) 14 9, déu nhau cho khoang gia tri géc (-90°,90°).

Tinh hiéu qua cua dic trung HALF khong chi nhd vao cach trich xuat dic
trung thong qua tinh toan phan phdi tan suat goc ciia cic manh nho trong khung tin
hiéu, ma con bat ngudn tir kha ning ty dong hoc dé tinh cac ngin cho phan phdi tan
sudt ciing kha ning nim giit cac dic trung cuc bd cta khung tin hiéu dau vao. Co
thé thiy rang phwong phap trich xuét dic trung HALF khong bi han ché vao
phuong phép nhan dang va hoc hoat dong hay phu thudc vao kiéu cam bién cu thé
nao. Tham chi, ¢ thé 4p dung mot cach téng quat cho nhiéu loai cam bién, nhiéu
kiéu ung dung va cac ung dung thoi gian thyuc trén cac hé théng bi han ché vé bd
nhé cling nhu nang luc tinh toan. Trong chuong nay, cac dac trung HALF dugc ap
dung thir nghiém cho tmg dung phan biét hoat dong ngi sir dung cam bién gia tdc

deo trén nguoi va da cho két qua tot trén ca 3 cac tap dir liéu nga thir nghiém. Két
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qua c6 dugc the hién su cai thién rd rang vé hi¢u suat so véi cac phuong phéap phat

hién nga khéc c6 dg chinh xac t6t nhat hién nay.

Céc phan tiép theo trong chuong nay trude tién s& mo ta vé cac thong ké
phan phéi tin suat goc clia cac hoat dong, sau do trinh bay phuong phap trich xuat

dac trung, phuong phép phéat hién nga st dung dac trung HALF va thyc nghiém.

2.2. THONG KE VE PHAN PHOI TAN SUAT GOC CUA CAC HOAT BPONG

Trudc khi md ta vé phuong phap trich xuat dic trung HALF, phan nay s&
xem xét cac phan phdi xac suat goc cho nhiéu loai hoat dong voi ngudn dit licu lay
tir 3 tap dir liu dugc dung nhidu trong cac nghién ctru phat hién ngd nhu mé ta
trong phan 2.4.3, dé tir d6 c6 cai nhin ban dau vé dic trung dua vao phan phdi tin
sudt goc cua cac manh ndi hai diém di liéu lién tiép.

Dt li€éu nga dugc phan thanh 3 nhém: nga trudc, nga sau va ngad sang bén
canh. Hinh 2.2 cho thiy 3 kiéu nga vé co ban c6 phan phdi xac suit trong tu nhau.
So sanh voi 6 hoat dong khac trong hinh 2.3 va 2.4, c6 thé thiy rang phan phdi xac
sudt theo goc cua cac hoat dong nay khac han nhau, trir ngd va hoat dong ngéi. Piéu
nay cho thiy viéc st dung phan phdi tan sut géc cta cac manh tin hiéu ndi hai
diém c6 thé gitp phan biét duoc nhiéu hoat dong. Ngdi va ngd c6 phan phdi xac
suit kha twong tu nhau do ngdi c6 tinh chat tin hiéu gia tc twong tw ngd. Céc
nghién ctru trude nhu [2,84] ciing chi ra ring ding-ngdi, ngdi-nam va mot sb hoat
dong khac c6 tinh chat vé tin hiu gia toc tuong ty ngd rat khé dé cé thé phan biét
duoc. Bé lam dugce diéu nay can tim ra cac dic trung mai cia nga khac biét so voi
cac hoat dong d6. Phan 2.2 tiép theo s& mo ta chi tiét vé cac wu diém cia dic trung
HALF dé thiy dugc bén canh kha ning phin biét ngd voi cac hoat dong khéc,
HALF c6 thé phan biét tot ngd va cac hoat dong twong tir nga.
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Hinh 2.2. Phan phéi xac suit géc véi 180 cum (géc trong khoang (-90°,90%)) cho

su ki€n nga truéc, nga sau va nga sang bén canh
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Hinh 2.3. Phan phéi xac suit géc véi 180 cum (géc trong khoang (-90°,90%)) cho
hoat dong dirng, di bo va chay bo
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Hinh 2.4. Phan phéi xac suit géc véi 180 cum (géc trong khoang (-90°,90%) cho

hoat déng nhay, di cAu thang va ngdi xudng

2.3. CAC PAC TRUNG HALF

Xét dir lidu dau hé thdng vao 13 cac ludng dir liéu gia toc theo 3 truc x, y, z,
thuat toan nhan dang hoat dong ngudi thong qua cac budc sau: phan doan dir li¢u,
trich xuat ddc trung va phan loai. Cac dic trung HALF s& duoc trich xuét trén cac
khung hay ctra 0 (frame/window) dir liéu dau vao c6 dd dai cb dinh duoc tao ra tir
budc phan doan dit liéu trude do, trén cac ludng dir liéu cam bién gia toc ban dau.

Sau d6 cac dac trung nay s€ dugc sir dung lam dir li¢u dau vao cho bude phan loai.

Phan duéi day s€ mo ta chi tiét vé thuat toan trich xuét dic trung va mot vai

khia canh quan trong khac ctia phuong phap dé xuat.
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2.3.1. Thudt todn trich xudt dac trung
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Hinh 2.5. Vi du vé miu tin hiéu ngi (a) va khong phai ngi (b)

Xét biéu dién hinh hoc trong biéu dd duodng (line chart) cta cac khung dir
liéu cam bién nhu hinh 2.6. Pau tién, mdi khung tin hi€u dugc chia thanh cadc manh
nhé hon (quantum). Mdi manh c6 @6 dai / 1a mot tham s6 dugc dinh nghia trudc do.
Trong biéu dién hinh hoc theo biéu d6 dudng, goc ciia manh duoc tao béi véc-to ndi
giita diém dir liéu dau va cudi ctia manh véi truc ngang thoi gian x nhu trén hinh
2.6. Sau khi tinh toan goc cia mdi manh, can thyc hién tinh mot phan phdi tan sut
(histogram) cua cac goc nho viéc chia toan bd khoang gia tri goc sang dang khoang
(interval), duoc goi 14 cac ngdan (bin), va dém sd cac manh co goc thudce ting ngan.
Khoang gia tri ciia ngan dugc hoc thong qua viéc st dung cac phuong phap phan
cum nhu k-means dé nhom cac géc cia manh trong cac khung trong tap huan luyén
thanh cac cum. Hoic c6 thé x4c dinh nhanh chong khoang gia tri ciia ngdn qua viée
gan cac gia tri cu thé theo mét cach thirc nao d6. Phan phéi tan suit da tao co thé

dugc st dung lam dac trung cho khung dang xét.
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Hinh 2.6. Vi du vé mt manh (quantum) va hwéng cia né
Qua trinh trich xuét dic trung dugc mo ta chi tiét nhu sau.

Budéc 1: Tinh goc ciia manh. Xét mot khung tin hiéu trén tryc x trong ludng
tin hiéu cam bién gia téc theo 3 truc va cic manh cta nd (xem minh hoa trong hinh
2.6). Chu ¥ rang ludng tin hiéu duoc mo ta trong hé toa do xy véi x theo mili gidy va
y theo m/s?. Hinh 2.6(a) m6 ta mot vi du vé khung cit ra tir chudi tin hiéu cam bién,
tir mau tin hiéu ngd 2.6(a) twong Gmg. Va hinh 2.6(b) mé ta vi du vé mot manh cing
hudng ctia n6. Goc f(g) ciia moét manh g duoc xac dinh 1a goc giita véc-to ndi diém
dau (x;,yi) va diém cudi (xi1,y:+1) va truc x (hinh 2.6), va c6 thé dugc tinh theo cong

thuec:

0(q) = tan™ [MJ 2.1)
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Hinh 2.7. Mot miu roi rac héa 4 ngin va véc-to' dic trung phian phdi tin

suat

Gia tri ctia goc nam trong khoang (-90°,90°). Thuc chat, gia tri nay chinh 13 d¢ khac
nhau (hay x4p xi dao ham) giita hai diém dit lidu (x;,y:) va (xi1,yi+1) va duoc tinh

theo don vi do goc.

Khi cai dit, & budc phan loai, ta c6 thé giam bot chi phi tinh goc theo cong
thirc 2.1 bang cach dua vao gia tri trong ham fan’'() dé anh xa truc tiép vao ngin
turong Gng ma khong can phai tinh cy thé fan’'(). Viéc nay c6 thé dé dang thuc hién
bang cach sir dung cac ngin di duoc xac dinh vé ranh gidi (sau khi thyc hién phan
cum & phan Xac dinh cac ngin bang phwong phap phian cum bén dudi) dé tinh
nguoc lai cac khoang gia tri (tinh tan()) trung gian, va sau d6 cac gia tri nim trong
ham tan’'() s& dugc anh xa vao khoang gia tri trung gian twong tng thong qua tim
kiém nhj phan (do cac khoang di duogc sip xép theo thir ty vé ranh giéi mot cach

lién tuc).

Buwéc 2: Roi rac héa. Pé tao phan phdi tan suat, trude tién can chia gia tri
cac goc xac dinh ¢ bude 1 vao cac ngin. Cac ngin nay duoc tinh trude do, bang
cach phan chia 180 do thanh M ngan (v6i cac khoang gia tri ctia ngan c6 thé khac
nhau). Py 13 qué trinh rdi rac héa mirc d6 khac biét vé tin hiéu gitra hai diém lién
nhau. Viéc roi rac hoa, tic 1a sy lua chon sb lugng va ranh gidi cadc ngan cd anh
hudng t6i chat luong biéu dién ctra s6 va nhin dang. Lya chon ngin qua nho s& gy

nhic¢u do cac goéc dac trung cho moi loai chuyén dong c6 thé roi vao hai ngan khac
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nhau. Nguoc lai, Iya chon ngin qua 16n c6 thé dan tdi viée cac goc dic trung cho
cac chuyén dong khac nhau lai roi vao ciing mot ngin va do vay dic trung khong
con tinh dai dién cho chuyén dong. Tuong ty nhu vay, viéc lya chon ranh gidi cia
cac ngan khong phu hop ciing ¢6 thé gdy ra hdu qua nhu trén. Viéc roi rac héa duoc
thuc hién béng hai cach, thu cong hodc tu dong, va hi€u qua s€ dugc xac dinh nho
thuc nghiém. Tuy nhién, viéc roi rac hoa theo cach thu céng c6 nhiéu han ché nhu
khong thuén tién va khé toi wu cac ngin, cho nén ¢ day chi tap trung vao cach tinh

toan ty dong.

Nhu vay, mot ngan s€ chira mot nhdm cac manh c6 géc twong ty nhau. Hinh
2.7 dua ra mot vi du vé trudng hop luong tir héa 4 ngan: (-90°,-30°), (-30°,0°),
(0°,30°) va (30°,90%). Viéc tinh toan tir dong c6 thé thuc hién thong qua cac phuong
phap phan cum khong gidm sat. Phin sau s& mo ta chi tiét cach xac dinh cac ngin
bang phuong phap phan cum. Khi cac ngin duoc xac dinh, viéc roi rac hoa duge

thue hién bang cach gan goc (g) cuia mdi manh g vao mdt trong cac ngin.

Bwéc 3: Tinh phéan phdi tan suat. S6 cac manh thudc mdi ngin duge dém
dé tao ra véc-to phan phdi tan suat d6 dai M. Véc-to phan phdi tin suat ndy cd cac
phan tir 1a cac s6 da dém dugc trong mdi ngin (xem vi du hinh bén phai hinh 2.7).
Sau d6, ndi 3 véc-to duogc tinh theo cach nay theo 3 ludng tin hiéu gia téc (theo 3
truc x, y, z) dé tao ra véc-to tong c6 do dai 3xM va st dung véc-to tong nay lam véc-

to dac trung cho khung dang xét.

Xac dinh cic ngin bang phwong phap phan cum. Dau tién, thuc hién tinh
gdc cua tit ca cac manh thudc cac khung tin hiéu trong tip huan luyén. Sau do, sir
dung phuong phap phan cum nhu k-means dé phan cac goc thanh M cum (ly do
chon k-means la vi day 1a mot phuong phap phan cum ty dong don gian va hoat
dong hi¢u qua, thuong dung trong cac phuong phap nhan dang hoat dong str dung
tai tir (Bag-of-Word) nhu [20,55,151]). Tuy nhién, dé gan gbc cia mot manh vao
mdt ngan can thyc hién gan chi sé cum bang phuong phap tim kiém hang x6m gan

nhit. Budc ndy co thé duogc cai tién thong qua viée tinh khoang gia tri cia M ngin
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mot cach tryc tiép nhu sau. Xét mot ngdn thir i (khac ngin dau va ngan cubi). Gia tri
thip nhat ctia khoang gia tri duoc tinh bang gia tri trung binh cta tim cum thir (i-1)
va cum thtr i. Gia tri cao nhat cua khoang gia tri duoc tinh bang gid tri trung binh
clia tAm cum thtr i va cum th (i+1). Khoang gia tri cta ngin dau tién tinh tir 0 t6i
gia tri trung binh ctia tim cum thir nhat va thir hai. Khoang gia trj cua ngin cubi M

tinh tir gi4 tri trung binh ctia tAm 2 cym cudi cung t&i 90°.

V& lya chon sb cum tdi wu cho thudt toan k-means, theo nhu khéo sét cia tac
gid vé cac phuong phap nhan dang hoat dong sir dung tai tir (Bag-of-Word) nhu
[20,55,151], viéc nay chi co thé duoc thuc hién dya trén thuc nghi¢m kiém tra chéo

trén dit liéu huan luyén (nhu duoc mo ta cy thé trong phan thuc nghiém muc 2.4.4).

Thuét toan trich xuit dic trung HALF dugc mo ta trong so dd thuat toan
HALF Extraction du6i day nhu trong Hinh 2.8. Chu ¥ 13 can thue hién xac dinh céac
ngin trude d6 sit dung phuong phap phan cum Bin_Calculation (Hinh 2.9) dé 1am

dau vao cho thuat toan trich xuét dic trung.
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Tén chwong trinh: HALF Extraction
Ky hiéu: Q; = {gi} — tap cac manh thudc khung tin hiéu s

(xi,y1) — diém dit liéu trong khung tin hiéu s, trong d6 x; 1 gié tri cia diém thoi

gian trong khung va y; 1a gia tri gia toc tuong ung.

Piu vao: Khung tin hi¢u s, do dai Iat tin hi¢u béng 1, s6 ngan M, khoang gia tri cac

ngan (svj,ev))

DPAu ra: Véc-to dic trung f= (ci), voii=1,..,.3xM

Chuong trinh:
1. Tach khung tin hi¢u dau vao thanh 3 véc-to theo 3 truc X V,Z: S1, 82, 83
2. Laplaivéit=1,2,3

a) Chia khung tin hiéu s, thanh tdp O, gdbm & manh d6 dai / lién tiép nhau

qgi={(x,yi), (Xi+1,yir1)}, vOi i=1,.. k-1 va k= |s;| div /.

b) Tinh goc 6(gi) cho moi manh g¢;, véi i=1,..,k-1, trong O theo:

e(qi):tan_l(yHl _ylj

x‘+l _'xi

¢) Roi rac hoa cac 6(gi) vao M ngan cho trudec:
Néu O(¢;) nam trong khoang (sv;ev;), gan ¢; vao ngin j
d) Tinh phan phdi tan suit:

Pém sb manh trong mdi ngin dé tao thanh véc-to phan phdi tan

sudt ddc trung d6 dai M: fi={c;}. V&i j=1,.. M.

3. Tra vé véc-to dic trung f={f;}={c;}, véi t = 1,2,3 va i=1,...3xM.

Hinh 2.8. Thuit toan trich xuét dic trung HALF cho mét khung tin hiéu
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Tén chwong trinh: Bin_Calculation
Ky hiéu: center; 1a gia tri trung tdm ctia cum thu i

Piu vao: O = {g;} — tp cac manh thudc cac khung tin hiéu trong tdp huin luyén, sb

ngan M
Piu ra: Cac khoang gia tri cia M ngan: (sv;,ev)) v6ij=1,..M
Chuong trinh:
1. Sur dung k-means phan cum cac goc 6(g;) thanh M cum véi ¢; thudc Q
2. Xac dinh khoang ctuia M ngan
svi = 0% evi = (centero + center)/2.
svu = (centerar1y + centerm)/2; evar = 90°.
sv; = (center.1) + center;)/2; evi = (center; + center+1))/2, voi i =2,...k-1.

3. Tra vé M khoang gia tri cia M ngan (sv,,ev)) v6ij = 1,...M

Hinh 2.9. Thuit toan tu dong xac dinh cic ngan sir dung phwong phap

phin cum

2.3.2. Biéu dién dic trung da mirc

Y tuéng ding sau cach sir dung cc dic trung nay 13 cac khung tuong tng
v6i cac hoat dong s& co dudng cong tin hiéu tuwong ty nhau va do d6 dan toi sd
luong cac manh theo nhom céc hudng la twong duong nhau. Vi vay, nhiing dac
trung nay s& cung cdp mot md ta xap xi cho cac ludng tin hiéu, tinh toan hiéu qua
cling nhu pht hop véi mot sb 16n cac giai thudt phan 16p. Van dé 1a cac phan phoi
tan suit goc cua cac manh khong chtra cac thong tin vé vi tri twong d6i ctia manh

trong mot ctra s6. Vi du dudi ddy minh hoa van dé nay.

Xét 2 khung dit li¢u cua 2 hoat dong khac nhau nhu trong hinh 2.10.



Hinh 2.10. Cac diic trung phén phdi tan suit gidng nhau (cac hinh bén phai)

dwge trich xuit tir 2 khung (cac hinh bén trai) khong phan doan

Gia sir can tao mot phan phdi tin suat c6 2 ngin véi kich ¢& 1a 90 do.
Khoang gia tri cia ngan thir nhat 13 tir -90 d6 t6i 0 va cta ngan the 2 13 tir 0 t6i 90
do. Str dung thuat toan trich xuét dic trung & ph?ln trude sé trich xut dic trung cua
2 khung thanh 2 véc-to phan phdi tin suat déu co gia tri 1a (2,2). Hai véc-to phan
phéi tn suét co gia tri gibng nhau duoc trich xuét tir 2 khung dir liéu khac nhau.
Nhu vay trong trudng hop nay, thuat toan trich xuat dic trung dé xuat khong hiéu
qua trong viéc phan biét 2 hoat dong khac nhau. Van dé nay xay ra do cac dic trung

khong chira cac thong tin ve vi tri twong doi cua cac manh trong tirng doan.

Dé giai quyét van dé& xuat hién trong vi du nay, cé thé trich xuét cac dic
trung cuc bg thay vi trich xuat mot dic trung trén toan bo khung. Chéng han, c6 thé
chia khung thanh 2 doan (str dung dudng gach ndi trong hinh 2.11) va trich xuat dic
trung trén timg doan, rdi sau d6 gop 2 véc-to phan phdi tan suit cuc bd nay thanh
mot véc-to téng dé nhan dugc 2 vée-to dic trung hoan toan khac nhau. Mot véc-to

1a (1,1,1,1) va mdt véc-to 1a (2,0,0,2).
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Hinh 2.11. Céc dic trung khic nhau (cic hinh bén phai) dwge trich xuat tir 2
khung (cac hinh bén trai), mdi khung dwgc chia thanh 2 doan (béi dwong gach
ndi & giira)

Nhu vay, voi cach tinh dac trung cuc b, dic trung tao ra co thé nim gilr cac
thong tin vé vi tri twong dbi cia manh trong mot cira s6. Pay chinh 14 thuat toan
biéu dién dic trung da muirc hiéu qua hon thuit toan ban dau (nhu mé ta trong phan
2.3.1). Vi thuat toan nay, chung ta c6 dugc cac dic trung HALF tot hon (nhu két

qua cho thiy trong phan thtr nghiém). Thuit toan dwgc mé ta nhu sau.

Xét mot khung dir liéu w. Chia khung dir liéu nay thanh K doan sw; nhé hon
va lién tiép nhau, c6 kich thudc bang nhau (i = 1..K). V&i mdi doan sw; trong khung,
trich xuit dic trung HALF (d3 mé ta trong phan 2.3.1) dé tao ra véc-to dic trung
cuc bd. Véc-to dac trung cua ca khung dugc tao ra b?mg cach ndi K vée-to dic trung
cuc b tr K doan trong khung. So dd thuat toan duoc trinh bay trong Hinh 2.12
dudi day. Chi y rang cling can thuc hién xac dinh cic ngin truée d6 voi phuong

phap phan cum Bin_Calculation (Hinh 2.9) dé 1am dau vao cho thuat toan.
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Tén chwong trinh: Multilevel Representation

Piu vao: Khung tin hiéu w, dg dai lat tin hi¢u béng 1, sb ngan M, khodng gia tri cac

ngan (svj,evy)
Piu ra: Véc-to dic trung F do dai 3xKxM
Chuwong trinh:
1. Chia w thanh K doan tin hiéu nho hon, lién tiép nhau, d6 dai bang nhau sw;
2. Trich xuét dic trung HALF cho K doan dit ligu sw; ,i=1..K
fi=HALF Extraction(sw;, [, M, (sv;ev))), v6i fi cd do dai 3xM
3. Nbi K véc-to f; thanh véc-to dic trung tong F = {f;}

4. Tra vé véc-to F, dd dai 3xKxM

Hinh 2.12. Thuét toan biéu dién dic trung da mirc cho mét khung tin hiéu

Trong qua trinh trich xuét dic trung, cac tham sd nhu d6 dai manh /, sb cac
ngin M va sb cac doan K rt quan trong. Do tdc d6 1dy mau cho céc hoat dong str
dung cam bién gia tdc thuong tir 50 Hz dén 100 Hz, nghién ctru nay chi st dung
manh véi d6 dai bang [ = 1 béi vi véi do dai I =2 hay 16n hon, téc d6 1dy mau sé& c6
thé nho hon 50 Hz va nhu vy, hé thong c6 thé khong dap tng duge cho cac (g
dung chira cac hoat dong thay d6i nhanh nhu ngi. Khi téc d6 14y mau 16n hon, tham
sO 1 ¢6 thé xac dinh thong qua thuc nghiém. Hai tham sb con lai c6 thé xac dinh
dugc théng qua thuc nghiém hay t6i wu hoa sau d6. Cach chon tham s vé sb cac
ngin M va s6 cac doan K phi hop cho phép phan tach rd rang céc tin hiéu hoat dong
khac biét nhau, vi du nhu ngd va cac hoat dong khac. Chu y rang, tham sd M va K
cang 16n s& gy anh huong tdi téc do tinh toan cua hé théng do s6 cum M ting 1am
cham thuat toan phan cum k-means, con s6 doan K ting lam s chiéu cua dic trung

cling tang.



55

2.3.3. Do phurc tap thudt toan

Do phirc tap tinh toan cho phwong phap trich xuét dic trung HALF dé xuét
(trong muc 2.3.1) duoc tinh béng s6 cac phép tinh phai thuc hién khi thuc hién thuat
toan, tirc 1a s6 cac phép tinh can dé xdy dung mé hinh va gdn nhan cho dir liéu dau
vdo (du doan mau dau vao). Do phirc tap thuat toan dé xuat khi xdy dung mé hinh
bang tong d6 phuc tap thuat toan cta cac budc trong thuat toan, gdm: tu dong xac
dinh c4c ngin bang phuong phap phin cum - Bin_Calculation (hinh 2.9, & day dwa
trén k-means), cac budc trong thuat toan trich xuat dic trung HALF Extraction
(hinh 2.8, vo1 tach khung tin hi€u thanh 3 véc-to theo 3 truc, chia nhé khung tin

hi€u, tinh gbéc cho manh, roi rac héa goc ciia moéi manh va tinh phan phoi tan suat).

Cho N 1a tong sb manh cua tip dit liéu huan luyén dau vao, do phirc tap cua
thuat toan Bin_Calculation (hinh 2.9) chinh 1a d0 phuc tap cua thuat toan phan cum
dua trén k-means O(NMi), véi i 1a s6 1an 13p k-means phai thuc hién khi chay, M 1a
s cum (cluster), cong v6i do phuc tap cia budc xac dinh khoang cua M ngin
O(M). Dé thay tong do phtrc tap thuat toan Bin_Calculation 13 O(NM;i). Do phtc tap
thuat toan trich xuét dic trung HALF Extraction (hinh 2.8) gom d6 phuc tap cua
budc tach khung tin hiéu 12 khong dang ké, do phirc tap ctia budc tinh goc cho cac
manh la O(N), do phure tap thuat toan cua budc roi rac héa vao M ngéan cho trudc 1a
O(M) va d6 phirc tap cta budc tinh phan phdi tan suit 1a O(N) do chi thyc hién dém
s6 manh c6 trong ting cum. Nhu vay, co thé thiy ring d6 phirc tap cta budc xay
dung mo hinh hoc dac trung 1a O(NMi). Tuy nhién, trong truong hop xay dung mo
hinh hoc theo kiéu ngoai tuyén (offline) thi chi cin quan tam t&i toc d6 cta viée gdn

nhan cho dir liéu dau vao & dudi, nhu thyc nghiém tién hanh ¢ phan sau.

Trong trudng hop gdn nhan dit liéu dau vao, 46 phuc tap thuat toan bang
téng do phuc tap thuat toan cua tdt ca cac bude trix tu dong phan cum
(Bin_Calculation). D& thiy d6 phuc tap thuat toan 1a O(MN) v6i M 1a s6 cum va N
1a s6 manh dau vao ddi voi cach tim kiém hang xém gan nhat. Tuy nhién, véi cac

ngin di xac dinh gi6éi han dau cudi va di sip xép theo thtr ty (xem thuit toan
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HALF Extraction hinh 2.8) thi viéc tim kiém chi mét O(log M) néu st dung tim
kiém nhi phan. Trong thuc té, s6 cum M nho hon 100 nén do phtrc tap thuat toan s
1a O(N), tirc 1a tuyén tinh véi d6 dai khung. Véi d6 phuc tap thuat toan tuyén tinh,
hon han phuong phap udn thoi gian dong DTW [101] véi do phirc tap O(N?) da
timg dugc st dung trong cac hé théng thoi gian thuc nhu trong cong trinh nghién
ctru s6 2 ciia tic gia, HALF rat hira hen d6i véi cac hé thong tinh toan theo thoi gian

thuec.

Chu ¥ 14 d6 phirc tap thuét toan khong bi anh huéng nhiéu boi sé doan K
trong mot khung do sé manh dau vao dir liéu khong thay doi khi s6 doan thay dbi.
Do d6 khi sir dung thuat toan biéu dién dic trung da mirc Multilevel Representation
(hinh 2.12) tng dung HALF Extraction (hinh 2.8) dé trich xuét dic trung da mirc

hiéu qua hon thi d6 phtc tap thuét toan ciing khong ting nhiéu.

Vi d6 phirc tap tinh toan nhu trén ctia thuat toan HALF, hé thong nhan dang
hoat dong nguoi dua trén HALF nhu phat hién ngi c6 thé dé dang dugc trién khai
trén cac hé thong ca nhan thong minh deo trén nguoi trong thuc té, vi du cac dién
thoai théng minh nhu Samsung Galaxy S3 hay doéng hd thong minh nhu Fitbit

Surge dugc dé cap toi trong phan thyc nghiém.

2.4. THU NGHIEM

Dé danh gia hiéu qua cta cac dic trung HALF d3 dé xuét, phan nay trinh bay
thir nghiém phuong phép nhan dang hoat dong ngudi st dung cac dac trung HALF,
cu thé 13 phuong phap phan biét ngd va cac hoat dong khac (con goi 1a phat hién
ngd) str dung bo cam bién gia tdc deo trén ngudi. Cac dic trung HALF nay dugc
trich xuét tir cac manh thudc cac cira sb thoi gian trén chudi dir liéu gia tdc lién tuc
lfiy tr bd cam bién gia tdc. Céac dac trung da trich xuét duoc st dung lam dir li¢u
dau vao cho bo phan loai SVM (di duoc huin luyén), tir d6 phén loai cac khung cua
chudi dir liéu dau vao cua hé thdng thanh ngd hodc khéng phdi ngd. Phwong phap
dé xuét dugc danh gia mot cach chat ché trén 3 tap dit liéu da cong bo, chira dir lidu

ngd va cac hoat dong khéac ciia cudc sdng hang ngay (bao gdm sb luong nhifu dang
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ké ddi v6i hoat dong c6 ngd). Két qua cho thdy ngd c6 thé dugc phat hién véi do
chinh xac cao trén 3 tap dir liéu thir nghiém. Cac thir nghiém cling chirng minh hi¢u
nang vuot trdi cia phurong phap dé xuat khi so sanh véi hai phuong phap phat hién

nga khac.
2.4.1. Gi6i thiéu mét so nghién civu phdt hién nga

Céc ky thuat phat hién ngd s dung trong céc hé thong dung cam bién mang
trén nguoi co thé chia l1am hai loai chinh [61]: dua trén ngudng va dua trén hoc
may. C6 mot lugng 16n cac hé thdng sir dung céac thuét toan dua trén ngudng do c6
kha ning phat hién ngd chinh xac, nhanh va do phuc tap thip. Trong cic phuong
phap dua trén ngudng, mdt su kién nga dugc phat hién khi mét hay mdt vai dac
trung nhu cac dinh cao hay thip (acceleration peaks or valley), hay cac dic trung vé
hinh dang khac dat dén ngudng dinh trude. Vi dy, Lindeman va céc cong su [87] s
dung cac cam bién gia tde, duoc g?in vao thiét bi deo sau tai va phat hién nga béng
cach sir dung huéng cua dau trong khong gian cing van tdc ngay trude khi tiép xuc
mat dat va gdy nén tac dong. Kangas va cong su [66] dé xuat bon ngudng bao gdm
véc-to tong, véc-to tong dong, gia tde thang ding va do khac biét giita gia trj gia tde
cuc dai va cuc tiéu dé phat hién nga. Bourke va cdng su trinh bay hai thuat toan
phat hién ngi riéng biét dua trén ngudng cua cac tin hiéu gia téc [23] va tin hiéu
con quay hdi chuyén [22]. Lai va cong sy [76] st dung ngudng dé phan biét cac
trang thai tinh va dong thong qua gia toc ctia 3 truc. Mic du cac phuong phéap thudce
loai nay c6 d6 phuc tap thap va thuc hién don gian, hé thong xay dung 1én thuong
gip van dé nghiém trong 14 ti 1 canh béo gia cao. Hon nita, cach tiép can nay duoc
chtng minh 1 khéng hiéu qua trong nhiéu tinh hudng (xem [16]) do phu thudc vao
dic trung di chuyén cua timg nguoi dung, tir d6 dan t6i kha nang khai quat hoa thap
[60].

Du ¢6 d6 phire tap cao hon phwong phap dua trén ngudng, cac hé thong phat
hién ngd gan day thuong dua trén cac phuwong phap dua trén hoc may do c6 do tin

cdy cao. Thay vi str dung cac ngudng cd dinh, cac phuong phap dua trén hoc may
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sir dung cac bo phan loai nhu mdy véc-to tya (SVM) dé phan biét ngd va cac hoat
dong khac. Cach tiép can nay ciing thudng cho ti 16 phat hién nga t6t hon [61]. Vi
du, Khan [69] dé xuét sir dung mot tap gém nhiéu dic trung théng ké cho cac tin
hiéu gia tdc tong, gia téc phuong ngang, phuong thang ding va véan toc goc véi bd
phan 16p dya trén HMM va két qua dat duoc 1a rat kha quan. Jantaraprim va cong
su [64] st dung SVM cung cac dac trung goi la cuc dai-cuc tiéu trong thoi gian
ngan (short time min-max) cho viéc phat hién ng va c6 dugc do chinh xac cao. Tuy
vay, cac ddc trung dé xuat chi méi han ché khai thac dic tinh thudc pha trude khi
nga (pre fall phase) va pha tic dong (critical phase) (xem hinh 2.13) dan téi do
chinh x4ac hé thdng c6 thé bi anh huéng khi cac hoat dong hang ngay twong tu ngi
nhu dimg-ngdi, ngdi-nam xuit hién trong tap dit liéu. Trong [7], Albert va dong sy
dé xuat mot tap dic trung thong ké 16n dé phat hién ngi va dat duoc két qua cao.
Tuong tu, cac tac gia trong [106] dua ra mot tap rat nhiéu dic trung dua trén cac
dic trung théng ké (tao thanh véc-to dic trung 234 chiéu), sau do rat gon tap dic
trung véi PCA dé phat hién ngi v6i do chinh xac rat cao. Tuy vay, do phirc tap cia
tap dic trung 16n dan t6i tinh kha thi cta cac phuong phap nay bi han ché do kho c6
thé tinh toan nhanh trén hé thong c6 ning luc xur 1y thip. Pham va cong sy trong
[110] sir dung tap cac dic trung thdng ké don gian hon nhung ciing rat hiéu qua véi
bd phan 16p SVM dé phat hién ngd va nhan dang mot sb ADL. Tuy céc dic trung
nay da chung to kha ning trong viéc phan biét mot s cac hoat dong thudng ngay,
nhung ciing chua khai thac dugc hét cac dic tinh cua su kién ngd. Pong thoi, cac
phuong phap néu trén du c¢6 dugc ti 1€ phat hién nga cao nhung mdi chi thu nghiém

han ché trén tap dir liéu riéng cua tac gia, do d6 kho c6 thé kiém chimg.
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Tac
, Jong

Trude khi ngd Sau khi nga . Hoi phuc

ﬁ;‘ Thed gian

Hinh 2.13. Bon pha ciia sy kién ngi ([103]): trwée khi ngi, tic dong, sau khi ngi, hoi
phuc

Qua khao sat cac phuong phap phat hién ngd dua trén hoc may cho thiy, chia
khoéa cho su thanh cong cua cac phuong phap nay la phai xay dyng dugc mo ta dac
trung phi hop cho dir liéu cam bién. V& mit 1y tuong, dé dat duoc mirc phat hién
nga c¢6 do chinh xac cao, cac dac trung dugc thiét ké dé phan biét ro nga va céac hoat
dong c6 tin hiéu twong tu ngd, dong thoi hoat dong tot trén nhidu c4 nhan khac
nhau. Nghién ctru nay dé& xuat mot phuong phap phat hién ngd dua trén tip dic
trung md&i HALF hi¢u qua va st dung bo phan 16p SVM. Qua trinh danh gid nghiém
ngit trén 3 tap dit liéu da cong bd cong khai da chimg to rang phuong phap dé xuét
st dung cac dac trung HALF c6 hiéu qua cao hon nhitng phuong phép kha thi khac
trong phan thtr nghiém dé phan biét ngi v6i cac ADL.

2.4.2. Phuong phdp phat hién nguoi nga

Thuét toan dé xuit thuc hién phat hién nga bﬁng cach phan loai mot ctra )
tin hi¢u hoat dong thanh “ngd” hodc “khong ngd”. Dit liéu dau vao 1a 3 ludng tin
hiéu gia téc theo ba truc x, y, z. Thuat toan phat hién ngd gom 3 budc phd bién:

phan doan dit liéu, trich xuét ddc trung va phan 16p.
a) Phan doan dir li¢u

Dit liéu tir b cam bién bién thién lién tuc theo thoi gian nén dé xac dinh
khoang thoi gian nao c6 nhiéu kha nang nguoi deo bd cam bién bi nga, dir liéu dugc

phan doan thanh cac khung ctra s6 truot (sliding window hay frame). Do kich thuéc
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khung ctra s trugt thuong anh huong dang ké dén hiéu suit ctia hé théng nhan
dang [17] nén théng thudng can thir nghiém cac khung ctra s6 truot véi cac kich

thudc khac nhau dé tim ra gia tri toi uu.

Dé chon dugc dd dai cua sd phu hop can thuc hién mot thuc nghiém dya trén
mot tap con trén tap dit li€u hién c6. Cac do dai ctra s6 dugc thay ddi v6i nhiéu gia
trj khac nhau. P4i véi truong hop phat hién ngi, thong thuong ngudi ta lwa chon
cac gia tri tir khoang 1 gidy t6i 6 gidy [110] dé tim dugc d6 dai phu hop nhat, do
trong khodng nay ctra s6 c6 thé ghi nhan duoc toan bd sy kién nga. BJ dai cura sb
dugc chon phai dap tmg duoc yéu cau vé do tré cho hé théng khi xir 1y lién tuc
trong thoi gian thyc, déng thoi gitip cho hé thong c6 dwoc do chinh xac cao. Néu
ctra sO ngan quéa co thé khong cung cip du thong tin dé mo ta day du su kién ngi.
Nguoc lai, cac cua ) qua dai co thé chtra nhiéu hoat dong trong mdt ctra s6 thoi

gian duy nhat [118], khién nhan dang ngd khong chinh x4c.
b) Trich xuit dic trung

O day, cac dic trung tir mdi khung dugc trich xudt va sau d6 duoc dung lam
dir liéu dau vao cho budc phan 16p. Thir nghiém nay sir dung cac dic trung HALF
da dé xuét ¢ phén trén. Céc véc-to dac trung thu dugc sé dugc dung dé huin luyén
thuat toan nhan dang miu. Phan tiép theo s& trinh bay vé bd phan 16p SVM dung

cho phat hi¢n nga trong thoi gian thuyc.
¢) Phan lép

Trong nghién ctru ndy, may véc-to tya (SVM) dugc st dung 1am b phan 16p
do dd chinh x4c vuot trdi cua SVM trong cac ing dung du doan hoat dong nguoi va
trong mat sb linh vuc ung dung khac. SVM co6 thé dat duoc két qua tt cho cac dir
liéu chua biét nho st dung hai k¥ thuat: (i) gan tap dic trung dau vao véi khong
gian dic trung méi (thudng co sb chidu cao hon) thong qua cac ham nhan; va (ii)
tim trong khong gian dic trung méi ndy mot siéu phang voi 18 cuc dai, cho phép

phan tach cidc miu Am tinh khéi ciAc mau duong tinh.
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Trude khi huan luyén va du doan voi SVM, can chuan hoa cac véc-to dé tat
ca cac gia tri dic trung ndm trong khoang [0, 1]. Pong thoi, viéc thr nghiém véi
mot s6 dang ham nhan va chon cac tham sd tot nhét, bang cach sir dung thi tuc tim

kiém ludi (grid-search) hay dung, ciing duoc thuc hién.

Do cac dir liéu huan luyén cho mo hinh phat hién ngd mat can bang va dé
gdy ra hién tugng qua vura dir li€u (nhu trong dir liéu thyc nghiém mo ta trong bang
2.1), nghién ctru nay st dung cac tham sé dé quy dinh trong sb cho hai 16p trong
SVM, ttc 1a gdn mot gia tri phat cho 10p khdng phdi ngd do c6 s6 miu 16n hon
nhiéu 16p ngd, ddng thoi str dung k¥ thuat 14y mau SMOTE [30] dé ting luong mau
dir liéu dau vao ciia SVM cua 16p c6 s mau it mot cach hop 1y, gitip SVM hoat
dong hiéu qua hon. Phuong phap nay goi 1a SDC [6], dwgc chirng minh 14 rat phu
hop cho cac truong hop khi c6 tap dir li¢u khong qua 16m [133].

d) Céc cAu hinh thir nghiém khac

Mot do do phu hop giup danh gia dung hiéu ning ctia mot hé thdng va nguoc
lai. Nghién ctru nay dua trén nhiéu do do khac nhau, dugc st dung trong nhiéu bai
toan phan 16p (ké ca phat hién ngd) [60,133,140], bao gdm d6 chinh x4c tong thé

(overall accuracy), d0 nhay (sensitivity), do dac hi¢u (specificity).

Do chinh xac téng thé 1a mot do do don gian thuong duoc st dung, duoc tinh
bang ti 1& giira s khung dugc phéan loai chinh xac trén tong sb khung, theo cong

thue:

TP+TN
Accuracy = (2.2)

TP+ FP+TN +FN

Trong d6, TP (True Positive) 1a ti 1& do sb lan hé thong phét hién ngd va sd lan thyuc
té ngd. TN (True Negative) 1a ti 1& do s6 hé thdng phat hién 13 khong ngi va sb lan
thuc té khong nga. FP (False Positive) 13 ti 18 do s 1an hé théng phat hién ngd va sb
lan thyc té khong ngi. FN (False Negative) 1a ti 1& do s6 1an s6 1an hé théng phat

hién khong nga va s 1an thyc té nga.
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Tuy nhién, dé danh gia hiéu ning mot hé thong phan 16p khong cin bang nhu
phat hién nga thi do chinh xac khong phai 1a mdt do do thuc sy hi¢u qua do anh
hudng cua hai 16p téi két qua phan loai 12 khong can bang [133,140]. Diéu nay la do
sO lwong miu khong can bang. Thong thuong, trong cac nghién ciru vé phat hién
ngd [1,16] thi cac do do thuong duoc dung (ngoai do chinh xac téng thé) dé danh
gia hé théng la d§ nhay (sensitivity), d0 dac hi¢u (specificity) do dd nhay co thé mé
ta chi duy nhat vé 16p c6 it mau (ngd) va d6 dic hiéu c6 thé mé ta duoc chi duy nhat
vé 16p chiém da s6 miu (khdng phdi ngd). P nhay dugc tinh bang sb 1an phat hién
ngd dung trén sb 1an hé thdng phat hién ngd, qua d6 xac dinh duoc kha ning phdt
hién ngad chinh xdc cia hé théng. b6 dac hiéu duogc tinh béng s6 lan phét hién su
kién thuc sy khong phai ngi trén tong sb sy kién khong phai ngd, qua d6 xac dinh
duoc kha ning tranh canh bao gia ctia hé théng (phat hién sy kién khong phai nga

chinh xac). Hai 46 do nay dugc tinh bang cac cong thirc:

TP

Sensitivity = —— 23
Y TP+ FN (2:3)

TN
Specificity = — 2.4
pecificity TN + FP (2.4

Do cac mau dir liéu ADL va ngd phan bd khong can bang va sb lwong miu
dir liéu nga it trong cac tap dir liéu ding dé danh gia nén ¢ day sir dung kiém tra
chéo trén 4 phan dir liéu (4-fold cross validation) dé dénh gia hiéu ning cho tat ca
cac phuong phap va ciu hinh. Cac do do duoc tinh theo tirng phan dir liéu (fold)
trong tat ca cac thuc nghiém. V&i mdi phan dir lidu d6, 10% dir liéu trong tip huan
luyén (ldy méu theo ting 16p — stratified sampling) dugc st dung lam tip kiém
ching hay tap toi uu (validation set) dé t6i wu héa cac tham sé va st dung nhing
tham s6 nay cho tap thir nghiém hay tap kiém thtr (test set).

Céc thir nghiém trong phan nay sir dung LibSVM véi ham nhan RBF (do
thuc nghiém cho thdy RBF c6 két qua t6t nhat). Tham s6 C va gamma ciia SVM

duoc chon théng qua tim kiém lué6i (grid search) trén tip tdi wu. Tham sé quy dinh
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trong s6 wl va w2 cho 2 16p twong tng ngd va khéng phdi nga duoc chon khi huan
luyén mé hinh 13 wl = 1, w2 = (s6 mau huin luyén khdng phdi ngd) / (s6 mau nga).
Tat ca cac thu nghiém dugc chay trén mdt may tinh chay hé diéu hanh Windows

voi bo xu ly 2,8 GHz dual-core va RAM 8GB.

2.4.3. Tap dir liéu thu nghiém

Phuong phap dé xuat dugc danh gia thir nghiém trén 3 tap dir liéu ngd cong
khai tir 3 t6 chtc nghién ctru khac nhau, bao gém: tap dit liéu DLR [41] cta Vién
truyén thong va dao hang cia trung tdAm hang khong vii tru Pic, tip dir lidu
MobiFall2 [139] cua phong thi nghi€m tin sinh va strc khde dién tir cua Vién gido
duc cong nghé Crete va tap dir li¢u tFall [96] cua truong dai hoc Zaragoza. Tat ca
cac tap dir li¢u trén chua nhiéu dit liéu cam bién vé cac su kién nga va hoat dong

thuong ngay khac.

e DLR [154]: tap dit liéu nay chura dir liéu d3 gan nhan vé nga va 6 hoat dong
thuong ngay (ADL). Téng sb c6 16 nam va nit véi do tudi tir 23 t6i 50 thuc
hién cac kiéu ngd va ADL nhu “ngéi xuéng”, “dang 1€n”, “di bd”, “chay” va
“ndm xudng”. Mdi ngudi tham gia deo thiét bi do gin trong (Inertial
Measurement Unit) Xsens MTx cing mot bo theo ddi gin trén ddy thit lung.

Tan s6 lay mau cua cac cam bién gia toc duogc dat & muc 100 Hz.

e MobiFall2 [21]: tap dir li¢u nay co 4 kiéu nga va 9 kiéu ADL, dugc thuc

hién boi 11 tinh nguyén vién gdbm 6 nam va 5 nit, d6 tudi tir 22 toi 36. Co

99 ¢

nhiéu mau ngd nhu “ngd nam ra dang trudc”, “ngd quy réi nam ra dang

29 <6 99 ¢

trudc”, “ngd nam sang bén”, “ngd ngoi ra dang sau”, cung voi 9 loai hoat
dong hang ngay nhu “dung lén”, “di bo”, “chay bd”, “nhay”, “di 1&€n cau
thang”, “di xudng cau thang”, “ngdi ghé”, “budc vao xe” va “budc ra xe”.
Tung nguoi tham gia thir nghiém dat dién thoai di dong Samsung Galaxy S3

trong tii quan/do. Tan s6 lay mau cia cam bién gia toc 1a 87 Hz.
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e tFall [155]: tap dit liéu nay gom 8 kiéu ngd va mot s6 hoat dong sdng thuc
té. Dix liéu vé cac hoat dong nay dugc thu thap tr 7 nam va 3 ni, tudi tir 20
t61 42 trong diéu kién séng thuc, trong chinh méi trudng sdng cua chinh ho
va kéo dai trong sudt quang thoi gian it nhat mot tudn. Tap dit liéu nga thir

99 ¢ 29 [13

nghiém bao gdm “ngd ra phia trudc”, “ngd thiang ra phia trudc”, “ngi ra
sau”, “ngd sang bén trai”, “ngd sang bén phai”, “ngdi trén khong khi”, “bat
tinh”, va “nga ra phia trudc vao vat can”. Nguoi tham gia sir dung dién thoai
Samsung Galaxy Mini dé thu thap di liéu ADL nhung chi 13y cac dit liéu voi
dinh gia tdc trén ngudng 1,5g. Khi thu thap dir liéu ngd, ngudi tham gia dé
dién thoai trong 2 tii quan/do. Tan sé 1dy mau cho cam bién gia téc duoc
thiét 1ap & mirc 50 Hz. Sau tién xir 1y, tdp dit lidu c6 tong cong 7816 miu
ADL va 503 miu ngd, mdi mau c6 do dai 6 gidy. Day l1a tap dir liéu 16n nhat
st dung trong nghién ctru nay.
Pé dit liéu ¢o cung mot kiéu dinh dang khi dédnh gi4 thuat toan, cac tap dir
liéu duoc thuc hién tién xur 1y st dung ctra s6 truot 6 gidy, do chéng 14n 50%, mdi
khung duoc gan nhin thanh ADL hay ngd, v6i cac dinh tin hiéu gia téc vuot
ngudng 1,5¢ (twong tu tip dir liéu tFall). Pinh tin hiéu gia téc ctia mot khung di
liéu 1a gia tri cyc dai cua d6 16n tin hiéu gia tdc cla khung dir li€u. Sau qua trinh
tién xu 1y, thu duoc 2771 khung ADL va 36 khung dit liéu nga tir tap di liu DLR,
1832 khung ADL va 288 khung dir li¢u nga tr MobiFall2, va 7816 khung ADL va
503 khung dit liéu nga tir tFall. Thong tin vé cac tap dit liéu duoc tom tit trong bang

2.1.
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Bang 2.1. Thong tin tém tit cac tip dir liéu

DLR MobiFall2 tFall

16 nam va nir 6 nam va 5 nir 7 nam va 3 nit
Nguwoi tham gia Y L Y

(do tuoi 23-50) | (d0 tudi 22-36) (do tudi 20-42)
S6 kiéu nga Khoéng xac dinh | 4 8
S6 Kkiéu ADL 6 9 Khéng x4c dinh
S6 khung dir liéu nga | 36 288 503
S6 khung dit liéu
ADL 2771 1832 7816
Tan s6 lay miu 100 Hz 87 Hz 50 Hz
Khoang gia tri g 2g 2g
Vi tri dit cam bién That lung Tai quan/ao Tai quin/ao

2.4.4. Két qua thir nghiém va dénh gid

a) Anh hwéng ciia cac khia canh khic nhau trong thuit toan phat hi¢n nga téi

dd chinh xac hé théng

Phan nay thuc hién céc thtr nghiém dé kiém tra su anh huong cac tham )
cling nhu cdu hinh thuét toan t&i do chinh xac trong vi¢c phat hién nga. Cac dac
trung s& duoc kiém tra so sanh bao gém: (a) cac dic trung dugc trich xut trén toan
bd khung cira s thoi gian, st dung cac ngin c6 do 16n gidng nhau nhd chon thi
cong; (b) cac dac trung dugc trich Xudt trén toan bod khung cua s6 thoi gian véi cach
chon ngan ty dong st dung phuong phap phan cum A-means; (c) cac dac trung duogc
trich xuét trén cac doan cua khung cira s6 thoi gian vai cach chon ngan ty dong sir
dung phuong phap phin cum k-means, sau d6 gop lai thanh dic trung tong. Dé
minh hoa kha ning tng dung rong rii ctia cc thuat toan di dé xuat, cac tham s
duoc toi wu héa chi trén mot tap dir li¢u 1a tFall, st dung tap t6i wu danh riéng
(hold-out validation set), sau d6 sir dung cac tham sb t6i wu nay trén ca 3 tap dir

lidu, cho tat ca cac thar nghiém. Cac tham sé t6i vu thu dugce gom: sd ngan M = 60
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(chon tur tap {10, 30, 60, 90, 120, 180}) va sb6 doan trong mdt khung K = 8 (chon tur
tap {4, 8, 16, 32, 64}). Mdi phuong phap déu duoc ap dung kiém tra chéo va sir
dung SVM 1am bo phan 16p. Bang 2.2 dudi day tom luge két qua dat duoc trén tap
dir li¢u tFall.

Bang 2.2. So sanh cac két qua phat hién nga thir nghi¢m trén tap dir liéu tFall

Phuwong phap Do chinh xac Do nhay Do dac hi¢u
(a) Trich xuat trén ca khung + 95,1% =+ 97,36% =+ 71,74% +
chon ngén thu cong 0,35% 0,27% 1,25%
(b) Trich xuét trén ca khung + 97,47% =+ 98.75% + 86,45% +
chon ngan tu dong 0,24% 0,17% 1,15%
(¢) Trich xuit tirng doan trong 98,71% + 99,40% =+ 93,75% +
khung + chon ngan tw dong 0,32% 0,27% 1,89%

Chu ¥ 1a tit ca cic phuong phap trong bang 2.2 déu dat do chinh xac cao
(trén 95%). D& nhan thiy viéc str dung tinh toan ngin ty dong v4i mot thuét toan
phan cum gitp ting do chinh xac dang ké ((b) ting khoang 2% so vdi (a)). Két qua
tham chi con t6t hon vdi (c), cao hon 3,5% so véi (a). C6 thé giai thich cac két qua
nay la voi viée su dung cac dac trung cuc b, cac thong tin vé i tri tuong ddi cua
cac manh trong khung ctra s6 thoi gian duoc giit lai. Két qua 1a phuwong phap nay
giap gilr dugc cac dac tinh cua nga, cu thé 1a cac dic trung cua cac pha khac nhau
trong mot sy kién ngd (pha trude khi ngd, pha tic dong, pha sau khi ngd va pha hoi
phuc). Cac dic trung nay gop phan lam phan biét 1d cac su kién ngd va cac hoat
dong hang ngay khac, ké ca cac hoat dong c6 tin hiéu twong tir ngd. Du két qua trén
bang trén cho thdy do nhay cua (c) khong ting nhiéu lim so voi cic phuong phap
trich xuat dic trung con lai nhung d¢ dac hiéu lai c6 dugc muc tang dang ké. biéu

nay chi ra rang (c) c6 thé tranh dugc nhiéu canh bao gia hon so véi (a) va (b).
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b) Anh huéng ciia ciac tham sé t6i hiéu ning

Phéan nay chi xem xét phuong phap trich xudt dic trung cho két qua tt nhat
1a (c): tinh ngan ty dong bang k¥ thuat phan cum va trén cac phan doan trong mot
khung ctra s6 thoi gian (HALF). Hai tham s6 can xem xét trong phuong phép 1a sé
ngin M va sb phan doan K. Dé danh gia tac dong cia sd ngin dén hiéu ning cua
phuong phap, gié tri ciia s6 ngan duoc thay d6i trong khi van giit nguyén sé doan K
khong ddi nhu trong thtr nghiém trudc d6. Sau do6 thuc hién vé do chinh xac trén ca
3 tap dir liéu cung sb ngan M va s6 doan K dé xem xét su thay ddi cua hiéu nang
trong hinh 2.14 va hinh 2.15. Nhu mé ta trong hinh 2.14, d6 chinh xac ting khi sb
cac ngan M tang tir 10 dén 30 va sau d6 giam, ddc biét giam manh trong truong hop

tap dir liéu tFall.

Hinh 2.15 cho thdy d6 chinh x4c cta hé thdng phat hién nga ting khi s doan

tang tir 4 dén 6, gidam cham dan khi s6 doan t&i 16 va roi sau d6 giam manh.
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Hinh 2.14. Anh huéng ciia s6 ngin téi dd chinh xac hé thong
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Hinh 2.15. Anh huwéng ciia sé doan trong khung cira s6 thoi gian t6i d§ chinh
xac hé thong

¢) So sanh cac phwong phap phat hi¢n nga

Tiép theo day, phuong phap di dé xuit dugc so sanh voi ba phuong phap
khac duogc trinh bay bdi Pham va cong su [110], Jantaraprim va cOng su [64] va
Ozdemir [106], sit dung bd phan 16p SVM trén ca 3 tap dir liéu da dé cap ¢ trén.
Theo khao sat cia tac gia, hai phwong phap phat hién ngi dau tién nay 13 hai trong
sd nhitng phwong phap dua trén hoc may c6 d6 chinh xéac rat cao va kha thi cho céac
hé théng nhé gon mang trén ngudi va yéu cau hoat dong theo thdi gian thuc.
Phuong phap phat hién ngi thir ba tuy can nhiéu tinh toan hon nhung c6 do chinh
xéac cao hon, dong thoi ¢ thdi gian tinh toan 1a chdp nhin duoc trong mot sd Gmg
dung nga. Céc thuat toan dugc cai dit lai trong Matlab va stir dung cac gié tri tham
sO tot nhat nhu dd mo ta trong bai bao ciia cac tac gia nay. Cac két qua dugc mo ta
trong bang 2.3 va dugc trinh bay véi cdu trac do chinh x4c trung binh + d6 1éch

chuan.
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Bang 2.3. Cac két qua phat hién nga trén 3 tap dir liéu danh gia

Phwong phap DLR MobiFall2 tFall
(1) 98,11% = 0,20% 96,51% + 0,41% | 95,62% + 0,53%
(2) 98,83% = 0,50% 96,22% £+ 0,34% | 96,18% + 0,46%
3) 99,93% + 0,08% | 99,20% + 0,45% | 98,70% + 0,32%
4) 99,27% + 0,19% 98,76% £+ 0,23% | 97,92% +0,41%

(1): Pham va cong su [110]; (2): Jantaraprim va cong su [64]; (3): Phuong phap da d& xuit;
(4): Ozdemir va cong su [106]

C6 thé thdy rang do chinh xac thu duoc cua tat ca cac phuong phap trén tap
dir liéu DLR 1a rat cao (trén 98%) va két qua nhan dang trén tap dir liéu tFall 1a kém
nhat. Két qua nay 1a hop 1y do DLR c¢6 it kiéu hoat dong hon céc tap dir liéu khac
dan t6i phan biét ngd d& hon. Trong khi d6 tFall lai chtra nhiéu hoat dong thoi gian
thuc cling nhu sd kiéu ngd nhiéu lam viéc phan biét nga kho. Két qua ciing chi ra
rang phuong phap da dé xuat co két qua cao nhat trén ca 3 tap dir liéu. Mtc ting
ctia d6 chinh xac v6i phuong phap dé xuit so véi (1) va (2) 1a dang ké trén ca 3 tap
dir liéu, con so véi (4) 1a xap xi. Con két qua cta hai phuong phap (1) va (2) 1a
trong dwong nhau va dong thoi ciing kém hon (4). Diéu nay 1a do ca hai phuong
phap (1) (st dung tap dic trung thong ké don gian) va (2) (str dung dic trung short-
time min-max) déu khong khai thac tot dic trung cua sy kién ngd. Phuong phép (4)
cling st dung céac dic trung théng ké nhu (1) nhung c6 d6 chinh xac cao hon do sir
dung nhiéu dic trung co thé hiéu qua voi phan biét ngad hon voi skewness, kurtosis,
tir twong quan va chuyén doi Fourier. Trong khi d6, phwong phéap do tac gia dé xuét
(3), st dung cac dac trung HALF c6 kha nang tach biét rd rang cac hoat dong nga
va cac hoat dong hang ngay khac nhd do khac biét vé thong tin goc cta cidc manh
trong tin hiéu ngd va cac hoat dong khac (nguyén nhan 1a vi sy thay doi dic trung
tin hi¢u gitra cac pha cia nga so vdi cac hoat dong khac) (xem hinh 2.1). Cung voi
cac phan phdi dua trén goc, viée st dung cac dic trung cuc bd ciing gop phan khai

thac tot cac thong tin vé vi tri twrong doi cua cac manh trong khung cira s6 thoi gian
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duogc gitr lai, dn t6i nim giir dugc cac dic tinh cta ngd trong tat ca cac pha. Cac
thong tin nay gitip phan biét rd hon cac su kién ngd va ADL, ké ca cac hoat dong c6
tin hiéu twong ty ngd. Vi du nhu cac hoat dong dung-ngdi, ngdi-nam c6 dang tin
hi€u tuong tu v6i nga tai cac pha trudc khi nga, tdic dong va tham chi mot ph?m cua
pha sau khi ngd nhung s& khac biét vé& phan tin hiéu trong pha hoi phuc.

V& mit toc do, hé théng dé xuét thuc hién phat hién ngd nhanh, dap ung
duoc cho cac hé thdng yéu cau thoi gian thuc do c6 do phurc tap tinh toan thap (xem
phan 2.3.3). Tdc d6 phat hién ngi ciia hé thong dé xuét duoc so sanh véi ba phuong

phép trong [64], [110] va [106], do trén 1000 mau dir liéu trong tap tFall.

Bang 2.4. Toc do phat hién nga trén tap dir liéu tFall véi 1000 méu

Phwong phap Tap dir liéu tFall (1000 miu)
(1) 2,86 gidy
) 1,15 gidy
3 3,01 giay
4) 15,02 giay

(1): Pham va cong su [110]; (2): Jantaraprim va cong su [64]; (3): Phuong phap da d& xuit;
(4): Ozdemir va cong su [106]

Bang 2.4 cho thdy phuong phap (2) c6 toc do phat hién ngi nhanh nhét trong
ca 4 phuong phap. Phuong phap dé xuat cé tbe do kém (1) voi tip cac dic trung
thong ké don gian mot chit nhung ¢ tdc d6 nhanh hon gap nhiéu 1an so voi (4) véi
d6 chinh xac twong dwong. (2) nhanh nhat do phuong phap trich xuit dic trung
short time min-max cé cach tinh toan don gian hon cac phuong phap khac. Phuong
phap (4) véi cac dic trung théng ké phirc tap gém trung binh, phuong sai,
skewness, kurtosis, tu trong quan va chuyén d6i Fourier, cung véi bude thuc hién

PCA khién cho thoi gian xir 1y 1au hon rat nhiéu.
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Theo s6 liéu két qua vé toc d6 nhu trén bang 2.4 va phan tich vé d6 phuc tap
thuat toan, c6 thé thiy dugc rang phuong phap trich xuat dic trung HALF véi 3
bude tinh goc, roi rac hoa va tinh phan phdi tan suat c6 kha nang tinh toan nhanh do
d6 phire tap thap, phu hop véi cac thiét bi tro gitip ca nhan thong minh, nhé gon, c6
yéu cau xtr 1y thoi gian thuc. Vi du nhu thiét bj ddng hd thong minh Fitbit Surge sir
dung chip Cortex M3 48MHz c6 nang lyc tinh toan kém 250 1an so v6i cau hinh thir

nghiém ciing c6 thé phat hién nga duoc sau 0,75 gidy khi ¢6 dit liéu dau vao.

2.5. KET LUAN CHUONG

Chuong nay da trinh bay mdt phuong phap nhan dang hoat dong st dung cac
dic trung méi HALF. Cac dic trung nay don gian va ¢ thé tinh toan nhanh chéng,
ddng thoi c6 kha nang phan biét tbt mot sé hoat dong riéng 1é trong nhan dang hoat
dong nguoi, ching han nhu phin biét ngd va cac hoat dong khac. Cac dic trung
HALF duoc tinh toan bang cach gop nhiéu véc-to dic trung phan phdi tan suit cuc
bd, dugc tao nén thong qua viéce rdi rac hoa cac goc ctia cac manh trong mdi doan
cuc bo ciia khung cira s thoi gian. Cac ngin cua phan phdi tan suat dugc xac dinh
mot cach tu dong, dua trén cac ky thuat phan cum khong giam sat. Cach tiép can
nay cho phép ung dung cho nhiéu loai dit liéu gia toc khac nhau ma khong bi anh
hudng boi cac tinh chat nhu tham sb 14y miu, khoang gia tri gia tbc hay vi tri dit
cam bién. Pic trung di dé xuit duoc thir nghiém bang cach sir dung may véc-to tua
v6i 3 tap dit liéu da cong bd. Cac két qua thir nghiém trén 3 tap dit liéu da cong bd
cho thiy do chinh x4c phuwong phap phat hién ngd da dé xuat trong ludn an cao hon
dang ké so voi 2 phuong phap khac [64,110] va twong duong voi phuong phap
trong [106] nhung voi tdc d6 nhanh hon rat nhiéu. Mic du chua duogc kiém nghi¢m
bang dit liéu thyc tir nguoi 10n tudi, cac két qua co dugc cho thiy phuong phap da
dé xuét c6 kha ning ap dung rong rai trén cac moi truong thuc té can tng dung phat
hién ngd. Cac két qua nghién ctru da trinh bay ¢ trén cho thiy phuong phap phat

hién nga dya trén dic trung HALF d3 dé xuét c6 thé dam bdo phat hién nga chinh
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xdac cho cac hé thong mang theo nguoi, bi han ché vé tai nguyén va yéu cau xu ly

theo thoi gian thuc.

Noi dung trinh bay trong chuong nay duoc tong hop dua trén két qua cac
cong trinh nghién ctru s6 1, s6 2, s6 4 va sd 6 cua tac gia. Cong trinh nghién ciru s6
1, s6 2 1a nhimg nghién ctru co sé vé ngd dua trén cac dic trung thong ké va
phuong phéap so khdp udn thoi gian dong (DTW). Dya trén két qua cua cac nghién
clru ndy, tac gia da cai tién phuong phap phat hién nga sir dung dic trung phan phdi
tan suat goc clia cac doan ndi hai diém dir liéu ké (HALF), duoc mo ta trong cong
trinh nghién ctru s6 4 va s 6. Su khac biét dang chu ¥ giita cong trinh nghién ctru
s0 4 va cong trinh nghién ciru s6 6 1a st dung cach tiép can phan cum thi cong thay
vi phan cum ty dong. Pong thoi, phuong phap dé xuit trong cong trinh sb 6 da
dugc danh gia va so sanh mot cach téng quat hon vo1 viéc st dung 3 tap dir licu da

cong bo va dugce st dung rong rai trong cac nghién ctru vé phat hién nga.
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CHUONG 3
HQC CAC PAC TRUNG PA MUC MPF

Tang cudng su chinh x4c trong nhan dang hoat dong 13 yéu t6 quan trong dé
dam bdo thanh cong cua cac ing dung. Pé nhan dang chinh xac hoat dong, diéu
quan trong 1a phai xay dung duoc tap dic trung phi hop cho dit liéu cam bién. Tuy
nhién, rat kho dé dam bdo hiéu ning hé thong trong truong hop can lam viéc véi
ing dung nhdn dang cé sé hoat déng nhiéu. Chuong nay dé xuat phuong phap sir
dung mét loai dic trung chuyén dong (motion features) méi, d6 1a motion primitive
forests (MPF) dé giai quyét van dé da néu. Pay 1a cac dic trung duoc két hop ngiu
nhién tir cac cdy quyét dinh dya trén cac dic trung cuc bd gbe ban dau, bing cach
phan cum chung thanh dang chuyén déng goc (motion primitive) (hay con goi 1a tir
- word). Céc tui (bag) dic trung nay, dugc tao nén thong qua tich liiy cac phan phéi
tan sudt cua cac chuyén dong gbc két qua trén mdi khung (frame) dit liéu, sau do
duoc su dung dé xay dung mo hinh hoat dong. Cac thuc nghiém duogc tién hanh dé
kiém tra tinh hiéu quéa ctia phwong phap dé xuat dya trén dir lidu gia toc cta 3 bo dir
liéu chuan. Trén tat ca 3 bo dix lidu, phuong phap dé xuét st dung MPF c6 d6 chinh
xéac cao hon dang ké so véi cac phuong phap tot nhat hién nay, ddng thoi phuong
phap nay ciing c6 toc d6 nhanh hon nhiéu trong ca 2 pha huan luyén va dy doan, so
v6i phuong phap hoc dic trung k-means. Ngoai ra, phuong phap dé xuét cho két
qua 6n dinh hon so véi cac phuong phap khac khi sir dung dic trung cuc b, diéu
nay cho thdy kha ning cua rimg ngiu nhién (random forests) trong viéc lya chon

cac dac trung cuc bo phu hop.

3.1. NHAN DANG NHIEU HOAT PONG SU DUNG PAC TRUNG PA MUC

Nhu trong bat ky bai toan nhan dang mau nao, chia khoa thanh cong cho bai
toan nhan dang hoat dong 13 phai thiét ké duoc dic trung dai dién phu hop cho dir

liéu cam bién. Pé nhan dang dugc chinh xac, 1y tuong nhét 1a cac dic tinh phai
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duogc thiét ké dé co thé phan biét duoc mot cach 16 rang gitta cac 16p hoat dong
khac nhau va phan biét tét ca voi nhidu c4 nhan khac nhau. Ngoai ra, trong cac Gmg
dung nhéan dang hoat dong ngudi sir dung cam bién, cac dic trung tdt can phai dugc
tinh toan nhanh chéng dé c6 thé cung cap du doan trong thoi gian thyc trén cac thiét
bi c6 tai nguyén tinh toan han ché. Tuy nhién trong thuc té, dé xay dung duoc cac
hé théng nhan dang hoat dong hiéu qua (chinh xac va c6 toc do nhanh) 1a rat kho
khan, dac bi¢t trong cac hé théng can nhéan dang nhiéu hoat dong cung luc. Mot
trong nhitng nguyén nhan quan trong 1a do céch thic thyc hién hoat dong da dang
ciia con ngudi, dan toi su kho khan trong viée thiét ké cac dic trung dai dién phu
hop voi dir liéu cam bién.

Mot sb cong trinh nghién ciru gan day cho thiy rang cac dic trung da mic co
kha ning nhin dang hoat dong tbt [55,151]. Céc dic trung nay dugc tinh toan thong
qua vi¢c lugng tir hoa cac dac trung cuc b (dugc trich XUAt tir cac phén tin hi€u nho
ciia mdi khung dir liéu). Cac nghién ctru hién tai sir dung cac thuat toan hoc khong
giam sat nhu phan cum k-means, mo hinh hon hop Gaussian (GMM), hoac mé hinh
chu dé (topic modeling) [56] dé tao ra cac dic tinh muc cao nhu vay bang cach
nhom cac mo tad cuc bo thanh mot dang dugc goi 1a chuyén dong géc (motion
primitive hay motion word). Viéc st dung cac chuyén dong goc két hop véi phuong
phap tai tir d3 mang lai su cai tién dang ké vé do chinh xac trong nhan dang hoat
dong nguoi do kha ning bt giit cac thong tin mo ta cdu trac mirc cao (nho tin dung
tdt ca hai loai thong tin cAu trac toan cuc va cuc bd), ké ca khi viée st dung tuai tu

danh mat dic trung chudi thoi gian cua tin higu.

Mic du c6 thé co duoc két qua v6i do chinh x4c nhan dang cao, nhung cac
phuong phép trén lai c6 chi phi tinh toan 16n trong ca hai pha huan luyén va nhan
dang do chi phi dé gan moé ta cuc bo (local descriptor) vao chuyén dong gdc.

Chuong nay dé xuit mot phuong phép thay thé dé xay dung tap tir vung
chuyén dong (motion vocabulary) va thuc hién gan céc biéu dién dic trung bang

cach st dung mot két hop lwong nhé cc ciy quyét dinh hay dugce goi 1a motion
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primitive forests (MPF). MPF hoat dong giéng nhu cac cdy phan nhém théng qua
viéc nhém cac mo ta cuc bd twong tu trong cac nut 1a. Qua trinh nay duogc dinh
hudng bdi cac nhan cua hoat dong va nhanh hon nhiéu so véi k-means. Loi thé cua
viée st dung cum cdy quyét dinh trong viéc hoc tir vung (vocabulary/codebook) da
dugc minh ching trong cac nghién ctru xir Iy anh [100], nhung day 1a 1an dau tién
duoc ap dung cho nhan dang hoat dong dua trén cam bién (theo khao sat vé céc
nghién ctru lién quan). D& xuét thr hai 14 xay dung cac dic trung cuc bd méi don
gian, pht hop khi str dung véi MPF. Cac dic trung nay 1a cac gia tri bao gdm nhiing
gia tri thd chua xur 1y cia cac diém dir liéu hodc cac gia tri téng, hiéu cta 2 diém dit
liéu. Nhitng gia tri nay c6 thé tinh toan nhanh, déng thdi co co thé gitip cho nhan

dang hoat dong chinh xac nhu cac dac trung cuc bd phirc tap khac.

Vi¢c thtr nghiém duoc tién hanh véi ba bo dir lidu duge st dung rong rai
trong cac nghién ctru nhan dang hoat dong va két qua cho thdy phuong phap da dé
xuit ¢ day khong nhirng thuc hién tot hon k-means trong viéc hoc dic trung ma con
c¢6 do chinh xac cao hon cac phuwong phap t6t nhat hién nay, dé xuat trong [148] va

[114].

3.2. CAC NGHIEN CUU CO LIEN QUAN

Hau hét cac phuong phap nhan dang hoat dong hién nay déu duya trén cac dic
trung théng ké hodc dic trung theo tan sb duoc thiét ké thu cong, trich xudt tir cac
ctra s6 thoi gian (hay khung) c6 d6 dai xac dinh [17]. Cac déc trung co thé 1a cuc bd
[151], toan cuc [44,51,56,114,148], hoac két hop ca hai loai véc-to dac trung nhu
[152]. Vi du nhu Zhang va cong su [150] dé xuat mot luge dd chon dic trung theo
thir bac dé ting cuong hiéu ning nhan dang. Mot sb cac nghién ciru khac sir dung
phuong phap hoc dic trung dé c6 thé tu dong hoc cac dic trung trich xuat tir dit lidu
cam bién st dung k¥ thuét phan tich thanh phan chinh (PCA) [51] hoic Restricted
Bozltman Machine (RBM) [114]. M6t phuong phap hoc dac trung hi€u qua khac la
Empirical Cumulative Distribution Function (ECDF) dua trén PCA ciing dugc dé
xut trong [114] vd CNN trong [148]. Cac nghién ctru nay di céng bd nhing két
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qua dang ké trong viéc nang cao hiéu ning cta hé thong nhan dang. Mot phuong
phap hoc dac trung hi¢u qua khac dya trén phuong phap tii tr cling dugc sir dung
trong [56,151]. Phuong phap tai tir ban ddu duogc sir dung trong phan nhém vin ban
va phan loai anh. Trong nghién ctru ciia minh [56], Huynh sir dung tai tir @& phan
loai mdt tap phuc tap gém 34 hoat dong voi nhiéu bién doi, két hop thém véi mo
hinh chu dé (dwa vao Latent Dirichlet Allocation). Phuong phép tai tir da ching t6
dugc sy hiéu qua khi co thé phan loai dugc 10 hoat dong hang ngay véi do chinh

xac 73%.

3.3. PHUONG PHAP HOC DAC TRUNG MPF

Phén nay trinh bay phuong phap méi cho nhan dang hoat dong nguoi - MPF,
bao gdm cac ndi dung: tong quan phuong phap MPF va céc thanh phan lién quan

khéc nhu rimg ngau nhién, MPF, dic trung cuc bo cung cac bd phan 16p.

3.3.1. So' d6 hoat dong

So dd cua phuwong phap dé xuat duoc minh hoa trong hinh 3.1. Pau vao 1a
chudi dit liéu cam bién lién tuc 3 chiéu tir thiét bi cam bién gia tdc dugc gan trén co
thé ngudi dung. Bang cach st dung mot ctra s6 truot, chudi dir liéu cam bién lién
tuc dugc phan doan thanh cac khung c6 kich thudc b?mg nhau, trong do chiéu dai
ctia chiing c6 thoi lugng dai hon khoang thdi gian cho mot hoat dong bat ky. Mdi
khung sau d6 s& duoc phan chia thanh cac 14t tin hiéu (hay cac slice) biang nhau (c6
thé chdng 14n) dé mdi 14t tin hiéu nhoé hon nhiéu so véi khung (frame) cta né (hinh
3.1(a)). T mdi lat tin hiéu, trich xuét cac dic trung dé tao thanh mét véc-to dic
trung cuc bd. Cac dic trung nay co thé 1a cic dic trung thong ké don gian nhu mean
(trung binh), variance (phuong sai), hay cac dac trung phuc tap nhu skewness,
kurtosis,v.v. (hinh 3.1(b)). Trong giai doan huin luyén, néu mot khung chira mot
hoat dong thi nhan cta hoat dong do6 s€ dugc gan cho toan by khung cling nhu céc
lat tin hiéu cua nd. Trong pha du doan, bai toan tr¢ thanh dy doan nhan 16p hoat

dong cho mdi khung.
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Hinh 3.1. (a) 3 14t tin hi¢u (slice) dwgc phan doan tir mgt khung hoat
dong (frame) véi dd chong lan 1a 50%, (b) cac dic trung dugc trich xuit tir
mbi lat tin hi¢u, (c) MPF véi vai tro 1 tir vang chuyén dong, (d) phan phéi tan

sudt ciia chuyén dong gdc (motion primitive histogram)

Céc véc-to dac trung cuc bd tir tat ca cac 16p hoat dong (va lop nén) duoc
huén luyén, sau d6 duoc gop lai voi nhau va lugng tor hoa dé tao thanh tur vung
chuyén dong gdc (motion primitive vocabulary) hay 1a bd ma (codebook). Pay 1a
qué trinh gdn mdt chi s6 cho mdi véc-to dic trung cuc bd dé cac véc-to dic trung
tuong tu nhau s& c6 xac sudt cao co cung chung chi sd. Chét luong ctia viée xdy
dung chuyén dong gbc 1a rit quan trong ddi véi do chinh x4c cua viéc nhan dang.
Céc cach tiép can trude day cho nhian dang hoat dong thuong sir dung cac phuong
phap hoc khong gidm sat nhu phan cum k-means dé thuc hién viéc nay, béng cach
gan chi s nhd tim kiém hang x6m gan nhat (xem [57,151]). Phuong phap nay c6

chi phi tinh toan rat cao.

Phuong phap duoc dé xuét & dy sir dung ring ngau nhién (nhd két hop ngiu
nhién cic cdy quyét dinh) sir dung dau vao 1a cac véc-to dic trung cuc bd va sau do
phan cum chung sao cho cac véc-to twong ty nhau thudc vé cing mét nat 14 (voi

xac suat cao). Cac rung ngau nhién nay, dugc goi la motion primitive forests
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(MPF), c6 toc do phan cum nhanh hon k-means va phuong phap gan hang x6m gan
nhit. Ddng thoi c6 kha ning sinh ra cac chuyén dong gbc c6 d6 phan biét cao hon
ké ca khi c6 s lwong 16n céc lat tin hiéu khong nam trong cac khung c6 chira hoat
dong (background slice). Két qua nay c6 dugc chu yéu 1a do cac nhin hoat dong

dugc dung trong viéc dinh hudng xiy dung cac cay quyét dinh.

Trong budc tiép theo, cac chuyén dong gdc duoc hoc boi MPF dugc két hop
v6i mo hinh tai tir. Cac phan phdi tin suit cta cac chi s6 nut 14 cho mdi khung duoc
tinh toan va sau d6 duoc ding lam dic trung dau vao cho cac thuét toan phan 16p

nhu A-NN hoac SVM.

Phan con lai ciia chuong nay sé& trinh bay chi tiét MPF va cac thanh phan

khac trong phuong phap da dé xuét.

3.3.2. Rirng ngdu nhién

Do duoc tmg dung dé xay dung MPF nén can mot mo ta tom tat vé phuong
phap rimg ngiu nhién [25] & day. Ring ngau nhién dua trén k¥ thuét hoc két hop, 1a
mot phuong phép tao ra nhiéu bd phan 16p va két hop cac két qua ciia chiing. Rimng
ngau nhién s& tao ra nhiéu ciy quyét dinh ma cu thé 1a thuit toan phan 16p cdy phan
loai va hdi quy (CART) [26], str dung k¥ thuat bagging. Mdi cay dugc huan luyén
sit dung mot mau dit liéu moi (bootstrap), 14y tir tap dir lidu gbc ban dau va tim
kiém trong mot nhém nho ngiu nhién cac thudc tinh trong tap thudc tinh dau vao dé
phan chia cho mirc tiép theo ctia cdy. CART la cdy quyét dinh nhi phan, dugc tao
nén bang cach lién tiép phan chia dir liéu tai mdi nut thanh cac nat nhé hon, bat dau
tir nat géc chira toan bo dir liéu dau vao. Nho chia nhé khong gian tim kiém theo
cach ndy, viéc phan loai dugc thuc hién rat nhanh chong ké ca d6i véi trudong hop
khong gian thudc tinh 16n. Tham s6 ddu vao ciia ham phan chia bao gém cac thudc
tinh dwgc chon trong mdi 1an phan chia. Ring ngiu nhién khéng han ché sb luong
cdy tao ra cling nhu sy mé rong cia cdy. Tuy nhién, can chon s cdy s& duoc sinh

dé ¢am bao mdi mot thuoc tinh s& duge kiém tra mot vai 1an. Dé xay dung tap huan
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luyén va phuong phap kiém tra, k§ thuat “out-of-bag” dugc s dung trong ring

ngau nhién.

Gia thiét mot rirng ngiu nhién gébm mot tap T cay quyét dinh nhu mo ta trong
hinh 3.1(c). Mau di liéu di vao mot cdy quyét dinh theo cac nhanh dé quy trai hoic
phai tiy thudc vao chie ning phan chia dd dugc hoc trén cac thudc tinh cho dén khi
t6i duoc nat 1a. Viéc gan nhan cudi ciing dugc quyét dinh bang cach ldy gia tri trung
binh trén tit ca T cdy dé c6 thé thu duoc phan 16p chinh xac va tot nhat. Y tudng
nay chinh 13 theo nguyén tic bo phiéu. Viéc sinh ra nhiéu ciy quyét dinh tir mot
mau dit liéu nham da dang hoéa cac “phiéu bau”. Viéc ap dung k¥ thuat bagging dé
sinh ra cac mau dir liéu hay tap thudc tinh, hodc viéc r& nhanh ngiu nhién gitip lam
tang s6 luong loai hinh cling nhu phiéu bau, tir d6 c6 dugc cai nhin da chiéu, chi tiét
hon va do vay s€ cho két luan c6 do chinh x4c cao hon, gén véi thuc té hon. Thuat
toan rimg ngiu nhién nhanh va c6 thé lam viéc tot voi cac dit liéu c6 mat mat hay

khong can bang, nhung c6 thé bi qua vira dit liéu (over-fitting) néu c¢6 nhiéu nhidu.

Giong CART, rimg ngiu nhién sir dung d6 do Gini cho d6 pha tap thong tin
(impurity) dé tim ra tip phan chia tot nht, 13 tp c6 do pha tap thong tin tbi thiéu tai
moi nut [25]. D6 pha tap thong tin Gini 13 mot cach do phan bd nhan cia cac 16p
trong mot nut, 14y gia tri trong khoang [0, 1], trong d6 gia tri 0 c6 dugc khi moi

phan tir trong mot nut déu thude vé ciing mot 16p.

Hinh 3.2 minh hoa thuét todn rimg ngau nhién.
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Tén chwong trinh: Random_Forest
Pau vao: T'1a s cay duoc tao, N la s6 mau trong tap dir licu
Piu ra: Yu(x) — nhan du bao
Chuong trinh:
l.Laplaivéi t=1,.., T

a. Tao mau dix liéu moi N’ véi kich thude N tur tap dir liéu géc — ¢0 thay

thé.
b. Tao cay phan 16p tir mdi N’
c. Laplaivéii= 1,...,s0 nat
i. LAy ngdu nhién mtry thudc tinh tir M thudc tinh ban dau
ii. Chon tap phan chia t6t nhat (best split) trong tap mtry thudc tinh
d. ydx) = 16p du béo cua cay thu ¢

2. Tra vé Yi(x) = dau phiéu da sé {y(x)}” (16p dy bao cudi ciing nho dau phiéu

da sd)

Hinh 3.2. Thuit toan rirng ngiu nhién cho phéan l6p

Rirng ngau nhién da dugc chimg minh 1a c6 hiéu qua trong ca nhiém vy phan
16p va phan cum [100,123]. Nghién ctru nay sir dung rig ngau nhién dé thuc hién

phan cum va anh xa véc-to dic trung cuc b thanh cac chuyén dong gbc.
XAy dung rirng ngiu nhién

Cho mot tap dir liéu N, mdi ph?ln tor dugc dai dién bdi D dac trung 4 = {ai
,..., ap} va co cung nhin ctia mdi hoat dong trong mdt khung. Mdi cay s& duogc
huén luyén trén mot tip con N’ duoc 1y ra ngau nhién tir N. Ciy duogc xdy dung dé
quy tir trén xubng dudi. Dit liéu hudn luyén N, cua nat p duge phan chia thanh 2 tap
con tach roi nhau N, trai va N, phai theo mt ngudng ¢ cua ham chia f ctua véc-to

dac trung a:
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N,:{neNp\f(an)<c} (3.1)
N, =N_ \N, (3.2)

Tai moi nut chia (split node) sinh ra mot nhom gom m thudc tinh dé xuat cho ham f
mot cach ngau nhién va tim ki€m trén tat ca cac gia tri ¢ co thé cd, va chon ra mét

gié tri dé tir d6 c6 dugc chi s6 Gini cao nhat:

AV ) =) g vy S
’ A V| ©-3)

Trong d6 I6(N) 1a chi s6 Gini cho dit liéu huin luyén N. Trong sudt qué trinh hoc,
dir liéu huin luyén dugc chia dé quy tai mdi nut p cho dén khi tat ca cic phan tir caa

N, 1a ctia ciing mot 16p hodc it hon mot sé luong nhat dinh.

3.3.3. MPF

MPF (motion primitive forests) 1a rimg ngiu nhién dugc sir dung dé phan
cum va anh xa céac véc-to dac trung cuc bg thanh chuyén dong géc (hinh 3.1(c)).
Trong rimg ngau nhién chudn [25], viéc biéu quyét (voting) trén cum cac cay dugc
sir dung dé 1am giam sy thay d6i nhan 16p. O day khong st dung biéu quyét nhung
s& xtr Iy mdi nat 14 tir méi cAy nhu 1a mot chuyén dong gdc riéng biét. Néi cach
khéc, cac nut 14 xac dinh mot phan ving, va mdi nut 14 twong (mg véi mot cum céc

véc-to ddc trung cuc by tuong ty nhau.

Doi véi moi véc-to dac trung cuc bd dau vao, MPF tra vé mot tap cac chi so
cua cac nut 14, moi chi s6 nam trong mot cay. Cac chi so nit 14 nay dugc dung dé
tao thanh véc-to ma (code vector) nhu minh hoa trong hinh 3.3, trong d6 “1” l1a véc-

to dau vao da duoc anh xa tuong ung voi chuyén dong goc.
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Véc-to dic trung cuc bé x Motion Primitive Forest

Cay 1 l Cay 2 1 Cay 3

LA

Codevector [ 0 [ o[ 1] ofJo|1] o] o] 1]o]lo]o]

Hinh 3.3. Véc-to' ma (code vector) tao ra tir mot rirng ngau nhién véi 3 cay cho
mot véc-to dic trung cuc bd. Puwong din dén cic nut 1a két qua dwoc hién thi

bang mau vang.

Sau d6, theo cach tiép can tui tr [48], thuc hién té)ng hop cac véc-to ma cua
tat ca cac lat tin hiéu thudc vé mot khung dé tao thanh véc-to phan phéi tan suét cac
chuyén dong gbc cho mdi khung nay (Hinh 3.1(d)). Véc-to phan phdi tin suat sau
khi d3 chuan héa dugc str dung 1am dic trung cua khung trong bd phan 16p cudi
cung. Do vay & ddy bo phan 16p cudi cing s& c6 nhiém vu biéu quyét (voting) chir

khong phai rimng ngau nhién nhu cac truong hop khac.

Trong phuong phap da dé xuat, kich thudc tir vung bang véi tong sd cac nut
14 cua tit ca cac cdy trong rung. Dé kiém soat kich thudc tir vung, can thuc hién
kiém soat kich thuéc cua cac ciy bang cach cit tia ching cho dén khi dat sb luong
cac nit 14 mong mudn. Dudi day s& trinh bay minh hoa thuat toan MPF (xem hinh

3.4).
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Tén chwong trinh: MPF_Extraction

MPF la rimg ngiu nhién da dugc chinh sira, sau khi huan luyén s& trd vé danh sach cac

nut 14, bang 1 néu nut 14 1a dau ra va bang 0 trong truong hop ngugc lai.

Pau vao: trained mpf 1a MPF da huin luyén, x; 1a mang véc-to dic trung cuc bd dau
vao cua MPF tinh cho cac lat tin hi€u trong cung mét khung hoat dong, voi i =

l,...,n s;n sla s6 14t tin hiéu cua 1 khung.
Piu ra: véc-to dic trung fupr cho khung dau vao
Chuong trinh:
I.Laplaivéi i=1,..n s
Tinh véc-to ma thir i, do dai bﬁng s6 nut 14 cia MPF:
code_vector; = trained_mpf(x;)
2. Véc-to phan phdi tan sudt fisistogram = sum(code_vector;)) véii=1,.,n s

3. Chuan hoa fisistogram trong khoang [0,1]

Hinh 3.4. Thuit toan trich xuit dic trung MPF cho mang véc-to dic

trung cuc b diu vao thudc mot khung hoat dong

3.3.4. Dac trung cuc bo

Céc loai dic trung cuc bd khac nhau (nhu mo ta trong phan 1.4.1) di duoc dé
xuét cho nhéan dang hoat dong, vi du nhu dac trung théng ké, dac trung vat ly, dac
trung cho cac thong sé moi trudng hay dau hiéu sdng. Cht y rang, do 1t tin hiéu c6
d6 dai ngan va chi 1a mot phan rit nho trong mot khung hoat dong, khong co kha
ning bt gitr dugc ddy du thong tin ciia mot hoat dong, cho nén cac dic trung can
phai dugc lya chon mot cach hop 1y. Vi duy, cac dac trung théng ké phtrc tap nhu
skewness hay kurtosis 13 khong phu hop do khéng thé tin cay khi tinh toan trong

doan c6 do dai qua nho [151]. Trong sb cac dic trung da khao sat, cac dic trung
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thong ké don gian va dic trung vat 1y 1a phu hop nhat dé dién ta cho cac l4t tin hiéu

nhd [151] va do d6 s€ dugc st dung trong cac thir nghiém trong chuong nay.

Tat ca cac dic trung ¢ trén yéu cAu mot sd tinh toan trén cac diém dir liéu
ctia mot 14t tin hiéu. Pé co thé don gian hon viéc tinh toan, cac ddc trung cuc bo
moi duge giGi thidu, trong d6 yéu cau rat it hodc khong can tinh toan boi vi chung
1a gia tri tho chua xir 1y cua cac diém dir liéu hodc 1a cac tong hay hiéu cia gia tri
ctia 2 diém dit liéu. Cu thé, phuwong phap nay sir dung ba loai dic trung don gian sau
day: (i) gia tri pi; cta diém dit liéu v6i chi s6 i trong truc j (dic trung don 16 - unary
feature), (ii) téng Dt P, (dac trung téng - sum feature), va (iii) hi€u 2, =P,
(dac trung hiéu - difference feature) cua mot cap cac diém dit liéu tir cac truc Jj1va
J2, (j1 va ja c6 thé gibng hodc khac nhau), va i; - i2 = 1 (tong va hiéu cta 2 diém ké
nhau). Gia st 1 khung c6 do dai [ s, thi véc-to dac trung cho 1 truc s€ c6 do dai la
(3x/_s — 2). Nhu trinh bay trong phan thir nghiém, cac dic trung don gian nay, khi
duoc két hop véi MPF, sé cung cép dd chinh xé4c c6 thé so sanh duoc véi cac dic

trung phirc tap hon, trong khi chi phi tinh toan lai thdp hon nhiéu.

Bang 3.1. Cac dac trung cuc bo

Tép dac trung Cac dac trung

Trung binh, d6 léch chuan, trung binh binh
1 phuong, trung binh dao ham, ty I¢ vugt qua trung
binh.

Trung binh va phuong sai cua cudng dé chuyén

dong, dién tich do 16n tin hi€u chuan hoa, tri riéng

2 .
cua cac huong chinh, van toc trung binh theo
huéng di chuyén va trung binh ning lugng gia téc.
; Pic trung don 1é (unary), tong (sum) va hiéu

(difference)




85

Khi phan cym k-means dugc dung dé lugng tir hoa véc-to dac trung cuc b,
diéu quan trong la phai chon dugc cac dac trung cuc bd phu hop. Cac dic trung
khong phu hop s& cho két qua vé khoang cach giita cac véc-to khong chinh xéac, din
to1 viéc phan cum kém. O day, mot du doan dugc dua ra 1a MPF c¢6 kha nang chon
ra cac dic trung cuc bd phu hop trong khi hoc ham phan chia. Dé xac minh diéu
nay, thuc hién nhom cac dac trung thanh 3 tap nhu trong bang 3.1, va xay dung
MPF bang cach str dung mdi tap trong ching. Tap dic trung dau tién bao gém 5 dic
trung théng ké don gian va phd bién st dung cho dir liéu chudi thoi gian nhu trong
nhiéu nghién ctru vé dic trung da mirc, trong khi tap dic trung thr hai phtrc tap hon
(gém 6 dic trung) do st dung cac dic trung vat Iy duoc din xuét tir cac tham s6 vt
Iy ctia cac chuyén dong cta con ngudi [150]. Chi tiét vé cac dic trung ndy dugc mé
ta trong phan 1.4.1 cua chuong 1. Tép dic trung thir ba bao gém céc dic trung don
gian da duogc dé xudt va sd lugng céc dac trung phu thudc vao do dai cua lat tin

hiéu.
3.3.5. Bo phan lop

Nhiéu bd phén 16p di duoc st dung trong nhan dang hoat dong bao gém cay
quyét dinh, phuong phap Bayesian, k&-NN, mang noron, md hinh Markov va két hop
cac bd phan 16p [78]. Thuc nghiém nay stir dung hai bg phan 16p: phuong phép phan
16p phi tham sé &-NN do su phé bién cua n6 trong hoat dong nhin dang; va may
véc-to tya SVM do di dugce chimg minh 14 ¢6 do chinh xac trong du bao rat tot

trong nhiéu mién ng dung, bao gdm ca nhan dang hoat dong [146].

Déi v6i bo phan 16p k-NN, nghién ciru ndy sé chon k = 1 dé dé so sanh va
danh gia cac tham sb. Dbi v6i bd phan 16p SVM, trude khi huin luyén va du doan,
can chuan hoa cac véc-to dé tat ca cac gia tri dic trung nam trong khoang [0, 1].
Dong thoi ciing tién hanh thir nghiém véi mot vai dang ham nhan va chon cac thong

sO tot nhit bang cach sir dung thu tuc tim kiém luéi (grid-search) hay dugc dung.
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3.3.6. Do phue tap thudt todn

Do phirc tap tinh toan cho phuong phap dé xuét 1a sé cac phép tinh can dé
xdy dung mé hinh va gdan nhan cho ddc trung cuc bo dau vao (du doan mau dau
Vao). O day s€ danh gia do phuc tap thuat toan cua thudt toan MPF dé xuét (muc
3.3.3) va so sanh véi thuit toan k-means. Day 1a so cir dé ching minh MPF c¢6 tbc

d6 nhanh hon cac phuong phép dua trén k-means.

Do phirc tap thuit toan trong truong hop x4u nhit khi xdy dung mét ciy
quyét dinh CART 1a O(pN?*logN) [26], v6i N 1a tong sd 14t tin hiéu cua tap dir liéu
dau vao (s6 mau cua dir liéu ddu vao cho cay), p 1a sé thudc tinh dau vao va D 1a sb

thuoc tinh dugc chon ngau nhién tai mdi niat. Khi do, do phuc tap khi xdy dung

rimg nglu nhién véi T cay la OTDN’logN) truge khi cét tia cac cdy, véi

N=0,632N, do trong thuc té trung binh s miu moi chon ra dé xdy dung cay la
63,2%. Ddi v6i k-means, do phtic tap thuat toan 13 O(pNki), voi i 1a s 1an 1ap k-
means phai thuc hién khi chay, & 1a s6 cum (cluster) [146]. Trong thuc té, phuong

phap dé xuit str dung s6 cAy M nhoé hon 10, va ldy D theo mic dinh khi xay dung
rimg ngau nhién, véi D = Jp [25] nén c6 d6 phic tap chi 12 0(/p N2logN).

Do phre tap thuit toan trong truong hop x4u nhat cho viée gan nhin mot dic
trung cuc bo ctia mot rimg vé6i T cdy 1a O(T log N) [25]. Trong trudng hop & day sb
cdy nho hon 10 (xem thuc nghiém) nén c6 thé bo qua, dan tdi d6 phic tap yéu cau
l1a O(logN), trong khi k-means c6 do phtrc tap thuat toan 1a O(kp) [146]. Nhu vay, c6
thé thiy rang thuat toan dugc dé xuét chay nhanh hon rat nhiéu so vé6i trudng hop

dung k-means trong viéc gan nhan cho cac dic trung cuc bo dau vao.

3.4. TAP DU LIEU THU NGHIEM
Phan ndy trinh bay vé ba tip dit liéu duoc st dung trong thir nghiém, viéc
thiét 1ap thir nghiém va trinh bay chi tiét cac thir nghiém dé dua ra nhiing phan tich

va danh gia vé phuong phap dé xuit trong cac phan sau.



87

3.4.1. Activity Prediction (AP)

Tap dir li¢u AP [74] 1a mdt tap dir liéu dong (close-dataset) (khong cd hoat
dong nén), trong d6 bao gdm dir lidu gia téc cho 6 hoat dong hang ngay gdm “chay
bo”, “di bd”, “di 1én cau thang”, “di xuéng cu thang”, “ngéi xuéng”, “dung 1én”,
dugc thuc hién bdi 36 cd nhan. Cac dit li¢u dugc thu thap tir dién thoai di dong
dugc dit trong tai cua ngudi sit dung theo cac thiét 1ap thir nghiém va cam bién
duoc ldy miu & mirc 20 Hz. Trong thir nghiém ¢ dudi day, téng cong tap dit liéu AP

6 29000 khung. Day 1a tap dir liéu 16n nhét st dung trong thir nghiém.

3.4.2. Opportunity (OP)

Tap dit liéu OP [119] 1a mot bo dir liéu md (open-dataset) (bao gém ca céac
hoat dong chua dugc biét (unknown), chtra cac dir li€u tur nhiéu cam bién deo trén
ngudi hoic nhing vao cac dbi twong duoc thao tic boi nguodi dung. Ngudi ding
thuc hi¢n cac hoat dong khac nhau trong mot mdi trudong nha bép chéng han nhu
“md ta lanh”, “dong ta lanh”, “lau ban”, “uéng nude”, “chuin bi mén an”, v.v. va
téng cong c6 11 hoat dong da dugc chu thich. Nghién ctru st dung mot tap con cua
tap dir liéu, trong do bao gém dit lidu tir mot bd cam bién deo trén tay phai cua mot
doi tuong. Cac tdp con tuong ty ciing dugc st dung boi [114] va [148]. Dt licu
duoc 1dy mAu véi tan sd 64 Hz, tao ra khoang 4200 khung hoat dong, bao gdm 10

hoat dong c6 nhan riéng va mdt hoat dong khong biét trude.

3.4.3. Skoda (SK)

Tap dir liéu Skoda Mini Checkpoint (SK) [147] 1a mot tap dir 1i€u mo duoc
thu thap tir nhidu cam bién gia toc gan trén nguoi mot cong nhan trong diy chuyén
lap rap céac linh kién trong nha may san xuit xe hoi. Tap dit liéu SK chtra 46 hoat
dong lap rap nhu “mé mui xe”, “dong clra bén trai”, “kiém tra tay 14i”, v.v. Thuc
nghi¢m nay dugc gidi han béng cach léy dit liéu thudc vé mot cam bién duge deo

trén canh tay phai va tap dir li€u c6 duoc gém 10 hoat dong cOng voi cac hoat dong
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chua dugc biét (unknown). Véi toc do 1y mau 48 Hz, tap dir liéu bao gdm 7500

khung. Téap con tuong tu cling dugc st dung boi [114] va [148].
3.5. THU NGHIEM VA KET QUA

3.5.1. Phuong phap thur nghiém

Thir nghiém nay dung d6 do 1a do chinh xac tong thé dé danh gia phuong
phap dé xuét va so sanh véi cac phuong phap khac. Do chinh xéc tong thé dugc tinh
bang ty 16 s6 khung dugc phan loai chinh xé4c trén tong s6 khung. DAy 1a tham sb vé
hi€u nang dugc st dung rong rai nhét trong nhan dang hoat dong vi c6 thé d& dang

so sanh gitta cac phuong phap khac nhau, véi nhiéu loai hoat dong [28,114,151].

Pé so sanh voi cac phuong phéap trong [114] va [148], cac phuong phap va
thiét 1ap ciing duoc danh gia bang cach kiém tra chéo trén 10 phan dir liéu (10-fold
cross validation) cho cac tap dir liéu AP va OP, kiém tra chéo trén 4 phan di liéu
(4-fold cross validation) trén tap dir liéu SK. Véi tat ca cac thuc nghiém, d6 chinh
xac trung binh trén cc phan (fold) s& duoc tinh. Véi mdi phan, 10% cia tap dit liéu
huan luyén (qua liy mau phan ting) dugc lay ra dé lam tap kiém tra cho viéc hiéu

chinh cac tham s6 va sau d6 cac tham s6 nay sé duogc st dung cho tap ki€m tra.

Thir nghi¢m nay str dung LibSVM [29] v6i ham nhan RBF (thuc nghi¢m cho
thdy ham nhin RBF c6 két qua t6t nhét) va cai dit 1-NN. Thong s C va gamma
ctia SVM duoc chon bang phuong phap grid-search trén tap kiém tra. MPF duoc cai
dit bang cach stra d6i cai dat rirng ngau nhién duoc cung cip boi Breiman, & d6 gitr
) luong cac dac trung dugc chon tai tung ph?ln duoc chia nhu thiét 1ap mac dinh
ban dau (tirc 1a can bac hai ctua sb cac dic trung). TAt ca cac thu nghiém dugc chay
trén mot may tinh chay h¢ diéu hanh Windows véi bo xtr 1y 2,8 GHz dual-core va

RAM 8GB.

3.5.2. Két qua thir nghiém va ddanh gid

a) So sanh v6i phwong phap hoc dac trung sir dung k-means
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Thir nghiém dau tién duoc thiét ké dé so sanh MPF vé6i phuong phap hoc dic
trung dua trén k-means, trong d6 phuong phap phan cum k-means duoc st dung dé
xdy dung tir vuyng va tim kiém hang xém gin nhat dé gan chuyén dong gbc
[55,71,151]. Pé so sanh, mot khung lam viéc dugc dung chung cho ca hai phuong
phap, va chi thay phuong phap phan cum k-means va gan hang x0m gan nhit boi
MPF. Két qua so sanh cho thay murc cai thién vé do chinh xé4c ting 1én kha nhiéu

khi dung phuong phap MPF.

Pé viéc so sanh dugc cong bang, trong qua trinh thir nghiém, hau hét cac
thiét 1ap twong ty nhu khi ding trong [151] va [55] s& duoc giit lai. Cu thé 1a s& st
dung tap dic trung 1 trong bang 3.1, gidng nhu tip dic trung thong ké dugc sir
dung boi Zhang va Sawchuk [151] va dung SVM 1am b phan 16p. Dong thoi ciing
sir dung lat tin hiéu vé6i cung kich thudc va khong chdng lan nhu trong mé ta vé
nghién ciru cua céac tac gia nay. Cac thong s6 khac duoc tdi uu hoa riéng cho ting

phuong phap bang cach sir dung céc tap kiém tra.

Hinh 3.5 cho thay d6 chinh x4c cia MPF va k-means cho cic kich ¢& khac
nhau cta tir vung (kich ¢& tir vung chinh 13 bang véi sb cac nat 14 trong truong hop
MPF va sb cic cum trong trudng hop k-means) trén mdi tap dir liéu. Nhu d3 trinh
bay, kich thudc tir vung tdt nhét thay doi trén tap dit liéu nhung MPF ¢6 do chinh
xac tbt hon so véi k-means trong moi trudng hop. Két qua nay co duoc chi yéu 13
do cac nhan hoat dong duoc dung trong viéc dinh huéng xiy dung cic ciy quyét
dinh trong MPF. Nh& vdy, MPF c6 kha ning sinh ra cac chuyén dong gbc co6 do
phan biét cao hon ké ca khi c6 s6 lugng 16n céc lat tin hiéu khong nam trong cac
khung c6 chira hoat dong (background slice). Chinh vi vay ma c6 su khac biét dang
ké vé do chinh xéc giita hai phuwong phép cho tap dit liéu OP va tap dir liéu SK. Pbi
v6i truong hop khong chira hoat dong nén (truong hop tap dir liéu AP) thi do chinh
xéc cta hai phuong phap MPF va k-means 1a khong nhiéu. Nhu vdy, MPF s& thich
hop st dung trong thyc té hon k-means do hoat dong hang ngay rat da dang (khong
phai tap dir li¢u dong). C6 mot chi y 1a MPF ¢6 xu hudng thich hop véi kich thude



90

tor vung 16n hon k-means. Vi dy, trén tap dir li€u SK, d6 chinh xéc cia k-means

giam khi kich thudc vuot qua 100, trong khi do chinh xac ciia MPF tiép tuc ting.
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Hinh 3.5. So sanh cac thuat toan xay dung tir vung trén ba tap dir li€u

O day khong so sanh truc tiép thoi gian chay cua hai phuwong phap vi MPF
duogc cai dat bang C++ va k-means duoc cai dit bang ngdn ngir Matlab, do d6 két
qua chi tiét khong duoc dua ra. Tuy nhién, c6 thé nhan thiy ring trong khi MPF c6
thoi gian chay ting khong dang ké khi kich thuéc tir vung ting 1én, thi thoi gian
chay cua k-means lai tang tuyén tinh. Véi kich thudc 1 200, thoi gian chay cua -

means d3 16n hon nhiéu so voi MPF (580 gidy so voi 54 gidy, trén tap dir liéu SK).

Két qua nay c6 duoc 1a do viéc tim kiém va gan biéu dién dic trung st dung

phuong phap & hang x6m gan nhat trong k-means co chi phi tbn kém, trong khi
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trong MPF, do khong gian tim kiém dugc chia nho khi xdy dung cac cay quyét dinh
nhi phan trong rung MPF, viéc tim kiém va gan biéu dién dic trung dugc thuc hién
rat nhanh chong ké ca ddi véi trudng hop sé chiéu dau vao cia dir lidu 16n. Két qua
nay cling phan anh dung muc do phuc tap thuat toan cia ca hai thuat toan da dugc

trinh bay trong muc 3.3.6.
b) Anh hwéng ciia cac dic trung cuc bd

Céc thir nghiém tiép theo duoc thiét ké dé danh gid anh hudng cia cac loai
dac trung cuc bd khéc nhau. bé chung minh tinh té)ng quat cua MPF, thuc hién diéu
chinh cac tham sb chi cho tap dit liéu SK bang cach sir dung tip kiém tra riéng
(hold-out set), va sir dung cac tham sd ndy cho ca ba tap dit lidu. Cac thong sb diéu
chinh la: kich thudec 1at tin hi€u 1a 8 vo1 87,5% chéng l4n, sb cay la 5, s6 nut 14 trén
cay la 500. Phuong phap kiém tra chéo duoc thuc hién 1an lugt cho mdi tap dac

trung trong bang 3.1 vdi bd phan 16p SVM.
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Hinh 3.6. Anh huéng ciia cac diic trung cuc bd téi dd chinh xac

Hinh 3.6 thé hién d6 chinh x4c dat duoc cua tung tap dac trung trén 3 tap dir
lidu. Két qua cho thay rang cic kiéu dic trung dang xem xét déu co do chinh xac
trong dbi gidng nhau véi do dao dong rat nho, trén toan bo cac tap dir licu. Két qua

nay kha quan trong vi n6 cho thiy hai y nghia. Thit nhat, MPF it nhay cam véi viéc
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lya chon cac dac trung cuc bg, cod thé vi céc cay co thé tu chon ra duoc cac dic
trung hop 1y tai cac nut. Thir hai, cac dic trung don gian tir tap dic trung sb 3 ciing
c¢6 d6 chinh xac twong duong nhu cac tap dic trung théng ké va vat 1y phirc tap hon,
trong khi tdc d0 tinh toan lai nhanh hon.
¢) Anh huéng ciia s lwong cay va kich thudc ciia tir vung

Thir nghiém tiép theo s& xem xét sy anh hudng cua 2 tham s quan trong dén
d6 chinh xac, d6 1a sb luong cay trong rimg va kich thude cua tir vung. O day sir
dung tap dic trung thir 3 va gitt cac tham sé khac giéng nhu cac thir nghiém trudc

va chi thay ddi s6 luong cdy va kich thude tir vung.
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Hinh 3.7. Anh huéng cia s6 lwong cay téi do chinh xac

Hinh 3.7 cho biét d6 chinh x4c khi phan 16p véi sb luong cdy thay ddi. Nhu
thdy trén hinh, d6 chinh x4c tang khi s luong cdy ting tir 1 dén 5 trén céc tap dir
liéu AP va SK, va tir 1 dén 4 trén tap dir li¢u OP. Sau do, do chinh xac c6 xu huong
6n dinh lai va viéc st dung nhiéu cay hon ciing khong mang lai sy cai thi¢n dang ké
vé d6 chinh xac. Do vdy, c6 thé két luan rang mét tap hop nho tim 5 ciy la du dé

giam phuong sai (variance) va dat dugc do chinh xac cao khi nhan dang.
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Hinh 3.8. Anh huéng ciia kich thuéc tir vang t6i d6 chinh xac

Pé xem xét anh hudng cta kich thude tir vung d6i v6i hiéu nang phan 16p,
sd luong cac nut 14 str dung khi huan luyén MPF dugc thay d6i dé theo dbi bién dbi
ctia d6 chinh xac. Nhu thiy trong hinh 3.8, d6 chinh x4c trén 3 tap dit liéu ting khi
kich thudc tir vung ting téi 2500 va sau d6 di vao 6n dinh. Luu ¥ 1, kich thudc nay
16n hon nhiéu so véi cic bao cdo trudc day khi sir dung k-means hodc phan cum
GMM [55,151]. Két qua trén ciing chi ra ring MPF khong phai 1a rat nhay cam véi

sd lwong cay va kich thuée tir vung, mién 14 chung da 16n.
d) So sanh véi cac phwong phap khac

Thtr nghiém cudi cung s€ so sanh do chinh x4ac nhan dang cua MPF khi st
dung cac dic trung cuc bd don gian véi 2 phuong phap duoc cho 13 t6t nhét hién
nay. Phuong phap thr nhat 1 hoc dic trung st dung PCA va ECDF (viét gon lai 1a
PCA+ECDF) két hop v6i bd phan 16p 1-NN cua [114]. Phuong phap tht hai st
dung Convolutional Neural Networks (CNN) voi partial weight sharing cho cé vi¢c
hoc dac trung va phan 16p [148]. Cac phuong phép trén duogc cai dat lai trong
Matlab va cac gia tri tham sb t6t nhat dugc gitr lai nhu trong bao céo cta cac tac gia

nay. Dong thoi MPF ciing duoc sir dung dé chay voi ca 1-NN va SVM.
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Bang 3.2. So sanh d¢ chinh xac trong phan l6p

AP op SK
MPF + 1-NN 97,93% 84,17% 92,58%
MPF + SVM 98,48% 85,68% 95,08%
PCA + ECDF 95,75% 79,39% 90,48%
CNN partial weight sharing 96,21% 77,34% 86,73%

Bang 3.2 tom tit do chinh x4c cia cac phuong phap. Tat ca cac phuong phap
déu dat dugc do chinh xéac cao trén tap dir 1i€u AP (hon 95%) trong khi tap dir liéu
OP cho thiy do chinh x4c kém nhét. Ca hai bién thé cia MPF (v6i 1-NN va SVM),
luén dat dugc do chinh xac cao hon PCA+ECDF va CNN trong ca ba tap dir liu.
SVM cho két qua t6t hon so v&i 1-NN, diéu nay 13 hop 1y vi s6 chiéu cua dir liéu
dau vao (s chiéu cac véc-to phan phdi tan suat) 1a kha cao (SVM 1a bo phén 16p
hoat dong tdt khi 1am viéc véi dir lidu c6 sd chiéu 16m). Nhirng cai tién vé do chinh
xac cua MPF so voi PCA+ECDF va CNN Ia dac biét dang cht y trén cac tap dir licu
OP va SK (gan 10% sy khac biét giita MPF va CNN). Két qua nay 1a do cc nhén
hoat dong duoc dung trong viéc dinh hudng xay dung cic cdy quyét dinh trong
MPF. Nho vay, MPF ¢6 kha ning sinh ra cac chuyén dong gdc c6 d6 phan biét cao
hon ké ca khi ¢6 sb luong 16n cac 1at tin hiéu khong nam trong cac khung c6 chira
hoat dong (background slice), kéo theo d§ chinh x4c cao trong nhan dang hoat
dong. Két qua ciing cho thiy khong c6 su chénh léch rd rang gira CNN va
PCA+ECDF.

3.6. KET LUAN CHUONG

Chuong nay d3 trinh bay motion primitive forests, 1a loai dic trung chuyén
dong mdi, hi€u qua trong nhan dang hoat dong nguoi. Cac rung (forests) nay luong
tor hoa cac véc-to dac trung cuc bd cua cac doan dir liéu nho theo cach co giam sat

dé tao ra tr vung chuyén dong gdoc. Bang cach sir dung dit liéu c6 nhan, phuong
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phap nay co thé tao ra chuyén dong gdc c6 do phan biét cao. Ngoai ra, phuwong phap
dé xuit c6 thé tu dong lua chon cac dac trung cuc bd phu hop, do do6 it nhay cam
hon véi nhiing cach thirc thu cong dua trén thuét gidi heuristic hay dung dé lya chon
cac ddc trung cuc bd. Va dong thoi, phuong phap nay co thé ap dung mot cach truc
tiép vao MPF trén cac dic trung rat don gian nhu cac gia tri ngudn cta cac diém dix
liéu ma van cai tién duoc do chinh xac nhan dang. Két hop véi phuong phap thi tir,
MPF c¢6 su cai thién hon vé do chinh x4c nhan dang so v6i cac phuong phap nhan
dang tSt nhét hién nay khi duoc danh gia trén ba tap dit liéu chuan. Két qua cho
thiy phuong phap dé xuit 1a mot phwong phap nhan dang hoat dong ngudi c6 dé
chinh xdc cao ké cd trong trwong hop cdan nhdn dang nhiéu hoat déng va cé toc dé

tinh todn twong déi nhanh.

Trong tuong lai, c6 thé xem xét viéc thir nghiém hoc khéng giam sat dbi véi
ring ngau nhién (unsupervised learning of forests). Vi du nhu lya chon cdc ham
chia dé c6 thé chia dir liéu dong déu nhat. Ngoai ra, cling c6 thé st dung thém cac
chi s6 ctia cac nat khac nat 14 dé c6 dugc sy phan cip vé mirc do dién ta chi tiét cho

dir 1i€u dac trung dau vao.

Noi dung trinh bay trong chuong ndy dugc thé hién hoan toan trong cong

trinh nghién ctru s6 7 cua tac gia.
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CHUONG 4
XAY DUNG MOT SO UNG DUNG NHAN DANG
HOAT PONG

Chuong nay trinh bay hai ung dung tht nghi€ém cho nhan dang hoat dong
nguoi trong thoi gian thuc dya trén cac dic trung da dé xuat trong chuong 2. Ung
dung thir nhat 13 hé thong phat hién ngudi ngi trong thoi gian thyc sir dung cam
bién gia toc tich hop trong thiét bi Wii Remote. Hé théng c6 gia ré, dé trién khai va
c6 tinh kha thi cao. Ung dung thir hai 1a hé théng xac thuc ngudi dung dya trén chir
ky 3D, str dung cam bién gia tbc co sin trong cac thiét bi di dong cAm tay thong
minh. Phuong phap xac thuc méi két hop wu diém cua chit ky va cam bién gia toc
trén thiét bi di dong, gitp cho ngudi dung c6 thé ding nhap hé théng hay tmg dung
mot cach thuan tién hon so véi cac cach nhap li¢u cli nhu st dung man hinh hay ban

phim.
4.1. PHAT HIEN NGUOI NGA TRONG THOI GIAN THUC

4.1.1. Cac giai phap phat hién nguoi nga

Trong nhitng nim gan day, nhiéu giai phap duoc dua ra dé giai quyét van dé
phat hién ngudi nga kip thoi [22,39,42,50,128]. C6 hai giai phap thuong mai dang
dugc quan tAm. Giai phap thr nhat 1a SmartCane [145], gdm mot ciy gdy d& binh
thuong voi bo cam bién khong day. Giao tiép dir liéu cam bién dugc chuyén tiép
dén mot thiét bi ca nhan dé xu 1y. Tuy nhién, SmartCane chi phat hién dugc nguoi
ngd khi dem theo gdy bén minh. Giai phap thtr hai cling 1a mot hé théng phat hién
nga thuong mai khé ndi tiéng, goi 1a Brickhouse [153]. Hé thong c6 mdt cam bién
kém theo ngudi va mot hé thdng tro giup tir xa. Tuy vay chi phi cho cac hé théng
nay kha cao: phan thiét bi cua Brickhouse 1a 199,958 va phan dich vu theo dbi la
419,408/nam [153].
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Céc k¥ thuat phat hién nga tu dong co6 thé chia 1am hai loai chinh. Loai thtr
nhit gdm cac giai phap st dung trang bi trong moi truong. Ching han nhu may
camera thudng hodc hdng ngoai dé theo ddi hinh anh cac hoat dong nguoi
[59,76,87], cam bién 4m thanh va hinh anh [76], hay cam bién rung chan ctia nén
nha [39,42]. Loai tht hai 1a dua trén cam bién gia tc mang trén ngudi [23,39]. Cac
giai phap loai thir nhat c6 ti 18 phat hién cao, tuy nhién can c6 may quay hodc phai
thiét 1ap moi truong hoat dong trudec d6 va duoc sir dung dé phat hién duoc nguoi
ngi trong mot khong gian nho hep nhu trong nha hay trong bép. Giai phép nay
thuong c6 chi phi cao va thudng bi anh hudng boi anh sang hodc nhiéu 4m thanh tur
moi trudng. Trong khi d6, giai phap dung cam bién mang theo nguoi hau hét khong
can cai dit hodc cau hinh méi trudng trude, rat d& dang trong viée trién khai va sir
dung. Thém vao do, pham vi hoat dong cia nguoi dugc theo doi khong bi gidi han
do hé théng duoc gian theo ngudi va c6 thé hoat dong & bat ky noi dau. Giai phap
nay mang lai su thuén tién cho ngudi dung, dap Gmg nhiéu tinh hudng dé phat hién
nga, do do6 co thé ap dung tdt cho céac hoat dong mot minh, trong thoi gian dai ké ca
truong hop khi c6 nguy co xdy ra ngad cao. Gidi phap thudc loai thtr hai dugc su
dung va trién khai nhiéu hon béi vi hién nay cé rat nhiéu thiét bi, dac biét 1a thiét bi

di dong co trang bi cam bién gia tdc.

Phén nay trinh bay mot hé thdng tir dong phat hién ngi sir dung bd cam bién
gia toc, dyua trén cac dic trung dé xuat trong chuong 2. Cam bién gia toc nay duoc
tich hop sén trong Wii Remote [157], mot thiét bi thuong dugc st dung trong cac
trd choi twong tac va ¢ sin trén thi trudng véi gia thanh twong ddi ré (khoang 25$).
Hon nita, thoi lwong pin st dung rat kha quan véi khoang 30 tiéng hoat dong, hon
hén so v6i nhiéu dién thoai di dong thong minh c¢6 kich hoat cam bién gia tdc hoat
dong lién tuc. Hé thdng cho két qua rat kha quan véi ti 16 phat hién cao va chi phi
thip hon so v&i cac hé théng phat hién nga khac.

V61 muc tiéu 1a thyc hién mot thu nghiém don gidn, gia ré, gitip phat hién
ngi trong thoi gian thuc, hé thdng nay str dung mot thiét bi moi cung cam bién méi

va ¢6 vi tri dat khac véi dir liéu huan luyén trong chuong 2. Do d6 viéc lay dir liéu
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huan luyén méi cho mo hinh phat hién nga thoi gian thyc 14 can thiét dé dam bao sy
chinh x4c cua hé théng. Cac phan tiép theo s& mo ta vé phan cing va moi truong
thu thap dir li¢u, thudt todn st dung, dir li€u thtr nghi¢m cho hé théng nhan dang
nga thoi gian thuc va danh gid két qua. Ngoai ra, ¢ day ciing mo ta ngan gon vé

phan mém phat hién nga sir dung cho ngudi dung.

4.1.2. Phan ciing va méi trwong thu thip dir liéu

Trai nguoc voi hau hét cac cam bién gia téc thudng dugc sir dung trong cac
nghién ctru phong thi nghiém hodc trén thi trudng nhung twong déi dat tién, hodc
trién khai phuc tap (tirc 12 doi hoi mot tram co s& dé giao tiép véi may tinh), Wii
Remote twong ddi ré, ¢ san trén thi truong, trién khai d& dang va don gian do c6
thé giao tiép véi mdy tinh thong qua mot Bluetooth dongle. Ca hai thiét bi Wii
Remote va Bluetooth dongle déu ré tién va cé sin trong cac ctra hang kinh doanh

tro choi.

Wii Remote [157] 14 hé thdng cam bién khong day cho ngudi tiéu dung va
bd diéu khién tro choi, hd trg hai chirc nang: (i) phat hién nhéap lidu tir nguoi ding
thong qua mot cam bién gia tdc nhung bén trong; va (ii) trao doi dit liéu théng qua
Bluetooth. M6t thiét bi Wii Remote bao gdm mot bang mach in (dugc dong goi
trong mot vo trang nhu trong hinh 4.1), trong d6 chtra mot cam bién gia tbc AXDL
330 va mdt chip BCM2042 Broardcom tich hop toan bo ciu hinh, Gng dung, va
ngin xép giao thirc Bluetooth. Dya trén cong nghé MEMS, cam bién gia tbc AXDL
330 c6 kich & rat nho, cong suit thap, 3 truc gia tbc v6i ddu ra dién ap duoc diéu
hoa vé& mit tin hiéu. Cac cam bién gia toc AXDL 330 c6 thé cam nhan dugc gia tdc
trén ba truc voi khoang gia tri toan thang do ti thiéu 13 + 3g. Trong khi gia toc tinh
clia trong trudng c6 thé duge sir dung dé cam nhan d6 nghiéng trong cac ing dung,
gia toc dong co thé do dugc théng qua dinh luong chuyén dong, sc va rung.

Bo mach Broadcom BCM2042 1a mdt hé théng SoC duogc tich hgp mot bd
vi xir 1y 8051 trén mach, bo nhé truy cap ngau nhién/bo nhé chi doc, cAu hinh thiét

bi tiép con ngudi (HID), tng dung, va ngin xép giao thirc Bluetooth. Hon nira, bo
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mach nay ciing tich hop nhiéu thiét bi ngoai vi va mot céng mo rong. B phén nhap
liéu cua Wii Remote bao gém cdc nat, mot bd cam bién héng ngoai va mdt cam
bién gia toc. Cac bd cam bién hong ngoai duge nhiing vao trong mot may anh trong
d6 phat hién anh sang héng ngoai dén tir mot thanh cam bién bén ngoai. Gia toc
dugc do theo cic truc x, v, z (lién quan dén gia toc) va ba hudng chuyén dong (x, y,
z) ¢6 thé dugc tinh duoc thong qua goc nghiéng. Dir liéu dau vao qua cac thiét bi
nhap liéu cuia Wii Remote, trong d6 c6 cam bién gia téc duoc truyén dén mot may
chu Bluetooth thong qua cic giao thirc Bluetooth HID chuan. Cac gia tri gia toc

duoc truyén voi tan s 14y mau 100 Hz.

Hinh 4.1. Wii Remote (bén trai nhit), bo mach Broadcom BCM2042 va vi

tri deo Wii Remote

Trong hé thong nay, cac dbi twong deo Wii Remote trén hong do cam bién

deo bén hong tdt cho viéc phat hién céc hoat dong nga, chay, di by va leo cau thang.

4.1.3. Thudt toan phat hién nga

Hé théng st dung dic trung dé xuat trong chwong 2 va phuong phap phat
hién nga da dé xuat trong phan 2.4.1. Céc dir liéu ldy duoc tir cam bién gia tdc trén
Wii Remote duogc truyén qua Bluetooth toi phin mém xur Iy trung tAm trén may
tinh. Tai day, ludng tin hiéu dau vao sau khi tién xtr Iy s& duoc phan doan thanh cac
khung dir li¢u, thuc hién trich xuét dic trung va dua ra dy doan. H¢ théng duoc
huan luyén sir dung tap dir liéu ngd mo ta & phan 4.1.4, véi cac tham s6 1a s6 ngin

M va s6 doan trong mot khung K duoc t61 wu hoa trén tap dir liéu dau vao, st dung



100

tap t6i vu danh riéng (hold-out validation set). Riéng ddi voi budc tién xir ly dir
liéu, hé thdng can ap dung cac phuwong phap cu thé dé xt 1y tin hiéu bi nhifu cho
hiéu qua. D@)ng thoi, lua chon do dai cira sb trugt cho budc phan doan cting dugc

tién hanh dé tim ra d6 dai phu hop, nhu duoc moé ta trong phan dudi day.

Tién xir Iy dir liéu. Trong cac hé thdng nhin dang hoat dong st dung cam
bién mang trén ngudi, dir lidu 1ay dugc tir cic cam bién thuong bi nhidu va khong
rd rang. Ly twong nhat, & tan sb 1ay mau 100 Hz, mdi gidy cam bién cho ra 100 mau
clia gia tbc voi 3 gia tri trén 3 truc x, y, z. Trong thuc té, ¢ nhiéu yéu td c6 thé gay
ra su mat mat cac mau gia tri nhu sy &nh huong do cac vat dung kim loai dat gitra
cac cam bién va may thu, hay cam bién vo ¥ bi nhiing vao nuéc, v.v. hodc ciing c6
thé 1a do cac tac dong bén ngoai vao chuyén dong 1am cho chuyén dong cua con
ngudi trd nén khong binh thudng (gia st 1a chuyén dong bi tay cham vao). Ngoai
ra, cac cam bién c6 thé tu sinh ra nhidu tiy vao chét luong ctia n6 (vi dy nhu sinh ra
cac gia tri qua 16n hay nho). Trong trudong hop nhu vay, nguodi ta thuong st dung
mot bo loc dé loai bo nhidu, sau d6 sinh ra gia tri phu hop bu lai cho mau bi mét. O
day, cac bo loc dir liéu bao gém bo loc thong thép dé loai bd cac miu co gia tri th?ip
bat thuong va bd loc thong cao dé loc ra cac mau c6 gia tri cao bat thuong. Sau do,
cac mau duge nhom vao cac khung hay cira s thoi gian. Néu mot khung chira it
hon 75% s miu so voi théng thuong, né s& bi loai bo boi vi khong di thong tin dé
phan 16p cac hoat dong. Nguoc lai, khung dugc 1dy miu lai bang cach st dung

phuong phap ndi suy cubic spline [24] dé bu vao mau bi mat.

Phan doan dir liéu. Nhiéu nghién ciru trude d6 da cho thiy do dai cua cta
s6 trugt co anh huong quan trong téi hi€u nang cua thuat toan nhan dang hoat dong
[17,110]. Pé chon dugc d6 dai ctra s6 phu hop can thuc hién mot thuc nghiém dya
trén mot tap con trén tap dir li¢u hién c6. Cac do dai cura s6 duoc thay ddi voi nhidu
gia tri khac nhau, gom 1 gidy, 1,2 gidy, 1,5 gidy, 1,8 gidy, 2 gidy, 2,5 gidy, 3 gidy va
6 gidy, va o dai phu hop nhét duge chon 1a 1,8 gidy. Ly do dé chon d6 dai ctra s6
nhu vay 1a vi d6 dai 1,8 gidy cho phép tranh tré khi xur 1y lién tuc trong thoi gian

thuc, dong thoi ¢ duge do chinh xéc cao.
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4.1.4. Tap dir liéu thu nghiem

Tap dir liéu huén luyén cho tng dung la dit liéu duogc thu thap tor 12 ddi
tuong 14 sinh vién Hoc vién Cong nghé Buu chinh Vién thong. Tt ca cac ddi tugng
tham gia deo Wii ¢ cting mot vi tri (ving that lung) va cing hudéng. Dir liéu cam
bién dugc truyén dén va ghi lai (logging) trén mdt may tinh. Cac ddi tugng duoc
yéu cau thuc hién 12 hoat dong hang ngdy bao gdm di b, nhay, di 1én ciu thang, di
xudng cau thang, chay, vuwon ngudi, lau nha, danh may, ngdi xudng luc dang ding,

dung 1én luc dang ngdi, danh rang, hit bui va 12 tu thé nga khac nhau (cd y).

Céc hoat dong khong yéu ciu phai thuc hién theo thtr tu, dong thoi khong
han ché thoi gian cho tirng hoat dong thyuc hién ddi v&i mdi chu thé. Mbi hoat dong
duoc yéu cau phai dugc thyc hién mot cach tu nhién nhét c6 thé. Ngoai vi¢e ghi lai
dit liéu cam bién, video cua cac ddi tuong thuc hién cac hoat dong cling duoc ghi

lai.

Dé dong bo hoa cac doan video thu thap véi dit lidu gia tde tir thiét bi Wii
Remote, vao thdi diém bat dau cua mdi phién hoat dong, doi tuong dugc yéu cau
lic co thé va tay 3 lan dé tach biét cac doan tin hiéu. Cac doi tuong thur nghiém
duoc hién thi trén video. Ngoai ra, mbc thoi gian ciia cac mau dit liéu ciing ghi lai

vao tap tin nhat ky dir liéu gia tdc.

Céac ddi tuong da dugc dua cho mdt danh sach gém 12 nhan cac hoat dong
dé chd thich cac doan video thu duogc b?mg cach st dung cong cu chu thich video
ELAN Multimedia Annotator. Cac chuyén dong khong phai 13 mét trong 12 hoat

dong hay nga dugc gan nhan la “unknown” (khong r0).

Nhu vay, s6 hoat dong nga trong tap dir li¢u 1a 144 va cac hoat dong con lai
thudc vé 12 hoat dong hang ngay khac (khong phai ngd). Vi nhiéu hoat dong ADL
khac tao ra tin hiéu twong tu voi ngd, vi du nhu nhdy, dang ngdi roi dtng, va rat
nhiéu nhifu, bd dir liéu nay 1a mot thach thirc d6i v6i mot hé thong phat hién nga

can d9o chinh xac cao.
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4.1.5. Két qua thir nghiém

Thir nghiém hé thdng phat hién ngi trén tip dit liéu dd mo ta trong phan
4.1.4. cho két qua kha cao, voi do chinh xac 1a 96,25% + 0,38%, d6 nhay 1a 97,67%
+0,23% va d6 dic hiéu 13 84,34% + 2,32%. Két qua thtr nghiém nhu vay tuy khong
phai 1a t6t nhit so voi két qua danh gia phuong phap phat hién ngi trong chuwong 2
nhung ciing khong ngoai dy doan, do tap dir liéu danh gia twong d6i nhidu nhiéu

nhu d3 chi ra trong phan 4.1.4.

4.1.6. Phan mém

Phan mém xir 1y trén may tinh duoc xay dung dé thu nhan tin hiéu cam bién
gia toc trén Wii Remote qua Wii dongle (giao dién USB), truyén qua Bluetooth.
Trinh diéu khién thiét bi dugc cau hinh qua phan mém Bluesolein. Chuong trinh
phan mém duogc 1ap trinh bang ngdn ngir Java va st dung thu vién giao tiép voi Wii
Remote c6 san 1a wiiusej.jar tir du 4n https://code.google.com/archive/p/wiiusej/ .

Giao dién chinh ctia chuong trinh nhu trong hinh duoi day.
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|2 FALL DETECTOR b - O x

CHU'ONG TRINH TU DONG PHAT HIEN NGU'O1 NGA

FALL DETECTOR

Cau hinh hé thdng: Chon tip dif ligu Tiiy chinh
Piéu khién hé thang: CHAY DUNG
(a)

F A

cO NGU'OI NGA! CAN TRQ GIUP!

OK! ‘

(b)
Hinh 4.2. (a) Giao dién chinh ciia phan mém phat hién ngi tw dong va (b)

thong bao khi phat hién sy kién nga

4.2. XAC THUC NGUOI DUNG VOI CHU KY 3D — SIGVER3D

Phan nay trinh bay mot hé thong xac thyc ngudi dung theo thoi gian thuc
thuan tién cho céac thiét bi di dong c6 san thiét bi cam bién gia tdc, goi la SigVer3D.
Hé thdng nay hoat dong bang cach phén tich cac ludng tin hiéu gia toc tra vé tir cam
bién trén thiét bi di dong khi nguoi dung sir dung thiét bi dé ky chit ky cia ho 1én
khong gian. Chir ky nay dugc goi la chir ky 3D. Bai toan xac thuc & day duogc
chuyén thanh bai toan phan 16p nhi phan va thuc hién huan luyén cac bd phan 16p
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SVM dé xac dinh cac 1an ding nhap thanh cong. Vi viéc st dung phuong phap
trich xuit dic trung hiéu qua da dé& xuit trong chuong 2, két qua thir nghiém cho
thdy hé thong tinh todn nhanh trén céc thiét bi c6 kha nang tinh toan han ché va hiéu
qua khi danh gia trén b dir licu cu chi dugc thu thap nghiém ngat tr mot nhom céc
dbi twong. Cung voi su phd bién cua cac bd gia tée trong cac thiét bi di dong, hé
thong ndy cung cap mot sy bod sung tiém ning vao cac hé théng xac thuc trén cac

thiét bi di dong hién co.
4.2.1. Vin dé xdc thuc cho cac hé thong mang trén nguoi

Ngay nay, thiét bi di dong ngay cang phat trién va hd trg con ngudi trong
moi mat cudc séng. Hang loat cac thiét bi di dong mang duoc trén ngudi nhu dién
thoai thong minh, Google Glass, Nike+ FuelBand, hay Pepple Smartwatch. Cac
thiét bi nay dugc mang theo ngudi moi luc moi noi va thong thuong mang theo rat
nhiéu dir liéu ca nhan quan trong. Ngoai ra, ching qua nho khién cho viéc nhap liéu
rat kho khan. Diéu nay gay ra han ché t&i viée xac thue. Vi du nhu cac thiét bi nhu
cam bién di dong cuc nho tham chi con khdng c6 man hinh cdm ung dé nhap liéu.
Van dé nay thuc ddy cac nha nghién ctru tim ra phuong thirc méi thuén tién, linh

hoat ma van dam bao an toan cho céc thiét bi c6 nhitng han ché nhu vay.

Mot trong cac phuong thirc dugc dé xudt 1a sir dung cac hé thong xac thuc
dua trén sinh tric hoc, thong thuong s€ dua trén cac dac tinh sinh 1y hoc hay hanh vi
ctia nguoi dung. Vi du nhu mat, mong mit [46], van tay [93], ban tay [120], cach
thirc go ban phim [35], chit ky tay [113], giong ndi [97], cach budc di [43], v.v.
Nhiéu hé théng xac thuc hoat dong tdt, vi du nhu cac hé théng nhan dang mat hay
van tay, nhung van c6 thé bi vuot qua [93]. M6t cach khac 1a sir dung chit ky. Day
la mdt phuong thuc xac thuc dya trén dac tinh hanh vi cua nguoi dung, rat phé) bién
va truyén théng cho viéc xac thuc ngudi ding trong ngan hang, cac giao dich ca
nhan. Co hai loai xac thyc dua trén chir ky, bao gém xac thuc tinh dya trén anh va
xac thuc dong dua trén cac dac tinh dong nhu hudng, nét, luc nhén, tbc do ky. Xac

thuc dong thuong duge st dung véi cac thiét bj ¢6 man hinh cam tng. Tuy nhién
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chir ky tinh ciing dé gia mao do nguoi kiém tra bang mat thuong rat khé dé y su
khac biét gitra cac chir ky chinh chu va chit ky cua ké gid mao chuyén nghiép. Chir

ky dong lai bi phu thude nhiéu vao cac thiét bi nhdp nhu man hinh cam ng.

Tac gia dé xuat mot phuong thirc xac thye méi cho nguoi dung thiét di dong
v6i chit ky 3D, duoc goi 1a SigVer3D. Phuong thirc nay c6 ca wu diém vé tinh an
toan cua chit ky va thuan tién cho nguoi dung khi mudn “ding nhap” vao thiét bi di
dong khi khong co cac thiét bi nhap liéu truyén théng nhu man hinh cam Gng, hay
ban phim. Phuong phap dé xuat st dung cac dir liéu cam bién gia toc nhu sau.
Nguoi dung cAm thiét bi di dong va vé& chit ky cua ho trong khong gian dé diang
nhap thong qua viéc di chuyén thiét bi. Khi nguoi dung thyc hién ky, cac dir liéu gia
téc duoc sinh ra va duoc hé thong st dung dé kiém tra ngudi dung. Phuong phap
nay cho phép khic phuc han ché cta nhirng thiét bi di dong khong tién trong viée
dang nhdp (nhu man hinh nho, nhap li¢u kho khan, hoac tham chi khong c6 man
hinh, ban phim). M6t Iy do dé chon chit ky 3D 1am mét khau 13 né d& nhé va dé
thuc hién, dong thoi kho gia mao bai ngudi khac do sir dung céc dic trung sinh tric

hoc va vat Iy bo sung dé lam ting tinh an toan cho viéc xac thuc chir ky.

4.2.2. Phan ciing va méi trwong thu thip dir liéu

Hé théng nay duoc cai dat trén mot dién thoai di dong thong minh Samsung
S3 (xem hinh 4.3) ¢6 trang bi mdt cam bién gia tdc gin trong dung dé cam nhan gia
tdc theo ba truc. Cam bién gia toc tich hop bén trong Samsung S3 13 mdt phan cia
mo-dun LSM330DLC, c6 thé do cac gia tri gia toc voi khoang do day du la + 2g
[156] va téc d6 ldy mau trong khoang 20-120 Hz. Mdi mau tin hiéu 1a mot bo ba
ctia 3 gia tri theo 3 truc x, y, z. Trong hé thong nay, téc do 1dy miu cta bd cam bién

gia toc duoc thiét 1ap tai mic 100 Hz.
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Hinh 4.3. Samsung S3 (trai) va cach nguodi diung cim dién thoai dé ky trong

khong gian (phai)

o H Gl o A G— Abo/
T W S
Hok Uy Cal P e
o Dy 20 Do Ay
W@% Dz o ey

Hinh 4.4. Cac chir ky trong tap dir li€u
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(a) Mot mu chir ky gdc don gian: hinh va dit liéu gia tc twong tmg
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(b) Mot mau chit ky gbe phirc tap: hinh va dif liéu gia toc twong ting
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(c) Mot mau chir ky gde phtec tap khac: hinh va dit liéu gia tbc twong Gmg

Hinh 4.5. Cac chir ky goc (hinh phai) va biéu dién gia toc twong vng (hinh trai)

4.2.3. Thudt toan xdc thuc nguoi dung

Bai toan xac thyc ngudi ding & dy thuc chat 1a bai toan phan 16p nhi phan:
phat hién chit ky gia mao va chit ky chinh chu. Ludng dir liéu ldy dwoc tir cam bién
gia tdc trén dién thoai duge tién xu ly dé loai bo nhiéu, thuc hién trich xuét dic

trung va dua ra du doan. Chi ti€t cac budc dugc mo ta nhu sau.

a) Tién xit 1y dit liéu
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Trong nghién ctru nay, tdc do lfiy mau ctia bo cam bién gia tdc duge thiét lap
tai mic 100 Hz. Tuy nhién, dir liéu cam bién thudng bi nhidu va khong thé st dung
truc tiép duoc. Vi vay, mot sb k¥ thuat tién xur 1y tin hi€u cam bién (nhu mo ta trong
phan 4.1.3 trén day) ciing duoc st dung dé loai bo nhiu va ndi suy cac mau gia tri
bi thiéu hoac 1. Ngoai ra, doan dir li¢u dau tién va cudi cung ciia cac mau tin hiéu

chir ky ciling duoc cit bo do cac doan tin hiéu nay thuong chira nhiéu nhiéu.
b) Phan doan dir liéu va trich xuat dic trung

Céc dac trung duoc su dung 1a cac dac trung da dé xuit trong chuong 2 voi
cac tham s6 1a s6 ngan M va sb doan trong mot khung K duoc toi wu hoa trén tip dit
liéu dau vao, stir dung tap toi wu danh riéng (hold-out validation set). Cac dic trung

trich xudt s& duoc st dung lam dir liéu dau vao cho bd phan 16p.
¢) Phan lép

Do sy hi€u qua ctia may véc-to tya SVM trong cac nghién ctu nhan dang
hoat dong ngudi, nghién ciru nay ciing sir dung SVM véi ham nhan RBF dé 1am b
phan 16p. Céac tham s cta bd phan 16p duoc diéu chinh tu dong bang ham tim kiém
luoi.
d) Céc cAu hinh thir nghiém khac

Danh gia mot hé thong kiém tra doi hoi su phan tich cta hai loai 13i: ty 16 tir
chéi sai (FRR - false rejection rate) cho biét ty 1& cta chit ky gdc bi tir chdi nham
boi hé thdng, va ty 1é chap nhén sai (FAR - false accepted rate) cho biét ty 1é chir ky
gida mao dugc chép nhan boi hé théng. FAR va FRR dugc dinh nghia nhu sau:

FN
FRR=——"
FN + TP *.D
FP
FAR=———— (4.2)

FP+TN
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Trong d6, FP 1a duong tinh gia (chit ky gia mao dugc chap nhan), TP 13 dwong tinh
thue (chit ky gbc dugc phat hién), FN 1a 4m tinh gia (chir ky gdc bi tir chdi khong
ding), va TN 1a am tinh thyc (chit ky gid mao bi phat hién).

Hai d6 do FAR va FRR dugc sir dung dé danh gia hiéu ning ctia phuong
phap cho rat nhiéu hé thng xac thuc. Ngoai ra, mot bién phap do hiéu qua khac 1a
sit dung duong can bang 15i (hay goi 1a ROC - receiver operating characteristics
curve) dé nhan thiy su thay ddi ciia mot 16i ddi véi cac 161 khac nhu thé nao. Puong
ROC thé hién mot dic trung tryc quan cua sy can béng gitta FAR va FRR. Mot
duong ROC thuong duge tom tit boi khu vue nam dudi ROC (goi 1a AUC - Area
Under ROC). Mot s6 do khac 14 ti 1¢ 16i tuong duong (EER - equal error rate) ciling
thuong duge sir dung dé do ludong hiéu qua hoat dong cua cac hé thong kiém tra, 1a
ty 16 ma tai 6 FAR bing FRR. Nguoc lai véi duong ROC, gia tri EER cang thap

thi hé thong kiém tra cang chinh xéac va dang tin cay hon [89].

4.2.4. Thu thap dir liéu thir nghiém

C6 30 dbi twong tham gia trong thir nghiém nay thuc hién viéc ky chir ky 3D
ctia ho. Mot tmg dung ghi nhat ky dit liéu duoc phat trién dung cho nghién ctru nay,
chay trén dién thoai thong minh Samsung Galaxy S3 va thuc hi¢n ghi lai dir li¢u gia
téc theo thoi gian thuc. Nguoi dung bit dau thuc hién ky chit ky 3D cta ho bang
cach cham va giir ngon tay 18n trén man hinh dién thoai. Cac gia tri gia toc 13y tir
cam bién gia téc dugc ghi lai vao mét tip tin nhat ky ké tir khi ngén tay bat dau
cham vao man hinh cho dén khi ngén tay roi khéi man hinh. Cach ngudi dung cidm
dién thoai va ky vao khong gian dugc mo ta nhu hinh 4.3 (bén phai). Qué trinh nay
duoc thyuc hién gidng nhau ddi véi tit ca cac ddi trong, ké ca nhitng ngudi dong vai
lam ké gia mao, c6 gang bat chude chir ky cua ngudi dung chinh chu. Hinh 4.4 cho
thdy chit ky trén gidy ctia cac ddi trong tham gia thir nghiém nay, va hinh 4.5 mé ta

mot sO mau chir ky va cac tin hi¢u gia toc dau ra tuong ung.

M&i ddi tugng duge yéu cau ky chir ky cta chinh ho trén mét to gidy va thuc

hién cac thao tac ky chit ky 3D cua minh 10 1an theo cach dd mé ta ¢ trén. Sau do,
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d6i véi timg ddi twong chinh chi, 10 ddi twong khac duoc Iya chon ngau nhién tir
cac do6i tuong con lai dé dong vai tro 1a ké gia mao. Mdi ké gia mao dugc cho trudc
chir ky trén gidy cua d6i twong da thuc hién chir ky 3D ctia ho va thir ky bat chude 5
lan trong khong gian. Khi d6, voi mdi ddi twong, ching ta ¢6 10 chit ky 3D gbc va
50 chir ky 3D gia mao. Do viy, dit liéu thu duoc bao gdm 1800 mau chit ky 3D
trong d6 300 1a gdc va 1500 méu 14 chit ky 3D gia mao.

4.2.5. Két qua thir nghiém

Két qua thir nghiém cho thdy hé thdng xac thuc c¢6 do chinh xac twong doi
cao va kha tin cay. Gia tri AUC trung binh dat duoc véi gia tri 1a 98,3%, va gia tri
EER thap, tai d6 FRR = FAR = 1,4%. DPiéu nay c6 nghia la ngudi ding gbc thuc
hién dang nhap 1000 1an thi c6 14 1an khéng thanh cong, trong khi dé nguoi gia
mao thuc hién ky 1000 14n thi thanh coéng 14 1an. Két qua nay da cho thiy rang chir
ky dong véi viéc st dung cac dic trung sinh tric hoc va vat Iy bo sung da lam ting
tinh an toan cho viéc xac thyc. Hai nguoi c6 dac tinh sinh 1y khac nhau, ké ca bat

chudce dong tac ky giong nhau ciing kho c6 thé thanh cong.

4.2.6. Phan mém

Phan mém xéc thuc chit ky 3D duogc xay dung trén dién thoai di dong c6 h¢
diéu hanh Android phién ban 4.2, c6 trang bi cam bién gia tbc. Cam bién gia toc s&
dugc tu dong kich hoat va tan sd léy mau cia cam bién gia tdc duoc thiét 1ap tai
mirc 100 Hz trong chwong trinh. Chwong trinh phan mém bao gdm mét giao dién
mo phong mot giao dién ding nhap cho nguoi dung. Ngudi dung co thé xac thuc
thong qua cach thirc nhdp tai khoan nguoi dung bang ky ty hodc st dung chir ky
3D. Trong trudong hop dung chir ky 3D dé ding nhap, ngudi dung ldy mau chir ky
3D 10 1an, hé thong s& tu dong phat hién xem chir ky dang hay sai. Trong chuong
trinh, c6 mot chirc ning “Thiét 14p chit ky 3D” dé 1ay mau chit ky 3D cua ngudi
dung nhim huén luyén cho hé thdng. Chirc ning nay can dwogc thuc hién trude khi
nguoi dung ¢ thé thuc hién dang nhap bang chir ky 3D ctia minh véi dién thoai di

dong. Cach thuc iy chit ky duoc trinh bay nhu trong mé ta 1iy dit liéu ¢ muc 4.2.4
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va can phai ldy 10 mau. Hinh 4.6 duéi day trinh bay mot sb hinh anh minh hoa phan

mém.
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'@ Dang nhap bang chir ky 3D

Cham vao man hinh dé bat dau

(a)

Thong Bao

Chit ky cla ban bi sai. Ban cd mudn nhap lai khéng?

Thoat Tiép Tuc

(b)

: | Tao chir kv

Tap file Chuky1.csv da san sang

Cham vao man hinh dé bat dau ghi file

(c)

Théng Bao

M3u s& 5 chir ky cla ban d3 dugc ghi. Ban cdé mudn tiép tuc?

Tiép Tuc

(d)

Hinh 4.6. Cac hinh dnh minh hoa cho phin mém “Xac thue bing chir ky 3D”
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43. KET LUAN CHUONG

Chuong nay da trinh bay hai rng dung nhan dang hoat dong ngudi trong thoi
gian thuc hitu ich dya trén cac dic trung di dé xuit trong chuwong 2. Thir nhat 13 hé
thong phat hién ngudi nga trong thoi gian thyc dé trién khai, va c6 tinh ung dung
cao do sir dung cac phan cimg pho bién c6 sin véi gia thanh ré. Thi hai 1a hé thong
xac thyc nguoi dung dya trén chir ky 3D. Pay 1a mot phuong phap xac thuc méi két
hop wu diém cua chit ky va cam bién gia toc trén thiét bi di dong, giup cho nguoi
dung co thé dang nhap hé thong hay tng dung mot cach thuan tién, khong bi nhiéu
han ché do nhiing gidi han cia cach thirc nhap li€u cii phu thuoc vao man hinh hay
ban phim. Phuong phép xac thuc nay ciing 1a mot phuong an bd sung tét cho cac
phuong phép xac thuc hi¢n tai trén cac thiét bj di dong hoac tham chi cho cac ung

dung giao dich thuc té bang chit ky viét tay.

Hai ung dung da trinh bay & trén ciing chirg minh rang phuong phép nhan
dang hoat dong st dung dic trung HALF dé xuét trong chuong 2 khong nhitng c6
thé dam bdo nhdn dang hoat déng chinh xdc ma con cé khd néing iing dung tot
trong thye té do ¢é kha nang xdy dung cdc hé thong yéu cau thoi gian thuwc véi tdi

nguyén han ché.

Noi dung trinh bay trong chuong nay duoc tong hop dua trén két qua cac
cong trinh nghién ciru s6 4, s6 5 va sb 6 cua tac gia. Cong trinh nghién ctru s6 4 mod
ta ngan gon ung dung phat hién ngd sir dung dic trung HALF nhung voi phuong
phap phan cum tha cong, tuy nhién ung dung trong chuong nay st dung dac trung
v6i phuong phap phan cum ty dong mé ta trong cong trinh nghién ctru sé 6. Cong
trinh nghién ciru s6 5 mo ta cu thé tng dung chit ky 3D sir dung dic trung HALF
cling v6i phuong phap phan cum tha cong, dugc thay thé bang phuong phap phan

cum tu dong trong cong trinh nghién ctru s6 6 c6 uu diém hon.



114

KET LUAN

Nhén dang hoat dong ngudi 13 mot chii dé nghién ctru quan trong trong nhiéu
linh vuc nhu tinh toan nhan biét ngit canh, tinh toan khap noi, twong tic nguoi-may,
tinh toan di dong. Ludn an nay di nghién ctru mot hudng tiép can vé chu dé nay, d6

1a nhan dang hoat dong str dung cam bién mang trén ngudi.

Dui ¢6 chung nhiéu van dé vé miat phuong phéap luan véi cac linh vuc nghién
ctru khac nhu thi gidc may, xir Iy ngén ngit ty nhién, hay nhin dang tiéng noi, nhan
dang hoat dong dya trén cam bién mang theo ngudi van cé nhiéu khoé khan riéng,
doi hoi cac phuong phap tinh toan chuyén biét ké ca khi tin dung cac phuong phap
hién dang sir dung trong cac linh vyc khac. Nguyén nhén 1 vi bén canh nhing van
dé chung cua bai toan nhan dang mau, xuét hién mot sb6 van dé mang tinh dac thu
ddi v&i nhan dang hoat dong st dung cam bién mang trén ngudi. Dya vao céc
nghién ctru co ban vé phuong phap nhan dang hoat dong sir dung cam bién mang
trén ngudi, ludn an tip trung giai quyét hai vin dé quan trong ton tai trong linh vuc
nay, d6 13 ddm bdo nhdn dang hoat déng chinh xdc cho cdc hé théng doi héi thoi
gian thye bi han ché vé tai nguyén va xdy dung phwong phdp nhdn dang hiéu qua

vOi nhiéu loai hoat dong nguoi.

Ddi v6i van dé dam bdo nhdn dang hoat dong chinh xdc cho cdac hé théng
doi hoi thoi gian thiee bi han ché vé tai nguyén, luan an dé& xuat phuwong phap trich
xuét dic trung mdi co té¢ do nhanh cho céc ung dung can nhén dang mot s6 hoat
dong riéng lé, sit dung cam bién mang theo ngudi voi yéu cau xt 1y thoi gian thuec.
Phuong phap trich xut dic trung méi, duge goi 1a HALF, c6 thé phan biét tot cac
hoat dong c6 dac tinh dir li€u tuong tu nhau, phu hop cho nhiéu loai dit liéu trong
cac hé théng nhan dang hoat dong su dung cam bién deo trén nguoi, thich hop cho
cac hé thong di dong théng minh, nhé gon véi ning luc tinh toan thap, dic biét 1a
cac hé thong doi hoi thoi gian thyc. Viée thir nghiém va danh gia két qua cua

phuong phap duoc thuc hién trén cac tap dir liéu da cong bd rong rai. Két qua cho
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thdy, phuong phap dé xuét cho két qua t6t hon so véi mot sb phuong phap méi

dugc dé xuit gan day.

Pbi v6i v6i van dé xdy dung phwong phdp nhdn dang hiéu quad cho nhiéu
loai hoat dong nguwoi, luan an dé xuat phuong phap trich xuat dic trung tu dong dua
trén hoc dic trung cho cac bai toan nhan dang hoat dong nguoi. Cac dic trung dé
xudt 1a cac dic trung da mirc MPF c6 kha ning cai thién vé do chinh xé4c trong nhan
dang hoat dong ngudi so véi cac dic trung da mirc kiéu cii, ddng thoi khic phuc
dugc cac han ché vé mat toc do khi xir 1y. Viéc thir nghiém va danh gia két qua
duoc tién hanh trén 3 tap dir liéu di cong bd rong rai. Két qua thir nghiém cho thiy
phuong phap dé xuat c6 két qua tot hon dang ké so voi mot sé phuong phap nhan

dang hoat dong ngudi tién tién nhat hién nay.

Cudi cung, luin 4n ciing md ta hai tmg dung nhan dang hoat dong ngudi kha
thi dugc xay dung dua trén cac phuong phap dé xuét, bao gdm: itng dung phdt hién
nga trong thoi gian thuc va ung dung xdac thuc nguoi dung sw dung chit ky 3D. H¢
thong phat hién nga st dung cac bo cam bién deo trén ngudi ¢ chi phi thap va dé
trién khai, c6 thé phat hién ngd mot cach chinh xac trong thoi gian thyc. Hé théng
xac thyc ngudi dung cho phép céc tng dung cai dit trén thiét bi di dong thong minh
c6 thé xac thuc ngudi dung thong qua hanh dong “ky tén” trong khong gian trong
thoi gian thuc. Cac hé thdng nay déu c6 hiéu ning t6t khi thir nghiém véi tap dix

liéu cua nguoi dung.
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