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MO PAU
1. Tinh cip thiét ciia luin 4n

Nho vio sy tién bo ctia cong nghé va cic nhu cu ing
dung trong nhitng ndm gan déy, nghién ctru vé nhan dang hoat
dong nguoi da co6 dugce su phat trién manh mé. Co nhiéu bai
toan thuc té cn cac giai phap dua vao nhan dang hoat dong dé
tao ra cac cach thuc tuong tac da dang, chu dong cung cp cac
dich vu trg giup nguoi dung hoan thanh cong viée.

Hién nay, c6 ba cach tiép can pho bién dé giai quyét bai
toan nhan dang hoat dong, bao g(‘Sm: nhan dang hoat dong dua
trén thi giac may tinh, nhan dang hoat dong dua trén cac cam
bién gin trong moi truong xung quanh va nhan dang hoat dong
dua trén cam bién mang trén ngudi. Hai cach tiép can dau déu
¢6 han ché do cac hoat dong ciia nguoi dung bi gidi han trong
mdt moi truong ¢ dinh va hé théng cling can dugc trién khai,
lip dat san trong moi truong. Cac han ché nay 1a rao can cho
viéc trién khai rong rai cac g dung nhan dang hoat dong nguoi
trong thuc té. Cach tiép can thir ba str dung cam bién mang theo
trén co thé nguoi dd mé ra nhidu tng dung tiém ning trong nhan
dang hoat dong do hoat dong ctia nguoi dung khéng bi gidi han
trong nhiing khong gian lip san cac thiét bi. Cach tiép can nay
mang lai kha ning cung cp nhiing sy trg gitip théng minh, giao
tiép 4o tai bat ky noi dau va bat ky khi nao, thong qua viéc quan
sat cac hoat dong tir goc nhin nguoi dung.

Bai toan nhan dang hoat dong ngudi néi chung va nhan

dang hoat dong dya trén cam bién mang theo nguodi ndi riéng
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cling co thé tiép can theo hai hudng, d6 1a nhan dang dya trén
tri thirc va nhan dang dua trén dir liéu. Cach tiép can dua trén
tri thirc c6 nhuge diém 1a can nhiéu chi phi vé thoi gian va kinh
nghiém cua chuyén gia dé xay dung duogc tap luat suy dién tdt,
viéc cap nhat ty dong cac luat 1a khong kha thi do nguén dir liéu
d4u vao thuong khong c6 cu trac va ludn bién dong, dong thoi
khong c6 kha nang xir 1y thong tin tam thoi va chua ré rang.
Cach tiép can dua trén dir liéu st dung cac quy tdc nhan dang
duoc xay dung dya trén cac tap dit liéu hanh vi nguoi dung 16n
c6 san va cac ki thuat hoc may, théng ké. Do dua trén dir liéu
nén cach tiép can nay dam bao duoc rang hé thong c6 thé cap
nhat cac quy tdc nhan dang hoat dong mot cach tu dong ma
khong phu thude vao tri thirc chuyén gia cling nhu c6 kha nang
xtr Iy cac thong tin tam thoi va chua 16 rang. Ddng thoi, hé thong
ciing c¢6 kha ning thich nghi cao va tan dung dugc ngudn dir
lidu c6 san. Chinh vi vay, cach tiép can nay dugc quan tim
nghién ciru nhiéu hon so véi phuong phap nhan dang hoat dong
dua trén tri thic.

Dé tai “Nghién ciru phiong phdp hoc mdy cho nhén
dang hoat dong su dung cam bién mang trén nguoi” dugc thuc
hién trong khuon kho luan 4n tién si chuyén nganh hé thong
thong tin nham goép phan giai quyét mot sd van dé con ton tai
trong phuwong phap nhan dang hoat dong sir dung cam bién
mang trén nguoi.

2. Muc tiéu, dbi tweng va pham vi nghién ciru
Muc tiéu ctia luan an 1a nghién ctru dé& xuit mot sb

phuong phap hoc may nhim ting cudng hiéu ning cho cic hé



thdng nhan dang hoat dong str dung cam bién mang trén ngudi,
cu thé 1a dé xuit cac phuong phap trich xudt dic trung méi va

hi€u qua cho nhéan dang hoat dong, voi hai muc ti€u:

e Nghién ctru va dé xuit phuong phap trich xuat dic trung c6
toc d nhanh cho cac tmg dung nhan dang mot sé hoat déng
riéng 1é, v&i yéu cau vé thoi gian thue va chay duoc trén

c4c thiét bi thong minh mang theo nguoi.

e Nghién ctru va dé xuit phuong phap trich xut dic trung
gitip nang cao dg chinh xdc cho hé thdng cin nhan dang
nhiéu loai hoat dong.

Nhu vay, cdc phwong phap hoc may s€ dugc st dung
dé nghién ctru va dé xuét cac phurong phdp trich xudt ddc trung
moi trong cdc hé théng nhan dang hoat dong su dung cam bién
mang trén nguoi. Cac phuong phép trich xuét dic trung nay co
thé phu hop voi cac hé thong trg gitp c4 nhan thong minh nhé
gon mang theo ngudi, nang luc xir Iy thap va yéu cau hoat dong
theo thoi gian thuc, hodc phit hop véi hé thong can nhan dang
nhiéu hoat déng ngudi phuc tap. Cac hoat dong con ngudi bao
gdm cac hoat dong trong cudc séng hang ngay, cac hoat dong
san xuét, giai tri, thé thao, 1a cac chuyén dong ctia co thé co thé
ghi nhén va phan biét duoc bang cac cim bién mang trén nguoi.
3. Cic déng gop cia luian an

DPong gop thir nhit cua luan 4n 1a dé xuat mot phuong
phap trich xuét dic trung méi don gian, hidu qua dya trén tin
hiéu cam bién mang trén nguoi cho cac bai toan nhan dang hoat
dong riéng 1é goi la HALF. Cac dac trung nay c6 kha nang tinh
toan nhanh, pht hop cho cac hé théng di dong thong minh nho
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gon v6i ning luc tinh toan thap, dic biét 1a cac hé thong doi hoi
thoi gian thue. 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 tdc.

Dong gop thir hai ciia ludn 4n 14 dé xuat phuong phap
trich xuét dic trung tw dong cé do chinh xdc cao cho nhiéu loai
hoat dong nguoi dua trén hoc ddc trung, goi la MPF. Cac dic
trung dé xudt khong nhiing cai thién dugc do chinh xac trong
nhan dang hoat ddng ngudi so voi cac dic trung da mirc kiéu cii
ma con giup loai trir dugc cac han ché vé& mat toc do xir ly, déng
thoi phii hop dé nhan dang nhiéu loai hoat dong nguoi.

Dong gop thir ba ciia ludn an 1a ap dung phuong phap
trich xuét dic trung di dé xuit dé xay dung cac ung dung nhan
dang hoat dong ngudi c6 tinh kha thi trong thuc té, bao gdm:
phat hién ngad trong thoi gian thyc va xdac thuc nguoi dung su
dung chir ky 3D. Hé théng phat hién ngd st dung cac bd cam
bién deo trén nguoi ré tién, va d& trién khai, c6 thé phat hién
ngd trong thoi gian thuc. Hé théng xac thuc trén dién thoai
thong minh c6 thé xac thuc ngudi dung thong qua hanh dong
“ky tén” trong khong gian (goi la chir ky 3D) trong thoi gian
thue.

3. B6 cuc ciia ludn 4n

Nbi dung luén 4n duge xdy dung thanh bén chuong.

Chuwong 1. Gidi thiéu téng quan vé nhin dang hoat
dong sir dung cam bién mang trén ngudi, bao gdbm gidi thiéu
chung vé& nhan dang hoat dong nguoi, cac loai cam bién, cac

hoat dong nguoi va kién tric hé théng nhan dang hoat dong.



Cubi cing la phan loai cac phuong phap trich xut dic trung
cung nhirng vu nhuoc diém trong ting phuwong phap. Tir nhitng
co sO nghién clru nay s€ xac dinh rd hudéng nghién ctru cta luan
an.

Chwong 2. Trinh bay phwong phap trich xut dic trung
HALF. Noi dung trinh bay trong chuong nay duoc téng hop dua
trén két qua cac cong trinh nghién ciru s 1, s 2, s6 4 va s6 6.

Chuong 3. Trinh bay phuong phap trich xuét ty dong
MPF nho hoc déc trung. N§i dung trinh bay trong chuong nay
dugc tong hop tir két qua cong trinh nghién ctru s6 7 cua tac gia.

Chuong 4. Trinh bay hai ung dung nhan dang hoat
dong nguoi. Noi dung trinh bay duoc tong hop dua trén két qua
cac cong trinh nghién ctru s6 4, s6 5 va sb 6 cua tac gia.

Cudi cung 1a mdt s0 ket luan v luan an.

CHUONG 1: TONG QUAN VE NHAN DANG HOAT
PONG SU DUNG CAM BIEN MANG TREN NGUOI
1.1. Kién tric hé théng nhin dang hoat dong nguoi
Nhéan dang hoat dong nguoi la qua trinh giam sat va
phan tich hanh vi nguoi dung va trang thai moi truong xung
quanh nhim suy dién/nhan dang cac hoat dong dang xay ra. Mot
trong nhitng muc tiéu cua nhan dang hoat dong la cung cép
thong tin vé hanh vi ctia ngudi ding, tir d6 cho phép hé thong
tinh toan chu dong hd trg nguoi dung trong cong viéc.
Mot hé théng nhan dang hoat dong nguoi néi chung nhan
dir liéu dau vao 1a dit lidu thd l4y ra tir cic cam bién va thong

thuong gdm cac budc nhu sau: tién xir 1, phan doan, trich chon
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dic trung (gom trich xuit dic trung va lwa chon dic trung), huin

luyén va phan 16p hoat dong (xem hinh 1.1).

Dir li¢u
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Hinh 1.1. Kién tric hé thong nhin dang hoat dong ngudi

1.2. Cac phuwong phap trich xuit dic trung
1.2.1. Trich xuit dic trung theo tri thirc chuyén gia

Tin hiéu gia tdc 1a tin hiéu c6 mic d6 dao dong 16n, do
d6 rat kho co6 thé nhan dang nhitng mau co ban khi chi sir dung
cac gia tri tho cua tin hiéu chwa xur 1y. Hiu hét cac hé théng
HAR hién thoi str dung cac dac trung theo mién thoi gian hodc
tan s6. Phuong phap trich chon dic trung thuong duoc sir dung
1 tinh to4n céac dai lugng thong ké truc tiép trén dit lidu tho dau
vao clia cam bién, doc 1ap trén timg khung dir liéu dugc phan
doan boi cira s trugt. Cac dai lugng thong ké phd bién nhat bao
gdm: trung binh, do 1éch chuin, phwong sai, ning luong, trung
binh dao ham, khoang tir phan vi, entropy, tuong quan giira cac
truc, skewness, d0 nhon (kurtosis). Trong mién tin sd, cac
phuong phap nhu bién ddi Co-sin roi rac (Discrete Cosine
Transform) va bién d6i Fourier (Fourier Transform) duoc ap
dung va mang lai nhiing két qua kha quan. Cac dic trung thong
ké duoc st dung nhiéu nhit trong cac nghién ctru do tinh toan
don gian va hiéu ning cao trong rat nhidu bai toan nhan dang

hoat dong nguoi.



Trong truong hop bai toan phan biét ngd va cac hoat
dong khéc thi cac dic trung thong ké néu trén lai khong hiéu
qua. Ly do 1a ngi va mot sé hoat dong twong tu ngi khac nhu
dung ngdi, ngdi ndm, nhay,... c6 tin hiéu vai tinh chat twong tu
nhau va d& gay nham 1an. Cach tiép can truyén thong dua trén
ngudng cd kha nang phat hién ngd nhanh, don gian va tuong
ddi chinh xéc, tuy vay lai thuong bi ti 1€ canh bao gia cao va
trong nhiu tinh hudng lai khong hiéu qua, dan t&i kha ning
khai quat hoa thap. Dé tang tinh khai quat héa va hi¢u qua phan
biét nga thi cac cach tiép can duwa trén hoc may gan day nhu dé
xuét sir dung céc tdp gom nhiéu dic trung thng ké phirc tap
hon. Tuy vay, d6 phtc tap cua tip dic trung 16n dan téi tinh kha
thi ciia cac phwong phap nay bi han ché do kho c6 thé tinh toan
nhanh trén hé thng c6 ning lyc xu 1y thip va thoi lwong pin
ngin nhu da s6 cac thiét bi trg gitp c4 nhan di dong théng minh
mang theo nguoi, dac biét 1a cac hé théng doi hoi thoi gian thyc.
Do d6, chiing kho c6 thé tmg dung dugc trong thyc té hién nay,
khi nguoi dung cAn su thuén tién cao véi cac thiét bi di dong trg
gitip ca nhan théng minh, nho gon. Pay chinh 1a mot vén dé ton
tai trong nghién ctru nhan dang hoat dong stir dung cam bién
mang trén ngudi, 46 1a can phdi ¢6 cdc phwong phdp biéu dién
ddc trung mdi, hiéu qua c6 thé phan biét tét ngd va cdc hoat
dong khac co dac tinh dir ligu twong tu, co kha nang tinh toan
nhanh d@é chay dwoe trén cac hé thong yéu cau xir 1y theo thoi
gian thire va bi han ché vé tai nguyén. Van @& ton tai ndy s&
duoc ban luan va giai quyét trong chuong 2.

1.4.2. Trich xuit dic trung tw dong bing hoc dic trung



Céc dic trung dua trén tri thire chuyén gia nhu théng
ké thuong duoc sir dung trong cac hé théng nhan dang hoat
dong do tinh don gian va hi¢u qua. Tuy nhién, chiing chi hoat
dong hi¢u qua khi tng dung dé phan biét mot s6 hoat dong don
gian, cu thé ma khong dap tmg duoc khi can phan biét tap cac
hoat dong sdng hang ngay (ADL -Activities of Daily Living)
nhiéu va da dang hon. Mot cach tiép can cho van d& nay 1a sir
dung mot t& hop cac dic trung théng ké phirc tap hon. Tuy nhién
cach tiép can nay lam ting chi phi va gy khé khan cho viéc xay
dung hé théng nhan dang hoat dong nguoi.

Mot phuong phap khac hi€u qua la sir dung hoc dac
trung, nghia 1a tim cach t8i wu hoa mot ham muc tiéu dé “bit
duoc” su phu hop cta cac dac trung cho moi dir liéu. Cach tiép
can nay co thé tim duoc mot biéu dién dic trung chung cho moi
dir liéu, déng thoi rat kha quan trong viéc cai thién do chinh xac
nhan dang. Cac phuong phap khac duoc thir nghiém va c6 két
qua tot trong nhan dang hoat dong ngudi nhu: PCA, ECDF dya
trén PCA, hoc dac trung str dung cac k¥ thuat hoc sau voi CNN
va hoc dic trung dua vao phuong phap tai tur (BoW — Bag of
Word). Hoc ddc trung dua vao BoW tao ra cac dic trung da
mirc. C6 thé hiéu rang cac dic trung nay duoc xac dinh bang t6
hop cua cac dic trung co s ctia chuyén dong co thé ngudi. Pic
trung da muc khong qua doi hdi nang luc xur Iy cao nhu cac dac
trung dua trén hoc sau. Pac trung da mirc dugc tinh thong qua
cac budc: phan cum dit liéu st dung mot phuong phap phan
cum dé tinh cac théng ké sy xuét hién ctia nhoém trén mot ctra

sO trugt, sau d6 cac dic trung c6 y nghia duge tao nén thong
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qua céc tinh toan vé quéng thoi gian, tin sb va sy kién dong xay
ra tor dir liéu. Cac m6 hinh BoW cho nhan dang hoat dong
thuong dugc xay dung theo ba budc sau: trich xuét dic trung,
hoc tir vung (vocabulary hay codebook) va cudi cing 1 xay
dyng phan phéi tan suét (histogram) ciia cac tir (chuyén dong).
Cac dac trung duoc trich xuét thuong la cac dac trung cuc bo,
duoc tinh toan tir cac phan doan nhé cua cira sd thoi gian. Tur
vung co thé duoc hoc béng cach stir dung thudt toan phan cum
khong giam sat dé nhom cac dic trung thanh cac cum (cluster).
Tung trung tdm cua cum tao thanh mot tr (hay véc-to ma/code
vector), va mot tap cac tur tao ra tur tap dit liéu tao thanh tir vung.
TAn suét xuét hién cta céc tir ¢o trong tir vung tao nén biéu d6
tan suat cua cac tir.

Cac déc trung da mirc ¢6 dugc thong qua hoc dac trung
dua trén mo6 hinh BoW dua trén cac phuong phap phan cum
khong gidm sat nhu k-means c6 cac han ché vé do phuec tap tde
d6 tinh toan khi dir liéu dau vao c6 s6 chiéu 16n, gy ra khé khin
cho viéc ap dung trong thuc té. Van dé nay s& duoc phan tich
va giai quyét trong chwong 3, voi dé xudt cua tac gia vé st dung

cac dac trung MPF dé tang tdc do tinh toan va do chinh xéc.

CHUONG 2: NHAN DANG HOAT PONG VOI CAC
PAC TRUNG HALF
2.1. Thong ké vé phén phdi tin suit goc ciia cac hoat dong
Xem xét cac phan phéi xac suit goc cho nhiéu loai hoat
dong voi dir lidu 14y tir 3 tap dir lidu st dung trong phén thir

nghiém cho thay: (1) Ba kiéu ngi 13 ngd trude, ngd sau va nga
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sang bén vé co ban c6 phan phdi xac sudt trong tu nhau. (2) So
sanh nga véi 6 hoat dong khac 1a ditng, di bg, chay bo, nhay,
ngoi, di cau thang, phan phdi xac suat theo goc cua cac hoat
dong nay khac han nhau, trir ngd va ngoi. Didu niy cho thay
viéc str dung phan phdi tin sudt goc cua cac manh tin hiéu ndi
hai diém c6 thé giup phan biét duoc nhiéu hoat dong. Ngoi va
ngd c6 phan phdi xac sut gin gidng nhau do c6 tinh chat tin
hiéu gia tdc twong tu nhau.

2.2. Cac dac trung HALF

bac trung HALF (Histograms of Angles of Line
Fragments between Two Consecutive Points) duoc dé xuét véi
¥ tuong 14 v6i cac loai chuyén dong khac nhau, biéu db tin hiéu
gia tdc s& c6 hinh dang thay ddi khac nhau. Dic trung vé su thay
dbi gia toc trong mot cira sb thoi gian cia tin hidu gia toc ¢ thé
dugc ndm bat thong qua thong ké, phan phdi vé tan suét goc cia
cac doan nbi hai diém dir lidu lién tiép.

Thuat toan trich xuét dic trung nhu sau. Dau tién, mdi
khung tin hi€u duoc chia thanh cac manh nho hon (quantum) co
d6 dai I. Goc ctia manh duge tao boi vée-to ndi gitra diém dix
lidu dAu va cudi cia manh véi truc ngang thoi gian x nhu trén
hinh 2.6. Sau khi tinh toan goc clia mdi manh, can thyc hién tinh
mdt phan phbi tan sudt (histogram) clia cac goc nhd viée chia
toan bd khoang gia tri goc sang dang khoang, dugc goi la cac
ngan, va dém s cac manh co goc thude timg ngdn. Khoang gia
tri cia ngan dugc hoc thong qua viéc st dung cac phuong phap

phan cum nhu A-means d€ nhom cac géc ciia manh trong cac
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khung trong tap huén luyén thanh M cum. Phan phéi tin suét di

tao c6 thé duoc sir dung 1am dic trung cho khung dang xét.
@

160 200
| |

y (m/s’)

100
|

a0
|

) x(ms)

(k)

220
1

180
I
%
5

y /)
|
1‘:5

140
|

®(ms)

Hinh 2.6. Vi du vé mdt manh (quantum) va huéng ciia n6

Dé nim duoc thong tin vé vi tri twong ddi ciia manh
trong mot ctra sd, cin ap dung thuat toan di trinh bay cho K
doan dit liéu nho hon lién tiép nhau trén khung di liu dé tao ra
cac véc-to dic trung cuc bd. Véc-to dic trung cia ca khung
dugc tao ra bang cach ndi K véc-to dic trung cuc bo tir K doan
trong khung.

Do tbc do léy mau cho céc hoat dong str dung cam bién
gia tdc thuong tir 50 Hz dén 100 Hz, nghién ctru ndy chi st dung
manh véi d6 dai bé’mg [= 1. Hai tham s6 con lai c6 thé xac dinh
dugc théng qua thyc nghiém hay t6i wu hoa.

Trong truong hop gan nhin dir liéu dau vao, do phirc

tap thuat toan bang téng do phirc tap thudt toan cia tit ca cac
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budc trir bude phan cum. Do phire tap cho tim kiém gan cum
chi mit O(log M) va thuc té s6 cum M nhé hon 100 nén do phirc
tap s€ la O(N).

2.3. Thir nghiém

2.3.1. Phwong phap phat hién nguoi nga

Thuét toan dé& xuét thuc hién phat hién nga béng cach
phan loai mét cira s6 tin hiéu hoat dong thanh “ngd” hodc
“khong ngd”. Dit liéu ddu vao 1a 3 ludng tin hiéu gia tdc theo ba
truc x, y, z. Thuat toan phét hién nga gdbm 3 budc: phan doan dir
lidu, trich xuat ddc trung va phan 16p. Trong budc phan doan dir
lidu, can thir nghiém cac khung cira so truot véi cac kich thude
khac nhau dé tim ra gia trj toi wu. Cac dic trung HALF tir mdi
khung dugc trich xuét va sau d6 dugc dung lam dir liéu dau vao
cho bo phan 16p SVM dung cho phat hién nga.

Do céc dit liéu huén luyén cho mo hinh phat hién ngi
mét can bang va d& gdy ra hién tuong qua vira dir liéu, nghién
ctru nay st dung phuong phap SDC cua tac gia Akbani, giup
SVM c6 thé hoat dong hiéu qua hon.

Céc d6 do duoc sir dung gdm do chinh x4c (accuracy),

d6 nhay (sensitivity), dd dac hiéu (specificity).
TP+TN

Accuracy = (2.1
TP+ FP+TN+FN
Sensitivity = P (2.2)
TP+ FN
TN
Specificity = (2.3)
peciicity = rp

2.3.2. Tap dir liéu thir nghiém
Phuong phép dé xuét dugce danh gia thir nghiém trén 3

tap dit liéu ngd cong khai, dugc st dung nhiéu trong cac nghién



13

ctru vé nga, bao gém: tap dir liéu DLR, MobiFall2, tFall. Cac
tap dir li€u trén chira nhiéu dit liéu cam bién vé cac sy kién nga
va hoat dong thuong ngay khac. Sau qua trinh tién xir 1y, thu
dugc 2771 khung ADL va 36 khung dir 1i€u nga tr tap dir licu
DLR, 1832 khung ADL va 288 khung dir li¢éu nga tir MobiFall2,
va 7816 khung ADL va 503 khung dir liéu nga tr tFall.
2.3.3. Két qua thir nghiém va danh gia

Phuong phap da dé xuét (pp3) duoc so sanh v6i ba
phuong phap khac dugc dé xuat boi Pham va cong su (ppl),
Jantaraprim va cdng su (pp2) va Ozdemir (pp4), trén ca 3 tap
dir liéu. Cac két qua duoc mo ta trong bang 2.3 va duoc trinh
bay v6i cau trac do chinh x4c trung binh + d6 1éch chuén.

Bang 2.3. Cac két qua phat hién ng trén 3 tap dir liéu

Phwong phap DLR MobiFall2 tFall
(ool 98,11% =+ 96,51% =+ 95,62% =+
0,20% 0,41% 0,53%
(p2) 98,83% =+ 96,22% + 96,18% =+
0,50% 0,34% 0,46%
©p3) 99,93% + 99,20% =+ 98,70% +
0,08% 0,45% 0,32%
(opd) 99,27% =+ 98,76% =+ 97,92% =+
0,19% 0,23% 0,41%

Két qua chi ra ring phuong phap da dé xuit co két qua
cao nhit trén ca 3 tap dir li€u. Muc tang ctiia d¢ chinh xac voi
phuong phéap dé xuét so véi (ppl) va (pp2) 1a dang ké trén ca 3
tap dir liéu, con so véi (pp4) 1a xap xi. Dong thoi, theo sb liéu

tdc d6 nhu bang 2.4 va phan tich vé do phtre tap thuat toan, co
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thé thdy duoc rang phuong phép trich xuét dic trung HALF c6
kha ning tinh toan nhanh do do phirc tap thap, phu hop véi cac
thiét bi trg gitip ca nhan thong minh, c6 yéu cau xir 1y thoi gian
thue.

Bang 2.4. Téc d phat hién nga trén tap dir li¢u tFall

Phuong phap Tap dir liéu tFall (1000 miu)
(pp1) 2,86 gidy
(pp2) 1,15 giay
(pp3) 3,01 giay
(pp4) 15,02 gidy

CHUONG 3: HOC CAC PAC TRUNG PA MUC MPF

3.1. Gioi thi¢u

Chuong nay dé xuat mot phuong phap thay thé dé xay
dung tap tir vung chuyén dong (motion vocabulary) va thuc
hién gan céac biéu dién dic trung bang cach st dung mot két hop
lwong nho cac cay quyét dinh hay duoc goi 1a motion primitive
forests (MPF). MPF hoat dong giong nhu céc cdy phan nhom
thong qua viéc nhém cac mo ta cuc bo tuwong ty trong cac nut
la. Qua trinh nay duoc dinh hudng bdi cac nhan cia hoat dong
va nhanh hon nhiéu so v&i k-means. Loi thé cua viée st dung
cum cdy quyét dinh trong viéc hoc tr vung
(vocabulary/codebook) da dugc minh ching trong cac nghién
ctru xir Iy anh, nhung déy 1 1an dau tién duoc 4p dung cho nhan
dang hoat dong dya trén cam bién. D& xuit thir hai la xay dung
cac dac trung cuc bo méi don gian, phu hgp khi st dung véi

MPF. Cac dic trung nay la cic gid tri bao gdm nhiing gié trj tho
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chua xtr Iy cua cac diém dir liéu hodc cac gia tri tng, hiéu cua
2 diém dit liéu. Nhitng gia tri ndy c6 thé tinh toan nhanh, dong
thoi co thé gitp cho nhéan dang hoat ddng chinh xac nhu cac dac
trung cuc bd phic tap khac.
3.2. Phuwong phap hoc dic trung MPF
Céy t1 Cay tz
Frame n W!W\ ’WN" Wi

Shcez w\/b\ﬂw«\ E |:> K/\ / \b (ﬂ\

Slice 3 vvwvxff.,w A 1 N m
a) b) 0

Cay i Ciy

— —
bl il

d)
Hinh 3.1. (a) 3 lat tin hi¢u (slice) dwoc phan doan tir mgt
khung hoat dong (frame) v6i d chdng Ian 1a 50%, (b) cac
diic trung dwoc trich xuit tir méi lat tin hiéu, (c) MPF véi

B§ phan lép
SVM ... <=

Tan suat

vai tro 1a tir vang chuyén dong, (d) phan phoi tin suit ciia
chuyén dong gbc (motion primitive histogram)

Dau vao la chudi dir liéu cam bién lién tuc 3 chiéu.
Béng cach st dung mot cira s6 truot, chudi dit liéu cam bién
lién tuc duoc phan doan thanh cac khung c6 kich thudc bang
nhau, trong d6 chiéu dai cua chung cé thoi lugng dai hon
khoang thoi gian cho mot hoat dong bat ky. Mdi khung sau d6
s& dugc phan chia thanh cac 1at tin hidu (hay céc slice) bang

nhau (c6 thé chong 1an) dé mdi 14t tin hiéu nhé hon nhiéu so véi
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khung (frame) cta né (hinh 3.1(a)). Tir mdi lat tin hiéu, trich
xuét cac dic trung dé tao thanh mot véc-to dac trung cuc bo.
Trong giai doan huén luyén, néu mot khung chira mot hoat dong
thi nhan ctia hoat dong d6 sé dugc gan cho toan bg khung ciing
nhu cac lat tin hi€u cta n6. Trong pha dy doan, bai toan trd
thanh dy doan nhan 16p hoat dong cho mdi khung.

Cac véc-to dac trung cuc bo tur tat ca cac 16p hoat dong
(va 16p nén) duge huin luyén, sau d6 duoc gop lai v6i nhau va
luong tir hoa dé tao thanh tir vung chuyén dong gdc (motion
primitive vocabulary) hay la bd ma (codebook). Pay la qua trinh
gan mdt chi s6 cho mdi véc-to dic trung cuc bo dé cac véc-to
dic trung twong ty nhau s& cd x4c sudt cao ¢ cing chung chi
s6. Phuong phap duoc dé xuét & ddy st dung MPF (motion
primitive forests), 1a rimg ngiu nhién dwoc sir dung dé phan
cum va anh xa cac véc-to dic trung cuc bo thanh chuyén dong
gbc (hinh 3.1(c)).

Rimg ngiu nhién MPF s& xir Iy mdi nit 14 tir mdi cay
nhu 12 mot chuyén dong gdc riéng biét. No6i cach khac, cac nit
14 x4c dinh mot phan ving, va mdi nat 14 twong ing véi mot
cum cac véc-to dac trung cuc bo tuong tu nhau. DPbi voi mdi
véc-to dic trung cuc bo dau vao, MPF tra vé mot tap cac chi )
clia cac nit 14, mdi chi s6 nim trong mot cdy. Céc chi s6 nit 14
nay duoc ding dé tao thanh véc-to ma (code vector) nhu minh
hoa trong hinh 3.3, trong d6 “1” 1a véc-to dau vao di duge anh

xa tuong g véi chuyén dong goc.
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Véc-te dac trung cuc bé x Motion Primitive Forest

Cay 1 l Cay2 l Cay 3

LA

codevector | 0 [ o[ 1Jofof[1]o]o]1]o]o]0]

Hinh 3.3. Véc-to' ma (code vector) tao ra tir mot rirng ngiu
nhién véi 3 ciy cho mjt véc-to dac trung cuc by. Pwong
din dén cic nat 14 két qua dwoge hién thi baing mau vang.

Céc rimg ngau nhién MPF, c6 toc do phan cum nhanh
hon k-means va phuong phap gan theo hang x6m gan nhat.

Dong thoi c6 kha ning sinh ra cic chuyén dong gbc co do phan

biét cao hon ké ca khi c6 sd luong 16n cac lat tin hiéu khong

nam trong cac khung ¢ chira hoat dong (background slice). Két
qua nay c6 dugc chii yéu 1a do cac nhan hoat dong duge ding
trong viéc dinh huéng xay dung céc cay quyét dinh. Trong budc
tiép theo, cac chuyén dong gbc duge hoc béi MPF duge két hop
v6i md hinh tai tir théng qua téng hop cac véc-to ma cia tit ca
cac 14t tin hiéu thudc vé mot khung dé tao thanh véc-to phan
phéi tin suét cac chuyén dong gbc cho mdi khung nay (Hinh
3.1(d)). Véc-to phan phdi tan suét sau khi di chuan hoa dugc sir
dung lam dic trung cta khung trong b phan 16p cudi cing.
Dic trung cuc bo dé xuét yéu cau rt it hodc khong can

tinh toan béi vi chiing 14 gié tri tho chua xir 1y cua cac diém dit
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lidu hoic 14 cac tng hay hiéu cua gia tri cua 2 diém dit liéu. Céac
dic trung don gian nay, khi dugc két hop véi MPF, s& cung cp
d6 chinh xac c6 thé so sanh duoc véi cac dic trung phirc tap
hon, trong khi chi phi tinh toan lai thdp hon nhiéu.

Do phirc tap vé thoi gian chay cho viéc gan nhin mot
dac trung cuc bo cia mét rung véi T cay 1a O(T log N). Trong
trudng hop & day s6 cay nhé hon 10 (xem thuc nghiém) nén c6
thé bo qua, dan t6i do phuc tap yéu cau 1a O(logN), nhanh hon
nhiéu so v&i k-means voi do phirc tap thuat toan 1a O(kp).

3.3. Tap dir liéu thir nghiém

Cac tap dit liéu thir nghiém bao gdm Activity Prediction
(AP), Oppotunity (OP) va Skoda (SK), chira dit liéu gia téc cho
cac hoat dong hang ngdy va trong san xuét, duoc sit dung rong
rdi trong nhidu nghién ctru vé nhan dang hoat dong ngudi.

3.4. Thir nghi¢m va két qua

Do do duge ding 1a do chinh xéac tong thé, duoc tinh
bang ty 1¢ s6 khung duge phan loai dung trén tong s6 khung.

a) So sanh vai phuong phap hoc dac trung st dung k-means

Thir nghiém nay dé so sanh MPF véi phuong phap hoc
dac trung dua trén k-means, trong viéc xay dung tir vung va tim
kiém hang x6m gan nhat dé gan chuyén dong gdc. Két qua so
sanh cho théy mirc cai thién vé d6 chinh xac tang 1&€n kha nhiéu
khi ding phuong phap MPF. Dong thoi, két qua ciing cho thay
rang trong khi MPF c6 thoi gian chay ting khong dang ké khi
kich thudce tur vung tang 1€n, thi thoi gian chay cua k-means lai

tang tuyén tinh. Véi kich thudc 1a 200, thoi gian chay cua A-
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means di 16n hon nhiéu so véi MPF (580 gidy so v6i 54 gidy,
trén tap dir liéu SK).
d) So sanh vdi cac phuong phap khac
Thur nghiém nay so sanh d¢ chinh xac nhén dang cua
MPF khi st dung cac dic trung cuc by don gian véi 2 phuong
phap duoc cho 1a t6t nhit hién nay. Phuong phap thir nhét 1a
hoc dac trung str dung PCA va ECDF. Phuong phap thir hai su
dung CNN voi partial weight sharing cho ca viéc hoc dac trung
va phan 16p.
Bang 3.2. So sanh d9 chinh xac trong phan lép
AP (0) 4 SK
MPF +1-NN | 97.93% | 84,17% | 92,58%
MPF + SVM | 98,48% | 85,68% | 95,08%
PCA +ECDF | 9575% | 79,39% | 90,48%
CNN 96,21% | 77,34% | 86,73%
Bang 3.2 cho thiy ca hai bién thé cia MPF (v6i 1-NN
va SVM), ludn dat dugc do chinh xac cao hon PCA+ECDF va
CNN trong ca ba tap dit lidu. SVM cho két qua tot hon so véi

1-NN, diéu nay 1a hop 1y vi s6 chiéu cua dir lidu dau vao (sb
chiéu cic véc-to phan phdi tan suat) 1a kha cao. Nhiing cai tién
vé& d0 chinh x4c caa MPF so v6i PCA+ECDF va CNN la dic
biét dang chu y trén cac tap dir liéu OP va SK (khac biét giira
MPF va CNN la gan 10%). Két qua nay 1a do cac nhin hoat
dong duoc dung trong viéc dinh hudng xay dung cac ciy quyét
dinh trong MPF. Nho vdy, MPF ¢6 kha nang sinh ra cac chuyén

dong goc co dd phan biét cao hon ké ca khi ¢6 s6 lugng 16n cac
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lat tin hiéu khong ndm trong cac khung c6 chira hoat dong

(background slice).

CHUONG 4: XAY DUNG MOT SO UNG DUNG NHAN
DANG HOAT DPONG

4.1. Phat hién ngwoi nga trong thoi gian thuc
4.1.1. Gié6i thi¢u

Phan nay trinh bay mot hé théng tw dong phat hién nga
st dung bd cam bién gia tdc, dua trén cac dic trung dé xuit
trong chuong 2. Cam bién gia tc nay duoc tich hop sin trong
Wii Remote c6 gia thanh tuong ddi ré va thoi lugng pin sir dung
rat kha quan. Hé thong cho ti 18 phat hién ngd cao va chi phi
thip hon so vdi cac hé thong phat hién nga khac.
4.1.2. Phan cing va méi trueong thu thap dir liéu

Trong hé thong nay, cac d6i tuong deo Wii Remote trén
hong do cam bién deo bén hong co thé cung cp céc tinh ning
tdt cho viée phat hién nhiéu loai hoat dong, vi du nhu nga, chay,
di b, leo cau thang, v.v.
4.1.3. Thuat toan phat hién nga

Heé théng sir dung dic trung dé xuit trong chuong 2 va
phuong phap phat hién ngd di dé xuit trong phan 2.3.1. Ludng
tin hiéu cam bién dau vao sau khi tién xtr 1y s& dugc phan doan
thanh cac khung dir li¢u, thyc hi¢n trich xut dic trung va dua
ra du doan. Hé théng duoc huin luyén str dung tap dir liéu nga
md ta & phan 4.1.4, voi cac tham sé 1a s6 ngan M va sb doan
trong mot khung K duoc tdi wu hoa trén tap dir liéu dau vao, st

dung tap t6i wu danh riéng (hold-out validation set). Viéc Iya
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chon do dai ctra s6 trugt cho budc phan doan ciing dugc tién
hanh dé tim ra do dai phu hop. Do dai phu hop nhit duoc chon
la 1,8 gidy.
4.1.4. Tap dix liéu thir nghiém

Tap dit liéu huin luyén cho tng dung 1a dit lidu duoc
thu thap tir 12 dbi tuong. Cac dbi tuong dugc yéu cAu thyuc hién
12 hoat dong hang ngay bao gdm di bo, nhay, di 1én ciu thang,
di xudng ciu thang, chay, vuon ngudi, lau nha, danh may, ngdi
xudng lac dang dimg, dimg 1én lic dang ngdi, danh ring, hit
bui va 12 tu thé ngd khac nhau. S6 hoat dong ngi 14 144 va cac
hoat ddng con lai thudc vé 12 hoat dong hang ngay khac (khong
phai nga).
4.1.5. Két qua thir nghiém

Thtr nghiém cho két qua kha cao, vdi d chinh xac 1a
96,25% =+ 0,38%, d9 nhay la 97,67% + 0,23% va d¢ dac hiéu la
84,34% + 2,32%.
4.1.6. Phin mém

Phan mém trén may tinh dwoc xay dung dé thu nhan tin
hiéu cam bién gia toc trén Wii Remote qua Wii dongle, truyén
qua Bluetooth va qua d6 phat hién nga trong thoi gian thuc.
4.2. Xac thue ngwoi dung véi chir ky 3D — SIGVER3D
4.2.1. Van dé xéc thuc cho cic hé thong mang trén nguoi

Tac gia dé xuat mot phuwong thirc xac thuc méi cho
ngudi dung thiét di dong vé6i chit ky 3D, goi 1a SigVer3D.
Phuong thirc nay c6 ca uu diém vé tinh an toan cua chit ky va
thudn tién cho ngudi ding khi mudn “ding nhap” vao thiét b

di dong khi khong co cac thiét bi nhap liéu truyén thong nhu
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man hinh cam tng, hay ban phim hodc khong thuan tién.
Phuong phap dé xut sir dung céac dit liéu cam bién gia tbc nhu
sau. Nguoi dung cam thiét bi di dong va vé chit ky cta ho trong
khong gian dé ding nhap. Khi nguoi ding thyc hién ky, cac dir
ligu gia tdc duge sinh ra va duoc hé théng su dung dé kiém tra
ngudi ding. Mot 1y do dé chon chit ky 3D 1am mat khau 13 n6
d& nhd va dé thuc hién, déng thoi kho gia mao boi nguoi khac
do sir dung cac dic trung sinh trac hoc va vat Iy bd sung dé lam
tang tinh an toan cho viéc xac thuc chir ky.
4.2.2. Phan cirng va méi truwong thu thip dir lidu

H¢ théng nay duoc cai dat trén mot dién thoai di dong
thong minh Samsung S3 ¢6 trang bj mot cam bién gia toc gin
trong dung dé cam nhan gia téc theo ba truc.
4.2.3. Thuat toan xac thwc ngwoi dung

Bai toan xéac thuc nguoi ding ¢ day thuc chiat 1a bai
toan phan 16p nhi phan: phat hién chir ky gia mao va chir ky
chinh chu. Ludng dit liéu lay duoc tir cam bién gia tdc trén dién
thoai dugc tién xur 1y dé loai bé nhidu, thyuc hién trich xuit dic
trung va dua ra du doan. Cac dac trung dugc sir dung la cac dac
trung da dé xuét trong chuong 2 véi cac tham sé 14 s6 ngian M
va s6 doan trong mot khung K duoc t8i wu hoa trén tap dir ligu
dau vao, str dung tap tdi wu danh riéng (hold-out validation set).
Cac dac trung trich xuét s& duge su dung lam dir li€u dau vao
cho b phan 16p SVM.

Danh gia mot hé théng kiém tra doi hoi sy phan tich cta
hai loai 13i: ty 1& tir chéi sai (FRR), ty 1& chap nhan sai (FAR).

il (4.1)

FRR=————
FN+TP
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r-_tP
FP+TN (4.2)

Trong d6, FP 1a duong tinh gia (chit ky gia mao duoc chép
nhan), TP 1a duong tinh thuc (chir ky gbc dugc phat hién), FN
1a 4m tinh gia (chit ky gdc bi tir chbi khong dang), va TN 1a 4m
tinh thuc (chit ky gia mao bi phat hién). Cac sb do khac 1a dién
tich duong can bang 16i (AUC) va ti 1¢ 16i tuong duong (EER)
cling dugc su dung
4.2.4. Tap dir liéu thir nghiém

C6 30 ddi twong va tong cong 1800 mau chit ky 3-D
trong d6 300 1a gbc va 1500 mau 1a chit ky 3-D gia mao.
4.2.5. Két qua thir nghiém

Két qua thir nghiém cho thiy hé thong xéac thuc c6 do
chinh x4c twong dbi cao va kha tin cay. Gia tri AUC trung binh
dat duogc voi gia tri 1a 98,3%, va gia tri EER = FRR = FAR =
1,4%. Két qua nay da cho thiy ring chit ky dong vdi viée sir
dung cac dic trung sinh tric hoc va vat 1y bd sung di 1am ting
tinh an toan cho viéc xac thyc. Hai nguoi cé dac tinh sinh 1y
khac nhau, ké ca bat chudc dong tac ky gidng nhau ciing khé c6
thé thanh cong.
4.2.6. Phin mém

Phan mém xac thuc chit ky 3D dugc xay dung trén dién
thoai di dong c6 hé diéu hanh Android phién ban 4.2, ¢6 trang

bi cam bién gia toc.
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