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TOM TAT: Déang chuyén déng cia méi nguoi, thugdt ngiz tiéng Anh 1a gait, diroc xem 1a duy nhdt va c6 thé dueoc sir dung nhur mét
ddc diém sinh trac hoc d@é nhdn dién cho méi c& nhan. Sy phét trién manh mé ciia dién thogi thdng minh ciing nhw cdc thiét bi deo
thong minh nhuw dong ho théng minh, vong deo hay theo déi sirc khoé gilp cho viéc thu thap dé lidu chuyén déng ciia nguoi ding
mg¢t cach dé dang thong qua cac cam bién chuyén dong duoc tich hep san trong cac thiét bj nay.

Nhiéu phurong phép dwoc dé xudt trong viéc nhdn dang nguwoi dung tir dit lidu chuyén dgng thong qua viéc bién dai diF liéu
thanh cde ddc trung dwot thiét ké mgt cach thi cdng. Trong nghién citu ndy, chdng toi dé xudt mét phuong phdp nhan dién nguoi
ding ter diz liéu chuyén dgng siz dung Convolutional Neural Network - kién friic dirgc sir dung phé bién va mang lgi hiéu qud cao
trong tri tué nhan tgo va xit ly anh sé nhw mét bé trich xudt déc trung cdp cao ti dong. Két qua thi nghiém véi di lidu ciia 496
nguoi cé dwoc tir bg di lidu dang chuyén dong OU-ISIR cia dai hoc Osaka - bé diF liéu diroc xem 14 1én nhdt vé diF liéu chuyén
dong gait - mang lai hiéu qua cao voi do chinh xdc dat trén 99%.

Tir khéa: Nhdn dién nguoi ding tir ddng di, cam bién chuyén dong, Gait, Convolutional Neural Networks.

I. GIOI THIEU

Sinh tric hoc, hay cong nghé sinh tric hoc (Biometric) 1a khoa hoc, cong ngh¢ sur dung dé do ludng va phan tich
nhitng dic tinh sinh hoc, hanh vi ciia con ngudi nhu DNA, vén tay, mdng mat. Dic trung sinh tric hoc thuong mang
tinh duy nhét, c6 thé dung dé dinh danh ca nhan vi du nhu cac dién thoai iPhone thé hé mai (tir dong iPhone 5S) hd trg
quét van tay cho phép m¢ khoa thiét b thay vi nhap mét khau nhu théng thudng. Tuy nhién, cac giai phap chimg thuc
sinh tric hoc thuong sir dung cac dic trung truyen thong nhu van tay (Fingerprint), vong mac (Iris), guong mét (Face).
Viéc str dung céc loai ddc trung nay doi hoi thiét bi cin phai tich hop thém cac thanh phan b sung nhu camera, thiét bi
chup anh mbng mét hay thiét bi quét van tay. Diéu nay khong phai lic nao ciing thuc hién dugc dbi véi cac thiét bi di
dong (mobile device), dac biét 1a cac thiét bi deo (wearable device). Chung thuc dya trén ddc trung sinh tric hoc dang
chuyén dong (gait) 1a mot hudng tiép can mai dé giai quyét bai toan chimng thuc dat ra trén cac loai thiét bi nay.

Dang chuyén dong (gait) 1a mot dic trung sinh tric hoc chtra théng tin vé& chuyén dong cua co thé ngudi trong
mot khoang thoi gian. Loai dic trung nay dwoc danh gia 1a kha thi ding dé dinh danh giira nhitng nguoi khac nhau va
phu hgp hon cac phuong thic khac trén dién thoai [1][2]. Cam bién chuyén dong (inertial sensor) - gia toc ké
(accelerometer) hodc con quay hoi chuyén (gyroscope) - duoc tich hop san trong cac thiét bi di dong ciing nhu thiét b
deo thong minh tao co hoi cho viée thu thap dit liéu chuyén dong dé xay dung dic trung gait phuc vu cho bai toan dinh
danh nguoi ding. Str dung dic trung dang chuyén dong co thé tao ra cac hé thong chimng thyc thong minh véi mic do
than thién cao, vi du nhu nguoi ding deo dong hd théng minh va van dong thi hé thdng ching thuc sir dung gait tu
d6ng nhan biét ngudi deo 13 ai va ghi nhan lai thong tin strc khoé ctua ngudi do,. ..

Trong qua trinh nhan dang, dit liéu chuyén dong cia mot ngudi duge phan thanh cac doan (segment) nhé hon.
Céc doan nho nay duogc bién ddi thanh cac mau dang chuyén dong (gait pattern) thong qua viéc tinh toan va trich rat
cac ddc trung thu cong (hand-crafted feature) tir don gidn [1][2] dén phirc tap [3][4] nham phuc vu cho budc dinh danh
sau nay. Convolutional Neural Network (CNN) 1a mét thanh phan hiéu qué trong viéc trich rut cac dic trung cip cao tir
dir liéu tho dau vao mot cach ty dong, mang lai nhiéu thanh cong trong cac bai toan tri tué nhén tao: thi gidc may tinh
[5], xtr Iy ngdn ngir ty nhién [6]. Y tuong ap dung CNN vao trong bai toan dinh dang ngudi ding tir dit liéu chuyén
dong da dugc thir nghiém trong [7] thu dugc két qua tich cuc tuy nhién viéc danh gia trong cong trinh nay sir dung b
dir liéu voi kich thude nho (chi co 24 nguoi). Vi thé, trong bai bao nay chdng t6i mudn dé xuat mot kién trac CNN
khac va ap dung thtr nghiém trén b dir liéu véi kich thude 16n hon.

Tom lai, nhitng dong gop chinh ctia nghién ciru nay 14 nhém tic gia da dé xuat mot kién tric CNN khac, voi
dic trung sir dung 16p ReLU ngay sau mdi convolutional layer, dong thoi thir nghiém va dénh gia kién trac dé xuat trén
dir liéu ctia 496 nguoi trong bo dir liéu OU-ISIR ctia dai hoc Osaka, Nhat Ban [8]. Bo dit liéu nay dugc xem la bo dir
liéu 16n nhét vé dang chuyén dong gait.

Phén con lai cta bai bao duoc td chirc véi cu triic nhu sau: phén II trinh bay cac cong trinh lién quan dén viée
nhan dang nguoi dung st dung dang chuyén dong (gait); phan IIT trinh bay phuong phap ching toi dé xuét bao gdbm
cach thie phan ving va bién d6i dit liéu cling nhu huéng tiép can st (dung bién the CNN (str dung ham kich hoat phi
tuyén RELU sau mdi 16p convolutional) vao viée trich rat dic trung cép cao ctia mau dang di (gait patterns) va phuong
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phap phan 16p; qua trinh thuc nghiém va danh gia két qua dugc trinh bay trong phan IV; phan V 1a phan két luan rit ra
cling nhu ban luan vé cac hudng nghién ctru tiep theo.

II. CAC CONG TRINH LIEN QUAN

Y tuéng nhan biét dang chuyen dong v6i thong tin sensor da dugce dé xuat hon 30 ndm trude. Viée nghién ciru
sir dung thong tin tir cam bién chuyén dong de nhan biét nguoi dung bét dau dugc quan tam tir dau thé ky 21, va dic
biét trong nhitng nim gan day, cic nghién vé van dé nay ngay cang phat trién manh.

Vé tong quét, quy trinh nhan biét dang chuyén dong (gait) [9] gom cac giai doan: thu thap, tién xit Iy dir liéu,
phan Vung tin hiéu, xdy dung mau dang chuyen dong va nhan dang. O giai doan thu thap va tién xir ly dur li€u, cac cam
bién chuyen dong (inertial sensors) dugc thiét 1ap dé thu thap di liéu chuyen dong; ndi suy tin hi¢u dé thu dugc tan sb
6n dinh ciing nhu 4p dung céc bo loc dé khir nhiu tin hiéu. Di liéu sau d6 duoc phan ving dé thanh céc chu ky chuyén
dong (galt cycle) [10] hay cac doan dir liéu (frame) vdi kich thude ¢b dinh cho truge [11]. Dit liéu thu duoc tir budce
phan ving duoc bién d6i thanh miu dang chuyén dong (gait pattern) théng qua viéc rat trich ddc trung cua chuyén
dong 1am dau vao cho qua trinh nhan dang. Thu tuc nhan dang dwoc thyc hién theo 2 cach chinh: so khép (pattern
similarity matching) va phan 16p (classification) sir dung may hoc (machine learning). Phuong phap so khép tinh toan
do giong nhau cua mau thu duge so v6i mau dang di da biét. Cac do do thuong duoc str dung dé tinh toan sy khac nhau
gilta cac mau gdm sy tuong quan vé histogram [12], khoang cach Manhattan [8] [10], khoang cach Euclide [8] [10]
[13], hé s tuong quan [8], khoang cach Tanimoto [8] [14], khoang cach Hamming [15], d6 do phtic tap DTW hodc tuy
bién [1] [16] [17]. Phuong phap phan 16p st dung méay hoc dugc thuc hién bang cich mdi mau huan luyén duoc gan
nhéan (dinh danh cia nguoi ¢6 dang di do) tuong tmg. Qua trinh phén 16p cho phép gan nhan da dwoc dinh nghia trong
bd hudn luyén (train) vao cac mau trong bd kiém thir (test). V&i hudng tiép cén nay, mot s6 k¥ thuat phan lorp noi tleng
dugce sir dung bao gdm K lang giéng gan nhat (k-NN) [18], SVM [19], cdy quyét dinh [20], mang neuron [20], .

Trong budc xay dung mAau dang di (gait pattern), dit liéu chuyén dong thu dwoc sau bude phan ving s& dugc
bién d6i v& mién khong gian dic trung (feature space). Cac dic trung dugc tao ra c6 thé 1a cac dac trung chung
(generic feature) hodc cac déc trung cap cao (advanced feature). Déc trung chung c6 thé 1a cac tham sb thong ké nhu
d6 16n (magnitute) ctia vector tin hiéu [11], gi tri trung binh (mean) va su phan bd histogram [12], tham sé trong mién
tan s6 (frequency domain) nhu hé s FFT [21]. Mot s6 phuong phap gan ddy thuc hién viéc trich rit cac ddc trung cp
cao va phuc tap nhu dic trung anh déng gait (gait dynamic images) [3], ddc trung dya trén HOS [4]. Tuy nhién, cac
phuong phép trén déu trich rat va tao nén cac dic trung thi cong (hand-crafted feature) ma khong c6 phuong phap
trich rat mot cach tu dong tir dit li¢u dau vao. Bén canh do, viéc thiét ké cac dic trung mang lai hi¢u qua cao trong viéc
nhan dang ton nhiéu thoi gian va cong strc.

Ke tir thanh cong ban dau cua Convolutional Neural Network (CNN) trong kién trac LeNet [22] phuc vu viéc
doc chit sd, zip code phat trién bai Yann LeCun trong thap nién 90 cua thé ky trude, CNN ngay cang tré nén pho bién
va thuong duge dung trong céc kién trac hoc sau (deep learning) [5] [6]. CNN cho phép trich rat dic trung cap cao
(high-level feature) mot cach tu dong vdi hiéu qua cao. Matteo Gadaleta va cong sy dd tdn dung uu diém nay dé d@é
xuat mot kién trac CNN sir dung trong bai toan xac thuc nguoi dung [7] mang lai két qua tich cyuc. Kién tric nay su
dung 2 16p convolutional - 16p convolutional dau tién véi ham kich hoat tuyén tinh (linear activation function) va 16p
thir hai sir dung ham kich hoat phi tuyén (non-linear activation function) tanh , khong sit dung ham kich hoat phi
tuyén RELU (Rectified Linear Units) - di kém theo sau boi chi mot 16p pooling duy nhat. So sanh véi cac ham kich
hoat phi tuyén dugc sir dung trong CNN, ReLU dugc sir dung nhiéu hon do ham nay gitp cho qué trinh huan luyén
mang nhanh hon véi sy thay d6i do chinh xac tong quat khong dang ké [23]. Bén canh d6, viéc danh gia hidu qua trong
cong trinh [7] dugc thyc hién trén tap dit liéu v6i s6 luong ngudi it (24 nguoi).

Vi thé trong bai bao nay, chung t6i dé xudt mot kién trac CNN khac: lubn sir dung ham kich hoat phi tuyén
ReLU ngay sau moi convolutional layer cling nhu sir dung 2 16p max pooling, ddng thoi kiém tra danh gia hiéu qua cua

phuong phap dé xuat trén tap dit liéu chuyén dong véi sb lugng nguoi 16n (dir lidu tir tp Gait database OU-ISIR [8])
dé minh chirng tiém ning tng dung cua CNN trong bai todn nhan dang nguoi ding tir dit liéu chuyén dong.

III. PHUONG PHAP DE XUAT
. Vé co ban, viéc nhgﬁm dg,mg pguc‘ri dung c}ua tyén dur liéu chuyén dong duogc thyc hién theo quy trinh phu mo ta &
phan trude, ri€ng budce bien doi mau dang di vé mién khong gian déc trung duge a4p dung CNN. Nhu dé dé cap, ching
toi str dung dir liu chuyén dong tir bd dir liéu OU-ISIR [8] d&d dugc thyc hién budc thu thap va tién xur 1y dir liéu, chi
tiét cac budc con lai trong quy trinh dugc mo ta dudi day:
A. Phan viing va bién déi dir ligu
1. Phanvung

Dir licu chuyén dong thu dugc cuiia mot dbi tugng dugc thé hién nhu mot ma tran T voi kich thire d x n; trong do6
d 1a s0 dong, bang so luong loai thong s6 chuyén dong (¢ day d = 3 véi 3 loai thong so gia toc chuyén dong Ax, Ay,
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Az) va n 13 s6 luong 1an 1dy miu gi4 tri thong sé cua ddi tuong d6. Phuong phap phan ving (segmentation) dugc sit
dung 1a phuong phép Fixed Size Overlapping Sliding Window (FOSW) [24].

Mot ctra s6 thoi gian W véi kich thude d x k duge trugt 1an Tugt tir trai qua phai trén ma tran T, trong d6 K 1 do
rong cua cira s0. Moi lan truot thir i , voi do dai budc truot u, phat sinh mét phan ving S; véi kich thude ding bang
cua s6 thoi gian W. Tép hgp P = {S;} thu dugc chinh 1a cac phan ving dir liéu duge st dung trong budce ké tiép.

2. Bién doi dit liéu

Dé viéc trich rit dic trung dat hiéu qua t6t hon, véi mdi phan vung dir liéu S (1a mt ma trén c6 kich thuge dx

k) trong tap P thu dugc trong budc trén, ta thuc hién tinh toan mot sé thong sd bd sung nhu sau:

Vo1 mot gia tri Ax, Ay, Az tai ¢t thir j trong S, ta tién hanh tinh

= P 16n ctia vector tao bai 2 trong 3 thong s6 gia toc Ax, Ay, Az:
Vi du tinh d6 16n cua vector tao bdi Ax, Ay

— 2 2
Dj (ax ay) = \[ Sjan” + Sjay
Tuong tu cho d6 16n cua cac vector tao boi (Ay, Az) va (Ax, Az).

Do d6, v&i mdi cot J, ta thu duoc thém 3 gid tri Dj (ax, ay) Dj (ay, Az Dj(ax, A7)
= P¢ 16n cua vector tao boi 3 thong sb Ax, Ay, Az

Dj ax Ay, A = \[51 o’ + Sjun’ + Sjan’

Sau budc ndy, mdi phan ving S trong tap P dwoc bién d6i thanh phan ving S’ 1a ma trén véi kich thude d’x k (o
ddy d’=d +4, v6i 4 1a gid tri dac trung duoc tinh toén theo cong thire nhu trén). Cac phan ving S’ chinh 1a dit li¢u dau
vao cho budc trich xuat déc trung cap cao (high-level features) str dung CNN & budc ke tiep.

B. Rt trich dic trung cip cao siv dung CNN

O day, CNN dugc str dung dé trich rat dac trung céip cao mot cach tu dong tur dir li€u da dugc phan ving va bién
ddi duoc trinh bay trong muyc trude. Kién traic CNN trong [7] sir dung 2 16p convolutional trong d6 16p convolutional
dau tién ap dung ham kich hoat tuyén tinh va 16p thtr hai st dung ham kich hoat phi tuyén tanh, ni tiép boi 1 16p
max pooling. Kién triic CNN duoc dé trong nghién ciru nay (thé hién trong Hinh 1) ¢6 diém khdc biét so véi cong trinh
[7]: sau méi convolutional layer ludn duoc dp dung ham kich hoat phi tuyén RelU (I6p ReLU), néi tiép béi mét I6p
max pooling (nghia la c6 tong cong 2 l6p max pooling thay vi 1 I6p nhu [T]). Kién trac nay gdm nhiéu 16p (layer) khac
nhau theo thir tw bao gdm: 16p dau vao INPUT, 16p convolutional CONV1, 16p relu RELU1, 16p max pooling POOL1,
16p convolutional CONV2, 16p relu RELU2, 16p max pooling POOL2 va 16p Full-connected FC1.

L6p dau vao INPUT chinh 1a dit lidu thu duge sau khi két thic bude A véi kich thuée 100x7. Lép CONV1 st
dung 16 bd loc (filter) vai kich thirc 5x5 trugt trén INPUT cho phép tim ra mbi lién hé gitta cac thanh phﬁn dir liéu theo
thoi gian. Két qua thu duoc 13 ma tran ba chiéu véi kich thude 100x7x16 duoc ap dung ham kich hoat phi tuyén (non-
linear activation function) Max trong 16p RELU1, trudc khi duge giam kich thudc xuéng mot nira thong qua 16p max
pooling POOL1 (giam xudng con 50x4x16). Dir liéu tiép tuc duoc xir 1y twong tu & cac 16p ké tiép: CONV2 (vai 32 bd
loc véi kich thuac 5x5), RELU2 va POOL2. Két qua thu dugc sau 16p POOL2 - mgt ma tran voi kich thude 25x2x32 -
dugc bién ddi vé dang vector 1 chiéu véi 1600 phan tir dé lam dau vao cho 16p full-connected layer FC1 (1024 noron).
Két qua cua FC1 dugc xem 1a mot vector dic trung sir dung cho qua trinh phan 16p (dinh danh ngudi dung).

Trich rit diic trung c3p cao si¥ dyng CNNs

Vector dic trung

Lép RELUL Lip RELLE2

DIt liéu duge phan viing

16@5x5
Lép INPUT (100x7) Lép CONVL Lép POOL Lop CONV2 Lép POOL2

Lép OUT
Lép FCL {softmax]

Hinh 1. M6 ta kién trac hé théng, trong d6 thong s st dung véi mdi 16p CNN duoc ky hiéu theo quy uwdec X@YxZ véi X 1a s6 bd
loc (filter), YxZ 1a kich thudc ciia bd loc
C. Nhin dang nguwoi dung (bai todn phdn Iép - classification)

Trong nghién ciru nay, nhom tac gia st dung Neural Nework thong thuong dé phan 16p (nhan dang ngudi
dung). K&t qua thu duge cua 16p FCI1 - vector dac trung (feature vector) the hi¢én cho mot doi tugng - chinh la dit li¢u
dau vao cho 16p dau ra cudi OUT 0 s6 noron bang sb lugng 16p (nhan) véi ham kich hoat Softmax.
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IV. THU NGHIEM VA PANH GIA
A. Tap di lidu thir nghiém

Dé tién hanh danh gia phuong phap dé xuat, nhém tac gia tién hanh lya chon bo dit liéu dang chuyén dong OU-
ISIR cua dai hoc Osaka (Nhat Ban) - bo dit liéu duoc xem 1a 16n nhit vé dir liéu chuyén dong gait [8]. B dir li¢u OU-
ISIR gdm 2 tap dir liéu con: Tap dit lidu s6 1 co dir lidu cia mot s6 lugng 16n ddi tugng (744 ngudi - 389 nam va 355
nit) trong do tudi tir 2 dén 78 thu duge tir cam bién chuyén dong IMUZ (tich hgp cam bién gia téc va con quy hdi
chuyén) dit ¢ ngay giita lung cua dbi twong thir nghiém. Tuy co s6 luong ddi tuong 16n nhét nhung tap dir liéu sO 1 lai
chi tap trung ghi nhan dir liéu vé mot loai trang thai chuyén dong duy nhat (di chuyén trén san phang). Nguoc lai, tap
dir lidu s6 2 tuy chi chira dir lidu ciia 496 dbi tugng (it hon tép dir liéu s0 1) nhung lai c¢6 dir liéu da dang vé cac trang
thai chuyén dong (di chuyen trén san phang, di chuyén 1én va xudng dbc) dugc ghi nhan véi 2 loai cam bién chuyén
dong (3 cam bién chuyén dong IMUZ va 1 dién thoai thong minh Motorola ME860 chi c6 cam bién gia toc) dat & cac
vi tri khac nhau trén phén thit lung ctia dbi tugng. Trong qua trinh thu thap dit liéu, tan s 1dy mau f= 100 Hz. Sau khi
thu duoc tir cac cam bién chuyén dong, dir liéu da duoc chuin hoa béng cach loai bd cac gia tri sai Iéch do d6 chung ta
khong can thiét phai thyc hién thém thao tac tién xur 1y dit liéu (ndi suy tin hiéu, khir nhidu) nhu di dé cap & phan trudc.
Bo dit liéu OU-ISIR dugc mé ta chi tiét va cho phép tai vé tai [25]. Do muc tiéu cua nhém nghién ctru huéng dén hd
trg dinh danh nguoi dung trong cac trang thai chuyén dong khac nhau (di ngang trén san phang, di 1én dbc, di xubéng
dbc) do d6 chung t6i tap trung thir nghiém véi dir lidu gia toc (theo 3 truc - Ax, Ay, Az) trén b dir lidu s6 2 (gom 496
ngudi va co su da dang vé cac trang thai chuyén dong).
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Hinh 2. Mot vi du dit liéu gia tdc (theo 3 truc x, v, z) ciia mot dbi tugng trong bo dit lidu OU-ISIR [8]

B. Tién hanh thir nghi¢m, két qud va dinh gid

Vi bo dir liéu sb 2 nhu da mo ta, ban dau chung toi tién hanh thuc nghiém trén dit li€u véi trang thai di chuyén
trén san phang dé Iya chon dugc kién trac mang CNN dat hiéu qua cao. Sau do6, chung toi ding chinh m6 hinh mang da
dugc xac dinh nay dé thi nghiém voi hai loai trang thai chuyén /dong con lai (di 1én dbc va xubng dc) nham kiém tra
tinh phul hop cua kién tric dé xuat v6i nhiéu loai trang thai chuyén dong khac nhau.

Céc phuong phép khac phan ving dir liéu bang cach xac dinh cac chu ky chuyén dong (gait cycle). Trong
nghién ctru nay, chling toi huéng t6i viéc hd tro nhan dang lién tuc (continuous recognition) cho phép tién hanh dinh
danh tai bat ky thoi diém nao. Chinh vi vdy, chung t6i can phai cung cép dii cdc miu (sample) cho viéc huin luyén
ciing nhu kiém thir bang cach sir dung phuong phap Fixed Size Overlapping Sliding Window (FOSW) mé ta trong
muc A, phan III. Dé thir nghiém, chiing t6i chon d6 rong k ciia cira s6 thoi gian W véi gié tri k = 100 (twong tmg vdi 1
giay chuyén dong do dir liéu thir nghiém c6 tin sb 1dy mau f = 100 Hz). Véi mdi doan dit liéu 1 gidy, trai qua qua trinh
khao sat chung toi nhan thiy can tao ra 20 bién thé khac nhau, mdi bién thé 1éch nhau mot doan thoi gian 14 50 mili
gidy do d6 gia tri do dai budc trugt u = 5. Dau tién, ching toi tién hanh thyc nghiém véi trang thai di chuyén trén san
phang. Vi dit liéu ctia mot phién di chuyén trén san phang ciia mdi d6i twong trong tap dit lidu thir nghiém, ta tién
hanh thyc hién budc phan ving va bién doi dir liéu (muc A, phan III) véi thong s6 k, U mo ta & trén. Két thic qué trinh
nay thu duoc tong cong 39.085 mau (samples). S6 lwong ngudi (s nhan - label) trong dir liéu thir nghiém 1a 496, 16n
hon nhiéu so véi s6 lugng 24 nhin trong cong trinh [7].

Pé tién hanh kiém nghiém mtrc d6 hiéu qua cua viéc s dung CNN so vdi sir dung Neural Network (NN) truyén
thong, mot hé thdng véi kién tric sir _dung NN duoc xay dung. M6 hinh hé thong nay dugc mo ta chi tiét trong Hinh 3.
Luu y ¢ day, dir licu d4u vao ban diu 1a ma tran co kich thudc 100x7 dugc tién hanh bién ddi vé dang vector véi s6
lwong phn tir 1a 700 dé lam dit liéu dAu vao cho hé thong.
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Trich rdt d3c trung sir dung NN
Vector ddc trung
A O JO—
/) Vi //// —
/ // >, 3
//’,« s //,,, :
L] , / )
// B ; // A 0O
o/ oy
o o O
N=300 N= 300
Lép OUT
Lép INPUT (700) Lop FC1 Lop FC2 (softmax)

Hinh 3. M6 hinh hé théng sir dung Neural Network st dung 2 hidden layer véi 300 neural mdi layer

Dé phan tich hiéu qua cua cia kién tric CNN duoc dé xuét, ta tién hanh xdy dung mot s6 cau hinh dé thir
nghiém nhu trinh bay trong bang dudi day:

Bang 1. Céc cu hinh dwoc ding trong thir nghiém

Céu hinh M5 t4 cAu hinh

A St dung NN (Hinh 3) véi s0 lugng neural trong 16p FC1 va FC2 1a 300.
Str dung CNN. Tuy nhién, cau hinh sir dung ¢ ddy tuong tu nhu trong cong trinh [7]: sau l6p INPUT
la mot 16p convolutional CONV1 véi ham kich hoat tuyén tinh st dung 16 b loc véi kich thude

B 1x10, tiép d6 1a mot 16p convolutional CONV2 vé&i ham kich hoat phi tuyén tanh sir dung 32 bo loc
v6i kich thude 3x5, ndi tiép boi mot 16p Max Pooling trude khi két thac boi Full-connected layer FC1
(2048 noron) dé tao ra vector dic trung.

c St dung CNN. Kién trac nhu mo ta trong Hinh 1 tuy nhién kich thude bo loc (filter) sir dung ¢ 2 16p
CONVI1 va CONV2 do6i thanh 3x3.
Str dung CNN. Chinh 1a kién truc dé xuat (Hinh 1).

Qua trinh cai dat st dung thu vién ma nguon m¢ Tensorflow [26] v6i ngdn ngit 18p trinh Python. Ky thuat K-
Fold (cross validation) v6i K = 10 dugc sir dung dé danh gia mirc d hiéu qua cua cic cau hinh mé ta trong Bang 1.
Két qua do chinh xéc trung binh ciia cac cdu hinh sau qua trinh thir nghiém véi dit liéu cua trang thai di chuyén trén san
phang dugc trinh bay trong bang sau:

Bang 2. D6 chinh xé4c ctia viée dinh danh theo c4u hinh thir nghiém véi trang thai di chuyén trén san phing

Céu hinh thir nghiém Do chinh xic - Accuracy (%)
A 73,25
B 92,68
¢ 96,30
D 99,19

Két qua thé hién trong Bang 2 cho the‘iy hién qua vuot trdi cua viéc st dung CNN (cAu hinh B, C, D) dé trich rut
dic trung cip cao so v6i Nerual Network thong thuong (céu hinh A). Cau hinh B (kién triic twong tw cong trinh [7])
mang lai d6 chinh xac thdp hon cdu hinh C (dwa theo kién trac CNN ma ching t6i d& xuét nhung sir dung bé loc véi
kich thudc nhé 3x3). Viéc tang kich thudc cia bd loc tir 3x3 (cau hinh C) 1én 5x5 (céu hinh D) giup ting d6 chinh xac.
Két qua ciu hinh D cho thiy kién trac CNN dé xuit mang lai hiéu qua cao trén 99% dbi vé6i viée nhan dién ngudi
dung tir dit liéu véi trang thai di chuyén trén san phing.

Dé kiém chimg xem vige str dung 16p ReLU ngay sau mdi convolutional layer ciing nhu sir dung 2 16p max
pooling trong klen trac dé xuat c6 giup cho tang toc qua trinh hudn luyén, chlng t6i tinh toan thoi gian huan luyén cia

céu hinh B va c4u hinh D trén 100 lan lip trong diéu kién sir dung ky thuat mini-batch voi gié tri batch_size =128 trong
cling diéu kién phan cimg. Két qua dugc hién thi trong bang dudi day:

Bing 3. Két qué tbc d6 hun luyén trén céu hinh B va D

Céu hinh thir nghi¢m

Thoi gian chay 100 1an Lip (gidy)

B

53,32

D

22,73

Két qua Bang 3 thé hién rd hiéu qua cua viéc ung dung 16p ReLU ciing nhu st dung 2 16p max pooling gitp

tang tdc qua trinh huén luyén hon 50%.
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Ung véi dir liéu tir cac loai trang thai chuyén dong khac (di lén va di xudng déc) ching t6i mudn danh gia liéu
klen trac CNN dé xuit con dat hiéu qua. Vi vay, ching toi tién hanh xdy dyng cac mau (sample) va chay thir nghiém
c4u hinh D theo cach gidng nhu khi thir nghiém véi trang thai di chuyén trén san phang. Két qua thyc nghiém duoc
trinh bay trong bang dudi day:

Bing 4. Két qua thir nghiém cdu hinh D véi trang thai di chuyén di 1én va xudng déc

Trang thii di chuyén Do chinh xac - Accuracy (%)
Lén doc (Slope up) 99,01
Xuodng doc (Slope down) 98,50

Qua thyc nghiém, ching t6i nhan thiy mic du d¢ chinh xac cuia kién trac CNN dé xuat (cau hinh D) tng vai
trang thai di chuyén di 1én ddc va di xudng doc c6 kém hon so vé6i két qua g véi trang thai di chuyén trén san phang
nhung mirc d6 hiéu qua van cao (16n hon 98%) cho thiy mé hinh dé xuit co tinh twong thich cao véi nhiéu trang thai di
chuyén khac nhau.

V.KET LUAN VA HUONG PHAT TRIEN

Trong nghién ctru nay, chung t6i d& xuit phuong phap nhan dién ngudi ding tir dit liéu chuyén dong véi mot
kién traic CNN dé xuat sir dung két hop cac Convolutional layer di kém véi 16p RELU va 16p MAX POOLING. Két
quéa thtr nghiém trén nhiéu trang thai chuyen dong khac nhau cua bo dir liéu c¢6 s6 luong dbi tuong lon (496 nguoi)
mang lai hiéu qua v6i d6 chinh xac cao. Diéu nay khing dinh CNN khong chi hoat dong hiéu qua dbi voi cac linh vuc
truyén thong nhur thi giac may tinh, xur Iy ngdén ngir ty nhién ma con cd thé duoc tmg dung hiéu qua trong cac bai toan
nhan dang lién quan dén dir liéu chuyén dong.

Tuy nhlen viéc danh gia va xay dung mé hinh budc dau chi dién ra trén tap dir liéu s6 2 voi s6 lugng nguo’l
khong phai t01 da (496 nguoi) cua bo OU-ISIR. Viéc nghién ctru, danh gia dy kién dugec mo rong trén dir liéu vdi s6
lwong ngudi toi da (tap dir liéu s6 1 gdm 744 ngudi), tir d6 bd sung hoan thién phuong phap va tién hanh so sanh véi
cac hudng tiép can khac di co thir nghiém trén tap dir liu s 1. Ngoai ra, cac kién tric mang khac nhu ResNet [5],
Inception [27], Recurrent Neural Network, ... c6 thé duoc thir nghiém vao viéc trich rut dic trung cp cao thay thé cho
CNN truyén théng.
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HUMAN IDENTIFICATION FROM INERTIAL DATA USING CONVOLUTIONAL
NEURAL NETWORK

Hoang Van Ha, Tran Minh Triet

ABSTRACT: Gait of each person is considered to be unique and can be used as a biometric characteristic to identify each
individual. The strong growth of smartphones as well as wearable devices such as smartwatches, fitness trackers makes it easy to
collect motion data through motion sensors which are built-in components in these devices.

Many methods are proposed for identifying users from inertial data through the transformation of data into hand-crafted
features. In this study, we propose a method for identifying users from motion data using the Convolutional Neural Network - a
widely used and highly effective architecture in artificial intelligence and digital image processing - as an automatic high-level
feature extractor. Results from experiments with the data of 496 persons from Osaka University's OU-ISIR Gait Database, which is
considered as the largest inertial sensor-based gait database, show the high efficiency with an accuracy of over 99%.

Keywords: Gait, Human Identification, Convolutional Neural Networks, Inertial Sensors, Accelerometer, Gyroscope.
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