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Tém tdit: Bai bao dé xuat mot phuong phap nhan dang cir chi
tay dwa trén phuong phap hoc sau. Dit liéu cur chi tay duoc thu
thap tir hai cam bién: cam bién gia tbc va con quay hdi chuyén.
Dit liéu nay sau d6 duoc tién xu ly bing cach loc nhidu va phan
doan. Tiép dén dit liéu duoc dua vao mang hoc sau dé trich chon
dzic trung va phan loai cir chi. Nhém tac da thir nghiém véi kién
tric mang hoc sau dang dugc danh gia cao trong nhan dang cu
chi tay dong la mang BaseLineCNN. Tir két qua thuc nhiém c6
thé két luan phuong phap hoc sau néi chung va mang
BaselineCNN nai riéng cho két qua tét trong nhan dang ctr chi
tay, vai dit lidu duoc thu thap tir cam bién trén céc thiét bi deo
tay phd bién hién nay.

Tir khoa: Nhan dang cur chi tay, hoc sau, BaselineCNN,
hand gesture recognition.

l. MO BPAU

Bai toan nhan dang cu chi tay da dugc quan tdm va
nghién cau tir nhitg ndm dau cua thé ky trudc. Muc tiéu
ctia bai toan la nhan dang dugc hinh dang (ctr chi tay tinh)
hodc hoat dong (cir chi tay dong) cua cu chi tay, bao gom
ngon tay, ban tay, canh tay dé tir d6 dua ra cc thong tin
hitu ich trong trong tac nguoi may.

Trude day, bai toan nhan dang ctr chi tay thuong dugc
tiép can theo hudng ap dung thi giac may tinh. Theo d6 cac
ctr chi ngon tay, ban tay s& dugc chup lai va sir dung cac
md hinh hoc may dé huan luyén va nhan dang. Uu diém
phuong phap nay 1a két qua nhan dang cao va 6n dinh. Tuy
nhién phuong phap nay thuong chi 4p dung hiéu qua trong
bai toan nhan dang cir chi tay tinh. Pham vi thuc hién cir
chi bi gigi han trong Vl]ng nhin ctia camera nén chua cho
phép cur chi cua ngudi duoc nhan dang moi noi, moi ltc.
Ngoai ra, céch tiép can thi giac may tinh thudng doi hoi tai
nguyén tinh toan kha lén.

Gan day vei sy phat trién manh cua linh vuc vi dién tu,
cac cam bien dugc tich hop ngay cang nhiéu trong cac thiét
bi IoT va di dong. Cac cam bién nhu cam bién gia toc, cam
bién con quay hoi chuyén cho phép chung ta thu thap duoc
nhiéu théng tin hitu ich phuc vu cho viéc dy doan cdc cu
chi tay dong, ddc bi¢t lién quan dén hoat dong cua co tay,
canh tay. Phan I6n thiét bi deo tay hién nay déu dwoc trang
bi véi nhung khéi do lwong nay, vi du nhu dong ho thong
minh hodc cac vong deo tay theo ddi stic khoe. Bing cach
két hop nhiing thiét bi deo tay nay trong ngu canh mot he
théng IoT nhu nha thong minh, chung ta c6 thé xay dung
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mét hé thong nhan dang cu chi tay dong phu hop cho céc
bai toan khac nhau, vi du nang cao trai nghiém ngum dung
trong diéu khlen nha thdng minh, hd tro nguoi khiém thi
trong glao tiép, hoic hd tro trong tuong tac ngudi may
Nhiéu giai phap dugc dua ra voi do chinh xéc cao, vi du
nhiing nghién ctru cua Yang va dong nghiép [1], Monisha
va dong nghiép [2], Lei va dong nghiép [3].

Da c6 mot s6 nghién ctru tng dung thong tin thu thap
tir cac thiet bi deo tay pho bien [4] [5] [6] [7] [8] [9] [10],
nhu st dung dong hd Apple Watch [4], Huawei Watch [10]
dé nhan dang hoat dong cua ban tay, co tay. Tuy nhién
nhitng hé thong ndy chua duoc tich hop day du vao nén
tang loT va vi¢c trién khai trong thuc té con gap nhiéu kho
khan. Mot 59 nghién ciru khac cho phép thuc thi viéc nhan
dang truc tiép trén dién thoai théng minh, tuy nhién lai gy
khé6 khan cho ngudi ding trong ghi nhé cir chi.

Bai béo nay dé xuat mot phwong phéap nhan dang cir chi
tay dong li€n quan dén hoat dong cua canh tay str dung cac
cam bién duoc tich hop san trong thlet bi deo (vi du nhu
ddng hd thdng minh) phi hop vai cau hinh han ché cua cac
nén tang IoT nhu nha thong minh. Muc tiéu cua nghién ciu
hudng tai 1a nhan dang hoat déng cua tay (vi du gio tay 1én,
xuéng, sang trai, phai ...) thdng qua di li¢u dwoc thu thap
boi céc thiét bi deo thong minh tai ¢o tay.

Phan con lai pﬁa bai bao dugc td chire nhu sau. Phan 2
gioi thiéu mot s6 nghién ciu lién quan. Phan 3 gidi thiéu
phuong phap nhén dang ctr chi tay dya trén hoc sau. Phan
3 la thyc nghi¢m va phan tich két qua. Phan 4 la két luan va
huéng phat trién trong tuong lai.

Il. NGHIEN ClPU LIEN QUAN

Nghién ciru cha yéu tap trung vao cac giai phap nhan
dang ctr chi tay dong, dya trén thiét bi deo tai ¢ tay, do d6
trong phan nay, mét s6 nghién cau lién quan st dung di
liéu cam bién dé nhan dang cu chi tay lién quan s& duoc dé
cap.

Vé co ban, nhan dang cir chi tay dong dua trén cam bién
thuong dya trén dir li¢u trong khong gian 3 chiéu bién thién
theo thoi gian. Céc tinh ndng nhu goc udn cua ngon tay,
huéng va vi tri tuyét dol cua ban tay thuong ¢ trong khong
gian 3 chiéu, nén nd can céc thong tin vé d¢ sau, huong, gia
toc ..

Gan day, mot trong nhung cam bién thuong dugc dung
dé thu thap dix liéu nay la gia toc ké. Gia téc ké cung cap
dir li¢u trong khong glan 3 chiéu vai 3 truc x, ¥, Z; gia toc
cua cam bién theo céc chiéu dugc tinh toan riéng bi¢t, do
do chung ta co thé sir dung s lidu nay dé xac dinh dugc
huéng va chuyén dong cua cam bién. Vi dy, gin cam bién
gla toc vao day deo co tay, ta co thé xac dinh dugc khi nao
va hudng cb tay chuyén dong hodc quay. Da c6 nhidu
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nghién cau sir dung cam bién gia toc ké dé thu thap dir ligu
cho viéc nhan dang ctr chi tay dong, vi du nhu nghién ctu
cua Liu va dong nghiép [12], Leung va dong nghiép [5],
Kwon va dong nghiép [13], Hong va dong nghlep [7] ..
Bén canh chi st dung cam bién gia tdc, 6 mot so nghlen
ctru dé xuat két hop dir liu 3 chiéu caa cam bién gia téc
véi dit liéu 3 chiéu ciia cam bién con quay hdi chuyén [13]
[8][14]. Su dungrdong thoi ca hai cam bién cho phép ta két
hop dir liéu gia toc va hudng quay trén tung truc, tir do cai
thién @6 chinh xac cua viéc nhan dang ctr chi tay dong.

Ngoai ra, két hgp 2 cam bién trén véi dit ligu 3 chiéu
cua tir ké (magnetometer) ta s& thu duogc dit liéu cam bién
trong 9 truc khéc nhau, ho tro thong tin quay, hudng va do
nghleng cua cu chi. Cam bién tr truong 1a mot thiét bi hé
thong vi co di¢n tr quy md nho cho phép do mirc do cua tur
truong. Mot so nghién ctru da thir nghiém két hop tir ké dé
thu thap dit li¢u ctr chi tay dong, vi du nhu Ordonez va ddng
nghiép [14], Senevirante va dong nghi¢p [15].

C6 3 phuong phép phan tich chinh dwoc 4p dung dé
phan loai hogc nhan dang ct chi tay: Phuorng phép so khop
mau (Template-based methods); hoc may co dién véi cac
dic trung trich chon bang tay (Handcrafted features); va
hoc séu.

Huong tiép can dau tién, phuong phap so khép mau [71,
dua trén y tusng tinh toan khoang cach gira tap cir chi mau
va tap can nhan dang. Khoang cach nay sau d6 dugc so sénh
véi mot ngudng duoc dat trude dé xac dinh xem 2 bo cir
chi c6 phai la mot hay khdng. C6 nhiéu loai khoang cach
dugc str dung, vi du nhu khodng cach hinh hoc [28] kh0ang
cach Euclid [29]. Mot dién hinh ctia huéng tiép can nay la
phuong phap Xoan thoi glan dong - Dynamic Time
Warping (DTW) [30]. DTW xdac dinh ct chi tay dong gan
nhat bang cach do khoang cach DTW giita dic trung dau
vao va dic trung ting cir chi mau. Truéc khi tinh todn
khoang cach, DTW duoc sir dung dé can chinh hai dir ligu
thdng qua viéc lam cong véi phuong phap phi tuyén dé lam
cho dix liéu khorp Vvéi nhau. Do qua trinh cin chinh nay, cac
thuat toan nay c6 thé déi phé véi cac blen dang trong dir
lieu phu thugc thoi gian gay ra bai cac toc do khac nhau.
Cac thuat toan nhan dang dya trén DTW thé hién hiéu suat
t6t cho nhan dang cir chi tay dong Tuy nhién, hi¢u suat
nhan dang phu thugc rat nhidu vao chat luong cua cac mau
dugc chon. Do d6, vi cac thuat todn ndy yéu cau tim céc
mAu t6i wu tir bo dit lidu da chuan bi, nén khé co thé thuc
hién viéc hoc theo thoi gian thuc véi d6 chinh xac cao, day
la mét trong nhiing yéu cau quan trong d6i véi nhan dang
ct chi dong.

Huéng tiép can thir 2 ¢6 thé duoc xem nhu 1a su phét
trién tr huong tha nhat: nhan dang cir chi tay dong véi hoc
maéy ¢ dién bang cac bo phan loai, sir dung dic trung trich
chon bing tay. Céc ky thuat khic nhau duoc ap dung dé
trich chon déc trung trong mién thoi gian, tan sb hoac ca 2
cho mdi I6p cur chi can nhan dang. Sau d6, cac ky thuat
phan loai s& dugc &p dung dé xéc dinh lop cua cu chi. Cac
ky thuat thuong dugc su dung dé phan loai vi du nhu may
véc to hd trg [27, 30, 7] va mang than kinh (khong c6 16p
an) [29, 1, 28] K lang gleng gan nhat [32]. Céac ky thuat
nay Cung c6 thé dugc két hop cuing sir dung, vi du két hop
cay quyet dinh véi mo hinh phan cum k va cac mé hinh
Markov an dugc su dung trong [32]; két hop ciia cac may
véc to hd trg va cac mo hinh Markov dugc sir dung trong
[24]. Vigc str dung cac dic trung trich chon bang tay thuong
t6n thoi gian trong xac dinh déc trung sir dung. Ngoai ra,
céc nghién ctru ciing gap nhiéu kho khin khi mudn mé rong
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s6 lugng ctr chi, hodc nhan 'dang cu chi phuc tap hon, vi céc
ddc trung nay thuong la két qua cua cac bién ddi toan hoc,
khong phai xuét phat tir c4c hanh vi [22].

Thé hé thir ba duoc xuat phat tir sy phat trién cua cac
cong ngh¢ hoc sau, trong d6 cic ddc trung ctr chi tay dong
dugc ty dong trich xuat tir dit liéu tho. Phuong phap nay su
dung cac mang no ron nhiéu 16p xur Iy théng tin phi tuyén
tinh d¢ trich xuat va phan loai dic trung, dugc sip xep theo
thir bac; dau ra 16p nay 1a dau vao cua lop ké. Chang han,
Kwonet va dong nghiép [11] da trinh bay mot cong ngh¢
hoc sau trong nhan dang cir chi tay dong bang cach sir dung
ma hinh phan loai mang than kinh tich chap (CNN) véi 17
16p a an. Ordonezet va dong nghiép [22] ndm 2016 cling aé
xuit mang hoc sau DeepConvLSTM bao gom céc I6p tich
chap va 16p hoi quy LSTM, c6 kha nang tu hoc cac dic
trung cua cu chi tay dong. Mang hoc siu nay da duoc thi
nghi¢m trén b dir licu OPPORTUNITY [31], dugc thu
thap bai 5 thiét bi deo v6i 15 cam bién (5 cam bién gia téc,
5 cam bién con quay hoi chuyen va 5 cam bién tur ke) Két
quéa nhan dang ctr chi dé xuét cao (91. 5%) nhung so thlet bi
deo khong phu hop véi diéu kién thyc té trong cudc sdng.
DeepConvLSTM la mang dugc danh gié cao trong nhan
dang cr chi tay vi né da xét dén yéu td bién thién theo thoi
gian cta ctr chi tay dong (tich hop mang hdi quy bd nha dai
ngan).

Céc ky thuat hoc siu 1a phuong phap dang hira hen s&
gidi quyét triét dé yéu cau cuia nhan dang tir cac thiét bi deo
tay thong thuong. Pau tién, hiéu suat nhan dang va thoi
gian cai thién hon so vdi cac phuong phap trude d6. Thir
hai, nhan dang clr chi tay dong dua trén hoc sau co kha nang
phat hién ra cac dic trung chwa dugc khdm pha gan lién vai
cac hanh vi cua tay nguol tir cac chuyén dong don gian &
céc 16p thip hon dén céc chuyén dong phic tap hon & céc
16p trén.

Ill. PHWONG PHAP DE XUAT

Baseline CNN [14] la 1 mang hoc sau tich chap bao
gdm céc I6p tich chép 2 chiéu, phi hdi quy va cuoi cung la
I6p softmax dung dé phan loai hanh dong. Dau tién, dir licu
cam bién duoc tinh toén qua 4 16p tich chap dé chiét suat
déc trung va triru twong héa dit liéu thanh dang bac dac
trung cao. Céac 16p tich chap xu ly doc theo truc thoi gian,
s6 lugng kénh cam bién giéng nhau & céc anh xa dic trung
dau ra (feature map).

Hinh 1 m6 ta toan tir tich chap bang ky hiéu "', duoc
tinh dua vao 1 nhéan (kernel) c6 kich thudc mo ta bang hinh
chir nhat mau vang, véi kich thuéc thyc té 1a 5*1, budc
nhay bang 1x1 va dugc dém Ie c6 han dinh (padding valld)
Céc dic trung anh xa dau ra ¢ m01 budc tich chap nay sau
d6 dugc tinh qua ham don vi tuyén tinh chinh luu (ReLUs),
ham phi tuyén tinh duoc dinh nghia 1 §(x) = max (0,x).
Céc I6p 6 va 7 1a 16p phi tuyén tinh day dac (dense layer),
minh hoa nhan thirc da 16p (multi-layer perception MLPs).
Ham kich hoat cho méi don vi trong I6p day ddc dau tién
duoc tinh dua vao toan bo anh xa dau ra dic trung tur 16p
tich chap cudi cing. Mdi don vi trong 6p day ddc dwoc
thong qua ham ReLUs, véi ham phi uyen tinh duge dinh
nghia la 6(x) = max (0,x) nhu trén. Pau ra caamo hinh 1a 1
I6p softmax, ban chat la 1 Iop day déc véi ham kich hoat la
softmax, biéu thi phan bd xac suat ciia cac I6p phan loai.

T6m lai, md hinh mang dugc md ta tém tit lai nhu sau:

C(64) — C(64) — C(64) — C(64) — D(128) — D(128) - Sm,
véi C(x) minh hoa 1 16p tich chap véi dau vao 1a anh xa dac
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Hinh 1. Kién triic mgng BaselineCNN. Tur tréi qua phai, dit liéu bar dau tir cam bién durot thong qua 4 16p tich chdp dé hoc cac
ddc trung. 2 I6p day ddc sau dé duoc tinh qua 1 budc chuyén déi phi tuyén tinh, trong @6 mang lai két qua phan logi cia I6p dau
ra véi ham hei quy softmax ¢ bén phdi. B¢ dai cia anh xa déc trung ky hiéu 1a Sx va ax minh hoa ham kich hogt cia lop x.

trung, D(y) 1a 1 16p day dac véi'y don viva Sm la lép phan
loai softmax. Chi tiét cau tric ciia mang cho 2 mang voi
kich thudc dau vao khac nhau duoc minh hoa trong Bang 1
va 2.

Trudc khi bat dau qué trinh huan luyén, cac dic trung
duogc chuan hoa boi Standardization, 1a mot phuong thirc
chuyén ti I¢ dic trung vé mot mién dé tinh giam gradient
nhanh hon, véi cong thiic z=(x-p)/c, trong d6 z la déc trung
sau khi chuan hoéa, x 1a dic trung ban dau, p 1a gié tri trung
binh, 6 14 d6 léch chuan cua phan b dic trung ban dau. Sau
do, bat dau qua trinh huan luyén bang phuong phap hoc co
giam sat voi dit liéu va nhan da dugc gan, sau do tinh lan
truyén ngugc gradient tir 16p phan loai softmax dén lop tich
chap dau tién. Tham sé ciia mang duoc tdi wu héa boi giam
t6i da entropy chéo (cross-entropy) cua ham mat mat bang
su dung giam gradient trén tap nho (mini-batch) véi cap
nhat RMSProp. D¢ hiéu qua cho viéc tinh toan huan luyén,
dir li¢u dugc phan doan vao tap nhé véi kich thude 128, cac
tham sé cua mang dugc cap nhat sau mdi budc lap. Qua
trinh huén luyén véi toc d6 hoc (learning rate) la 10e-3, yeu
t6 phan ra (decay-factor) la p=0.9. Trong so6 cua mang duoc
khai tao ngau nhién. Ngoai ra, dé tranh hién tuong hoc qué
vira (overflttlng) giatri bo cac don vi trong 2 I6p (dropout)
can cudi vai xac suit cua lop d6 12 0.5.

Bdng 1. Tham so cho mang Baseline CNN véi ddu vao 2 gidy,
dé phan biét cir chi Chon va Unknown

Lép Kich thuéc Téng kich Kich thwéc
tham so thwéce dau ra
1-Bau . . 50X6x1
vao
K: 5x1x64
2 b: 64 384 46X6x64
3 | KeoxIX6axba | o)y 42X6x64
b:64
g | KOXIX6AX6A | o opy 38x6x64
b:64
5 | K 5);)1_224"64 20,544 34x6x64
6 W: 1,671,296 128
34x6x64x128
b: 128
7 W: 128x128 16,512 128
b:128
8 W: 128x2 258 2
b: 2
Tong 1,750,082
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Bang 2. Tham s cho mang Baseline CNN véi ddu vao 3 giaa,
dé phéan biét 22 cur chi

Lé Kich thwéc | Tong kich | Kich thuée
op tham so thwde daura
1-Déu - - 74x6x1
vao
K: 5x1x64
2 b 64 384 70x6x64
3 | KOXIX6ax6a | o, 5y 66x6x64
b:64
4 | KOXIX6AX64 | o)y 62x6x64
b:64
5 | KoxIx6axba | o, 0)y 58x6x64
b:64
W:
6 | 58x6x64x128 | 2,850,944 128
b: 128
W: 128x128
7 D128 16,512 128
W: 128x22
8 b 29 2838 22
Tong 2,932,310

IV. TH'C NGHIEM VA BPANH GIA

A. Dz liéu

Do phuong phép 4p dung theo huong hoc sau, dir li¢u
la mot trong nhing yeu t6 quan trong nhat. Bén canh phal
c6 nhiéu dir ligu de huan luyén hoc sau duoc higu qua, cac
dit liéu nay can phai c6 su tong quat dé tranh van dé qué
vura dir liéu (overfitting). Cho nén, nghién cuu xay dung tap
co s& dir liéu tir 20 tinh nguyén vién bao gom ca nam va
nit. V6i mi tinh nguyén vién, tong sé lan thyc hién cir chi
14900 lan cho 18 ctr chi, trong d6 mdi loai ctr chi dugc thuc
hién 50 1an. Va két qua 1a tap co sé dir liéu s& bao gdbm
18000 lan thyc hién cir chi tir cac tinh nguyén vién.

Hinh 2 mo ta tap 18 céc cir chi didu khién, bao gom di
Chuyen canh tay. theo 4 huong: trai, pha1 trén, dudi; rut tay
lai roi dua tay vé trudc mat; vo tay, V& vong tron theo chiéu
cung, nguoc kim dong hd, vé cac chir s6 tir 0 dén 9. Co thé
nhan thay, cé&c ctr chi nay déu thong dung, dé hinh dung, d&
ghi nhé véi moi nguoi, €6 tinh tng dung cao va y nghia khi
diéu khién céc thiét bi. Vi du, trén dudi tuong g véi vigc
tang giam nhi¢t do diéu hoa, sang trai sang phai dé chuyen
dbi slide khi thuyét trinh bang may chiéu hay cac chix s6
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tuong g véi diéu khién thay déi kénh truyén hinh trén vo
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sang sang Di chuyén | Di chuyén Xoay chieu | y oy ngurgc chidu

trai phai len xudng Chon Votay k""h%"“g Kim déng hé 0
" . .-
— l
.
- -
1 2 3 4 5 6 7 8 9
- - e 3 - ~ * * . - - -
/ 1
‘ . + ]
- - [* -
- - . L -
. .

Hinh 2. Tdp ci chi st dung

B. Cai dat thuc nghiém

Thyc nghiém dugc cai dat trén moi truong nhu sau:

e Ddng hd thong minh Sony Smartwatch 3: B vi
xt ly ARM A7 16i tr, 1.2 Ghz, 512 MB RAM, 4
GB, hd tro ké ndi Wifi va Bluetooth

e Dién thoai thong minh HTC One: bd vi xu ly
Qualcomm Snapdragon 801, 2GB RAM, Bo nhé
trong 8GB

e Huén luyén dir liéu trén nén tang Colab cua
Google

Dit liéu duoc chia ngau nhién dir liéu thanh 3 tap: 1 tap
hudn luyén (training), 1 tip danh gia muc do chinh xac
trong qué trinh huén luyén (validation), 1 tap doc lap dé
kiém thir (testing). Tap huén luyén bao gom 12 nguoi, tap
danh gia mic d chinh xéc trong qua trinh huan luyén gdom
3 nguoi, 5 ngudi con lai dung dé kiém thu doc lap.

Do qué trinh huén luyén su dung dich ctra s6 ¢b dinh
thoi gian sinh ra cic mau c6 sd lugng khong biang nhau
(chénh 1éch 16n & cac nhan nhu bit diu do tay xudng va
dang do tay xudng, vv..), nén bén canh dénh gia theo do
chinh xac, nghién ctru 4p dung danh gia theo moé hinh F1-
score bao gdm cac budc: danh gia do chinh xac (precision),
d6 bao phu (recall), dd do F1. Cac gia tri dugc tinh theo
cong thuc:

S8 lan doan diing nhan

e Precision = — - —
56 lan doan nhan

S8 lan doan ding nhan

e Recall = — —
S6 nhan thuc té
2xrecallxprecision
o [ = ZIecarrprecision
recall+precision

C. Két qua va thao lugn

Vé6i 2 cir chi "Chon” (Bit dau ra lénh diéu khién) va
Unknown, hé théng ap dung cira s6 2 giy, cac ctr chi con
lai ¢6 kich thudc 3 gidy, trong khi kich thugc dau vao cua
mang hoc sau trén c6 dinh. Dé giai quyét van dé nay, thay
vi sir dung padding, khi trién khai hé thong sir dung 2 mang
trong tng véi 2 kich thude trén. Dudi day 1a két qua cua
2 mang dé cap, mdi mang danh gia dya vao loai ctr chi
tuong g véi kich thude cira sb 2 gidy va 3 gidy.
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Normalized confusion matrix

Start gesture

True label

uUnknown

& &
& <
¢ a8

Hinh 3. Ma tr@n hén logn cho 2 ci chi Chon va Unknown

Normalized confusion matrix
0 41:310.00 0.00 0.00 6.000.00 0.08 0.00 0.00 0.04 0.06 0.000.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|

0.00[A=k80.00 0.00 0.04.0.00 0.00 0.02 0.00 0.03 0.000.000.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00)|
2 +0.00 0.00{+X=4¥80.03 0.010.00 0.000.01 0.02 0.00 0.000.000.000.000.01 0.00 0.00 0.00 0.000.00 0.01 0.00|
3 40.00 0.00 0.02 [¢X=E1 0.000.08 0.00 0.04 0.03 0.00 0.000.01 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|
4 40.00 0.00 0.00 0.00[2%E10.03 0.00 0.01 0.00 0.00 0.000.000.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|
5 40.000.000.000.02 0.01[+A=k10.000.01 0.02 0.01 0.000.000.000.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|
6 +0.02 0.000.000.00 0.000.00{eXp0.00 0.04 0.01 0.000.000.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|
7 +0.00 0.000.00 0.00 0.030.00 0.00{$X=R40.00 0.00 0.000.01 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|
8 40.03 0.000.000.00 0.010.00 0.03 0.00[$X=M40.01 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|
9 40.00 0.00 0.00 0.00 0.050.09 0.00 0.01 0.00 [2k:&]0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00)|
10 +0.02 0.000.000.00 0.000.00 0.03 0.00 0.00 0.04[¢X8]0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|

11 40.07 0.000.02 0.02 0.000.00 0.00 0.00 0.00 0.01 0.00[sX:§ 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00|

True label

12 40.00 0.00 0.00 0.00 0.000.02 0.00 0.00 0.00 0.00 0.00 0.00[sKE40.00 0.03 0.00 0.00 0.00 0.000.00 0.00 0.00|
13 +0.000.000.000.00 0.000.00 0.00 0.000.00 0.00 0.000.000.00+X=[J0.00 0.00 0.00 0.000.10 0.00 0.00 0.00|
14 +0.000.000.000.00 0.000.00 0.00 0.00 0.00 0.00 0.000.000.00 0.00(SR=R10.00 0.00 0.00 0.000.06 0.00 0.00|
15 +0.00 0.000.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.000.000.02 0.00 0.06 [+X:¥10.00 0.00 0.000.00 0.08 0.00|
16 <0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00{¢X:[510.01 0.000.00 0.00 0.13|
17 -0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.02 0.00 0.050.010.02 0.00 0.05 0.01 0.00(1:¥10.000.00 0.01 0.01|
18 0.000.000.000.000.010.000.010.000.00 0.00 0.01 0.000.00 0.04 0.00 0.00 0.00 0.00[sX=¥40.00 0.00 0.00|

19 +0.00 0.000.01 0.00 0.000.00 0.00 0.00 0.00 0.00 0.000.000.00 0.00 0.09 0.07 0.00 0.00 0.00{$X:E30.00 0.00|

20 -0.000.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.000.020.01 0.00 0.05 0.03 0.00 0.00 0.00 0.00 $RzE]0. 00|

21 40.030.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.000.02 0.020.00 0.00 0.00 0.000.02 0.00 0.000.00 0.00 [JX=}1
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Hinh 4. Ma trdn han loan cho 22 ci chi con lgi

T két qua trén, ta c6 thé nhan xét méd hinh
BaselineCNN c¢6 kha nang phan loai tt trén tap ctr chi thu
thap dugc. Pidc biét véi 2 cir chi danh déu bat dau hanh
dong va cir chi Unknown, mang cho két qua rat tot (déu
95.9% voi1 F1-Score va d chinh xac). Véi 22 ¢t chi con
lai, do s6 lugng mau it hon va ) luong lop nhiéu hon, nén
cac chi s nay ¢ giam nhung van trong ngudng chap nhan
duoc (88.91% vai Fl-score va 88.76% vai do chinh xac).

Bdang 3. Két qua thyc nghiém véi mang Baseline CNN

Loai Precision Recall F1-score Acc

95.91 95.90 95.90 95.90

2 gidy

89.67 88.79 88.91 88.76

3gidy

Viéce sir dung ctra s dich chuyén ¢ dinh cho 22 cir chi
diéu khién dan toi két qua nhan dang khong chinh xac & 1
s6 mau. Do cac ctr chi nhu vé& s6 8 s& thuong 6 thoi gian
16n hon so v&i vE sd 1, vv... trong khi cua s6 duoc ¢b dinh
1a 3s. Ngoai ra do khong giéi han goc mé vai, ¢ tay, khity
tay, viéc v& cac sd nhu sb 0 va sb 6, s6 2 va s6 3, do tay
sang va bit dau do tay sang 4 hudng khong c6 sy khac biét
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16n dan t6i khi nhan dang d& nham 14n, tir bang ma trén
hon loan & trén ta co thé thay cip cac clr chi nay c6 do
chinh xac thap hon so véi da so cac ctr chi khac.

V. KET LUAN

Bai bao dd dé xuit mot phuong phap nhan dang cir chi
tay dong dua trén phuong phap hoc sau vdi cac loai cam
bién pho bién. Hai cam bién chinh da dugc dé xuét, d6 1a
cam bién gia tdc va con quay hdi chuyén, 2 cam bién
thudng dugc tich hop trén cac thiét bi deo phd bién. Giai
phap d& xuat bao gdbm ba budc chinh. Pau tién dir liéu
trong khong gian 3 chiéu, bién thién theo thoi gian cta ctr
chi tay duoc thu thap. Dir liéu nay sau d6 duoc tién xir Iy
bang cach loc nhidu va phan doan. Tiép dén dir lidu dugc
dua vao mang hoc sau dé trich chon dic trung va phan loai
ctr chi. Bai bao da thtr nghiém véi mang hoc sdu dang dugc
danh gid cao trong nhan dang cu chi tay dong 1a mang
BaseLineCNN. Tir két qua thyc nhiém cé thé két luan
phuong phap hoc sau noéi chung va mang BaselineCNN
noi riéng cho két qua tbt trong nhan dang ctr chi tay, véi
dir liéu duoc thu thap tir cam bién trén céc thiét bi deo tay
phd bién hién nay.
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APPLICATION OF DEEP LEARNING IN HAND
GESTURE RECOGNITION

Abstract: The article proposes a deep learning-based
method for hand gesture recognition. We used two
sensors, including an accelerometer and gyroscope, to
collect the input data. This data was then preprocessed to
reduce noise and segment to different windows. Next, the
data was fed into a deep neural network for feature
extraction and gesture recognition. We have experimented
with a common network architecture in hand gesture
recognition, namely  BaseLineCNN. From the
experimental results, it can be concluded that the deep
learning-based method in general and the BaselineCNN
network in particular support good results in hand gesture
recognition, with data collected from sensors, integrated
into popular wearable devices.

Keywords: Hand gesture, Deep learning, CNN,
Baseline
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