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HAND GESTURE RECOGNITION USING CONVOLUTIONAL NEURAL NETWORK
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Tém tit - Giao dién ngudi — may s& tryc quan hon néu con ngudi
6 thé diéu khién mdy tinh bing giong noi hay ctr chi ma khong
can dung cac thiét bi didu khién nhu chudt hay ban phim.
Dic biét, hé théng thi giac s& thich hop hon trong mi truong dn
40 hodc c6 4m thanh bi nhiu. Bén canh d6, mang no-ron chap
duoc ap dung kha nhiéu trong cac bai toan nhan dang véi do chinh
xac cao nhu nhan dang guong mat, nhan dang $6 viét tay, xu ly
ngdn ngit ty nhién. Bai bao nay thiét 14p mot mang no-ron chap
v6i 14 16p va tng dung vao hé théng nhan dang 6 ctr chi ban tay
phai, voi dbi twong du vao 14 cac anh tinh thu dwoc tir camera
dién thoai. Tép dir liéu hudn luyén duoc tao ra tir cac cir chi tay
ctia 7 nguoi. Két qua mé phong trén matlab cho thiy hé théng co
ty 1& chinh xac 98,6% ddi vdi cac anh ban tay duoc chup chinh
dién, c6 do sang va d0 md cua cac ngodn tay thich hop.

Tir khéa - Nhén dang cu chi ban tay; no-ron chép; CNN

1. Gidi thi¢u

Ngay nay, tu dong hoa di va dang dan thay thé cac hoat
dong cua con ngudi trong nhiéu linh vyc. Véi cac yéu cau
thiét ké doi hoi do chinh xac cao, nhiéu hé thong da c6 thé
gitip con ngudi tiép can dén nhimg noi ma tudng chimg
con ngudi khong dén duge. Piéu nay thach thirc mot giao
dién nguoi — may khong nhitng phai dat hiéu qua cao vé sy
thong hiéu nhau ma con phai dat tbc d6 xir Iy nhanh chong.

Giao dién ngudi — may co ban nhat dugc st dung thong
qua ban phim va chudt bi gidi han bdi khoang cach gitta
ngudi dung véi déi tuong can tuong tac [1]. Mot sb twong
tac qua giong noi da dem lai nhiéu tién ich cho nguoi ding
nhu diéu khién thiét bi thong qua giong ndi trong ngdi nha
thong minh [2], cic van dé nhan dang ddi twong can thiét
trong an ninh [3]... Tuy nhién, cac giao dién nay bi gidi han
boi cac ddc trung giong noéi theo ving mién, tir d6 dan dén
viée thiét ké hé thong phirc tap va kho duge sir dung phd
bién [4].

Nhan dién cac cir chi ban tay 1a phuong phap dé xay
dung giao dién nguoi dung than thién gitta may va nguoi
sir dung. Trong tuwong lai gan, cong nghé nhan dang ctr chi
ban tay cho phép cac may phuc hop va cac thiét bi thong
minh hoat dong dua trén tu thé ban tay, ngén tay va sy di
chuyén ciia ban tay, loai bo viéc giao tiép vat Iy giita nguoi
va may. Ngay nay, véi su phat trién cia cac thu vién ma
nguf)n ma¢ trong linh vyc thi gidc may tinh da cho phép
thiét ké cac ung dung nhdn dang ctr chi ban tay dé dang
hon va c6 thé 4p dung cac g dung nay rong rii vao nhiéu
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linh vuc nhu y hoc [5], nhan dang ngén ngit ctr chi [6],
diéu khién robot [7], thuc té 4o [8], diéu khién céc thiét bi
trong nha [9] va cdc ing dung giai tri [10]. Giai thuat nhan
dang cir chi ban tay duoc phat trién ban dau dya trén k¥
thuét x1r Iy anh va thi gidc may tinh. Cac giai thuat nay cha
yéu dya vao viéc phan doan va tach dit trung cua ban tay
dua vao mot sb dic trung nhu mau da, khung xuong, d¢
xau, md hinh 3 chiéu, hodc nhan dang dua vao chuyén
d6ng [11]-[13]. Trong nhitng nam gan dy, tri tué nhan tao
trong do cu thé 1a cac mang hoc siu (Deep neural network)
tré nén hiéu qua va duoc 4p dung trong nhiéu tng dung
nhu nhan dang, phan loa1 anh, xtr Iy ngén ngtr tu nhién.
Mot trong nhiing yéu té chinh 1a viéc phat trién cua cong
nghé vi mach cho phép cic hé théng may tinh c6 cu hinh
manh ra doi da tao diéu kién cho viéc thuc thi cac mang
nhiéu 16p tré nén hiéu qua hon truge. Song song véi viee
phat trién phan ctng ciing nhu cac mang hoc sau, sy phat
trién cuia cac thu vién ma nguén mé cho phép thiét ké cach
mang hoc sau cho cac tng dung ciing da dang va don gian
hon. Trong bai bio niy, nhom tac gia trinh bay mot thiét
ké mang no-ron tich chap cho bai toan nhan dang ctr chi
ban tay. Mang no-ron tich chip dugc hudn luyén trén tap
mau duoc nhom tac gia tu tao bao gdm 27,600 mau véi 6
16p khac nhau bao gdbm “ndm ngon tay khép kin”, “nam
ngon tay mg”, “ctr chi bén ngon tay mé”, “ban tay nim”,

“ctr chi c6 ba ngoén tay md” va “ctr chi c6 hai ngoén tay
mo”, duge dat tén tuong ung tir classl dén class6. Qua
trinh thyc nghiém cho théy hé théng c6 thé nhan dang dat
¢ chinh xédc 1én dén 98,6%
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2. Thiét ké h¢ théng nhan dang cir chi ban tay
2.1. Chudn bj tip dit ligu hudin luyén

Hé thong nhan dang ¢ bai bao nay dwoc xay dung dé
phan biét dugc 6 loai cir chi ban tay phai. Tap dit liéu dau
vao cho qua trinh huén luyén duogc tao dua theo tap dir li¢u
Cambride-Gestture Data Base [14] v&i 27,600 hinh anh c6
kich thudc 3024x3024 bao gom cac anh dugc chup tir 7
ngudi ¢ cac diéu kién khong qua sang, khong qua tdi va
anh nén khac nhau. Céc ban tay dugc chup & vi tri va tu thé
khéc nhau: Thing, nghiéng trai, nghiéng phai, gan va xa.
Tap dir liéu trén duoc chia thanh 2 tdp dir liéu con 1a tap
huan luyén va tap kiém tra véi ti 1& twong Gmg 1a 80% va
20%. Trong tap dit liéu huan luyén va tap kiém tra c6 tat ca
céc truong hop vé tu thé va vi tri cua cac cir chi co trong
tap dir liéu, cac tép trong ca hai tap dir liéu huin luyén va
kiém tra khong tring nhau.

Anh dau vao duoc giam kich thude xudng con 227x227
dé phi hop véi mang no-ron chap dé ti wu vé thoi gian va
tai nguyén. Mau ban tay ctia 7 ngudi trong tap dit liéu (twong
{g v&i s thir ty tir 1 dén 7) duoc trinh bay trong Bang 1

Bdng 1. Tdp dir liéu ngo vao
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Bang 1 liét ké mau ban tay ctia 7 ngudi véi 6 16p cir chi
khéac nhau dugc chup tr dién thoai dé tao tap dir liéu cho
qué trinh huan luyén.

2.2. Thiét ké kién triic mang no-ron chip

Mot mo hinh mang no-ron chép (Convolutional neural
network) bao gom 28 16p véi thong so chi tiet duge trinh
bay ¢ Bang 2 dugc thiét ké cho ung dung nhan dang ctr chi
ban tay.

Bing 2. Cac théng sé ciia mang no-ron dwoc dé xudt

STT Kiéu 16p
1 |Anh dau vao

Théng sb
227X227%X3

96 bd loc kich thude 11X11X3
véi budc truot [4 4]

Ham kich hoat

2 |Lép chap

3 |ReLU
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5 |Max Pooling Lop gop, cira s6 3% 3

6 |Lop chap 256 b(f)’ loc kich thudc 5X5X48
v6i budce truot [1 1]

7 |ReLU Ham kich hoat
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15 |ReLU Ham kich hoat

16 |Max Pooling kernel 3x3 véi budc trugt [2 2]

17 |Lop két ndi ddy du  |4096 no-ron

18 |ReLU Ham kich hoat

19 |Dropout 50%

20 |Lép kétndi ddy da 4096 no-ron

21 |RelLU Ham kich hoat

22 |Dropout 50%

23 |Lop két ndi ddy da  |1000 no-ron

24 |ReLU Lép hiéu chinh

25 |Dropout 50%

26 |Lép kétndiddy da |6 no-ron

27 |Softmax Phan b xé4c suit ngd ra

28 [Ng6 ranhén

Pau vao cua hé théng la cac anh mau 3 kénh R, G, B
v6i kich thude 227x227x3 tir tap dir liéu. Sau d6, anh dau
vao s& duoc nhan chp 1an dau tién v6i 96 bo loc 3 chiéu
c6 kich thude 11x11x3 véi budce trugt [4 4]. Cac anh dic
trung ddu ra (96 anh vdi kich thude 55x55x3) tiép tuc
duoc dua qua ham kich hoat ReL U va thyc hién chuén héa
chéo kénh (5 kénh/phan tir). Sau d6, cac anh tiép tuc duoc
dua qua 16p gdp su dung ham Max Pooling véi b loc 3x3
va budc truot [2 2] va thu dugc cac anh c6 kich thude
27x27x3. Cac thao tac bao gém nhéan chap, kich hoat voi
ham ReLu va chuén héa chéo kénh (5 kénh/phan tir) tiép tuc
dugc thi 1 14n nita trén cac anh dé thu dwoc 256 anh dic trung
v6i kich thude 11x11%3. Cac anh nay tiép tuc duoc nhan
chap va kich hoat bang ham ReLU thém 3 1an nira truée khi
di qua l6p Max Pooling 1an cudi cung. Két qua thu duoc lac
nay 1a 256 anh vdi kich thude 2% 2% 3. Sau d6, mot 16p két
nbi day du duoc st dung, theo sau 1a ham kich hoat ReLU va
Dropout véi ti 1 50% dé tranh hién tuong qua khop. Thao tac
nay s& duoc thyc thi 3 1an véi s6 lugng no-ron & cac 16p két
nbi day dii 1an lugt 14 4096, 4096 va 1000 no-ron. Cudi ciing,
mot 16p két ndi déy dd voi 6 no-ron dugce sur dung, theo sau
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1a ham Softmax dé cho ra ngd ra cudi ciing cuia hé thong dé
tao ra phan bo xac xuat. Ngd ra cudi cung gom 6 nhan, tuong
ung vai 6 cu chi tay can nhan dang (class1 — class6).

3. Két qua thyc nghiém

3.1. Két qua qud trinh huén luyén mang

anh ctr chi ban tay c6 6 md ctia cac ngon tay khac nhau va
khong trung véi cac anh da cod trong co so dir liu.
Viéc kiém tra dugc thuc hién v6i anh chup truc tiép tr
camera va dugc thir hién 100 1an. Két qua duoc trinh bay
trong Bang 5.

Bdng 5. Két qud nhdn dang cdc do mo khdc nhau cua cir chi

Do chinh x4c va gia tri mat mat trong qua trinh huén l; N\ \\
luyén va kiém tra véi so lan 1ap lai tir 100 dén 882 lan duogc Miu J \ \ =
trinh bay trong Bang 3 ‘ \ i
Bing 3. Qua trinh hudn luyén va kiém tra -
— — Két qua Classl Classl Classl
o Gia tri mat Qlé tri [P0 chinh|DJ chinh Y
SO lan | Thoi gian | mat trén | mat mét | x4c trén | xac trén Ty 1€ (%) 100 99,99 100
lap lai (s) tap huin trén tap | tap huén | tap kiém \ ‘
luyén | kiém tra [luyén (%)| tra (%) Miu ‘.Q \ N \ ’ /} v \
1 1,97 2,3371 2,3371 10 17,30 j l ﬁ‘
100 | 23899 | 02921 | 04770 | 88 | 8118 Két qua Class? Class? Class?
200 465,30 0,0508 | 0,4093 100 83,97 Ty 18 (%) 100 100
300 692,01 0,1436 0,4549 96 81,47 : \‘\ \
400 | 92321 | 0,058 | 04239 | 100 | 8417 Miu w _ ﬁ%/
500 | 1157,13 0,0088 0,3034 100 88,51 i 5, ‘
600 | 1391,19 0,0015 0,3487 100 87,64 Két qua Class3 Class3 Class3
700 | 1620,36 0,0127 0,2780 100 89,08 Ty 1¢ (%) 99,97 99,8 99,06
800 | 1852,25 0,0015 0,4406 100 85,89 N Ea e
882 | 2052,19 | 0,0002 | 02561 | 100 | 99,17 Mau ' H &‘
Duya vao két qua liét ké trong Bang 3 c6 thé thiy, sau Y
882 lan huan luyén ti 1¢ nhaq dang chinh x4c trén tap kiém Két qua Class3 Classs Class5
tra da cdi thi¢n tir 17,3% ¢ lan huan luyén dau tién lén t6i Ty 1& (%) 91 97,88 99,74
99,17% ¢ lan huan luyén thir 882. Céc thong s6 m6 hinh ¢ i 7 T
lan huan lyyén cuoi cung s€ duoc st dung dé thyc nghiém Miu e \
trén hé thong cho viéc nhan dang trong thoi gian thyc. ’ n ﬁ
3.2. Két qud nhin dang cdc dnh trong tip Kiém tra P .
B o L o . Két qua Class6 Class6 Class6
Keét qua nhan dang cac anh trong tap kiém tra theo timg TV 16 (% 98.99 99.22 99.24
cu chi véi tong s6 920 t€p dugc trinh bay trong ma tran y 1 (%) ’ ’ !

twong quan ¢ Bang 4.
Bing 4. Két qua nhin dang theo tirng cir chi

Class1Class2|Class3|Class4| Class5 | Class6 | Ty 1€ (%)
Classl {920 | O 0 0 0 0 100
Class2 | 0 [914 | 1 0 0 0 99,34
Class3 | 0O 0 |99 O 0 0 98,8
Class4 | 0O 50 0 | 920 0 0 100
Class5 | 0 0 0 0 860 22 93,47
Class6 | 0 0 0 0 0 920 100

Vi tap kiém tra gém 920 anh, ti 1¢ nhan dang dung
cao nhit 1a 100% xay ra ¢ 3 trang thai ngd ra la Classl
(nam ngoén tay khép kin), Class4 (ban tay nim) va Class
6 (cir chi c6 hai ngon tay mo), ti 1é nhan dang ding thap
nhit ¢ ngd ra Class5 (cur chi c6 ba ngon tay md) voi do
chinh xé&c 1a 93,47%. Tinh trung binh, ti 1&¢ nhan dang
chinh xac cho ca 6 trang thai ngd ra ddi véi tap dir licu
kiém tra 1 98.6%.

Dé danh gia d6 tin cdy cta hé thdng, nhom tac gia tién
hanh kiém tra qua trinh nhan dang ctia hé thong ddi véi cac

Nhu vy, véi ngon tay c6 cac d6 md khac nhau, két qua
nhéan dang cta hé théng 1a chinh x4c nhit & cac trang thai
ngd ra Classl (99,99%), Class2 (99,8%), va Class6
(99,15%).

4. Két luan

Trong bai bao nay, nhom tac gia da dé xuat mot mo hinh
mang no-ron chap ung dung cho viéc nhan dang 6 cuir chi
ban tay v6i anh dau vao dwoc chup tryc tiép tir camera. Tap
dir li€u duoc nhom tao ra véi 6 16p cir chi ban tay khéc
nhau. Két qua kiém ching cho thdy, hé thong c6 thé nhéan
dang t6t, c6 ti 16 ding trung binh 1én ti 98,6%, v&i cac anh
dau vao co diéu kién 4anh sang, goc chup va do md ngoén
tay thich hop. M6 hinh mang no-ron tich chap dé xuit cho
{mg dung nhan dang ctr chi ban tay co thé dugc tmg dung
trong cac hé théng diéu khién khong tiép xuc, ing dung
chuyén d6i ngdn ngi ctr chi sang vin ban hodc trong cac
g dung diéu khién thong minh khéc.

Loi cam on: Bai bao 1a san pham cia d§ tai cap trudng
trong diem ma so T2020 — 44TD dugc ho tro boi truong
Pai hoc Su pham Ky thuat TP.HCM.
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