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Tém tit: Bén canh Isi n6i, ctr chi ndi chung va cir chi
tay noi riéng la mot trong nhirng hinh thic giao tiép phd
bién nhét. Ctr chi tay c6 thé truyén dat nhiéu noi dung
mot cach truc quan. Bai todn nhan dang cur chi tay da thu
hat sy quan tdm nghién ctru trong linh vyc thi giac may
tinh nhitng ndm gan day. Tuy nhién, bai toan nay van con
mot so thach thic boi tuong tac ngudi-may dung ctr chi
tay can tu nhién, d6 chinh xac nhan dang cao va thoi gian
dap Gng nhanh. Trong bai bao nay, ching t6i dé xuat st
dung thuat toan You Only Look Once phién ban 7
(YOLOvV7) cho bai todn nhan dang hinh trang ban tay
(con goi la cu chi tinh). Thyc nghiém duoc tién hanh véi
tap hinh trang ban tay trong tro choi oan tu ti. Két qua
thuc nghiém cho thay phuong phap nhan dang hinh trang
ban tay su dung thuat toan YOLOV7 cho hi¢u Suét tot
hon ca vé toc do tinh toan va do chinh xéac so voi hai
phuong phap str dung thuat toan YOLOV5 va sir dung
Faster R-CNN.

Tir khéa: Tuong tac nguoi-may, Thi giac may tinh,
Nhan dang ctr chi, Hoc sau, YOLO.

l. GIOITHIEU

Nhu ciu tuong tic giita con ngudi va méy tinh ngay
cang dugc mo rong trong _nhitng ngir canh s dung da
dang khac nhau véi yéu cau vé sy thuan tién, ty nhién.
Véi nhu cau nay, nhiéu phuong phép va ky thuat méi da
va dang duoc nghién ctu, phat trién. Nhan dang ct chi la
mot trong nhitng bai toan duoc quan tdm nghién cau
trong do cac phuong phap su dung cdng nghé thi giac
may tinh va tri tué nhan tao da dat duoc nhiéu thanh tuu
ca trén_phuong dign nghién cau ly thuyét va ang dung
thuc tién [1]. Céc bai toan cu thé cua nhan dang ctr chi
tay bao gom nhan dang ngon ngit ky hiéu [2], nhan dang
ngbn ngtt tin hiéu dac biét dugc sir dung trong thé thao
[3], nhan dang hoat dong [4], phat hi¢n tu thé/hinh trang
[5], theo doi/danh gid hoat dong tap thé duc [6], va diéu
khién nha théng minh/céc ung trong dung trong doi séng
hang ngay st dung ctr chi tay [7].

Trong nhitng ndm qua, cac nha khoa hoc da st dung
cac thuat toan, cac phuong phép khéc nhau dé giai quyét
cac bai toan néu trén nham mang lai nhiing tng dung hitu
ich trong doi séng [8]. Viéc st dung cu chi tay trong cac
ng dung khac nhau di gop phan cai thién vigc tuong tac
gitra nguoi-may [9]. Trong do, su phat trién cua cac hé
thong nhan dang ctr chi dong mét vai tro quan trong. Cir
chi tay duoc st dung ngady cang rong rai trong cac linh
vuc khac nhau. Chlng ta c6 thé thay cir chi tay dugc tng
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dung trong cac ung dung da phuong ti¢n nhu tro choi
[10], thuc té ao [11] va thyc té tang cuong [12], hd tro
sinh hoat [13], danh gia phat trién nhan thac [14], v.v.
Gan day, ctr chi tay cling dugc sur dung trong tuong tic
glua con ngudi va robot trong méi trudng san xuat [15]
va (ng dung trong xe tu hanh [16].

Nhan dang ct chi tay la k§ thuat trong d6 ching ta su
dung cac thuat toan, cac phuong phap trong cac linh vyc
nhu xt ly hinh anh, thi giac may tinh, hoc may, hoc sau
dé hiéu hinh trang va chuyén dong cua ban tay [17]. Cur
chi tay dwoc chia Iam hai loai, cir chi tinh va ctr chi dong.
Trong bai bao nay, ching téi tap trung nghién ctu bai
todn nhan dang cur chi tinh (nhén dang hinh trang ban tay).

ba co nhleU thuat toan nhan dang hinh trang ban tay
dugc dé xuét [18]. Mot trong nhitng phuong phéap gan
day cho két qua tét 1a phuong phap sir dung thuat toan
YOLOVS cho bai toan phat hi¢n va nhan dang ngon ngit
ky hiéu My [19]. C6 nhiéu phién ban cai tién cua thuat
toan YOLO duogc giéi thiéu gan day trong d6 mai nhat 1a
YOLOvV7 [20]. YOLOV7 la m¢t m6 hinh mang no-ron
tich chép da dwoc chimg minh la dat hi¢u qua t6t trong
bai toan phat hién ddi twong thoi gian thuc [20]. Tuy
nhién, theo khao sat cua chang téi, chua cé nghién ciau
nado st dung thuét todn YOLOV7 cho bai toan nhan dang
hinh trang ban tay. Vi vay, chung t6i dé xut sir dung
thuét toAn YOLOV7 cho bai toan nay. Dudi day la nhitng
dong gbép chinh cua nghién cau nay:

1) Bé xuat phuong phap nhan dang hinh trang ban tay
str dung thuat toan YOLOV7, mot thuat toan phat hién doi
tuong hiéu qua dugc gigi thiéu gan day.

2) Nghién cau khao sat so sanh hiéu qua cta phuong
phdp nhan dang hinh trang ban tay sir dung thuat toan
YOLOV7 véi hai phuong phap sir dung YOLOV5 va sir
dung Faster R-CNN.

Noi dung con lai cua bai bao duoc chia lam 4 phan.
Phan 1II trinh bay tom luwgc mot sé6 nghién cau lién quan.
Phan III trinh bay phuong phap nhan dang hinh trang ban
tay sir dung thuat todn YOLOV7. Phan IV trinh bay két
qua thuc nghiem. Cudi cung, két luan va huéng nghién
ctu tiép theo dugc trinh bay ¢ phan V.

ll. MQTSONGHIEN CUU LIEN QUAN

Dia ¢6 nhiéu phuong phap dugc dé xuat cho bai toan
nhan dang hinh trang ban tay [18]. Trong cac huéng tiép
can, gan day cac phuong phap st dung hoc sau thu duoc
két qua 4n tuong. Trong phan nay, ching tdi chu yéu tap
trung diém qua mot so6 phuorng phap dua trén hoc sau dé
phét hién ddi twong ndi chung va nhan dang hinh trang
ban tay noi riéng.
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Mot s6 mang hoc sau c6 két qua t6t trong bai toan phat
hién cac dbi tuong, chiang han nhu AlexNet [21],
VGGNet [22], ResNet [23], v.v. Ngoai ra con ¢ mot so
cac md hinh dya trén viéc dé xuét ving nhu R-CNN [24],
Fast R- CNN [25] va Faster R- C‘:NN’[26] Céc thuat toan
nay bao gom hai g1a1 doan: dé xuat vung c6 kha nang
xuat hién d6i tugng va sau d6 xac dinh xem c6 thuc su c6
dbi tuong trong ving d6 hay khong. Cé mét sb phuong
phap &p dung nhitng mé hinh CNN nay dé nhan dang ctr
chi tay. [27] sir dung kién tric AlexNet cho bai todn nhan
dang ngbn ngt ky hiéu My (ASL). [28] st dung m6 hinh
VGG-19 cho bai toan phan Iép hinh trang ban tay dua
trén dix liéu anh do sau.

Trong bai bao [29], cac tac gia trinh bay mot phuong
phap nhan dang hinh trang tay trong ngdn ngir ctr chi
Nhat Ban trén dir liéu anh RGB. Phuong phap nay sir
dung sir dung mang ResNet. Rahaf Abdulaziz Alawwad
va cong su [30] gisi thiéu mot hé thong nhan dang Ngon
ngir ky hiéu A Rap sir dung Faster R-CNN. Phuong phap
nay dat d6 chinh x&c 93% trén tap da liéu nhdm nghién
ctru ty thu thap voi nén phuc tap.

Bén canh nhiing phuong phép néu ké trén, gan day,
cac bién thé mai cua thuat toan YOLO lién tuc duoc gidi
thiéu vai hiéu nang ngay cang dugc cai thién. T do, cac
phuong phap nhan dang hinh trang ban tay ciing nhanh
chéng st dung cac phién ban thuat toan YOLO méi nhét.
Tai hoi thao Chinese Control Conference lan thir 41 dién
ra tir 25-27 thang 7 nam 2022 vira qua, Guangxiang Li va
cong su [31] da trinh bay phuong phap nhéan dang cur chi
tay su dyng thuat todn YOLOVS. Phuong phép nay dat
mAP (0.5) bang 0.995, mAP (0 5) value reaches 0.995,
mMAP (0.5:0.95) bang 0.865, va F1-score la 0.96, mot két
qua 4n tuong trén tap cur chi tay trong mot h¢ thong tu
checkout khong tiép xdc trong ngit canh can giit khoang
cach vi bénh dich Covid-19.

Chua dung lai & d6, gan day Chien-Yao Wang va cong
su [20] gigi thigu thuat toan YOLOV7 véi nhiing cai tién
va hiéu ning tét hon nhung phién ban truéc. Tuy nhién,
chung t6i chua thay ¢ nghién ciru ndo st dung thuat toan
YOLOV7 cho bai toan nhan dang hinh trang ban tay. Day
1a dong lyc dé ching t6i tién hanh nghién ctiu nay.

lll. HE THONG NHAN DANG HINH TRANG BAN
TAY SU’ DUNG THUAT TOAN YOLOV7

Hinh 1 trinh bay so db téng quét hé théng nhan dang
hinh trang ban tay st dung thuét toan YOLOv7. Ching
t0i sur dung thuat toan YOLOV7 [20] béi day la bien the
mGi nhat cta ho thuat toan YOLO va duoc bao cao la co
hiéu niang tot nhat ca vé thoi gian tinh toan ciing nhu do
chinh xéc.

Trong so d6 nay, backbone trich xuat dac trung cua
anh dau vao. Dic trung duoc trich xuit bai backbone 1a

Backbone

Anh d3u vao

Trich chon dac
trung

dau vao cua neck. Neck nhan dau dau vao la dic trung do
Backbone trich xuat va tao ra cac dic trung kim tu thap.
Cudi cung, head la céc I6p dau ra.

YOLOV7 cai thién toc do va d6 chinh xac bang cach
cai tién kién trdc mang. Tuong ty nhu Scaled YOLOv4
[32], YOLOV7 khong sir dung cac ImageNet pre-trained
backbone ma huan luyén trén bo dir liéu COCO [33]. Vé
kién trdc, YOLOv7 sir dung E-ELAN (Extended
Efficient Layer Aggregation Network), Hinh 2 [34] va ki
thuat Model Scaling [35] de khuéch dai do Ion caa model
gitip dat duoc hiéu nang t6t hon.

E-ELAN khéng thay ddi con duong lan truyén gradient
cua kién tric ban dau ma sir dung phép tich chap nhom
deé lam glau dac trung bang cach thém cac déc trung va
két hop cac dic trung ctia cac nhom khac nhau theo cach
X40 tron va hop nhét. Phuong phap nay co thé tang cuong
cac dic trung duoc hoc bdi cac ban d6 dac trung va cai
thién viéc sir dung cac tham s va tinh toén.

Cac Gng dung khac nhau yéu Ce}u cac md hinh khac
nhau. Trong khi mét s6 tng dung can cac mo hinh c6 do
chinh xac cao, mét s6 tng dung khac lai vu tién téc do.
K thuat Model Scaling dugc thyc hién @é diéu chinh md
hinh pht hop véi cac yéu cau ndy va phu hop véi cac
thiét bi tinh toan khac nhau. Trong khi diéu chinh kich
thuéc md hinh, cac tham s6 sau duoc xem xét bao gom:
Resolution (do phan giai, kich thuéc cua hinh anh dau
vao), Width (so kénh), Depth (so 16p), Stage (so dac
trung kim tu thap). NAS (Network Architecture Search)
[36] la phuong phdp Model Scaling dugc su dung pho
bién. Trong YOLOV7, cach tiép can compound model
scaling dugc sir dung dé dat dwoc két qua téi wu hon,
Hinh 3.

Ngoai ra, YOLOvV7 con su dung k¥ thuat BoF (Bag of
Freebies) dé nang cao hiéu suat cia md hinh trong khi
khong tdng chi phi huan luyén. Bag of freebies la nhiing
phuong phip chu yéu thay d6i chién luoc huan luyén
hoic do d6 chu yéu lam tang chi phi huan luyén trong khi
hau nhu khong lam téng chi phi dy doan nhung lai cai
thién dang ké d6 chinh xé4c. Cu thé, YOLOV7 ép dung
Label Assignment véi viéc st dung ground truth va
prediction tir Head dé tao ra target, tir d6 tinh loss gitra
target va prediction cua model. Thay vi su dung
prediciton cua Auxiliary head dé tao ra target cho ng,
trong YOLOV7, Auxiliary head st dung prediction cua
Lead Head d¢ tao ra target (Hinh 4).

Bén canh @96, thay vi st dung cling mét target duoc tao
ra tir Lead Head, YOLOV7 tao ra 2 target kh&c nhau tur
Lead Head, mot cho ban than Lead Head (fine label), mot
cho Aux Head (coarse label) (Hinh 4). Tat ca cdc Aux
Head cia YOLOv7 déu duoc &p dung & trong Neck.

Neck Head

Két qua dau ra

Thiét 1ap dac trung
kim tw thap

Hinh 1. So dé téng quat hé théng nhan dang hinh trang ban tay st dung thuét toén YOLOv7
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Hinh 4. Compound scaling trong YOLOvV7 [20]

IV. THWC NGHIEM

A. Co so dir liéu va dé do danh gid

Ching t6i sir dung mot co so dir liéu ma Rock Paper
Scissors trén Roboflow Universe, [37]. Co s& dir liéu nay
bao gébm 4 hinh trang ban tay (Love, Paper, Rock, va
Scissors, Hinh 5) trong tro choi Oan tu ti (Paper Rock
Scissors), mot vi du dién hinh cho hé théng tuong tac
nguoi-may stir dung cir chi tay.

Co s¢ dir ligu Rock Paper Scissors c0 tong sé 928 anh,
dugc chia thanh 3 phan danh dé train, validate, va test.
Chi tiét thong tin duoc trinh bay trong Bang I. Chlng t6i
lyra chon tién hanh thuc nghiém trén co s¢ dit ligu voi sb
lugng anh khong Ién do han ché vé tai nguyén sir dung
cho viéc huan luyén mé hinh.

Dé danh gid phuong phap, ching t6i sir dung cac do do
danh gia IoU (Intersection over Union), Precision, Recall,
F-score, va mAP.

B. Két qua

S0 03 (CS.01) 2022

'Ching t6i st dung Google Colaboratory mién phi dé
tién hanh transfer learning v6i mo hinh pre-train trén tap
dit ligu COCO. M6 hinh tt ’nhat duoc luu lai tir viéc
huan luyén qua 55 epochs. Két qua thir nghiém trén tap
test dwoc trinh bay trong céac hinh 6, 7, 8.

Hinh 6 1a dwong cong thé hién méi quan hé gitra
Precision va Recall cua tirng 16p va cua tat ca céc lop.
Hinh 7 cho thay bién thién cia F1- score twong ung vVdi
su thay d0| cua ngucmg do tin cay (confidence). F1-score
tinh trén tat ca cac I6p dat gia tri t6t nhat 12 0.91 ung véi
ngudng do tin cdy bang 0.484. O bén phai gia tri cuc dai
nay, khi ngudng do tin cay yéu cau doi véi két qua phat
hién cang cao thi Recall cang giam con Precision cang
tang nhung F1-score giam. Twong tw, & bén trai gia tri
cuc dai nay, ngudng do tin cay cang giam thi Recall cang
tang va Precision giam, két qua Ia F1-score giam.

Hinh 8 trinh bay chi tiét ma tran nham 1an. Nhin vao
hinh nay ta thay mod hinh nham 1an nhiéu nhét Ia viec
phat hién nham vang nén thanh hinh trang Paper. Diéu
nay c6 thé 1a do hinh trang "Paper" thuc hién biang cach
x0e phing ban tay ra nén co it dic trung dé phan biét.
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Hinh 5. Co sé di¥ liéu thdr nghiém, [37]. (&) Anh vi du. (b) Love. (c) Scissors. (d) Paper. (e) Rock.

Bang I. THONG TIN CO SO DU LIEU ROCK PAPER SCISSORS [37]
Téngsé anh | Sé anh trong tap train | Sé anh trong tdp validation | Sé danh trong tap test
S6 luong | 928 665 174 89
Tilé % 100 71 19 10
1.0
—— Love 0.942
—— Paper 0.968
—— Rock 0.969
—— S5cissors 0.811
0.8 | | = allclasses 0.922 mAP®0.5
0.6
il 0.4
0.2
0.0 T
0.0 0.2 0.4 0.6 0.8 1.0
Recall
Hinh 6. Bwrong cong Precision-Recall.
1.0
—— Love
—— Paper
g —— Rock
— —— Scissors
0.8 1 = all classes 0.91 at 0.484
0.6
0.4 “\
‘\
0.2 4 \‘
0.0
0.0 0.2 0.4 0.6 0.8 1.0
Confidence
Hinh 7. Bwéng cong F1-score.
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Predicted
Scissors Rock Paper Lave

background FN
=
=
=
2

Lowe Paper Rock
True

02s

= 0.4

-0.2

Scissors

background FP

Hinh 8. Ma tran nham Ian.

C. So sanh véi phuong phap khac

Dé so sanh sy cai tién cua viéc sir dung thust toan
YOLOV7 so vai cac thuit todn trude day, chang toi tién
hanh hun luyén hai thuat todn YOLOV5 va Faster R-
CNN [26] vai céc lya chon tham s6 tot nhat. Chdng téi
lya chon so sanh véi phuong phap st dung thuét toan
YOLOV5 [19] va sur dung Faster R-CNN [30] bdi vi day
la hai trong so6 cac thuat toan phat hi¢n dbi twong tot nhat
thuoc hai huéng tiép can: one-stage object detection
(phuong phap mot giai doan) va two-stage object
detection (phuong phap hai giai doan), [38], [31], [30].

1) So sanh ve dg chinh x4c

Hinh 9 so s&nh ket qua tét nhét theo chi s6 mAP cua
phuong phap dé xuat sir dung YOLOV7 véi phuong phap

st dung YOLOVS5 va Faster R-CNN trén ting 16p va trén
tat ca céc 16p. Ta thay phuong phap st dung YOLOvV7
cho két qua tét hon véi mAP trung binh ting tir 0.73 va
0.886 1én 0.922 so v6i phuong phéap su dung Faster R-
CNN va YOLOV5.

2) So sanh vé thoi gian tinh toan

Vé khia canh thoi gian tinh toan khi nhan dang,
phuong phép st dung YOLOV7 ¢6 téc do xir Iy nhanh
hon phuong phép st dung YOLOV5. Cuy thé, phuong
phap st dung YOLOV7 can 15.1ms trong khi phuong
phép st dung YOLOV5 can 231.2ms dé xu ly mét anh
kich thudc 416x416. So véi phuong phap st dung Faster
R-CNN, phuong phap dé xuat nhanh hon khoang 17 lan.

mAP

1.2

1

0.8

0.6

0.4

0.2
0 Love
W YOLOV7 0.922 0.942
W YOLOvS 0.886 0.872
Faster R-CNN 0.73 0.74

mYOLOv7 mYOLOvS

Paper Rock Scissors
0.968 0.969 0.811
0.975 0.91 0.787
0.76 0.78 0.64
Faster R-CNN

Hinh 9. So sanh mAP gira phwrong phap nhédn dang hinh trang ban tay st dung YOPOV7 véi phwrong phap st dung
YOPOV5 va Faster R-CNN.

S0 03 (CS.01) 2022

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 132



Nguyén Thj Thanh Tam, Nguyén Thj Tinh

V. KET LUAN VA HUONG NGHIEN CUU TIEP
THEO

Trong bai bao nay, ching toi da dé xuat str dung thuat
todn YOLOV7 cho bai todn nhan dang hinh trang ban tay.
Chung t6i da tién hanh thyuc nghiém trén mot tap dir ligu
cong khai véi nhitng phén tich so sanh hiéu nidng cua
phuong phap nhan dang hinh trang ban tay sir dung
YOLOV7 véi hai phuong phap str dung YOLOV5 va sur
dung Faster R-CNN. Két qua thyc nghiém cho thay
phuong phép sir dung thuat toan YOLOV7 cho hi¢u suat
tot hon ca vé toc do tinh toan va do chinh xac.

Trong twong lai, chung t6i s& trié'p tuc nghién ctu, khao
sat trén nhicu tap dir ligu voi so lugng dir ligu 16n hon
dong thoi so sanh véi nhiéu phuong phap khéac nhau.

LOI CAM ON

Nghién ctru nay duoc tai tro bdi Hoc vign Cong ngh¢
Buu chinh Vién thong co s& tai Ha Noi trong d¢ tai co ma
s6 06-2022-HV-DPT-PT.
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HAND POSTURE RECOGNITION USING YOLOv7
ALGORITHM

Abstract: Besides spoken words, body language,
including hand gestures, is one of the most common
communication modalities. Hand gestures can convey
much content visually. The problem of hand gesture
recognition has attracted research interest in computer
vision in recent years. However, this problem still has
challenges because human-machine interaction needs
natural hand gestures, high recognition accuracy, and fast
response time. In this paper, we propose to use the You
Only Look Once algorithm version 7 (YOLOV7) for the
hand posture recognition problem (also known as static
hand gestures). The experiment was conducted with a set
of hand postures  Rock-Paper-Scissors  game.
Experimental results show that the hand posture
recognition method using the YOLOV7 algorithm obtains
better calculation speed and accuracy performance than
the two methods using the YOLOV5 and Faster R-CNN
algorithms.

Keywords: Human-Machine Interaction, Com puter
Vision, Hand Posture Recognition, Deep Learning,

YOLO.
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