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TOM TAT

Muc dich cta bai bao 1a xay dung mdt thuat toan nhan dién ctr chi tay trong cac khung
hinh thu tryc tiép tir camera theo thoi gian thue. Thuét toan dé xut sir dung mé hinh tdi tir (bag-
of-features, bag-of-words), bo mé ta doi tuong SURF, phwong phap phén cum k-means, két hop
v6i phuong phép phan 16p bang mang noron. Trong d6, mé hinh tui tir két hgp véi SURF va k-
means dugc sir dung dé tao ra cac vecto dic trung lam dit liéu ddu vao cho mang noron. Thuét
toan dugc huin luyén va thir nghiém véi cac bg dir liéu anh ty tao. Cac thi nghiém cho thay,
thuat toan dé xuat dam bao duogc toc d6 xr Iy cao (dudi 40 ms cho mdi khung hinh) dé co thé
thuc hién trong thoi gian thuc voi dit liéu thu truc tiép tlr mot camera, ¢o tinh bén virng voi mot
s0 dang bién doi ciia d6i twong (xoay hinh, thay doi kich thudc va vi tri trong khung hinh), dong
thoi ddm bao dd chinh xac nhéan dién cao (~ 90%).

Tir khoa: bo mé ta doi twong, mang noron, moé hinh tui tir, nhan dién cir chi, nhan dién mau.

A METHOD FOR PATTERN RECOGNITION
USING BAG-OF-WORDS MODEL AND NEURAL NETWORK

ABSTRACT

The purpose of the project is to create an algorithm for real-time hand gesture recognition
in video frames captured directly from the camera. The proposed algorithm is based on the bag-
of-features (or bag-of-words) model, SURF-descriptor, k-means clustering, and neural network
classification method. The bag-of-words model combined with SURF and k-means is used to
create feature vectors, which then are fed as input data for the neural network. The algorithm is
trained and tested with a self-made image data set. Experiments with various testing data sets
demonstrate that the proposed algorithm ensures a high processing speed (less than 40 ms for
each frame) to be able to perform in real time with data captured directly from a camera, keeps
being invariant to transformations of the object in the video frame (including rotation, scaling
and affine transition), and provides high recognition accuracy (~ 90%).

Keywords: bag-of-words model, gesture recognition, neural network, object descriptor,
pattern recognition.

1. PAT VAN PE bi ngay cang tré nén quan trong Trong cac

Ngay nay, voi sy phat trién rong rii cua linh vyc khac can t6i thong tin 3D (nhu tro
céc g dung cong ngh¢ thong tin trong cudc choi may tinh, robot, linh vuc thiét ké, v.v.),
sdng, viéc twong tac gitta con ngudi va thiét nguoi ta st dung cac thiét bi co khi nhu bong
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lan, can diéu khién, hay ging tay dit liéu
(Argyros & Lourakis, 2006). Tuy nhién, con
ngudi giao tiép chu yéu bang “nghe” va
“nhin”, do d6 giao di€n nguoi — may s€ tryc
quan hon néu con ngudi c6 thé diéu khién
may tinh bang giong néi hay cir chi giéng
nhu khi tuong tac gitta nguoi vdi nguoi
trong thé gidi thuc ma khong can thong qua
cac thiét bi diéu khién khac nhu chudt hay
ban phim (Barczak & Dadgostar, 2005). Mot
vu diém khac 12 ngudi ding c6 thé giao tiép
tir xa ma khong can phai co tiép xuc vat ly
vGi may tinh. So véi cac hé thong diéu khién
bﬁng 1énh &m thanh, mot hé théng thi giac sé
thich hop hon trong méi trudng 6n o hoic
trong trudong hop am thanh bi nhiéu
(Bretzner va cs., 2002).

Tuong tac nguoi — may (human — computer
interaction, HCI) 1a mét linh vyc thu hut
nhiéu nghién ciru va da dat duoc nhiéu két
qua 4n tuong trong thoi gian gan day. Mot
trong nhirng bai todn quan trong cua linh vuc
nay la cung cp kha niang didu khién may tinh
(hodc thiét bi) tir xa thong qua camera két ndi
voi may (Chen va cs., 2007). Bai toan nay
thuong bao gém cac budc: phat hién ddi
tuong trong thi trudng cua camera (vi dy, tay,
mat, co thé nguoi diéu khién hodc mot thiét
bi dic biét nao d6 dung dé diéu khién); theo
ddi chuyén dong cua dbi twong; nhan dién
hinh dang va cach thirc chuyén dong cta dbi
tuong (El-Sawah va cs., 2008). Két qua nhan
dién duoc sir dung dé tao ra cac lénh tuong
ung cho may tinh.

Nhén dang cac ctr dong cua tay nguoi la
cach tur nhién khi trong tac nguoi —may. Ngay
nay, nhiéu nha nghién ctru trong cac hoc vién
va nganh cong nghiép dang quan tim dén
hudng nghién ctru nay. N6 cho phép con ngudi
tuong tac voi may rat dé dang va thuan tién ma
khong cin phai mang thém bit ky thiét b
ngoai vi nao (El-Sawah va cs., 2008).

Muc dich cua bai bao 1a xay dung mot
phuong phap nhan dién miu trong cic khung
hinh thu tryc tiép tir camera theo thoi gian thyc
dé giai quyét budc thi ba trong bai toan diéu
khién may tinh tir xa néu trén. Phuong phap
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nhan dién nay stt dung mé hinh thi tir (bag-of-
features, bag-of-words) (Heap & Hogg, 1996)
két hop véi phuong phap phan 16p bang mang
noron (Kolsch & Turk, 2004). Trong d6, mo
hinh tai tir dugc st dung dé tao ra céac vector
dic trung lam dir liéu ddu vao cho mang
noron. Phuong phap nhan dién nay can dam
béo duoc tde do xu 1y cao (dé c6 thé thyuc hién
trong thoi gian thuc véi dit lidu thu tryc tiép tir
camera) va c¢6 tinh bén viing v6i mot sé dang
bién d6i cua d6i twong (xoay hinh, thay doi
kich thuéc va vi tri trong khung hinh). Déi
tugng nhan dié€n chinh cua thuat toan la cur chi
tay nguoi va mot sd d6 vat don gian.

M5 hinh tai tir 1a mét phuong phap biéu dién
don gian thuong duoc str dung trong xur Iy ngoén
ngit tw nhién (natural language processing), tim
kiém thong tin (information retrieval) va trong
cac phuong phap phan 16p van ban (document
classification) (Stenger, 2006).

Mo hinh tai tir 1a mo hinh thdng ké cho
phép str dung cung véi cac phuong phap hoc
tu dong (Stenger va cs., 2001). Theo m6 hinh
tai tur, dit liéu van ban khong cé cAu trac (do
dai khac nhau) duoc biéu dién tdn sé xuit
hién cua tir trong van ban dudi dang mot
vector. Tap cac dit li€u van ban dugc chuyén
vé dang mot bang c6 sd cot (chiéu, tir vung)
rat 1on. Tir bang dit liéu nay c6 thé huén luyén
cac mo hinh hoc may tu dong. Cac mo hinh
may hoc thuong duoc sir dung bao gdm giai
thuat k-means (kNN), Naive Bayes (NB), cay
quyét dinh (decision tree — DT), support
vector machine (SVM), boosting va random
forest (RF) (Viola & Jones, 2004).

Mo hinh tui tir cho phép biéu dién tép dir
liéu van ban vé ciu trac bang. Bude tién xir
1y nay bao gdm viéc phan tich tir vung va tach
cac tu trong ndi dung cua tap van ban, chon
tap hop cac tir c6 ¥ nghia quan trong ding dé
phan loai, biéu dién dit liéu van ban vé dang
bang dé tir 6 cac giai thuat may hoc co thé
hoc dé phan loai (Wang & Wang, 2008).

C6 thé thay, tap dir liéu c6 thé chira vai
trim vin ban, by tir dién c6 thé 1én dén
khoang vai chuc nghin tr. Khi d6, cac mo
hinh may hoc nhu kNN, NB hay DT c6 thé
xtr Iy kém hiéu qua (Wagner va cs., 20006).
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Dé khic phuc, ngudi ta thuong thuc hién
viéc rat gon chiéu dir liéu. Phuong phép rat
gon c6 thé 1a lya chon nhimg tir quan trong
nhét giup phan biét vin ban nay voi vin ban
khac, hay phuong phap giam chiéu (Zhou &
Huang, 2003).

Trong vai nim gan ddy, bai toan nhan dién
ctr chi tay nguoi van nhan duogc sy quan tim
clia gii nghién ctru nham tng dung trong cac
phén mém thue té 40 hodc diéu khién tir xa.
Cac giai phap nhan dién cur chi ban tay dugc
ap dung nhiéu nhat 14 cac bién thé khac nhau
ciia mang noron tich chap, bao gdbm mang
noron tich chap da ludng (Noreen va cs.,
2021), mang noron tich chap dua trén ving
(Soe & Naing, 2019), mang noron tich chap
sau (Qi va cs., 2021), mang noron tich chap
DenseNet (de Oliveira va cs., 2019). Ngoai
ra, cic nha nghién ctru cling ¢b gang dua cac
thuét toan nhan dién cir chi ra thiét bi nhung
v6i hidu sudt thip (Yangiiez Cervantes &
Zapata-Jaramillo, 2021) d& xiy dung hé
thong twong tac ngudi dung.

2.SUDUNG MO HINH TUI TU PE XAY
DUNG BQ MO TA CHO VAT THE VA
THUAT TOAN NHAN DIEN VAT THE
VOI MANG NORON

bé thuc hién phan 16p vdi mang noron, b
mo ta (descriptor) vat thé thuong duoc biéu
dién béng mot vector ¢ sb chiéu c¢d dinh va
bang sb lwong noron & 16p dau vao. Dé tao ra
bd mé ta ndy, co thé sir dung nhiéu loai dic
trung: duong vién (contour), géc nghiéng
hodc diém dic biét trén vat thé, ving dic biét
trén vat thé, v.v.. Viéc lua chon dic trung nay
c6 y nghia quan trong lién quan dén dic diém
ciia vat thé can nhan dién va phuong phéap
phan 16p duoc st dung. Dbi v6i bai toan nhan
dién vat thé c6 hinh dang thay d6i nhu hinh
ban tay, bd mo ta can c6 nhitng dac diém nhu:
bén vitng v6i bién ddi xoay hinh, di chuyén
hinh va thay ddi do phong dai hinh vét the
Ngoai ra, bd mo ta nay can co kich thuée cb
dinh va mang tinh dic trung cho 16p vat thé
can nhan dién.

Y tuong cua cua phuong phap moé ta vét
thé nay nam & chd, mot hinh vat thé duoc coi
nhu mét tai liéu van ban, trong d6 cac dac
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trung dugc xem nhu cac tir tao thanh van ban.
Tai liéu nay dugc phan 16p dya trén viée tinh
toan s6 1an xuét hién ctia mot sd “tir khoa”.

Dé dua ¥ tudng ndy vao nhan dién vt thé,
céc dic trung cia vat thé dugc trich ra tir mot
tap hop hinh anh (tip huan luyén) va duoc
chia thanh cac nhom. Trong mdi nhém chon
ra mot déc trung lam “dai dién” cho toan bo
nhom. Moi dic trung dai dién nay s& dugce str
dung lam mot tr khéa. Téap hop cac tir khoa
nay tao thanh bo “tir dién”. Khi d6i chiéu cac
dac trung trich ra tr mdt birc hinh véi cac tir
khoéa trong tir dién s& thu dugc mot biéu do
(histogram) tan s6 cia cac tir khoa. Biéu do
nay la mot vector c6 kich thudc ¢ dinh va c6
thé s dung lam vector dau vao cho céc
phuong phap nhan dién (vd: mang noron).

Mot cach tong quat, ¥ tuéng cia mé hinh
tai tr khi ap dung & day cho phép tao ra mot
bd md ta cua vat thé 1a mot vector ¢ kich
thude ¢ dinh va co gia tri twong ddi dic
trung cho 16p vét thé. B6 mé ta nay s& duoc
st dung lam vector dau vao cho mang noron.
So db tong quat cia ¥ tuong niay dugc thé
hién trong Hinh 1.

Dé sir dung bo mo ta két hop voi mang
noron trong viéc nhan dién vt thé, bai bao dé
xuit mot thuét toan thé hién nhu trong Hinh
2. Thuat toan nay bao gém céc giai doan sau:

Giai doan 1. Hudn luyén
a) Sinh ra bo tir dién:

a.i) Trich tt ca dic trung tir tat ca cac anh
trong bo anh huén luyén v&i phuong phap
SURF: Tur hinh cua moi vat thé thu duoc mot
) lugng tuong ddi 16m dac trung (vi duy, dbi
v6i hinh ban tay mé c6 thé thu duoc tir 20 dén
100 dic trung). Mbi dic trung nay duoc mod
ta bai mot vector 64 chidu goi 1a mo ta SURF
(SURF-descriptor).

a.ii) Phan cum cac dac trung thu dugc s
dung thuét toan k-means: Do ) lugng SURF-
descriptor kha 16n va khong ¢b dinh nén
khéng thé tryc tiép sir dung ching v6i mang
noron. O budc nay, tit ca cic SURF-
descriptor dugc phan thanh cac cluster. Moi
cluster chira mot loat cac SURF-descriptor c6
gi4 tri gan nhau.

(Z-'aprfl Rhoa hoc
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a.iil) Sinh ra tur dién tir cac cum thu dugc:
Pbi véi mdi cluster chon ra mdt SURF-
descriptor dai dién cho ca nhom. Tap hop tat
ca cac SURF-descriptor dai dién va sip xép
theo mot trét tu cd dinh s& tao ra mot “tir dién”.

Sinh tit difn

Trich chon dfic tning biing SURF

B tr dién nay s€ dugc dung lam co s& dé tao
ra mot loai mé ta méi phit hop véi cac yéu cau
dat ra. Bai bao s€ goi loai md ta mdi nay la
BOW-descriptor. BOW-descriptor s€ dugc st
dung lam vector diu vao cho mang noron.

Phéin lip cif chi

Tir dién

Anh ddu vio
So sinh

-

tif bd anh hudn luyén
Tép hap dic tnmg Hi . ;
ST istogram vdi s 1dn xudt hién
biéu dién d dyng vector clls mbi £ khia trong dnh
@ ciin nhin di#nimd ti BOW)
T L
A L) o Diic tning SURF o
A A L =~ £50, =£\ }b
= ,—:__ Bic mmg dai dién 'xh_,f'&'. e \"\“...r"'*-.‘
@ oo SHOSe
5 78 E bV R
‘ 2 = l‘l.._ 4 5"‘“’ i,
* 4 o Cum dic tnimg .(‘ y
¢ * Whin dién vidi mang Neural
Phiin cum diic tnmg SURF; @

Vi mdi cum luia chon mit
Mic tnimg dai dién; MBi cym chita
nhitng dic trung gin gidng

S

(_EJ ll!F Lr_:f:'u !..!;I
Tit dién

Ldp cif chi

Hinh 1. M ta y twéng ciia thuit toan nhin di¢n vat thé dua trén mé hinh tui tir
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Hinh 2. So' d6 tdng quat cia thuit toan nhan dién dé xuit

b) Sinh céc bd mo ta va huin luyén mang noron:

b.i) Ung v6i mdi anh trong bd anh huin
luyén, trich chon ra cic dic trung bang
phuong phap SURF: O budc a.i. ching ta da
gOp tit ca cac dic trung trich duge qua
phuong phap SURF dé phuc vu sinh tir dién.
Tai budc nay, ching ta dé riéng cac SURF-
descriptor cua timg anh vat thé trong bo huin
luyén nham tao ra BOW-descriptor cua anh
nay. Tap hop cac BOW-descriptor cua tat ca
cac anh trong bo huén luyén s€ dugc st dung
lam dit liéu huin luyén cua mang noron.

b.ii) Sinh ra BOW-descriptor ctia tirng anh
trong bd anh huan luyén: Tit ca SURF-
descriptor thu duoc tir mdt anh s€ duoc ddi
chiéu véi tir dién. Mdi SURF-descriptor s&
duoc so sanh v&i mot tir trong tur dién dé tim
ra tir gin voi no nhat. SURF-descriptor s&
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dugc thay thé bang tir twong duong trong tir
dién. Khi dém s6 1an xuat hién ctia mdi ti, ta
s€ thu dugc mot histogram. Histogram nay
chinh 1a bd md ta caa anh vat thé chung ta
dang can tim (¢ trén di quy udc s& goi la
BOW-descriptor).

b.iii) Str dung tit ca cac BOW-descriptor
thu dugc nay lam bd di licu huin luyén dé
day cho mang noron.

Giai doan 2. Nhan dién

— Trich dac trung cua vat thé dua trén
phuong phap SURF;

—Péi chiéu cac dic trung thu duoc véi tir dién
de thu dugc BOW-descriptor ciia anh vat thé;

— Str dung bo mé ta nay lam dit liéu dau
vao dé nhéan dién véi mang noron da dugc

huan luyén & budc trén.
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3. PHUONG PHAP NGHIEN CUU VA
THi NGHIEM

Phan nay s& trinh bay phuong phép thir
nghiém thuat toan nhan dién hinh dang ban
tay trén cac tap dir liéu khac nhau. Trong cac
thtr nghiém nay, chung t6i str dung cac bo dir
liéu do nhom tac gia ty xay dung.

Fist Open Palm Palm V-Shape

Hinh 3. Céc 16p vat thé trong b dir li¢u

Dé huén luyén thuat toan, hai bo dit liéu
duoc tao ra: mot bo chira cac hinh anh “sach”
(chi chup hinh vat thé, khong c6 nén, khong
c6 nhidu) dung dé sinh ra tr dién, mot bod
chtra cac hinh anh véi nén va nhidu dung dé
huan luyén. Trong giai doan test sir dung ba
bo dir liéu: mot bo voi hinh vat thé khong
chtra nhidu, mot bd ¢6 nén don gian, mot bd
¢6 d6 sang kém véi hinh nén va cac yéu t6

nhiéu. Tt ca cac bd dir liéu nay chura hinh
ban tay thudc bdn 16p: Fist, Open Palm, Palm,
V-Shape (Hinh 3) dugc thu tr USB web
camera cua may tinh.

Bo dit ligu “sach” dé sinh tir dién chira
1160 hinh anh thudc bon 16p, cu thé nhu sau:
16p First — 269 hinh, 16p Open Palm — 293
hinh, 16p Palm — 284 hinh, 16p V-Shape — 314
hinh. Thuét toan dé xuit cho phép xtr Iy cac
hinh anh véi kich thu6c bat ky. Tuy nhién, dé
tién loi trong viéc xay dung cac bd dir liéu, tat
ca cac hinh anh déu dugc chup véi ciing kich
thuéc 100x100 pixel. Tt ca cac hinh trong
b dit liéu nay chi chta vat thé chup & nhiéu
goc nghiéng va khoang cach khac nhau, nén
trang va khong c6 nhiéu (Hinh 4).

Dé huin luyén mang noron, dbi v6i mdi
16p vat thé trong bd dit lidu trén, bo sung thém
100 hinh duoc chup v6i nén don gian va
nhiéu murc d6 chiéu sang khac nhau dé ting
thém kha ning chiu nhiéu cta thuit toan
(Hinh 5).

b VN d s34y 8 b

P Py N

P 2 N ¥V VN W NN 6N BN
t 2 22N b uyNeSE E NN
22ty bV PEE NN 2
s e NNy ZodsoPUN N ¢ 22

Hinh 4. Mét phan b dit liéu dung dé sinh tir dién

/9 /IS /I 33332222232
= P P P P P 2 - N - BF BF BN BN BF
® © ©® © © © @ @ & &a &4 4 8§ 4 9§
8 8 & ¢y YA

Hinh 5. Mgt phan b dir li¢u dung dé sinh tir dién

4. KET QUA NGHIEN CUU

Trong phan nay sé trinh bay cac két qua
test sau:

e Test v&i bo dir li€u chira cac anh voi nén
don gian & nhi€u géc nghiéng va khoang cach
khac nhau;
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» Test v&i bo dit liéu chira cac anh c6 nhiu;

« Test voi bd dit liu chira cac anh bi nhiéu ning.

Tét ca test duoc thuc hién trén mdy tinh
notebook ASUS ULVT80, hé di€u hanh

Windows 7 64 bit, 4Gb RAM, camera tich hop
san cua may vai toc d6 thu 15 khung hinh/giay.
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4.1. Test vi b dir liéu chira cac dnh véi nén
don gidn ¢ nhiéu géc nghiéng va khoang cich
khac nhau

Thi nghiém nay kiém tra kha nang cua
thuat toan nhan dién véi cac anh c6 nén don
gian & cac goc nghiéng, khoang cach va kich
thudc hinh khac nhau. Trong thi nghiém nay
st dung cac bo dit liéu test sau day:

« Bo dit liéu gdc kich thude 120x120, mdi
16p chira 500 hinh (Hinh 6);

* B9 dit ligu kich thudc 100x100, mdi 16p
chtra 500 hinh (1a cac hinh cta bg dir liéu dau
tién dugc thu nho kich thudc);

* B6 dit lidu kich thudc 80x80, mdi 16p
ch&a 500 hinh (la cac hinh cta bd dir liéu
dau tién).

Két qua thir nghiém duoc tong hop trong Bang 1.

Bang 1. Két qua thir nghiém véi anh miu
kich thwéc khac nhau

Kich thuéc 80x80
Lép
. Open V-
Fist paim  PA™  ghape
Fist 49 0 0 0
Nhan OPen 0 49 0 0
N Palm
dién Pal
thanh 2™ 0 0 491 0
V-Shape 0 489
Khong nhan dién 10 1 9 11
Két qua
Thoi gian xur Iy
trung binh (ms) 14 16 15 15
Do chinh xac (%) 98.0 99.8 98.2 97.8
Do chinh xac 98.5 %

trung binh

Kich thwée 120x120

Lop
. Open V-
Fist Palm Palm Shape
Fist 493 0 0 0
Nhan Open
dién  Palm 0 22 0 0
thanh  Palm 0 0 494 0
V-Shape 0 0 0 490
Khong nhan dién 7 1 6 10
Két qua
Thoi gian xt ly
trung binh (ms) 39 42 39 40
b6 chinh xdc (%) 98.6 99.8  98.8 98.0
D9 chinh x4c o
trung binh 98.8 %
Kich thwéc 100x100
Lop
. Open V-
Fist Palm Palm Shape
Fist 492 0 0 0
Nhén  Open
dién Palm 0 g 0 0
thanh  Palm 0 0 493 0
V-Shape 0 0 0 490
Khong nhan dién 8 1 7 10
Két qua
Thoi gian xt ly
trung binh (ms) 28 31 2 30
Do chinh xac (%) 984 99.8  98.6 98.0
D¢ chinh xac o
trung binh 98.7%
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* Thoi gian xir Iy bao gom tong thoi gian trich
dac trung cua SURF, thoi gian tinh vector BOW,
thoi gian xut Iy trong mang noron.

Két qua thyc nghiém trén cho thay sy
chénh léch nho vé d chinh xac trung binh.
Tuy nhién, thoi gian xtr ly trung binh chénh
Iéch kha 16n (15 ms ddi v&i bd hinh kich thude
80x80, 40 ms voi bd hinh kich thudc
120x120). Téc d6 xtr 1y nay chdp nhan dugc
dé str dung trong thoi gian thuc (véi camera co
tdc do thu 15 khung hinh/giay thi thoi gian xir
ly mdi khung hinh khong dugc vuot qua 40
ms, néu khong s& tao ra tinh trang giat hinh).

Thuét toan dé xuét dat dugc két qua nhan
dién rit cao trong tinh hudng 1y tuéng (mot
vt thé trén nén tron) va khong phuy thudc vao
khoéang cach chup hinh ciing nhu goc nghiéng
clia vat thé trong hinh.

Thuét toan hoat dong thiéu hidu qué khi s6
lwong dic trung SURF thu dugc qué it dbi voi
anh c6 kich thudc nhé. Piéu nay ciing giup
dua dén két luan réng, néu mot vt thé co bé
mat qua don gian (vi du: hinh qua bong tron
déng mau), thuat toan khong hoat dong higu
qua do c6 qua it dac trung trich ra dugc tir
hinh vat thé. Thuét toan hoat dong t6t hon véi
céc vat thé ¢6 hinh dang bé mat phtc tap.
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4.2. Test voi b dir liéu chira cac anh cé
nhiéu nhe

Bo6 dir liéu chia cac anh ¢ nhiéu nhe
(Hinh 7) bao gom 1000 nh cho mdi 16p. Moi
anh dugc chup véi do sang thap trén nén don
gian va c6 mot s6 vat thé nho khéac. Kich
thuéc mdi anh trong bo dir liéu nay Ia
100x100 pixel.

Hinh 7. Mét phin bd dir li¢u thir nghi¢m véi
nhi€u nhe

Két qua thir nghiém duoc tong hop trong
Béang 2.
Biing 2. Két qua thir nghiém véi dnh c6
nhi€u nhe

nhirng d6i twong “la” (khong phai tir vat thé)
c6 anh huong xau tdi d§ chinh xac cta thuat
toan nhan dién.

Két qua thir nghiém nay ciing dua dén mot
két luan quan trong: phuong phap biéu dién
dic trung BOW c6 thé hoat dong ma khong
can thuc hién phan tach riéng vt thé ra khoi
hinh nén.

4.3. Test véi by dir li€u chira dnh bi
nhiéu niing

Pay 1a bo dir liéu duoc chup trong diéu
kién that & van phong voi do sang khong cb
dinh, c6 1dn céc vat thé 16n khéc, v6i nhiéu
gboc nghiéng va kich thudc khac nhau (tir
80x80 t&i 120x120). Mot phan ctia b dit lidu
nay dugc trinh bay ¢ Hinh §.

Team's
1111‘
WU 'Y

Lop
Fist Open Palm
Palm Shape
Fist 947 0 0
Hinh 8. Mt pha liéu thir nghié

Nhin Open 0 083 0 ) inh 8. Mt phan bg du" iéu thir nghiém véi

dién Palm nhiéu ning

thanh Palm 0 0 951 0 Z S n 2 Y

anh —- | . . 035 K&t qua thtr nghiém duogc tong hop ¢ Bang 3.
____ Shape Bing 3. Két qua thir nghiém véi anh cé
Khong nhan . X <
A 52 17 49 64 nhiéu ning
dién duogc
Két qua Lép

Thoi gian xtr Iy .. Open V-

trung binh 31 34 30 32 Fist Palm Palm Shape

]2(,) chinh xac 947 983 95.1 935 . Fist 918 0 1 0

(%) Nhan  Open 0 95 0 2

Do chinh xac 95.8 9% dién  Palm

trung binh ) S thanh  Palm 1 0 903 1

Trong thir nghiém nay, quan sat thay rang, V-Shape 1 0 1 918
d¢ chinh x4c trung binh giam nhe (so véi céc ?hﬁng nhandién o0 ¢ 95 79
thu nghiém trong phén trudc), dong thoi tang S .
thoi gian xtr 1y trung binh ctia moi buc hinh. _ Ket qua
Dleu ndy c6 thé dugc gii thich nhu sau: khi Thoigianxuly 5, 37 34 35
trung binh (ms)

xuat hién cac vat thé khac va hinh nén, sé D6 chinh x4c
luong dac trung SURF tim thay tang 1én, do (%) 918 965 903 918
do6 1am tang thoi gian xur 1y khi xay dung mo D6 chinh x4c 92.6 %
ta BOW; nhitng dac trung SURF thu dugc tir trung binh i
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Trong thir nghiém nay, do chinh xac da
giam dang ké va thoi gian xir 1y tang lén so
v6i cac thir nghi€ém trén nhung nhin chung,
dd chinh xac nay la chép nhan duogc. Néu
thuat toan nhan dién nay dugc su dung cung
v6i mot giai phap theo ddi vat thé (object
tracking) s& ludn dat duoc két qua tuong ty
nhu trong thr nghiém thtr hai (do phuong
phap theo di vat thé thuong s& khoanh ving
duoc khu vuc chi chira vat thé).

5.SO SANH KET QUA NGHIEN CUU

Mot giai phap dé xuat & (Noreen va cs.,
2021) da dat duoc d6 chinh xac rt cao (trén
98%) st dung mang noron tich chap da ludng
nhan dién 6 loai ctr chi.

Giai phap khac cung sir dung mang noron
tich chap dua trén vung (Soe & Naing, 2019)
c6 kha nang nhan dién 10 cur chi trong thoi
gian thuc duoc ing dung dé diéu khién phan
mém VLC.

Mot dé xuét sir dung mang noron tic}} chap
sau (Qi va cs., 2021) duge su dung dé dicu
khién robot tir xa thong qua ctr chi tay.

Str dung mang noron tich chap DenseNet
(de Oliveira va cs., 2019) cho phép nguoi
dung tu dinh nghia cac cu chi st dung trong
trd choi video véi d chinh xé4c rat cao (97.89%).

Trong (Yangiiez Cervantes & Zapata-
Jaramillo, 2021) c6ng bd mot giai phap nhan
dién ctr chi tay co thé trién khai trén cac thiét
bi nhang hiéu suit thdp voi d6 chinh xéc t6i
95.5%, hoat dong gan trong thoi gian thuec.

Céc so sanh nay cho thay, thuat toan dé
xuit dem lai hiéu suit hoat dong tuong
duong, co tbe do xir 1y cao (hoat dong dugc
trong thoi gian thuc), khong doi hoi cac thiét
bi thu hinh dau vao dit tién phic tap.

6. KET LUAN

Bai bao nay da trinh bay méot dé xuit vé st
dung mo hinh tai tir & xay dung bo mé ta cho
vat thé trong anh va xay dung thuat toan nhan
dién vt thé su dung bo mo ta dé xuét két hop
v&i mang noron.

Thuét toan dé xuét dat dugc két qua nhan
dién rat cao trong tinh hudng 1y tuéng (mot
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vt thé trén nén tron) va khong phu thudc vao
khoéng cach chup hinh ciing nhu goc nghiéng
cua vat thé trong hinh.

Thuét toan hoat dong thiéu hidu qua khi s6
lwong dic trung SURF thu dugc qué it dbi voi
anh c6 kich thudc nho. Pidu nay ciing gitp
dua dén két luan réng, néu mot vat thé c6 bé
mat qua don gian, thuat toan khong hoat dong
hiéu qua do c6 qua it déc trung trich ra dugc
tir hinh vat thé. Thuat toan hoat dong t6t hon
v&i cac vat thé co hinh dang bé mat phure tap.

Phuong phap biéu dién dic trung BOW
¢6 thé hoat dong ma khong can thuc hién
phan tach riéng vat thé ra khoi hinh nén. Nhu
vay moi trudong 1am viée 1a mot yéu té anh
huong téi hiéu qua cia cong viéc thir nghiém
thuat toan.

Thoi gian xir Iy cua thudt toan dam bao
hoat dong duogc trong thoi gian thyc. Véi tbe
d6 xur 1y trén 15 khung hinh mdi gidy, thuat
toan dé xuét co thé tich hop vao cac chuong
trinh thu hinh tir camera.
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