Vol 3 (1) (2022)

MCA

Measurement, Control, and Automation

TU'DONG HOR ATl
BERYMAY oo Q.’%“."

DIEY KNIEN 5 T DONG HOA.

Website: https:// mca-journal.org

ISSN 1859-0551

Nhén dang nguoi dua trén hinh dnh khép ngon tay sir dung Raspberry Pi

Personal verification based on finger knuckle print recognition system using Rasp-
berry Pi

Tran Thi Thao '*, Pham Vin Truong!

'Khoa Ty déng héa, Truong Dién-Dién tir, Dai hoc Bach Khoa Ha Néi
* Corresponding author E-mail: thao.tranthi@hust.edu.vn

Tém tit

Bai béo dé xudt mot hé théng nhan dién khép ngon tay nguoi (finger knucke recognition-FKR)) st dung may tinh nhing Raspberry Pi 4
Model B va camera Pi. Nghién ctru bét diu bang viée khéo sat cac phuong phép trich xudt dic trung va dbi sanh gin day, sau d6 danh gia
vé the do xtr ly va do chinh xéac nhén dang dé tir d6 lwa chon phuong phap phu hop. Qua trinh phén tich cho thiy phuong phap st dung dic
trung vé vector ddng bo dinh huéng nhi phan BOCV- vén duge dé xuit trong cic nghién ctru trude ddy vé nhan dang long ban tay, cho Kkét
qua t6t khi thir nghiém trén bai toan nhan dién khép ngén tay. Bén canh danh gia trén cac dit lidu anh ty thu thap, dé danh gia két qua
phuong phap dé xuit, chung t6i da danh gia thuét toan trén bo dit liéu md cia Pai hoc Bach Khoa HongKong. Két qua cho thdy, mé hinh

BOCYV cho d9 chinh x4c trén 90% ma van dap tng thoi gian thuc.
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Abbreviations
FKP Finger Knuckle Print
oCcv Orientation Cooccurrence Vector

CSDL Co s¢ dir liéu
ROI Region Of Interest
Abstract

This paper proposes an approach for personal verification based on
finger knuckle recognition (FKR) system using Raspberry Pi 4 and
Pi camera. We evaluate and compare some advanced methods for
biometric feature extraction and matching in terms of recognition
accuracy and computational time. From the evaluation and analysis,
we found that the Binary Orientation Cooccurrence Vector
(BOCV)-which is previously often used for palmprint recognition,
is the method of choice for our low-cost and real time FKR system.
Along with evaluating our data, we also assess some recent meth-
ods on the Hong Kong Polytechnic University Contactless Finger
Knuckle Images Database. Experiments show that the BOCV
method obtains the accuracy over 90% and offers realtime recogni-
tion.

1. Pit van dé

Trong nhing thap ki gan day, sinh tric hoc noi 1én nhu
mot cong nghé dang tin cdy cho cac h¢ thong xac thuc ca

nhan véi mirc d6 bao mét cao hon so véi mot s6 phuong
phap truyén thong khac nhu nhép ma pin, mét khau. Trong
sO cac ddc diém sinh tric hoc duoc s dung, ban tay con
ngudi 1a hinh thire cong nghé sinh tric hoc duge ra doi tir
lau, phat trién va dugc ap dung rong rdi. Cac cau trac co thé
dugc trich xuit tir ban tay bao gom hinh hoc ban tay, ddu
vén tay, 1ong ban tay, khép ngon tay. Nhiing tinh chat lién
quan dén ban tay c¢6 tinh on dinh cao, khong thay ddi theo
thoi gian va dang tin cay. Khi mot ngudi di dén tudi truong
thanh, céu trac va cau hinh ban tay van twong ddi 6n dinh
trong subt cudc doi cua nguoi d6. Ngoai ra, cdng ngh¢ quet
c4c céu trac cua tay dugc coi la khong xam 14n so vé6i cac hé
thong quét mong mat hodc vong mac. Nguoi dung khong
can phai nhan thirc vé cach ho twong tac véi hé thong
Nhiing 1gi thé nay da tao diéu kién thuan loi cho viéc trién
khai céc dic tinh cta tay trong cac tng dung sinh tric hoc.
Trong cac bai toan nhan dang sir dung cac thong tin vé
ban tay con nguoi thi nhan dién khop ngédn tay ngudi la mot
trong nhitng vin dé dang thu hut nhidu quan tdm trong
nghién ctru va phat trién, v6i rat nhidu tng dung trong thuc
té cudc sdng ciing nhu trong khoa hoc cong ngh¢. Nhan dién
khép ngén tay co nhiéu uu diém ndi tréi. Cu thé 13, so véi
nhén dang long ban tay, bai todn nhan dién khép ngédn tay cod
nhitng vu diém nhu c6 tinh duy nhét cao hon, viéc thu nhan
hinh anh khép ngon tay dé dang thuc hién hon, va rd nét
hon. So voi van tay, hinh anh cua khdp ngén tay it bi mo do
bi tac dong trong qua trinh str dung cac cong cu lao dong.
Hién nay, su phat trién manh mé cua nganh khoa hoc
may tinh, xir Iy 4nh va cac cong nghé hd trg khac da tao moi
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truong thuan lgi cho bai toan nhan dién khép ngon tay tur
anh s6. Mot sb hé thdng nhan dién khép ngon tay FKR da ra
doi véi do tin cay cao [1, 2]. Trong cac ing dung nay, hau
hét cac thiét bi thu nhan cau tric hinh hoc cua tay déu dua
trén thiét ké dua trén cam tng. Tic 1a nguoi dung dugce yéu
céu cham vao thiét bi hodc gitt mot sb chdt huong dan hodc
ngoai vi & chup anh ban tay cua ho [3].

Tuy vay, nhan dién khép ngon tay van 1a mot bai toan
kho. C6 thé ké dén nhitng khé khan cia bai toan nay nhu
goc chup va diéu kién cta anh. Cu thé 13, anh chup khép
ngon tay co thé thay doi rat nhidu boi goc chup giira camera
va ban tay. Chang han nhu: chup thang, chup chéo bén trai,
bén phéi & cac goc khac nhau...). Bén canh d6, anh duoc
chup trong cac diéu kién khac nhau vé chiéu sang, vé tinh
chat camera (may ky thuat sd, may anh hong ngoai...) anh
huéng rat nhidu dén chit lwong hinh anh chup khép ngén
tay. Bén canh d6, trong cac phuong phap nhan dién khép
ngon tay phd bién hién nay, thuong dua trén cac thuat toan
¢6 khéi lwong tinh toan 16n nhu nhém cac phuong phéap dua
trén biéu dién thwa (sparse representation) hay hoc sau (deep
learning) [4, 5] dan dén yéu cau cin co thiét bi tinh song
song GPU gid thanh cao, khé thyc hién trén may tinh
nhung....

Trong nghién ctu nay, ching téi hudng téi muc ti€u
xdy duyng mot hé thong vai gia thanh thip nhung van dam
bao do chinh xéc chap nhan dugc. Cu thé 13, nghién ciru, dé
xuit ding phuong phap sir dung déc trung vé vector ddng bd
dinh huéng nhi phan BOCV- von duge d& xuét trong cac
nghién ctru truge ddy vé nhan dang long ban tay, cho bai
toan nhan dién khop ngon tay. Thém vao do, phuong phap
trong nghién ctru nay co6 thé trién khai trén hé thong gia
thanh thap st dung méy tinh nhung Raspberry Pi 4 Model B
ma van dap mg thoi gian thyc.

2. H¢ thong nhin dang khép ngén tay
2.1. Céu tric chung ciia hé théng

Hé thong nhan dién khdp ngén tay co ban dugc chia
lam hai module chinh nhu minh hoa & Hinh 1. Th nhét 1a
module thu thép di li€u phu trach viéc thém dir liéu vao co
so dit liéu va lay dir liéu dé d6i sanh véi co so dir lidu 6 san.
Module thtr hai phu trach viée xt ly dir li€u dau vao va so
sanh vai co so dir lidu dé dua ra két qua nguoi dé c6 thude
co so dit liéu c6 san hay la khong. M6 hinh nay xay dung
dua trén bai bao [3]. O day ching t6i dé& xuét giai phap dé
thich nghi cho thyc hién trén may tinh Pi v6i mt phuong
phap trich xuét dic trung va ddi sanh khac véi tbe do xir Iy
nhanh hon rét nhiéu so véi bai bao gbe.

Module xii Iy dit lign Madule thu thip die lifu
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Hinh 1: Ciu trac ciia mot hé théng dinh danh/xac thyc nguoi dua trén hinh
anh khop ngon tay sir dung may tinh nhing PI. M6 hinh xay dung dua trén
bai bao [3]

Céc budc chinh cua mét bai toan nhan dang khép ngdn
tay ngudi gdm c6 3 budc co ban nhu ¢ hinh 2, bao gom:
trich xuat viing quan tam (ROI), trich chon dic trung, va ddi
séanh anh. Khi hinh anh ngén tay cua ngudi dung dugc chup,
cac ving quan tdm ROI cuia ngén tay s& dwoc trich xuat. Sau
d6, cac tinh ning phan biét trong ROI ¢6 thé duoc trich xuat
bang cach sir dung cac ky thuat va cac thuat toan da dang dé
xdc dinh, nhan dién khép ngén tay d6 la cua ai, nhom nguoi
quan tdm nao theo ting yéu cau cu thé ciia mdi bai toan.

Co s

dir ligu

Trich xuét Trich xuét i Quyét
ROI [ Bac trung Boi sanh { dinh ]

Hinh 2: Céc budc chinh ciia mdt bai toan nhén dang khdp ngon tay nguoi.

2.2. Trich xuét viing quan tim ROI

Khi hinh anh ngén tay ctia nguoi dung duge chup, cac ving
quan tdm ROI (Region of Interest) ciia ngén tay s€ dugc
trich xudt, vi du khop chinh, khép phu ngon tay, moéng tay.
ROI chira thong tin quan trong cua khdp ngoén tay dugce st
dung dé nhan dang. O nghién ciru nay chiing t6i lya chon st
dung phan khép chinh — major FKG dé nhan dién. ROI duoc
xur Iy trude dé két cau cia khop ngon tay ¢ thé phan biét
dugc voi nén. Sau do, cac tinh nang phan biét trong ROI ¢6
thé duoc trich xuat bang cach sir dung cac ky thuat va cic
thudt toan da dang dé xac dinh, nhan dién khép ngén tay do
1a cua ai, nhém nguoi quan tdm nao theo ting yéu ciu cu thé
ctia mdi bai toan. Cu thé trong budc trich xuét ving ROI,
ching t6i thuc hién cac budc chinh sau: Dau tién ta s& tién
xtr 1y anh bang cac phuong phap 1am min Gaussian, giam do
phan giai. Bude tiép theo 1a xac dinh truc X ctia ving quan
tam va cit anh thu thap dé chi 1an mién gin voi ving xéc
dinh. S¢ di ta x4c dinh tryc X trude vi thong thuong duong
bién dudi ciing ctia ngdn tay tach biét voi nén 6 thé ap dung
phéan ngudng véi toan by hinh anh FKR thu thap dugc. Bude
tiép theo 1a do canh, & day chung t6i dung phuong phap
Canny dé do canh voi thuat toan di nhing trong goi
OpenCV [6], giupcac van cua khép ngén tay hién 1é€n. T
canh do duoc, ta cAn ma héa duong van 16i cua khép ngén
tay, nhu minh hoa & Hinh 3 dé tir d6 x4c dinh tdm- coi nhu
trung tim cua ving 16i vé hai bén nhu & trén hinh v&, dong
thoi xé4c dinh truc Y dya trén thong tin vé ving dudng van
16i. Cudi cung 1a cit ving ROI duya trén toa d6 X, Y ciing nhu
cac thong tin vé vén 16i & cac budc trén.

Y

|

Hinh 3: Minh hoa so @4 mi hoa dudng vén 1i ciia khép ngon tay.
2.3. Trich xuét dic trung va doi sanh anh

Sau khi da trich xuit dugc ving quan tam (ROI), viéc tiép
theo 1a tién hanh st dung hinh dnh ROI thu dwgc dé nhan
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dién kh6p ngén tay nguoi. Hién nay cé rat nhiéu phuong
phap trich xuét dic trung trong sinh trdc hoc, nhu Imcomp-
Code&MagCode [3], CompCode [1], Localized Radon
Transform — LRT [7], Binary Orientation Co-occurrence
Vector— BOCV [8]. Trong nghién ctru nay, chung toi s
dung phuong phép trich xuét thong tin dic trung cua khép
ngon tay sir dung phuong phap nhi phan hoa so 6 ma hoa
dinh hudéng (BOCV) [8] do chi phi tinh toan thap, phu hop
v6i hé thong thoi gian thuc sir dung may tinh nhing Rasp-
berry.

2.3.1. Bién dbi séng Gabor

Trong bai toan nhan dién khdp ngoén tay, dé trich xuat dic
trung, nguoi ta thuong thue hién mot phép tich chap gita
anh v6i mot ham loc Gabor. Ham Gabor dugc dé xuét trong
bai toan vé sinh tric hoc duge tom tit nhu dudi day.

Cong thitc Gabor, nhu gi6i thiéu trong cong b cua Tai Sing
Lee [9]. dugc cAu thanh tir ham Gaussian nhan véi ham
sin(cos) duoc trinh bay mot cach téng quan nhu sau:

v (x.3,,.0)= JZ)_:[K e ){e"'““'—eZJ M

véi

x"=xcosf+ ysind )
y'=—xsin@+ ycosl 3)
trong do:

w, la tan sb xuyén tam tinh theo don vi radian trén mot
don vi chiéu dai. o

6 1a goc dinh hudng cua phép bién do6i song Gabor, tinh

theo do’p Vi ra}dian.

x la mot I‘léng’ s0, duogc 1ga chon tuy thudc vao bang

thong tan so cua hé thong. .

Céc thanh phan trong phuong trinh bao gom:
x> la tich vd6 hudéng cua vector (x,y) va vector
Oa = (cos0,sinb) .

Tuong tu, y la tich vé6 huéng cia vector (x,y) va vector
Ob = (—sinb,cos0).

Nhan xét rang: 2 vector Oa va @Vuéng g6c vdi nhau
(c6 tich vo hudng bang 1). Nhu vay c6 thé hiéu rang (x', y")
chinh 1a diém (x,y) sau khi da duoc bién ddi tir hé toa o gbc
Oxy sang hé toa d6 méi O'xy v6i Oa va Ob chinh 13 hai

vector don vi. Khi =0 thi x'=x,y'=y , hé toa do

Oxy=0xy.

Cong thec Gabor dugc biéu diéq dudi dang sb phirc, bao
gom hai phan 1a phan thyc va phan do. St dung cong thic
Euler, " =cosx+isinx, ta c thé biéu dién ph?m thuc va
4o ctia phép bién ddi song Gabor tuong tng theo cic cong
thtre sau:

l//R (xayaa)o,g): 2;[](

7w02 » » 7’(2
a, — |4y —
0 g8 ( )(cos(a)ox’)—e 2 J 4)

ex

YV, ()C yna)oae) —\/_K‘

2.3.2. Phwong phdap BOCV

Thuat toan Binary Orientation Co-occurrence Vector
(BOCV) vén dugc dé xuat trong bai bao [8] cho bai toan
nhan dién long ban tay. Trong nghién ctru nay chiing toi ap
dung cho bai todn nhéan dién khép ngoén tay KFR. Phuong
phap BOCV sir dung phép bién ddi song Gabor dé trich xuét
thong s6 dinh huéng cta khép ngén tay dé ma hoa hinh anh
ROI. Céc budce chinh trong viéc dung BOCV trong bai toan
KFR dugc trinh bay nhu phan dudi day:
Buéc 1: Tinh toan vector OCV
Sau khi da dinh nghia cong thirc cua phep bién d6i song Ga-
bor va lwa chon thong sd, tiép dén ta sé& tinh toan mot vector
6 chiéu bang cach chudn hoa theo 6 hudng ciia phép bién doi
song Gabor, goi 1a vector dinh hudng (OCV-orientation co-
occurrence) theo cong thuc sau:
ocy = {Gj (x,),) = 0,5} (6)
voi:
jr
G, (x,y) =Iro (x,y)*z//R (x:%woag)»gj = 6
Budre 2: Chuan héa nhi phan vector dinh huéng OCV
Theo phuong trinh (6) va phuong trinh (7). dwoc dinh
nghia ¢ trén, cac phan tir ciia vector OCV déu 1a s6 thyc. Bé
tang tbc do tinh toan trong qua trinh ddi sanh anh, ta s&
chuan hoa vector OCV theo ma nhi phén 6 bit, goi 1 Binary

OCV (BOCV).
Cong thtrc chuan hoa nhu sau:

(7

J

P {1’ G;(xy) ®)

0, otherwise

a) 6,=0 d) g, =m/2

b) 6, =7/6 e) 6, =271/3

c)6,=x/3 f)6,=571/6

Hinh 4: Minh hoa cac dac trung BOCV véi cac hudng 6 = 0, n/6, n/3, n/2,
2n/3, 5m/6.

Budéc 3: Xac dinh Mask cho hinh anh dau vao.

Thuat toan nay ngoai so @6 ma héa vector BOCV, chiing
to1 cling sir dung thém hinh anh Mask tham khao tir bai bao
[10]. dé xac dinh nhing pixel khong nam trong ving khop
ngon tay, vi du nhu khi ngén tay dat 1éch khai truc.

Buée 4: D6i sanh anh.

Dé d6i sanh va nhan dién anh, ching t6i sir dung vector

ma hoa BOCV va mask cua anh ROI da duoc trich Xuét.
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Gia str can dbi sanh hai anh ROI1 va ROI2 ¢6 cung kich
thuéc X' xY , qua budc trich xuat dit liéu ta thu dugc cap
BOCV1={P’,j=0,5}

BOCV2= {Q/b.,j :@} va cdp mask 1a(£,,0,,) cua 2 anh
ROII va ROI2.
Nhu vay, dé do6i sanh 2 anh ROI} va ROI2, ta s€ thuc hién
tinh toan khodng cach dé doi sanh 2 cdp ma tran
(BOVCL,BOVC2) va (P,,0,,)-

Khoang cach dbi sanh giita hai anh ROI1 va ROI2 duoc

tinh theo cong thirc sau:
X Y 5

vector ma hoa

%y)®0] (x,y))m(PM (2. »)N Oy (x,y))

D(R,R,)= T

X Y

6ZZPM (x.2) N0y (x.y)

©))

trong d6 phép ® la phép logic XOR gitra 2 bit 0 va 1.
Nhan xét: theo phwong trinh (8) trén, ta thiy vector ma hoa
BOCV va ma tran mask chira cac phan tir thudc tap {0,1},
nhu vy gid tri cua D(R,,R,) nhén dugc thudc trong khoang
(0,1).

Nhu vy, dé nhan dién duoc mot anh, ta s& thuc hién ddi
sanh anh nay véi lan luot timg anh trong co s¢ dir lidu, thu
dugc mot tap cac gia tri khoang cach:

distance = {D(R,Rj),j =0,n —1}

v6i R 1a hinh 4nh ROI can nhén dién, R,/ =0,n—1 la tap
nhitng hinh anh ROI trong co s& dir liéu dé ddi sanh, n 1a s6
anh trong co so dir li¢u.

Dua vao gia tri nho nhét trong tap gia tri distance 46, ta s€
dua ra két luan ngudi d6 ¢ thudc co so dir liéu hay khong
va d6 la ngudi nao.

3. Két qua thyc nghiém

Trong bai toan nhéan dién khép ngon tay, van dé dap tmg thoi
gian thyc 13 van dé can dugc quan tam. Thoi gian xu 1y trong
thuat toan tdn nhiéu nhét dé 1a bude trich xuét dic trung. Do
vay trudc hét, dé lya chon phuong phép trich xuat dic trung
pht hop cho nghién ctru 1a dung Raspberry Pi, ching t6i thur
nghiém trén tap dir lidu tir Trung tAm nghién ciru sinh tric
hoc thu¢e Dai hoc Bach Khoa HongKong véi cac phuong
phap trich xuét dic trung pho bién trong sinh tric hoc. Céc
phuong phap thir nghiém gom ImcompCode&MagCode[3],
CompCode [1], Localized Radon Transform — LRT [7], Bi-
nary Orientation Co-occurrence Vector — BOCV [8]. Sau khi
khéo sat vé hiéu nang va thoi gian tinh toan cia cac phuong
phap trén, s& lya chon phuong phap phu hop dé thuc hién
trén may tinh nhung.

3.1. Khao sat va thir nghiém trén CSDL mé

Tap data du tién dwoc tham khao tir Trung tim nghién
ctru sinh tric hoc thudoc Pai hoc Bach Khoa HongKong(
http://www.comp.polyu.edu.hk/~biometrics/). Trong tap dir
liéu nay, chung t6i st dung 1776 hinh anh ngoén tro tay phai
da dugc trich xut ROI cua 148 nguoi va chia ty 1¢ 80:20
cho huan luyén va thir nghiém. Dé danh gia vé thoi gian tinh
toan va hiéu qua ciia cac phwong phap trich xuat dic trung

va dbi sanh khac nhau, ching t61 sir dung may tinh c6 bo xu
ly song song GPU dugc cung cép boi Google Colaboratory.
Két qua so sanh duoc thé hién trén Bang 1. Qua bang nay ta
thdy rang cac phuong phap CompCode, LRT, va Imcomp-
Code & MagCode tuy cho két qua nhan dang cao nhung thoi
gian tinh toan rat lau, khé c¢6 thé dap tng thoi gian thyc, nhat
1a néu str dung may tinh nhing. Vi thé ching t6i lya chon
phuong phap BOCV, do c6 thdi gian tinh toan nhanh nhét
ma van cho do chinh xac chép nhan duogc.
Bang 1: Két qua so sanh thoi gian tinh to4n cho mot dnh va d6 chinh xac
trén toan bg tap thir nghiém cta tap dir liéu mo

Thoi gian tinh todn
e (idy) P chinh xac
Phwong phap T e
. 5 £ (%)
Trich xuat boi

dac trung sanh
CompCode 0.59 0.023 94.59
BOCV 0.51 0.001 93.24
LRT 2.70 0.290 86.48
ImcompCode&MagCode 0.90 0.034 96.62

3.2. Trién khai hé thong FKR trén Raspberry Pi

Trong nghién ctru ndy, chung t6i lwa chon phan cimng la
Raspberry Pi voi by xur ly trung tdim CPU la Broadcom
BCM2711B0 4 nhan 1.5GHz. Tuy khong ¢ cau hinh manh,
téc do tinh toan khong cao nhung thiét bi nay lai thich hop
sir dung trong cac dy an doi hoi chi phi thip, kich thudc nho
gon. Trén Hinh 5 1a hinh anh hé thong nhan dién khdp ngon
tay xay dung trén Raspberry Pi. Cac hinh anh dugc thu thap
tir Pi Camera Module V2, qua cic budc tién xir 1y, trich xuat
ROI, trich xuit dic trung va dbi sanh sir dung phwong phap
BOCV.

Hinh 5: Hinh anh hé théng FKR trén Raspberry Pi

M3bi hinh anh dau vao ¢ kich thude 380x500, sau khi xur ly
dinh danh thi ROI s& duoc cat con 280x280 pixel. Vi kich
thudce trén, hinh anh tir ROI phu hgp dé chtra toan bd thong
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tin dung dé xur 1y nhan dién hinh anh. V& phan trich chon
ving quan tam, téc d6 xir 1y trung binh 2.4s v6i mot hinh
anh dau vao kich thude 380x500. V& toc do trich chon dic
trung, mdi anh tir ving ROI kich thudc 280x280 mit khoang
5.5s. Con budc dbi sanh anh thi thoi gian xtr 1y trung binh 1a
0.025s cho mdi birc anh ROI.

Dé danh gia hé thong, chung t6i thu thap hinh anh tir 12
ngudi, mdi nguoi 1ay 10 anh ngodn tay giita bén phai dé dwa
vao CSDL duogc dinh danh. Bén canh do chung t6i st dung
thém 5 ngdn tay khac (khong trung véi 12 ngon tay da duogc
dinh danh) chua dugc dinh danh va chua c6 trong co s dit
lidu, dé kiém tra xem hé théng ¢6 nhén dién ra dugc nguoi la
hay khong. M&i ngén tay déu duogc kiém tra 10 1an. Cac hinh
anh nay dwoc chia ra thanh phan huén luyén va phan kiém
nghiém theo ty 1& 8:2. Két qua cho thiy d6 chinh xac 90%
cho dir liéu da dinh danh, 92% cho dir liéu chua dugc dinh
danh vdi tbe 6 nhan dién x4p xi 11 gidy cho luong co sé dit
liéu 120 anh.

Dé cai thién do chinh x4c khi nhan dién cac ngén tay
chua dinh danh (hé théng nhéan dién 1a nguoi la), ta cod thé
dat ngudng nhan dién nho hon, nhung viéc ndy co thé lam
giam 3¢ chinh xéac khi nhan dién nhiing ngudi da dugce dinh
danh c6 trong co so dir li¢u. Bén canh 4o, tbe do xur Iy cta
hé théng phu thudc vao sd lugng hinh anh co trong tap co s&
dir liéu va kich thudc hinh anh dau vao cia hé thong. Dé cai
thién duogc tbe do xur Iy cua hé théng, c6 thé giam ) luong
hinh anh dinh danh ctia mgt nguoi, bén canh do6 1a giam kich
thudc hinh anh dau vao cua hé thong.

3.3. Két qua thir nghiém

Két qué thir nghiém cho thay hé thong lam viéc kha tot
trong cac diéu kién anh sang bén ngoai khac nhau, vi du nhu
¢6 nhiéu 4nh sang moi truong tic dong ciing nhu khong co
anh sang moi truong, ban dém, nhu minh hoa ¢ Hinh 6.

Hinh 6: Két qua nhén dién ving khép ngon tay khi c6 anh sang moi truong
yéu (a), va anh sang moi truong manh (b)

Hinh 7: Minh hoa nhan dién ving khép ngoén tay trong diéu kién ngon tay
xoay goc nho (a), va xoay goc lon (b)

Khi thuc hién thtr nghiém véi diéu kién ngon tay xoay cac

goc nho (goc nhd hon 5 d§) hé thong van nhén dién tuong

doi chinh xac, nhu ¢ Hinh 7. Nhung trong trudng hgp goc

xoay qua 16n 1am cho ving quan tim khong bét dugc nhiing
duong van trén khop ngén tay thi hé thong sé& khong nhan
dién dugc. Khoang cach dbi sanh tra vé 16n hon ngudng nén
két qua tra vé 1a khép ngon tay 1a nguoi la. Dé khic phuc
diéu nay, chung t6i da thiét ké hé thong véi nhimng phan khoi
c¢b dinh gitp cho ngon tay ngudi khong bi xoay qua nhidu
trong khi str dung, gitp ting @6 chinh xac ctia h¢ thng.

4. Két luan

Trong bai bdo nay, chung t6i dd gidi thiu mot hé thong
nhén dién khop ngoén tay ngudi st dung may tinh nhing
Raspberry Pi 4 Model B va Pi camera. Ching t6i da khéo sat
danh gia trén co so dit li€u mo vdi cac phuong phap trich
xuit ddc trung va dbi sanh gin day trén phuong dién tinh
toan va d6 chinh xac nhan dang. Tu danh giad va so sanh,
chimg t6i da Iya chon phuong phép sir dung dic trung vé
vector ddng bo dinh hudng nhi phan BOCV dé thuc thi trén
hé théng phan clng gia thanh ha dung Raspberrry Pi. Céc
két qua danh gia cho thay hé théng cho do chinh xéac trén
90% v&i toe dd dap tng thoi gian thuye.
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Nghién ctru nay dugc té‘li tro boi :[ruc‘)'ng Pai hoc Bach khoa
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