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NHAN DANG KHUON MAT TREN MAY TINH NHUNG RASPBERRY PI
FACE RECOGNITION APPLICATION BASED ON RASPBERRY PI

Trwong Vin Truong, Huynh Viét Thing
Truong Pai hoc Bach khoa, Pai hoc Pa Néing; thanghv@dut.udn.vn

Tom tat - Nhan dang khuén mat ngwdi la mét trong nhirng linh vuc
mang tinh thach thic trong thi giac may tinh va hoc may. Hau hét
céac hé théng nhan dang khuén mét hién cé déu str dung tai nguyén
tinh toan manh mé dwa trén DSP hodc cac may tinh da muc dich,
rat kho (rng dung vao cac dy an vira va nhé nhw nhan dang nhan
trdc hoc cho hé théng bao mat gia dinh, hé thédng chdm cong va
quan ly nhan vién trong cac cong ty. Chung t6i gidi thiéu mét nén
tang phan ctrng nhing méi dung trong x& Iy &nh, d6 1a may tinh
nhing Raspberry Pi I6i ARM11, s dung thw vién x& ly anh ma
ngudn mé& OpenCV cia Intel. Chung t6i si dung ddc trung Haar-
like cho phat hién khuén mat va thuat toan phan tich thanh phén
chinh cho nhan dang khuén mat, tit ca duoc thuc thi trén board
mach Raspberry Pi. Hé théng dwoc thiét ké véi ngudn tai ‘nguyén
phan clrng gi6i han, gia thanh thap tiéu tan nang luvong thap, dam
bao hiéu suat nhan dang 93% va tdc d6 nhan dang tot.

T khéa - Cascaded Classifier; vector riéng; Raspberry Pi; PCA;
nhan dang khuén mat

1. Pit van dé

Hién nay, van dé bao mat 12 mdt trong nhirng linh vuc
cong nghé duoc quan tim hang dau trén thé giéi. Bao mat
ra doi tir rt lau va dan hoan thién, xuét phat tir bao mat
co hoc, bao mat dién tir hoc, va ngay nay la bao mét sinh
tric hoc. Cong nghé phat trién nhanh vuot bac dem lai
nhitng loi ich khong 16 cho con ngudi, nhung dong thoi
ton tai mot by phan hacker am thAm dua vao cac 16 héng
bao mat dé tryc loi va gy ra nhirng thiét hai khong nho.
O pham vi ca nhan, ngudi ding c6 thé dé dang bi danh
cip tai san ca nhén, tai khoan mang xa hoi, hay mat khau

e-bank, mat khiu thuong mai dién tr vi bao mat kém. Véi
pham vi doanh nghi€p, du quy mé 16n nho khéac nhau,
nhung cic doanh nghiép déu c6 nhidu nhan t6 can dugc
bao vé. Vi quy md qudc gia, cong nghé bao mat lai cang
duogc coi trong hon nita, dac biét & cac linh vuc quan su,
an ninh va tai chinh [1, 2]. Trong bai bao nay chung toi
huéng dén viéc nghién ctru mot khia canh nho trong linh
vuc bao mat, d6 1a bao mat sinh tric hoc: hé théng bao
mat dya trén nhan dang mat nguoi.

Nhén dién khuén mit 1 bai toan kinh dién trong xur 1y
anh, di ra doi va dugc giai quyét tir nhing nam 60, khi
ma cac phuong phap tinh toan thi cong dé xac dinh vi tri,
khoang cach va cac b phan trén khuéon mat duoc su
dung. Dén cudi thap nién 80, k¥ thuat nhan dién khuon
mat dan duoc cai thién khi M. Kirby va L. Sirovich phat
trién phuong phap tim mit riéng (eigenface) st dung
phuong phap phan tich thanh phin chinh (Principal
Component Analysis - PCA) da tao nén mét c6t mbe méi
trong k¥ thuat nhin dién khudn mit. Hi¢n nay, tAt ca cac
thuét toan nhan di¢n khuoén mat dugc phat trién phén 16n
déu dya trén nén ting hé théng xur 1y sd tin hiéu DSP
(Digital Signal Processing) v6i lugng tai nguyén tinh toan
rat 16n va gia thanh cao, vi vay kho co thé tich hop vao
cac hé thong nhan dang yéu cau gia thanh thap. Dé giai
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quyét van dé nay, bai bao hudng dén viéc ti wu hoa thiét
ké trén phan cimg 1a may tinh nhung Raspberry Pi, véi
dac trung 1a tai nguyén tinh todn giéi han nho gon, gia
thanh thép nhung van dam bao do chinh xac nhan dang.

Bai béo s& trinh bay viéc thuc thi va danh gia hé thong
nhan dang khuén mat trén may tinh nhing Raspberry Pi
[3, 4] th6ng qua cac bd thu vién khac nhau, tir d6 thu thap
b thong s6 phu hop nhét cho tmg dung trén Raspberry Pi.
Viée giai quyét bai toan ndy c6 thé md ra mot huéng méi
trong umg dung cong ngh¢ nhan dién khudn mat cho diéu
tra t6i pham, kiém tra hanh khach & san bay, diéu khién
giao thong hay cac hé thdng bao mat khac, cho phép giam
gia thanh, thoi gian dap tng vira phai, do tin cdy cao.

Noi dung bai bao dwoc sap xép theo trinh tu sau: Phan
2 trinh bay co s& 1y thuyét cia hé thdng nhan dang khudn
miat; Phan 3 trinh bay qua trinh thiét k& hé thong; Phin 4
trinh bay cac két qua dat dugc cua hé théng nhan dang
khudén mat trén Raspberry Pi va cubi cung, Phén 5 dua ra
cac két luan va cac hudng nghién ctru tiép theo.

2. Co sé 1y thuyét

Phan nay tap trung trinh bay cac 1y thuyét co s vé hé
théng nhédn dang khuén mat, cu thé 1a cac thuit toan phat
hién khuoén mat, nhan dang khuén mat, va st dung cac k¥
thuat nay véi bd thu vién ma nguén m¢ OpenCV.

So dd khéi tdng quat cua hé thdng nhan dang khudn
mit dugc trinh bay trén Hinh 1. Trong so do ndy, qua
trinh huin luyén hé thong véi dit liéu hudn luyén va qua
trinh nhan dang véi dir li¢u kiém tra duogc trinh bay déng
thoi, trong d6 cac cong doan phat hién khuén mit, tién xir
1y, trich chon dic trung va ddi sanh dugc thuc hién tuong
tu & ca hai qua trinh huin luyén va kiém tra. Trong qua
trinh huin luyén, cac dac trung dugc trich chon s& duoc
luu vao co s& dit 1iéu dé thuc hién nhan dang thong qua
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dbi sanh trong qua trinh kiém tra.

Cac k¥ thuat tuong ung dugc chung toi st dung trong
hé théng nhan dang khuén mit 1a: st dung dic trung
Haar-like dé phat hién khuén mat, st dung ky thuat can
bang histogram trong tién xir 1y anh khu6n mit, phén tich
thanh phén chinh PCA & trich rat dic trung, va k¥ thuét
dbi sanh mau st dung khoang cach Euclidian [1, 2, 5, 6].
Trong cac muc tiép theo chung toi trinh bay tom tit co s&
Iy thuyét cac ky thuét nay.

Hinh 1. So dé khéi hé théng nhdn dang khuén mat
2.1. Ky thudt phat hién khuén mdt voi dic trung Haar-
like

Mbi dic trung Haar-like 1a cac hinh chit nhat dugc
phén thanh cac ving tring den khac nhau, ¢6 thé chura 2,
3 hodc 4 mién hinh hoc khac mau nhau. Viola va Jones
dung bdn loai ddc trung Haar-like co ban dé xac dinh
khudén mat nguoi. pé phat hién khuén mat, viéc dau tién
1a phai huén luyén dwa vao cac dic trung Haar-like. Anh
dau vao trudc hét phai dugc xam hoa, sau d6 cho mot
hodc nhiéu hinh chir nhat chira dic trung Haar-like chay
khip birc anh, nhiing chd khac biét s& dugc luu trir lai.
Tap hop hang nghin diém khac biét ciia hang trim khuon
mat khac nhau s€ cho ta mot tdp di li€u dung cho viéc
phat hién mat nguoi.

Trong qua trinh huén luyén, bo phén loai phai duyét
qua tat ca cac dac tru’ng clia cac mau trong tap trammg, vi
vdy s& ton rat nhiéu thoi gian. Thyc té 1a trong cic mau
dua vao, khong phai miu nao ciing thudc loai khé nhan
dang, c6 nhitng mau background rat d& nhan ra (ta goi
day 1a nhimg mau background don gian). Di v6i nhimg
mAu nay, chi cin xét mot hay vai dic trung don gian 13 c¢6
thé nhan dién dugc chtr khong cAn xét tit ca cac dac
trung. Mot k§ thuat dugc sir dung dé rit ngan thoi gian xir
ly, giam thiéu ti 1¢ sai nham 1a Cascade of Classifiers.
Trong ky thuat ndy, Cascade tree gdm nhiéu stage (hay
con goi la layer), mdi stage cla cdy sé la mot stage
classifier. MOt mau de dugc phan loai 1a d6i tugng thi nd
can phai di qua hét tit ca cac stages cua cay. Cac stage
classifiers & stage sau dugc huin luyén bang nhitng mau
negative ma stage classifier trudc n6 nhan dang sai, tirc 1a
no s& tap trung hoc tir cac mau background khé hon, do
d6 su két hop cac stage classifiers nay lai s€ giup bo phan
loai ¢ false alarm thip. Vé6i chu tric nay, nhirg mau
background dé nhan dién sé bi loai ngay tr nhitng stages
déu tién, gitp dap tng t6t nhat dbi véi do phirc tap gia
ting cua cac mau dua vao, dong thoi gitip rat ngén thoi
gian xu ly.

2.2. Kj thuit cén bang Histogram

Can bang Histogram (Histogram equalization) la
phuong phap lam cho biéu do Histogram cta anh duogc

phan bé mot cach ddng déu. Pay 1a mot bién d6i kha quan
trong gip néng cao chat lwong hinh anh, thong thuong
day la bude tién xir Iy ciia mot anh dAu vao cho cac bude
tiép theo.

2.3. Phwong phdp phan tich thanh phin chinh PCA [1]

Phuong phap phén tich thanh phan chinh PCA thuc
chit 1a di giai quyét bai toan tim trj riéng va vector riéng
cho ma tran. Phuong phap PCA s€ giit lai K thudc tinh

moi” tr M céac thudce tinh ban dau (K<M), va duogc tién
hanh theo céac budc sau:

Buéc 1: Load anh trong file, st dung cac anh khuon
mat/l;, I, ... I,

Budc 2: Tuong ing mdi anh I; vi mot vector I

Budc 3: Tinh vector khuoén mat trung binh W theo
cong thur:

1
polymr

Budc 4: Sai sd cta céc anh so véi gia tri vector mat
trung binh dugc tinh toan theo cong thuec ®;=Ti— ¥

Budc 5: Tinh ma tran hiép phuong sai (covariance) C:

= 2H (@) (i) = AAT
Khi d6, C sé& c6 kich thudc N’xN?, va A = [@; D, D]

Budc 6: Viée tinh cac Eigenvector u; cia ma tran
vudng 4.47 (C ¢6 kich thude N2xN?) rat khé khan. Vi vay
ta thyc hién bang phuong phap tinh vecto riéng cua ma
trdn AT.4 ¢6 kich thuéc M x M. Goi v; va A; 1a cac vecto
riéng va tri riéng cua ma trin A”.4. Tinh cc vector riéng
v; (eigenvectors) ctia ma tran vudng A7.4 nay. Suy ra dugc
cac vector riéng u; (kich thude N*x/) mong mudn can tim
va chuan héa ching, theo cong thirc:

u = AVi

M trj riéng ctia ma tran A”.4 (kém v6i cac vector riéng
tuong ung), s€ ing voi M tri riéng lon nhét cua 4.47, day
1a cac két qua cho biét cac huong bién thién quan trong
nhat. Tap hop cic vecto ban dau dugc biéu dién trong
khong gian tao boi cac vecto u la:

Budc 7: Giit lai K vector riéng trong sb cic vector noi
trén ung véi K tri ri€ng lon nhat. Khi ¢6 moi khudén mat

q)l- trong tap hudn luyén c6 thé dugc biéu dién lai 1a 1 t6
hop myén tinh ctia K vector riéng 16n nhit:

2.4. Déi sdnh méu

Ky thuat déi sanh miu ding PCA duoc s dung dé
nhan dang khuoén mat. Cho 1 anh khudn mat (chinh dién
va cung kich thuoc) chua biét la ai. Thuc hién cac budc
trén dé tinh vector mat dac trung Q. Tinh khoang cach
Euclidian nhé nhat cia Q so véi khong gian mat.

Cr = min1|| Q- Q] ||

So sanh v6i khoang cach ngudng T. Néu e, < T, tirc
anh khuén mat can xac dinh “du gan” véi anh cua nguoi
thir / trong tap mau. Khi do, ta két luan d6 chinh l1a khuon
mat cia nguoi thu /.
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3. Thiét ké hé théng nhin dang khuén mit trén may
tinh nhiing Raspberry Pi

So db khdi phan ctng hé théng nhan dang khudén mat
thue thi trén board mach Raspberry Pi dugc cho trén Hinh
2. Chung t6i cai dat hé diéu hanh Raspbian [3] (dua trén
nén tang Linux) trén board mach Raspberry Pi, va tiép d6
cai dat by thu vién OpenCV [7] tuong thich voi
Raspberry Pi dé thuc thi hé thong.

Module camera

¢

Man hinh | Kit Co cdu bio hiéu
hién thi [~ *| Raspbemy va chép hinh
| Button | Mach ngudn

Hinh 2. So do khdi phdn cing hé thong

3.1. Module camera

Module camera thyuc hién load anh va c6 churc nang su
dung Pi camera hoic USB webcam dé thu thap dir liéu
cac anh cho bd dir li¢u negative image va positive image
dung cho nhén dang online. Cac anh duoc thu thap voi
cuong d6 anh sang va biéu cam khac nhau, nhung phai
cung dinh dang PGM hodc JPEG, kich thugc dnh c6 thé
chénh 1éch nhau va s& duoc chuin hoéa & module do tim
khudén mat trong anh.

3.2. Phat hién khuén mdt

rrin_size = (24, 243
haar_scale = 1.2
min_neighbors = 2
haar_flags =0

| Lo=d anh l—bl Chuy&n sang anh xam |

]
e —| C&n b3ng Histogram |

-

| Luu elding kich thudic w& hinkh dang |

Hinh 3. Luu do quy trinh xdc dinh khudn mdt

TIEN XU LY

i

OpenCV nhan dang khudén mit bang phan 16p Haar
Cascade. V&i anh luu sin hodc cit tir file video thi quy
trinh phat hién phai phan loai ching thanh “mat” va
“khong mat”. Sau khi da phan loai dugc, OpenCV tra vé
gié tri toa do khudn mat. Bai bao sir dung toa do d6 dé cit
khuén mit ra khoi phin hinh nén du thira va luu vao c6 s&
dir liéu theo dung dinh dang (xem Hinh 3). Véi cac thong
sO da lya chon cho budc phat hién khuén mat nhu trong
Hinh 3 (min_size, haar_scale, min_neighbors, haar_flags),
trong qua trinh thyc nghiém, ching t6i thiy rang ti 1¢ phat
hién dung khuén mat trong mot khung hinh dat rat cao voi
d6 chinh xac phat hién khuén mit gan nhu tuyét doi.

3.3. Trich ddc trung va nhin dang khuon mdt

Qué trinh trich rt dic trung bang k¥ thuat PCA dugc
trinh bay & so do Hinh 4, trong khi lvu d6 toan bd quy
trinh nhan dang khuén mat dugc trinh bay & Hinh 5.

B dou Boc anh b t3p huan yén e . Thh saisd anh

Chuyén anh thenh vecto ct ] Tihanh gt | 50 vdi &nh trung binh
£ th Biéa dén arh trong o Thh 7] riéng va vect

1' i o PCA [ Chan séi dic g Pes |46 ting dlama 120 C

Hinh 4. Quy trinh rut trich dac trung khuén mat

{ Begin )

L.
o

r

Khiing

Nt bam? Thu nhan anh nhan dang

h 4

(—' Chugin hda anh

ThuSt tosn PCA

S8 | Bigu khisn co cau chap hanh

wa bao higu md

Khang

Bigu khign oo cdu cha3p hanh
w& bao higu ddng

&J
T

Hinh 5. Quy trinh nhdn dang khuén mat

Phuong phép nhén dang duogc lua chon o day la so
khép miu (ddi sanh - template matching). Tt ca cac anh
trong tap huan luyén dugc chuyén sang khong gian mat k
vector riéng dé tao bo co s¢ dit liéu. Phuong phéap so khop
mau duge st dung trong bai bdo nay dua trén viéc tinh
khoang cach Euclidian bé nhat cua khudn mit kiém thir va
cac khudn mat trong tap co so dir li¢u. V&i bo co sé dir licu
nho, tAt ca cac anh trong tap huén luyén cua mot ddi tuong
déu duoc chuyén ddi va so khép miu mot cach doc lap, tir
d6 nang cao xac suat nhan dang ding cho hé thong. Véi co
s¢ dir liéu qua 16n, phuong phap tinh trung binh eigenface
nén duge sir dung dé t6i wu hoa tée do cho hé thong.

4. Két qua va danh gia

Trong phan nay ching toi trinh bay cac két qua thyc
nghiém cua hé thong nhén dang mit nguoi duoc thuc thi
trén board mach Raspberry Pi hoat dong ¢ tan sb xung
dong hd 700 MHz. Hinh anh thyc te cua hé thong duoc
biéu din trén Hinh 6. Hai thong sé sir dung dé danh gia
hiéu ning cta hé¢ thong nhdn dang khuén mat duogc bai
bao lua chon la: hiéu sudt nhdn dang (ti 1€ nhén dang
dung), va thoi gian nhan dang.

Chung t6i str dung bd co s6 dir liéu AT&T [7] dé danh
gia, va phan chia bd co s¢ dir li¢u ndy thanh cac tap huén
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luyén va kiém tra nhu trinh bay trén Bdng 1. Cuing v&i bd
co sO dir liéu AT&T, ching t6i ciing st dung thém cac bd
co s& dit liéu Grimace va Face96 [7] dé khao sat hiéu
nang hé thong.

Bing 1. Phdn chia cdc tdp hudn luyén va kiém tra véi

b¢ dir liéu AT&T
Tapdi | S6 anh huin S6 énh Hiéu suét nhin
liéu luyén kiém tra dang
Tap 1 120 280 70%
Tép 2 200 200 80%
Tép 3 280 120 95%

Dua trén két qua khao sat & Bang 1 d6i véi tap dit liéu
AT&T, chung ti lya chon sé luong anh huan luyén cho
mdi d6i tuong 13 7 (twong tmg v6i hiéu suat nhan dang dat
rit cao 95%) dé khao sat hidu ning hé thong. Bén canh
d6, qua khdo sat voi cac tap dir liéu da lya chon, ching t6i
quan sat thiy ring s6 luong eigenface mang thong tin 16n
nhét chi trong khoang tir 1 dén 20 tuong mg véi cac tri
riéng 16n nhit, phin con lai gop phan khong dang ké cho
viée tai cu triic dé nhan dang khuén mat. Vi vay, ching
t6i lwa chon sb luong eigenface trong khoang tir 20 trg
xudng dé danh gia hé thong.

Hinh 6 Hlnh anh thue té hé thong

Chung t61 khao sat hai kich ban. Kich ban 1: khao sat
anh huong cua sb lwong anh st dung cho mdi dbi tuong
trong qua trinh huin luyén hé thong dén hiéu sudt nhan
dang va thoi gian nhan dang. Kjch ban 2: khao sat anh
hudng cia s6 luong eigenface st dung (cling chinh 14 sb
luong thanh ph?ln chinh lya chon sau trich thude tinh) cho
mdi anh dén hiéu suat nhan dang va thoi gian nhan dang.

Két qua khao sat cua ca hai kich ban dugc trinh bay
trén Hinh 7. DSi v6i Kich ban 1, két qua & Hinh 7 cho
thdy voi sb lugng anh sir dung trong huén luyén thay d6i
tir 7 dén 10 anh cho mdi d6i tugng dap Gmg thoi gian nhan
dang khong qua chénh léch, nhung hiéu sudt nhan dang
lai ting rat cao, dat tir 85% dén 100%. Pdi v6i Kich ban
2, khi xét d&én sb luong eigenface trén mdi anh st dung
trong nhan dang cho thay thay dbi tir 6 dén 10 eigenface
khong gdy anh huong nhleu dén thoi gian va hiéu suét
nhén dang, nhung néu sé lugng eigenface 1a 20 thi toc do
nhdn dang suy giam rit nhidu. Dya trén cac két qud nay,
chung t6i d& xudt lya chon khoang 10 anh cho mdi ddi
tugng trong tap hudn luyén, va chi can st dung 10
eigenface dé tinh toan trong qué trinh nhan dang d6i voi
cac hé thong nhan dang khudn mit nguoi st dung ky

thuat PCA khi thuc thi trén board mach Raspberry Pi.

S0 lwgng anh/ddi tirgng - Thisi gian nhén
dang

#

g

B Y

BATET

B Grimace

BB

= Facas

r]
o

o

Thiri gian nhiin dang (ms)

S Tweng dmh trén doi heong

Sb lugng inh/ddi twgng - P chinhxac

g

i
o

]
=]

WATET
B Grimace

¥ Faca6

P chinh xic (%)
3

o
=)

wn
=]

i) Iuegng eigenfacefdﬁituqrng— Thiri gian
nhin dang

WATET
HGrimace

= facedf

- S EBHHEBEHES

Thi gian nhin dang (ms)

3 5 -] '3 B8 10 13 16 X

5 lwong eigenface/dii togmz

S0 hegng eigenface/dditwong - Bo chinh xac

WATET
BGrimacs

¥ Fac=06

3 5 ] 7 B 10 i3 i6 r.a)
$6 lwong eigenface/dii heomg

Hinh 7. Két qud khdo sdt doi voi 2 kich ban

Hinh 7 ciing cho thiy bd co so dit liéu AT&T cho két
qua nhan dang rit t6t, trong khi bo co s& dir liéu Face96
thu dwoc két qua kha thip. Diéu nay cho thdy anh trong
tap hudn luyén cin dugc chuén bi tot dé phii hop voi hé
thong. Nghia Ia cac db6i tugng phai dwoc thu thap anh véi
cac didu kién gan nhu nhau: cuong do sing, biéu cam
khuoén mat ¢ trang thai trung lap, kich thudc khuén mat
trong anh nhu nhau va céc nén anh don sic nhu nhau.

Chung t6i ciing tién hanh nhan dang khuén mit online
trén board mach Raspberry Pi dé phén tich chi tiét thoi
gian thuc thi cia mdi giai doan, bao gdm: cdu hinh hé
théng, nap dit liéu anh da duogc huén luyén, chup anh
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khuoén mat ddi tuong can nhan dang, phat hi¢n khuén mat
va tach khudn mit ra khoi khung hinh, tién xur Iy voi ky
thuat can bang histogram, trich thudc tinh véi ki thuat
PCA va thuc hién nhan dang bang ky thuat d6i sanh véi
dir liéu da duoc hudn luyén.

Bidu dé thivi gian nhan dang online trén
Raspberry Pi, f = 700MHz, T, =11s

recognition

m C onfiging program
mLoading modsl

B Loading camiera and caphaing
imags

B G etting coordinates of single
face in caphared im age

B Pre pracessing

= Processing

Hinh 8. Phan tich chi tiét thoi gian qud trinh nhan dang
khuon mat online trén Raspberry Pi

Hinh 8 trinh bay két qua khao sat chi tiét thoi gian
thyc thi cua cac giai doan nay. Téng thoi gian nhan dang
online cia hé thong 14 11s. Thoi gian thiét 14p phin cing
chiém 15ms, thoi gian loading tdp model co s¢ dir li€u
anh chiém khoang 2s, thoi gian khoi tao va truy nhép
phan clmg camera chiém 1.2s; day 14 cac thong s6 hoan
toan phy thudc vao phan cting va khé c6 thé téi wu hon
nira. Giai doan phat hién khuén mat va tach khuén mat ra
khoi khung hinh chiém 4.5s, ciing 1a giai doan chiém
nhiéu thoi gian nhit (41%). Giai doan nhan dang bang k¥
thuét trich thudc tinh PCA va so khép dir licu chiém 3s
(29%). Két qua phan tich chi tiét & Hinh 8 cho thay rang,
dé nang cao tc do nhan dang cua hé théng, can phai tdi
uu thoi gian xu ly cta céc giai doan phat hién khudn mat,
trich thudc tinh PCA va so khop.

5. Két luan

Trong bai bao nay, ching t6i da thiét ké va thyc thi
thanh cong mot hé théng nhédn dang mat nguoi trén board
mach nhiing Raspberry Pi. Cac két qua da trinh bay cho
thiy hé thdng co thé dap ung dugc yéu cdu cua bai toan
nhan dang mat nguoi ing dung trong bao mat trén cac hé
thong nhing. Véi nén tang phan cimg Raspberry Pi, bai
béo da thuc hién duoc cac thuit toan phat hién va nhan
dang khuén mat ngudi véi d§ chinh xac cao hon 90% cho
ca 3 tap co so dit liéu (AT&T, Grimace, Face96) khi lya
chon sir dung 10 anh cho mdi déi twong va 10 eigenface
cho mdi anh (xem Hinh 7); ti 1¢ nhén dang dung tham chi
con cao hon cho tép co so dit liéu AT&T (99%). So véi
giai phap nhan dang khuén mat trén may tinh da muc
dich, ti 1&¢ nhan dang dung trén Raspberry Pi gan nhu

trong dwong, ngoai trur rang téc d6 nhan dang chdm hon
vi nhitng gi6i han vé phéan cimg ciia Raspberry Pi (tc do
vi xt 1y, bd nhé). Viéc xtt 1y cac anh offline cho d6 chinh
cao voi thoi gian nhan dang dap tng thoi gian thuc (<1s
cho bo thu vién 400 anh huan luyén). Két qua nhan dang
khu6n mit online cho thdy cac co cau diéu khién da chép
hanh tdt, thoi gian mdi 1an nhan dang trong khoang 11s.
Quan trong hon, ching t6i da trinh bay nhimng phén tich
chi tiét vé& biéu do6 thoi gian nhan dang online trén board
mach Raspberry Pi, qua d6 da chi ra dugc cac khoi can
phai dugc tién hanh nghién ctru sau hon dé co thé cai
thién tdc d6 nhan dang online cua h¢ théng.

Viéc xdy dung thanh cong mod hinh nhén dang khuon
mit trén Raspberry Pi ¢d mé ra nhiéu kha ning tng
dung vao thuc té. Cac vi du bao gém: hé théng kiém
soat vao ra bang nhan dang khu6n mat dung cho cac co
quan cong s, khu chung cu cao cap hodc biét thy dé
kiém soat dugc ddi twong va thoi diém ra vao. Bén canh
d6, hé théng chim cong khong can dung thé dung trong
hé théng quan 1y, chim coéng va giam sat nhan luc lao
dong phu hgp cho cac nha may, khu cong nghé cao, co
quan, don vi quan ly nhan lgc lao dong. So véi giai phap
dung may tinh théng dung, cac san phim xiy dung trén
Raspberry Pi c6 thiét ké nho gon, gia thanh thap va tiéu
thy dién nang rat thip.

Trong tuong lai, ching t6i dy dinh thyc hién cac nghién
clru sau ddy: sir dung phan cting Raspberry Pi 2 v6i nhan
16i tir ¢ thé gitip tang tbe d6 xir 1y 1én tir 4 dén 12 1an; i
uu hoa thoi gian nhan dang cho giai doan phat hién khuén
mat va khoi tao/luu trir model, cling nhu thir nghiém cac
mo hinh nhan dang khac nhu mang no-ron nhan tao (neural
network) hay may hd tro vector (support vector machine —
SVM) dé nang cao hiéu sudt nhan dang cua hé théng.

TAI LIEU THAM KHAO

[11 Nguyén Manh Hung, Nhdn dang mdt nguoi sir dung ddc trung
PCA4, Luan van Thac si Khoa hoc may tinh, Hoc vién Cong nghé
Buu chinh Vién thong, Ha N¢i, 2013.

[2] Nguyén Thi Len, Pé xudt phirong phdp nhdn dang mdt ngudi va
ung dung chong gian Ign trong thi cur, Luan van Thac si Khoa hoc
may tinh, Hoc vién CNBCVT, Ha N¢i, 2014.

[3] Matt Richardson, Shawn Wallace (2012), Getting start with
Raspberry Pi, Published by O’Reilly Media, United States of
America, 2012.

[4] Medak Teena Ravali, Prof. Ranga Sai Komaragiri, “Image
processing platform on RASPBERRY PI for face recognition”,
Global Journal of Advanced Engineering Technologies, Vol3,
Issued, pg. 441-444,2014.

[5] Yanbin Sun, Lun Xie, Zhiliang Wang, and Yi An, An Embedded
System of Face Recognition Based on ARM and HMM, University
of Science and Technology, Beijing, 2007.

[6] B. Koteswar rao, P. Rama Krishna, MA . Wajeed, “Real Time
Embedded Face Recognition using ARM7”, International Journal
of Research in Computer and Comunication Technology, 2013.

[7]1 Face recognition home page: http://www.face-rec.org/

(BBT nhdn bai: 10/11/2015, phan bién xong: 28/11/2015)



