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Toém tat - Ngay nay, véi sw phat trién khong ngirng cta nganh tu
dong hda, con ngui cé xu hwéng str dung cac thiét bi tw dong dé
nang cao tinh tién nghi, an toan cho khong gian song clia ho. Trong
bai b&o nay, ching t6i d& xuat mét giai phap nham nang cao tinh
an ninh va tién loi ctia hé thdng didu khién ctra tw dong. Hé théng
didu khién nay str dung cac céng nghé bao mat nhw mat khau, bao
mat béng thé RFID, hay bing cac phwong phap sinh trac hoc khac
nhw nhan dién khudn mat hay giong néi cua nguwdi dung. Ngoal ra
hé théng c6 thém chirc nang truyén hinh anh tir camera dat & ctra
t&i cac thiét bi trong mang LAN, ciing nhw giao t[ep v&i cac thiét bi
trong mang LAN théng qua giao thirc MQTT. DBOng thi chang t6i
xay dwng mot md hinh dé kiém nghiém hoat dong thuc té cac giai
phap da dé ra.

Tir khéa - xr ly giong néi; x& ly hinh anh; hé théng bdo mat; nhan
dang khuén mat; ctra thong minh.

1. it véan dé

Ngay nay, khi doi séng kinh té - xa hoi phat trién, vén d&
an ninh dugc quan tam nhiéu hon. O nudc ta, viée bao vé an
ninh dang dim chan tai chd & viéc nguoi ta van dang sir dung
con nguodi cho muc dich an ninh 1a chinh nhu viéc thué cac
bao vé vién, hay ldp dit cac hé thong camera thong thudng ma
mot ké gian hiéu biét c6 thé qua mét dugc.

Trén thé gidi hién da c6 nhidu cong trinh nghién ctru va
4p dung hé thong diéu khién ctra thong minh. Trudc hét, c6
thé ké dén hé thong chudng ctra thong minh Chui [4] st
dung k¥ thuét nhan dién khudn mat, thé tir va mat khéau dé
nhan dién va quyét dinh mo khoa. Ngoai ra, hé théng nay
con truyén hinh anh qua mang LAN dé nguoi dung biét
duogc nguoi dang dimg trude cira 13 ai. Tuy nhién, hé théng
d6 chwa luu lai video dé ngudi ding d& dang xem lai khi
can. Mot ung dung thuong mai khac 1a hé théng khoa
HF6618 st dung k¥ thuat nhan dién khuén mait, thé tu,
khéa co va mat khau hodc két hop dé mé khoa [8]. Nhuoc
diém cta hé thong nay 1a chwa truyén hinh anh qua mang
LAN ciing nhu Iuu lai video dé ngudi sir dung giam sat
ng6i nha cua ho. Bén canh do, co thé ké dén hé théng clra
thong minh & cac san bay Australia [2] di chiéu khuon mat
trong ho chiéu dién tir va khudn mat thu duoc tir camera dé
mé cira cho du khach nhép canh. Hé thong nay kha cong
kénh va ciing chua c6 chirc nang luu video hay truyén qua
mang LAN.

Trong bai bao nay, chung t6i s€ xay dung mét moé hinh
hé théng cua ty dong véi cép d6 bao mat cao va khic phuc
céc van dé con ton tai ciia cac hé thong cira thong minh ké
dén & trén. So dd khdi ciu tric cua toan hé théng duoc bidu
dién & hinh 1.

Abstract - Nowadays, because of the consistent development of
automation technology, there is a growing tendency among people
to use automatic devices to improve the convenience and safety of
their living space. In this paper, we propose a measure to enhance
the convenience and security of the control system of automatic
doors. Our control system uses security technology such as
password, RFID or biometric methods like face recognition or
speech recognition. Besides, our system have two extra functions:
transmitting images captured by camera via Local Area Network
(LAN) to other devices and saving video to review when it is
necessary. The system adopt MQTT as the main communication
protocol to exchange messages. Finally, we build up a working
model to demo and test our solution.

Key words - speech processing; image processing; security
systems; face recognition; intelligent door.
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Hinh 1. So d6 khéi ciia hé thong
Hé théng ctra nay st dung camera dé phan biét, nhan
dién cac d6i twong dugce phép mé cira 1am phuong thirc bao
mat chinh. Ngoai ra, hé théng cira con chdp nhén cac yéu
cau khac nhu viéc nhap khéu tir ban phim c6 sin hay nhan
dang giong noi nguoi dung, ddng thoi lwu trir hinh anh tur
camera dé thuan tién cho viéc truy xuét hinh anh khi can.
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Khi nguoi ding yéu ciu mé cira, mot co ciu chdt khoa s&
tu dong duoc kéo ra cho phép ngudi dung c6 thé mo cira.
Co cau nay ciing s€ gai lai khi c6 yéu cau tir nguoi dung.
Heé thdng con c6 mot sé tinh nang bd sung khac nhu truyén
hinh anh tir camera dén cac thiét bi khac nhu dién thoai,
may tinh, ciing nhu ché do tir chdi tiép khach lién dong véi
chudng ctra. Cai c6t 16i nhat ma bai bao nay huéng dén d6
1a giai phap tw dong hoa mang tinh cai tién, nang cao bao
mat va ung dung thuc té cao.

Phin con lai cta bai bao duoc bd cuc nhu sau: Muc 2
trinh bay thudt toan xtr Iy anh va nhan dién khudén mat; Muc
3 trinh bay vé phuong an xtr 1y giong n6i cho hé thong diéu
khién ctia ctra ty dong; Muc 4 trinh bay vé giai phap truyén
thong. M6t m6 hinh thyc nghiém duoc xay dung dé kiém
chung giai phap dé xuét, dugc trinh bay trong muc 5. Cubi
cling, muc 6 dwa ra nhirng két luan, d& xuét.

2. Thuit toan xir ly anh va nhin dién khuén mat
2.1. Thudt todan xir ly dnh

Hé théng Xdc minh khu6én mat trong bai bao nay thuc hién
xU 1y anh qua bon budc nhu sau:

Phat hién khudn mat (detection): Tim ra vi tri va kich
thude cua khuon mat trong btrc anh.

Cén chinh khuon mégt (alignment): Tim céc diém
landmarks r6i dwa vao céc diém nay dé bien doi khuon
mdt (xoay, tinh tién hay thu phong) sao cho khudn mét
trong buc anh ¢ goc nhin chinh dién nhat co6 thé.

Biéu dién (Representation): Biéu dién khuon mit
thanh cac s6 do dé dwa vao d6 xac minh khuén mat.
Xac minh (Verification): Dya vao cac s6 do da duoc
tim ra dé xac minh khudn mét cé phai la ngudi dung
hay khong.

Bl@c anh thu dugc tr camera co i kich thudc 1a
480x640x3, bure anh nay s& dugc xur ly dé phat hién ra vi
tri va kich thl{é’c cua kh}l@l’l mat; khuon mat nay duoc cat
ra roi dqqc diéu chinh vé kich thu,('yc 96x96x3. Birc anh da
dugc diéu chinh s& duge xu 1y ti€p qua cac giai doan sau
de xac minh.

Céc khung hinh dugc xir 1y lién tiép. Sau khi xir 1y xong
mdt khung hinh, may tinh s€ 13y tiép mot khung hinh nira
roi lap lai cac budce xir Iy nhu trén; qua trinh nay duogc lip
lai vO han.

_ Trong ngdn ngir 1ap trinh Python, cac buc anh duoc
bi€u dién ¢ dang numpy array. Vi du mdt mang numpy
array nhu sau:

1=[(1,0,0},[0. 1,2]]

Trong mang nay, cac s & giita moi cap ngodc vudng bén
trong 1a cac phan tir cia mot hang; déu phay giita cac cap
ngodc vudng phan cach cac hang véi nhau. Viée danh sb cac
phén tir trong hang va cot dugc bat dau bang s 0, vi du 1 [0,
0] tra vé gia tri 1. Dé lay tat ca cac phan tir & mot chiéu nao
do, ta ding déu “:” & cac chiéu khéc, vi du dé 1iy hang dau
tién, ta dung 1énh I [1,:] (1dy tt ca cac cot & hang 1).

Céc birc anh duoc biéu dién bang mang numpy array 3
chiéu theo thir tur 1a chiéu doc, chiéu ngang va chiéu siu.
Sau day, chi tiét vé cac budc xir 1y anh va xac minh s& duoc
trinh bay.

2.2. Pht hién khuén mdt

Thuat toan dugc st dung dé phat hién khuén mat trong
bai bao nay 1a thuat toan Viola-Jones. Uu diém ndi bat cua
thuat toan nay la tbe do xur ly. Thuc té day la thuat toan
phat hién khuoén mat cé tdc dd nhanh nhét va c6 do chinh
xéc tuong ddi cao. Bai bao nay st dung thu vién xir 1y anh
mi ngudn md OpenCV [3] dé thuc hién viéc phat hién
khu6n mat.

Sau khi phat hién khuén mat, chuong trinh tra vé vi tri
va kich thude cta hinh chit nhdt bao quanh khuén mat nhu
hinh 2. Tir d6, ta c6 thé tach khudn mit ra khoi birc anh dé
thuc hién tiép cac bude nhan dang.

Hinh 2. Két qua ciia doan chicong trinh phat hién khudén mdt
2.3. Can chinh khuoén mdt

Pé can chinh khudén mat, trude hét, can phai tim cac
diém landmarks, day la cac diém dac biét c6 mat trong moi
khudén mat, chang han nhu goc mat, dinh miii hay khoe
miéng. Bai bao nay st dung thu vién xtr 1y anh ma ngudn
méd Dlib [6] dé tim 68 diém landmarks trén khudn mat.
Thuat todn duoc st dung la thuit toan Ensemble of
Regression Trees; thuat toan nay cé toc d thuc thi rat cao,
no6 c6 the xu 1y 1.000 birc anh trong vong 1s.

Minh hoa cac diém landmarks trén mot khudn mat nhu
hinh 3.

Hinh 3. Két qua tim diém landmarks va can chinh khuén mdt

Sau khi phat hién cac diém landmarks, ta s& dwa vao cac
diém nay dé bién d6i khuon mit sao cho goc nhin duoc
chinh dién nhat. O ddy ta s& sir dung phép bién dbi affine.
Cu thé 1a tim mot ma tran H, ma tran nay bién ddi cac diém
¢6 toa d6 (x;,y;,1) trong birc anh gdc thanh cac diém c6
toa do (x;, y;)[3] trong birc anh méi sao cho:

x} i

MEL [yi] 0

Vi 1

Pé tim dugc H, ta can dwa vao mot tinh chit cua phép

bién ddi affine nhu sau: Véi hai hinh tam giac bat ky, ta luon
tim dugc mot phép bién doi affine dé bién doi tam giac nay
thanh tam giac kia [5]. Dya vao tinh chat nay, ta s& chon ra
ba diém, tim ma trin H sao cho v&i ma tran H, ba diém
landmarks dugc chon trong birc anh géc duoc bién dbi thanh
ba diém landmarks chuan twong tmg. Hinh 4 bén duéi minh
hoa 68 diém landmarks chudn ma bai bio nay sir dung [1].
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Ggi A, B, C la ba diém landmarks dugc chon trong b
anh goc va A’, B’, C’ 1a ba di€m tuong tmg cua landmarks
chuan, tir phuwong trinh (1) ta co:
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Hinh 4. Cdc diém landmarks chudn dwoc sir dung
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Trong bai béo nay, cac diém landmarks sé 39, 42 va 33
dugc sir dung dé bién dbi.
2.4. Biéu dién khuon mdt

Dé so sanh hai khuon mit, diéu can thiét 1a phai biéu
dién birc anh thanh céc tinh chit dé lam giam sy bién thién
d6i voi cac buc anh ciia ciing mot ngudi, trong khi d6 phai
lam tang su bién thién dbi voi cac birc anh cua hai nguoi
khac nhau. Pay la phan quan trong nhat trong qua trinh xac
minh khudn mat vi qué trinh xadc minh hoan toan dya vao
céc tinh chét nay.

Hé thong cua bai bao ndy s dung mang neuron da dugc
luyén sin cua thu vién ma ngudn md OpenFace [1]. Mang
neuron c6 input la mot birc anh mau RGB véi kich thude
96x96x3 va output la mot vector chira 128 sb do, duoc goi
l1a embeddings. Khoang cach Euclide gitra hai embeddings
ctia hai buc anh sé& 16n néu chung thudc vé hai nguoi khac
nhau va s& nho néu ching thudc vé hai ngudi khac nhau.
Goi x 1a mot bue anh dau vao va f(x) 1a vector chira cac
embeddings ctia x [7]. Mang nay dugc huan luyén sao cho:

f ) = FODNE +a < IIf () = FDIIE (7)

Trong d6 x{* 1a birc anh ciia mot ngudi dé ddi chiéu; xip

1a mot birc anh khac cua cung mét ngudi voi xf* va x[* 1a
anh cua mot ngudi khac véi x va xP'. Tir bat dang thirc (7)
ta thay rang khoang cach ctia cac embeddings hai khuén
mat cta hai ngudi khac nhau luén 16n hon khoang cach cua
cac embeddings cua hai khuon mat cing mot nguoi it nhat
la a (v41 mang neuron cua OpenFace, a = 0.2) [1].
2.5. Xdac minh khuon mdt

Sau khi biéu dién khuon mat, viéc xdc minh l1a rat d&
dang. Tt cong thirc (7) ta rut ra:

f G = FODIE < IIf ) = FGDIIE — a (8)

T cong thire (8) suy ra:

0 <[If ) = FGDIE —a (9

Nhu vay, khoang cach Euclide cua hai khuén méat cua
hai nguoi khac nhau luén 16n hon a, trong bai bao nay la
0,2. Nhu vay, khi 1ap trinh, chi can tinh khoang cach giita
khuoén mat da dugc luu trong may tinh voi khuén mat thu
dugc tir camera, néu khoang cach nay nho hon 0,2 thi két
luan 1a hai khuén mat 1a ctia cung mdt nguoi. Nguoc lai,
néu 16n hon 0,2 thi két luan 1a hai khudén mat khac nhau.
Tuy nhién, & dam bao an toan, ta chon ngudng thap hon,
trong bai bao nay chiing t6i chon 0,18.
2.6. Doc anh tir sever

bé doc anh tir server tra vé, trude hét, can phai két ndi
v6i server. Server trong bai bao nay tra vé anh dang JPEG;
day 1a chun nén anh phd bién trén internet. Néu server
chi tra vé mot buc anh thi ta chi can giai ma chudi dir liéu
nhan duoc trong bién stream 1a di duoc mot birc anh. Tuy
nhién, trong bai bao nay, server lién tuc tra anh vé nén cin
phai co cach dé doc timg chudi mi hoa anh trong stream
ra. Dé tim duoc chudi ma hoa anh, ta cin tim cac chudi
“xff\xd8’ va ‘xff\xd9’; day l1a cac chudi mo dau va két
thiic dugc quy udc trong dinh dang anh JPEG. Sau khi
doc dugc chudi ma hoa, ta s& xoa cac gia tri tir \xd9’ try
vé trude. Qua trinh doc anh tiép tuc duogc lap lai dé doc
céc anh tiép theo.

2.7. Luwu danh thanh video

Dé luu anh thanh video, ta dung ham cv2.imwrite() ctia
thu vién opencv. Ta c6 ba théng sd can phai khai bao.
Thong sb dau tién 1a tén ciia video (vi du ‘out.avi’), sau d6
can phai khai biao mi Fourcc va s6 khung hinh trén mot
gidy (frames per second). Cudi ctng 1a c& isColor; néu cd
nay dugc set bang True thi chwong trinh s& luu thanh video
v6i cac khung hinh mau, néu bang False thi chuong trinh
Iwru lai thanh video den tring.

Fourcc 1a mot doan ma dung dé nhan biét ma anh dong
(video codec), dinh dang nén va dinh dang pixel hodc mau
duoc s dung trong video. Mdi ma Fource dugc ky hiéu
bang bdn chit cai trong bang ma ASCIL. Ma Fourcc phu
thudc vao hé diéu hanh dang duogc st dung cling nhu dinh
dang video; néu khai bao sai ma Fourcc thi viée luu video
s& thit bai. M3 Fourcc dugc sir dung trong bai bao nay la
‘MJPG’ véi dinh dang video 1a .avi. Néu viée luu video
thit bai thi cAn phai thir v6i cac ma Fourcc khac trén trang
web https://www.fourcc.org/codecs.php.
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3. Phuong phap xir ly giong noi
3.1. Thu vién dm thanh MARF

Trong pham vi bai bao ndy, ching t6i nhan thiy viéc
xac minh nguoi noi (speaker identifier) c6 y nghia quan
trong hon trong viéc béo mat cia hé ,théng thay vi nhén
dién giong noi, vi thé ching t61 quyét dinh chon nhiing
phan mém, thict bi lién quan tdi cong viéc nay.

Modular Au q ()

AN~
Hinh 5. Gi6i thiéu vé MARF

Giai phap phan mém duoc dua ra trong bai bao nay 1a
thu vién MARF (Modular Audio Recognition Framework)
da dugc chinh sira lai dé c6 thé sir dung véi ngon ngir lap
trinh python va hoat dong dugc trén may tinh Raspberry Pi.

MAREF la mét nén tang nghién clru ma ngudén mé va la
mot tdp hop cua cac thuat toan vé xir 1y giong noi/ am
thanh/ ngon ngir dugc viét trén nén tang java, duoc sip xép
vao trong mot mo-dun va mot cai suon c6 thé mo rong
duoc béng viéc thém vao cac thult toan mdi. MARF c6 thé
chay trén mang (network) hodc c¢6 thé hoat dong nhu mot
thu vién thém vao cac ing dung, hodc c6 thé dung nhu mot
ngudn dé nghién ciru va phat trién.

3.2. Cai dat thu vién

Thu vién MARF duoc tily bién thanh thu vién piwho
sir dung cho ngdn ngir 1ap trinh python. V& ban chit, thu
vién MARF duoc viét trén nen tang java, vi vy dé sir dung
dugc thu vién ching ta can nén java tdi thiéu la phién ban
1.7. Bbi v6i may tinh Raspberry pi ciing nhu nhle~u dang
may tinh linux khac, trong nhan mdy da dugc cai san java.
bé kiém tra phién ban ctia nén tang java, ching ta st dung
cau lénh:

$ java —version

. pé ghi am phyc vu cho nhan dién nguoi noi, ching ta
can mot thu vién am thanh danh cho python la pyaudio:

$ pip install pyaudio

Cudi cung la cau I¢énh cai dat thu vién:

$ pip install piwho
3.3. Hudn luyén mdy nhin dién

Viéc huén luyén may nhan dién khong qua kho khan,
qgudi dung chi viée ldp lai viéc n6i mot cau nao d;') nhiéu
lan véi cac am diéu khac nhau, thuong la tir nam dén muoi
lan. Sau khi cac doan &m thanh duoc ghi 4m xong, may tinh
s€ bat dau huan luyén trén ca thu muyc chira cac doan am
thanh da dugc ghi 4m va luu tap huan luyén dugc vao mot
tép tin.

Yéu céu cua viéc huin luyén:

S6 lwong hudn luyén: Téi thiéu hai ngudi.
Dinh dang tép am thanh huén luyén: PCM signed
(wav).

Téc d6 mau 4m thanh: 8.000Hz (8Khz).
Do phan giai mau: 16bit.
Kénh thu am: 1 (mono).

Néu tap 4m thanh khong dting dinh dang trén thi n6 sé
duoc chuyén vé ding dinh dang va ghi d¢ 1én tap tin goc.
Sau khi huan luyén lan dau tién thi mot mo-dun cé duéi mo
rong 1a “.gzbin” va mdt tap tin “speaker.txt “ dugc tao ra
tai thu myc lam viéc hién tai. Tap tin “speaker.txt” chtra
thong tin tén nguoi ndi va so ID cua nguoi noi. Tap tin
“*.gzbin” chira cac déc tinh dugc phan tich ra tir tdp am
thanh huan luyén. Moi 1an huan luyén, tap tin “*.gzbin” s€
duoc cap nhat lai.

Dé sir dung thu vién piwho trong chwong trinh python
chung ta phai nhap thu vién:

from piwho import recognition

recog = recognition.SpeakerRecognizer()

Néu tap 4m thanh dung dé huin luyén va nhan dién nim
o mot thu myc khac thi chiing ta phai chi r6 ra dia chi cua
chung. Vi du ciac tip tin nam & dia chi
‘/home/pi/recordings’:

recognition.SpeakerRecognizer(‘/home/pi/recordings/’)

DPé huin luyén mét tap dir li€éu dm thanh méi s dung
cau 1énh:

recog.train_new_data()

3.4. Nhin dién nguoi noi

Sau khi thuc hién xong viéc huin luyén thi budc tiép
theo 1a thr nghiém bang vi€c chay trinh nhan dién nguoi
no6i. Bé thyce hién dugc dicu nay c6 mot s6 yéu cau nhu sau:

Phai dam bao tap tin “*.gzbin” va “speaker.txt” nim
trong cung thu muc, noi chira doan code python
duoc thuc thi.

Kiém tra “speaker.txt” khong phai I file tréng.

Thuc hién viéc nhan dién béng ham identify speakers()
va két qua tra v€ ‘name’ dudi day la danh sach cta hai
ngudi noi c6 diém so tot nhat trong tép huan luyén. Nguoi
dau tién la nguoi ndi gan giong nhat, tic 1a c6 diém so thap
nhat:

name = recog.identify_speaker()

4. Giai phap truyén thong
4.1. Truyén hinh inh qua mang LAN

Mang LAN (Local Area Network) 1a tén cia mot loai
mang cuc bd. Cac thiét bji két ndi trong mang nay co thé
chia sé thong tin, dit liéu vi nhau ma khong bi can thiép,
tan cong tir cac thiét bi ngoai mang. Viéc truyén hinh anh
qua mang LAN gitp céc thiét bi trong mang cé thé xem
dugc hinh anh tir camera & cira giri v&. Dé truyén duoc hinh
anh qua mang LAN trén may tinh Raspberry Pi (st dung
hé diéu hanh Debian) chung t61 st dung mot dich vu
(service) di kém, d6 1a motion.

bé cai dat dich vu, chung ta nhap vao terminal cau Iénh:
sudo apt-get install motion.

bé bit dau st dung dich vu chung ta gd vao terminal
cau 1énh: sudo service motion start. Dé dung dich vu st
dung cau 1énh: sudo service motion stop. Néu viéc truyén



26 Lé Tién Diing, Trinh Ngoc V&n, Nguyén V&n Kién, Nguyén Bic Twong

hinh anh khong nhu y mudn, ching ta ¢6 thé thay doi cac
thong s trong tap tin cdu hinh cia dich vu bing cau lénh:
sudo nano/etc/motion/motion.conf, lic d6 tap céu hinh
dugc mo ra va chiing ta chinh stra lai dya trén chua thich
truée moi thong sd, hodc tim hiéu dé biét thém cach chinh
sira cac thong s6 cho phu hop.

4.2. Giao tiép véi thiét bj khdc qua giao thirc MQTT

MQTT la mét giao thirc truyén tin hiéu qua, dang tin
cdy dua trén nén tang giao thirc TCP/IP dugc sir dung phd
bién hién nay. MQTT thich hop véi viéc truyén tai nhimg
dir liéu nho, yéu cau tdc do nhanh va su déng b0 dua trén
phuong phéap dang ky/xuét ban (subscribe/publish) 1én mot
kénh bt ky.

MQTT c6 hd tro ngdn ngit python. Dé cai dit goi giao
thitc MQTT cho python, sir dung cau Iénh pip install paho-
mgtt. Dé thém thu vién MQTT vao chwong trinh python,
sir dung import paho.mqtt.client as mqtt. Dé dang ndi dung
1én mot kénh (topic), st dungclient.publish(“topic”, data,
qos=0, retain=False). Dé ding ky ndi dung tir mot kénh bét
ky, st dung cau 1énh client.subscribe(“topic”, qos = 0).
Chu ¥, yéu cau kénh d6 phai ton tai, c6 nghia 1a ching ta
phai chi rd dia chi may chu noi ma kénh dugc thiét lap va
ton tai, st dung client.connect (dia chi may chu, céng, thoi
gian git tin). Vi du: “client.connect("iot.eclipse.org",
1883, 60)”.

5. M6 hinh thwe nghiém

Dé kiém nghiém nhing dé xuat, giai phap ctia bai bao,
chung t6i dd xay dung mot mé hinh thyc té va da thir
nghiém cac phuong an nhiéu lan. Chuong trinh x4c minh
khuén mat di xac minh ding 98,55% sb 1an thir. Vi ché
d6 bao mat béng ban phim, ty 1¢ thanh cong 1a 100%, ché
d6 bao mat bang giong ndi co xac sut thanh cong 1 91%,
va ché do bao mat bang th¢ RFID dat ty 1¢ thanh cong
100%. Véi cac ché do két hop, RFID két hop xac minh
khu6n mit dat ty 16 thanh cong 1a 96%; RFID két hop giong
noi dat 89%, xac minh khuon mat két hgp xac minh giong
noi dat 88%. Nhu vay, cac chuong trinh cho két qua véi do
chinh xé4c cao, ché d6 RFID két hop voi xac minh khudn
mit 1a ché do tdt nhit va nén duge st dung.

Hinh 6. Hinh énh thiét ké mé hinh va cdc thiét bi mdt truce

Hinh 8. Mat sau mé hinh thuc nghiém thuc e

6. Két luan

Bai bao di trinh bay phuong an thiét ké hé thong diéu
khién ctra ty dong sir dung cong nghé xir 1y giong noi va
cong nghé xir 1y anh va cac phuong thirc bao mat két hop.
Céc thuat toan xur Iy hinh dnh, nhan dang giong no6i da dugc
trinh bay chi tiét. Cac thiét ké trinh bay trong bai bao giup
lam chu cong nghé, dua ra giai phap dé ché tao hé thong
diéu khién cira thong minh ¢6 chit luong tét, nhidu vu diém
50 v6i cac hé thdng da dwoc g dung trong thyc tién. Dong
thoi, mot mod hinh thue t& d3 duoc xay dung dé kiém
nghiém cac dé xuit cia bai bao. Qua qu4 trinh thir nghiém
thuc té, chung t6i nhan thiy ring md hinh hoat dong c6
hiéu qua, dap ing dugc yéu cau dat ra va co thé ap dung
duoc trong thyc tién.
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