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Nghién ciru phat trién hé thong xac the khudn mat 2 yéu to bo mit
sir dung cong nghé ma F-QR n trén thé ID bang laser 1064 nm va AI camera
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Tom tit:

Hé th(")ng xdc thwe khudn mat sir dung 2 yéu t6 bao mat 1a ma F-QR (face QR) 4n in trén thé ID va nhan dién khuén
mit bang Al camera dwoc trinh bay trong nghién ciru nay. Ma F-QR mang dic tinh gwong mit dwgc tao ra béi sur
Kkét hgp ciia cac cong nghé xir ly xac dinh khuén mit, trich xuit dic trung khuon mat va tao ma QR. Ma F-QR dwgc
in 1én thé nhya ID bang cong nghé in laser s¢i quang buéc song 1064 nm. Thé ID dwgc ché tao bang vat lidu dic biét,
trong d6 ¢6 16p vit liéu loc cho phép buéc song 1064 nm laser truyén qua trong khi can cac anh sing nhin thiy, do
d6 ma F-QR khi in 1én thé sé khong bi nhin thdy bing mit ngudi hay cic diu doc mi QR thong thuong. Xic thue
khuén mit dwgc trién khai bang vi¢c sir dung dau doc ma F-QR in chuyén dung két hgp véi Al camera quyét dinh
dd twong tw Cosine giira 2 vector dic trung ciia khuon mit nhim dwa ra quyét dinh chinh xac cho viée xac thue.

Tir khoa: Al camera, face-ID, ID card, laser quang s¢i, QR code.

Chi 56 phdn logi: 2.2
Mé dau

Xéc thye nguoi 1a mot trong nhiing yéu cu quan trong ciia hé
thong thi gi4c may tinh trong nhiéu tmg dung khac nhau nhu dién
thoai thong minh [1], ATM [2], h¢ théng chim séc stc khoe cong
dong [3], hé thong cép bang lai xe [4], giam sat an ninh [5], xac
thuc ho chiéu [6]... Xac thuc ngudi ¢6 thé thong qua mot sb sinh
tric hoc [7] o sin ciia con ngudi nhu mét, mong mit, van tay,
giong ndi, chir ky, khudn mt... Trong do, khuén mat 1a mot yéu
t6 thuan tién dé phat trién tng dung Xdc thuc nguoi boi nd khong
yéu cau sw phdi hop hanh dong truc tiép cua con ngudi nhu nhing
sinh tréc hoc khic. Nhiéu nghién ctu vé xac thuc khudn mat da
dugc dua ra voi muc tiéu nang cao do chinh xac [8-11], trong do
¢ giai phap vé nang cao giai thuat [10], giai phap xac thyc 2 yéu
t6 dung RFID [8, 9]. D9 chinh xac vé xac thyc co thé 1én toi 99%
mang dén sy an toan trong cac img dung thu’c té. Tuy nhién, viéc
trién khai cc hé théng xac thuc trén yéu cau hé thong co so dit
liéu va may chii dii 16n dé lwu trir va phan tich dit liéu. Hé thong
nhan dién khuon mit can phai két ndi internet dé truy cap vao co
56 dit lidu, do d6 khong tranh khoi cac van dé vé nghén mang, mat
mang, i ro vé ro ri thdng tin trén server ciing nhu trén thé RFID,
mit thoi gian va chi phi dé trién khai hé thong.

Trong nghién ctru nay, chiing toi dwa ra phuong phap méi vé
hé théng xac thyc khuon mat st dung 2 yéu t6 bao mat 1a ma QR
mang dac tinh ctia khuon mat, duoc in 4n trén thé ID bé“mg laser soi
quang 1064 nm va nhan dién khuoén mat bé'mg Al camera voi cac
gidi thudt xac dinh khuon mat DNN (Deep neural network) [12],
biéu dién khuon mit FaceNet [13], xac thuc khuon mat bé“lng do
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twong tu Cosine [14]. Dt liéu khuén mét ctia nguoi dung sau khi
duoc xir 1y bang cac phuong phap DNN va FaceNet thay vi dugc
Iuu trit trén server nhu cac giai phap truyén thong s& duoc mi hoa
thanh ma F-QR 2 chiéu va luu trit trén thé ID cta nguoi dung. Thé
ID nay duoc ché tao nhiéu 16p, béng vat liéu ddc biét cho phép suir
dung laser budc song 1064 nm dé in thong tin 1&n 16p bén dudgi
ctia bé mit thé. Do d6 thong tin in 1én thé 1a vinh vién, khong thé
bi x6a, mo hay bi thay d6i. Bén trong thé cling c6 mot 16p vat licu
loc déc biét, hoat dong nhu mot bo loc quang cho phép bude song
1064 nm di qua trong khi can toan by budc song trong ving nhin
théy 400-700 nm. Khi ma F-QR duoc in 1én thé, ma s€ hoan toan bi
an sau 16p vat liéu doc khién miét ngudi, ciing nhu cdc dau doc mé
QR thong thuong khong thé doc dé 1dy thong tin, tranh viée thé bi
sao chép lam gia. Trong nghién ciru nay, ching toi ciing phat trién,
ché tao dau doc ma F-QR chuyén dung dé c6 thé phét hién va truy
xuat thong tin cia mi F-QR chim trén thé ID dé két hop véi hé
théng nhan dién khuon mat b?mg Al camera nham xéc thuc khudn
mit. Camera bat khuon mit trong thoi gian thyc, ngay khi nguoi
dung quet thé c6 in méd 4n F-QR hé théng s& xir ly dit liéu, dua ra
2 vector dit liéu khuon mét dé 1am co so so sanh va xac thuc. Uu
diém cua hé thong nay 1a c6 thé hoat dong offline, khong can co s¢
dir liéu, khong can truy cdp internet, co thé sur dung cac bg xu ly
dir liéu (may tinh) va camera thong thuong. Dong thoi do bao mat
trong viéc chong sao chép thé ID rit cao, mang lai tinh tién dung
cho céc tmg dung cira bao mat khong cin sir dung network. Trong
bai bao, chung t6i s€ trinh bay phuong phép in va doc ma F-QR
chim trén thé ID, phuong phéap nhan di¢n va xac thyc khudn mat
bing camera Al va céc két qua thuc nghiém trong (g,
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Abstract:

The face authentication system using two security factors:
an invisible F-QR (face QR) code printed on an ID card and
face recognition using AI camera is presented in this paper.
F-QR codes with facial features are generated by a chain
processing of face detection, face property extraction and QR
code generation. The F-QR code is printed on a plastic ID card
using a 1064 nm fiber laser. The ID card is made of special
materials, including a layer of filter material that allows the
1064 nm laser to pass through while blocking visible lights so
that the printed F-QR code on the card is invisible to the human
eye or conventional QR code readers. Face authentication is
implemented using a dedicated invisible F-QR code reader
combined with an AI camera to decide the Cosine similarity
between two face feature vectors to make an accurate decision
for the authentication.

Keywords: Al camera, face-ID, fiber laser, ID card, QR code.
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Phuong phap nghién cuiu

Hinh 1 miéu ta so dd khoi hé théng xac thyc khuon mat 2 yéu 6
va quy trinh tao mi F-QR dé in 1én thé ID. Ddi v6i quy trinh tao va
in mi F-QR 1én thé ID, mdi nguoi ding duoc cip mot the ID voi mi
F-QR mang dac trung cua khuon mat. Ma F-QR duoc tao ra tir nguén
dir liéu anh khuon mat, hoac chyp khuon mat tir may anh. Khéi xac
dinh khuon mat c6 chirc nang loc ving diém anh chi bao gém dir lidu
ctia khudn mat sir dung thudt toan DNN. Tur anh khu6n mét, khoi biéu
dién khudn mat chuyén héa cac ddc trung ctia khuon mit tao thanh mot
vector ddc trung N phan tir. Di véi moi goc canh khac nhau ciia cling
mot khuon mat s€ co mot vector dac trung N phf”m tlr riéng, tuy nhién
sur khac nhau giira phin tir trong vector nay la it hon so v6i vector dic
trung N phan tir cia khuon mit khac. Vector dic trung N phan tir ¢6
thé coi nhu chudi dit liéu, cho phép khéi tao ma F-QR tao ra ma F-QR
2 chiéu & dang dir li¢u anh dé c6 thé st dung mdy in laser in/khic trén
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th¢ ID. Hién nay c6 kha nhi{%u cong cu tao md QR [15, 16]. Phoi the ID
ddc biét cd the dung laser d¢ in/khac thong tin Ién the két hop voi phan
mém thiét ke thé cho phép tao ra thé ID dac trung cho moi nguoi dung.
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B

Hinh 1. So’ d6 khéi hé théng xac thwe khudon mat 2 yéu té bao
mat thé ID két hgp ma F-QR chim va Al camera.

trigger

Déi v6i hé théng xac thue khuon mat, hé théng s€ so sanh 2 nguén
dir liéu ca nguoi dung 13 dau doc thé F-QR chim va camera AL Vi
camera, khung hinh c6 khuon mdt cua ngudi dung s& duge chup sau
khi ¢ tin hiéu kich hoat tir viéc doc md F-QR trén thé. Anh chup vé
ciing duge xir 1y qua céc giai doan xéc dinh khudn mét va biéu dién
khudn mét giéng nhu quy trinh tao ma F-QR. Tai khdi biéu dién khudn
mat, vector dic trung N phén tir dugc tao ra. Mgt vector dac trung
N phﬁn tr khac cling dugc tao ra bdi dau doc F-QR sau khi doc va
chuyén doi dit liéu tir the ID. Viée so sanh su twong dong giita 2 vector
déc trung N ph?m tir duoc thuc hién tai khdi xac thuc khudn mat. Tai
day, phuong phap kiém tra d tuong dong Cosine duoc dp dung. Quyét
dinh dong nhit dugc dua ra dya trén thyc nghiém xac dinh gia tri
ngudng. Nhu vy hé thong hoan toan hoat dong offline ma khong cin
internet dé truy cap co so dit lidu, trong khi van gitr duge cc loi thé
cuia cac cong ngh¢ nhan dang khuon mat tién tién hién nay.

Trong bai bdo nay, ching t0i tip trung vao céc cong nghé:
1) The ID va cong ngh¢ in F-QR chim bang laser 1064 nm trén the ID;
2) Tao ma F-QR va xac thyc khuon mit bang Al camera.

Thé ID va cong nghé in F-QR chim b&ng laser 1064 nm

Cong nghé laser soi quang [17] da dugc phat trién rong rii trong
nhimg nam gan day trong cdc linh vye cong nghiép, do luong, bao mat.
Dic biét, gin ddy mot s qudc gia d bét dau sir dung thé can cudc, bing
14i xe, hay ho chiéu dung laser soi quang dé in thong tin trén thé voi muc
dich ning cao bao mét chong gia va ting tudi tho cua thé ID [18-20].
Hinh 2 miéu ta cdu tric thé ID duoc sir dung trong nghién ciru.

1064 nm
Laser head

Black ink

Transparent PVC

PC alloy

White PET-G

PC alloy
Transparent PVC

Invisible F-QR code

Hinh 2. CAu trac thé ID c6 thé dung laser dé in/khac thong tin.
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Cac loai thé ID binh thudng chi bao gom 3 16p vét liéu PVC
co ban, trong d6 2 16p ngoai ciing dé in thong tin bang muyc trén
bé mit. Do d6, thong tin d& bi x6a do va cham vat Iy thudng xay
ra. Dé chéng thong tin in trén thé bi mét, thong tin can dugce in
trén mot 16p vat liu nam bén dudi mot 16p bao vé vat liéu PVC
trong su6t khong thé st dung cac may in muyc thong thuong dé
in. Dic tinh cua laser soi quang 1064 nm 1a truyén qua vét liéu
trong sudt, twong tac voi vat liéu Polycarbonat can quang thong
qua hiéu tmg nhiét. Tia laser v6i cong suét dinh phi hop tao ra
nhiét lugng vira du dé diém tuong tac trén vt liéu Polycarbonat
can quang thay doi d6 xam tir mau nguyén thuy tring ma khong
gdy hién trong bdc hoi vat lidu. Do xam co thé tiy chinh dua vao
diéu khién cong suét dinh ciia tia laser. Thong qua viéc quét tia
laser trong 2 chiéu ngang, doc trén mit phang thé, thong tin (ky
tu, hinh anh) c6 thé dugc in vinh vién trén vét lidu Polycarbonat
can quang. St dung laser 1064 nm c6 thé in thong tin trén the,
tuy nhién thong tin nay c6 thé nhin thdy d6i mat ngudi khi co anh
sang trang (4nh sang dén hodc mit troi). Dé co thé 4n thong tin in
bang laser,mot 16p loc quang dugc chén thém vao giita 16p vat liéu
PVC trong sudt va 16p vat liéu Polycarbonat can quang. Vat liéu
loc la mot loai myc ¢6 mau den, khong chira carbon, can quang
d6i v6i anh sang tring va trong subt ddi voi tia laser 1064 nm.
Nhu vy, c6 thé in thong tin bang laser 1064 nm bén dudi 16p loc
va bén trén bé mit 16p Polycarbonat can quang. Trong truong
hop théng tin 1a mot loai ma QR, né s& trd nén an vi mat nguoi
va cac dau doc md QR phd thong, vi mat ngudi hay dau doc
chi doc duoc thong tin tai bude song nhin thiy. Bang 1 miéu ta
thong tin cac 16p vat liéu st dung trong thé bao mat.

Bang 1. Cau tric va thong sé cac 1&p trong thé bao mat.

Vit liéu bj day Cong dung
Transparent PVC ~ PVC trong sudt 100 um Ba(? i b ¢ mal, tho? 5 tm, " X
trude hang loat (mat trudc the)
. . Loc anh sang nhin théy, cho
Black ink Muc den khong carbon 50 pm s it
. In thong tin bing laser trén bé
PC alloy Polycarbonat can quang 100 pm it (mt e the)
White PET-G PET-G 300 pm Tang d¢ cimg cua the
. In thong tin bang laser trén bé
PC alloy Polycarbonat can quang 100 pm mit (miit s the)
Transparent PVC ~ PVC trong sudt 100 pm Bio v6 be mét, thong tin in

trude hang loat (mat sau the)

Laser 1064 nm st dyng trong nghién ctu la loai laser xung
MOPA. Xung laser c6 thé diéu chinh tir 4 d&&n 200 ns. Do thoi
gian phat xung ngin nén vat liéu tuong tac it bi sinh nhiét gay
chay hodc anh huong dén do phan giai. Nhiét chi xay ra trong
qua trinh twong tac laser va vat liéu tao ra do xam (thong tin).
Thong s6 vé laser dugc miéu ta & bang 2.
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Bang 2. 1064 nm laser va théng sé ky thuat.

Tén Thong s6 k§ thuat
Budc song (nm) 1064

Ché do lam viéc Xung

Cong suat trung binh (W) 10

Do rong xung (ns) 4-200

Tén s6 phat xung (kHz) 2-500

Nang luong xung (mJ) <lmJ

Mi F-QR khi dugc in bang laser 1én thé s& khong nhin thiy
bing mit nguoi cling nhu cac dau doc QR thong thudng. Trong
nghién ctru ndy, ching t6i phat trién dau doc ma QR cho phép
léy dugc thong tin tr ma F-QR chim bén dudi 16p vat liéu loc.
Dé dau doc c6 thé nhin thiy ma F-QR bén dudi 16p vét lidu loc,
mot nguén sang h6ng ngoai c6 bude song phu hgp va mot bo loc
quang highpass tuong tmg duoc sir dung dé loc thong tin chi cia
mi F-QR dua dén cam bién doc ma QR. Hinh 3 miéu ta so dd khdi
ciia dau doc F-QR 4n. Mi F-QR 4n duogc chiéu 4nh sang hong
ngoai bude song >850 nm, budc séng nay xuyén qua vat ligu loc
mau den trén thé va tuong tac voi ma F-QR, tia phan xa di nguoc
lai dau doc, qua tAm loc h6ng ngoai, qua thau kinh di vao cam bién
giai md QR. TAm loc hong ngoai trén dau doc dé ngin cac 4nh
sang nhin thdy di vao cam bién gy anh huong dén do nhay cia
d4u doc. Truyén thong va cap ngudn cho dau doc duoc 1y tir may
tinh thong qua giao tiép micro-USB. Dir liéu lay dugc tir mi F-QR
duge su dung cho viée xac thyc khuon mat.

IR LED

QR reader
uC

IR filter

Lens

PC interface &
Power supply

Tao md F-QR va xdc thuc khuén mdt bt%ng Al camera

Hinh 3. So d6 khéi dau doc ma F-QR chim.

Quy trinh tao ma F-QR dugc thuc hi¢n thong qua 3 qua trinh:
xac dinh khuon mat, biéu dién khudn mat va chuyén d6i mi QR.
Trong x4c dinh khuon mdt, phuong phap DNN dugc lya chon do
cac wu diém vé toc do, phi hop voi anh ¢6 1 khudn mit va kich
thude anh 16n hon 100x100 pixels [21]. Thu vién cla thuat giai
nay dugc cung cdp ¢ [22]. Biéu dién khudn mat quyét dinh do
chinh xac clia qua trinh nhan dang khuon mat. O budc nay, mdi
khudn mit s& duoc biéu dién thanh mot véc to dic trung N ph?m
tir. Thong qua viéc danh gid cac md hinh, thudt giai AI dé biéu
dién khuon mit nhu mo hinh VGG-Face CNN ciia Oxford [23]
(dﬁu vao: anh mau 224x224 pixels; dAu ra: vector 2622 phé”m tur;
mo hinh: ResNet-50, c6 145.022.878 tham sé), mo hinh FaceNet
ciia Google [13] (d4u vao: anh mau 160x160 pixels; dau ra: vector
128 phan tir; md hinh: InceptionResNetV2, c6 22.808.144 tham
s0), md hinh OpenFace cua Carnege Mellon University [24] (ddu
vao: anh mau 96x96 pixels; dau ra: vector 128 phan tir; md hinh:
¢6 3.743.280 tham s6), md hinh DeepFace ctia Facebook [25] (dau



vao: anh mau 152x152 pixels; dau ra: vector 4096 phan tir; mo
hinh: c6 137.774.071 tham sb), cin ctr vao cac danh gia vé do
chinh xac cta phuong phap (99,63% trén Labeled Faces in the
Wild - LFW dataset; 95,12% trén YouTube Faces DB) va can ctr
vao tbe do tinh toan va cac két qua khao sat theo khuon mét va anh
thuc té va yéu cau luu trit, mo hinh FaceNet cua Google duoc st
dung trong nghién ctru nay. M6 hinh nay da duoc cung cip dang
thu vién trong [26] véi bd trong s di duoc hudn luyén va danh gia
dat d6 chinh xac cao. Vector dic trung 128 phan tir ciia mo hinh
FaceNet duoc chuyén doi, ma hoa sang dang F-QR code sir dung
cac thu vien mad [27].

Xac thuc khuon mat duge thyc hién boi 2 hoat dong: 1) Poc
mi F-QR an bang diu doc va chuyén thanh vector dic trung N
phan tir; 2) Tao vector dic trung N phan tir Al camera. Viéc so
sanh 2 vector ddc trung nay dugc thuc hién thong qua viée tinh
toan do tuong ty Cosine theo cong thuc sau:

n
Yi=1 XiVi

_— (1
[ xizﬂlz?:l vi

trong do: x, y 1a 2 vector ddc trung cua 2 khuén mét thu vé tir dau
doc ma F-QR va tir Al camera; n la s0 lugng phan tir cuia vector déc
trung (trong truong hop nay n=128); i chay tir 1-n.

Cosine(x,y) =

Quyét dinh gidng hay khac nhau cta khudn mat duoc xac dinh
tlly theo cac ing dung khac nhau thong qua mgt mirc ngudng so
sanh. Thong thuong muc ngudng duogc lya chon mot cach thyc
nghiém dya trén céac diéu kién thuc té noi thiét lap hé théng nhu
khong gian, moi truong, anh sang. ..

Két gua thuc nghiém
Thiét lip hé thong

Trong pham vi phong thi nghiém, chiing t6i chi stir dung nhiing
thiét bi pho thong nhdm danh gia sy kha thi ctia hé thong. Camera
webcam USB2.0 duoc st dung daé chyp khuon mat, tao ma F-QR
code va xac thuc khuén mat. Dir li¢u duge xtr Iy boi may tinh
desktop co cau hinh (Intel Core 15 3,2 GHz, 8,0 GB RAM, voi
board VGA HD Graphics 4600). Méy in thé laser sir dung nguon
MOPA TPG YLPN-1-1x350-20 in trén thé Kobayashi Create
laserable. Pau doc ma F-QR tu thiét ké ché tao két ndi voi may
tinh qua céng USB. Phin mém mb phong hé théng duoc thiét ké
voi tinh nang vira tao ma F-QR dé cho may in thé, vira kiém tra xac
thuc khudn mat khi cung két ndi USB camera va diu doc vao may
tinh. Hinh 4 miéu ta céc thiét bj duogc st dung trong thir nghi¢m.

Printed by laser

Webcam USB2.0 IR filter
_ Invisible QR code
printed by laser
e )
el 7
{ c*,

(A) (8) ©

QR code reader

Hinh 4. Thiét bj str dung trong thir nghiém.
Két qud thuc nghiém

Hinh 5 14 giao dién phan mém tao md F-QR theo 1 trong 2
phuong an: 1) Chyp anh tir webcam va tao ma F-QR; 2) Tao ma
F-QR tir anh da dugc chup tur trudc.
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Hinh 5. Giao dién phdn mém tao ma F-QR tir camera (hoac tir
anh tinh).

Hinh 6 1a két qua tao ma F-QR ddi véi cac khuon mat khac
nhau.

i ! o)

—

whiass

Hinh 6. Két qua tao ma F-QR cta nhirng ngwoi dung khac
nhau.

Sau khi ¢6 ma F-QR cua ting nguoi dung, ma F-QR duogc in
chim 1én thé ID bang 1064 nm laser. Hinh 7 14 thé ID cta 2 nguoi
ding mat trudc va mat sau. Mat trude in anh va thong tin, mét sau
in ma F-QR chim.

Hinh 7. Thé ID in ma F-QR chim cua 2 ngwéi dung.

Viéc xac thuc khuon mat tur 2 yéu t6 bao mat thé ID va Al
camera dugc thyc hién nhu trong hinh 8. Mbdi khi dau doc nhan
duogc dir liéu tir viéc doc ma F-QR chim trén the, hé théng s€ kich
hoat webcam dé chup anh nguoi xudt hién tai ving quan sat va
phén tich dir liéu. Néu trung hodc khong tring khuon mit, hé thong
s& thong béo twong img. Hinh 8 thé hién cac két qua xac thuc doi
voi cac goc canh khac nhau cua khuon mat chup bdi camera va
so sanh v6i F-QR tinh trong thé ID. Két qua cho thiy, hé thong
nhén dién mot cach chinh xac néu nhu khudn mat chup boi camera
khong qua nghiéng so v6i hudng nhin cua camera. Két qua ciing
cho thdy, mic du mi F-QR in trong thé duoc tao trong truong hop
khong deo khau trang nhung hé thong van xac thuc dugc ding
ngudi ké ca khi nguoi ding deo khau trang khong qua che kin
khudn mat.
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Hinh 8. Két qua xac thwc ctia ciing khuén mat tai cac géc do
khac nhau va trivéng hep cé/khéng c6 khau trang (ma F-QR in
trén theé ID 1a khong c6 khau trang).

Hinh 9 chi ra két qua xé4c thyc khuon mit trong truong hop ma
F-QR trén thé ID khac v6i cac khudn mit chyp tir camera. Két qua
cho thay, hé thong nhan biét sy khac biét kha 13, cho két qua khong
tring khuon mdt mot cach chinh xac. Tong thoi gian xir Iy va xc
thue khuon mat cua hé théng khoang 0,3 s, du nhanh cho cac ung
dung cira an ninh noi yéu cau ngudi ding can dimg lai va co hanh
dong dit thé vao khe doc thé dé kich hoat hé thong.

I: ; M3 F-QRin trén thé

Khuén mat nhan
dién boi camera

Khudn mat nhan
dién b&i camera

Hinh 9. Két qua xac thwc khudn mat khac véi ma F-QR in trén
thé ID.

Bén canh do, tir két qua thuc nghiém cho théy, aé phan biét
khudn mat thyc 3D va anh 2D can phai b sung cac giai phap nhu:
nhan dang ddi twong ding 1a ngudi trude khi captute khuon mit;
tich hop cam bién nhiét do dé phan biét nguoi va anh.

Keét luan

Nghién ctru da trinh bay hé thong xéc thye khuon mdt moi sir
dung 2 yéu t6 x4c thuc 13 ma F-QR 4n trén thé ID va Al camera.
Két qua tién kha thi ciing dugc trinh bay trong bai bao. Hé thong
nay thich hop voi nhitng tmg dung cira ra vao an toan khong can
phai xdy dung hé thong phirc tap nhu két ndi sever, internet va thiét
bi can thong s6 k¥ thudt cao. Giam thiéu duoc rii ro 1 ri thong tin
do phu thudc vao server cling nhu sao chép thong tin trén thé. Bén
canh do, str dung laser 1064 nm trén thé nhya cho phép tang d¢ bao
mat, tiét kiém chi phi do khong can muyec in thé 1a mot diém manh
ctia hé thong. Néu ap dung hé thong xir Iy anh két hop véi GPU tde
do cao, toc do xir 1y ciia hé thong s& duoc cai thién, dat t6i toc do
xéc thuc <0,1 s, pht hgp voi nhiéu tmg dung thuc té.
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