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TOM TAT: Nhdn dgng ddu van tay 1& mét trong nhitng phirong phdp nhdn dang sinh trdc hoc phé bién hién nay. N6 diroc 1img dung
trong nhiéu linh vuec trong dé cé cdc hé thong chdm cdng, truy tim téi pham, xéc thuc va bao mat hé thang, ... Tuy nhién, mgt trong
nhiing thach thiic ddi Véi cdc phirong phadp truyén thang hién nay 1a phu thugc vao thoi gian trich Xudt ddc tring va nhdn dgng.
Piéu nay dan dén hgn ché cia cac hé thing nay la khong thé nhdn dang hiéu qua trong diéu kién ap dung cho méi truong di lidu
l6n. Do d6, mét phirong phdp nhdn dang ddu van tay di liéu I6n dwoe dé xuat trong bai bao nay dia trén md hinh MapReduce
trong méi trwong Spark nham cdi thién thoi gian thic hién nhdn dang ddp dmg céc hé thong diz lieu l6n. MapReduce dioc si dung
trong khai pha va phan tich di liéu lén ma khong thé duwoc xiz ly trén cac hé théng théng thweng do bi gidi han béi mét sé rang
bugc vé tai nguyén nhw kha nang xir 1y, bé nhé, ... Két qua thyc nghiém cho thdy phurong phdp dé xudt dat dioc két qua nhdn dang
ddu van tay mét cach ti dong va hiéu qua.

Tir khéa: Nhdn dang ddu vén tay, Gabor wavelet, rit trich ddc trung vén tay, MapReduce, Spark

I. GIOI THIEU

Van tay cuia con nguoi 12 bat bién va cé thé phuc hdi nhu cii theo thoi gian. Chinh vi thé, nhan dang van tay |a
mot trong nhitng dic diém nhan dang sinh trac hoc ph bién dang dwoc sir dung rong réi trong nhiéu hé théng. Véi tc
d6 phat trién dan s nhanh chéng qua cac nam thi dir liéu van tay ciing ngay cang 16n doi hoi viéc tinh toan, xi ly can
rat nhiéu thoi gian va can dén nhirng hé thdng tinh toan phirc tap. Cac cdng viéc xir Iy trén di liéu dau vao nhu: chuan
hoa, 1am rd duong van tay, trich xuat dic trung, nhan dang doi hoi ton nhiéu thoi gian va ludn 13 mot thach thire ddi voi
cac hé théng nhan dang. Mit khac, cac hé théng nhan dang phai dap tmg dugc dé tin cay cho phép. MapReduce 13 ky
thuat tinh toan trén dit liéu 16n ma diéu nay bi gisi han khi thuc hién trén cac may tinh c4 nhan. Noi dung trinh bay
trong bai bdo gdm céc cong viéc lién quan gigi thiéu vé céc thuat todn duoc sir dung: phép bién ddi Gabor wavelet va
k¥ thuat MapReduce; mo hinh dé xuit nhan dang van tay st dung k§y thuat MapReduce trong mdi trudng Spark; mot sb
két qua thuc nghiém dat duoc.

I1. CONG VIEC LIEN QUAN

Hién nay, diu van tay duoc sir dung rong réi trong cac hé thong xir Iy nhan dang hoic xac thuc vi dé thu thap va
luu trit. Cac hé théng nay cho phép ung dung da dang ddu van tay vao kiém soat truy cap bao mat cho dién thoai di
dong, cac nha san xuit may ATM va cac nha san xuat & t6 dé giam déng ké trom cap xe,... Bén canh do, ky thuat
MapReduce dugc tng dung nhiéu trong cac linh vuc de khai pha va phan tich di li¢u I6n ma khong thé duoc xu Iy trén
cac hé thong thong thuong do bi gisi han boi mot sb rang buoc Vvé tai nguyén nhu kha nang xu 1y, bo nho.. . Nhiéu
nghién cttu vé nhan dang vén tay dugc dé xuit. Pa s cac thuat toan dé xuit dbi sanh cac diém “minutiae” hoac su
trong ddng gitra hai anh van tay. Ackerman [1] d& xuit mot phuong phap nhan dang diu van tay dua trén cac diém
“minutiae”. Phuong phap nay phan tich cic viing da dwoc tién xur Iy dé loai bo chi tiét khong quan tam va nhidu trén
anh dé giam thiéu thoi gian xtr ly. Bhuyan [2] va cac ddng tac gia trinh bay viéc phan loai diu van tay bang phwong
phép khai phé dir ligu. Y tuong chinh ciia phuong phap 1a xem xét ca thong tin vé hudng va cac diém dac biét xung
quanh diém trung tdm trong khu vuc quan tam dé phan loai ddu van tay. Phuong phap dé xuat c6 do chinh xac cao hon
va giam céc 16i phan loai sai. Yenumula B Reddy [3] trinh bay thuat toan phan loai d4u van tay dya trén viéc rit trich
cac diém “minutiae” va sir dung cdc diém nay lam khéa chinh dé tim kiém cac van tay trong co s¢ dit ligu. Md hinh
MapReduce dugc thyc hién dé nhan dang va truy van diu vén tay trong co so dir ligu. Philippe Parra [4] st dung phep
bién d6i Gabor trong tién xir 1y van tay dau vao va thuat toan Ransac ding dé nhan dang diu van tay dya trén cac diém
minutiae. T4c gia thuc hién hon 9120 phép so sanh véi thoi gian hon 20 gid, phuong phap dé xuét dat do tin cay cao.
Tuy nhién thoi gian thyc hién caa hé thong 1a twong ddi dai do chua sir dung k¥ thuat phan I6p van tay. Maillo [5] va
cac cong su sir dung tiép can MapReduce va thuat toan KNN trong phan 16p dit liéu I6n, nhém tac gia thuc hién phan
I6p trén tap dir liéu Poker-Hand véi hon 1 triéu mau khac nhau. K thuat phan 16p dua trén MapReduce cho thiy duoc
d6 chinh xé4c cao véi thoi gian thuc hién duoc cai thién. Trong bai bio ndy, chung t6i dé xuit mot phuong phap nhan
dang diu van tay dua trén viéc rit trich cac diém “minutiae” véi phép bién déi Gabor wavelet va thuat toan Crossing
Number. Sau d6, phuong phap phan loai KNN va thuat toan ddi sanh dua trén cac diém minutiae dugc 4p dung dé nhan
dang du van tay. M6 hinh MapReduce trong méi truong Spark dugc ap dung nham giam thoi gian thuc hién trong
nhan dang dap (tng moi truong lam viée voi di liéu 16n.
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2.1. Rat trich dac trung
2.1.1. Phép bién déi Gabor wavelet

Trong thuc té, khi thu thap dit li¢u dau van tay khong phai lac nao ciing dugc két qua tot nhat. Hinh anh dau van
tay sau khi thu thap c6 thé bi nhiéu chang han nhu bi m&, mat mot phan dit liéu,... Chinh diéu ndy Iam anh huong dén

do tin cay trong qua trinh nhan dang. Bo loc Gabor ¢6 hiéu qua trong viéc tang cudng chat lugng anh vén tay dau vao
bang cach chon loc trong mién khdng gian lan tan s6. Ham loc Gabor c6 dang nhu sau [6]:

1[x? y
G(x,y;f,0) = exp{—= | +=|{cos(2nfx")
2 (] O'yl (1)
x = xsind + y cos6 @)
y = xcosf — y sin ?3)

Trong d6: 6 1a huéng cua bo loc, f 1a tan s6 cia ham sin, g,va g, 1a cac d¢ léch chuan doc theo truc x va 'y
thuong dugc chon tir thyc nghiém cé gié tri [0,5]. Ham loc duoc thyc hién trong mién khdng gian véi kich thudc mat

Na W x W : W/ 7 7

Hinh 1. Hinh anh dwoc loc twong tng cho cac hudng 0°, 22.5°, 45° [6]

Thuat toan ting cudng chét lwgng anh bang bo loc Gabor thyc hién cac giai doan nhu sau:

- Chuan héa anh.

- Xac dinh truong dinh hudng cia van tay.

- Sir dung ham loc Gabor cho anh da chuén héa trong mién tan sé.
- Chia anh loc thanh tirng khéi nho kich thudc w x w.

- Xac dinh huéng cua khi (dua vao truong dinh hudéng).

- Str dung phép bién ddi Fourier cho tirng khdi anh va ham Gabor.

@) (b)

Hinh 2. Tir tri sang phai: (a) anh du vao, (b) anh dugc tang cudng véi ham loc Gabor
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Anh sau khi dugc chuin hoé bang bo loc Gabor cho két qua rat tét (Hinh 2a) va 2b)). Cac duong van dugc thé
hién 13 nét, 1a diéu kién quan trong trong trich xuit dic trung. Sau khi 4p dung bo loc Gabor cai thién chét lugng anh,
budc tiép theo chung t6i sir dung bo loc Gabor dé trich xuat cac dic trung trén anh van tay [6], sau giai doan rdt trich
dic trung bang bo loc Gabor sé chiéu cua vector dic trung 1a rat 16n vi vay ching t6i tiép tuc sir dung phuong phap
PCA (trinh bay trong muc 2.2) dé giam s6 chiéu cac dic trung trudce khi budc vao giai doan kiém tra.

2.1.2 Phat hign cdc diém dic trung bang thudt toan Crossing Number

Hau hét cac hé thdng nhan dang van tay hién nay thuc hién so sanh dwa trén cac diém minutiae vi cho két qua
nhan dang rat cao. Do vay, Viéc trich chon cac minutiae dang tin cay 1a mot nhiém vu rat quan trong. Van tay sau khi
dugc cai thién bang ham loc Gabor duoc nhi phan va lam manh dé bat dau trich xuat cac minutiae. Thuat toan phét
hién cac diém minutiae dugc sir dung trong luan van 1a Crossing Number (CN) [7] [8]. Thuat toan ding mét cira s6
kich thudc 3x3pixel, ldy tit ca cac diém anh trong cira s6, sau d6 khao sét gié tri logic cua cac diém anh xung quanh
diém anh [i,j] ¢ chinh giita cira s6 d6. Tuy vao két qua tinh toén cua biéu thic CN thi két luan: diém [i,j] dang xét 1a
mot diém phan nhanh, diém cut hay dang nim trén mot duong van. Cong thire tinh nhu sau:

1 8
cn(p) = EZIPL- —Piv1l  Po =11 (4)
i=1

Anh su dung phat hi¢n cac minutiae phai la anh nhi phan, do d6 val(p)€{0,1}, cac bién p1, p2, ..., p8 thu tu tao
thanh cac diém lan cén diém gitta cua s6 dang khao st xét theo maot chieu thuan hoic ngugc kim déng ho. Khi d6 dinh
nghia diém [i,j] dang xét la:

e Diém nam trén duong van néu cn(p) =2.
e Diém két thic (termination minutiae) néu cn(p) =1.
e Diém ré& nhanh (bifurcation minutiae) néu cn(p) =3.

0 0 1 1 0 0 1 0 1

0 1 0 0 1 0 0 1 V]

0 0 0 0 V] 1 0 1 V]
a) cn(p)=1 b) cn(p)=2 c) cn(p)=3

Hinh 3. a) diém két thac; b) diém trén dudng vén; d) diém r& nhanh

Hinh 4. Anh ban d4u va dnh sau khi trich xuét dic trung

. Hinh 4 minh hoa két qua rut trich dic trung ’V(’)‘i thuat todn CN. Céc dic trung quan trong duoc trich xuit bao
gom: core/delta, duong van ré nhanh, duong van ket thic. Thuat toan trén khong chi gitip tim ra cac dac trung quan
trong ctia anh van tay ma con gilp loai bo cac dac trung sai trén cac anh van tay dau vao.

2.2. Phwong phap phén tich thanh phan chinh

Phuong phép phan tich thanh phan chinh (PCA: Principal Component Analysis [9]) la mot trong cac phuong
phap phan tich dir liéu, wu diém chinh cua phuong phap nay la gidm so chicu cua dit lieu véi lugng thong tin bi mat la
it nhat. Y tudng cua thuét toan dugc minh hoa trong Hinh 5.

¥

/ .
Reducing

Several variables Two factors

Hinh 5. Giam sb chiéu cta cac diém dit liéu
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Céc budc chinh thyc hién thuat toan PCA bao gém [10], [11]:
- Budc 1: Tién xir ly dit ligu.
- Budce 2: Tinh todn ma tran hiép phuong sai.

- Budc 3: Tinh toan cac tri riéng (eigenvalues) va vector riéng (eigenvectors).
- Budc 4: Chuyén dir lidu tir khong gian ban dau vao khong gian méi.

Cac vector voi s6 chiéu dau vao I6n gay kho khan va mét nhiéu thoi gian tinh toan. Phuong phap PCA rt hiéu
qua gop phan cdi thién thoi gian tinh toan vei lugng thong tin duge dam bao. Cac thong tin quan trong dugc giit lai
phuc vu qua trinh kiém tra anh van tay.

2.3. Thuat toan K-Léng giéng gan nhat (KNN: K-Nearest Neighbors)

KNN [12] Ia thuat toan phén I6p céc déi twong dwa vao khoang cach gan nhét gitra déi tuong can phan lép va
tat ca cac ddi tuong trong tap huan luyén. Pay 1a thuat toan don gian nhét trong cac hé thong méy hoc. Giai doan huin
luyén cua thuat ton chi bao gém viéc luu trit cac vecto ddc trung va nhin cta cac anh huan luyén [13]. Céc budc thuc
hién thuat toAn KNN dwoc mé ta nhu sau:

- Budc 1: Xac dinh gia tri tham s6 K (s6 lang giéng gan nhat).

- Budc 2: Tinh khoang céch gitra déi trong can phan 16p vai tit ca cac ddi tuong trong tap huin luyén (dua
vao khoang cach Euclidean).

- Budc 3: Sap xép khoang cach theo thir ty ting dan va xac dinh K lang giéng gan nhat vai dbi tuong can
phan 16p.

- Budc 4: Dya vao phan phan 16p cua lang giéng gan nhét dé xac dinh 16p cho dbi tugng can phan 16p.

Uu diém cua thuat todn KNN 1a d& dang cai dit va st dung. Bén canh do, han ché d& nhan thy cua thuat ton
nay la can phdi chon gia tri K phu hgp cho moi md hinh du doan, mat kha nhicu thoi gian tinh toan trong viéc phan 16p
cho mét mau mai do phai tinh toan va so sdnh khoang cach dén tat ca cdc mau trong tap huan luyén.

2.4. Spark va h¢ théng tap tin phan tan HDFS

Apache Spark dugc phét trién vao nim 2009 boi AMPLab tai Dai hoc California. Spark cung cdp mé hinh thuc
thi cho phép tinh toan trén cum nham lam ting kha nang tinh toan. Bén canh d6, Spark hd tro tinh toan tai bo nh¢ trong
gilp truy xuét di liéu nhanh hon bd nhé ngoai. Trong mot sé két qua thuc nghiém cho thiy Spark c6 thé chay nhanh
gap 10 dén 100 Ian so véi Hadoop [14] [15] [16]. Spark Core trong ciu triic c4c ting cua Spark (Hinh 6) 1a mot thanh
phan caa Spark: cung cp nhitng chirc ning co ban nhit cia Spark nhu 14p lich cho céc tAc vy, quan Iy bd nhd, phuc
hdi 15i, twong tac véi cac hé thong luu trir... Dac biét, Spark Core cung cip API dé dinh nghia RDD (Resilient
Distributed DataSet) la tip hop cua cac thanh phan dugc phén tan trén cac ndt (node) cia cum (cluster) va ¢ thé duoc
xu ly song song.

Spark
Spark sQL Streaming il GraphX

hine raph
_— _ mac grap
& Sha realtime lea rning processing

processing

Standalone Scheduler m W

Hinh 6. Céu tric c4c ting ciia Spark [17]

« Spark SQL cho phép truy van dir liéu ciu tric qua céc cau lénh SQL. Spark SQL c6 thé thao tac véi nhiéu
ngudn dir liéu nhu Hive tables, Parquet, va JSON.

« Spark Streaming cung cip API dé dé& dang xu ly dit liéu stream,

« MLIib Cung cép rat nhiéu thuat toan cua hoc may nhu: classification, regression, clustering, collaborative
filtering...

« GraphX la thu vién dé xu 1y db thi.

Hadoop la nén tang hd tro cho phép xir ly phan tan cac tap dit liéu I6n trén cac cum may tinh. Hadoop cung cip
hé théng file phan tan (HDFS) va hd trg md hinh MapReduce cho phép céc ung dung lam viéc voi nhiéu nit véi hang
petabyte dir liéu. Mot cum may tinh cai dat hé thdng HDFS c¢6 hai loai nat: Nut tén (NameNode), hay con goi la nit
chii (master) va nit dit liéu (DataNodes), hay con goi la nat té (worker). NameNode quan ly khéng gian tén hé thong
tap tin. N6 duy tri cay hé théng tap tin va siéu dir liéu cho tat ca cac tap tin va thu myc trong cdy. NameNode nhan biét
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c4c DataNode ma trén d6 tat ca céc khdi cho mot tap tin §quc~dz§t phén tan. Céac DataNode luu trit va ldy khdi khi n6
dugc goi (bdi ngudi dung hodc tir ndt chu) [18]. Hinh 7 biéu dién kién tric hé thong tap tin phan tan HDFS [19].

Namenode Metadata (Name, replicas,...):
/home/foo/data, 3, ...

Block\ops
Datanodes Datanodes
Replication
EE = — m "Enm EEE
HE B \ [ |
Blocks
| |
Rack 1 Write Rack 2

Hinh 7. Kién trac hé théng tap tin phan tan HDFS [20]
2.5. M hinh MapReduce

MapReduce duge Google dwa ra vao nam 2004 v6i muc dich rat ngan thoi gian xir Iy toan bo dit liéu bang cach
sir dung cac may tinh hoat dong song song nhung doc 1ap véi nhau. M6 hinh tinh toan MapReduce khéc biét & chd ma
chuong trinh duoc sao chép t6i cac nut luu trir dé thuc thi. Pay 1a mot trong nhitng diém mau chét tién tién coa
MapReduce vi quan diém di chuyén ma chuong trinh thi tiét kiém va hiéu qua hon di chuyén dir liéu ma c6 thé 1én toi
hang TB [21]. MapReduce 1a md hinh lap trinh dwoc sir dung dé tinh toan tap dir liéu lon. Mot tién trinh xir ly
MapReduce co ban c6 thé tinh toan dén terabytes hoic petabyte dir ligu trén hé thong duoc két ndi thanh cum cac
nodes. Dit liéu dugc chia thanh cac manh nho rdi dua vao cac nodes doc lap, vi vay s6 lugng va kich thuéc ciia cac
manh phu thudc vao sb nodes duoc két ndi trong mang [22]. Cac budc Map va Reduce duoc thiét ké tach biét, riéng ré
va hoan toan doc 1ap. Mdi budc Map va Reduce duoc thuc hién song song trén cac cap dir liéu (key, value). Do do,
chuong trinh dugc chia thanh hai giai doan riéng biét 1a Map va Reduce [23]. M6 hinh thuc hién MapReduce tong quét
dugc biéu dién trong Hinh 8 dudi day:

User
Program

|
(1) fark )
R— v — l\gl) fork
(1) fork /'___,r ( Master y

[ () assignmiap
-t (2) assign reduce

split 0 [ . worker . ) ‘:
splhit 1 worker o, (6) write Output
—_——

file

split 2 p e A
g e
1
split 3 b (4) local write o)
{ worker —_——

Input Map Intermediate files Reduce Output
Files phase (on local disks) phase files

Hinh 8. M6 hinh thuc hién MapReduce téng quat [24]

MapReduce la mét thu vién (ng dung xu ly dir liéu phan tan va song song. N& cho phép céc 1ap trinh vién thdng
thuong lap trinh céc tng dung phan tan ma khong can biét chi tiét vé kién tric xir ly phan tan. Kién tric coa n6 dua
trén ché do master va slave. Master 1a mot nat dac biét dé phdi hop hoat dong gitra nhiéu nat worker. N6 nhan dit liéu
dau vao duoc xt ly. Dit liu dau vao duoc chia thanh céc khdi nho hon va tat ca cac khdi nay duoc xir Iy song song
trén nhiéu nit worker phan tan. Budc nay duoc goi 1a “Map”. NGt worker tra vé két qua cho master va master bat dau
mot nhiém vu khac dé két hop cac két qua nay, duoc goi la “Reduce”. Cong viéc ndy ciing chay trén nhidu nat worker
phan tan va song song.
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2.6. Phwong phap dbi sanh van tay dua trén cac diém minutiae (matching)

Trong mot anh van tay chat luong tt ¢ khoang tur 70 dén 80 diém minutiae [25] [26]. Y tuéng chinh cua thuat
toan ddi sanh van tay dua trén cac diém minutiae 12 trich xuat cac dac trung trén van tay dau vao va luu trir dudi dang
vecto ddc trung: [X,Y,CN,Theta,Flag,1], trong d6 3 thanh phan quan trong trong viéc d6i sanh bao gom: X va Y chua
toa do cua diém minutiae, Theta 13 huéng cua diém minutiae.

Goi T va | la céc biéu dién cua anh van tay miu va van tay dau vao: T = {m,, m,... mi}; my={Xy,Yu,0,}, U=
L., 1={mg, my  m} m={x,y,6:} t = 1,....j. QUa trinh ddi sanh lan luot timg diém ddc trung anh van tay dau vao
v6i tap diém dic tru'ng huan luyén. Vai i va j Ia s6 cac dlem dac trung trong T va I. Mot diém didc trung my trong | va
mot diém dic trung m, trong T dwoc xem 1a ddi sanh néu khoang cach khong gian (sd) giira ching nhé hon mirc dung

sai cho trudc ryVva su khac nhau vé huéng (dd) gitra ching 1a nhé hon goc dung sai 6,

sd(m;,m;) =1 @\/(xi - xj)2 + (v — y]-)2 <7 ()
dd(m;,m;) =1 < min(|6; - 6;],360 — |6; — 6;]) < 6, (6)

Hai van tay s& duoc so sanh dua trén cac diém minutiae trich ra tir cac van tay. Cong thiic tinh do tuong tu hai
van tay dugc cho theo cdng thic sau:

S(T,I) = max (:l z md(m;, mapy, (mi))> ()
md(m;, m;) = s;(lmi, m;).dd(m;,m;) ®)
Trong do:

n: 1a s6 lwong diém minutiae trong tap du vao I.
m: la s6 lan bién d6i twong dwong vai s6 lwgng minutiae trong tap mau T.

1

map(I)

Matching
—

Hinh 9. Béi sanh van tay dya trén minutiae [26]

Ham map trong cdng thirc (6) va hinh 9 thyc hign m lan bién doi twong dwong sao cho cac diém m; trong T

chinh 1a diém m; trong I. Ham md dung dé x4c dinh hai diém minutiae trén hai van tay co trung khép voi nhau hay
khong md(ml-, m]-)=1 néu sd(mi,mj) <r,va dd(mi,mj)<90, nguoc lai bang 0.

I11. MO HINH PE XUAT
3.1. Phwong phap téng quat
Déi véi cac hé thdng nhan dang truyén théng 12 mac du thuat todn nay nhan dang chinh x4c cac vén tay diu vao
nhung n6 ciing ddi mat véi thach thirc cho cac hé thng nhan dang trong méi trudng dit lidu 1on, dac biét 1a thoi gian
tinh toan trong giai doan nhan dang cung lic nhidu anh van tay diu vao. Hau hét cac thuat toan khong duoc thiét ké dé
xur ly tap dit liéu lon trong mot khoang thoi gian hop ly hoéc véi kha niang bo nhg, bo xu ly hop ly.

r = . I
[ RUT TRICH PAC TRUNG I _ »l
Anh diuvio =) - GABOR WAVELET hoic ! MapReduce

- CROSSING NIIMRFR I

S, ]
[ EEEEEEEEEEE%-- MapReduce

Hinh 10. M6 hinh nhén dang vén tay st dung MapReduce
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Dé giai quyét thach thire nay, md hinh MapReduce song song hoé hai giai doan rut trich dic trung va phan loai
mo ta trong Hinh 10 duoc ung dung vao thuét toan nhan dang vén tay. Sau day 1a cach hoat dong cua mé hinh nay:

e Budc 1: Thyc thi pha Map: Mdi anh van tay dau vao dugc rit trich thanh cac dit liéu vecto dic trung dé xu
ly va chiing duoc chia nho thanh nhiéu khéi nho hon. Sau d6, cac khéi dir liéu ndy di qua mot pha Map dé
anh xa va duoc xtr Iy song song trén nhiéu nit worker phan tan. Két qua budc nay Ia tap dir liéu trung gian
dudi dang (key, value). Pong thoi trong budc nay, tap dir liéu trung gian nay ciing duoc tron va sap xép
theo thtr ty trudc khi giri dén pha Reduce.

e Budc 2: Thyc thi pha Reduce: NGt worker tra vé két qua cho master va master bat dau mot nhiém vu khac
dé két hop céc két qua nay, duoc goi 1a pha “Reduce”. Cac két qua dau ra cua pha Map la tap dir liéu trung
gian dudi dang (key, value) dugc sip xép theo th ty va xir Iy giri cho mdi bo Reducer. Céc tap dit liéu
trung gian di qua pha Reduce dé ching dwoc két hop nhau va tao ra két qua cudi ciing do 1a cac di lidu
output dudi dang (key, value_new).

e Budc 3: Dya trén céc dit liéu output, viéc nhan dang dugc quyét dinh dua trén két qua cua cac dit liu
output ndy va gié tri tham sé dugc chon.

Nhu vay, md hinh MapReduce c6 su két hop chat ché giita pha Map va Reduce dé xir ly dir liéu. M6 hinh nay
c6 lgi thé vi c6 thé ma rong sé lugng céc ndt trong hé thong, nhd d6 kha ning tinh toan cua hé thong ciing sé ting 1én.
Chinh diéu nay gitp hé thong c6 thé hoat dong tt khi kho dir liéu 12 16n. Vi vay, MapReduce rat linh hoat va manh mé
dé giai quyét cac cong viéc xir ly dir lieu 1on. N6 khéng phi hop dé thuc hién cac phép tinh trén tap dir liéu binh
thuong cd thé duoc nap truc tiép vao bo nhé may tinh va phan tich céc ky thuat truyén thong.

3.2. Huén luyén anh van tay véi mé hinh MapReduce trong méi truong Spark

Giai doan huan luyén hang loat anh van tay duoc mo td trong Hinh 11. Goi (Label, Fea_vector) twong tng voi
nhén va vector dc trung cua tap van tay huan luyén va (Label, Fea_vector_new) twong ng véi nhan va vector dac
trung dau ra caa tap van tay huan luyén dugc Iuu trir trén HDFS.

~ — — {abel.Fea vector). _ _

P : | teys | vawe i1 (Label, Fea_vector_new)
S value :\A Reduce -
|
/'I' key2 value 1
“‘DI!- value
1 Reduce
—__——"“ key2 value :
\ value 1
____________ a4
Input image M h Output files
(on HDFS) ap phase Shuffle and sort Reduce phase (on HDFS)

Hinh 11. Huén luyén anh van tay vi mé hinh MapReduce trong méi truong Spark
Qua trinh thuc hién chi tiét dugc mé ta nhu sau:

- Giai doan Map:

e Dauvao ham Map: tao danh s&ch chira nhén (Label) va gié tri dic trung (Fea_vector).

e Thu tuc Map: ldy tit ca cac anh tir hé théng tap tin phan tdn HDFS — sir dung bo loc Gabor ting
cuong chit lwong anh — nhi phan hoa — 1am mong anh — trich xuét ddc trung — tron va sip xép
nhan twong ung véi cac gia tri dac trung.

e  Déura ham Map: vector dic trung cua tap anh van tay trén HDFS.

- Giai doan Reduce:
e DAu vao ham Reduce: danh sach chira nhin va dic trung cua tap anh van tay.
e Thii tuc Reduce: duyét qua timg vector dic trung — sir dung phuong phap PCA dé giam s6 chiéu cac
vector ddc trung — cap nhat lai danh sach nhan va gi tri dac trung twong tng.
e Dau ra ham Reduce: danh sach dau ra véi nhan (Label) va gia tri dac trung (Fea_vector_new).

3.3. Kiém tra anh van tay véi mé hinh MapReduce trong méi truwong Spark

Sau qua trinh huan luyén anh van tay, budc tiép theo ching toi thuc hién kiém tra anh van tay dé danh gia do
chinh xac cua hé thdng. M hinh téng quat duoc thé hién trong Hinh 12. Goi (Label, Fea_vector) twong tng véi nhan
va vector ddc trung cia tap van tay huan luyén duogc luu trir trén hé thdng tap tin phan tan HDFS va (T, Fea_vector)
tuong ting voi nhin va vector dic trung cua tap van tay kiém tra. Qua trinh kiém tra trén hai thuat toan KNN va
matching bao gém cac giai doan:
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Map
Shuffle Reduce D
Map
and
Reduce
(Label, Fea_vector) (T, Fea_vector)

sort P i
1 1
1 1
1 1
| |
1 1

g
-

. (T, Label,Asc_Dist) (T, Label, Top_K_Dist)
(T, Label,Dist)

Test images

Hinh 12. Kiém tra anh van tay trén thuat todn KNN v&i mé hinh MapReduce trong méi truong Spark
3.3.1. Kiém tra véi thugt toan KNN:

- Giai doan Map: Dau vao ham Map: tao danh sach chua céc gia tri cua tap dir liéu kiém tra. Tha tuc Map: truy
Xuit co s& dir liéu cd chua tap dir liéu kiém tra (T, Fea_vector) — mé tap tin chta tap dir liéu huan luyén (Label,
Fea_vector) — tinh toan cuing llc gié tri khoang céch tir tap dir liéu kiém tra voi tap di liéu huan luyén (T, Label, Dist)
— ghi nhan gi4 tri khoang cach twong (g vai nhan va sip xép gia tri theo thir tu ting dan (T, Label, Asc_Dist). Dau ra
ham Map: gia tri khoang céch twong tng véi nhan cua tap dir liéu kiém tra.

- Giai doan Reduce: Dau vao ham Reduce: gia trj K lang giéng, di ligu kiém tra. Thi tuc Reduce: tao b dém
cho tat ca cac nhdan — tim K khoang cach dau tién (Top_K_Dist) trong tng cua tap kiém tra va tang dan bo dem cho
tat ca cac nhan. bau ra ham Reduce: nhén van tay c6 bd dém Ién nhat trong tap kiém tra.

3.3.2. Kiém tra vgi thugt toan Matching:

- Giai doan Map: Dau vao ham Map: tao danh sach chua céc gia tri cua tap dir liéu kiém tra. Thu tuc Map: truy
Xuit co s& dir liéu cd chua tap dir liéu kiém tra (T, Fea_vector) — mé tap tin chta tap dir liéu huan luyén (Label,
Fea_vector) — tinh toan cuing llc gié tri d tuong tu score tir tap dir lidu kiém tra véi tap dix liéu huan luyén (T, Label,
score) (dya trén cong thiic (7)) — ghi nhan gié tri score twong tng véi nhan va sap xép gia tri theo thir ty giam dan (T,
Label, Desc_score). Dau ra ham Map: gia tri score tuong (ng voi nhan cua tap di liéu kiém tra.

- Giai doan Reduce: DPau vao ham Reduce: max(score), dir liéu kiém tra. Thu tuc Reduce: tim gi4 tri tuong tu
I6n nhat va gan vao max(score) tuong ng véi nhan cua tap di liéu kiém tra. Dau ra ham Reduce: nhan van tay vai gia
tri max(score).

IV. KET QUA NGHIEN CUU

Chung t6i thuc nghiém hé théng, trong d6 mot master dugc cai dat ubuntu server dé lam nGt master quan ly va
van hanh mo hinh, hai worker duoc cai dat ubuntu desktop ¢ cau hinh Core 2 Duo-E6700-3.2Ghz, Ram 2Gb, HDD
320GB. Ngoai ra, chung t6i st dung Hadoop 2.6.0, Spark 1.6.0. Ngon ngir lap trinh dugc s dung 14 Matlab R2016b.
Chuing t6i str dung co s¢ dir liéu dau van tay FVC2000, FVC2002, FVC2004. Mdi co s dit liéu bao gom 320 anh van
tay ciia 40 ngudi. Tong cong: 960 anh van tay (tong dung lugng xap xi 130MB). Bé kiém tra do chinh xac cua thuat
toan, trén moi co so dir ligu anh van tay chang toi tién hanh chia tap dir liéu theo ti 1& 3:1. Nghia 1a str dung 240 mau
van tay dé huan luyén va 80 mau van tay dé kiém tra.

Qué trinh thyc nghiém dugc md ta nhu sau: dau tién ching t6i kiém tra di liéu trén 1 may tinh véi cau hinh may
tinh Laptop Core i5-2410 (2.30Ghz), Ram 4Gb, HDD SSD 120Gb. Sau d¢, tién hanh kiém tra dit liéu trén hé thong tap
tin phan tan HDFS trén 3 nat v6i 1 master va 2 worker. Hadoop duoc st dung dé phat trién ang dung xt ly dit lidu
trong mdi trudng tinh toan phan tan. N6 cung cip hé thong file phan tan (HDFS) va hd trg md hinh MapReduce cho
phép cac ung dung lam viéc véi nhiéu nat véi hang petabyte dir liéu. Ching toi ciing thuc nghiém trén nhiéu gi4 tri
tham s6 K va chon gid tri tt nhit véi K = 4. Viéc kiém tra d6 chinh xac nhan dang vén tay trong 4 trudng hop:

- Truong hop 1: Gabor + PCA + KNN.

- Truong hop 2: Gabor + PCA + KNN (s dung md hinh MapReduce trong Spark).

- Truong hop 3: Gabor + CN + Matching.

- Truong hop 4: Gabor + CN + Matching (st dung mé hinh MapReduce trong Spark).

Két qua dd chinh xac cua thuit toan dé xuét voi 4 truong hop thyc nghiém dugce trinh bay trong Bang 1 nhu sau:

Tur Bang 1 ching ta ¢6 thé nhan xét: két qua nhan dang van tay trén cac co s¢ dit ligu van tay FVC déu cho do
chinh xac 1a nhu nhau trong céac truong hop 1 va 2 hodc 3 va 4. Hon nira, truong hop 3 va 4 cho két qua do chinh xac
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cao hon so véi trudng hop 1 va 2 vi n xem xét ca thong tin ciia cac diém minutiae xung quanh diém trung tdm trong
khu vuc quan tim dé phan loai dau van tay. Tuy nhién, thoi gian thuc hién truong hop 2 giam di rd rét so véi truong
hop 1 do ¢c6 ung dung md hinh MapReduce trong méi truong Spark nhu minh hoa trong Hinh 13a) va Bang 2. Tuong
tu, thoi gian thuc hién trueong hop 4 giam di rd rét so vé6i truong hop 3 do cé ing dung mé hinh MapReduce nhu minh
hoa trong Hinh 13b) va Bang 2.

a) Thai gian thuc hién truong hop 1 (--) va 2 (
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V. KET LUAN

Mot giai phép phd hop gitp loai bo viéc di chuyén dir liéu vao va ra khoi hé thong luu trix trong khi phat huy
kha nang tinh toan song song va xir ly di li¢u truc tiép trén bo nhé trong la rat can thiét. Day 1a mot van dé dang tro
nén quan trong do sb luong dir liéu van tay trén cac hé thdng tng dung ngay cang tang. Vi cac hé théng nhan dang
truyén théng, mot khi dir liéu I6n hoan toan kho c6 khd néng dap tmg vé thoi gian nhan dang trong khi phai d6i mat voi
nhirng giGi han vé tai nguyén bo nhd va kha nang xir ly cua may tinh. Do do, xur ly hi¢u qua dir liéu I6n la mot budc
quan trong dé phan tich va nhén dang van tay. Didu nay ching to duoc tAm quan trong cua viéc st dung méd hinh
MapReduce trén nén tang xu ly phan tan dé xur ly khdi lwong 16n cac dit liéu van tay.

Trong bai b4o nay, ching t6i da d& xuit mot phuong phéap hiéu qua vé mat thoi gian thuc hién nhan dang van
tay vé6i viéc tng dung mo hinh MapReduce trong méi trudng Spark dé xir 1y lwong 16n dit liu. Hé théng hd tro tinh
toan tryc tiép trén bo nha trong lam cho qua trinh truy van dit liéu nhanh hon so véi cac hé théng dua trén dia cimg nhu
Hadoop. Hé thong nhan dang van tay dua trén mo hinh MapReduce dép tmg dugc cac yéu cau co ban vé hiéu suat xir
ly. Két qua thuc nghiém ciing cho thay vé d chinh x4c 14 nhu nhau trong khi thoi gian thuc hién giam rd rét so voi cac
phuong phap truyén théng do sir dung k§ thuat tinh toan song song va xir Iy dir ligu truc tiép trén by nha trong. Trong
ndi dung bai bao, chiing toi chi tién hanh thyuc nghiém trén tap dit liéu nho voi sé nat han ché nham xay dung mé hinh
mau danh gia tinh kha thi cia hé thong nhan dang van tay khi hoat dong dya trén mé hinh MapReduce trong mdi
truong Spark. Cac cong viéc tiép theo, chiing tdi s& thuc hién nhan dang trén tap dit liéu NIST [27] véi sé nat 16n hon
va so sanh d6 chinh x4c cling nhu thoi gian nhan dang trén thuat toAn MCC (Minutia Cylinder-Code) [28].

TAI LIEU THAM KHAO

[1] A.a. R.O. Ackerman, "Fingerprint recognition,” UCLA Computer Science Department, 2012.

[2] M. H. S. S. a. D. K. B. Bhuyan, "An effective method for fingerprint classification,"
arXiv:1211.4658, 2012.

arXiv preprint



Phan Anh Cang, Tran Ho Dat, Phan Thuong Cang 683

[31 Y. B. Reddy, "Latent Fingerprint Matching in Large Databases Using High Performance Computing,”
International Journal of Computer Science and Information Security (IJCSIS), vol. 13, 2015.

[4] P. Parra, "Fingerprint minutiae extraction and matching for identification procedure,” University of California,
San Diego La Jolla, CA, pp. 92093--0443, 2004.

[5] J. a T. 1 a H. F. Maillo, "A mapreduce-based k-nearest neighbor approach for big data classification," in
Trustcom/BigDataSE/ISPA, 2015 IEEE, IEEE, 2015, pp. 167--172.

[6] M. Y. J. M. Umer Munir, "Fingerprint Matching using Gabor Filters,"” National Conference on Emerging
Technologies, 2004.

[7] B. M. Mehtre, "Fingerprint image analysis for automatic identification,” Machine Vision and Applications, vol. 6,
pp. 124-139, 1993.

[8] S. a. D. M. a. B. B. Kasaei, "Fingerprint feature extraction using block-direction on reconstructed images,"
TENCON'97. IEEE Region 10 Annual Conference. Speech and Image Technologies for Computing and
Telecommunications., Proceedings of IEEE, vol. 1, pp. 303--306, 1997.

[9] I. T. Jolliffe, "Principal Component Analysis and Factor Analysis," in Principal component analysis, Springer,
1986, pp. 115--128.

[10] L. I. a. 0. Smith, "A tutorial on principal components analysis,” Cornell University, USA, vol. 51, p. 65, 2002.
[11] J. Shlens, "A tutorial on principal component analysis," arXiv preprint arXiv:1404.1100, 2014.

[12] T. M. C. a. P. E. Hart, "Nearest neighbor pattern classification," |IEEE Transactions on Information Theory, pp.
21-27,1967.

[13] J. a. K. B.-S. a. S. S. Kim, "Comparing Image Classification Methods: K-nearest-neighbor and Support-vector-
machines,” World Scientific and Engineering Academy and Society (WSEAS), pp. 133-138, 2012.

[14] M. C. M. J. F. S. S. a. I. S. Matei Zaharia, "Spark: cluster computing with working sets," Proceedings of the 2Nd
USENIX Conference on Hot Topics in Cloud Computing, p. 10, 2010.

[15] A. P. a. M. S. Ranjani, "Spark-An Efficient Framework for Large Scale Data Analytics,” International Journal of
Scientific & Engineering Research, vol. 7, 2016.

[16] [Online]. Available: https://spark.apache.org/.

[17] H. a. K. A.a. W. P. a. Z. M. Karau, "Learning spark: lightning-fast big data analysis," O'Reilly Media, Inc., 2015.

[18] T. C. B¢, "bién todn dam may va bai toan xu 1y dir liéu 16n theo mé hinh anh xa - rat gon," Tap chi Khoa hoc
Truong Pai hoc Can Tho, pp. 56-63, 2013.

[19] D. Borthakur, "HDFS architecture guide,” Hadoop Apache Project, pp. 1-13, 2008.

[20] D. Borthakur, "HDFS Architecture Guide," 2013. [Online]. Available:
https://hadoop.apache.org/docs/r1.2.1/hdfs_design.html.

[21] T. V. Trung, "D lidu 16n va lam chu cong nghé dit liéu 16n tai Vit Nam," Ky yéu Hoi thdao khoa hoc “Thong ké
Nha nuoc voi Dir liéu lon”, pp. 71-75, 2015.

[22] W. Tom, "Hadoop_The definitive Guide - 3rd edition,” O'reilly, 2012.

[23] J. D. a. S. Ghemawat, "MapReduce: Simplified Data Processing on Large Clusters," 2004.

[24] G. S. Dean. J, "MapReduce : Simplified Data Processing on Large Clusters,"” Communications of the ACM, vol.
51, no. 1, pp. 1-13, 2008.

[25] J. T. GOVINDARAJU V., "Minutiae-based partial fingerprint recognition," ProQuest Dissertations and Theses,
vol. 38, pp. 169-169 p., 2005.

[26] L. WIE[TCLAW, "A minutiae-based matching algorithms in fingerprint recognition systems," Journal of Medical
Informatics & Technologies, vol. 13, pp. 65-71, 2009.

[27] C. I. Watson, "Nist special database 29," 2001.

[28] R. M. F. a. D. M. Cappelli, "Minutia cylinder-code: A new representation and matching technique for fingerprint
recognition,” IEEE Transactions on Pattern Analysis and Machine Intelligence, pp. 2128-2141, 2010.

[29] X. W. a. V. Kumar, "The Top Ten Algorithms in Data Mining," Chapman & Hall/CRC Data Mining and
Knowledge Discovery, 2009.

[30]1 1. T. F. H. Jests Maillo, "A MapReduce-Based k-Nearest Neighbor Approach for Big Data Classification,"
Trustcom/BigDataSE/ISPA, 2015 IEEE, 2015.

[31]R. A. N. H. S. M. A. A. A. A A. Rashid, "Security system using biometric technology: Design and
implementation of voice recognition system (VRS)," Proceedings of the International Conference on Computer
and Communication Engineering 2008, ICCCEO08: Global Links for Human Development, pp. 898-902, 2008.

[32] C. Yang, L. Chen and W. &. W. K. Chou, "Implementation of a medical image file accessing system on cloud,"
IEEE 13th International Conference on Computational Science and Engineering (CSE), pp. 321-326, 2010.



684 NHAN DANG DAU VAN TAY DU LIEU LON SU DUNG GABOR WAVELET VA MAPREDUCE

[33] S. N. S. P. Pelle Jakovits M.Sc., "Large-scale Image Processing Using MapReduce," Thesis of TARTU
UNIVERSITY Faculty of Mathematics and Computer Science Institute of Computer Science Computer Science,
2013.

[34] Y. T. L. J. D. L. White Brandyn, "Web-Scale Computer Vision using MapReduce for Multimedia Data Mining,"
Computing, pp. 1-10, 2010.

[35] L. Liu, "Performance comparison by running benchmarks on Hadoop, Spark, and HAMR," PhD thesis, University
of Delaware, 2015.

[36] B. Mehtre, "Fingerprint Image Analysis for Automatic Identification," Machine Vision and Application, 1993.

[37] S. Kasaei, "Fingerprint feature extraction using block-direction on reconstructed images,"” 1998.

[38] J. C. Amengual, "Real-time minutiae extraction in fingerprint images," 1997.

BIG DATA FINGERPRINT RECOGNITION
USING GABOR WAVELET AND MAPREDUCE PARALLEL MODEL

Phan Anh Cang, Tran Ho Dat, Phan Thuong Cang

ABSTRACT: Fingerprint recognition is one of the most popular biometric identification methods in the present time. It is used in
many fields including attendance-controlled systems, criminal tracking, authentication and system security, and so on. However,
one of the challenges of traditional methods is time-dependent on extracting minutiae and recognition. This issue leads to the
limitation of these systems which is not able to effectively identify for the big data environment. Therefore, a big data fingerprint
identification method which is proposed in this paper is based on the MapReduce model in a Spark environment to improve the
recognition time for large data systems. MapReduce is used for exploring and analyzing big data sets which cannot be processed by
traditional systems due to the processing power, memory constraints,... Experimental results show that our proposed method
achieves automatic and effective fingerprint recognition.

Keywords: fingerprint recognition, Gabor wavelet, minutiae fingerprint extraction, MapReduce, Spark.



