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HUaNG CUA DIEM D~C TRUNG TREN ANH VAN TAY

NGO rrr THA.NH

Abstract. The tail of the minutia marker is used to identify the orientation or "flow" of fingerprint
charactestics and plays a crucial role in the minutia matching process. During the matching process, some
minutia points that match in terms of X and Y coordinates may not be included in the scoring if the
orientation or "angle" of the minutia tails do not match. In this paper, the orientations of the minutia tail are
determined using a special proprietary algorithms.

1. VAl TRO CUA HUONG DItM D!C TRlfNG KIll DOl SANH V AN TAY

Truce khi tlm hieu vai tro cua huang, cluing toi dua ra mot so khai niern co ban v~ diem dac tnrng
va huang diem dac tnrng.

1.2. Mot s6 dinh nghia CO' ban

Quan sat anh van tay ta thay van tay g6m cac
ducng van xen ke IAn nhau. Giiia cac duong van ill cac
'thung lung' van. D~ tien eho viec nghien ciiu tiep theo
nhung khong lam mat di tinh chinh xac, chung toi dua ra
mot khai niem moi nhu sau:
V!ln tay ba~ g6111cac duong van mau den xen ke cac duong van mau trang, nghia la cac duong van 'that '
duoc goi la duong van man den, con 'thung lung' van duoc goi la van mau trang.

Theo quan diem moi nay thi diem dac tnrng bao g6m diem cuoi hay diem re nhanhcua duong van
deu goi chuiig Ia diem re nhanh. Tit do rut ra 2 dinh nghia co ban sau:

Dinh nghia 1. Diem cuoi duong van goi Ia diem dac tnrng re nhanh hay la diem re 0 cuoi duong van.
Diem re 0 cuoi duong van ill giao cua cac duong trang, nrc la giao cua hai 'thung lung' duong van bao
quanh diem cuoi duong van.

Dinh nghia 2. Diem re nhanh la giao cua hai duong van mau den, nrc la giao cua hai duong van thuc.

1.1. Anh nhi phan va di~m d~c trung [2]

Trong bai nay chi quan tam den anh nhi phan tire
la anh ma gia tri 1 urong img v6i pixel man den, gia tri
o nrong irng voi pixel mau trang. Diem dac tnrng anh
van tay duoc phan thanh hai loai chinh: diem ket thiic
(diem cuoi) va diem re nhanh nhu hinh 1 ben phai.

y

Di~m cuoi Diem re nhanh
~--------------------------~ x

Hinh 1. Ky hieu di~m cuoi va diem re nhanh
I

1.3. Khai niem hirong di~m d~c trrrng

Mot diem dac trung va huang cua no duoc th~ hien nhu hinh 2.

Duoi Duoi

Hinh 2. Ky hieu di~m dac tnrng cuoi va diem dac tnrng re nhanh

Dau cua mot di~m dac tnrng luon tuong ung voi diem ke't thiic cua duong van hay diem re -nhanh,
Hinh tron la diem dac tnrng cuoi, hinh vuong la diem dac tnrng re nhanh.

Duoi cua diem dac trung chi ra huang cua no.
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1.3. Vai tro cua huang

Trang qua trinh tim kiem van tay tu dong, he thong khong coi cac van tay nhtr la cac anh. He thong chi
quan tam den cac ditim dac tnrng cung voi huang cua no. Khi do mot anh van tay se giong nhu la mot "dam
may" cac diem dac tntng va huang cua no nrong irng hinh 3.
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Hinh 3. Vi du v~ mot "dam may" cua anh van tay, vong tron la diem ket thiic,
hinh vuong la diem re nhanh

Khi doi sanh hai mau van tay co d6ng nhat khong, "dam may" cac diem dac trung va huang diem
dac tnrng cua van tay tim kiem se duoc so sanh voi cac "dam may" diem dac trung cung huang diem
dac trung cua cac anh van tay dii luu trfr trong co' sa dit lieu.

Gilt sir chiing ta dii tim duoc "tap hop" cac diem dac tnrng.
M6i diem dac tnrng, ta gan mot vec to' co ditim dau la diem dac tnrng va huang ciia no se ducc ban

duoi day. Huang cua vec to' do trung voi huang ciia diem dac trung, buoc tiep theo ciia viec doi sanh hai
van co phai la mot khong, thuc chat la "cap" cac diem dac tnrng cua hai van lai voi nhau. Hai diem dac
trung duoc "cap" hoac doi sanh neu nhu cluing:

- Cung Ioai diem dac tnrng: cung la diem re nhanh hay cung ia diem ket thiic.
- Thanh phan cac dac diem cua cluing (toa do (x,y)) la nhu nhau.
Tuy nhien neu huang ciia hai diem duoc "cap" khac nhau thi hai diem dac trung ay co thti se khac

nhau. Hinh 4 chi ra 3 trang thai tlnrong gi:iPkhi doi sanh hai diem dac tnrng co cung toa do cung loai
diem dac tnrng. Dti don gian chi xet diem ket thiic voi luu y rang: hinh tron trang ky.hieu diem dac tnrng
van tay dfr lieu, vong tron den ky hieu diem dac trung van tay tim kiem.

a,"
a/

Cap diem dac tnrng
dong nhat

b-.
bl

Cap diem dac tnrng
khong dong nhat

".0
cl

Cap diem dac trung
khong dong nhat

Hinh 4. Cac huang khac nhau cua cac cap diem dac tnrng

a. Diem dac tnrng van tay dir lieu nrong xtrng voi diem dac tnrng van tay tim kiem theo toa d¢ va
huang (cap diem dac tnrng duoc dong nhat).

b. Diem dac trung van tay dif lieu nguoc huang voi diem dac tnrng van tay tim kiem (cap diem dac
tnrng khong dong nhat).

c. Diem dac trung van tay tirn kiem va van tay dfr lieu vu6ng goc nhau (cap diem dac trung khong
d6ng nhat).

Ba tnrong hop tren, cac diem dac trung duoc goi la "cap" (d6ng nhat) chi trang tnrong hop a.
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2. PHUONG PHAI' xAc mNH HUONG mfM D!C TRlfNG

\. 2.1. Xac dinh hmmg di~m d~c trrrng theo phuong phap "truyen thong" [1]
Doi voi diem re nhanh: Tren hai nhanh van (mau den) tai diem re nhanh chon mot diem tren moi

nhanh . Sau d6 tinh toan diem giira cua doan tuong nrong di qua hai diem tren; Di~m nay duoc xem nhtr
la "duoi" diem dac trung. Doan thang noi lien diem dac tnrng va "duoi" n6i tren duoc xem nhu la vec tel
.huong diem dac trung. Tren hinh 5, 0 la diem dac tnrng, I la "duoi" diem dac tnrng, con goi la huang
diem dac tnrng O.

Doi voi diem ket thiic, each lam nrong tu.
B

_A kC{
Hinh 5. Cach xac dinh huang diem dac tnrng theo phuong phap "truyen thong"

Phuong phap xac dinh huang nhu tren c6 ve don gian nen duoc ap dung rong rai trong xay dung he
nhan dang van tay nr dong. Tuy nhien tro ngai chinh b day la khong phan bier dau la duong van chinh,
dau la duong re nhanh. Ttrc la huang diem dac tnrng chi phu thuoc hai nhanh van, nen trong mot so
tnrong hop viec xac dinh khong nhat quan. Tren hinh 5, xem AO la duong van chinh con OB, OC Ia
duong re nhanh thi OI nam trong g6c BOC se la huang diem dac tnrng. Nhung neu coi OC la duong van
chinh, OA, OB la duong re nhanh thi huang diem dac trung se nam trong g6c AOB.

2.2. Huong di~m dac trung trong truong hop t6ng quat

2.2.1. Doi vOidi~m re nhanh
D~ khac phuc su khong nhat quan trong viec xac dinh huang diem dac tnrng, thay .vi chon hai diem

b 2 nhanh van, trong tnrong hop nay ta chon 3 diem b 13 duong van. Bang each: lay diem re nhanh dung
lam tam quay vong tron c6 ban kinh R (kich thuoc cu th~ se duoc trlnh bay muc sau) cat 3 duong van nhu
hinh 6. Lay 3 diem gifra dtrcng van ma duong tron cat 3 duong van. Goi A, B, C 1a 3 diem d6. Noi A, B, C
voi 0 ta diroc hinh 7, nghia la thay vi xet 3 dirong van giao nhau ta xet 3 duoug OA, OB, Oc.

SKElETON

RIDGE

B C

Hiqh 6 Hinh 7

Noi A, B va C ta duoc tam giac ABC nhu hinh 7. Ba vec tel OA, OB, OC phu thuoc vao diem dac- -
trung 0 va cac duong nhanh di qua O. Xac dinh vec tel 01 sao cho 01 phai phu thuoc vao 3 vec tel---OA, OB, OC n6i tren, Nghia la khi mot trong OA, OB, OC thay d6i thi doan OI ciing thay d6i theo.
Dieu nay c6 th~ thuc hien duoc M dang bang cac kien tlnrc hinh hoc so cap nhu sau:
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Dung ba duong phan giac ciia ba goc: ABC, BAC va ACB. Ba duong phan giac nay se cat nhau tai

1. I chfnh la tam ciia duong tron noi tiep tam giac ABC nhu hinh 8. Noi 0 va I ta duoc vec to OI. Ta

phai clning minh rang vec to OI khong thay d6i. That vay vi ba vec to OA, OB, OC la co dinh voi
moi diem dac tnrng O. Hem nira trong hinh h9C so cap nguoi ta chting minh duoc rang: trong mot tam
giac chi c6 th~ dung duoc mot dtrong tron noi tiep. Do d6 trong tam giac ABC ta chi c6 th~ tun diroc mot
diem I la tam duong tron noi tiep, 0 co dinh va I ciing co dinh nen suy ra or cling khong thay doi, nrc
or la nhat quan trong moi tnrong hop, khong phan bier dau la nhanh chinh, dau la n.hanh phu.

A

c

sKnETON

RIDGE

B Hinh 8 Hinh 9

2.2.2. Doi vOi diem dac trung lit diem cuot
Xet hinh 9, a day ta chi viec tim giao diem ciia vong tron voi duong van di qua diem dac trung ket

thtic. Noi diem dac tnrng d6 voi diem giao nhau ta duoc huang diem dac tnrng.
Khac voi truong hop di~m dac trung re nhanh, huang diem dac trung la diem cuoi xac dinh theo

phuong phap tren khong phu thuoc vao phep quay va phep tinh tien anh van tay. Huang diem dac tnrng
la di~m cuoi la nhat quan.

3. THU!T ToAN VA CHUONG TRINH xAc D~NH HUONG mtM D~C TRUNG

3.1. Thuat toan xac dlnh huong diem dac trung
Coi tat ca cac diem dac tnrng nhu Ia tam dirong tron (i, j) va gan i = x, j = y, ban kinh Dx = R~'(/2

nhu hinh 10. Chieu vong tron quay ngiroc chieu kim dong h6 cat cac duong van di qua diem dac tnrng.

RMAX RMAX

al bl

Hinh 10. a. nrong rrng voi diem dac tnrng ke't thiic,
b. tuong irng vai di€m dac tnmg re nhanh,

Khi xac dinh di€m d~c tnrng [2], d€ tang t6c d¢ tim kiem phai chon ban kfnh vong tron cang nho
cang t6t (mien la bao quanh diem dac tnrng). Nhung khi xac dinh huang diem dac trung phai chon ban
kinh di'I Ian sao cho cat di'I 3 duong van c6 d¢ chinh xac cao. Bang thuc nghiem cho thay RMAX := 30
pixel la t6i Uti nhat.
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Khi xac dinh huong diem dac tnrng, vong tron moi quay nguoc chien kim d6ng h6 cat cac duong
van va "tu dong" phan loai diem dac tnrng nhu sau: Neu e6 sir thay d6i tir trang sang den thi danh dau
vao mang ABC [n] (voi n la so bin vong tron cat duong van). Doi voi diem ket thiic nhu hinh l Oa, vong
tron chi cat mot bin ta e6 ABC [1] = (X1' Y1). Doi voi diem re nhanh thi ca 3 mang ABC [1], ABC [2] va
ABC [3] Wang ling 3 dinh cua tam giac ABC.

3.2. LUll d6 thuat toan X3C dinh huang di~m d~c trung

Xet tat ci cac diem dac tnrng tam (i, j)
ban kinh RMAX/2. Gan i := x va j := y•Tang kich thuoc bo dem,

chon RMAX =30 pixel

••
Xay dung mang chira toa d¢ duong tron

(theo chieu nguoc kim d6ng h6)

••
Khi e6 su thay d6i tir trang sang den

thi danh dau vao mang ABC [n I•Neu vong tron chi cat 1 IAn. Noi tam
duong tron voi giao diem cat ta e6

huang diem ket thtic

••
Neu vong tron cat 3 Ian, xac dinh 3 dinh

tam giac, TIm trong tam duong tron
noi tiep ABC [1], [2], [3]. Noi hai tam
ta duoc huang diem dac tnrng re nhanh

Hinh 11. Luu d6 khoi thuat roan xac djnh huang diem dac tnrng

3.3. Chuang trinh X3C dinh ~uang di~m dac trung

Chuang trinh duoc viet bang ngon ngfr Delphi trong moi tnrong WINDOS, hinh anh ro rang dep de,
tao nen mot cong cu rnoi cho giam dinh vien khi xi'r 1.9van tay thay vi phai si'r dung kich hip, but chi theo
kieu 'truyen thong' truce day.

Tren thanh ngang hinh 12, neu nhan con chuot vao menu 'Tep' d~ dua file anh can tim, may se ur
dong rim cac diem dac tnrng va huang.

Thai gian doc anh voi cac anh thuong gap trang thuc tien la 2 giay. Thai gian thir nghiem tim diem
dac tnrng va huang cua n6 la 12 giay. Chuang trinh hoar dong 6n dinh. Tlnr nghiem voi 100 van tay sau
khi duoc nang cap, d¢ chinh xac khi ur d6ng tim diem dac trung dat 98%, doi voi huang dat 90%.

D~ thay 1'6 hon vai tro cua huang diem dac trung trang he truy nguyen van tay bang may tfnh phan
tiep theo se trinh bay qua trinh "dinh vi" tap hop diem dac tnrng va huang diem dac tnrng ciia 2 anh van
tay.

4. U'NG DlJNG DIEM D~C TRUNG CO HlJONG GIAI BAI ToAN DINH V~ ANH
VAN T AY HI~N TRlJONG

Doi voi van tay hien truong doi khi chi tlm duoc mot mau nho voi vai diem dac trung. D~ don gian
nlurng khong lam mat di tinh t6ng quat, gia si'r cac diem dac tnrng la cung loai (cung diem re nhanh hay
cung la diem cuoi).
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.., Them diem dac trun

!•••, Tim trong CSDL

D Them vao CSDL
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Hinn 12. Ket qua nr dong tun diem dac tnrng va huang diem dac tnrng

Cac diem dac trung va huang duoc ky hieu Hl cac vec to co huang nlur hinh l3b. Ta khong biet
huang anh bi mat va khong bier nhirng diem dac trung thu duoc b hinh l3b tuong ung voi diem dac
trung nao cua anh van tay tren hinh 13a. Bai roan dat ra la tim cac diem dac tnrng tren hinh 13b xem
tuong ung voi diem dac trung nao tren hinh 13a.

y

~ tY

t 1/-,
~B/Cqy I

I ......~ -. \
• 2 3

. \ \ ~
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•0 qx X 0 X

Hinh 13a. 'Dam may' diem dac tnrng co huo'1I8 Hinli 13b. 'D4Ju may' van tay hien tnrong

4.1. Bien there toan hoe gifra hai rap hop diem dac tnrng

Xet hinh l3a. Gia sir tren hinh nay bi mat I1l9t s6 diem anh va chi con lai I1l9t phan g6m 3 diem 1,
2 va 3. Cac diem nay bi quay va dich chuyen so voi ban dau nhu hinh 14a.

Tim I1l9t bieu t lurc to an hoc lien ket gifra cac diem dac trung bi quay va dich chuyen rren hinh 14a
sao eho no trung voi cac diem anh tren hinh 13a 1l19teach nrong ung. Nghia la dua 3 diem 1" 2' va 3'
trung voi diem 1.2.3 tren hinh 13a.
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Hinh 14a. M(Jt phan ciia anh
bi quay va dich chuyen

Hinh 14b. Di~m r ducc quay
cung huang voi 1 (net dtrt)

Hinh 14c. Diem l' diroc
dich chuyen den di~~ 1

Xet diem anh 1'. G9i a Ia g6e cua diem 1 voi true Ox, p la g6e diem l ' voi true Ox. Muon eho
diem anh l ' trung vai diem anh 1, dau tien co dinh diem l ' (phan dau diem), sau d6 quay vec to d6 mot
g6e e sao cho a + e = p nhu hinh 14b. Cuoi cling dich chuyen di~m l ' toi diem 1 nhu hinh 14e. Ap
dung phep bien d6i phtic hop [4], ta e6 M thuc gifra diem l ' va 1 nhu sau:

(
cose

- sin e
sin e J [pJ
cose 1'1 pJ 1'1

(1)

Tir (1) ta xac dinh duoc cac he thuc Ie, Ax, Ay ] va gan Tl'l Ie, Ax, Ay ] la t1lP hop cac he thiic d~ l '
thanh 1. Xet cac diem anhI, 2, 3 ... cua anh tren hinh 13a, khi anh nay quay hay dich chuyen thi cac
diem anh 1, 2, 3 cling quay hay dich chuyen theo. Do d6 neu diem 1 quay mot g6e e va dich chuyen mot
so gia Ax, ~y M thanh diem l ' thi cac diem 2, 3 cling quay mot g6e e va dich chuyen mot so gia Ax,
~y. Tir d6 M rang thay rang: d~ dua diem 2' v~ di~m 2 va 3' v~ 3 ta cling cohe thuc (1).

N eu dua diem l ' tro thanh mot diem anh nao d6 tren hinh 13a khac diem 1 thi cac h¢ thirc Ie, Ax,
Ay ] thu duoc se hoan toan khac nhau. Nghia la:

Tnle, Sx, ~y} ;>0 Tn Ie, Ax, Ay] ;>0 Tr4 Ie, ~x, Ay] ...

Tirong tu, M dua diem 2' tra thanh diem nao d6 tren hinh 13a khac diem 2 thi cac he thtrc Ie, Ax,
~y} thu duoc se hoan toan khac nhau ...

4.2. Phuong phap dinh v] ghra hai tap hop dit~m di\e trung

Xet diem A tren hinh 13b. D~ dua diem anh A trung voi cac diem tren hinh 13a ta e6 cac he so
TAd e, ~x, Ay}, TA2Ie, ~x, Ay ], TA3Ie, ~x, Ay ] ... Di nhien vi cac diem 1, 2, 3... e6 h~ toa d(J khac nhau
nen cac he so T A i tren se khac nhau. C6 bao nhieu diem anh tren hinh 13a thi e6 bay nhieu he so TAi

Tuong tu diem B doi voi cac diem anh 1, 2, 3 ... ta cling e6 cac he so TB1Ie, Ax, ~ y}, TB2Ie, Ax,
Ay}, TB3Ie, ~x, ~y }... va cac h~ so nay luon khac nhau.

So sanh cac he so TBivoi tung TAineu e6 hai he so nao bang nhau thi ket luan he so la phep bien
d6i chinh xac d~ hai diem anh trung nhau tuong irng. Vi du neu:

TA1Ie, Ax, Ay] = TB2Ie, ~x, Ay}, suy ra diem A tren hinh 13b chinh la diem 1 tren hinh 13a, diem B
tren hinh 13b chinh la diem 2 tren hinh 13a va neu quay, dich chuyen anh tren hinh 13b theo he tlurc Ie,
Ax, Ay] thi roan b(J diem anh ciia hinh l3b se trung voi cac diem anh tren hinh 13a mot each nrong ung.

Trong tnrong hop neu khong e6 cac he so TAiva TBinao bang nhau thi cac diem anh d6 tren hinh 13b e6
th~ khong nrong ring voi diem anh nao tren hinh 13a.
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Sau khi dinh vi gifra hai tap hop diem dac trung voi nhau, buoc tiep theo la tinh toan s6 diem dac
trung trung nhau nham tinh ty s6 d6i sanh hai van tay. Chi tiet giai bai toan d6i sanh dii duoc tac gia
Trinh bay trong [3].
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