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Tom tat:

Bai bdo trinh bay phwong phdp tich hop gidi thudt di truyén (Genetic Algorithm: GA) va mang
noron (Neural Network: NN) lan truyén nguoc (Back Propagation: BP) dé tranh cuec tiéu cuc bo trong ky
thudt hoc theo phwong phap ha Graddient cho lop bai todn nhdn mau hodc dw béo. T hu’c hién vin dé do,
qua trinh hoc NN d‘uoc chia thanh hal pha: pha dau sir dung GA dé xdc dinh tap trong sé (weights) khoi dau
cua mang noron nam dwm: viing t6i wu; pha hai: ding thudt todn lan truyen nguwoc dé thu dwoc tdp trong
6 161 uu toan cuc cudi cing. Cdc thir nghiém phiong phdp cho nhdn mau van tay dwoc thiee hién. Két qua
hoc bcfng cdach tich hop GA va mang no ron dwoc so sanh voi viéc hoc cua mang no ron khong tich hop va

dinh hiedng nghién ciru tiép dirge dé xudt

Tir khoa: Mang noron, thudt toan lan truyén nguoc, giai thudt di truyén, nhdn méu, du bdo.

1. Gio6i thiéu

C6 nhiéu phwong phép va cong cu khac nhau
dé giai bai toan du b4o va nhan mau [4, 5, 13, 14,
15]. Bé giai quyét nhng truong hop phi tuyén tét,
hodc tranh roi vao t6i wu cuc bo, ching ta co thé
dung NN lai v6i GA[6,7, 8,9, 10, 11, 15].

NN ¢6 nhidu ciu tric khac nhau, nhung
thuong dung nhit 14 mang BP [2, 4, 5] do hdi tu
nhanh. Han ché cua no 1a két qua hoc chi tim dugc
tap trong ti wu cuc bd [8]; do do, mot bién phap 1a
ding GA dé xac dinh gia tri cac trong sb khoi dau
thudc ving tdi wu toan cuc, dam bao mang c6 bo
trong $6 t6i wu toan cuc.

Noi dung bai bao nay la thir nghiém két hop
NN va GA dé giai 16p bai toan nhan mau hoic 16p
bai toan du bao.

2. Giai thuit di truyén

GA duoc dé xut nhu 1a qua trinh tim kiém
dua trén luat chon loc tu nhién va di truyén hoc. Thuat
toan dugc st dung dé tim cac gia tri trong s6 ban
dau quanh ving t6i wu ciia mang no ron. Hinh 1 mé
ta qua trinh hoat dong cua ctia GA [6] vai cac budce:

1. Khéi tao ngau nhien tao mot quan thé ban
dau (thé hé 0): P’ = (w” , 1/.0) trong do wg-:
tap cac NST (trong s6) thé he O

2. Tinh gia tri tu: ham thich nghi f(w ’) cua
mdi NST w; "trong quan thé P' hién tai.

3. Dua vao gia tri thich nghi, tao ra cac NST
m&i bang cach chon loc cac NST cha me, 4p dung
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thuat toan lai va dot bién.
4. Loai NST c6 d0 thich nghi kém,thay NST
moéi vao quan thé.

Hinh 1. Chu trinh hoat dong cia GA

5. Tinh cac gia tri thich nghi cho NST méi
f(w !) va chén vao quan thé.

6. Tang s lugng thé hé t néu chua dat diéu
kién ding va lap lai tir buée 3. Khi dat diéu kién
két thuc thi dimg va cho NST t6t nhat (1a bd trong
sO can tim).

3. Két hgp mang noron véi GA
Cho cau trac NN. Dung GA tim tap cac trong
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s nam trong mién dan ching t6i téi wu toan cuc
cho NN. Mot quan thé gdm N chudi trong s clia
mang dugc khoi tao ngéu nhién. Sau G thé hé tién
hod, c4 thé t6t nhét trong G thé hé dugc giit lai. Cac
ca thé nay, sau do, dugc giai ma va dua vao NN dé
hoc tiép. Trong hé tich hop niy, qué trinh hoc ¢
thé phan thanh hai giai doan huan luyén. Giai doan
dau str dung GA v6i ham thich nghi (ham muc tiéu)
duoc xac dinh theo:

E=32(d-n}=52 f(Z(w” x; =)
(1)

trong do: d, va y, tuong Umg la d4u ra mong mudn
va thuc té ctia noron thtr i; X, 1a du vao tht j; w, 1a
trong s lién két giita dau vao thtr j dén dau ra thit i.
Giai doan hai str dung thudt toan lan truyén nguoc
dé tim cac trong s6 ti wu toan cuc tir két qua cua
giai doan 1.

Giai doan 1: Pha hoc diung GA

Thudat toan:

Burée 0. Khoi tao cac NST ngau nhién (trong
s6 khoi dau) cho thé hé hlen tai va cac tham so lam
viéc. Dat NST dau tién 13 tot nhat best_chromosome

Budre 1. Lap tir i=1 dén kich thude quan thé
n. Khéi tao sub_total fitness bang 0 va sub best
chromosome 12 rong.

Buée 2. Lap tir j=1 dén d6 dai ciia NST m

- Thye hién thii tuc truyén thidng cho mang 3
16p st dung ham tuong tac dang sigmoid:

1 _ m
(u) = [Tt 4™ 2 WX~ W )

- Tinh ham muc tiéu (1)
- Tinh t6ng sai s0 total_fitness bang cach tich
lily sub_total fitness
Buoc 3. Luu best chromosome vao sub
best_chromosome
Buoc 4. So sanh cac sub_best_chromosome
Dit sub_best_chromosome 16n nhat 13 best_chro-
mosome.
Bude 5. Lap tir i=0 dén kich thudc quan thé n
- Khoi tao sub_total fitness bang 0 va sub_
best_chromosome la rong;
- Lap tirj=1 t61 do dai NST m
* Chon cac NSTcha me st dung phuong
phép chon theo banh xe Roulette
* Ap dung cac phép lai va dot bién
- Lap tir k=1 d&én do dai nhiém sac thé:
* Thuc hién thu tuc truyén théng cho mang
* Tinh céc gia tri ham muc ti€u cho cac NST
cha me.
- Tinh sub_total fitness bang cach tich liy
gia tri ham muyc tiéu cia mdi nhiém séc thé.
- Luu best chromosome vao sub best
chromosome
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Buodc 6. Thay thé hé cii bé’mg thé hé méi néu
chua théa man diéu kién dirng.

Giai doan 2: Pha hoc diing thudt todn lan truyén
nguwoc

Buoce 0 (Khoi tao)

Chon ngudng 16i £, ,=0. Khi tao gia tri
chc trong so: 1dy két qua thu dugc tr pha 1.

Buée 1 (Bat dau mot chu ky hoc)

Ap dung véc to vao dbi vai 16p vao k cua
NN (k=1):*y, = *Out, = ’Out =x, Vi,

Buoc 2 (Lan truyen tzen)

Lan truyen tién cac tin hiéu vao qua mang,
cho dén khi nhan duogc cac gia tri ra cua mang (&
16p dau ra) KOut,

Buoc 3 (Tznh todn 16i dau ra)

Tinh sai s6 ra ciia mang va tin hiéu 16i ‘9, cua
mdi no ron ("7 lép rai.

2

E= 7. Z (d”“) kOutl-)

i=1

k5 ( —*Out. ))&Nez
o day, f= %; *u; = *Net, 4)

Buoc 4 (Lan truyén nguoc 161)
Lan truyén nguoc sai s dé cap nhat trong sb
va tinh tin hi¢u sai s6 /0, cho cac 16p trudc.

£, = 1.8,).(+ 0w ®
W e+ 1) ="w, (1) + 0" (1)
1S :/("’lNezi)Z]kVI/ﬁ”Bj,».

Buée 5. Kiém tra tap hoc da dugc str dung.
Néu tap dir liéu hoc da dugc dung, chuyén dén Buéc
6; nguoc lai, chuyén dén Buée 1.

Buoc 6 (Kzém tra 16i tdng thé)

Néu 15i téng thé E dat ngudng 15i chap nhan
(Ethieshal »)» qué trinh hoc két thiic va tra vé cac trong
s0 toi wu. Nguogc lal gan lai 161 bang 0, bit ddu chu
ky hoc méi (quay vé Budce 1).

4. Ung dung

Trong bai bao, chiing t6i thir nghi€ém phuong
phép tich hop d3 néu cho nhan mau van tay theo
cac dic trung mirc hai. Bai toan du béo ciing c¢6 thé
ding GA tuong tu dé tinh trong ban dau.
4.1. Cac dac trung van tay

Déu van tay 1a mot thé hién bing nhirng
dudng van ddu ngén tay ciia mot ngudi. Co thé chia
dac trung van tay (hinh 2 a, b, ¢) thanh ba mrc do
(level): level 1: mau — Pattern); level 2:cac diém
dau, két thac, chac ba — Minutaie; level 3: cac 15
chén 16ng va kiéu van — Pores and Ridge Shape.
Hau hét cac hé théng nhan mau van tay sir dung cac
dac trung mae 1 vamace 2 [5, 6, 11, 12].
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b. Level 2

'l d. Fingerprint Minutise
c. Level 3

Hinh 2. Cac mirc do dac trung cua vdn tay

Bai bao str dung muc hai. Mttc hai c6 nhiéu
k¥ thudt trich chon dac trung khac nhau. Trong
pham vi thir nghiém trén may tinh xach tay, chung
t6i chon Core hodc Delta (Hinh 2.d) 1am gbc toa
do, chia van trén mot ngén tay thanh 4 goc phan
tu, mdi goc phan tu trong mit phing hai chidu; tim
diém trung binh cua cac gia tri két thic, bit dau
hoic chac ba cua véan tay. Diém trung binh c6 2 gia
tri theo toa do truc (x, y), 4 gbc phan tu s€ co 8 gia
trj ddc trung tré thanh 8 dic trung dau vao x = [x,,
X,, ..., X,/ cho NN.

4.2. Nhan dang van tay
4.2.1. Thiét ké mang noron nhan tao

Chon BP NN ba 16p-du kha ning nhén biét
cac mau dau vao v6i ham tuwong tac du ra lién tuc,
kha vi, bi chan [4, 14, 15] nhu (2).

Lép ra

Lép 4n
Hinh 3. Cdu triic NN ba 16p lan truyén nguoc

Lép vao

a. Lop vao (Input Layer)

V6i tap mau dau vao x, noron thtr ¢ cua 16p
an duoc xac dinh:

m
net, = ]; ViXi =12 m;q=12..,1 (6)
trong d6 m 1a sé no ron cua 16p vao, ¢ 1a s6 no ron
thlr ¢ trong / no ron cua lop an.

b. Lop an. Dau ra cua 16p an

% :f(an) - /( 21 V(U'xj) (7
J=
trong do, /(.) 1a ham tuong tac dau ra (2).
1
f(netq) = 1+ e*/lnclq (8)
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Chon 1000 noron cho 16p 4n qua thuc ng-
hiém tir nhirng két qua ti wu va gia tri 13i trong qua
trinh hudn luyén.

¢. Lép ra: chon ham tuong tac du ra cia 16p
ra glong cac lop khac (2), khi do:
net; = Z W2, = Z Z vq]x7> 9)

g=1

1 l m
v flner) =1 2 quzq)Z Y2 vqij))
q= q= J=

Trong d6: i 13 no ron tht i trong n no ron dau
ra dugc chon tuy thudc vao cach ma hoa dac trung
dau ra. Trong bai toan, chon sé no ron 16p ra n = 10,
vi 2 = 2/16n hon s6 mau thi.

4.2.2. Nhian miu van tay két hop NN va GA
Nhan mau dugce thyc hién trong 4 thao tac:
a) Tai hinh anh van tay can nhan dang tir tap
co s¢ dir li¢u anh thu thap duoc da chuén hoa

Téiioh

Hinh 4. Cira s6 tai hinh dnh van tay

b) Hoc theo GA: (Hinh 4. Chon Nut: “Thuét
toan GA”): goi chuong trinh hoc theo GA:
- Cho trong s6 khéi dau (xem Hinh 5, cot
bén phai “Két qua khoi tao”
- “Két qua huén luyén” 6 Hinh 5 cét trai.

Kt qua khdi oo Ké qué husin huyén

8114 716613 001999998
146904939 -3001999993
691045 1823 50013998
44754 3867 5001999996
1273141437 2001989983
645718 56 1 ->0 01999954
45 1756 2921 ->001999996
173398 7347 ->001999999
4821443758 2001999899
16 12496738 ->001993958
1366655770 -5002 i |

Hinh 5. Thurc hién thudt toan GA: pha hoc 1
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Két qua hoc dung thuét toan GA1 (Hinh 6).

K&t qua khdi too

3114 7166 13->0.01999298 -
14690 49 39 ->0 01999993

69 1045 18 23 ->0.01999992

44754 38 67 ->0,019999%6

127314 14 87 ->0.01999993

6497 1856 1 -->0.01999384

451756 29 21 ~>0.01999996

173398 7347 ->0.01999999

4821 44 3758 ->0,01939999

16 12496798 ->0.01999998

13666557 70 ->0.02 A

Hinh 6. Két qud khai tao trong 56 thuc hién béi GA

Két qua nay dung lam khoi tao cho pha 2:
hoc ding thuat toan lan truyén nguoc ciia NN. Trén
Hinh 6, s6 1an hoc tién hanh duoc hién thi trén man
hinh tuong tac. Ty 1€ lai dugc thtr voi 25% va dot
bién 1% ciia NST [11].

¢) Hudn luyén NN: pha hoc 2. Nhan nut
“Huén luyén voi ANN”, ta c6 két qua thir nghiém
ctia mot lan hoc nhu Hinh 7.

K&t qua hudn luydn S5 18n Training: 86

5947 60 62 73 —>0.02 -
66 88 74 70 ~>0.02

576954 7379 ->0.02

6860 63 63 75 ->0,02

6165 86 76 44 —->002

796875939 ->002

80 76 97 85 65 ->0.02
606363 75 002

9799 68 53 60 ~>0.02

176978567 ->0.02 ,

764163 7380 ->0.02 (=

Hinh 7. Hoc bang thudt todn lan truyén nguwoc

d) Nhan dang. Mau nhan dang dugc dua vao
trén NN da hoc. Mau dugc gan tén ngudi, gidi tinh
(Nam/nir), ngay sinh, s6 chung minh thu, dia chi...

895 glgrie
R qub A e a2 qué habn oyl 55180 Training 4 Hotin Mg Thank Bl
T - EunEn-an - GElh: Mo
S cire 1 e o
P same B s wwan

i s L

RATIS34 56200195998

|66 ST BT AL
Sk HERT
e B0
T TN BS0-00

RN 00
NI B T8 -0 nsae

Hinh 8. Nhdn mdu vén tay bang mang no ron véi GA
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4.2.3. Thuc nghiém nhian miu

Dé 4p dung thuc nghiém nhan miu van tay
st dung phuong phap trén (Hinh 8), ching toi ap
dung hé théng cho Truong Pai hoc Coéng nghé
Pong A, co so dir liéu van tay 1a cta cac nhan vién
Nha truong trén 40 nhan vién va gin 400 mau van
tay. Cac thong tin ctia cac nhan vién va mau van tay
dugc luu trit trong co s¢ dir liéu cua hé thong. Trong
400 mau, 300 mau (75%) van tay dung cho viéc hoc
va 100 (chiém 25%) mau dung dé thir (Test). Mau
thir chira ca mau duoc hoc va mau chua dugce hoc
dé xem xét kha nang suy dién ciia NN. Cac mau di
tién hanh tién xur 1y bang cac k¥ thuat xu 1y anh, va
chuin héa d6 twong phan, khuén dang [1, 3].

4.3. Két qua dat dwoc

Thir nghiém tién hanh trén may tinh c6 cdu
hinh: Intel® Core™i5-6500U CPU 2.3 GHz.

a) Thoi gian thuc hién:

Phuong phap tich hgp mang noron va giai
thuat di truyén GA-NN c6 thoi gian thuc hién
nhanh hon phuong phap nhan mau bang NN (Béang
1). Didu nay d& giai thich vi GA-NN da dugc dua
vé viing tdi wu trude. Trong mot sb truong hop GA—
NN da cho dung tap trong tdi wu, nén thoi gian hoc
pha hai nhanh. Tuy nhién, thoi gian hoc ¢ giai doan
mot voi GA dai. C6 thé dé xudt chién luge hoc: cho
pha hoc cia GA hoc 1dn dau (c6 thé kéo dai), cac
mAau van tay cdp nhat c6 thé bo qua giai doan nay,
tranh thoi gian kéo dai.

Bang 1. Thoi gian nhdn mau ciia ANN, GA-NN

Mau Thai gian thuce hién nhan dang (s)
ANN GA - NN
Mau 1 17 10
Mau 2 33 15
Mau 3 23 12
Mau 4 36 16
Mau 5 42 17
BAann ] GA-nN
= 45
T 40
5 35
‘% 30
& 5
:E. 20
5 15
_a 10
B s
=
= 9
Miu 1 Mau 2 Mau 3 Mau 4 Maus

Hinh 9. So sanh thoi gian thuc hién nhan méu cia
ANN va GA-NN
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b) Téc do nhan miu (%):
Téc d6 nhan mau cia phuong phap GA-NN
cao hon so v6i phuong phap ANN.
Béng 2. Toc do nhdn mau ciia ANN va GA-NN

Méiu Téc do nhan dang (%)
ANN GA-NN

Mau 1 86 98

Mau 2 82 98.22

Mau 3 90 99.21

Mau 4 92 99.33

Mau 5 89 98.85

HANN OGA-NN
= 100
g
5’ 80 —
.g 60 —
T a0 -
<
= 20 -
0  —
Mau 1 Mau 2 Méu 3 Mau 4 Méau 5

Hinh 10. Téc d6 nhdn mdu ciia ANN va GA-NN

Tai liéu tham khao

ISSN 2354-0575

5. Két luan

NN tich hop v6i GA c6 kha nang téi uvu qua
trinh hoc toan cuc, gitip ta xac dinh tot bo trong s6
(g v&i 16i ra nho nhat. NN tich hgp ¢6 nhiing két
qua t6t hon so v6i khong tich hop, tuy nhién, thoi
gian hoc giai doan mét (véi GA kha 16n). Mdi lan
ding GA, c6 thé cho két qua khac nhau phy thudc
vao diém lai, qu.'?m thé lai va dot bién. Mdi 1an hoc
phal ctia GA cho két qua, thoi gian hoc, s6 vong lap
la khac nhau. Trong thuc nghiém lai GA-NN, ching
t6i giai quyét bai toan nhan mau va hoan toan c6 thé
st dung n6 cho 16p bai toan dy bao va cac bai toan
khac kiéu tuong tu.

Hudng tiép theo, ching t6i s& nghién ctru cai
tién dé chay trén mdy tinh céu hinh 16n véi nhiéu
tham s6 va cip d6 van tay mirc ba. Céc thir nghiém
s& ¢ gang phong pha s6 mau, chi tiét hon. Cac két
quéa s& dugc thong béo trong nhiing cong bd tiép
theo.
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NEURAL NETWORKS AND GENETIC ALGORITHM
FOR FINGERPRINT PATTERN RECOGNITION

Abstract:

In this paper, we integrate Genetic Algorithm (GA) with Backpopagation Neural Network (BP
NN to remove local minimums when using Gradient Recent technique for some problems such as pattern
recognitions or forecasting. With this method, learning process can be divided in two phases: first phase using
GA to define initial NN weighs, second phase using traditional BP Algorithm to receive global optimization
weights. We to make some experiments using the intergrated technique on Fingerprint Recognition and to
compare the results of the technique with the non-ingterated NN.
Keywords: Backpropagation, Genetic Algorithm, Pattern Fingerprint Recognition, Forecasting.
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