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ABSTRACT

In this study, we propose a solution for building an Intelligent Parking
Support System (IPSS). The IPSS uses three recognition techniques
including automatic recognition for motorcycle license plate (using
cascade of Boosting with Haar-like features and Support Vector Machines
- SVM), barcode recognition, and semi-recognition via surveillance
cameras. Experimental results show that the models work well in three
stages. In the license plate area recognition stage, the model gets 99% of
accuracy when we use 750 images for training and 243 images for testing.
In the letter area recognition stage, the model achieves 95.88% of
accuracy when we use 11866 and 4755 images for training and testing,
respectively. In the last stage, we train the SVM model on 2603 records
and test it on 1550 records. The outcome result is the accuracy of 98.99%.
This is a full-fledged system and can be applied in practice.

TOM TAT

Bai viét ndy gidi thiéu mot giai phap trong xdy dung “Hé thong hé tro giir
xe thong minh - IPSS”. Nham ting dj an toan cho bdi xe, IPSS két hop cdc
ky thudt nhdn dang gé‘m.' Nhan dang va rut trich bién sé tw dong (dung
gidi thudt Boosting phdn tang cing véi ddc trung Haar-like va sau doé la
giai thudt may hoc SVM), nhan dang md vach, va nhdn dang ban tw dong
qua cdc camera quan sat. Thuc nghiém cho thdy két qua nhén dang khd
16t & cd ba giai doan: Pinh vi bién s6 dat dp chinh xdc 99% khi ding 750
anh @é huan luyén va 243 anh dé kiém thi. Dinh vi ky tw chinh xdc 95.88%
khi dimg 11866 anh cho hudn luyén va 4755 anh dé kiém thir. Phan loai ky
tw bdng gidi thudt SVM chinh xdc 98.99% khi sir dung 2603 phan tir cho
hudn luyén va 1550 phan tir cho danh gid. Hé thong da duoc cai dat hoan
chinh va c6 thé dwa vao g dung trong thuc té.

1 GIOI THIEU

Trong thuc t€, dd c6 nhiéu nhom nghién ctru va

Do mat d¢ dan sd & nudc ta phan bo kha dong
tai cac thanh phd 16n trong khi cac phuong tién
giao théng coéng cong con chua phat trién kip nén
dd bung nd cac phwong tién giao thong ca nhan,
dic biét 1a xe may. Chinh vi thé cong tic quan ly,
trong coi, kiém soat xe may, ddc biét la phat hién
cac hanh vi cia ké gian,... ton nhiéu thoi gian va
cong suc.
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thuong mai hoa bai toan xiy dung hé thong hd tro
giit xe, chang han nhu nhom Mt than thudc Trung
tam Cong nghé M6 phong - Hoc vién K¥ thuat
quén sy da cho ra doi san pham “Hé thdng quan ly
bai xe thong minh ing dung cong nghé nhan dang
bién sb két hop voi cong nghé thé” nim 2006;
Cong ty c6 phan dau tu phat trién phan mém Bién
Bac di nghién ctru va phat trién thanh cong phan
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mém STMOI trong quan ly phwong tién va phat
hién vi pham giao thong nam 2010; “Bai giit xe
thong minh” cua cong ty AIO , hé thdng nay cé
tich hgp may nhan dang vén tay (tir hé thong chdm
cong) do d6 chi c6 chinh nguoi dua xe vao maéi ¢
thé lay xe ra. DPiéu nay c6 thé gay bat tién, chang
han nhu ai d6 mugn nhd xe ngudi khac hoac & cac
siéu thi, khu mua sdm khi nguoi dua xe vao la
chdng, con ngudi lay xe ra 1a vo do nguoi chong
ban khiéng hang hoa,...; Hay hé théng “PTP_SP :
Hé thdng giit xe thong minh” ciia cong ty Vuong
Thinh Phat dang duoc cai dit kha nhiéu tai cac siéu
thi hién nay. Tuy nhién, hé thong ndy chi s dung
camera dé ghi lai hinh anh va bién s xe cua ngudi
giri dé hd trg cho nhén vién giit xe quan sat chi
chua nhan dang ty dong, va do vay viéc nhan dang
van phai can nhan vién thyc hién. Mot s6 nghién
ciru khac cling tap trung trén linh vuc ban ty
dong hodc chi ding lai & mirc kiém tra thir nghiém
giai thuat.

Tir nhimg thyc t& trén, viéc nghién ctru va xay
dung mot hé thdng hd tro giit xe théng minh - tén
goi tit 1a IPSS (Intelligent Parking Support
System) dé co thé tmg dung trong thyc té van la
can thiét. Pac biét trong nghlen clru nay, chung t6i
két hop cac k¥ thuat gom viéc nhan dang bién sd,
nhan dang ky tu, phan loai ky tu bang giai thuat
mdy hoc SVM, sir dung cong nghé barcode dé
kiém tra thé xe vao ra. Bén canh phuong phap tu
dong, nhim ting d6 an toan t01 da, hé thong nay
cling hd trg Iuu trir va truy xuét lai anh bién sd xe,
anh khuoén mit cua ngudi giri xe dé nhan vién co
thé so sanh ddi chiéu.

2 NHUNG NGHIEN CUU LIEN QUAN
TRONG LINH VUC NHAN DANG

Bai toan phat hién cac dbi tugng trong anh nhur
guong mat ngudi, nu cudi (smile),... rit duoc quan
tam. C4c nha san xut may anh nhu Canon, Nikon,
Samsung,... ciing da tich hgp cac giai thuat nhan
dang vao trong san pham cua minh vé phét hién
mit nguoi. Trong nhimg nghién ctru trude day vé
linh virc nhan dang bién sé xe, cac phuong phéap co
thé trinh bay trong 3 nhom: phuong phap hinh thai
hoc, phwong phép so khép mau, va phuong phap
may hoc (J.-W. Hsieh et al., 2002, K.-I. Kim et al.,
2002).

Vi phuong phép bién d6i Hough, V. Kamat va
S. Ganesan (1995) da dé xuat nhu sau: St dung
bién d6i Hough dé phat hién cac duong thang song
song duge xem nhu cac “Ung cir vién” ctia bién sd.
Sau d06, cac rang budc hinh hoc cua bién sé duogc
ap dung dé kiém tra xem céc g vién nay cé phai
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1a bién s6 hay khong. Bén canh d6 mot sé rang
budc chuén nhu chiéu cao/rdng cua cac ky tu phai
bang nhau, tim céc ky tu phai ndm trén mot dudng
thang, chiéu cao ciia mdi ky ty phai 16n hon phan
ntra chiéu cao bién sb trich xuit duge duge J.-W.
Hsieh (2002) gi¢i thidu. Mot tiép can khac 1a sir
dung théng ké Vé duong bién va cac toan tir hinh
thai dé trich xudt cac tng vién (blen s6 xe), sau do
loai bo cac tng vién khong dung bang cach kiém
tra cac rang budc. Nhimg phuong phap nay c6 uu
diém 1a khong phu thudc vao mau sic cua bién sb
xe, tuy nhién chung phu thudc kha nhiéu vao budc
trich ddc trung bién canh (cic doan thing g vién
thu duogc thudong ngian hon nhiéu so véi chiéu doc
cling nhu chiéu ngang cua bién sb).

Trong phuong phép so khép miu, cic mau
chuén cua bién sd xe s& duge nhan dang trude hoac
nhén dang cac tham ) thong qua mot ham. Tur mot
anh dua vao, tinh cac gia tri twong quan so vdi cac
rnau chuén. Théng qua cac gia tri twong quan do aé
quyét dinh ¢ ton tai bién sb xe trong anh hay
khong. Phuong phap nay don gian, dé cai dat, tuy
vay n6 chua hiéu qua khi ty 1§, tu thé, va hinh dang
thay doi.

O phuong phip may hoc, K.-I. Kim et al.
(2002) gi6i thidu phuong phap phat hién bién sé xe
bang cach 4p dung may hoc SVM 1én trén céc “img
vién” dugc xem nhu 1a cac vung cé két céu roi rac
(discriminatory texture). Khuyét diém cua phuong
phap nay la phu thudc nhiéu vao hinh dang va vé
ngoai cua bién s6, do d6 nd khong hiéu qua trong
diéu kién nhidu, thiéu do sang va thay doi phép
quay. Pé khic phuc cac diém bat loi trén, Q-N.
Tran et al. (2008) dé xuit mot nhan dang bang cach
két hop nhitng diém manh cua vecto mo ta SIFT
(Scale-Invariant Feature Transform) va may hoc
SVM théng qua vi€e trich cac dac trung cua bién
s6 xe ciing nhu khong phai bién sé xe dua vao cho
giai thuat SVM hoc, tir d6 co thé phan loai cho cac
dbi teong mai. Phuong phap nay khic phuc dugc
cac thach thuc chinh trong phéan loai anh nhu bién
dbi ti 18, thay ddi goc nhin, phép quay, thay ddi vé
do sang, nhiéu. Tuy nhién, n6 c6 do phurc tap cao
va thoi gian thyc hién kha 1au.

3 DPAC TRUNG HAAR-LIKE, GI{&I A
THUAT BOOSTING PHAN TANG VA MO
HINH SVM

3.1
Cac dac trung Haar-Like (P.-A. Viola va M-J.
Jones, 2001) 1a nhitng hinh chit nhat dugc phan

thanh cic ving khic nhau nhu biéu dién trong
Hinh 1:

Dac trung Haar-like
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a. DBac trung canh

b. Dac trung dudng

c. Dic trung xung quanh tdm @

d. Pac trung duong chéo
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Hinh 1: Céac dic trung Haar-Like

Gia tri cua déc trung Haar-like duoc xac dinh
boi do chénh léch gitra tong gia tri pixel mirc xam
nim trong ving den so v6i viing tring:

f(x)=T6ngvﬂlng den (cac muc xam cua pixel) —
TOngyung wring (cdc mlrc xam cua pixel)

e v}

P(x,y)= D i(x,y)

x'<x y'sy

Hinh 2: Phwong phap tinh Integral Image

Nhu vy dé tinh cac gia tri cua dac trung Haar-
like, nguoi ta phai tinh tong ctia cac pixel trén anh.
Nhung dé tinh toan cac gia tri cua cac dic trung
Haar-like cho tat ca cac vi tri trén anh doi hoi chi
phi tinh toan kha 16n, khong dap tng duogc cho ung
dung doi héi tinh run-time. Do d6, Viola va Jones
(2001) da dua ra mot khai niém goi la Integral
Image - 14 mot mang hai chiéu véi kich thude bang
v6i kich thudc cta anh can tinh cac dic trung

D = (x4, y4) (x2,y2)
—_— —_—
A+B+C+D A+B

3.2 MO hinh phén 16p phén ting (Cascade
Classifier)

Trong md hinh phén 16p phén ting, mdi tang la
mét bo phan 16p. Mot méu dé duogc phat hién la dbi
tuong thi no can phai di qua het tat ca cAc tang ciia
mod hinh, cic bd phan 16p ¢ ting sau dugc huan
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Haar-like, véi rn01 phin tir ciia mang nay dugc tinh
bing cach tinh téng cua cic diém anh phia trén
(dong - 1) bén trai (cot - 1) cia nd. Bét dau tir vi tri
trén bén trai, dén vi tri dudi bén phai ctia anh. Viéc
tinh toan nay chi dua trén phép cong sb nguyén, do
d6 tde dd duoce cai thién dang Kké.
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Hinh 3: Tinh gia tri mirc xam ciia ving D trén dnh

Sau khi da tinh dugc Integral Image, viéc tinh
tong cac gia tri mirc xdm ctia mot ving bat ky nao
d6 trén anh thuc hién theo cach sau: Gia s ta can
tinh tong cic gia tri mic Xam cta ving D nhu
trong Hinh 3, ta c6 thé tinh: D=A+B+C+ D —
(A+tB)-(A+C)+ A

V6i A + B + C+ D chinh la gia tri tai diém P4 trén
Integral Image, twong tw nhu vay A+B 1a gia tri tai
diém P2, A+C 1a gia tri tai diém P3, va A la gia tri
tai diém P1. Vay ta co thé viét lai biéu thirc tinh D:

_(X3> y3) + (Xl, yl)
. , [ —
A+C A

luyén bang nhitng mau ma bo phéan 16p trude nd
nhén dang sai. M6 hinh cascade cho nhan dang ddi
tuong dugc biéu dién trong Hinh 4. Dbi tuong
trong nghién ciru ndy 1a danh bién sé xe & giai doan
dinh vi bién s va 1a anh ky tr & giai doan dinh vi
ky tu.
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Hinh 4: M hinh phan 16p phan ting

Thuét toan néy tién hanh phén ra thanh céc giai
doan (stage), cac “vung Gmg vién” phai dat ngudng
dung (threshold) cua tat ca cac giai doan dé duoc
xac dinh la c6 chia db6i tuong. S6 luong giai doan
va ngudng quyét dinh bai dit lidu hoc va cac tham
s6 khac do nguoi dung chi dinh. Dé c6 thé nhan
dang thuat toan tién hanh 1ay mau tir 2 tap dir liéu:
tap anh duong bao gém anh ¢ chira ddi tuong va
tap anh am khong chtra di twong. Chuyén cac anh
nay sang anh mirc xam va tién hanh hoc dya trén
cac anh nay. Dir liéu hoc cang nhiéu thi nhan dién
cang chinh x4c, bao gom c4 anh duong va am, bu
lai thi thoi gian huan luyén lau hon. Néu ving nghi
ngd duoc xéc dinh ding 1a dbi twong thi thuat toan
tra vé& nhitng khung hinh chit nhat (vi c6 thé co
nhiéu déi twong trong 1 hinh). M6 hinh phan 16p
phan tang két hop vai cac dic trung Haar-like duogc
xdy dung nham rat ngan thoi gian xi 1y, giam thiéu
ty 1&€ nhén dang sai ctia bd nhan dang (ban doc quan
tdm xin tham khao thém trong tai li€u cua P.-A.
Viola va M-J. Jones (2001).

3.3 Giai thuat may hoc Support Vector
Machines (SVM)

SVM (C. Corinna and V. Vapnik, 1995) da
duoc 4p dung thanh cong trong rat nhiéu tng
dung nhu nhén dang van tay, nhan dang mat
nguoi, phan loai bénh ung thu,... Trong nghién
ciru ndy, ching ta quan tam t6i SVM la mot
phuong phap phan 16p tuyén tinh (linear
classifier), véi muc dich xac dinh mot siéu phang
(hyperplane) t6i wu dé phan tach hai 16p cua dir
liéu nghia la cho phep chia cac diém (phan tir)
dir liu thanh hai phin sao cho cac diém cung mot
16p nam vé& mot phia cua siéu phang nay. Doi véi
tap dit liéu ciia bai toan co nhiu 16p chung ta co
thé dua vé bai toan 2 16p bang ky thuat 1-tat ca
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(one vs rest) hodc 1-1 (one vs one). Vi dy, phan
16p nhi phan tuyén tinh, cho m phén tir (di€m)
dir liéu trong khong gian n chieu: {(xi, i)},

i={1..m}, véi cac thudc tinh x; € R" va nhan (16p)
yi€{l,-1}. Sau qua trinh t6i wu dé tim ra cac tham
sd (cac véc to hd tro - support vectors (v6i sb

lwvong Nsv) va cdc nhan tir Lagrange;), SVM
phan 16p phan tir dir liéu méi dén x nhu sau:
Nsy.
a;yixix—b
i=1

predict(x) = sign|

Trong d6:
a.; Z;; E:W X - yt}
=
W= oy

4 PE XUAT PHUONG PHAP NHAN
DANG VA RUT TRICH KY TU TRONG BIEN
SO XE

Chung toi dé xuit quy trinh nhan dang va rat
trich bién s6 qua cac budc chinh nhu mé ta trong
Hinh 5. O d6, sau khi hé théng nhén dugc anh chup
tor camera, hé théng s€ dinh vi va trich ra viung
chtra bién s6. Tlr viing chira bién s6 nay, thuc hién
twrong tu dé trich ra anh cac ky tu ¢ trong ving
bién s6 d6. Cac anh ky tu nay sau do dwoc chuyén
sang dang nhi phan dé 1am dAu vao cho bd phan
16p SVM. Sau cung, giai thudt SVM s€ phan loai
cac gia tri nhi phan nay thudc vao cac ky tu tuong
ung nao (0.9, A..Z).
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[ Anh chup tir Camera ]
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va dictrwng Haar-like [1, 2]
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( Dinhvi bién s6 dung Boosting phin tang

~>

va dic treng Haar-like [1, 2]
.

( Pinhvi ky tw duing Boosting phan ting
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Chuyén anh ky tw sang nhi
phan, 1am dau vao cho SVM
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/
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[ Phan loai ky tw bang Support Vector Machines = 60U14632 ]

Hinh 5: Quy trinh nhin dang va phén 16p bién s6 xe

Sau day, ching t6i s& mo ta chi tiét cach thuc
hién cho moi budce trong hinh trén.
4.1 Dinh vi viing bién sb xe

Giai doan nay st dung dac trung Haar-like va
Boosting phén ting (mdi bd phéan 16p trong Hinh 3
1a mot md hinh Boosting véi bd phéan 16p yéu 1a
Cay quyét dinh) dé dinh vi ving bién s xe, sau do
trich anh bién s6 ra nhu minh hoa trong Hinh 6.
Giai thuat dinh vi ndy c6 sin trong thu vién
EmguCV', vin d ta cin thuc hién 1a tién va hau
xtr 1y anh dé c6 duoc ving bién sé mong mubn.
Chi tiét vé cach thyuc hién duogc trinh bay qua cac
budc dudi day.

. )-1)
= b
\ | _‘\

N . P e 2 e R A
Hinh 6: Pinh vi va trich dnh bién so xe

Buée 1: Chuan bi tap dir liéu huén luyén gom
2250 anh mau. Trong dé, 750 anh chtra bién s6 xe
(tap anh nay 1a tap anh duong - positive) va 1500
anh khong chira bién s6 xe (hinh bat ky nhu phong
canh, vat dung,.. Tap anh nay con goi 1a tdp anh am
(negative) hay anh nén (background)). Luu y: Hai
tap anh nay nén cung kich thudc (trong nghién ctru
nay la 640 x 480 pixels) va nén xoay anh theo
nhiéu goc dé vét can cac truong hop thuc té.

! http://www.emgu.com/

Buéce 2: Xac dinh toa d cua cac vung chua
bién s0 xe, sau d6 luu toan bd ching vao tap tin (vi
du “location.txt”) vdi ndi dung:

<Puwong dan>/<tén anh> <sé bién s6 xe> xI1
vilwll hil x12yI12 wil2 hl2

<Puong dan>/<tén anh> <sé bién s6 xe> x21
v21 w2l h21

‘Véi: x11, y11 12:1 toa do bién sf} xe; wll, hll 1a
chiéu rong va chiéu cao bién soO nhu minh hoa
trong Hinh 7.

Vi du:

D:/bienso/l jpg 1 132 112 303 216
D:/bienso/2.jpg 1 164 122 288 209

O giai doan nay, chiing t6i d4 phat trién mot bo
cong cu dé doc anh, click-and-drag dé chon ving
bién sd va xéc dinh toa do dbi tuwong (sau do luu lai
vao file location.txt nhu da trinh bay trén).

]

Hinh 7: X4c dinh toa dd ving chira bién sb xe
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Bude 3: Tao cac mau ding cho huan luyén (sir
dung chuong trinh opencv_createsamples2 trong
thu vién EmguCV), luu lai vao tap tin vector dung
dé hudn luyén & bude tiép theo. Ca phap:

opencv_createsamples -vec vec.vec -info

D:\bienso\location.txt -num 750 -w 40 -h 30

Trong do:

— vec vec.vec: file vector ouput dugc Iuu véi
tén “vec.vec”. Pay la tdp tin vecto chra anh
thumbnail v6i kich ¢& dugc chi ra trong tham so
width va height cta tap tin location.txt. Dua vao
file nay ma chuong trinh sé€ tim ra cac dac trung
haar-like cta doi tugng, tir d6 tao by nhan dién dua
trén dac trung nay.

— info D:\bienso\location.txt: tap tin chira toa
d0 bién so da tao 6 Buoc 1.

— num 750: s6 anh dwong (bién sb) 1a 750.

— w40 -h 30: tham sd xéc dinh kich thudc anh
t0i thiéu. Neu kich thude bién s6 nho hon 40x30 thi
chuong trinh s€ cho rang khong c6 bién so trong
anh.

Buwéce 4: Tao tap tin chi myc cac anh khong
chira bién s6 xe (vi du bg.txt), tap tin nay don gian
la chita cdc duong dan va tén anh background (dnh
am — anh bat ky khong phai hodc khong chira bién
s6 xe va ¢ cung kich thude 640 x 480 pixels voi
anh chira bién sb xe), vi du:

<Pwong dan>/<tén anh>

<Pwong dan>/<tén anh>

Buée 5: Huan luyén mo hinh. Sir dung chwong
trinh opencv_haartraining (di kém vdi EmguCV)
dé huén luyén, Iuvu tdp tin mé hinh vé&i tén
bienso.xml. Ct phap nhu sau:

opencv_haartraining -data D:\bienso  -vec
vec.vec -D:\bienso\bg.txt -npos 750 -nneg 1500 -
nstages 20 -mem 2000 -w40 -h 30 -nonsym -
minhitrate 0.995 -maxfalsealarm 0.5

Trong d6:

— data D:\bienso: duong dan thu muc chira
cac file thong so ngd ra dugc cap nhat cua tang
huan luyén (cascade). Khi huan luyén chuong trinh

2 http://docs.opencv.org/doc/user_guide/ug_traincascade.html
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s€ tao ra cac thu muc tr 0 = nstages. Khi huan
luyén xong s€ tao ra file bienso.xml chira m6 hinh
dé st dung vé sau.

— vec vec.vec: chita duong dan dén file vector
da tao ra 6 Buoc 3.

— bg D:\bienso\bg.txt: duong dan dén file
chira danh sach cac anh nén (anh am) da tao ¢
Budc 4.

— npos 750: s6 luong anh duong (bién sb).

— nneg 1500: s6 lugng anh am (anh nén).

— nstages 20: s6 luong giai doan (stage)
huan luyén.

— mem 2000: dung lugng b nhd RAM can
cho qua trinh huan luyén (MB).

— nonsym: khai bdo cac d6i tugng huén luyén
la khong c6 tinh doi xtng.

— minhitrate 0.995: 1a ti 1€ du doan dung
toi thiéu.

— maxfalsealarm 0.5: ti 1& du doan sai t6i da.

4.2 Dinh vi ky tw

qu’éln toan tuong tu nhu & giai doan dinh vi
bién so, ta thqc hi’én viéc dinh vi va trich anh cac
ky tu trong bién s6 xe nhu minh hoa ¢ Hinh 8 (luu
y: sau budc nay ta mdi chi nhdn dugc cac ky tu
dudi dang anh).

Iz . =)
b0-U1
Téch anh ky tu

4632 |

4

Hinh 8: Dinh vi va trich dnh ky tw trong bién s xe

Chung t6i str dung dit liéu huan luyén trong giai
doan nay gdm 5200 anh mau. Trong d6, 1500 anh
chira anh ky tur bién s6 xe va 3700 anh khong chira
ky tu bién so xe (hinh phong canh, vat dung...).
Cac budce thyc hién hoan toan tuong ty ¢ giai doan
dinh vi bién s6. Sau khi dinh vi dwoc anh ky tu,
tach va chuyén chung vé kich thudc 20x48 pixels
nhu minh hoa trong Hinh 9. V&i mdi anh ky tu thu
dugc, chung t6i d& xuat chuyén chung vé gia tri nhi
phan dé lam tap dit liéu diu vao cho bd phan 16p
SVM.
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Hinh 9: Anh ky tu sau khi tach

4.3 Chuyén anh ky tu sang dang nhi phan

O bude nay, chung t6i chuyén cac anh ky tu
(20x48) thanh gia tri nhi phan biéu dién twong tng
cho anh, nhu minh hoa trong Hinh 11. Giai thuat
dugc chung t6i st dung ¢ day rat don gian 1a voi
mdi diém anh, néu murc sang (intensity) ciia n6 16n
hon mét ngudng nao d6 (vi du, trong nghién ctru
nay chung t6i st dung gia tri trung binh mirc xam
clia mdi anh dé lam gia tri ngudng) thi s& chuyén
thanh 1, nguoc lai 1a 0.

Tuy nhién, trong thuc té s& co luc nhirng ky tw
trong bién s6 khong thang dimg ma nghiéng vé mot
bén nao do, do do tap dir liéu phai bao gom nhiéu
goc xoay khac nhau. Qua khao sat thuc té cho thay
ring goc nghiéng ndm trong khoang tir -10° dén
10° nhu trong Hinh 10.

1117

Hinh 10: Cac goc xoay cia 1 ky tw

a2 img2bin - Chuyén anh kj ty thanh dang nhi phan.
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Hinh 11: Chuyén énh ky tw thanh ma tran nhj phan 20x48. Hinh minh hoa cho anh ky tu D, tuy nhién
ta ¢6 thé chuyén toan bd thw muc anh
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Sau khi chuyén anh ky tu sang dang nhi
phéan, tuy theo by phan 16p (classification) dugc
sit dung ma ta s& chuyén thanh dinh dang dau
vao tuwong ung cuia bd phan 16p do. Trong
nghién cuou nay, chung téi st dung LibSVM
(http://www.csie.ntu.edu.tw/~cjlin/libsvim/) véi  dinh
dang dir liéu ddu vao nhu sau:

<label><index1>:<valuel><index2>:<value2> ...

<label><index1>:<valuel> <index2>:<value2> ...

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 35 (2014): 17-30

Trong d6, cot du tién 1a nhian (16p dich can
phan loai — target class), tiép theo 1a cac vi tri co
gi4 tri. Vi du trong Hinh 11, cac sb nhi phan kich
thude 20x48 ¢6 960 vi tri va chit D duoc biéu dién
theo dinh dang cua LibSVM nhu sau: 13 23:1
24:1 869:1 870:1

Véi s6 13 tuong tng ky tur D nhur quy wée trong
bang dudi day:

Ky tu A|[B|JC|DJE]JF[G[H

LIM|N|PIR|S|T|U|V|X|Y]|Z

Sétwongung |10 [11[12]13]14]15]16]17

19120 [21(22]23124]125[26(27[28[29|30

Thuc hién twong tu cho tat ca cac anh ky tu thu
dugc & phan 4.2 (minh hoa trong Hinh 9) ta thu
dugc tp dir liéu ding dé huidn luyén mo hinh
SVM.

4.4 Xay dung mo hinh SVM

St dung bd dir liéu thu dugc & phﬁn 4.3 trudc,
huén luyén mé hinh SVM (c6 thé st dung cong cu
LibSVM) véi cac tham s6 mic dinh. Trong tuong
lai, chiing t6i s& cai tién két qua hudn luyén bing
cach tim kiém céc siéu tham s (hyper-parameters)
tdt nhat, nhu gia tri C, ham kernel, gia tri gamma,..

4.5 Nhin dang va phan loai cho mgt anh
bién s6 xe méi dén

Khi c6 mdt anh bién §6 xe mai gién,’ ta s€ sur
dung céc m(:) hinh da q(’) dé dinh vi bién so0, dinh vi
ky tu, chuyén ky tu vé dang nhi phan va sau cung
la dung SVM d¢€ nhén dang (phén loai) cac ky tu co
trong bién sO nay.

5 XAY DUNG HE THONG

Sau cac buéc huin luyén cac md hinh, cong
vi€c con lai 1a xay dung hé thong hoan chinh dé
tich hop cac mé hinh nay vao.

Tuong tu nhu bat ky mot hé thong thong tin
quan 1y nao, cac chirc nang chinh trong hé thong
nay bao gom:
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— Quan Iy xe vao/ra (luu trir hinh anh bién sb,
khuén médt cia nguoi giri xe, luu triv cac ky tu
trong bién so xe sau nhan dang, thoi gian vao/ra..).

— Quan ly thé xe (tao thé xe kém ma vach, in
thé, bao mat, bao hu,..).

— Quan ly thong tin nhan vién (gdm lich truc).
— Quan Iy tai khoan hé théng (quyén, nhom..).

— Tim kiém xe theo cac thong tin nhu bién so
xe, thoi gian vao/ra...

- Théng ké luu lugng xe ra/vao, doanh
thu, thoi gian 1am viéc ctia nhan vién theo khoang
thoi gian...

5.1 So dd tong thé cia hé thong

So dd tong thé cua hé thdng dugc biéu dién
trong Hinh 12. O d6, khi xe vao s& dimg tai vach
quy dinh, luc ndy nhén vién s& quét mé vach trén
thé gitr xe dé luu lai s trén thé. Cung luc do,
camera thir nht chup anh gwong mat cua nguoi
giri xe, camera thir 2 s& chup anh bién s xe, ca 2
anh nay déu duoc hé thong luu lai. Anh bién sb xe
s€ dugc nhan dang va chuyén thanh cac ky tu
tuong Ung. Nhu vy, cdc thong tin quan trong dugc
hé thong ghi lai 1a sb thé xe, anh guong mat nguoi
gui xe, anh bién sb xe, ky tu bién sb, va thoi gian
vao/ra.
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Xe vao

Heé thong gitr xe thong minh
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Chup bién sb

Nhan dang bién sb xe
(tu dong)

— 65-B1 01696

Chup bién s6 dbi chiéu

Luru lai hinh anh nguoi
dicu khién xe (gitp nhan |
vién nhéan dang, doi chiéu)

TRUONG DAL HOCCAN THO
\/’ KHOA CNTT & TT

THE GIU XE

000020

Nhan dang barcode
(tu dong)

/4
— 123456

KHOACNTT & TT
TIIF GIU XE

So khép tét ca thong tin
khi xe ra- vao

Hinh 12: So' dd tong thé ciia hé théng

Khi xe ra cling dung ngay vi tri quy dinh, nhan
vién s& quét ma vach trén thé nhan tir ngudi gui xe,
hé théng ty dong truy xuét lai cac thong tin khi xe
vao dé so sanh ddi chiéu, néu bién s giéng nhau
thi chuong trinh s& thong bao ding va cho xe ra.
Nguoc lai s€ canh bao dé nhéan vién so sanh dbi
chiéu cac anh d luu.

Dbi vai xe dap, do khong c¢o bién sé nén thude
tinh nay s€ khong duoc Iuu lai. Cac thong tin khac
thi twong tu nhu truong hop cua xe may.

Ciing can luu ¥ rang md hinh nay 1a giai phap
ban ty dong, do vay van phai c6 nhan vién giir xe.
Giai phap nay hd tro tdi da cho nhan vién nhdm
giam sai sot trong nhan dang bang mét qua tinh
nang nhan dang bién sb tu dong va dua ra cac 1oi
canh bao chir khong cting nhic trong viée “bit 1am
hay tha 1am”.

Ngoai ra, hé thong khong hoan toan phu thudc
vao thé giit xe barcode ma phai qua cac doi chiéu
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nhu d6i chiéu ty dong cho phan bién sé (module ®
trong Hinh 12), ddi chiéu qua quan sat hinh anh
(guong mat, quan 4o, hinh bién sb,.. — module @)
cua nguoi gii xe (do nhan vién thyc hién) do d6
viéc in thé gia khong phai la trd ngai 16n cho do an
toan ctia hé théng. Tuy nhién, trong tuwong lai
chung t6i s& huéng dén sir dung thé tir - cong nghé
bao mat tot hon nhung gi4 thanh ciing dit do hon.
So voi cac hé théng hién tai & cac siéu thi, bénh
vién,... (chi c6 module @) thi hé thong IPSS nay
hoan toan kha thi.

5.2 Luwoc dd co sé dir liéu (CSDL)

Do mdi luot xe vao/ra s& co 4 anh duoc luu lai,
chung t6i chon giai phap chi luu duong dan dén
anh trong ma khong luu tryc tiép anh vao d6 vao
CSDL. Cac birc anh sé dugc luu riéng trén dia do
d6 kich thuéc CSDL cai thién dang ké trong khi
tde do truy Xuét cling & muc chép nhan duogc. Luoc
d6 CSDL minh hoa trong Hinh 13.
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Hinh 13: Lugce d6 CSDL

5.3 Thiét ké giao di¢n giri/tra xe

Ching t6i chon giai phap 8 khung hinh cho
giao dién khi xe vao/ra nhu minh hoa trong Hinh
14. Trong d6, khung 1&2, khung 7&8 1a hinh anh
tryc tiép tir camera. Khi xe vao, hinh anh tir camera
& khung 1&2 s& duoc luu lai va hién thi trén khung

3&4. Khi xe ra, hé thong sé& load hinh anh lac xe
vao va hién thi & khung 5&6. Giao dién nay phu
hop véi truong hop mot cong vao ra. Néu trlen
khai hé théng du6i dang mot cong vao va mot cong
ra doc 1ap nhau, giao dién nay co thé tuy bién lai
con 4 khung hinh cho phu hop.

Camera
Hinh anh phia truéc Hinh anh phia trwdc
Xe vao load tr CSDL
1 3
Camera )
Hinh &nh bién s6 Hinh anh bién s6
Xe vao load tr CSDL
2 4

o ) ] Camera
Hinh anh phia truéc Hinh anh phia trwéc

xe ra de doi chiéu xe ra

5 7

Camera

Hinh anh bién sb Hinh anh bién sb
xe ra dé doi chiéu Xe ra

6 8

Hinh 14: Giao dién chinh ciia phdn quan Iy xe vao/ra

5.4 Cai dit va trién khai hé théng

Hé théng dwoc xdy dung trén nén tang NET
(VB.NET), h¢ quan tri co s& dit liéu SQL Server,
thu vién EmguCV va LibSVM.
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So db trién khai hé théng minh hoa trong Hinh
15. Trong d6, cac thiét bi can thiét gdm: 01 bd may
tinh (man hinh cang 16n cang tdt, it nhat 1a 19”), 01
may quét ma vach, 04 camera (hay webcam d¢
phan giai cao), cac rao chén va thiét bi bao vé khac.
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Rao chén
Hinh 15: So' dd trién khai hé thong

6 KET QUA PAT PUQC
6.1 DY chinh xic ciia cic mé hinh

Trong giai doan dinh vi ving bién s, chung t6i
sir dung 750 anh bién s6 cho huan luyén va 243
anh cho kiém thtr. Két qua do chinh xac dat 99%.
Trong giai doan dinh vi ky tg, 11866 anh da dugc
diung dé huin luyén va 4755 anh dugc dung dé
kiém thir, két qua do chinh xac dat 95.88%. Giai
doan phéan loai ky tu béng SVM dat do chinh xac
98.99% khi ding 2603 phan tir cho huén luyén va
1550 phén ttr cho kiém thu. Cac thuc nghiém dugc

Chuang trinh gilf xe théng minh

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 35 (2014): 17-30

thuc hién theo nghi thire kiém tra chéo 3 dudng (3-
fold cross validation).

Ngoai ra, sau khi xdy dung hé thong xong
chung t6i cling kiém tra lai d0 chinh xé4c toan bd
quy trinh nhan dang cta hé théng (gém dinh vi va
nhan dang/phan 16p bién sb) trén 215 anh bién s6
moéi. Két qua cho thy ti 1¢ nhan dang dung hoan
toan (dinh vi va phan 16p) dat 190/215 anh (twong
duong 88.37%) & 1an chup thtr nhat ciia camera. Co
25/215 (11.62%) bién sé duge dinh vi dung nhung
phan 16p sai 1 ky tu (da phan 1a sai do diéu kién
khach quan nhu bién sé qué cii do vay ky tu trén
bién s6 qua mo hodc bi chdi anh sang, hodc mot
vai truong hop cac ky tu ¢ hinh thai gn giéng
nhau nhu H va N; E va F). Bé khic phuc tinh trang
trén, trén form giao dién hé théng (nhu minh hoa
trong Hinh 16) ching t6i cai dat chuc nang nhan
dang lai thong qua viéc 4n phim néng = hodc click
vao niit “Doc tiép” dé cho phép nguoi ding kich
hoat lai viéc chup va nhan dang bién sb. Két qua
cho thiy 25 anh bi nhan dang sai & lan chup thir
nhit dd giam xudng con 10 anh & 1dn 2 va khong
con anh nao bj sai & 1an chup thr 3. Nhu vay, trong
thuc té, d6i véi nhiing bién s6 bi nhan dang sai,
nguoi dung s& 4n phim > dé hé thong chup va
nhan dang lai (thao tac 4n phim nay khéng qua 3
lan va chi mat khoang 1 gidy/lan do dé giai phap
nay hoan toan kha thi).

6.2 Mot sb giao dién minh hoa

Giao dién chinh khi xe vao ra dwgc minh hoa
trong Hinh 16, twong tu nhu da trinh bay trong
phan thiét ké & muc 5.3.

Céngcu MNgugiding  Bang digu khién Admin

5:18:10 PM

Ludng vao

127/05/2014 000001

27/05/2014 5:18:03 PM

Ludng ra

Hinh 16: Giao dién giri/tra xe
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Giao dién minh hoa cho phan quan ly thé xe trén thé giir xe cho phu hgp voi tung don vi dugc
kém ma vach dugc trinh bay trong Hinh 17. O do, trién khai.
ngudi str dung c6 thé tiiy bién mau sic, ndi dung in
¢ Bang digu khién Admin = =
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Hinh 17: Giao dién in thé xe véi ma vach
Giao dién minh hoa cho phan tim kiém thong tin dugc truy xuat bao gom thoi diém, bién s6 dang
tin xe vao/ra theo ti€u chi nao dé (bién so, thoi ky tu, anh ngudi gtri, anh bién so do vay rat tién loi
diém,..) duoc trinh bay nhu trong Hinh 18. Thong trong viéc quan ly.
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1/27/2014 854 AM | 1/27/2014 8:54 AM | B6-F3-79744
1/28/2014 202 AM | 1/28/2014 203 AM | 65-P1-8611
1/28/2014 208 AM | 1/28/2014 2:08 AM | B3-N1-1216
1/28/2014 12:47 PM | 1/28/2014 12:47 PM | 54-F1-8703
1/29/2014 11:04 AM | 1/29/2014 11:04 AM | 65-E1-03166
1/29/2014 11:05 AM | 1/28/20714 11:06 AM | 65-R2-0956
1/29/2014 11:07 AM | 1/29/20714 11:08 AM | 67-M9-4984
1/29/2014 11:09 AM | 1/29/2074 11:09 AM | 67-M9-4384
1/25/2014 12:03 PM | 1/29/2014 1203 PM | 63-T1-3141
1/29/2014 12:04 PM | 1/29/2014 12:04 PM | 64-51-1106
1/29/2014 12:06 PM | 1/29/20714 12.06 PM | 65-B1-15798

GO« 2eo0uasoam (320014459AM | 65Xa4424
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Hinh 18: Giao dién Tim thong tin xe vao/ra
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Ngoai ra, hé thong con hd trg nhiéu tinh ning
khac twong Gng véi 2 nhom nguoi dung chinh la
admin va nhan vién.

— Nhém nhén vién ¢ cac quyén nhu quan ly
Xe ra - vao, bao mat thé, bao hu thé, quan ly mat
khau dang nhép, tuy chon camera, tiy chon thu
muc luu anh, tim kiém xe vao ra theo cac tiéu chi,
thong ké...

— Nhém admin c6 tit ca quyén cua nhéan vién
va thém cac quyén nhu: cip nhat théng tin nhan
vién, chim cong, quan 1y gia tién giri cho timg loai
xe, in thé xe...

7 KET LUAN VA HUONG PHAT TRIEN

Chung t6i da dé xuét giai phap xay dung hé
thong hd trg gitr xe thong minh IPSS. Pay la hé
thdng két hop ca ba k¥ thuat nhan dang nham ting
d6 an toan toi da trong quan 1y bai xe, gom: Nhan
dang bién sd, nhin dang ma vach, va nhan dang
ban ty dong qua cac camera quan sat. Ngoai ra,
IPSS con hd trg nhiéu tinh ning khac nhu in thé
giit xe (kém ma vach), tim kiém, thong ké, quan ly
lich truc,... IPSS dugc xay dung trén nén tang
.NET + SQL Server, thu vién EmguCV (OpenCV)
+ LIBSVM.

Nghién ctru s€ tiép tuc dugc hoan thién thong
qua viéc cai thién d¢ chinh xac cia m6 hinh dinh vi
ky tu. Hién tai, do bo dit liéu huén luyén con chua
du 16n nén mot s ky tw gan giéng nhau van con bi
nhén dang sai, nhu EvaF, NvaH, 1va7.

LOI CAM TA

Nghién ciru nay duogc tai trg boi dé tai NCKH
cép Truong PHCT mé sb T2014-08 va Phong Xir
Iy dr li€u thong minh — Khoa CNTT&TT, PHCT.
Nhom tac gia chan thanh cam on céc gop y cua TS.
Pham Nguyén Khang.
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