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MOT PHUGNG PHAP CAI TIEN TiM KIEM ANH TREN CO SG HINH
DANG VA UNG DUNG TRONG GIS

DANG VAN DUC!, NGUYEN TIEN THANH?

LVien Cong nghé thong tin, Vién Khoa hoc va cong nghé Viet Nam
2Khoa Todn tin wng dung, Pai hoc Bach khoa Ha Noi

T6m tit. Bai bao gidi thieu ky thuat cai tién tim kiém &nh trén co s& diic trung mitc thap va ing
dung chiing trong bai toan tim kiém déi tugng dia ly dang ving trong CSDL khong gian. Sau khi
nghién citu, danh gi4d mot s6 thuat toan tim kiém &nh dya trén dic trung ving cia hinh dang nhu
bo mo ta Fourier vi bo mo ta ludi, da dé xuit mot s6 cai tién dé hinh thanh thuat toan mdi c6 hieu
qué tim kiém cao hon. Bai béo con trinh bay két qud tng dung thuat toan cdi tién nay vao viéc phat
trién chitc ning tim kiém cac doi tugng dang ving tuong tu v6i hinh dang phéc hoa & dau vao truy
van trong CSDL GIS.

Abstract. This paper deals with an improvement of the retrieval algorithm based on object shape.
After discussing about image retrieval based on shape methods such as Fourier descriptors and region-
based shape presentation, a new proposed technique will be pressented for efficient shape similarity

search. Some applications of the results to the GIS are also described.

1. GIOGI THIEU

Tim kiém &nh trén co sd ndi dung mitc thap trong cd sd dit lieu (CSDL) anh da dugc
quan tam nghién citu v& ¢6 nhidu két qua tit nhidu nim nay [3,4]. Y tudng chung ciia viéc
chi muc va tim kiém trong CSDL &nh 14 trich chon dic trung anh tit mau sic, hinh dang va
két ciu trong mién quan st vd trong mién bién déi 4nh, sau dé thyc hien ddi sanh tuong
tu dé tim ra doéi tugng dap Ung yéu cau ctia ngudi sit dung. Thong thuong, khi phat trién
hé théng, ngusi ta phai két hgp nhiéu k§ thuat khac nhau dé nang cao hi¢u ning tim kiém.
Bai bao trinh bay két qua thit nghiém, danh gi4 hai thuat todn quen thudc tim kiém anh
trén co s6 dic trung vimng: bo mo ta lusi va bo mo ta Fourier. VA dé xuit ci tién k§ thuat
tim kiém dnh dya trén dic trung bo mo ta Fourier, tng dung ching dé phét trién chic ning
tim kiém ddi tugng dia 1y trong hé thong thong tin dia 1y (GIS). GIS bao gom khong chi cic
chitc ndng hd trg thu thap, quin Iy dit lieu khong gian, ma ching con bao gom tap phong
phit cac thao tac khong gian nhu trinh dién, duyét, tim kiém doi tugng va phan tich trén dit
ligu khong gian [5,7] dé c6 duge thong tin hitu ich ddi v6i ngudi sit dung. Dit licu khong gian
bao gom hai thanh phan chinh: dit liéu thugc tinh va dit liéu hinh hoc. Vi dé xuét tng dung
ky thuat Bo mo t& Fourier cdi tién vao viéc tim kiém cac dbi tuong dia ly dya trén thanh
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phan hinh hoc ciia chiing trong CSDL khong gian, nhdm nang cao kha nang trinh dién va
phan tich cia GIS.

Bai bdo gom nim phan. Sau phan gidi thieu bai todn can gidi quyét 14 Muc 2 trinh bay
phuong phap tim kiém &nh dya trén dic trung ving da duge dé xuat trude day va trinh bay
cac két qua thit nghiém, danh gia vé cdc phuong phap nay. Muc 3 13 dé xuit cac cai tién,
két quad thit nghiém va so sanh vdi phuong phap trinh bay trong Muc 2. Muc 4 tap trung
vao mo td kha nang ting dung ki thuat da dé xuét vao xay dyng chic niang tim kiém d6i
tugng dia ly trén co sé thanh phan dit lieu hinh hoc trong CSDL khong gian. Cudi cling 13
mot vai két luan vé phuong phap dé xuit va két qua tng dung.

2. TIM KIEM ANH DUA TREN DAC TRUNG VUNG

2.1. Thuat toan moé ta lugi (GD)

Viéc tim kiém anh trén co sé noi dung bang phuong phap mo ta lusi duge phat trién bdi
G. Lu va Sajjanhar tit nim 1999 [4,10]. Y tudng clia thuat toan la st dung cic phép bién
ddi dbi véi dac trung viung ctia hinh dang sao cho két qué tim kiém khong bi &nh hudng béi
cac phép bién ddi co dan va xoay.

Xét anh s6 duge cho bdi ma tran A(z,y), phuong phap mo ti lu6i duge thuc hién nhu
sau (Hinh 1.1):

e Néu A 13 4nh mau, chuyén A thanh dnh da mic xam. Tiép d6 tién hanh nhi phan héa
dnh A dé thu duge dnh nhi phan. Anh nay sé dudc st dung cho cac bude sau.

e Tim truc chinh ciia 4nh: Truc chinh ciia 4nh 1a truc di qua 2 diém xa nhit cia déi
tuong trén anh sb.

e Chuin hoéa quay dbi véi &nh: Chuin héa nay duge thyc hien dé dua truc chinh ciia

anh vé song song v6i truc Ox.
e Cit phan hinh dang anh thu dugc 4nh mdi.

e Chuin héa co gidn véi anh di cit: Chuan héa niy duge thire hién véi muc dich dua
anh vé cting mot kich thude so v6i ludi da dinh sén.

e Chia &nh d6 trén ludi kich thuge n x n (thuong ding 14 16 x 16), néu viing 4nh c6 sd
diém anh trong 1 6 trén ludi chiém hon 0% s6 diém &anh trong 6 dat gid tri 6 d6 1a 1,
nguge lai dat 13 0. 6 thuong chon 13 25%. Két qua dau ra 1a chudi nhi phan dai dién
cho dnh. Chudi nay 13 mot dic trung ciia dnh, sé duge luu lai trong co s§ dit lieu dé
phuc vu cho bai toan truy van anh trén co sd viing hinh dang.

2.2. Thuat toan bé mo ta Fourier (FD)

Thuat toan bo mo ta Fourier (FD) sit dung phép bién ddi Fourier 1&i rac d6i véi dnh s
[2,3,9,11]. Nhitng dic trung trén mién tan sd ctia &nh dugc trich chon tit phuong phap nay
ciing sé dugce luu trit dé phuc vu bai toan tim kiém anh dya trén d6i sanh tuong ty. Hon
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Hinh 1. Cac bude thuc hién ciia thuat toan GD
nita ciing tit nhan xét “hai dnh giéng nhau nhung bi quay di mot géc khac nhau sau phép
bién ddi Fourier rdi rac cho hai phd ciing bi quay di cling mot goc” da goi ¥ viec chuyén dnh
s6 A(x,y) cling nhu phd clia né P(u,v) sang toa do cyc (Hinh 2) [1].

Hinh 2. Anh trong he toa do cuc bién déi

Heé toa do citc duge xem nhu mot hé truc gom 2 tryc 1a r, # nhu trong hé toa do Decacter.
Ap dung bién ddi Fourier i rac cho anh trong hé toa do r,  (mién hinh chit nhat) ta c6

n

Fp,0) = 33 Alry, 0y)e 2w Chot 529 (2.1)

k=11=1

trong dé 7y, 1 gid tri ban kinh tai moc thit k trong [0, R) k = 1,m, §; = [/27, R 14 chuyén
ddi tan s6 ban kinh, m va n 1a s6 khodng chia trén [0, R) va [0,27) tity chon, p € [0, R) v&
¢ €10,2m).

Thuat toan tim kiém anh dua trén bo mé ta Fourier duge mo ta nhu sau.

Cho anh $6 A(x,y) véix € [0, M —1] va y € [0, N — 1], &nh trong hé¢ toa do cuc 1a A(r, 6)
v6ir € [0, R) va § € [0,27), R la ban kinh 16n nhit ctia hinh dang. Cap cac diém ctia hinh
dang trong dnh dugce ky hiéu (z(t),y(t)) trong d6 t =1,...,T.

Tam ctia hinh dang (z¢, yco) cho bdi cong thic (2.2)

1 T-1
o = T — .’Il'(t)7
LT (2.2)
Yo = f y(t)v
=0
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Duya vao (2.1) va (2.3), ta dinh nghia bo mo ta Fourier clia 4nh s6 (FD) nhu sau

C[IF©,0)] [FO,1)]  |[Fm-10)]  |Fm—1n-1)
FD‘{ S CIFQ.0) T FO.0)] U [F(0,0) }

(2.4)

trong d6, S = dién tich hinh tron cyc v6i ban kinh, R = 7R2. Gi4 tri m va n thuong chon
béng 8 va tit (2.4) thu duge bo mo t4 Fourier 1a mot vector gom 64 thanh phan.

Bo mo t4 FD 1a mot loai dic trung ctia anh s6, dude Iuu trit phuc vu cho bai toan tim
kiém anh.
2.3. Két qua thit nghiém

Két qua thit nghiém dbi véi thuat toan tim kiém anh dya trén hinh dang duge thie hién
v6i 504 dnh theo chuin MPEG-7 va dugc chia thanh 24 nhém véi cac hinh dang duge bién
ddi khac nhau (download tai dia chi (http://gofaster.gscit.monash.edu.au/~dengs/
Regionn/src/). Dé danh gia hiéu qua ciia phuong phép, ta sit dung cip thudce do do chinh
xac (Precision) va kha ning tim hét (Recall) mo ta trong [3]. Thuyc hign 168 tim kiém véi
anh mau lay tric tiép tit CSDL, quan sat két qua tim kiém va tinh toan Precision va Recall
ta thu duge két qua nhu trén Hinh 3.
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Hinh 3. Biéu dd Precision-Recall ctia phuong phép lugi
Viéc thit nghiém tim kiém trén co s bd mo ta ludi véi ngudng sai s6 cho phép 1a € = 20%.

Phuong phap c6 do tin cay cao (gid tri Precision 16n). Diéu nay duge gidi thich tit bi¢u
do 1a tng véi mdi mic Recall xac dinh, gia tri Precision 13 16n. Dudng biéu dién Precision
¢6 xu huéng nim ngang cho thiy tinh dn dinh ciia két qué tim kiém khi sit dung phuong
phép nay. Phuong phap mo ta ludi thu hit duge sy quan tam clia nhidu tac gid vi né “dé
hiéu v& phit hgp v6i tryc gidce clia con ngudi” [9]. Tuy nhién phuong phap nay phai tinh toan
rat nhiéu véi nhiéu phép chuan héa phic tap nhu

e Chuin héa quay: Day 14 chuin héa phiic tap nhit clia thuit toin niy. Phitc tap dén
tir khau chon hinh bao cho ving hinh dang, tim truc chinh t6i wu v& quay phan hinh
dang sau khi cit riéng viing hinh dang. Nhitng thuat toan nay doi héi mot kj thuat
lap trinh va x1t I¥ & mic thong thao véi d6i tugng anh sb.

e Chuin héa co dan va noi suy anh sau chuan héa: Day 13 hai chuidn héa don gian hon
cd vé ly thuyét vi trién khai trén ngdon ngit lap trinh cu theé.

e Trong mot s6 truong hgp cac hinh giéng nhau vé hinh dang nhung truc chinh t6i wu
khic nhau. Khi chuan héa quay vi chuin héa co dan céc hinh thi dang trén ludi ciia
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ching lai rat khac nhau din t6i chudi nhi phan dai dién khac nhau va khoang cich hai
hinh 14 16n (ngudng sai s6 chon so sanh 1a 25%) trong khi cac hinh lai rat giéng nhau.

V6i mot CSDL 16n, nhitng cong viéc ndy rat ton kém thoi gian tinh toan dé ra duge chudi
nhi phan ctia viing hinh dang ctia &nh. Hon nita phai tinh khong chi mot ma phai tinh dén
bén &nh tit bdn huéng d6i v6i dnh trong cau truy van khi hé théng dang chay. Day 14 han
ché trong khau chuan bi dit lieu ciia phuong phap nay.

Hinh 4 13 két quad thi nghiém viec tim kiém &nh st dung bo mo ta Fourier vdi ngudng
sai s6 cho phép 1a € = 2, 5.

T a o - - - &
Bieu o Precision - Recall cia phwong phap bé md ta Fourier
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Hinh 4. Biéu dd Precision-Recall ctia phuong phiap FD

Phuong phap FD 14 phuong phap dé& cai dit trong thyc té, téc do thie thi nhanh va
dit lieu phéi luu trit 13 nhé (chi luu trit 64 gia tri bo mo ta). Khi thyc hién tim kiém anh,
phuong phap nay cho két qui tuong dbi t6t. O mite Recall nhé, gis tri Precision 1a thap,
tuy nhién § mitc Recall cao, gia tri Precision lai kha cao. Diéu nay cho thiy trong nhiéu lan
tim kiém, he thong trd vé rat chinh x4c nhitng 4nh trong CSDL. Ta quan tam nhiéu hon
dén nhitng tim kiém dat gia tri Precision - Recall déu 16n va phuong phap FD lam t6t trong
truong hgp nay.

3. THUAT TOAN SFD VA SO SANH KET QUA

Thuat toan FD dugc trinh bay & trén da giai quyét duge van dé Anh quay theo cac huéng
kh4c nhau. Tuy nhién v4i nhitng hinh dang giéng nhau nhung c6 kich thudc khac nhau (Hinh
5) thi phuong phap FD chua gidi quyét triét dé. D6 14 do s6 diém anh trong ving hinh dang
(x(t),y(t)) khac nhau vi thé s6 lugng va gia tri ctia tam hinh dang (z¢,yc), ban kinh hinh
dang R vA cac cip (r(t),0(t)) 1a khac nhau. Chinh vi thé gia tri |F (4, )| vA bo mo t& FD la
khac nhau.

Dé xuat gidi phap khic phuc nhuge diém niy nhu sau.

e (&t vung hinh dang ra khoi 4nh. Stt dung thuat toan tuong tu sit dung cho phuong
phap bo mo ta lusi trinh bay trén day dé tach déi tugng dnh khéi nén (Hinh 6).
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Hinh 6. Cat ving hinh dang bdi cAc hinh chit nhat

e Thuc hién chuin héa dé tiang téc do tinh toan: Co dan viung hinh dang nay theo mot
kich thudc cho trude (vi du 192 x 192).

e Ap dung phuong phap FD trinh bay trén day cho anh di co dan (Hinh 7)

Hinh 7. Anh sau phép co dan

Cai thién nay da gidi quyét dugc van dé co dan 4nh nhd vao tu tudng ctia bd mo ta ludsi
va vi thé thudt toan nay c6 thé goi 1a bo mo ta Fourier co dan (Scale Fourier Descriptor)
(SFD).

Hai phuong phap FD va SFD da dugce tién hanh thit nghiém, so sanh trén hai khia canh:

e S6 anh ding trd vé clia mot tim kiém v6i mot mic sai s6 ndo do.

e D0 tin cay clia mdi 1an tim kiém.

Phuong phép FD va SFD da dugc sit dung trong thitc nghiem tim kiém véi cdc midc sai
sO tit 0 t6i 2,5 dbi v6i cac anh chon tit CSDL va tng v6i mdi mitc sai s, tién hanh tinh sé
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dnh ding trd vé va do chinh xac (precision) tit truy vAn. Dudi day 1a cic bidu do bicu dién

két qua ctia mot s6 anh thit nghiem.
Anh 1000.tiff
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Nhdan xét

Phuong phap SFD da cai thién t6t két qua tim kiém &nh so v6i phuong phap FD. Qua
cac trudng hgp thit nghiém véi 4nh chon trong CSDL & cac mifc sai sb tit 0 t6i 2,5 ta thay
phuong phap SFD cho lai s6 4nh ding nhiéu hon so véi phuong phap FD (c6 mot s6 truong
hop s6 anh trd vé nhiéu hon 16 rét). Két qui nay di minh hoa cho nhitng van dé da trinh

bay khi néi vé cai thién phuong phap FD bing co dan ban dau.
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Tuy nhién, néu quan sat biéu dd minh hoa miic sai s6 v do tin cay ciia hai phuong phap
ta thiy trong mot s6 truong hgp & miic sai sd cao, phuong phap SFD lai ¢6 do tin cay thap
hon phuong phap FD. Diéu nay xuat phat tit viec SFD ¢6 xu huéng tra vé rat nhiéu két qua
khi tang miic sai s6 dan t6i do tin cay ctia hé théng gidm xudng. Do vay khi tién hanh cai
dst phuong phap SFD, gia tri mic sai s6 cin duge diat nhé dé cé thé cho do tin cay cao hon.

4. TIM KIEM DOI TUONG DIA LY DANG VUNG TRONG GIS
4.1. Gidi thiéu ing dung

Phan nay sé gidi thieu tng dung kj thudt SFD vao bai toan tim kiém ddi tugng ving
trén ban do trong CSDL khong gian tuong tu v6i hinh dang phac hoa § cau truy van. GIS
khong chi bao gdom cac chitc ning quan trong nhu phan tich khong gian, vi du thao tac xép
chong ban do (overlaying) va xay dung ving dém (buffering), ma GIS con phai bao gom cac
chitc nang quan trong khac, thudng xuyén duge sit dung, nhu duyet, tim kiém ddi tuong
ban dd theo tic¢u chi dit licu thude tinh hoic /va dit lieu hinh hoc. Trong GIS, ngudi sit dung
thuong dit cau hoi nhu “Hay tim kiém cdc ving dat/don vi hanh chinh ¢6 hinh chit S”[7].
Vay, trong GIS cau héi nay chi c6 thé duge tra 18i néu né c6 khi ning tim kiém viing trén
c¢o s6 noi dung. Viéc tim ra cac vung trong CSDL tuong ti vdi cau truy van sé cung cap cho
ngudi st dung nhiéu thong tin thuoc tinh quan trong khac phuc vu cong tac phan tich tiép
theo [5].

Tt mot goc nhin clia ngudi phat trién hé théng, GIS duge chia lam hai loai chinh theo
mo hinh dit lidu ciia ching, d6 14 GIS raster va GIS vector. Trong khi GIS raster bicu dién
cac dbi tugng dia 1y béi cic té bao, thi GIS vector dic td dbi tugng dia ly béi cac toa do
diém va ham to4dn hoc biéu dién ching [5, 7]. Hién nay, ci hai loai GIS niy déu dang dugc
stt dung rong rai. Viéc bd sung chitc ning tim kiém déi tugng dang viing trén co sé hinh hoc
ciia chiing 1a can thiét cho cd hai loai GIS raster va GIS vector.

Két qua nghién citu trinh bay trén da duge Gng dung vio viéc phat trién chic ning tim
kiém vimg dat st dung/lanh tho trén co s hinh dang ctia GIS raster. Thit nghiém da xay
dyng dugde chite ning tim kiém cac don vi hanh chinh ¢6 hinh dang nhu hinh dang phac hoa
d dau vao ctia chuong trinh. Cac viing st dung dat khic nhau trong GIS raster duge bicu
dién bdi cac té bao véi gid tri thuoc tinh khac nhau cho mdi loai dat sit dung. Méi ving nay
¢6 thé duge hién thi béi mau sic khac nhau trong ban d6 chuyén dé (vi du ban dd chuyén
dé loai cay trong, ban do dan s6). Cac don vi hanh chinh dugc triru tugng hoéa bdi cac da
gidc té bao cling véi cac thuoc tinh 1a tén don vi hanh chinh hodc cac dit liu kinh té-x4 hoi
khéc. Trong GIS vector, cac don vi hanh chinh cfing duge trinh dién bdi cac mau sic khéic
nhau khi xay dyng ban d6 chuyén dé. Hinh 8 1a vi du 1A t6 mau cac ving theo chii dé dan
s0.

4.2. M6 hinh hé théng va két qua thi nghiém

Hinh dang co bén ctia cac dbi tugng dia 1y trong CSDL khong gian 2D bao gom ving,
dudng v diém. Bai bao da dé xuit mot mo hinh hé théng tdng quét véi chitc niang tim kiém
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Hinh 8. Anh ban dd va Anh ban dd lam 16 cAc ving

déi tugng dang ving (Hinh 9) trong GIS. Mo hinh nay duge hinh thanh trén co s§ phat trién
mo hinh téng quat tim kiém thong tin trén co s6 noi dung ctia hé quan tri CSDL da phuong
tien [3].

Céc thong tin vé d6i tugng ving trong CSDL khong gian dudc tién xit Iy dé trich chon
va chi muyc cac dac trung va noi dung ngit nghia dé luu trit vao CSDL. Trong qué trinh tim
kiém, cdu truy van clia ngudi st dung dugce xit 1y, cdc dac trung chinh ctia d6i tugng dang
vig dudc trich chon. Cac dic trung nay duge ddi sanh véi cac dac trung da c6 trong CSDL.
Céac hinh dang d6i tugng ndo c¢6 dic trung tuong ty nhat véi dic trung trong cau truy vin
14 két qud tim kiém va dugc trinh dién t6i nguoi st dung.

Céc budc xay dung chic ning tim kiém viing trén ban dé lanh thd trong hé théng GIS
dugc mo ta nhu sau.

e Giai doan tién xit Iy

Dau vio clia he théng 14 cAc ban dd lanh thd nhu ban dd cic tinh/thanh phd, quan,
huyén. .. v6i dang ban dd nay, cAc don vi hanh chinh khac nhau 13 cac ving khép kin
va duge minh hoa bing cic da gidc. Tuy nhién trong anh ban dd lanh tho thuong c6
cac thong tin gdn kem nhu dudng giao thong, song sudi, tai nguyén va cadc nhian ban
do...Dé phuc vu cho bai toan tim kiém dua trén hinh dang, ching toi chi sit dung
dic trung ving sau khi da loai bé cac chi tiét phy trén ban do. Vi du nhit &nh ban do
trong Hinh 8 dugc phan r6 cac ving véi cac hinh dang khac nhau sau khi bé di cac chi
tiét khac. Sau d6, cic chitc ning xi Iy 4nh nhu 1am ndi, lJam manh va nbi bien, phan
ving duya trén ngudng. . . thire hien dé xac dinh duge cac ving trén dnh ban dd.
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yOng tuong ty dwoc tim thay

Hinh 9. Mo hinh téng quat tim kiém déi tugng vimg

e Giai doan thuc hién

— V6i mbi ving trén ban do, sit dung thuit toan SFD da trinh bay dé xay dung bo
mo t4 Fourier co dan clia ving va luu trit thong tin vé bo moé ta Fourier co dan
ciia timg viing vao CSDL cling véi cac thong tin thudc tinh khic nhu dan sb, cic
sb lieu lien quan dén phat trién kinh té-xa hoi. .. phuc vu cho cic thao tac khac
nhau ctia GIS (Hinh 10). Tuy mdi ving c6 dién tich vd huéng khac nhau nhung
nhu trén da néi thuat todn SFD da xt Iy bién ddi co dan dé dua vé kich thudce
dinh truéc (v6i dién tich) va thiyc hién bién d6i Fourier trén hé tao do cuc nén
bién ddi xoay sé& bi loai trit (véi huéng).

— Khi tién hanh tim kiém, hé thong sé nhan & dau vao mot anh phac hoa hinh dang
clia viing can truy van va sau do6 tinh bo mo ta Fourier co dan ctia Anh truy van
d6 (Hinh 11).

— So sanh va tinh khodng cdch bo mo t4 Fourier co dan ciia anh truy van véi cac
bo mo ta Fourier co dan luu trong CSDL. Tt cac khoang cach nay va tit cac yéu
cau ciia nguoi ding, hé théng sé tra vé thong tin nhitmg ving c6 khodng cach nho
hon mot ngudng ndo d6 hodc trd vé mot sd ving nhat dinh xép theo thit tur gia
tri khodng cach tang dan (Hinh 12) dé ngusi sit dung lya chon két qud lien quan.

5. KET LUAN

Tim kiém anh dya trén cdc dic trung mitc thip ciia ching da c6 nhiéu két qua nghién
citu. Viéc 4p dung chiing vao cic bai toan cu thé can duge sit dung dong thoi nhidu phuong
phap khac nhau ho#c/va céi tién cac phuong phip dang c6 sao cho phu hgp. Ky thuat tim
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Hinh 11. Anh vimg truy van va mot sd tiy chon
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Hinh 12. Bo mo t& Fourier co dan ctia viing trong anh truy van va két qui tim kiém

kiém SFD dé xuét trong bai bdo nay 14 phit hgp vdi nhidu bai todn tim kiém anh trén co
sd noi dung mitc thap, dic biet phit hgp véi bai toan tim kiém céc déi tugng dia 1y c6 hinh
dang vlung trong GIS. Viéc thit nghiém cia bai toan mdi chi dimg & GIS raster, tuy nhién
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phuong phip ndy ciing ¢6 thé duge dé dang ting dung vio phét trién cic chitc ning tuong
tu trong GIS vector.
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