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MOT PHUONG PHAP XAC PINH VI TRi
HIEN THI THONG TIN PHI HINH HOC
TRONG HE THONG THONG TIN PIA LY

DANG VAN PUC, LE QUSOC HUNGY), TRAN CAM NGAN?)

Abstract. The non-geometrical information which can be in the form of number, char-
acter string, graph on the thematic map in the GIS must be clear, readable, and balanced
in geographical areas. This report presents an algorithm for computing a number of can-
didate labeling rectangles within a polygon from which a suitable selection can be made.
The relevant data graph shall be within the above mentioned rectangle. This algorithm
has been applied to install the PopMap for Windows for the United Nations DEDIPA by
the researchers of the IOIT.

I. PAT VAN DE

Hé thdng théng tin dia Iy (GIS) huéng dir liéu kinh té, xa hoi 13 mot loai hé
théng GIS chuyén dung [2]. Hé thdng GIS loai nay thudng dugc xiy dung trén
mo6 hinh dir liéu véc to. Cac dic trung dia Iy nhu séng ngoi, dudong giao thong,
cic trudng hoc, bénh vién, cdc dudng bién hanh chinh,... dwoc mé td bang cic
d6i twong di€ém, dudng hay ving trong co c¢& dir liéu (CSDL). Thi du dé mé ti
mét domn vi hanh chinh trén man hinh m4y tinh hay mdy in ta phai triru twong va
don gidn héa thé giéi thuc hanh da gidc hay tdp hop céc toa dd trong hé truc toa
dd thuc (toa do kinh tuyén - vi tuyén cda trai dat). CSDL dia ly ngoai céc dir liéu
hinh hoc nhu néi trén chiing con lwu trit cd cdc dir liéu thong ké, dé 1a cac thudc
tinh lién quan dén dir liéu hinh hoc twong tng. M6t trong cic chirc ning quan
trong cda hé thong GIS 13 kha n¥ng thé hién cic két qud thao tac trén CSDL dia
Iy duéi hinh thirc dé hi€u, dé doc cho ngudi dung. Céc dir liéu duéi dang s6 hay
dd hoa cia mét thuc thé (thi du cia mét don vi hanh chinh) phdi dwgc bi€u dién
ngay trong thuc thé d6. Néu ta coi cdc thye thé mién dwoc giéi han bdi da giic,
thi vdin dé nghién ctru dit ra & day la tim ra tip cac hinh chir nhat ndi tiép trong
da gidc. Tiur d6 s€ lva chon duwgc mdt hinh chir nhit phu hop, 12 hinh chir nhat
c6 dién tich lém nhat tir chting, dé thé hién dir liéu nhu trén hinh 1.

Tai liéu [1] cing da dé cip dén nhu cdu tim kiém mién hop 1y trong d8i twong
viing d€ hi€n thi cic dir liéu phi hinh hoc. Nhung nghién céru ndy di mé& réng
thanh thuit todn tim kiém ving hi€n thi trong cd da gidc 16i va da gidc khong 16i
trén m3t hinh cau hay hinh elipsoid cda tréi dat.
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Hinh 1. Vi trf hién thi dir liéu théng ké trén cac don vi hanh chinh

II. PHUONG PHAP

Y tudng co bdn cla phwong phép niy bit du tir chia da gidc thanh cdc bing
nhd, tim dién tich cda hinh chir nhit trong cdc bing ro6i ghép nhém chiing lai véi
nhau sao cho cé dwgc hinh chir nhit tong, ndi ti€p da gidc va phi hop cho viéc
bi€u dién dir liéu théng ké.

D& chia da gidc thanh cic bing, lin lwot qua céc dinh cia da gidc ta ké cic
dudng thdng song song véi truc hoanh chia da gidc thanh nhiéu phin. Véi da
gidc N dinh, ta c6 thé vé dwoc nhidu nhit N dudng thing song song qua N dinh;
nhu vdy cé thé chia da gidc ra cuc dai 14 N + 1 phin. Nhung véi bing & trén
cung va bidng & thip nhit, nghia la twong tng véi dinh ¢é tung d6 y 16m nhit va
y nhé nhat sé khéng phéi quan tam dén vi né khong chira mién da gidc. Cho nén
trong mét da gidc cé thé c6 nhidu nhit N — 1 bing.

Céc dudng thing song song qua céc dinh da gidc chia cic canh cida ching
thanh nhirng doan nhéd. Ta goi cidc dudng thing d6 1a duwong phan bing, nhirng
doan nhd d6 1a nhitng canh bdng. Mdt bing sé c6 hai canh bing néu dé 1& mét
da gidc 16i khéng chira da gidc khic nim trong. Con da giic 16m hodc nhirng da
gidc chira da gidc khéac sé c6 rat nhiéu canh bing.

Trong mdi mét béng ta vé cic dwong thing song song véi truc tung qua canh

!
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bing va goi l1a thanh dirng. Ching sé dwoc dung dé tinh canh bén cho hinh chir
nhit. M3c du thanh dtrng c6 thé duogc tao ra & bat ct vi tri ndo trén canh bing,
ching han qua dinh ndm phia trong ho¥c qua dinh n&m phia ngoai hay qua diém
giita canh bing. Néu chon thanh dirng di qua di€m phia ngoai ta sé duoc hinh
cht nhét don vi 16n nhit song chiing sé khéng ndi tiép trong da gidc. Néu chon
thanh dirng di qua di€m phia trong ta sé dwoc cac hinh chir nhit don vi néi tiép
trong da gidc song c6 thé bd lang phi mot s6 mién trong da giac c6 thé “tan dung”
dwoc. V&i muc dich 13 tim mién hi€n thi dir liéu cho ban db cho nén céc géc cda
hinh chir nhét lén nhit trong da gidc c6 thé chom ra ngoai da gidc, song phin
chom phdi khd nhé. Trong thuc t€, cic ky tu hi€n thi thuong nhd hon phan nén
ma né chiém. Vi vay, t6t nhit (& diy) 13 ta chon thanh ding di qua di€m giira
canh bing. Muc tiéu 1a phdi tao céc hinh chir nhit tdng phu hop nhit sao cho
néu mé& réng bé ngang ciing nhu bé doc thi cic hop chira dir liéu hi€n thi sé khéng
vuot qua dudng bién cla da giac.

Tnanh dung

Hinh 2. Cic khd ning lua chon thanh ding cho hinh chir nhit don vi

Chon vi tri cda thanh diéng sé tao ra cdc hinh ch# nhdt don vi khdc nhau.
Hinh (a) dwoc tao ra khi thanh ding di qua giao di€m bén trong nhit cia dudng
thing chia bing va canh bing. Hinh (b) dwoc tao ra khi thanh dérng di qua giao
di€m bén ngoai nhit cia dudng thing chia bing. Con hinh (c¢) duoc tao ra khi
thanh dérng di qua di€m gitra cda canh bing. Thuc nghiém cho thiy, khi da giac
¢6 s6 luong dinh rdt 16m thi chon gidi phap (a) 1a t6t hon cd d€ tdng cudng téc
dd thyc hién chwong trinh. Tuy nhién néu sé lwgng dinh it hon 7 thi phdi chon
gidi phdp (c).

Déi véi mot da gidc 16i moi bing chi ¢c6 mot hinh chir nhat don vi. Véi da
gidc N dinh sé c6 nhiéu nhat I3 N — 1 bing, nhu vdy cé nhiéu nhdt N — 1 hinh
chit nhit don vi. Nhung d3i véi da gidc khong 161 N dinh, s hinh ch& nhit don
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vi nhiéu nhét sé 13 (N —1) x (N — 1) do mdi din cé khd n&ng cdt nhiéu nhdt N —1
canh, nhr vy cho mdi bing sé c6 nhiéu nhdt N — 1 hinh chir nhit don vi duoc
tao ra. Hinh 3 minh hoa céc hinh chir nhat don vi dwoc tao ra trong trwong hop
Ira chon canh dtérng hinh chir nhit di qua di€m gitra cda canh bing.

A W

Hinh 8. Céc hinh chir nhat don vi cda da gidc khi chon
thanh dirng di qua diém giira canh bing

T nhirng hinh chir nhat don vi ta sé ghép ching thanh nhém d€ tao ra nhirng
hinh chir nhat tdng. Viéc ghép nhém phai thda man céc diéu kién sau day:

M&i thanh dirng twong &ng véi mot phin tir dwgce biéu dién trong danh sich
dau vao da sdp xép s(i), véii = 1,..., n. Goi toa dd theo chiéu z cia tirng doan
thing 12 z(¢). Céc hinh chir nhat duoc sip x€ép lan lugt theo thir tu tir cao dén
thép, tirc 14 theo chiéu ting cla toa d6 theo chieu y. Xét lan lrgt tirng hinh chw
nhdt don vi ghép né véi céc hinh chir nhit don vi khdc mot cich hop ly sao cho
¢6 dwgce hinh chir nhit 1én nhit c6 thé. Goi hinh chir nhit don vi 1a boz (left,
right, bottom, top), trong dé left 13 s6 hiéu thanh déng phia trii, right 1a s6 hiéu
thanh ding phia phdi, bottom va top la s6 hiéu cadc dudng phan bing trén va dudi -
cta hinh chir nhit don vi. Goi canh trai phai cda hinh chir nhat ndm trén bing
thir s 1a I, (trdi) va r, (phdi). Ta cé cic diéu kién sau:

Pegy @ z(left) = max{z(l,)|bottom < s < top}

Pright : z(right = min{z(r,)|bottom < s < tezttop}

Piest va Prighy 1a giéi han tréi va giéi han phdi. Diéu kién nay cé nghia la canh
trdi cda hinh chir nhit lya chon sé 1a canh trdi ndm phia bén phdi nhat (c6 toa
dé z 16n nhat) trong cdc hinh chir nhit don vi; canh phdi cda hinh chi nhét lya
chon sé la canh phdi ndm & phia bén trdi nhat (cé toa d6 = nhd nhit).

Poop 3 #(liop—1 2 2lliop) hode #(Fiop—y < #(Fiop)

Pbottom . I(lbottom +1) > I(lbottom) hozv‘ic x(rbottom +1) < z(rbottom)

Diéu kién Pyop ¢ nghia 12 canh trai hinh chir nhat trén cing trong nhém lra chon
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sé phdi c6 toa d6 = nhé hon toa d6 z cda thanh trai ndm phia trén né hodc canh
phdi hinh chir nhit trén cing trong nhém lua chon sé phdi ¢6 toa do = lén hon
toa d6 z cia thanh phdi nim phia trén né.

Twong tw véi dieu kién Pyottom, €6 nghia 1a canh trai hinh chir nhat duéi
cung trong nhém lira chon sé phdi cé toa d6 r nhd hon toa dd z cda thanh tréi
nim phia duwéi né hodc canh phai hinh chir nhit duéi cing trong nhén lua chon
sé phai cé toa d6 z 16n hon toa dé z cda thanh phdi ndm phia duéi né.

Diéu kién mién trong:

Py : bottom < sjery < top va bottom < spjght < top
¢6 nghia 1a canh trdi va canh phdi cda hinh chi nhat lya chon phdi la mét trong
s6 cac canh trai cida hinh chir nhat don vi ndm trong né.

Ghép céc hinh chir nhat don vi dya trén ndm diéu kién bit bién trén ta sé cé
dwoc tap cadc hinh chir nhit néi tiép da gidc. Tir d6é ching ta sé chon ra hinh chir
nhéit 1én nhat d€ dit dir liéu thong ké hay xau ky tu.

III. THUAT TOAN

T phuong phip trinh bay trén day, mét thuit todn duoc xiy dung dé cé
thé cai dit bdng ngén ngir lap trinh. Trong bai nay, phuwong phap chon hinh chir
nhit don vi theo (a) cda hinh 2 trén ddy duvoc st dung lam thi du minh hoa. Céc
van dé chinh cin gidi quyét trong qud trinh thuc hién bai todn tim hinh chir nhat
thich hop la:

e Tinh todn duoc cac canh bién, thanh ding tir da gidc cho truéc dé tao
duoc cac hinh chtr nhat don vi.

e Tim hinh chir nhit néi tiép ién nhat tir nhirng hinh chir nhat don vi da
tao ra.

o Té4ch mién da gidc 16m theo phwong ndm ngang thanh cidc mién da gidc
16i theo phuwong ndm ngang.

1. Tim cAc hinh chir nhat don vi

Dt liéu bdn dd duoc luu trir trong CSDL duéi dang véc to nhu trinh bay trong
phan I. Mién da gidc dwgc dinh nghia 1a mién E = {(z1, y1), (Z2, ¥2);---» (Tn, Yn)},
trong d6: (z:, y;) 12 toa d6 cac dinh lién ti€p vd z; = z, va y; = y,. Trong CSDL
da gidc dugc bi€u dién béi tap hop céc toa dd di€m nhu sau:

Pzy,y, Ly, y2 Lz3, y3... LTy, Yn LTpqy, Yn+1 ---
Trong d6, Pz;, y; 1a toa do cia noi dit bit vé, Lz, y; 1a toa dé cia di€m duoc
n6i véi di€m trwée dé. Toa db cda vi tri cudi danh sdch dwgc tu dong ndi véi toa
d6 cda di€m diu tién dé tao ra da giic.

Toa d6 cda hinh chir nhit don vi dugc x4c dinh theo cic budc sau:
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a) Tinh giao diém cda cdc duong thing ndm ngang di qua cdc dinh cda da gidc
véi cdc canh cda chiing dé xac dinh toa dé cda canh bién
Xét lan lrot cic toa dd dinh cda da gidc. Qua mdi dinh ta vé dudng thing
song song véi truc hoanh. Tinh giao di€m cia dudng thing nay véi canh cia da
gidc. Thi du trén hinh 4, khi xét toa d6 cda di€ém L., ,, ta phdi tinh giao di€ém
ta'l Is5, Ys-

Pxtyr!
Hinh 4. Giao di€m cda canh da gidc véi duong phin bing

b) Tim cédc dinh cda hinh chit nhat don vi tir cdc canh bdng vira tao ra
Trén day da tao ra céc giao di€m cda dwdng phan bing va cic canh da gidc,
dé 1a cac di€m (zs, ys), (z6, Ys) va (z7, y7) nhu trén hinh 4. D& tién cho cai d4t
bing ngdn ngir 1ap trinh, hay lap cdu tric dir liéu nhu mé td sau (bang ngén ngir
C++) d€ Iwu trir va phan biét ching.
typedef struct {
decuble z, y; // toa dé cda dinh da gidc hay giao di€m
int attr; // c6 gid tri CONVEX néu chiing 13 dinh cia da gisc.
// c6 gia tri INSECT néu chiing la giao diém canh da gidc
v&i duong phan bang
unsigned index; // néu attr = CONVEX thi ¢é tht tu dinh da gidc
// néu attr = INSECT thi luu thtr tu cia dinh da gidc
trude dé
}Point _st;
Nhu vay, tir gid tri attr va indez cda mot di€m ta cé thé xac dinh duoc canh bing
d€ tao hinh chir nhit don vi. Céc hinh chir nhit don vi dwoc lip nhu sau:

e Né&u thudc tinh attr cia mot diém 13 CONVEX thi ching dwogc néi véi
di€ém cé thudc tinh 14 CONVEX va gi4 tri indez 16n hon hay nhd hon
né 1 don vi, va néi véi di€m cé thudc tinh 13 INSECT cé gid tri indez
bdng chinh né hay nhé hon né 1 don vi.

e Néu thudc tinh attr cda mét véc to 13 INSECT thi ching dugce néi véi
di€m cé thudc tinh 13 CONVEX va gié tri indez bing né hay lén hon
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né 1 don vi, va néi véi di€m cé thudc tinh 1a INSECT cé gia tri indez
bang chinh né.
o Xét riéng cho trudmg hop di€m va di€m cudi cda da giic.

Hinh 5. Géan chi s6 cho céc giao di€ém

2. X4c dinh hinh chir nhat 16n nhit cda mot mién da gidc 16i

Mot mién da gidc 16i theo phrong ndm ngang 13 mot mién da gidc ma khi
ta k& mot duong thing ndm ngang qua mién dé thi ching sé cdt cic canh cia da
gidc nhiéu nhat tai 2 di€fm. Céc budc d€ xéc dinh s8 hiéu thanh ding phia trai
(left), s6 hiéu thanh dirng phia phai (right) va s6 hiéu cde duwdong phan bing trén
va duédi (bottom va top) cua hinh chir nhdt don vi boz (left, right, bottom, top)
nhur sau:

a) S&p xép céc hinh chir nhit don vi ............ 5 A
theo vi tri tir trén xudng duéi (xem hinh 6).

b) Xét lan lugt cdc hinh chir nhat don -
vi d€ c6 duoc céac gid tri left, right, top,
bottom cida hinh chir nhat ndi ti€p.

o Goi hinh chir nhat don vi thir ¢ la Rect; .

o Goi l;, t;, ri, bi 13 toa dé trai, dinh,
phdi, ddy cda Rect;.

¢ Goi RectMax; 14 hinh chit nhit ndi ti€p
tim duoc tir hinh chir nhat don vi z.

e Goi left;, top;, right;, bottom; la toa
do trai, dinh, phdi, ddy cia RectMax; .

Céc toa d6 dinh left;, top;, bottom; cia RectMax; dwgc tinh nhu sau:
i/ Gan left; = I;.
ii/ Gdn 7 = 1 va top; = t; néu ¢« = 1; nguoc lai, gdn top; = b;, trong d6 j

Hinh 6. Céc hinh chr nhat don vi
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13 hinh ch@ nhit don vi ddu tién tir vi tri 7 duyét 1én trén va thda man diéu kién
l; > l;, n€u khong tim dwoc j thda man diéu kién dé thi top; =t; véi j = .

ili/ Gdn k = 7 va bottom; = bx néu ¢+ = N — 1 (hinh ch& nhét don vi cudi
cung); nguoc lai, gdn bottom; = tx, trong dé k 13 hinh chi* nhat don vi diu tién
tlr vi trf 7 duyét xuéng va thda man diéu kién l; > l;; néu khong tim dwoc k thda
man diéu kién dé thi gidn k = ¢ va bottom; = bj.

iv/ Gén right; = min(r,,) véi m = j,..., k.

biéu kién P;,. tuw dong duwoc thda man trong quéd trinh trén.

Hinh chir nhit 16n nhdt tir cdc hinh chir nhat ndi ti€p vira tim dwoc trén day

RectMax = max(RectMax;) véit=1,..., N —1

Vi du: Két qua tim dwoc véi mién da gidc trong hinh 6 dwoc thé hién trong bang
sau:

Hinh chr nhat | Hinh chir nhit 16n nhit tao dwoc tir Rect;

don vi (RectMax;)

(Rect;)

left; top; right; bottom;

Rect, I ty r by
Rect2 12 t2 ro b3
Rect3 13 t3 T3 b3
Rect4 14 t2 T4 b4
Rects s ts s bs

+ Truong hgp ddc biét:

a) Gid st trong buédec ii), khi duyét 1én ta khong tim dugc Reétj nao thda
man diéu kién: /; = [; ma ta tim duoc mdt s6 Rect; thda didu kién: /; > [; thi ta
chon toa d6 top; lan luot 1a céc b; va ta c6 dwoc mét tap hop:

{RectMax;;, RectMax;s,...}. Hinh chi nhit 16n nhdt tim dwgc tir Rect; la:
" RectMax; = max(RectMax;;, RectMax;s,...).

b) Gid st trong budec iii/, khi duyét xudng ta khong tim dwoc Recti nao
thda dieu kién: Iy > /; ma ta tim duvgc mét s6 Recty thda diéu kién I = I; thi
ta chon toa d bottom; lan lugt 13 cic tx va c6 dwgc mét tip hop: {RectMax;;,
RectMax;s,...}. Hinh chir nhat lén nhit tim dugc tir Rect; la: RectMax; =
max(RectMax;;, Rectmax;s,...).

Vi céc dieu kién bat bién chi ding cho mét mién da giac 16i. P6i véi nhirng
mién da gidc 16m (khdng 16i), thuit todn dugc cdi tién theo cic budc sau:
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i/ Téch mién da gidc khong 16i thanh nhirng mién da gidc 16i don vi theo
phwong ndm ngang.

ii/ Tim hinh chi nhit Ién nhat trong tirng mién da gidc 16i don vi.

iii/ Hinh chir nhat lén nhit trong cdc hinh chir nhit 16n nhit cda cdc mién
da giac 16i don vi 13 hinh chir nhit can tim.

3. Phuong phap tdch mdt mién da gidc bat ky thanh cic mién da gidc
16i theo phwrong nim ngang

Bai toan:

Cho: E = {(z1, v1), (z2, ¥2);--s (Tn, Yn)} 1& mét mién da gidc bat ky.

Muc dich: Chia mién da gidc E thanh cidc mién da gidc con E; sao cho E; l1a
cdc mién khéng 16m theo phwong ndm ngang 16n & mic cé thé cé trong mién da
giac E.

Thuat todn:
e Goi hai hinh chr nhat 1 “dinh” nhau néu ching lién théng va top cda
hinh ndy tring véi bottom cia hinh kia.
e Coi mién E; = {Rect,, Recty, Rect,,...} 1a tdp hop cac hinh chir nhat
don vi tht z, y, z..., chiing thda man diéu kién sau: Rect, dinh Rect,,
Recty dinh Rect,...

Céc buédc cia thudt todn sé la:

i/ Chia da gidc E theo ting bing ndm ngang.

ii/ Tim céc hinh chir nhit don vi trong mién da gidc E.

iii/ Khdi ddu s6 mién E; bing sd /2 3
hinh chi nhat don vi trong bing thit nht,
va m6i mién E; c6 phin tir diu tién 14 cdc / 3 L5

= % " D L6
h[nh chir nhdt don vi twong @ng.

iv/ Duyét véi bdng ti€p theo. Véi "y
mdi hinh chir nhat don vi & bing méita g i g
kiém tra: 5 ¢

a) néu né dinh v&i hinh chit nhit don

vi cudi cung cda mét mién E; thi = ¢ L8

ghép né vao mién dé va né tré thanh

phéan ti cudi cling cia moét mién E;,

L9

b) néu né khéng dinh véi mét phin
t& cudi cing nao cia mién da tao
thi tao mét mién méi (sd mién ting
thém 1) véi phan tir ddu tién 13 hinh

Hinh 7. Céac hinh chir nhat don vi
tao durgc véi mot mién da gidc
16m theo phwong ndm ngang
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chtr nhat don vi nay.
v/ L3p lai viéc duyét bing theo budc iv/ cho dén bing cudi cung.

Vi du: Déi véi mién da gidc khong 16i trong hinh 7, két qud tach cdc mién da gidc
16i don vi nhu sau:

E; = {Rect;, Rects, Recty, Rects, Rectg}

E; = {Recty, Rects, Recty, Rects, Rectg}

IV. CAI PAT VA KET LUAN

Dé st dung c6 hiéu qud thuit toan thi phdi xac dinh s6 cac hinh chir nhat
dwgc tao ra. Mbi hinh chir nhit chi dugc tao ra trong vong lip tao nhém, vong
lap nay duoc dit trong vong 1ip tinh cac thanh va céc canh bién. S8 cac hinh chir
nhét phu thudc vao s6 thanh dirng va s6canh bién. Con cdc thanh diéng va canh
bién phu thudc vao sé dinh cia da gidc. Ta dénh gid thuit todn cho hai truong
hop da gidc 16i va da gidc khong 16i.

DGi véi da gidc 16i N dinh, s8 cic bing 16n nhit ¢6 thé tao ra lda N — 1 vay
s6 cdc canh bién 1én nhit tinh dwoc 14 2 X (N —1). S8 céc hinh chi nhit don vi
16n nhdt 1a N — 1. Hon nira, mdi hinh chir nhat déu cé khd ning tao nhém véi
nhirng hinh chir nhit don vi khéc néu 18y canh trai cda né lam chudn. Qué trinh
tao nhém sé phai duyét lai qua céc (N — 2) hinh chir nhit don vi d6i véi mai hinh
chtr nhit dang xét. Nhu vay, déi véi da gidc 16i d6 phirc tap cda thudt todn la
O(N?) béi vi s8 hinh chir nhat don vi 16n nhat 14 N — 1 véi méi hinh ch& nhat
don vi ta phdi duyét qua nhiéu nhit N — 2 hinh chir nhit don vi con lai dé tao
nhém.

béi véi da gidc khong 16i ciing twong tuw nhu trén, nhung s6 hinh chir nhat
don vi la (N — 1) x (N — 1). S6 bing 16n nh4t ta c6 thé tao ra la N — 1 bing
tuong Gng véi mbi bang cb thé ¢é 1én nhit N — 1 canh bing ddi véi da gidc gép
khtic. Nhu vay do6 phirc tap cda thuit toan khi da gidc khong 16i 14 O(N3).
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