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Trong viéc xdy dung va xw ly cdc thao tdc bién tdp mé hinh mang lwéi tam
gidc khéng quy chudn (TIN) c6 thé str dung cdc cdu tric div liéu biéu dien
tam gidc khdc nhau, trong s6 dé c6 cdu triic canh kép. Hién nay mé hinh
mang lwdi tam gidc thwong dwoc xie ly vdi sé lwong tam gidc rdt I6m, vi vdy
viéc nghién ctru va tim ra cdu triic dir liéu phu hop cho mé hinh tam gidc la
cdn thiét, Véi muc dich ddnh gid cdu triic canh kép dé ttng dung trong mé
hinh mang lwéi tam gidc, bai bdo dd phén tich cdu tric div liéu canh kép
trong viéc lwu triv va xit ly mét sé thao tdc bién tdp mé hinh TIN. Bai bdo st
dung phwong phdp phdn tich, so sanh cdu triic canh kép vdi cdc cdu tric div
liéu khdc va thwe nghiém Idp trinh str dung cdu triic canh kép trong lwu triv
va xtr Iy mé hinh TIN bdng ngén ngir Visual Basic 6.0. Bai bdo dd ddnh gid
dwoc nhitng wu, nhwgc diém va dwa ra nhitng diéu chinh dé cdu triic canh
kép phu hop hon trong viéc lwu trir va xir ly mot s thao tdc bién tdp mé hinh
TIN. Hon nita, viéc str dung cdu triic canh kép sé thudn tién cho viéc két hop
xtr ly mét s6 bai todn lién quan tdi dia hinh va dia chinh sau nay.

© 2016 Trudng Pai hoc M6 - Bia chit. Tt ca cic quyén dwoc bdo dam.

1. Patvan dé

va cac thao tac bién tdp mo6 hinh TIN. Thuat toan
tang dan vdi ciu truc dir liéu mang lwdi tam giac
theo diém cung thudc tinh tam giac lién ké da

Khi xy dung mo hinh s6 d6 cao theo mang
lwéi tam gidc khéng quy chuén (TIN) can phai lya
chon c4u tric ditliéu phtt hop dé ddm bao mé hinh
nay c6 tinh linh hoat cao, c6 thé rng dung xtr Iy cho
nhiéu bai toan cu thé. Cach t6 chitc cic ciu tric dir
liéu c6 anh hwdng truc ti€p dén viéc tam giac hoa

*Tdc gid lién hé.
E-mail: ngolien.humg@gmail.com

dwoc nghién ciru trong (Tran Thuy Dwong va
Nguyén Vin Hiép, 2007). Trén thuc t€ nhiéu
nghién ctru da chi ra rang, ciu triic canh kép thuan
tién cho viéc x ly cac thao tac bién tap mo6 hinh
TIN ciing nhw mo hinh topo tong quat (CkBop110B,
2002; Tran Thuy Dwong va Pham Thé Huynh,
2014). Tinh chat ché cda ciu tric canh kép phu
hop cho viéc thuc hién mét sé thao tic co ban
trong viéc tao mé hinh topo nhw: cho biét mot
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vung, tim vung ké cin; cho biét mét viing, tim cac
canh bién cda vung; cho biét mot dinh, tim tit ca
cac canh lién quan (Mark de Berg nnk, 2000). Hién
nay, ciu tric canh kép da tré thanh cau tric chuin
trong xay dung co s& dit liéu dia chinh & Viét Nam
va mot s6 nwéce trén thé gidi.

Trong mo hinh TIN ciu tric canh kép c6 doi
chit khiac biét so véi ciu tric canh kép tong quat
cia mo hinh topo do tinh dac thu cia m6 hinh TIN
la chi bao gom mot mang lwdi cac tam gidc. Do vay
khi xiy dung ciu tric canh kép cho mé hinh TIN
c6 thé rut gon mot s6 thudc tinh dé tiét kiém bo
nhé may tinh. Ciu tric canh kép rit thuén tién dé
cho viéc xtr ly cac thao tac bién tip tuy nhién
nhwoc diém cta ciu tric nay 1a cic tam gidc khong
dwoc biéu dién truc tiép cling nhw sy 1ang phi 16m
bd nhé. N6 chiém 16n hon 64.N byte. Bao gom 8
byte biéu dién toa do va 4 byte biéu dién cac chi
s6, chwa tinh t&i cAc bd nhé bi mat do biéu dién cac
dir liéu bd sung ctia tam giac (CkBopios, 2002).

Hién nay, dé€ ning cao kha nang khai thac dir
liéu trong giadi quyét mdt s bai toan lién quan t&i
quan ly d6 thi nhw xac dinh ving ngdp ung va
pham vi anh hwéng clia né téi hién trang st dung
dat hay bai toan xay dung cac cong trinh ngim,
cong trinh ndi xac dinh pham vi anh hwdng dé di
doi cong trinh lién quan,... thi viéc két hop dir liéu
“dia hinh” va “dia chinh” 1a rat can thiét. Do vay
viéc str dung cu truc canh kép trong mé hinh TIN
1a mot giadi phap hop 1y khi két hop véi mo hinh
topo dé giai quyét cac bai toan trén.

2. Cau tric canh kép tong quat trong mé hinh
topo

CAu tric canh kép tdng quat trong viéc tao mod
hinh topo dworc t6 chirc theo ba thanh phén la cdu
tric diém, ciu tric canh va ciu tric viung.

2.1. Cdu triic diém

C4u trac diém lwu trir cac thudc tinh thanh
phan toa do x, y. D€ thuan tién cho cac thao tac
bién tap c6 thé gin thém mat thudc tinh canh c6
diém goc voi cung toa dd. Nhw vAy dung lwgng cin
thiét dé lwu triv mot diém 1a 2x8+4=20byte. V&i
cach lwu trit nhw vay ta c6 thé dé dang xac dinh
dwoc cac canh lién quan téi mot dinh ma khong
mat qua nhiéu thoi gian tim kiém. Tuy nhién, véi
mot sO lwong diém qua 16n thi viéc lwu trir thém
mot thudc tinh ciling sé ton kha nhiéu bo nhé. Néu

Hinh 1. Cdu tric canh kép téng qudt trong mo
hinh topo

str dung ngodn ngtr Visual Basic thi ciu tric diém

dwoc mo td nhw sau:

Private Type Point
iE as Long : Canh
x as Double : Toa do x
y as Double :Toaddy
End Type

2.2. Cdu triic canh

C4u truc canh bao gom cac thudc tinh lién
quan dén canh nhw: diém goc cia canh; canh dao
erwin (canh ngwoc chiéu); canh sau eyex: (c6 diém
goc la diém dich cta canh e va c6 cung vung bén
phai); canh truéc epre (c6 diém dich 1a diém goc
cda canh e va cé cung vung bén phai); ving bén
phai Fr. Nhw vy dung lwong can thiét dé lwu trir
mot canh la 5x4 = 20byte. Cach lwu trit dir liéu nay
kha chit ché gitp cho viéc xac dinh cdc mdi quan
hé hang x6m trong bai toan topo tré nén dé dang,
tuy nhién cling ton kha nhiéu bo nhé. Ciu tric
canh duoc mo ta bing ngdn ngit Visual Basic nhw
sau:

Private type Edge
iV as Long : Pinh
iETwin as Long : Canh dao
iENext as Long : Canh sau
iEPre as Long : Canh truérc
iFr as Long : Mat

End Type

2.3. Cdu triic viing

C4u trdac vung bao gom hai thudc tinh: thudc
tinh th nhit la canh thudc ving dé theo chiéu
thuén chiéu kim dong ho (trong trwong hop vung
dang xét t&i 1a vang bién thi thudc tinh nay rong);
thudc tinh tht hai 1a mét danh sach cac canh dao
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chiéu ma mdi canh tng véi mot ving nim bén
trong vung dd, do d6 s6 canh sé bang s6 viing nam
bén trong (Mark de Berg, and nnk, 2000). Nhu vay
dung lwong téi thi€u can thiét dé Ivu trir ciu tric
nay la 2 x 3 = 6byte. Viéc lwu trit ciu tric ving nhw
vay rat thuln tién khi giai quyét cac truong hop
ving nam trong vung cua bai todn topo. Cau triic
viung dwoc mo ta bang ngdn ngtt Visual Basic nhw
sau:

Private type Face

iEOut as Long: Canh dao thudc vung ngoai

iEIn() as Long: Canh thudc viing

End Type

3. Cdu tric canh kép trong mo hinh TIN

C4u truc canh kép ctia mo hinh TIN dworc biéu
dién qua ba thanh phan 1a cdu tric diém, ciu tric
canh va ciu tric tam giac. Theo (CkBopiios, 2002)
cau tric nay dwoc mo ta nhw Hinh 2.

Hinh 2. Cdu triic canh kép trong mé hinh TIN

3.1. Cdu triic diém

C4u tric diém trong mo hinh tam giac bao
gom cac thudc tinh toa d6 x, y. Nhw vy dung lwgng
t6i thi€u dé lwu trir mot diém1a 2 x 8 = 16byte. Cdu
tric diém & day so véi ciu tric diém trong ciu
trdc canh kép tong quat da bi lwgc bo thudc tinh
canh e. Trong viéc xtr Iy dit liéu c6 s6 lwgng diém
16m 1én t&i hang chuc triéu diém (véi kha ning thu
thap dir liéu bang cac cong nghé LIDAR, IFSAR,
GNSS hién nay) thi ciu tric nay sé giup tiét kiém
mot dung lwong lon bé nhé may tinh. Tuy nhién,
viéc rat gon nhw vy cé thé gy khé khan cho cac
thao tac bién tdp mo hinh TIN sau nay. Néu st
dung ngdn ngir Visual Basic, ciu triuc diém duoc
mo ta nhw sau:

Private Type Point_2D

x As Double : Toa do x
yAsDouble :Toaddy
End Type

3.2. Cdu triic canh

C4u truc canh bao gom cac thudc tinh lién
quan dén canh la dinh v, canh d4o erwin, canh sau
enext va thudc tinh lién quan dén tam giac 1a Tr.
Trong do cic canh trong mot tam giac sé dwgc sap
x€p theo thi ty thuin chiéu kim déng ho. Nhuw vay
dé lwu trir mot canh can 4x3 = 12byte. So véi cAu
trdc canh kép tong quat thi ciu tric canh kép &
day da bi lwge bo thudc tinh canh trwére, viéc lwgc
bé nay la phtt hgp véi tinh chit ddc biét cia mang
lwdi tam gidc (cac vung la cac tam giac). C4u truc
canh dwoc biéu dién thong qua ngdn ngir Visual
Basic nhw sau:

Private Type EdgeDC
iVl As Long : Pinh
iETwin As Long : Canh dao
iENext As Long : Canh sau
iTR As Long : Tam giac
End Type

3.3. Cdu tric tam gidc

Cac tam giac trong mo6 hinh TIN déng vai tro
nhuw cac viing trong mo hinh topo. Cau tric di liéu
nay biéu dién tam giac & dang khéng twong minh
do vay ciu tric tam giac & diy chila métdanh sach
cac s6 hiéu tam giac ma khong c6 bit ctr thudc tinh
nao. C4u tric tam giac la dir liéu dwoc xac dinh tir
ciu truc diém va ciu tric canh, dwoc lwu lai dé
thuan tién cho viéc thyc hién cac bai todn rng
dung sau nay.

4. Cap nhat dir liéu cho cac thao tac

D& khang dinh sy phi hop ctia ciu tric canh
kép trong mé hinh TIN, nhém tac gia da tién hanh
viéc cai dat cho thuat toan tam giac héa theo
phuong phéap ting dan va mot s6 thao tic bién tap.

4.1. Tao tam gidc khi chén diém

Bdng 1. Di¥ liéu trwéc khi thém diém

e \'% €Twin ENext Tr
€1 V2 e €2 T1
€2 V3 e’ €3 T1
e3 A% e’ €1 Ty
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Khi mot diém dwoc chén nam trong tam giac
thi tam giac d6 sé dwgc chia thanh ba tam giac nho
hon, cac tam gidc nay dwoc kiém tra véi cac tam
giac ké cin dé kiém tra diéu kién hoan déi tam
giac. St dung thao tac chén diém vi lan lwot tirng
diém khéc, ching ta sé xay dung dwoc mot ludi
tam giac Delaunay biéu dién bé mit dia hinh. Cu
thé hon, ta xem xét cac sy kién xdy ra khi thém
mot diém (Hinh 3).

4.1.1. Diém ndm trong tam gidc

Bdng 2. Dir liéu sau khi chén thém mét diém

e v €Twin ENext Tr
€1 V2 e’1 €4 T1
ez V3 e €6 T
e3 V1 e'3 eg T3
€4 V3 e7 €5 Ty
es V4 es el Ty
€6 A% €9 €7 T>
ez Vi e4 ez T
es V2 es €9 Ts
€9 Va (ST €3 T3

Truwdc tién phai xac dinh diém nay nam trong
tam giac nao trong mang ludi tam giac hién co, gia
str tam giac tim dwoec c6 s6 hiéu la Ty, cac canh la
e1,€z e3. Tam gidc T1 dwoe md ta thong qua ciu tric
canh kép nhw Bang 1.

Sau d4, néi dinh v, véi cac dinh vy, v, v cla
tam giac T; va chia tam gidc d6 thanh ba tam giac
T4, T2, T3. Cac tam gidc méi dugc tao ra thong qua
viéc thém cac canh khi néi dinh v4 véi ba dinh cta
tam giac Ty, sO hiéu cta tam giac T; dwoc giir

nguyén va chi thay ddi cac thudc tinh cta cic canh
cda tam giac T1 (Bang 2).

(Trong qua trinh nay, thudc tinh erwin ctia cac
canh e, ez, e3khong thay doi nén ta khong xét téi)

4.1.2. Piém ndm trén canh

Néu dinh v4 ndm trén canh e clia tam giac T;
thi dwa vao thudc tinh erwin cia canh e ta c6 thé tim
dwoc tam giac ké cin, néi diém v, véi hai dinh doi
dién ctia hai tam giac lién ké (Hinh 4).

So v&i ciu truc dir liéu duwgc mo ta trong
(Tran Thuy Dwong va Nguyén Vian Hiép, 2007) thi
thao tic nay khong can cip nhat ba tam giac lién
keé.

4.2. Hodn déi tam gidc

Thao tic hoan d6i tam gidc dwoc st dung
trong ca qua trinh tam giac hda cling nhw viéc bién
tap, chinh stra mo hinh.

Bdng 3. Dir liéu truwéc khi thém diém

e v €Twin ENext Tr
e1 \%1 e’ (S/] Ty
ez \'%] e €3 T
€3 V3 €4 €1 T1
e4 \Z €3 es T
es V3 e’s €6 T,
€6 Vs e’ €4 T

Vi

Hinh 3. Diém v4 ndm trong tam gidc T,
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Hinh 4. Dinh vsndm trén canh e

&
V1 Cpt

Vi

Hinh 6. Trwwong hop xéa tam gidc cé mét canh bién
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Khi tam gidc hda c6 thé xay ra hai treong hop:
néu dwong tron ngoai ti€p tam giac con chiva dinh
con lai cuia tam gidc lién ké (khéng théa man diéu
kién Delaunay) hodc khi bién tip chinh stra mo
hinh TIN hai tam gidc can hoan déi la T, va T
(canh can chon la canh e;) thi sé phai thwc hién
thao tac hoan déi tam gic nhw Hinh 5.

Bdng 4. Dir liéu sau khi thém diém

e \ €Twin €Next Tr
€1 Vi e1 €7 Ty
€2 V2 e €3 Ts
€3 V3 e'3 €9 T3
€s V1 €g €10 T»
es V3 e’s e T4
€6 \ e's €4 T,
e7 \'%] €9 €g T4
es Vs €4 el Ty
€9 Vs e7 e T3
e1o Vs en e’s T,
e V4 e1o e Ty
€12 Vs €3 es T4

4.3. X6a tam gidc

Trong ciu triic nay, ton tai cac canh c6 thudc
tinh eTwin 13 c4c canh c6 thudc tinh TR bang 0

dworc goi la canh bién. Thao tac x6a tam giac & day
duoc chia thanh cac trwdong hop sau:

Xéa tam giac thong thwong (tic 1a cac tam
giac khong c6 chira canh bién);

X6a tam giac c6 mot canh la canh bién;

X6a tam giac c6 hai canh la canh bién;

X6a tam giac cd ca ba canh la canh bién.

4.3.1. X6a tam gidc thong thwong.

Trong truwdng hop nay, cac thudc tinh bi thay
déi chi bao gobm cac thudc tinh Tr ctia cac canh tao
thanh tam gidc cin x6a. Pau tién ta phai xac dinh
tam gidc cin x0a, sau d6 cap nhat thudc tinh Tk cho
cac canh tao thanh tam giac nay. Trong ngon ngir
Visual Basic, thao tac nay dwoc mo ta nhw sau:

DS_EdgesDC(iEx).iTR =0
DS_EdgesDC(iExn).iTR =0
DS_EdgesDC(iExnn).iTR =0

Trong d6 danh sach DS_EdgesDC( ) 1a danh
sach lwu trit cac niva canh va ex, ex,, €xnn la cac
canh cta tam giac can x6a. Trong do ex, 1a canh
sau clia canh ex va exun la canh sau ctia canh exp.

4.3.2. X6a tam gidc c6 chira mgt canh bién.

Trong truedmng hop nay, khi xda tam giac ta can
cap nhit cac thudc tinh cta hai canh con lai va cac
thudc tinh cta cac canh c6 lién quan t&i canh bi
x6a. Nhw Hinh 6, Bang 6.

Bdng 5. D liéu trwéc va sau khi hodn doi

Dit liéu trwérc hodn doi Dit liéu sau hoan déi
e v €Twin | ENext Tr e v €Twin ENext Tr
€1 V2 e'1 €2 T1 €1 V3 e’1 €3 T1
€2 V4 e'z €3 T1 €2 V4 e'z €4 T1
€3 Vi e'3 €1 T1 €3 Vi 6'3 e'3 Tz
€4 V4 €1 e'3 Tz €4 V1 €1 e'z Tz
es V3 e’s €4 T, es V3 €e’s ez T,
€6 V2 e’ e T, €6 V2 €' e1 Ty

Bdng 6. Di¥ liéu trwdrc va sau khi xéa tam gidc trwdng hop 2.

Dit liéu ban dau Dit liéu sau khi x6a tam giac
e \% €Twin ENext Tr e \4 €Twin ENext Tr
€1 V2 e’1 €2 T1 e1 V2 e'1 ez 0
<) V3 e’ e3 T: ez V3 e’ en3 0
€3 V1 €3 e Ty €3 0 es 0 0
€ A% es €n3 0 es 0 es 0 0
ep3 \Z €'p3 es 0 €ept3 V4 €'pi3 e1 0
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b

Hinh 7. Trwong hop x6éa tam gidc cd hai canh bién.

Bdng 7. Di¥ liéu sau khi xéa tam gidc T; trwedng hop 3

Dit liéu ban dau Dit liéu ban dau

€ \4 €Twin CNext TR € v €Twin CNext TR

e1 V2 eu €2 Ty e V2 e €nt2 0

ez V3 ew e3 Ty e 0 e 0 0

€3 Vi % el Ty €3 0 es 0 0

€3 V2 es €2 0 €3 0 €3 0 0
€pt3 \Z! €nt3 €3 0 ept3 \Z ent3 el 0

ew Vi (7] ent2 0 e 0 ) 0 0

5 TIN ol @) &5 TN [ a3
File Draw View @ TIN Model Untities Caculate the volume

Incremental Select Point

Select Edge

Brealline Triangulation
Select Triangle

DCEL
Modify Point Height
Flip Triangle

Insert Vertex

Erase Triangle

Erase Vertex

Contours

Erase Contour

Break Line

Hinh 8. Chwong trinh tam gidc hda theo thudt todn tdng ddn va mot sé thao tdc bién tdp.

Do c4c tam gidc dwoc biéu dién gian tiép thong
qua cac canh nén viéc x6a tam giac tré nén kho
Truong hop nay, cac thudc tinh thay d6i la  khin va xdy ra nhiéu trudmg hop dic biét. Nhw
toan bo cac thudc tinh cua cac canh clia tam gidc ~ Hinh 7, Bang 7.
can x6a va toan bd cac canh dao ctia mdi canh. Nhw
vay dé thwc hién thao tac nay ta chi cin tién hanh 5. Thwc nghiém va két luan
cap nhat cac thudc tinh d6 bang 0.

4.3.3. X6a tam gidc c6 hai canh la canh bién

5.1. Thwe nghiém
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Hinh 10. (a) Trwéc khi xéa tam gidc, (b) Sau khi xéa tam gidc
Basic 6.0.

DE khao sat cu truc canh kép trong viéc tam
giac hoa va thuc hién mot so thao tac bién tép,
nhém tac gid da tién hanh xay dung chwong trinh
thuc nghiém bang ngdn ngit Visual Basic nhw Hinh
8, 9, 10. M6t so thao tac bién tip dwoc thé hién
bang chwong trinh nhém téc gia da xay dung bang
ngon ngtr Visual Basic 6.0.

5.2. Két ludn

Viéc str dung ciu truc canh kép cho viéc tam
gidc hdéa va xir ly cac thao tac bién tdp mé hinh TIN
cho thiy cAu tric nay c6 mét s6 wu, nhwoc diém
nhuw sau:

Uu diém: Phu hop va thuén loi déi véi cac thao
tac lién quan truc ti€p dén canh nhw thao tac chén
diém, thao tac hoan ddi tam giac.

Nhwoc diém: Do cac tam gidc dugc biéu dién
gian tiép théng qua cac canh nén doi véi cac thao
tac lién quan truec tiép dén cac tam giac thi ciu tric
nay con han ché.

Cac két qua danh gid da dwoc kiém ching
bang chwong trinh viét trén méi trudmg Visual
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ABSTRACT

Use the doubly connected edge list (DCEL) structure for storing and
processing some editing triangular irregular network (TIN)
operations

Lien Thi Ngo 1%, Duong Thuy Tran 2, Hung Quang Le 3
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2 Faculty of Geomatics and Land Administration, University of Mining and Geology, Vietnam
3 Resource Environment and Materials Technology Joinstock Company, Vietnam

When building and handling some editing of triangular irregular network (TIN) operations, there are
some different data structures that can be used to present the triangular irregular network, the doubly
connected edge list (DCEL) structure is one of them. Currently, the triangular network is often handled
with a lot of the triangles so researching the data structure which is suitable for the triangulation is
necessary. With evaluating the DCEL structure purpose to use for triangulation, the paper analyzed and
compared it with other structures for storing and processing some editing the triangular irregular
network operations. The paper used analytical method and comparative method the DCEL structure with
other structures and experiment program using the DCEL structure for storing and processing TIN model
by Visual Basic 6.0 language. The paper evaluated advantages and disadvantages and gave some adjusting
for the DCEL structure to more suitable for storing and processing some editing TIN model operations.
Moreover, using the DCEL will facilitate for the combination handle some problems related to
topographic and cadastral later.



