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BAI TOAN XU LY PUONG BREAKLINE TREN
MO HINH TIN, SU DUNG CAU TRUC DCEL
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WCéng ty C6 phan Cong nghé Tai nguyén Méi trieong va Vit liéu
@Truwong Dai hoc Mo Dia chat
Tom tit:

Puong Breakline thuong mé ta la cdc doi twong biéu dién trén mé hinh sé dia hinh nhir song nui
khe niii, dong mike.. - Tuy nhién, khl nghlen citu ban do dia chinh, ciing ¢ thé u"ng dung nguyén tic
xu ly duwong Breaklme dae gzal quyét mot s6 bai todn dia chinh trén mé hinh sé. Poi twong nji dung
chinh ciia ban do dia chinh gom thira dat va cdc doi twong dia 1y lién quan nhue hé thong giao thong,
thuy hé ... M6 hinh TIN dia chinh dwoc xdy dung tir tam giac hoa dir liéu do dac thuc dia. Cac canh
thira dét khi dwa vao mé hinh mdc nhién la cdc canh ¢é dinh va théa mén diéu kién canh cia mang
ludi tam giac khéng dwge cdt qua. Nhie vdy, mang lwGi tam gidc can phai chinh sira, bién tap dé xir
ly giao cat Cdu triic dir liéu DCEL c6 nhung wu diém trong lweu triv dit liéu dwoc lwa chon dé gidi
quyét vin dé nay phix hop véi thudt todn dé ra. Bai bdo ding hai phwong phdp “Chia canh va

“Hodn vi” tam gidc ap dung xir Iy dwong Breakline. Bai todn nay la bai todn di truée, tao tién dé
dé giai quyét tiép van dé tao Topology cho déi tiwong viing trén ban do dia chinh vmg dung mé hinh

TIN.
1. Pit van dé

Hi¢n nay, khi mo ta bé mat dia hinh,m6 hinh
TIN thuong st dung. Mot trong nhiing thao tac
khi bién tap co ban, quan trong trén mo hinh TIN
la xtr 1y cac dut gdy dia hinh, xt ly duong
Breakline. Puong Breakline thuong dugc dung
dé mo ta su thay doi dot ngot hay con goi 1a cac
ddc trung dia hinh nhu: duong tu thuy, duong
phan thuy... Khi tam giac hoéa dir li¢u dia hinh,
cac canh tam gidc co thé giao cit voi duong
Breakline. Bai toan xir Iy nhdm muc tiéu chinh
stra mo hinh tam giac loai bo giao cét va duong
Breakline s€ bi chia ra, ép budc tré thanh céc
canh ctia md hinh tam giac.C6 rat nhiéu phuong
phap duoc ing dung dé xir Iy nhu: hoan d6i tam
giac, chia canh...Sau xu ly, duong Breakline
trén moé hinh c6 thé duoc giit nguyén hoidc bi
phan chia va ciu tric dir liéu s& bi bién doi. Cac
canh méi, cac tam giac mdi co thé dugc tao thém
doi hodi phai cap nhat dir liéu va xay dung lai
quan h¢ tam giac. Cau trac DCEL tuyco nhiing
nhuoc diém nhu tén bd nhé, cac tam giac biéu

dién & dang khong twong minhnhung lai co uu
diém 12 rat linh hoat khi thao tac bién tap trén mo
hinh TIN. Thyc té cho théy, cAu tric biéu dién
mo hinh tam giac ¢6 anh huong rat 1on dén do
phirc tap cuia thudt toan ciing nhu 1a toc d6 cua
mot thao tac cu thé.Viéc lua chon céu trac biéu
dién ngoai y nghia thuan tién cho luu trit, cap
nhat dir liéu con phu thudc vao muc dich st dung
sau nay[2]. Trong truong hop cu thé ctia nghién
ciru nay, voi nhiing dac tinh wu viét, cAu trac
DCEL duge lua chon dé ung dung dé xu ly
duong Breakline.

Khi xtr 1y cac bai todn dia chinh trén m6 hinh
TIN, cac ddi tugng dang tuyén nhu canh thira
dat, canh nha, duong quy hoach, duong dia
gidi... co thé dugc xem la cic duong Breakline.
Luéi tam giac dugc xay dung ciing c6 thé xay ra
trudng hop cac canh tam gidc cit cac duong
Breakline. Cach giai quyét xir 1y duong
Breakline trong dia chinh cling twong ty nhu xu
1y trong dia hinh. Tuy nhién, trong xu ly gitra dia
chinh va dia hinh ciing c6 dic diém riéng. Trong
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dir li€u dia hinh, mo hinh tam giac sau khi xur 1y,
cac tam giac thu dugc thuong phai kiém tra va
thoa man diéu kién Delaunay. Trong dia chinh,
cac tam giac duoc xay dung chi can phu kin bé
mat can md ta, co thé tdn tai nhiing tam giac bet,
khong nhat thiét phai thoa man diéu kién tam
giac Delaunay nhu trong dia hinh[5]. St dung
mo hinh TIN Delaunay xt 1y dudong Breakline
trong dia chinh la sy ké thira va tan dung két qua
cua cac thuat todn xay dung mo hinh tam giac
Delaunayda duoc nghién ctru[4]. Mat khac, su
dung m6 hinh TIN Delaunay con nham muc dich
str dung cung mot mo hinh dir liéu cho xur 1y két
hop bai toan dia hinh va dia chinh tir mét co s&
dir liéu chung.Ngi dung bai bao s€dua ra mot
huéng giai quyét moixw Iy dudng Breakline trén
mé hinh TIN, sir dung céu trac DCEL c6 thé ap
dung cho bai toan dia hinh, dia chinh.

2. Giai quyét van dé

Gia str nguoi ta dwa vao mot tap hop diém,
sau d6 tién hanh tam giac hoa, xay dung mé hinh
dir liéu. Trong tap hop cac diém do, co thé phan
loai dit liéu diém thanh céc loai:

-Diém c6 tinh chat dia chinh,
-Diém c6 tinh chat dja hinh,

-Diém c6 tinh chit vira 13 dia hinh, vira 1a dja
chinh (diém dia chinh c6 do cao).

Trén co so tap hop diém chung @6, dir liéu dia
hinh dua vao tap hop dir liéu dia hinh, dir li¢u dia
chinh dua vao tap hop dir liéu dia chinh con di
liéu dia chinh c6 d6 cao dugc phan vao ca hai tap
hop trén. Mbi tap hop dit liéu tiy thudc vao muc
dich ma str dung dir liéu dia chinh hay dia hinh
ma ap dung cac phuong phap giai quyét khac
nhau. Noi dung sau day sé nghién ctru cac hudng
giai quyét ap dung cho viéc xir ly dir liéu dia
chinh.

Muc tiéu nghién cuu xu ly duong Breakline
trén mo hinh TIN 1a bién dbi sao cho canh
Breakline s& phai bién thanh cac canh tam giac
trén mo hinh tam giac. Sau bién d6i mo hinh tam
giac s& bi chinh stra, thay doi, c6 thé thém méi
cac dinh, tam giac nhung ciing c6 thé chi hoan vi

gitra hai tam giac lién ké nhau va dir liéu phai
duoc thay doi lai (thém mai hodc cap nhat).

Viée cap nhdt va thém méi trong cdu tric
DCEL tién hanh theo 2 budc nhu sau:

Buoc 1: Tim tdp hop cac nita canh DCEL bi
dwong Breakline cdt qua va tdp hop cdc giao
diém

Budoc 2: Trong tdp hop cdac nwa canh bi cdt
viea tim duoc, xur Iy lan luot cdc nira canh cdt
theo tw twong cdp nhdt va thém moi

Céu trac DCEL tong quat dugc mo ta bang
ngong ngi 1ap trinh Visual Basic nhu sau:

e as long (s6 hiéu ciia nita canh)
Private Type EdgeDC
vas long (dinh xudt phdt ciia nita canh e)

ey as long (nita canh nguoc cua nira canh e)

e, as long (nwa canh tiép theo cua nira canh

T as long (tam giac chira nira canh)

End Type

Ngodi ra con co:

e, as long (mra canh tiép ciia nira canh tiép
cua niea canh e).

Trong nghién cuu cua bai bao nay,ndi dung
xtr ly duong Breakline su dung cau traic DCEL
dugc giai quyét theo hai phuong phap:

- Phuong phap chia canh

- Phuong phap hoan ddi tam gidc (Bao toan
canh).

2.1. Phwong phap “Chia canh”

Co6 2 cach thuc hién:

- Cach I: Gilt dugc hinh dang tam giac c6 xu
hudng déu (sau xu ly duong Breakline, cac tam
giac moi xay dung s€ dugc kiém tra diéu kién
Delaunay).

Céach xtr ly nay sé gilt cho nhiing tam giac
moi sau khi chia ¢6 xu hudng khong bi bet bang

TAP CHi KHOA HOC PO DAC VA BAN PO SO 40-6/2019 51



Nghién ctiu - Ung dung

cach sau khi xur 1y chia canh va thém moi céac
dinh, cac tam giac mdi dugc xay dung s€ phai
kiém tra va thoa man di€u ki¢n Delaunay[5].

- Cdch 2: Khong quan tim dén hinh dang tam
giac (chia canh va xay dung méi tam giac). Cach
xir 1y nay co loi thé 1a don gian, 6n dinh va
khong phai kiém tra diéu kién tam gidc. Tuy
nhién, do khong kiém tra diéu kién Delaunay
nén sau xir Iy c¢6 thé tao ra nhirg tam giac bet.
Do vy phai tity diéu kién va myc tiéu cu thé dé
ap dung.

Theo phuong phédp nay, cach 1 phu hop ap
dung xu ly Breakline trong cac bai toan dia hinh.
Trong dia chinh co thé 4p dung cach 2 (chia
canh) trong xu ly cac truong hop nhu: chia tach
thira, tinh toan giai phong mat bang, xay dung
ban dd quy hoach. ..

Theo nguyén tic ciia phuong phap, khi xét
phai 1an Iuot di theo cac tam giac chira cic nira
canh c6 giao doc theo dudong Breakline. O céc
diém giao can phai thiét 1ap cac dinh méi bang
cac thao tac chén diém — thém diém vao mo hinh
tam gidc. Cac canh moi, cac tam gidc méi dugce
thiét 1ap. M6 hinh tam gic s& bi bién ddi va phai

cap nhat lai trong dir liéu cac thanh ph?m: v, €,
ey, T cua cac ntra canh tam giac; déng thoi, thém
moi cac ntra canh bi chia vao danh sach canh
DCEL.

Vigc chia canh, thém moi va cap nhat lai
trong danh sach canh DCEL dugc bi€u dien cu
thé qua hinh va bang sau: (Xem hinh 1, 2)

Cadc buwdc thuc hién:

Bwéc 1: Tim cac nua canh giao vdi duong
Breakline (canh mau dé, hinh dudi) trong tap
hop cac canh DCEL ban dau:

-Tim nira canh c6 dinh gbc 1a diém dau cua
duong Breakline.

Trong cau tric DCEL, dinh gdc ciia canh e
chinh la dinh dich cta canh e, va cling chinh la

diém khoi dau cua duong Breakline. Do vay, chi
can xét xem nura canh e, c6 giao véi Breakline

hay khong.

Str dung ham Intersection dé xét giao cua nira
canh e, voi Breakline va xét:

Néu co giao thi thém nira canh e, vira tim

e Vv et e T,
e Vv =" Cn T;
e, Vi € €nn T
€mn Vin €n e T,

Hinh 1: Dir liéu truoce khi chia canh

Ky hiéu: --- Khéng thay doi

e Vv € €n T,
S - €1n T
€ln Vo Cann €1an T:
€1nn -— - e T
[S5)] Vo €n T;
€2n - = | @m | T
€2 \’nn Cin €2 Tg

Hinh 2: Dit lieu sau khi chia canh
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duoc vao mot mang tam. Gdn e=e, va thodt
vong lap.

Néu khéng giao, ldy nira canh ddo e; cua e
vagadn e= e, Thyc hién vong lap dé xét canh giao
twong ty voi nita canh e moi vira gan.

Thuc hién thao tac lap lai cho toi khi tim
duwoc nura canh giao dau tién.

Hinh 3: Tim nira canh giao dau tién (e,)

- Sau khi da tim dugc ntra canh giao dAu tién,
sir dung chinh nira canh giao 6 dé gan 1am canh
e tiép theo thyc hién vong lap.Tuy nhién, lac nay
can phai xét ca e, va ey, Xxem co giao Vi
Breakline hay khéng boi vi dinh gdc cia nira
canh e dang xét lic nay khong con trung voi
diém dau cta Breakline.

- Thyc hién vong lap dé xét, cr mdi khi xéac
dinh duoc canh giao thi canh giao d6 dugc thém
vao mang tam. Sau d6, st dung canh giao vira
tim dugc gan lam nua canh e va thuc hién lai
thao tac 1ap tim kiém canh giao.

Két qua cudi cung thu dugc mdt mang tam
gom cac ntra canh giao voi duong Breaklline.

Hinh 4: Tim canh giao tiép theo

Buwée 2: Tim toa d¢ di€m giao va thém mai
vao danh sach diém.

-Duyét trong mang danh sach cac ntra canh

giao vira tim dugc, dung ham tim giao diém dé
tim lan luot cac diém giao voi Breakline cua
ting nira canh.

-Thém céc diém giao vira tim dugc vao danh
sach diém.

Buwée 3: Chen diém cac diém giao vira tim
dugc vao mo hinh tam giac, thém mdi va cap
nhat lai trong cau trac di liu.

Két thiic thwe hién
Nhan xét:

Han ché cia phwong phdp xir Iy dwong
Breakline theo nguyén tac “Chia canh”la tao ra
mét s6 lwong Ion cdc dinh thém va cdc canh
thém khong mong muon. Ti uy nhién, néu ap dung
nguyén tic nay trong mot so bai toan dia chinh
lai ¢6 wu diémnhu khi tach thira, hop thira, quy
hoach sir dung dat, giai phong mdt bang...Khi
xw ly Breakline trong cac bai toan dia chinh,
khéng can phdi kiém tra diéu kién Delaunay béi
Vi Viéc tqo ra cac tam gidc bet trong qua trinh xur
Iy khéng lam dnh hiong dén dp chinh xdc hinh
thé ciing nhu dién tich cia thira dat.

2.2. Phwong phdp “Hodn déi” tam gidc

Phuong phap “Hoan d6i” tam giac con goi 1a
Flip tam giac vaco thé hiéu 1a phwong phdp bdo
toan canh. Sau khi da xac dinh dugc cac canh
clia mo hinh tam giac giao vdi duong Breakline,
tién hanh 1an luot hoan doi tam giac theo tung
cdp tam giac lién ké c6 canh chung, giao cit véi
duong Breakline. Phuong phap nay st dung thao
tac Flip tam gidc da dugc trinh bay trong [3]. Khi
d6, dir liéu cac tam giac sau hoan doi s& phai
dugc cédp nhat lai trong cAu trac dir liéu DCEL

Cdc budc thuc hién

Buoc 1: Tim cdc nwa canh giao voi duong
Breakline trong tdp hop cac canh DCEL ban
dau.

O buéc nay, thao tic duyét va tim cac nira
canh giao voi Breakline twong tw nhu phuong
phap chia canh. Cac nwa canh giao sé duwoc
thém vao mang tam.
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Budc 2: Duyét trong mang tam chira cac nira
canh giao voi Breakline, kiém tra xem diéu
kiénFlip:

-Néu théa man diéu kién thi tién hanh thao
tac hodn doi tam gidc (Flip). Sau dé tiép tuc
kiém tra wira canh @6 sau khi Flip ¢6 con cdt
Breakline hay khéng. Néu khéng con cdt nita thi
logi nita canh do khoi mang tam chira cac nua
canh giao.

-Néu con cdt thi gitr lai va tié}? tuc thuc hién
vong lap.

-Néu khéng théa mdén thi tiép tuc duyét tiép
canh tiep theo.

-Dung lai khi khong con canh nao trong danh
sach mang tam

Budc 3: DBdnh ddu cac nira canh Breakine
sau khi xuw ly da bién doi thanh canh tam giac.

-Sir dung mét bién danh ddu.

-Gdan gid tri biénbang -1 cho cdc nirka canh dd
dwoc xiw Iy va tro thanh canh tam gidac truoc khi
thuchién thao tac logi canh do khoi mang chira
cdc nika canh giao.

(Thao tdc nay nham muc dich dé danh dau
dwong Breakline nhung ciing dong thoi la canh
co dinh — canh thira dat dé sir dung trong bai
toan tao Topologycho thira ddt trén ban do dia
chinh).

Nhdn xét:

Uu diém ciia phwong phdp “Hodn d6i” tam
gidc la sau xw ly, duong Breakline dwoc gitv
nguyén (bdao toan) khong thay doi. Qud trinh xir
ly khong tao ra cac dinh moi va cac tam gidc
mdi trong mé hinh nén han ché ting thém cdc
phép tinh toan.

Nhuwoe diém cia phiwong phdp la ¢é thé phdi
thuc hién vong lap nhiéu lan cho t&i khi loai
dwoc hét cdc canh giao cdt véi dweong Breakline.
Viéc thuc hién lap di lap lai mot thao tdac voi mot
6 diém I6n sé lam chdm chwong trinh.

3. Thue nghiém

S6 liéu dwa vao thuc nghiém 1a s liéu gia
dinh. Cac diém do vira c6 tinh chat dia hinh, vira
¢6 tinh chat dia chinh.

Trong truong hop dit liéu diém do thuan dia
chinh hodc thuin dia hinh (theo phan loai trong
ndi dung trinh bay ¢ phan 1y thuyét) khong lam
anh huong dén thuét toan ciia phuong phép xur Iy
da trinh bay. Diéu khac biét 1a viée xir Iy d6 phuc
vu muyc ti€u nao, giai quyét bai toan dia chinh
hay bai toan dia hinh ma théi.

3.1. Phwong phdp chia canh

Gia st mo hinh tam giac véi dir liéu nhu sau:

=]
Fle Edit Format V\iew Help
Point_3D ]
110. 00D0 1<£0. 0000 0. 000
145 . 0000 185 . 0000 0. 3000
1 140, OO0D0 117 . 0000 Q. 0000
<} 200. 00D0 210 . 0000 0. 0000
195 . OODO 1420 . 0000 0. 000
20 . ODDC 195 . 0000 O MO0
Edge_DCEL 4
1 2 1 O
2 .-:I [ 3 ] O
3 3 1 1 O
1 2 > 5 2 0O
S < D & 2 o
« 3 4 O
4 2 8 3 0
8 5 G 9 3 0O
3 3 5 3 O
3 4 1 11 4 O
1L 6 18 12 4 (
2 S 7 10 4 O
3 2 1 14 O O
3 1 3 16 O O
5 4 4 13 O O
1 B 18 O O
6 10 15 0 O
8 5 131 17 0O ([
=
I J

Hinh 5: Dit liéu dau vao ban dau

Budc 1: Tam giac hoa va chuyén vé DCEL.

Hinh 6: Tam gidc héa dir liéu va chuyén doi
cau triic DCEL
Budc 2: Chén duong Breakline (1 - 6) vao
mang ludi tam giéc.
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Hinh 7: Pua dwong Breakline vao
mang luoi tam giac
Budc 3: Chia dudng Breakline bang cac diém
ndi suy va cap nhat lai danh sach cac canh
DCEL.

Hinh 8: Tim cdc diém giao, tao tam gidc méi
va cdp nhat dir lieu DCEL
3.2. Thuc nghigm phwong phdp “Hodn déi”
hay Flip tam gidac
Budc 1: Tam giac héa xay dung mo hinh
TIN, chuyén vé DCEL va dua canh Breakline (1-
6) vao mo hinh tam giac.

Hinh 9: Xdy dwng lwéi tam gidc, chuyén vé
DCEL, dva canh Breakline vao

Budc 2: “Hoan dbi” cho cap tam giac lién ké
1 va 2 va cap nhat lai dir licu DCEL.

Hinh 10: Hodn déi cdp tam gidc 1,2

Budc 3: “Hoéan doi” cho cdp tam giac lién ké
2 va 3 va cap nhat lai dir li¢u DCEL.

Hinh 11: Hodn déi cdp tam gidc 2,3

Budc 4: “Hoan doi” cho cip tam giac lién ké
3 va 4 va cap nhat lai dir licu DCEL.

Hinh 12: Hodn doi cdp tam gidc 3,4

Ket luian

- Xir 1y duong Breakline theo nguyén tic
“Chia canh” phu hop véi thao tac trén md hinh
TIN dija hinh (khi bit budc phai thoa man diéu
kién Delaunay). Uu diém cia phuong phap la
tam giic mdi tao ra s& c6 xu hudng déu, twong
df”)ng voi ludi tam gidc ban dau, thuan loi cho
cac bai toan ndi suy dia hinh. Mgt uu diém nira
cua phuong phap khiap dung trong cac bai toan
chia tach thira dat, quy hoach, gidi phong mat
bang ... trén mo hinh TIN dia chinh thi khong
can kiém tra diéu kién Delaunay.
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- Xt ly duong Breakline theo nguyén tic
“Hoan ddi tam giac” c6 uu diém canh Breakline
sau xu ly dugc bao toan nguyén ven. Tuy nhién,
xtr Iy theo cac nguyén tic nay co thé s& tao ra
nhirng tam giac bet. Trong dia chinh van dé xu Iy
duong Breakline nham loai bo cac giao cit cua
canh tam gidc véi canh thtra dét. Cho nén, trong
mo hinh tam giac ton tai cac tam giac bet khong
lam anh huéng dén quan hé Topologygitra cac
thira dét.

- Néu ta coi cac duong Breakline 1a cac
duong canh thira, duong quy hoach, duong chi
gidi thi ca hai phuong phap xu ly duong
Breakline déu phu hop ap dung trong viéc giai
quyét cac bai toan dia chinh. Tir d6, cing vdi sy
linh hoat trong xtr 1y va nhitng vu diém trong cac
thao tac bién tap cuia cdu traic DCEL, ta c6 thé ap
dung giai quyét két hop ca hai dit liéu dja chinh
va dia hinh tir mot co so dir liéu chung.

- Ngoai ra, vdi tinh cuc by cua cAu trac
DCEL, viéc xu ly Breakline con la co s& dé bude
dau giai quét cac bai toan chdng phu [1], cap
nhat bién dong, tao ving... trong quan ly dat
dai.O
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Problem solving Breakline line on TIN model, using Dcel structure

Le Quang Hung, Resource Enviroment and Materials Technology Joinstock Company

Tran Thuy Duong, Vu Quang Hieu, Le Huu Hue, University of Mining and Geology

Breakline lines are often described as objects that perform on topographic models such as moun-

tain, ravine, level.... However, when studying cadastral maps, it is also possible to apply Breakline
road handling principles to solve some cadastral problems on the numerical model. The main con-
tent objects of the cadastral map include land plots and related geographic features such as transport
systems, hydrology... The cadastral TIN model is built from the triangle of field measurements. The
parcel of land when included in the model is automatically fixed edges and satisfy the condition of
the edge of the triangular network is not cut. Thus, triangular networks need to edit and edit to han-
dle intersections. DCEL data structure has advantages in data storage chosen to solve this problem
in accordance with the proposed algorithm. The paper uses two methods of “Split edge” and
“Diagram” of triangle applied Breakline processing. This problem is a preceding problem, creating
a premise to solve the problem of creating Topology for regional objects on the cadastral map appli-
cation model.OQ
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