Nghién ctiu - Ung dung

THUAT TOAN NOI SUY VA VE MAT CAT PIA HINH
TREN MO HINH TIN

NGUYEN QUANG KHANH
Truong Pai hoc M6 - Dja chét

Tém tat:

No6i suy mét cét Ia viéc lam thuong xuyén cua céng tac tw van khéo sét dia hinh, mé
hinh TIN dwoc dung dé mé phéng bé mét dja hinh va la di liéu co s& cho hdu hét céc g
dung ndi suy va phéan tich dja hinh trén may tinh. Bai bao nay trinh bay cach thurc thanh
Iap va lwu triv div liéu mé hinh sé dia hinh TIN, ter d6 xay dung thuét toan va chuong trinh
may tinh ndi suy mét cét dia hinh, vé va hién thj di liéu mét cét dia hinh dang sé.

1. D4t van dé

M6 hinh sé dia hinh thwéng dwoc dung dé biéu dién bé mat dia hinh trén may tinh.
Trong cong tac khao sat thiét ké cac cong trinh xay dwng, giao théng, thay loi... nguoi ta
thwdrng st dung mé hinh sé dia hinh dang lwéi tam giac khéng déu ky hiéu 1a TIN. Mé hinh
nay dwoc lwu trir trén may tinh bao gdm moét tap cac tam giac lién ké va tap cac diém do
dia hinh [1].

M6t trong nhirng (rng dung ctia mé hinh sé dia hinh 1a cho phép ching ta tao cac mat
cat dia hinh trén mé hinh sb. Trwdc day ching ta thuwdng lam nhirng cdng viéc nay trén
nhirng phan mém nhap ngoai, bai bao nay sé dwa ra thuat toan va xay dwng mét chuong
trinh may tinh dé thuc nghiém va kha nang ap dung thuat toan vao thyc té.

2. Cau trac div liéu va thuat toan thanh lap mé hinh TIN
2.1. Dir liéu mé hinh TIN

CAu trac dir liéu mé hinh sb dia hinh dwoc thwe hién theo dang topo gdm danh sach
cac diém, danh sach cac tam giac va danh sach cac canh nhw thé hién trong Hinh 1. Viéc
lwu trir di li@u md hinh TIN ¢c6 thé dwoc thwe hién nhw mé hinh lwu triv topo (Hinh 1) hoac
lwu trle dwdi dang co s& dir liéu quan hé gébm 3 bang DIEM, bang TAMGIAC va bang
CANH nhwv Hinh 2.
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2.2. Thanh Iap mé hinh TIN theo thuat todn Tang tién

Thuat toan Tang tién [2] thuc hién viéc tam giac héa bé mat dia hinh theo nguyén ly: Khi
thém mot diém vao mé hinh TIN thi sé& chia tam giac chira diém dé thanh nhiéu tam giac
nhd va thwc hién kiém tra cac tam giac dé dé théda man diéu kién la cac tam giac t6i wu.
Do céac diém thém vao nam ngau nhién trén toan méat phang nén viéc kiém tra cac tam giac
nay dwoc tién hanh trén tat cd cac tam giac hién cé trén mé hinh TIN va thi gian tinh toan
trong tréng hop xau nhét 1a O(n?), trwdng hop tét nhét [a O(nlogn) phu thudc vao sw phan
bd clia cac diém dac trwng dia hinh. T n diém trong méat phang, thuat toan Tang tién sé
tao ra mot lwdi tam giac thda man tiéu chuan Delaunay va duwoc dung dé mé phéng dia
hinh trén may tinh (mé hinh TIN).

3. Bai toan ndi suy do cao trén moé hinh TIN

NGi suy d6 cao trén md hinh TIN la dwa vao toa d9, dé cao clia cac diém lan can cung
v&i mét ham toan hoc thich hop dé néi suy d6 cao clia diém can xac dinh va thuong sk
dung phwong phap ndi suy tuyen tinh [1]. N&i dung clia phwong phap la str dung mét ham
tuyén tinh, xac dinh do cao cta diém nam bén trong mét tam giac théng qua d6 cao da biét
tai ba dinh ctia tam giac. (Xem hinh 3)

Cho ba diém da biét toa do M;(X4,¥1,Z1), Ma(X0,Y2,Z5) va M5(Xs, Y3.23), can ndi suy do cao
z cila mot diém P(x,y,z) nam trong tam glac M M2M3 Do diém P nam trén mat phang cua
tam giac M{M,M3 nén ba véc to M.P,M,M, va M,M, ddng phang, nghia la tich hdn hop cla
ba véc to bang 0:

(M, P, MM, MM, )=0 A

T day suy ra céng thire tinh do cao diém P:

o X=XV 2y — Y Za) (V= VONZ oy Xy —Z5Xy) 2
z=z, (2)
X31-¥s —¥Yu-Xy
trong doé:
A 7%, - X b - S - S|
Ya=¥.—"Y, Ya1=¥:s ¥,y
3 =2, -4, 25 =23 -2, )

4. Bai toan néi suy mat cat trén mé hinh TIN

Bai toan téng quat nhw sau: Mat cat AB cat mé hinh TIN tai m; diém (i=1+/) nhw vay can
xac dinh toa do / diém m; la giao clia cac canh jk (j=1+n, k=1+n) v&i mat cat AB va noi suy
do cao tai cac diém dé. (Xem hinh 4)

Vi du nhw khao sét‘mc}t mang Ig’é’i tam giac TIN gébm 11 diém danh sé tr 1+11 va 12
tam giac nhw Hinh 3, can 1ap mat cat dia hinh theo huwédng AB véi A, m{" BT la dinh mat cat
twong (rng v&i cac diém A, m; va B. Do céac diém tlr 1+11 1a cac diém dac trung cla dia
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Mit cit dia hinh

Hinh 3 : Néi suy d6 cao diém P theo hwdmg AB

A T mim; mz mg m;s

Hinh 4 - Mit cat dia hinh trén mé hinh TIN

hinh, nén cac canh ctia tam giac tao b&i cac diém do 1a cac dwdng dac trwng dia hinh. Vi
vay, giao diém m; clia mat cat AB v&i cac canh cla tam giac cling chinh 1a cac diém dac
trweng dia hinh. (Xem hinh 5)

Truwdc tién, can xac dinh m; (i = 1+5) |a giao diém clia méat cat AB v&i cac canh clia tam
giac trér} mo hinh. M6i giao diém nay chinh 1a nghiém cfja hé hai phwong trinh, mét c}t]a
doan thang AB va mét clia canh tam giac ma doaq AB cat qua. Gia sg’ can xac dinh diém
m4(x,y). Ta cé phwong trinh tham so cia doan thang AB va doan thang la canh cda tam
giac di qua hai diém (x4,y4) va (X,,y,) c6 dang nhw céng thirc (4):

{X =(1-tx, +tx, {X =(1-t)x, +1'x,

voit, t’ e [0,1] 4)
y=(1-0y,+tyg [y=01-t)y, +t'y;

Giai hé phuwong trinh dwoc:

£ = ¥, -y (X —X) -, -x )., -y
(Xz _31)-@3 _y_a,) _(YJ, _YJ-(XB _X_JJ 5
g (¥, V)X =X ) —(X; =X ).(¥5 — Va)

- (X, =X).(¥z = ¥a) = (¥, —¥)-(Xz =X )

Thay t hoac t vao (4) xég dinh dwoc gia tri toa do x, y. Néu t € [0,1] thi gifél trix, y ch[nh
la toa do cua diém m,4. C& lan lwgt nhw vay ta sé xac dinh dwoc toa dd cua tat ca cac diém
giao khac m; (i = 2+5).

Tiép theo, chung ta can xac dinh dé cao cta cac diém giao m; (i = 1+5). Khao sat trwong
hop xac dinh d6 cao cta diém m,. Tl Hinh 4 ta thay, diém m, nam trén canh néi gitra hai
diém 1 va 2. D6 cao cla hai diém 1 va 2 da biét la z, va z,, khodng cach tlr diém 1 dén
diém m, la d,, tir diém 1 dén diém 2 1a d,,. Néu coi do cao cua dia hinh bién dbi tuyén tinh
tor diém 1 dén diém 2 thi d6 cao cta diém m,, tinh theo d6 cao diém 1, sé ty Ié thuan voi
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khoang céch t&i diém 1 va ty 1é nghich v&i khoang cach gitra hai diém 1 va 2. Céng thirc
tinh d6 cao diém m, nhw sau:

S

dl
Z=7Z +

1 '(Zz _21)

12

trong do: d, :\/(K_K1)2 +(}"—Y1)2 vad, :\/(K1 _K:)E +(y, _Y:)z ©)

Cudi cung la viéc xac dinh dd cao clia hai diém dau va diém cudi cia méat cat AB. Do
cao cla A va B dwoc xac dinh theo cong thirc (2).

Thuét toan ndi suy mét cat dia hinh:

1. Input: tap cac tam giac thudc TIN, toa d6 cac dinh cac tam giac va toa do diém dau
A va diém cubi B cliia mat cat.

2. Noi suy dod cao cla diém A va B theo o
cong thire (2). i
2 . dyy .
3. Xac dinh giao diém m, clia mat cat AB s (x3Y2,27)
vGi cac canh cla tam giac trén mé hinh sb my
dia hinh theo cdng thirc (4). £ d; .
R x,y,z)
4. NQi suy d6 cao cua cac diem giao m, L/” /
theo cong thirc (5). forvnzy)
5. Két thuc.

. Hinh 5 : Noi suy do cao cia diém m;
Thuéat toan vé mat cat dia hinh:

1. Input: tap cac diém toa do-dd cao trén mat cat dia hinh (A, B, m;).

2. Tinh khoang céach gilra cac diém trén tuyén mat cat (Sam1, Smimas -+ Smng) theo cong
thirc (6).

3. Xac dinh toa do diém A (c6 thé chon bét ky trén ban vé), tinh toa d6 cac diém m; va
B theo huéng ngang s&r dung khoang cach tinh trong bwéc 2.

4. Tai cac diém A, m, va B vé& dudng thang theo huéng dirng véi khoang cach bang do
Cao zp, Zyy;» Zg- Xac dinh dwoc toa do cac diem A', m;" va B'.

5. V& dwong thdng ndi cac diém AT, mT va BT va trinh bay mat cat dia hinh theo ty 1&.

6. Két thuc.

5. Xay dwng chwong trinh xac dinh mat cat dia hinh va thwe nghiém

5.1. Xay dwng chwong trinh

Trong [1] da xay dwng mot phdn mém dd hoa dé twong tac biéu dién, bién tap, lwu triv
bé mat dia hinh dang TIN. Giao dién chwong trinh dwoc thiét ké theo dang chuan cua
Windows bao gém: menu diéu khién, phim t&t, cac thanh coéng cu (tools bar), thanh trang
thai (status bar), thanh cudn (scroll bar) va viing hién thi twong tac (Hinh 6).
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Tr{en co s& di¥ liéu b& mat dia hinh, [n(“) d:un ndi suy vé‘vé mat cat dia hinh dwoc thanh
lap bang ngdn ngir lap trinh VB6 trén nén d6 hoa ma nguon mé& VeCAD va thuc hién theo
3 bwéc nhw sau: (Xem hinh 7)

5.2. Thwc nghiém

Trén co s& thuat toan vé mat cat dia hinh, dé tai nay da thanh lap mé dun vé mat cét
tw dong trén mo hinh s dia hinh v&i cac budc thao tac nhw sau:

1. Nhap sé liéu diém do (thwc nghiém véi sb liéu co 605 diém véi toa d6 x, y va do cao
H).
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Hinh 6: Thiét ké giao dién va Iap trinh trinh trén Visual Basic 6
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Hinh 7: Giao dién chuwong trinh
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2. Xay dwng md hinh TIN (vréi 605 diém thwc nghiém, sb tam giac tao dwoc trong mo
hinh TIN Ia 1191 tam giac va s6 canh tao dwoc la 1779 canh).

3. V& mét cét: nhan chudt vao diém dau mat cat va diém cudi mat cat. Chwong trinh sé
tw déng xac dinh giao diém cla mat cat v&i cac canh cla tam giac trén mé hinh sé dia
hinh, déng thoi ndi suy d6 cao tai cac vi tri nay. Cudi cung la vé mat cat ra man hinh hién
thi (Hinh 8).

Vié,c ndi suy va vé méat cat da duwoc so sanh véi chwong trinh SoftDeck 8.0 (Hinh 9) va
cho két qua twong dwong.

6. Két luan

- M6 hinh sb dia hinh dang TIN 1a mét dang dir liéu nén tdng, cho phép chung ta khai
thac, str dung cho nhiéu muc dich khac nhau. Viéc xay dwng cac thuat toan va cac mé dun
ng dung da tw dong héa dwoc hau hét cac cong doan cua thiét ké khao sat, thi cong. Noi
suy tw déng mét cat dia hinh va vé lai trén nén ban d6 sé cho két qua nhanh chéng, chinh
xac, tranh dwoc nham lan.

- Két qua thyc nghiém thuat toan ndi suy va vé mat cat dia hinh da dam béo tinh chinh
xac va co thé dung dé phat trién thanh cong cu tién ich trong cac phan mém GIS va ban
dod s0.0
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(a) Mat cat xac dinh duoc theo muc 4 (b) Mat cat vé bang SoftDesk 8.0

Hinh 9: Hinh dnh mat cat dia hinh (minh hoa két qua so sénh v&i phdn mém khéc)

40 TAP CHi KHOA HOC PO BAC VA BAN DO SO 30-12/2016



Nghién ctiu - Ung dung

Tai liéu tham khao i )
[1]. Nguyén Quang Khanh, Nghién ctru thuéat toan va xay dwng hé phan mém quan ly
khai théc co s& di lidu dia hinh, Luan an Tién si ky thuat, 2011, 133tr.

[2]. Mark de Berg, Marc van Kreveld, Computational Geometry Algorithms and
Application, 2000.

[3]. Ron Singh, David Artman, David W. Taylor, Dave Brinton, Basic surveying -
Theory and Practice, 2000, Ninth Annual Seminar.O

Summary
The algorithm for interpolating and drawing the terrain sections from TIN model
Nguyen Quang Khanh, University of Mining and Geology

Interpolation terrain section is regular work of technical consultant, TIN models are used
to simulate the surface terrain and it is the data for most of the terrain analysis applications
on the computer. This paper presents how to establish and store digital terrain data as
model TIN, from which to build algorithms and computer programs for interpolating the ter-
rain sections, drawing and displaying it.O

MQT PHUONG PHAP TiNH THE TiCH.......
(Tiép theo trang 16)

Summary

One method to caculate volume of 3D object using TIN

Tran Thuy Duong, Ngo Thi Lien, University of Mining and Geology

Le Quang Hung, Resource Enviroment and Materials Technology Joinstock Company

When studying 3D objects, one of the important properties of practical significance is to
calculate volume. Calculating of the volume can be used for a lot of applications in many
brands such as: in designing drainage systems for roads; in dredging the waterway traffic;
in digging and filling engineering constructions; in mining in the design, inventory for man-
agement and exploitation of minerals; in calculating the volume of civil engineering,...
Recently there have been some reseaches which gave different solutions to solve this
problem by TIN model. However, by studying the methods mentioned above, these solu-
tions are complex in calculating and are not optimized, the data collection process must be
followed by some definite conditions. This paper gives a method for calculating the volume
in the general case for 3D objects with any shape. According to this method, the caculated
process becomes simple, the organization of field work is flexible, multiple ways and not
complicated.O
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