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Hoc liéu

» Cac tai liéu tham khao
> [1] Bai giang mo hinh hoa dia hinh, Bai giang danh cho
Cao hoc Nganh Trac dia, Truong Pai hoc Mé - Dia chat,
2016
> [2] Zhilin Li, Qing Zhu, and Chris Gold, Digital terrain
modeling: principles and methodology. 2005, CRC Press
- [3] UTD, Introduction to terrestrial LiDAR,
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Hoc liéu

» Phan mém
1. Phan mém Surfer: Noi suy va trinh bay mo hinh sb
dia hinh
2. Phan mém Aipos: Trich xuat va hiéu chinh bé mat
3. Phan mém Agisoft: Thanh lap mé hinh sé dia hinh
tlr di¥ liéu anh tr UAV




Chuaong 1
Gi®i thiéu chung

&



1.1 Md hinh dia hinh va mé hinh sé dia hinh

» M hinh vat ly, duoc lam tir cao su, nhua, dat sét, cat, .v.v

» M®d hinh s& dia hinh (DTM): biéu dién thdng ké bé mat lién tuc cla mat
dat bang sé lugng 1&n cac diém dwoc chon d3 biét toa do X, Y, Z trong mot
hé toa do nao do.

C6 nhiéu hinh thirc biéu dién

Khéng mat tinh chinh xac cta dit liéu theo thoi gian

Kha nang tw dong hda va xt ly thoi gian thwe manh hon
Dé dang biéu dién daty lé
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.2 M6 hinh so dé cao va mé hinh

so dia hinh

vV Vv Vv Vv Vv

DTM: md hinh biéu dién dia hinh dudi dang k{ thuat sé
M6 hinh s6 dd cao (DEM= digital elevation model)

M6 hinh s6 chiéu cao (DHM-= digital height model)

M6 hinh s6 mat dat (DGM= digital ground model)

M6 hinh s6 dd cao dia hinh (DTEM=digital terrain elevation
model)

DTM c6 y nghia rong hon DHM hoac DEM (Li 1990)

DTM c6 thé chira bdn nhém théng tin (Dia hinh va phi dia hinh)
nhu: 1. Dang dat, 2. bGi twgng dia hinh, 3. Tai nguyén thién
nhién va moi truvong, 4. Dir liéu kinh té xa hoi

M la DTM chi biéu dién thong tin d6 cao



So sanh DTM va DSM

Dégital Surface Model |
Digitale Terrain Model |

(a) DSM (c) DTM

Nguoén: Internet




1.3. MO hinh hoa dia hinh du'¢i
dang ky thuat so

» Qua trinh mod hinh hda toan hoc xay dwng bé

mat DTM
~ . _ Thitruong,
Lap duwan < Ngudi ding
Thu thap dor Cac san
liéu phamDTM
P N

|

MO hinh hoéa

\

BématDTM




Chu'cong 2
M6t s6 thdng s6 miéu ta dia hinh
va cac phucong phap lay mau




2.1 Po doc, doé noi, va chieu dai
buédc con

H=Dbién do IH
L
Goc dbc cua P
i L |* o L

- \W=budc cong —# W —"*I
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2.2 Do doc (slope), huéng doc
(aspect)

» PO dbc ciia bé mat dia hinh (S): lvong tang vé dd cao theo mot
hudng nhat dinh, thuong [a hwdng tang I&dn nhat

.o 6‘F2+ OF\’
_V d0x dy

» Hwdng doc (Aspect): goc dinh hudng cla vector d6 dbc va la
hudng cha d6 doc Ién nhat cda bé mat tai mot diém nhat dinh.

g 360 (02 0z
B 2m o dx’ dy
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2.4 Phudng phap lay mau trong
cong tac thu thap dir liéu

» Lay mau chon loc

3y mau v&i 1 chiéu ¢6 dinh

4y mau va&i 2 chiéu ¢b6 dinh

» Lay mau hén hop

— Lwa chon phudng phap lay mau dva vao sy
phan bd, mat dd, dd chinh xac

v Vv
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Chucong 3
Cong nghé thu thap dir liéu dé mo
hinh héa bé mat dia hinh




3.1 Nguén dir lieu DTM

» Po dac truc ti€p bé mat dia hinh bang may toan dac:
ap dung cho khu vwc nhd, dia hinh khdng qua
phirc tap

» Do dac truc tiép bang GPS: ap dung cho khu
vwc thong thoang

dudng; quét raster
» Po anh lap thé:




3.1 Nguén dir lieu DTM

Anh vé tinh, anh hang khong, anh chup tr UAV

(b) Anh ghép truc giao (c) DSM
i lieu thu duoc tir anh chup bang UAV 6



3.1 Nguén dir liéu DTM

» Quét laser hang khong (Airborne LiDAR)
Pbd cao bay chup: 200-600C— _ ara
' ' \ L.,
Do chinh xac do cao: 15-2C %\:\-:;“—J:\D
D6 chinh xac mat bang: 0.3

i
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3.1 Nguén dir lieu DTM

» Quét laser mat dat (Terrestrial Laser Scanner (TLS))

P
——

A B ?

(@) TLS tinh

&

(b) TLS dng
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3.1 Nguén dir lieu DTM

» Cac ngudn vien tham khac: SAR (Synthetic Aperture
Radar). InSAR (Interferometric SAR)

Phu'dng phap thu

thap div liéu dung
Po dac truyén théng Cao (cm-m) Rat cham Rat cao Khu vuwc nhé

Po GPS Tuwaong déi cao (cm-m) Cham Tuwaong déi cao Khu vwc nhé

Trung binh - Cao (cm-m)  Nhanh  Twdng déi thap Khu wre trll:’ynng Ol s
Thép - Trung binh (m) R4t nhanh Thép Khu vwc réng lon
Théap (m) Rat nhanh Thap Khu vuc réng I6n
Rat thap (10m) R4t nhanh Thap Khu vuc rong Ién

LiDAR Cao (cm) Nhanh Cao Trung binh t&i I&n

A 1z 2 A . L X . Bat kv kh 2o qia
S6 héa ban dé Twang déi thap (m) Cham Cao at ky AL HLE ©2 dién
tich nao 19
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3.1 Nguén di¥ liéu DTM

» Cac nguodn dir liéu d6 cao toan cau:

- GLOBE (Global Land One-km Base Elevation): 30 cung
giay (1km)

- DTED (Digital Terrain Elevation Database): L1 (3 cung
gidy); L2 (1 cung giay)

- GTOPO30: 30 cung giay

— ASTER GDEM: 1 cung giay

- SRTM: 1 cung gidy (xap xi 30m), 3 cung gidy (xap xi 90m)

Cé thé download mién phi tir internet, vi du:
https://earthexplorer.usgs.gov/
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Chucong 4
MO hinh hda dia hinh ky thuat
SO




4.1 Nguyén ly cd ban mo hinh hoa

bé mat

» Qua trinh biéu dién bé mat dia hinh duoc goi 1a tai tao
bé mat hodac moé hinh héa bé mat

» M6 hinh s6 dia hinh 13 mdt mé hinh toan hoc (hodc ky
thuat s6) cua bé mat dija hinh

» NOi suy bao gdm viéc tai tao bé mat va chiét
xuat cac thong tin do cao tr bé mat da xay
dwng
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4.2 Phuong phap Md hinh héa be

mat
1. Theo don vi hinh hoc co’ ban dwo'c st dung trong mé hinh:
» M hinh hda du trén diém (point-based modeling)

(=) (b) ™l
= ~ P vﬂvﬁxrl\/L ~
~ i ,,_\V,
@ ~ P, o :\,li‘ T\
V/ — P
» Z; = H;

» Khong the hién dung dang dia hinh
» St dung trong tinh todn thé tich nudc, khéi lwong than
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4.2 Phuong phap Md hinh héa be
mat

1. Theo don vi hinh hoc co’ ban dwo'c st dung trong mé hinh:
» M6 hinh héa dwa vao mang tam gidc (triangle-based modeling)

CEENETD

S
‘vwﬁfﬁ&?@@

e

S =X
Lo ith

» Mém déo
» Cé thé dp dung véi moi loai d
— S dung phé bién

déu TRN (Triangular Regular Network)

giac khong déu TIN (Triangular Irregular Network)

e

iéu
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4.2 Phudng phap M6 hinh héa be mat

» MO hinh duya vao mang grid (grid-based modeling)

I'E':l ‘f o - [ - - I'tl':l | 1

Can toi thiéu 4 diém dé tao bé mat
Lwdi hinh vudng déu la phu hgp nhat

Mot s6 phan mém xtr ly so liéu chi nhan dir liéu & dang grid
Tao grid bang cach lam thwa mang grid san cd

4
4
4
4
4
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4.2 Phuong phap Mo hinh hoa bée

mat

» Phwong phap két hop

Cé thé két hop phucsng phap mo hinh héa dua
trén diém véi mo hinh hda duwa trén ludi vudng
hoac tam giac
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4.2 Phuong phap Md hinh héa be
mat
2. Theo ngudn di¥ liéu dwoc st¥ dung:
» Xay dwng truc tiép ti dit liéu do
» Xay dwng gian tiép tir dit liéu thu dwoc: ndi suy dé xay
dwng mang grid tir dit liéu do, tir d6 xay dung bé mat
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4.2 Phuong phap M6 hinh héa be mat

» Tam giac Delaunay: khong diém nao thudc tap hop diém
nam trong du’o’ng tron ngoai tlep cac tam giac tao ra.

; Toi da gid tri goc nhd nhat cta tam gidc — tranh tam giac
et

»  Biéu do Voronoi
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4.6 Noi suy be mat

» NOi suy: uUédc luUogng gia tri cia mot thudc tinh
nao do tai mot vi tri tlr cac diém do xung
quanh do

» Ngoai suy: dw doan gia tri cia moét thudc tinh
nao do bén ngoai khu viwec bao phi béi cac
diém tham chiéu

Piém ngoai suy

Piém ndi suy

|._____ Ving cac diém ldy mau _.!
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4.6 Noi suy be mat

»  Phuadng phap ndi suy:

1. Cac phuong phap ndi suy toan cau. phan tich xu huéng bé mat, phuong
phap phan tich fourier, phucong phap ndi suy Krlgmg

2. Phugng phap ndi suy cuc bg: stv dung do cao tlr cac diém tham chiéu gan
diém cannoi suy

Ham néi suy cuc bo:

1. Noi suy tir cdc diém tham chiéu phan bd ngau nhién

- Néi suy tuyén tinh (Linear interpolation)

~ No6i suy bé mat phu hop nhat bac 2 (Secon exact fit surface interpolation)
— No6i suy theo ham da thic bac 5 (Quintic interpolation)

2. Noi suy twr di¥ liéu grid hoac di liéu phan bd déu

- Phu'édng phap ndi suy ngu'ei ldng giéng gan nhat (Nearsest neighbor)
— Noi suy tuyén tinh (Linear interpolation)

- N6i suy song tuyén (bac 2) (Bilinear interpolation)

- Phu’dng phap xo0an lap phuacng (bac 3) (Cubic convolution)

n0| suy theo trong sé nghich dao khoang cach (Inverse

@
1T s
\ -
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4./ Kiem soat chat luong trong
viéc thu thap dir liéu dia hinh

» PO chinh xac vi tri va dé cao clia diém

» Tinh cap nhat (ma&i hay cii)
Pé c6 DTM chat lwong cao, phuwong phap don gian la:

1. Gidam thiéu sai s6 cd thé cd trong qua trinh thu thap dir
liu.
2. Ap dung cac phuong phap dé loai bo sai s6 va lam giam
anh hudng cla sai so.
. Gidm thiéu sai s6 c6 thé co trong qua trinh md hinh

\J

RIS,
hoat
\\! 8 . \\ \ \&*\'Zr B>
CARRARRRNY A\ 31
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4.8 Panh gia dé chinh xac DTM

>

Gia st f(x,y) la bé mat dia hinh thuc té, f'(x,y) la bé mat
DTM da xay dwng, do khac biét e(x,y) gilra 2 bé mat chinh
la sai s6 cia DTM va duoc tinh:

e(x,y) = f'(x,y)-f(x,y)
MSE (mean squared error) dugc tinh theo cong thirc

2
MSE = £
Pham vi: R = e,;,4 — €min
Tri trung binh: u = %

Y(e—u)?
N-—1

Do léch chuan: o =
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Chuong 5
Biéu dién DTM da ty lé




5.1 Tong quan

» MUrc d6 chi tiét (LOD (Level Of Detail)) thé hién trén
ban d6 ty I& I&n khéng thé duoc thé hién trén ban dé
ty [é nho hon

» Thu dwgc ban do ty |é nho tir ban do ty [é [&n thong
qua cac thu tuc nhu gop va don gian hda thong tin —

Tong quat héa e E§ B— w—

LOD1 LOD2
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5.2 Biéu dién phan cap DTM theo ti lé riéng ré

1.

>

>

Cau tric hinh chép

Kich thudc cla céc 6 vubng & cung cap cla cau tric kim ty thap
la giong nhau

Phuong phéap trung binh cong dugc ap dung dé tinh gia tri do
cao cla mat lvdi mai
= =

 — —

Khéng phu hop biéu dién dia hinh phtrc tap
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5.2 Biéu dién phan cap DTM theo ti lé riéng ré

2. Cau truc cdy t& phan
» Kich thudc lwdi khac nhau.

» Cac khu vuce phirc tap co thé
duoc biéu dién bang cac mat
lwdi nho hon,

» Cac khu vue don gidn cé thé = =
duoc biéu dién bang cac mat
lwdi |on hon

36



5.3 Biéu dién da ty lé so0 DTM & ty lé lién tuc
Nguyén ly tw nhién cua viéc
tong quat héa DTM
» Li va Openshaw (1993) m
» O mét ti lé nhat dinh, tatca
cac chi ti€t vé cac bién déi
khdng gian cua cac doi
tuvong dia ly [on hon gidi @
han nhat dinh khéng thé
duoc thé hién va do dé cé
thé bé qua.

ial

m

—
> =




Chucong 6
Bieu dién trwc quan DTM




6.1 Gan chat liéu be mat (texture mapping)

» Tao ra bé mat gibng nhu
thwe té bang cach gan mot
anh hang khong hoac anh
vé tinh 1én mo hinh sé dia
hinh

» Chung ta ciing cé thé gan
chdng cac di liéu vector,
cac dbi twong 3D trén mat
dat (nha, cay)

& .




6.2 To trat (Rendering)

» md phdng hiéu &ng hinh anh khi anh sang chiéu |én bé
mat dia hinh 3D. Qua trinh rendering bao gom cac bu'¢c co
ban sau day: , ‘ ‘

1. Chia bé mat thanh mét s6 lrong cac bé mat nhé ké nhau

(dang da giac hoac tam giac) o

2. bat diém quan sat, xac dinh huéng quan sat, va chuyén bé

mat dia hinh sang hé toa d@ énh (3D sang %D).

3. Xac dinh bé mat nhin thay (bé mat co thé quan sat duoc tw

%Tiébmf uan sat dat truédc) bang cac thuat toan nhu raytracing,
~buffer

4, Tinh gid tri d6 sang cta bé mat nhin thay theo mé hinh

chiéu sang. , ‘ ,

. TO bong cho tat ca cac bé mat nhin thay

40



6.3 Tao hoat canh (Animation)

» Biéu dién dia hinh déng (dang nhu’ video)

» “Fly-through” tao canh nhin tl trén cao, cho
phép diém quan sat di chuyén theo bat ky
hudng nao trong khong gian 3D

» “Walk-through” thi mo phdéng s quan sat cua
mot ngu'di khi dang di bo.

41



6.4 Bieu dién trwc quan DTM du'éi dang 2D

Dang raster

42



6.4 Bieu dién trwc quan DTM du'éi dang 2D

2. Mét s6 phuang phap khac

» Tao bong dirng (slope shading)

» Tao bdng nghiéng (hill shading)

» BOi mau theo do cao (height-based coloring)
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Chucong 7
UWng dung cia DTM




\
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Bai tap lén

1. MO hinh hda dia hinh tt dir liéu UAV

-~ Phan mém x& ly Pix4D: htips://pix4d.com/product/pix4dmapper-pro/
2. M6 hinh héa dia hinh t&r di liéu LiDAR

— Phan mém x& ly: Envi 5.3

http://www.gfxxtra.com/483 /686881 -exelis—ex-itt-idl-85-envi-53-
x64.html

Terascan:
https://pix4d.com/product/pix4dmapper-pro/

Két qua: o
I]D"I'?/ISM’ DTM, &*ng dung trong 1 linh virc nao do, or biéu dién trwc quan
2. Bao cdo

46
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