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Surface modeling is done by many classic and modern algorithms such as
Polynomial Interpolation, Delaunay Triangulation, Nearest Neighbor,
Natural Neighbor, Kriging, Inverse Distance Weighting (IDW), Spline
Functions,... The important issue is to experiment, evaluate, and select
algorithms suitable to the reality of the data and the study area. The
paper used three algorithms IDW, Kriging, and Natural Neighbor to
model the terrain on two map sheets representing different types of
terrain. From there, compare the results and evaluate the accuracy of the
methods based on random test data from the data set, which is extracted
from the original map. Besides, checking the contour determined from the
algorithm compared to the original contour was also carried out on the
entire map sheet. Results show that: Natural Neighbor algorithm gives
better results on both experimental areas, then IDW and Kriging
algorithms, the root mean Square Error of 152922, 164754, and
17.9949m respectively for terrains have average high and 13.9728,
15.2466, 15.7613 meters with high mountainous terrain.
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M0 hinh héa bé mdt duwoc thuc hién bdng nhiéu thudt todn cé dién va hién dai
nhw: Polynomial Interpolation, Delaunay Triangulation, Nearest Neighbor,
Natural Neighbor, Kriging, Inverse Distance Weighting (IDW), Spline
Functions,.. Vdn dé quan trong la kiém nghiém, ddnh gid va lwa chon thudt todn
phtt hop véi thuee té ctia dir liéu va khu vure nghién civu. Bai bao stk dung ba thudt
todn IDW, Kriging va Natural Neighbor dé€ mé hinh héa dia hinh trén hai mdnh
bdn do dai dién cho cdc dang dia hinh khdc nhau. Ttr do, so sdnh két qud va ddnh
gid vé do chinh xdc ctia cdc phwong phdp dwa trén s6 liéu kiém tra ngau nhién
tir tdp dir liéu bdn do goc dwoc trich xudt. Ngodai ra, kiém tra duong binh do xdc
dinh dworc ttr cdc thudt todn so vdi dwomg binh dj goc ciing dworc thuc hién trén
toan b6 mdnh bdn do. Két qud nghién cteu cho thdy rdng: thudt todn Natural
Neighbor cho két qud tét hon trén cd hai khu vwec thtr nghiém, sau do la thudt
todn IDW va Kriging, v&i sai s6 trung phwong lin lwot la 15,2922 m, 16,4754 m
va 17,9949 m cho dia hinh c6 d6 cao trung binh va 13,9728 m, 15.2466 m va
15,7613 m véi dia hinh ddi nii cao.

© 2020 Truwong Dai hoc Mo - Bia chat. T4t ca cic quyén dwoc bdo dam.

1. Mé& dau

Mot trong nhirng &ng dung phd bién ctia ky thuit
ndi suy 1a xdy dung mé hinh s6 d6 cao (DEM), m6

Noi suy bé mat dia hinh 13 wéc tinh gia tri do
cao cia cac diém chwa biét trén bé mat dia hinh tir
cac diém trong tap dit liéu mAu da biét (cac diém
da biét dwoc khao sat tir thwe dia hodc trich xuit
tir ban d6 goc) (Aguilar va nnk., 2005; Longley va
nnk., 2010; Weng, 2006). Noi suy bé mat dia hinh
14 cdng cu chi yéu dé tinh toan dit liéu bé mat lién
tuc, cac phwong phap ndi suy da dwgc ap dung cac
quy tic khac nhau lién quan dén bé mat trai dat.

“Tdc gid lién hé
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hinh s6 bé méit (DSM) hodc mo hinh s dia hinh
(DTM), str dung tir cac rng dung khoa hoc, thwong
mai, cong nghiép dén quan su,... (Weng, 2006).
Trong mot s6 cong viéc can dod chinh xac cao nhw
trong cong nghiép khai thac khoang san tai Viét
Nam, hién dang str dung mét s6 cong nghé nhw
UAV (Dieu Tien Bui va nnk.,, 2018; Nguyen Quoc
Long va nnk,, 2019; NV Nghia, 2020), quét Laser
mat dat (Nguyen Viet Nghia va nnk., 2019).

Tuy nhién, trén pham vi rong 16n hon, cac
phuwong phap ndi suy khong gian da cé sy phat
trién nhanh chéng véi sy ting dan sé lugng
phwong phap, c6 hon 10 thuat toan ndi suy da
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dwoc phat trién khic nhau. Trong d6, méi quan
tAm chung hang dau la d6 chinh x4c cta ching va
da c6 nhiéu nghién ctru da cong bo vé so sanh hiéu
suit ctia cAc phwong phap ndi suy sir dung mot div
liéu nhit dinh (Aguilar va nnk., 2005; Carrara va
nnk.,, 1997; Guarneri va nnk. 2012; Heritage va
Milan, 2009; Longley va nnk., 2010; Weber va
Englund, 1994; Winsemius va nnk., 2019). Mot s6
nghién ctru chi ra rang, trong s6 nhiéu ky thuat noi
suy hién c6, ky thuat ndi suy lién quan dén trong
s6 dia ly cho két qua tét hon cac ky thuit khac
(Guarneri va nnk., 2012). Pac biét, Zimmerman va
cong su cho thay thuit toan Kriging mang lai wéc
tinh d6 cao t6t hon so vé&i nghich dao trong sé
khoang cach (IDW), khong phan biét loai dia hinh
va ldy miu (Zimmerman va nnk, 1999). Tuy
nhién, trong cac nghién ctiru khic vé tiép can lang
giéng nhw IDW hodc cadc ham ban kinh co s& la
chinh xac hon Kriging, thim chi t6t hon (Guarneri
va nnk, 2012). Nghién ctru ctia Phan Quéc Yén va
cong sy da thr nghiém 04 thuit toan ndi suy
(Spline, IDW, Kriging, Natural Neighbor) dé mo
hinh hoéa dia hinh trén hai manh ban d6 dai dién
cho cac dang dia hinh khac nhau. Két qua nghién
ctru cho thdy rang: su thich (ng tirng thuat todn
phu thudc nhiéu vao dang dia hinh tirng khu vuc
ndi suy khac nhau (Phan Quéc Yén va cong su,
2019). Mic du da c6é nhiéu nghién ciru vé tinh
chinh xac cta cac ki thuat ndi suy cho viéc tao ra
cacmd hinh s6 d6 cao (DEM), nhung van khong c6
két qua nhat quan vé hiéu suit cta cac bd ndi suy
khéng gian. Do d6, rat khé dé chon mot phwong
phép nodi suy thich hop cho mot thp dir liéu dau
vao nhat dinh.

Trong s6 cac nghién ctiru khac nhau vé so sdnh
cac ky thuat ndi suy dé tao mé hinh s6 dia hinh, c6
mot s6 nghién ctru vé d6 chinh xac clia cac ky thuét
noi suy lién quan dén kich thuwéc mau dir liéu,
khoang cach mAu va loai dia hinh (Aguilar va nnk,
2005; Carrara va nnk., 1997; Chaplot va nnk,
2006; Guarneri va nnk., 2012; Heritage va Milan,
2009; Longley va nnk., 2010; Weber va Englund,
1994; Zimmerman va nnk., 1999; Besim Ajvazi va
Kornél Czimber, 2019). Pdc biét anh hwdng cua
hinh théi dia hinh ton tai trong canh quan tw nhién
va trén mot pham vi rong 16m, hiém khi dwoc
nghién ctru (Zimmerman va nnk., 1999). Vi vay,
van can phai danh gia hiéu suit cta cac ky thuat
nay lién quan dén cac loai dia hinh khac nhau. Muc
tiéu chinh ctia nghién ctru nay la danh gia anh

hwdng cia cic ki thuit noi suy khac nhau dén do
chinh xac ctia viéc tao DEM lién quan dén cac loai
dia hinh.

Vé mat toan hoc, cac phwong phap mé hinh
héa va biéu dién mé hinh DEM, DTM, DSM 1a giéng
nhau. Vi vdy, trong bai bao nay, str dung dir liéu
ban d6 dia hinh cta cic dang dia hinh d6i ndi cao,
doi nui thip va trung binh dé thyc nghiém, danh
gia ba thuat todan Natural Neighbor, IDW va
Kriging trong noi suy DEM. cic dinh d6i, ndi, khu
vuc chuyén tiép, khu vuc d6i thap va thoai, khu
vue swon ndi, thung liing dwgc chon dé kiém tra
sw sai khac va kha nang thich ng ciia dwong binh
d6 noi suy dworc so sanh véi véai dwong binh do goc
ban d4u ctia cadc manh ban do.

2. Cac phwong phap ngi suy bé mat dia hinh

2.1. Thudt todn IDW (Inverse Distance
Weighting)

Phwong phap IDW xac dinh gia tri cia cac diém
chuwa biét bang cach tinh trung binh trong sé
khodng cach cac gia tri ciia cac diém da biét trong
vinglan can ctia mdi pixel (Watson, 1985). Nhitng
diém cang cach xa diém can tinh, cang it anh
hwéng dén gia tri tinh toan, dan t&i trong s6 sé
gidm. Cong thirc tinh ndi suy gia tri tai diém chwa
biét trén co s& cac gia tri da biét xung quanh nd
nhw sau:

1
n J—
Wiz _ Zi=iZi X g @
?:1 Wi n i
i=1 dk

Trong d6: i - Cac diém dir liéu da biét gia tri, n
- SO diém da biét, Zi - Gia tri diém thi i, d - Khoang
cach dén diém i, k - Hing s6 IDW.

Mot s6 wu diém cta IDW: (1) IDW dwoc dé
xuit nén str dung khi c6 mot tip hop cac diém day
dic, phan b rong khap trén bé mat tinh toan; (2)
Phuwong phap nay nhanh chéng, dé thuc hién.

Pau ra phwong phap trong s6 nghich dao
khoang cach bi gi¢i han pham vi gia tri stt dung noi
suy. Vi day la phwong phap trong s6 khoang cach
trung binh, né khong thé 16n hon d4u vao cao nhit
va nho hon dau vao thap nhat, vi thé né khong thé
tao ra cac rang va thung liing néu nhirng diém cuc
nay khong c6 trong tip mau (Watson, 1985). Két
qua tot nhat cta phwong phap dat dwoc khi tap
mAu lién quan dén cac diém dic trwng dia hinh c6
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mat do du day. Néu tAp mau clia diém dau vao 1a
thwa thét, khong déu, két qua cé thé khong da
miéu ta bé mat yéu cdu (Watson, 1985). Ngoai ra,
phwong phap nay khéng cung cip cac két qua
danh gia vé chat lwong ctia diém ndi suy (Qulin
Tan va Xiao Xu, 2014).

2.2. Thudt todn Kriging

Kriging 1a m6t nhom cac ky thuat st dung
trong dia thong ké, dé ndi suy mot gia tri cla
truong ngau nhién (nhw dd cao Z ctia dia hinh) cho
diém khong dworc do thuec té tir nhirng diém dwoc
do dac gin d6 (twong tw nhw IDW) (Margaret va
Richard, 1990). Kriging gia dinh rang, khoang cach
hodc hwéng gitta cac diém mau phan 4nh méi
twong quan khong gian cé thé dwoc str dung dé
gidi thich sy thay doi trén bé mat (Longley va nnk.,
2010) theo cong thitc sau:

1
T — = ZWi (gi — u) (2)

Trong do: T*- gia tri cin wéc lwgng tai mot toa
dd trong khong gian, u la gia tri trung binh, W -
trong s6 phu thudc vao vi tri cda dit liéu, g; - gia tri
nhitng diém khac, n - s6 dir liéu xung quanh dung
dé wéclwgng gid tri T.

Kriging ndi suy gia tri cho cic diém xung
quanh mét diém gia tri. Nhirng diém gin diém goc
sé& anh hwdng nhiéu hon nhirng diém & xa. Kriging
khép mot ham todn hoc véi mot s6 diém dwoc chi
dinh hodc tat ca cac diém trong ban kinh chi dinh,
dé xac dinh gia tri dau ra cho tirng vi tri. D6 1a mét
qua trinh gbm nhiéu budc bao gobm: Phan tich
thong ké kham pha dir liéu, mé hinh hoa
variogram, tao bé mat va (tuy chon) kham pha bé
mat phwong sai (Qulin Tan va Xiao Xu, 2014).

Uu diém cta phwong phap Kriging 1a gia tri
cda cic diém dwoc gan khong chi phu thudc vao
khoang cach ma con phu thudc vao sy phan bd
khéng gian cac diém. Diéu nay lam cho cac gia tri
ndi suy mang tinh twong quan khéng gian nhiéu
hon. Tuy nhién, thuat toan thuc hién phirc tap, doi
héi nhiéu thoi gian tinh toan, mé hinh hoéa va doi
hoi nhiéu dit liéu dau vao.

2.3. Thudt todn Natural Neighbor

No6i suy Natural Neighbor la mot phwong
phap ndi suy khéng gian phat trién bdi Robin
Sibson (1981). Phwong phap dwa trén luwoi

Voronoi ciia mdt tap cac diém khong gian roi rac.
Tim tap con gan nhat ctia mau dau vao mot diém
truy van va ap dung cac trong sd cho ching dua
trén cac khu vuc twong ing dé ndi suy mot gia tri.

60 = Y WifE) ()
i=1

Vi G(x) 1a wéce tinh tai x, wila cac trong sé va
f(x;) 1a dir liéu da biét tai x.. N6 con dwoc goi 1a noi
suy Sibson. Cac thudc tinh co ban la cuc bg, chi st
dung mot tAp hop cac mau con bao quanh diém
truy van va dod cao ndi suy duoc ddm bao nam
trong pham vi cta cAc mau dwoc st dung (ludi
Voronoi). Thuét toan khéng tinh dwgc xu huéng
va sé khong tao ra cic dinh, ho, dwong go hoac
thung liing ma chwa c6 mau dai dién dau vao. Bé
mat di qua cAc miu dau vao 1a muwot hon & moi noi
trir cac vi tri cia mAu dau vao (Qulin Tan va Xiao
Xu, 2014), cic trong s6 w; dworc tinh nhw sau:

A(x;)
A(x)

Trong dé: A(x) - dién tich cua Pixel méi & gitra
theo x va A (x;) 1a dién tich cta giao diém giira 6
md&i c6 tam & x va 6 cili ¢ tdm & x; (Sibson, 1981).

w;(x) =

(4)

3. Panh gia do chinh xac caa cac phwong
phap ndi suy dia hinh

Cac phwong phap danh gia do chinh xac thuc
nghiém noi suy do cao gobm phwong phap trich
diém tuy y, phwong phap mit cat dwong binh do
va phan tich tric quan thudc tinh dia hinh.

3.1. Phwong phdp trich diém ngdu nhién

Theo phwong phap nay, d6 cao wéc tinh (Z)
tir md hinh ndi suy duoc so sanh tai moi diém
ki€m tra ngiu nhién tir tp diém kiém tra dwoc do
dac ngoai thuc dia. Cac tham s6 danh gia co ban
nhu: sai s6 tuyét doi trung binh (MAE), sai s6
trung phwong (RMSE) va hé sé twong quan gitra
hai tap dir liéu (R) (Qulin Tan va Xiao Xu, 2014).

RMSE = ?=1(X0bs,i; Xmodeli)? -

Trong dd: X - tAp cac gia tri dd cao gbc ngau
nhién, Xinode - gia tri ndi suy vi tri thir i bang cac
phwong phép ndi suy, X - gia tri dd cao trung binh
cia tap dir liéu do cao kiém tra.
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(b)

Hinh 1. Khu vuwee nghién civu va cdc diém kiém tra ngdu nhién. (a) Khu viec dia hinh doi nidi cao (F48394),
(b) nuii trung binh va thdp (F4867A).

1 n
MAE = ;Z(P{Obs'i - model,il) (6)
i=1

ZT‘= (Xmodel i~ Xobs i)z
R?=1- =2 —— 7
Z?:l(xmodel,i_ X) ( )

3.2. Phwong phdp kiém tra khép dwong dong
mirc

b€ danh gia d6 chinh xac cia DEM ndi suy,
ngoai st dung cac diém kiém tra roi rac va phan
b8 ngiu nhién nhw trén, nghién ctu st dung
phwong phap kiém tra kha nang khép dwong binh
dd cia DEM ndi suy dwoc voi dir li€u dwong binh
do gdc ban dau, nham kiém tra 16i vé dudng binh
do6 va do cao toan vung. Phwrong phap nay bao gom
trich xuat lai dwdrng binh d6 goc (néu lay diém do
cao dwong binh do lam diém tham chiéu) va trich
xuat cac dwong dong mirc tir cac DEM tinh dwoc
bang cic thuit todn ndi suy. Kiém tra tha cong
hodc tw dong, thong ké cac 16i khong khop vé
dwong binh do, dic biét cac khu vuc chuyén tiép,
dac trung dia hinh nhuw: dinh nai, thung liing, rang
nui, khe suéi,...

4. Thyc nghiém va két qua

4.1. Di¥ liéu va khu vwre thwe nghiém

Khu vuc nghién ciru gom 2 manh ban dé ty 1é
1:50.000 dai dién cho toan b cac dang dia hinh
khac nhau, khoang cao déu giira cic dwong binh
d6 khu vurc ddng bang 10 m, khu vuc ddi nui 1a 20
m. Pai dién dang dia hinh ndi cao la khu vuc cac
huyén Muong Te, Sin H6, Mwong Lay, tinh Lai

Chau (F4839A), véi do cao cao nhat 2.280 m, thip
nhit 218 m va trung binh 1.087 m, chénh cao
trung binh tir 200+400 m (Hinh 1a). Pai dién dang
dia hinh nui trung binh va doi thap la cac huyén
Yén Lap, Song Thao, Thanh Ba, Thi xa Phua Tho,
tinh Phti Tho (F4867A), véi do cao 16m nhit 1.420
m, thip nhatla 5 m va trung binh 114 m, dién tich
c6 mot it d6i nui & mirc d6 cao trung binh, con co
ban 1a ddi thap va dong bang. Hai manh ban dd nay
thé hién dwoc day di sw phan bé dong déu va day
da dang dia hinh.

Do cac DEM ndi suy dwoc tao tir cac ban do
dia hinh, d6 chinh xac cia caic DEM sé khong cao
hon cac ban d6 dia hinh ban d4u. Bai bdo str dung
phan mém ArcGIS dé thwe nghiém, dau tién phan
ra tap dir liéu dwong binh d6 cia hai manh ban do,
lva chon ngiu nhién cac diém kiém tra dd cao
trong phén ra nay dé lam bo dir liéu kiém tra, dworc
phan b dong déu trong khu vuc nghién ctiru va
tap dir liéu nay khéng tham gia vao noi suy mo
hinh. S6 lwgng cac diém kiém tra: Khu vie nii cao
219 diém, khu virc nii trung binh va thip 52 diém
vGi d6 chinh xac ctia ban d6 1:50.000 (Hinh 1).

4.2. Két qua thwc nghiém
4.2.1. Thyc nghiém ndi suy dia hinh doi nui cao

Vi ddu vao la dwong binh d6 cua ban do dia
hinh ty 1€ 1:50.000, thwc hién cac bwéc phan ra
dwong binh d9, tao tip diém lam dau vao cho cac
thuat toan noi suy. Noi suy DEM Grid véi do phan
gidi 50 m twr tip diém phén ra do, trich xuat tap
diém kiém tra 16i ngiu nhién va thuc hién phan
tich 16i cia DEM tinh dwoc. DEM dia hinh theo ba
phwong phap ndi suy dugce thé hién nhw Hinh 2,
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(a) 218 m . -2280 m

(b) 219 m . 00 m

(c) 220 m . -2280 m

Hinh 2. DEM néi suy theo cdc thudt todn (a) Natural Neighbor, (b) IDW, (c) Kriging.

Natural Neighboor IDW KRIGING
2500 2500 2500
2000 / 2000 / 2000
1500 . 1500 .- 1500 o
1000 R?=0.9988 1000 R? = 0.9986 1000 R?=0.9985
500 RMSE(m) = 13.9728 500 MMSE(m)=15.2466 500 RMSE(m)=15.7613
0 MAE(m)=11.8408 0 MAE(m)=13.0156 0 MAE(m)=13.2968
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
Hinh 3. Biéu do phdn tdn dir liéu va cdc tham sé ddnh gid sai sé.
Sai s
40 SsIDW
04 ===-- ssKRIGING
--------- ssMATURAL o
jla::
~ ™ [ ] : T -
(A H 2 bos '. e
N
IIIII;II.:III;‘III I‘IIII::III:: e § III::III[I\- III;:IIICI:‘ II;‘IIII:IIIII:III;:H]W%m
o O ~N NE M ME o n Ls w 00 o
. — - ~ i~ —§ 1 — — v—I — v—I
Thit tw diém kiém tra |

Hinh 4. Pwdng cong sai s6 ctia ba phwong phdp ndi suy dia hinh déi nili cao.

két qua cho thdy rang, phwong phap Natural
Neighbor cho két qua tinh toan v&i pham vi 16n
hon cac phwong phap khac (218+2.280 m). Quan
sat bang mat thudng rat khé phat hién sy khac
nhau gitra cac két qua tinh toan

D& kiém tra 16i cia cAc mo hinh, trich xuat gia
tri do cao ctia cac DEM tinh dwoc tir ba phwong
phép tai cac vi tri diém kiém tra, thuc hién tinh
toan theo cong thirc (5), (6) va (7), dong thoi tap
hop cac diém nay duoc biéu dién trén biéu do

phén tan dir liéu, cac két qua dwoc thé hién nhw
Hinh 3.

Tuy nhién, kiém tra cac diém dic trung nhw
dinh nui, thung liing thi két qua cho thiy thuit
toan Natural Neighbor c6 dd chinh xac tot hon hai
phwong phap con lai. Nhin chung, kiém tra 3 tham
s6 RMSE, MAE va R? thi thuit todn Natural
Neighbor c6 dd chinh xac tot nhit trong 3 phwong
phép doi véi dang dia hinh doi ni cao, tiép theo la
phwong phap IDW va cudi cung l1a Kriging.
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Biéu d6 thé hién sai s6 ctia 219 diém dwoc
trich xuit tir cic DEM ndi suy va tip diém kiém tra
ngau nhién dwoc thé hién nhw Hinh 4. C6 thé thdy
rang, gia tri sai s6 clia thuat toan Natural Neighbor
la nhé nhéit so véi cac phwong phap néi suy khac.

Str dung phwong phap chay lai dwdng binh do
tir DEM tinh toan dwgc chong cac lép dwong binh
do6 nay 1én 16p dwong binh dé géc (mau do, Hinh
5). Thwc hién kiém tra toan bo khu vwe véi d6i nidi
cao ta thiy rang:

- Téng thé toan bd manh ban do, dwong dong mirc
tr thuat todn Natural Neighbor (mau vang) khép
nhat véi dwong dong mike goc, hai lop dwong

dong mirc (mau den va mau xam) cho két qua
twong tw nhau va do khép so véi binh dé goc kém
hon. Hinh 5 12 mot vi du dién hinh vé so sanh dai
dién cho 3 khu vuc d6 cao khac nhau (240+650 m,
1.000+1.260 m, 1.700+2.200 m) dworc trich xuat
mAiu trén toan bd khu vwc manh ban do thir
nghiém.

- C4 3 thut toan déu cho két qua vdi sai s6 rat
1ém tai cac vi tri dinh ndi, swon nui, khe sudi va
thung liing. Qua kiém tra toan b manh ban db,
thuat toan Natural Neighbor c6 8 dinh va swon bi
16i, khong chay du dwong binh do cudi cta dinh
ndi, do thuét todn cho két qua ndi suy thap hon gia

Bdng 1. Théng ké 16i khép dwong dong mikc mé hinh so véi duong dong mure géc.

Vi tri NN | IDW |Kriging

Mo ta 16

Pinh nui 9 29 32 thidu.

Khong ndi suy dén dinh nui, dwong binh dd gan dinh ndi thé hién

Swon nui 6 15 19 "
do goc.

Thé hién dang swon ndi khéng dung, do cao swon thap hon binh

Thung liing,

khe nui 0 9 12

Noi suy khu virc thung liing thap hon binh d6 goc, do dé phat

=~ .1
(=) EAY o

sinh 16i dia hinh gia.

2

Hinh 5. Chéng I6p cdc dwong binh d trich xudt tir cdc thudt todn. Mau do: dwong binh dé géc; mau vang:

thudt todn Natural; mau den: IDW va mau xdm: Thudt todn Kriging (a) 240+650 m; (b) 1.000+1.260 m; (c)
1.000+1.260 m.

(a) 5,084 ml -1.420 m

(b) 5,16 m. -1.418 m

(c¢) 5,72 m. -1.412,96 m
Hinh 6. DEM ndi suy theo cdc thudt todn (a) Natural Neighbor, (b) IDW, (c) Kriging.
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tri gdc. Nguyén nhan gy ra cac16i nay tai cac vi tri
dinh nui, s6ng ndi, thung liing va khe suéi la do dir
liéu dau vao cua thue nghiém dwoc phan ra tir 16p
dwong binh do ctia ban d6 dia hinh, cic diém dac
trung dia hinh & cac vi tri néi trén thwong khong
c6. Vi vdy, can phai bo sung cac diém dir liéu nay
vao tap dir liéu goc ban d4u, hodc str dung mot 1ép
chén (Barrier) d€ gi¢i han tap dit liéu noi suy.

T Hinh 5a th4y rang, dwdng mau vang luén
ban sat dwong mau do (binh do géc), dwong mau
xam va mau den & khu vie thung liing dwoc sinh
ra khong phu hop véi dwong binh d6 géc. Twong
tw, trén Hinh 5b, khu vwc séng ndi, duwong mau
den thé hién dang dia hinh khéng ding véi binh
do6 goc ban dau. Bic biét, cac khu vuc dinh ndi cao,
swon ndi, thuat toan Kriging va IDW thuwong
khong tinh dén do6 cao cta dinh nui, d6 cao dinh
ndi thwong bi ha thidp hon so véi binh do goc
(Hinh 5c), thé hién dwong binh dd cta dinh nui
thuong bi thiu. Nguwoc lai, thuit todn Natural
Neighbor van cho két qua tdt d6i véi cac dinh ndi
(dwdng mau vang Hinh 5¢, mau do cao tir 1.700 m
tré 1én).

4.2.2. Thuc nghiém néi suy dia hinh doi nii thdp
Thuwc hién tinh toan twong tw nhw cac bwéc da

thwe hién véi dia hinh nui cao, dia hinh nui thip

Natural Neighboor

IDW
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dworc thwe hién & khu viee manh ban do F4867A,
va két qua DEM tinh dwoc nhw Hinh 6. DEM tinh
dwoc cling cho thdy, phwong phap Natural
Neighbor cho mét két qua manh mé hon vé pham
vi d6 cao noi suy dworc. Kiém tra twong tw nhw cac
bwéc da thuc hién véi dia hinh ndi cao, dia hinh
nui thip dugc danh gia dwa vao 52 diém kiém tra
ngau nhién, dwoc thé hién qua bang sai sd va
dwong cong sai s6 (Hinh 7).

Két qua cac phwong phap dat dwoc twong tw
nhw & khu vuc dia hinh nui cao. Tuy nhién, do
chinh xac thip hon so v&i khu vue ndi cao, RMSE
gidm trung binh 1 m so v&i khu vuee nti cao & tit
ca cac thuat toan. K&t qua ciing chi ra rang, gitra s6
liéu wére tinh dwoc va so liéu kiém tra c6 mai quan
hé tuyén tinh cao v&i R?» 1. Puwong cong sai s6
cling thé hién phwong phap Natural Neighbor cho
két qua trung binh sai s6 thip nhit so véi cac
phwong phap khac.

Phan ngudng sai s6 trung phwong cho tirng
pham vi dd cao ddi v&i phwong phap thdy rang
Natural Neighbor ciing cho két qua twong tw nhw
déi vai dia hinh doi nui cao. 19 diém vdi dd cao tiy
231 m dén 1.390 m cho sai s6 1&6n nhit véi RMSE
=22,613 m, 14 diém d6 cao trong pham vi tir 109
m dén 238 m véi sai s6 RMSE = 11,634 m va cac
diém con lai trong tp 52 diém vdi do cao thip tir

KRIGING

1600 1600 1600
1400 |y =0.9758x - 1.7217 - 1400 ¥ =0.9729x - 1.5836 1400 Y =009707x -2.324
1200 R*=0.9981 » 1200 R?*=0.9978 . - 1200 R2=0.9992 P g 4
1000 RMSE (m)=15.2922 ol 1000 RMSE(m)=16.4754 .« 1000 RMSE(m)=17.9949 -
MAE =10.0674 .* MAE (m)=10.9374 &~ MAE(m)=12.1891 .*

800 (tm) . 800 Y057 800 (m)=12.1851

600 o = 600 o . 600 ._'--'
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Hinh 7. Biéu do phdn tdn di liéu va cdc tham sé ddnh gid sai sé.

Sai 56 kifm tra

50
—55IDW ]

40 = = =S3KRINGING
30 ovei: SSNATURAL i -
I
20
10
0 S B A S B e e e e e

1 34% 7 9 11 13 15 17 15 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
-10 =

Thi* ty diém kiém tra sai s6

Hinh 8. Pwirng cong 16i ctia ba phwong phdp ndi suy dia hinh doi nii thdp.
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g

(a5+50 m

s
D

Z

(b) 150+500 m

iz

e

i
o
5
A

(c) 500+1.280 m

Hinh 9. Chong 16p cdc dwong binh do trich xudt tir cdc thudt todn. Mau dé: dwong binh dé gc; mau
vang: thudt todn Natural; mau den: IDW va mau xdm: thudt todn Krigin.

8+51 m dat do chinh xac twong déi cao véi RMSE
= 5,318 m. Thuc hién tinh toan 42 trong 52 diém
c6 dia hinh thip va trung binh thi RMSE = 8,75 m.
Nguyén nhan giy ra cac sai s6 cling twong tw nhw
trén, cac vi tri sai s6 16n déu thudc cac dinh nui,
swon nui va thung liing (Hinh 8).

Két hop véi cac diém kiém tra roi rac, thuc
hién kiém tra dwong binh do cta cic thuit toan so
vGi dwong binh d6 goc trén toan bd manh ban do
ta thdy rang: Cac khu vuec triing, thuat toan Natural
Neighbor ciing xic dinh dwoc mot s6 khu vuec.
Nguwoc lai, hai thuat todn con lai thwong khong
tinh dwoc (Hinh 9a,b). Cac khu vwc dinh, chom
cling twong tw nhw khu vyc ndi cao (Hinh 9c).
Ngoai ra, thuat toan Natural Neighbor ciling cho
két qua dwong binh dé (mau vang) khép nhat véi
dwong do goc (mau do) cho tat ca cac khu vue cao
d6. Thuc hién kiém tra, thong ké twong tw nhw &
dia hinh dbi nui cao cfing cho thdy rang: Sai s6 ndi
suy & cac dinh nui, swon nui, thung liing va khe nui
clia phwong phéap Natural Neighbor (t6ng 13 13i)
cling thip hon so véi hai phwong phap con lai
(Kriging 42 16i va IDW 44 16i).

5.Kétluin

K¥ thuat ndi suy déng mét vai tro quan trong
trong viéc dat dwgc do chinh xac cao cia DEM.
Anh hwéng ctia ky thuat ndi suy dén do chinh xac
cta DEM phu thudc vao cac loai dia hinh bén canh
viéc phan phdi cac diém mau va cac yéu t6 khac.
Nghién ctru nay da kiém tra ba ky thuét noi suy
(Natural Neighboor, IDW, va Kriging) & hai manh
ban d6, ddm bao day du cac khu vuc dia hinh khac
nhau nhw d6i nii cao, d6i nui thap va trung binh
va dong bang. Kha ndng thich (g cta ba thuat
toan ndi suy khong gian thwong dugc sir dung dé

noi suy dia hinh dwoc kiém tra va thao luin trong
cac loai dia hinh khac nhau. So sanh va dinh lwgng
sw kKhac nhau cda cac phwong phap dwoc thuc
hién dua trén tap diém kiém tra ngiu nhién va
phwong phap kiém tra khép dwong dong mirc. Két
qua cho thay, thuit toan Natural Neighboor vuot
troi so vi cac ky thuat khic, sai s6 trung phwong
RMSE nhé nhat va 16i dia hinh gia ndi suy it nhat.
Thuét toan IDW la phwong phap wu viét thit hai,
phwong phap Kriging c6 d6 chinh xac thip nhat.
Dai véi cd ba phwong phap nodi suy, dia hinh bién
doi cang 16m, do chinh xac cuia DEM duorc tao ra
cang thap. Pac biét cac khu vue swon nui, dinh nui
va ao ho, thung liing. Can b6 sung cac diém do cao
& cac khu virc nay hodic motlép rao chin (Barrier)
trong qua trinh ndi suy la cin thiét dé tao dwoc
DEM c6 dd chinh x4c t6t hon.

K&t qua nghién ctru ciing cho thiy rang, dau
vao dit liéu la yéu t6 rat quan trong trong ndi suy
DEM. Néu dau vao thiéu céc sé liéu vé diém dic
trung dia hinh nhw d6 cao dinh nui, rang nui hoac
thung liing va khe ranh,... sé d&nh hwong dén do
chinh x4c ctia DEM rat nhiéu. C6 thé cAn mdt mat
na hoidc mot 16p rao chin (Barrier) d€ loc cac khu
vue nay khoi thuit toan, hodc cin mot thuét toan
t6t hon trong ba thuit todn trén dé néi suy dwoc
cac diém do cho do chinh xac tot hon. Nghién ctru
nay cé thé cung cip mat tai liéu tham khao cé gia
tri cho viéc tao DEM ndi suy khdng gian trong cac
khu vire c6 dia hinh khac nhau.

L&i cam on

D€ hoan thanh nghién ctru nay nhom tac gia
xin gt 101 cdm on téi Bo mon Tric dia Ban do,
Khoa Trac dia - Ban do va Quan ly dat dai da giup
d@, ho tro trong qua trinh nghién ctru.



Phan Quéc Yén, Nguyén Thi Thu Nga/Tap chi Khoa hoc Ky thudt M6 - Pia chdt 61 (2), 116 - 125 125

Tai liéu tham khao

Aguilar, F. ]J. va nnk, (2005). Effects of terrain
morphology, sampling density, and
interpolation methods on grid DEM Accuracy.

Photogrammetric ~ Engineering & Remote
Sensing 71.805 - 816.

Besim Ajvazi and Kornél Czimber, (2019). A
comparative analysis of different DEM
interpolation methods in GIS: case study of
Rahovec, Kosovo. Geodesy and Cartography
45(1).43 - 48.

Carrara, A, Bitelli G. and Carla, R, (1997).
Comparison of techniques for generating digital
terrain models from contour lines. International
Journal of Geographical Information Science 11.
451-473.

Chaplot V., Frederic D. and Bourennane, H., (2006).
Accuracy of interpolation techniques for the
derivation of digital elevation models in relation
to landform types and data density.
Geomorphology 77.126 - 141.

David F Watson, (1985). A refinement of inverse
distance weighted interpolation. Geoprocessing
2.315-327.

Dieu Tien Bui, Nguyen Quoc Long, Xuan-Nam Buj,
Viet-Nghia Nguyen, Chung Van Pham, Canh Van
Le, Phuong-Thao Thi Ngo, Dung Tien Bui, Bjgrn
Kristoffersen, (2018). Lightweight unmanned
aerial vehicle and structure-from-motion
photogrammetry for generating digital surface
model for open-pit coal mine area and its
accuracy assessment, Springer: Advances and
Applications in Geospatial Technology and Earth
Resources, 17 - 33.

Guarneri, J. C, Weih, R C, and Jr, (2012).
Comparing Methods for Interpolation to
Improve Raster Digital Elevation Models.
Journal of the Arkansas Academy of Science 66.
77 - 81.

Heritage, G. L. and Milan, D. ], (2009). Influence of
survey strategy and interpolation model on
DEM quality. Geomorphology 112(3). 334 - 344.

Longley, P. A, va nnk, (2010). Geographic
Information Systems and Science. John Wiley &
Sons. 3rd Edition.

Margaret A Oliver and Richard Webster, (1990).

Kriging: a method of interpolation for
geographical information systems.
International ~ Journal — of  Geographical

Information System 4(3). 313 - 332.

Nguyen Quoc Long, Xuan-Nam Bui, Cao Xuan
Cuong, Le Van Canh, (2019). An approach of
mapping quarries in Vietnam using low-cost
Unmanned  Aerial Vehicles, Inzynieria
Mineralna 44(2). 248 - 262.

Nguyen Viet Nghia, Nguyen Quoc Long, Nguyen Thi
Cuc, Xuan-Nam Bui, (2019). Applied Terrestrial
Laser Scanning for coal mine High Definition
mapping, World of Mining - Surface and
Underground, 71, 4, 237 - 242.

Nguyen Viet Nghia, (2020). Building DEM for deep
open-pit coal mines using DJI Inspire 2
(Vietnamese). Journal of Mining and Earth
Sciences 61 (1),1 - 10.

Phan Quoc Yen, Nguyen Thi Thu Nga, Tong Thi
Hanh (2019). Research and Experimental
Comparison of Topographic Modeling Methods.
Tap chi Khoa hoc Pai hoc Qudc gia Ha N6i 35. 68
-79.

Qulin Tan va Xiao Xu, (2014). Comparative analysis
of spatial interpolation methods: an
experimental study. Sensors & Transducers
165(2).155.

Sibson, R, (1981). A Brief Description of Nearest
Neighbor Interpolation. Interpolating
Multivariate Data. John Wiley & Sons. New York,
Chapter 2. 21 - 36.

Weber, D. and Englund, E., (1994). Evaluation and
comparison of spatial interpolators IL
Mathematical Geology 26.589 - 603.

Weng, Q. (2006). An evaluation of spatial
interpolation accuracy of elevation data. in
Progress in Spatial Data Handling, (A. Riedl, W.
Kainz, G. A. Elmes, editors). Springer - Verlag.
Berlin. 805 - 824.

Winsemius, Hessel Constantijn, va nnk, (2019).
Commentary: The Need for a High - Accuracy.
Open - Access Global DEM. Frontiers in Earth
Science 7 (33).

Zimmerman, D., va nnk,, (1999). An experimental
comparison of ordinary and universal
krigingand inverse distance weighting.
Mathematical Geology 31.375 - 390.



