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Abstract: The topography of the earth's surface can be represented in GIS by DEM data. Surface
modeling is the process of determining natural or artificial surfaces using one or more mathematical
equations. A general surface modeling algorithm for all applications is not available, each method
of creating a topographic surface has several advantages, disadvantages and depends on its
processing direction. As such, experimenting, evaluating and selecting algorithms that are
appropriate to the reality of the data and research area are necessary. Research paper, experimentally
evaluating 4 Spline, IDW, Kriging and Natural Neighbor algorithms to model terrain on two map
pieces representing different terrain types, the research results show that: the adapting each
algorithm depends heavily on the terrain of each interpolation area. Spline interpolated terrain
surfaces in more detail in ravine and valley areas; Natural Neighbor excels at matching the contours
of data in all regions. IDW and Kriging algorithms have similar results and have lower accuracy
than the above two methods, especially it is difficult to interpolate peaks and slopes. MAE,
respectively, of high and medium hills and mountains are Spline (9.7, 10.3), NN (11.8, 10.1), IDW
(13.0, 10.9), Kriging (13.3, 12.2).
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Tém tit: Dia hinh bé mit trai dat co thé duge biéu dién trong GIS bai dit ligu mo hinh 6 do cao.
Mo hinh héa bé mat 1a qué trinh xac dinh bé& mit tu nhién hodc nhan tao béng cach st dung mot
hodc nhiéu phuong trinh toan hoc. M4t thuat toan téng quat dé m6 hinh hoa bé mit cho tat ca cac
mg dung 1a khong c6 san, mdi phuong phép tao ra bé mat dia hinh c6 mot sé wu, nhuoc diém va
phu thudc vao hudng xtr Iy ciia nd. Nhu vay, thuc nghiém, danh gia va lya chon thuat toan phu hop
v6i thye té cuia dit lidu va khu vure nghién ctru 1a can thiét. Bai bao nghién ciru, thuc nghiém danh
gi4 4 thuat toan Spline, IDW, Kriging va Natural Neighbor dé mo hinh hoa dia hinh trén hai manh
ban dd dai dién cho cac dang dia hinh khac nhau, két qua nghién ciru cho thdy rang: sy thich tmg
ting thuat toan phu thude nhiéu vao dang dia hinh ttirng khu vue ndi suy khac nhau. Spline ndi suy
duoc bé mat dia hinh chi tiét hon & cac khu vue khe nui, thung liing; Natural Neighbor vuot troi vé
kha ning khép voi dudng dong mue goe cuia dit lidu 6 tit ca cac khu vue. Thuat toan IDW va Kriging
cho két qua tuong tu nhau va c¢6 d6 chinh x4c thap hon hai phuong phép trén, dic biét rat kho dé noi
suy ra dugc cac dinh va suon nii. MAE 1an luot ctia ddi nti cao va ddi nii thip trung binh 14 Spline

(9.7, 10.3), NN (11.8, 10.1), IDW (13.0, 10.9), Kriging (13.3, 12.2).
Tir khoa: Noi suy khong gian, md hinh héa dia hinh, DEM, DSM, d¢ chinh xac.

1. Mé diu

Mo hinh héa bé mit 1a qua trinh xac dinh bé
maét ty nhién hodc nhan tao béng cach st dung
mot hodc nhidu phuong trinh toan hoc tir tap dit
lidu diém mAu [1-4]. Phuong trinh bé mit 3 chiéu
trong khong gian thuong duge biéu dién mdi lién
hé gitra d6 cao vai toa d6 x, y nhu ham z=f(X, y).
Trong d6, ham duoc lap dua vao tap hop diém
mau dai dién cho toan b bé mat, ham nay co thé
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du doan cac gia tri z= f (x, y) cho cac vi tri khac,
goi 1a ham ndi suy [5]. Co hai loai ham ndi suy,
ndi suy chinh xac va ndi suy gan dung, chiing co
thé duoc st dung cho nhiéu muc dich va phu
thudc vao tung loai cong trinh khac nhau. Trong
thuc t&, mot phuong thic chi chinh xac khi biét
trude biéu thirc ciia ham z. Mot sé phuong phap
chinh x4c c6 thé dugc sir dung v6i hé s 1am min
va trong truong hop nay, né co thé di tir phuong
phap chinh xac dén phuong phap gan ding [5].
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Noi suy khong gian 1a cong cu chil yéu dé udc
tinh dit liéu khong gian lién tuc, cadc phuong phap
ndi suy di dugc ap dung cic quy tic khac nhau
lién quan dén bé mat trai dat. Cac phuong phap
ndi suy duoc trién khai trong cac tmg dung 16n
c6 thé dugc sir dung dé tao cac bé mat nhu: mod
hinh sé dia hinh (DEM), m6 hinh s6 bé mat
(DSM), m6 hinh s6 d6 sau (DBM), bé mit
chuyen doi dia 1y (quasi), v.v. Chung ta thuong
goi chung la DEM, la mét mang dai dién cac
diém hinh vuong (Pixel) voi mot gia tri d6 cao
dugc lién két véi timg Pixel [6]. DEM dugc sir
dung tir cac ng dung khoa hoc, thuong mai,
cong nghiép dén quan sy [3].

DEM c6 thé dugc ndi suy tir cac duong dong
mure, ban dd dia hinh, khao sat thuc dia, tram do
vé& anh sd, Radar giao thoa, do cao bﬁng laser, do
cao vé tinh hodc cac k¥ thuat vién thim quang
hoc, v.v. [4, 6]. Cac phuong phap ndi suy khong
gian da c6 sy phat trién nhanh chong, v4i sy ting
dan sb lwong phuong phéap, c6 nhiéu thuat toan
ndi suy di dwoc phat trién khac nhau. Céc
phuong phap ndi suy thuong dugc chia lam hai
dang ndi suy toan cuc va ndi suy cuc bo [4]. Cac
phuong thirc ndi suy cuc bo udc tinh gia tri cia
mot diém chua biét dua trén cac gia tri cua cac
diém (pixel) 1an can, mot sé phuong phap noi bat
nhu: nghich ddo khoang cach (IDW), da thiic cuc
bo, lang giéng ty nhién (NN) va Ham co s&
xuyén tam (RBF), v.v. Mit khac, cac phuong
phéap ndi suy toan cuc nhu cac ham ngi suy da
thirc st dung tat ca cac diém mau co sin dé tao
du doan cho mot diém cu thé.

Cac phuong phap noi suy khac nhau duoc ap
dung trén cung mot ngudn dir liéu c6 thé c6 cac
két qua khac nhau. Do d6, mbi quan tim chung
1a do chinh xac ciia cac phuong phap. Co nhiéu
nghién ctru da cong bd vé so sanh do chinh xac
cua cac phuong phap ndi suy nay su dung mot
dit liéu nhét dinh. Thyuc nghiém, danh gia cac
thuat toan ndi suy thuong nghién ciru vé do chinh
xéc clia cac k¥ thudt ndi suy lién quan dén kich
thuéc mau dir liéu, khoang cach mau, loai dia
hinh va loai tmg dung [1, 2, 7-12]. Két luan cua
phan 16n cac nghién ctru d6 1a: thuét toan Kriging
cho két qua tot hon IDW trong bat ky cach ldy
mau nao d6i véi toan bo cac dang dia hinh [9,

13]. Tuy nhién, trong nhiéu nghién ctru khac,
tiép can cac phuong phap IDW hoic RBFs hodc
ANUDEM lai cho két qua tét hon phwong phap
Kriging [4, 8, 14-17].

Nhin chung, cac nghién ctru ciing da co
nhitng danh gia d6 chinh xac cua cac ky thuat
nay lién quan dén céac loai dia hinh khac nhau.
Tuy nhién, anh hudng ctia hinh thai dia hinh
trong canh quan ty nhién trén mot pham vi rong
16n hiém khi dugc nghién ciru [13]. Hon nita, cac
nghién ciru khong co két qua nhat quan vé do
chinh xac cua cac thuat toan noi suy khong gian.
Do d6, rat kho dé chon mot phuong phap noi suy
thich hop cho mét tap dit liéu dau vao nhat dinh.
Vi vay, muc tiéu chinh ctia nghién ctu nay la
danh gia, so sanh do chinh xac cua cac phuong
phap ndi suy tao DEM, anh hudng cta cac ky
thuat ndi suy dén d6 chinh xé4c lién quan dén cac
loai dia hinh. Bai bao st dung cac dang dia hinh
d6i nui cao, ddi ndi thap va trung binh dé thuc
nghiém, danh gia bon thuat toan ndi suy khong
gian: thuat toan Spline, thudt toan lang giéng tu
nhién (NN - Natural Neighbor), nghich dao
khoang cach (IDW-Inverse Distance Weighting)
va thudt toan Kriging. Cac dinh ddi, dinh nui,
khu vuc chuyén tiép, khu vuc doi thap va thoai,
khu vuc suon nii, thung liing, v.v. dugc lua chon
dé kiém tra su sai khac va kha ning thich tng
c1:1a binh d6 noi suy dugc so véi binh dd géc ban
dau.

2. Cac phwong phap ndi suy bé mit dia hinh
2.1. Thudt toan Spline

Phuong phap nay ndi suy d6 cao cia mdt
diém cu thé bang cach st dung ham toan hoc dé
giam thiéu d6 cong bé mat tong thé, két qua mot
bé mat min, chinh x4c qua cac diém dau vao [18].
V& mit khai niém, cac diém mAu chira gia tri do
cao, Spline udn cong mdt mat phing di qua cac
diém dau vao, khép mot ham toan hoc tir mot s6
diém nhat dinh ctia cac diém gan nhat trong mau,
cong thuc ndi suy nhu sau [117]:

SC,y)=T(x,y) + 21;1 w;R(1y) hoac
Z(s)) = %y 0iR(Ilsi = sol) + @nyr (1)



P.Q. Yen et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 4 (2019) 68-79 71

Trong do6: n 14 s6 diém mau; ; la trong sO
dugc tim thay khi giai hé phuong trinh tuyén tinh
(i=1 d&én nt1); r.=||S,—S, || 1& khoang cach
Euclide tir diém chwa xac dinh so(X, y) dén diém
thir i (12 si) trong tdp mau; ham T(x, y) thudong
thiét 1ap bing @, ,, .

Cac trong sO dugc xac dinh theo khoang cach
cua cac diém da biet, giai h¢ n phuong trinh voi
n diém da bit thi s¢ cho mot nghiém duy nhat.
Splines tao ra két qua tot voi cac bé mat thay doi
thoai va do d6 thuong khong phu hop khi c6 thay
doi lon ve gia tri bé mat trong mot khoang cach
ngang ngan [12].

2.2. Thudt toan nghich dao khoang cach

Phuong phap IDW xac dinh gia tri cua cac
diém chua biét bang cach tinh trung binh trong
s6 khoang cach cac gia tri cla cdc diém da biét
trong vung lan cén cua m01 pixel [19]. Nhiing
diém cang cach xa diém can tinh, cang it anh
huéng dén gid tri tinh toan, dan t&i trong sO sé
giam. Cong thirc tinh ndi suy gia tri tai diém chua
biét trén co s cac gia tri dd biét xung quanh nd
nhu sau:

n
z 1
n . ZiX—k

7= iz WiZ; — L= d

n . noy
i=1 Wi Zi:1ﬁ

Trong do: i la cac diém dir lidu da biét gid tri;
n la sb diém da biét; Z; 1a gi tri diém thu i; d 1a
khoang cach dén diém i; k 14 hang s6 IDW, k
cang cao thi d6 anh huong cua cac diém & xa
cang thip, thong thudong p = 2.

Dic trung ctia bé mit ndi suy chiu anh hudng
ctia ban kinh tim kiém, ban kinh nay giéi han s6
luong diém mau dugc st dung dé tinh diém noi
suy. C6 hai loai ban kinh tim kiém: (1) C6 dinh
(fixed) 1a ban kinh tim kiém mot khoang cach
xéc dinh. (2) Bién ddi (variable) 1a ban kinh tim
klem thay doi de dap tng voi sb luong cac diém
mau theo yéu cau.

)

Dau ra phuong phap bi gidi han pham vi gia
tri st dung ndi suy, gia tri ndi suy dugc khong
thé 16n hon dau vao cao nhit va nho hon dau vao
thip nhét, vi thé n6 khong thé tao ra cac ring va
thung liing néu nhiing diém cuc nay khong co

trong tap mau [19]. Ngoai ra, két qua tot nhat
phuong phéap khi tdp mau lién quan dén cac diém
dac trung dia hinh c6 mat d6 du day. Néu tap
mau cta diém dau vao 1a thua thét, khong deu
két qua c6 thé khong du miéu ta bé mat yéu cau.
Ngoai ra, phuong phap nay khéng cung cap danh
gid ngam vé chat luong cua cac du doan [18].

2.3. Thudt toan Kriging thong thuong

Theo mifu ta phuong phap Kriging thong
thuong, thyc nghiém biéu dd ban phuong sai
dugc tinh toan dwa vao cac diém dir lidu nguon
va mot mé hinh duoc khép voi biéu dd ban
phuong sai. Quy trinh bit ddu bang cach tinh
khoang cach giita tit ca cac diém dir liéu ngudn
theo timg cdp. Sau do, biéu d6 ban phuong sai
thu duoc bang cach vé& sy khac biét vé gia tri do
cao cua cac cap diém dit liéu nhu 1a mot ham
khoang cach khong gian twong tng. M6 hinh su
dung trong ndi suy thu dugc bang cach khép
dudng cong voi biéu dd ban phuong sai thuc
nghiém. Khép dudng cong thudong duge thuc
hién bang cach giam thiéu tong binh phuong sai
s6 gilta duong cong va cac diém biéu do ban
phuong sai. Nhiéu loai m6 hinh d3 duoc dé xuét,
mo hinh ham mi va mé hinh Gaussian la mot
trong nhitng md hinh phé bién nhét [18]. Sau do,
duong cong da khop dugc so sanh véi khoang
cach cuia cac cap diém dir liéu ngudn dé tim ra
cach tinh trong s6 cac diém dir liéu trong quy
trinh ndi suy [20]. Phép ndi suy dugc thuc hién
theo phuong trinh sau bang cich sir dung cac
trong s6 thu duge nhu mo ta & trén:

Zy = Z?:Nlizia voi Z?:Uli =1 (3)
Z, 1a diém ndi suy, Z; la diém dit liéu nguén,
va A 1a trong sb, n la tong s6 diém dit ligu
ngudn. Noi suy Kriging cling dua ra wdc tinh 1i
ndi suy. Phuong sai cua cac diém dugc ndi suy
6 thé dugc tinh dua trén cac trong s6 va khoang
cach gitra cac diém duoc ndi suy va cac diém dir
liéu ngudn. Phuong sai sau d6 c6 thé duoc sir
dung dé u6c tinh khoang tin cdy cho gia tri do
cao cua diém dugc noi suy, tue la, voi xac suét
nao do cao cta diém nim trong mot pham vi
duogc xac dinh trudc [20].
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Mot sb wru diém ciia phuong phép nay 1a gia
tri cua cac diém duoc gan khong chi phu thudc
vao khoang cach ma con phu thudc vao sy phan
bd khong gian cac diém. Pidu nay lam cho cac
gia tri ndi suy mang tinh twong quan khong gian
nhleu hon. Phuong phép nay la m¢t qua trinh
gom nhiéu buédc (phan tich thong ké kham pha,
md hinh hoa biéu dé phuong sai, tao bé mat va
kham pha bé mit phuong sai), vi vay doi hoi
nhiéu thoi gian tinh toan, mé hinh hoéa, va can
nhiéu dit liéu dau vao.

2.4. Thudt todn ldng giéng tw nhién

Phuong phap dua trén ludi Voronoi cua mot
tap cac diém khong gian rdi rac, tao ra mot tam
giac Delauney, chon cic nut gan nhat tao thanh
mot dudng bao 16i xung quanh diém ndi suy, sau
d6 ap dung céc trong s6 cho chung dua trén cac
khu vuc tuong tng dé noi suy mot gia tri, ham
toan hoc dugc biéu dién nhu sau [21]:

GG = D wi(O)f (x) 4)

V61 G(x) la udc tinh tai x, wi la cac trong sb
va f(xi) 1a dit liéu da biét tai xi. Cac thudc tinh co
ban ctia nd 1a cuc bd, chi sit dung mét tap hop
c4c mau con bao quanh diém truy van va do cao
ndi suy dugc dam bao nam trong pham vi cua
cac mau duoc s dung (ludi Voronoi). Thuat
toan khong tinh dugc xu hudng va s€ khong tao
ra cac dinh, hd, duong go hoidc thung ling ma
chua c6 mau dai dién dau vao. Bé mit di qua cac
mau dau vao 1a tuong dbi min [18], cac trong )
w; dugc tinh 1a w;(x) = %, Trong d6 A(x) 1a
dién tich cua diém Pixel méi & giita theo x va
A(xi) 1a dién tich cta giao diém giita 6 méi co
tAm & x va 6 cii ¢6 tAm & x; [21].

Noi suy lang giéng tu nhién c6 nhiéu tinh
nang tich cuc, thuong hoat dong tbt véi cac diém
¢6 cum phan tan (thich hop nhét khi cac diém dir
liéu mAu dugc phan phdi v6i mat d6 khong dong
déu), xtr 1y hiéu qua cac bo dit liéu diém dau vao
16n. Day 1a mot k¥ thuét ndi suy da muc dich tot
va ¢6 uu diém 13 ban khong phai chi dinh cac
tham sd nhu ban kinh, sd lugng lan can hodc
trong s6.

3. Panh gia do chinh xac ciia phwong phap

Cac phuong phap danh gia dg chinh xac thuc
nghiém noi suy do cao gdm phuong phép trich
diém ngau nhién, phwong phap kiém tra khop
duong dong muc, phuong phdp mit cit va
phuong phap phéan tich tryc quan dia hinh.

3.1. Phuong phap trich diém ngdau nhién

Theo phuong phap nay, d cao udc tinh tur
mo hinh ndi suy duoc so sanh tai mdi diém kiém
tra ngﬁu nhién tir tap diém kiém tra duoc trich
xudt tir ban do géc ma khong tham gia vao tap
diém noi suy. Xac dinh cac tham s6: sai 86 tuyét
d6i trung binh (MAE), sai s trung phuong
(RMSE) va hé s6 tuong quan giita hai tap dit liéu
(R) [18].

RMSE = \/Z?:l(xobs;i_xmodel,i)z (5)
1 n

MAE =~ 3" (IXobs;i — Xmoderil)  (6)

RZ =1- Z?:1(XmOdeLi_Xobs,i)2 (7)

Z?;l(xmodel,i_)?)z

Trong d6: Xons 12 gia tri dit liéu d6 cao kiém

tra, Xmodel 12 gié tri d6 cao nodi suy cua vi tri thu

i, X la gia tri do cao trung binh cta dir liéu do
cao kiém tra.

3.2. Phurong phdp kiém tra khép dirong dong mikc

Trong tg dung thuc té, dé danh gia do chinh
xac tong thé va do twong quan gitta DEM va dia
hinh thyc té, chung ta thuong st dung phuong
phap kiém tra lai kha ning khép duong dong
mirc cia DEM duoc ndi suy voi dir lidu goc
nham kiém tra 15i v& dudng binh do va do cao
toan ving. Phuong phap nay bao gom trich xuat
lai dudng binh d6 gbc va trich xuit cac dudng
d6ng mirc tir cic DEM tinh dugc bang cac thuat
toan ndi suy. Kiém tra bing thu cong hoic
phuong phép tu dong, thong ké cac 18i khong
khop vé duong binh d9, dac biét cac khu vuc
chuyén tiép va khu vuc ddc trung dia hinh nhu:
dinh nui, thung liing, rang nui, khe sudi, v.v.
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Hinh 1. Khu vuc nghién ctru va céc diém kiém tra ngéu nhién.
(A) Khu vire dia hinh d3i nti cao (F4839A), (B) nii trung binh va thip (F4867A).

4. Thyc nghiém va danh gia két qua
4.1. Dir liéu va khu vuc thuc nghiém

Khu vyc nghién ciru gom 2 manh ban d6 dai
dién cho toan bd cac dang dia hinh khac nhau.
Dang dia hinh ntii cao (F4839A), v4i do cao cao
nhit 2280m, thip nhat 218m va trung binh
1087m, chénh cao trung binh tir 200-400m (hinh
1 - tim A). Dang dia hinh nui trung binh va doi
thip (F4867A), v&i do cao 16n nhat 1420m, thip
nhat 1 5m va trung binh 114m, dién tich c6 mot
it ddi nai & muc dd cao trung binh, con co ban la
ddi thap va dong bang. Hai manh ban dd nay thé
hién dugc day du su phan bb dong déu va day du
dang dia hinh.

Do cac DEM ndi suy dugc tao tir cac ban dd
dia hinh, d6 chinh xac cua cac DEM s€ khong
cao hon cac ban db dia hinh ban dau. Bai bao lya
chon ngiu nhién cic diém kiém tra d6 cao trong
ban dd dja hinh 1am bé di liéu tham chiéu, duoc
phan bd dong déu trong khu vuc nghién ctru, va
) luong 1a: Khu vye nui cao 219 diém, khu vuc
nGi trung binh va thap 52 diém (hinh 1).

4.2. Két qud thyc nghiém

4.2.1. Thyc nghiém noi suy dia hinh ddi ndi cao

Véi dau vao 1a duong binh d6 cua ban db dia
hinh ty 1¢ 1:50.000, thyc hién cac budc phan ra
dudng binh do, tao tap diém lam dAu vao cho cac
thuat toan ndi suy. Noi suy DEM tir tap diém
phan rd d6 bang cac thuit toan di trinh bay &
trén, va trich xuat tap diém kiém tra 156i ngu
nhién, thyc hién phan tich 16i cia cac DEM tinh
dugc. DEM dia hinh theo bdn phwong phap noi
suy dugc thé hién nhu Hinh 2, két qua cho thiy
rang, cac phwong phap ndi suy déu dat duoc do
cao 16n nhat 2280m.

St dung mot s6 tham s6 vé DEM nhu gia tri
16n nhat, nho nhét, trung binh va d6 1éch chuin
(SD) dé so sanh sy khac nhau ctia cic DEM tinh
dugc cho thay: Phuong phap Spline tinh toan
dugc v6i pham vi 16n nhat (204.5-2280m), tiép
theo la phuong phap NN (218-2280m) cac
phuong phap khac. Do 1éch chuin SD va gié tri
trung binh do cao ting dan theo thir tu cac
phuong phép NN, Kriging, IDW va Spline. Tuy
nhién, sai s6 trung binh gitta d6 cao cac phuong
phap chénh léch khong nhiéu, vi véy, sai s6
chuan van c6 thé dai dién cho mirc d phan tan
dir lidu cua cac phuong phap va c6 thé so sanh
duoc véi nhau. Muc d6 phan tan dit li€u tinh
dugc theo phuong phap Spline cao nhét, phan
anh muc do chi tiét dia hinh tinh dugc cta
phuong phap nay (bang 1).
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Hinh 2. DEM ndi suy theo cac thudt toan (A) Spline, (B) IDW, (C) Kriging, (D) NN.

Béng 1. Mot s6 tham s6 so sanh ciia 4 phuong phap noi suy trong khu vire nai cao

L&i kiém tra tir tip diém ngiu nhién M@t s6 tham sb théng ké két qua

Thuat toan

RMSE (m) MAE (m) min Max  mean SD
Spline 12.0073 9.7086 0.9991 2045 2280 1091.3 459.4
IDW 15.2466 13.0156 0.9986 227.8 2280 10854 456.4
Kriging 15.7613 13.2968 0.9985 220 2280 10835 457.2
NN 13.9728 11.8408 0.9988 226.3 2280 10824 4554
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Hinh 3. Pudng cong 15i ctia bén phuwong phéap noi suy dia hinh ddi ndi cao.

Str dung phuong phap kiém tra sai s6 diém
ngau nhién cua 219 diém, két qua dat duoc nhu
trong bang 1 & trén, cac gia tri RMSE cua tat ca
cac phuong phap deu nhd hon 16m. Nhin chung,
kiém tra 3 tham s6 RMSE, MAE va R2, thuét
toan Spline ¢6 do chinh xac tét nhit trong 3
phuong phap dbi voi dang dia hinh doi nui cao
(RMSE=12.0073m, R2=0.9991). Phuong phap
NN ciing cho két qua twong dbi tbt, cao hon so
v6i hai phuong phap IDW va Kriging. BDuong
cong 18i qua cac diém kiém tra ngau nhién cua
cac DEM ndi suy duoc hién thi trong Hinh 3, gia
tri 161 bién do sai sd cua thuét toan Spline 1a nho
nhit (duong mau xanh, thip nhit) so véi cac

phuong phéap ndi suy khac. Nhin chung, d§ chinh
xéac dugc thé hién trén dudng cong giam déan tir
phuong phap Spline, NN, phuong phap IDW va
Kriging cho két qua kém nhit & dang dia hinh
nay. Cac phuong phép tao ra bién thé 15i c6 bién
d6 khac nhau, tuy nhién hudng bién dong 15i co
ban tuong ty nhau.

Str dung phuong phap chay lai duong binh
do tir DEM tinh toan duoc cua bbn thuat toan,
chdng céc 16p dudng binh do nay Ién 16p duong
binh d6 géc, tién hanh kiém tra cho tirng khu vuc
manh ban d6 F4839A, mot s6 két qua duoc thong
ké nhu Bang 2 va Hinh vé 4.
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Hinh 4. So sanh sy khac nhau vé duong dong mirc trong khu vuc khe ranh va subi
(do: duong binh d¢ goc, vang: NN, den: IDW, xam: Kriging va mau xanh thuat toan Spline).

Hinh 5. So sanh sy khac nhau vé duong dong mirc pham vi c6 d6 dbc déu
(do: duong binh d¢ goc, vang: NN, den: IDW, xam: Kriging va mau xanh thuat toan Spline).

Hinh 6. So sanh sy khac nhau vé dudng ddng mirc pham vi dinh ni
(do: duong binh do goc, vang: NN, den: IDW, xam: Kriging va mau xanh thuat toan Spline).
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Phan tich két qua cho thdy rang, duong dong
muc tir thuat toan NN (mau vang) khap nhat voi
duong ddng mic goc, hai l6p dudng ddong muc
(mau den va xam) cho két qua tuong tw nhau va
d6 khdp so véi binh d6 gbe kém hon. Qua kiém
tra toan bo manh ban dd, thuat toan Natural c6 8
dinh va suon bi 16i, khéng chay du duong binh
d6 cudi cua dinh nai, thuat toan cho két qua noi
suy thap hon gia tri géc.

Hinh 4 13 kiém tra, so sanh dai dién cho khu
vuc khe nui va thung liing véi d6 cao tir 240 dén
650m dugc trich xuat mau trén khu vuc manh
ban d thir nghiém. Tam A - Hinh 4 1a khu vuc
trich xuat tir dong sudi co do cao thap nhat, két
qua thiy rang: do cao khu vuc sudi dbi vai ban
d6 gbc la khong thé hién trén ban db (duwong binh
dd mau do hai bén mép sudi véi do cao 240m).
Trong khi d6, d6 cao tinh dugc cua bén phuong
phap co sy khac bi¢t nhau, (1) phuong phap NN
(dwdng mau vang) cho két qua tuong do6i giong
v6i duong binh d9 gdc, tuy nhién duong binh do
bi dich chuyén vé phia subi. (2) phuong phap
Kriging va IDW cho két qua twong tu nhau,
duong binh do 240m bi di chuyén ra gan gitra
khu vuc subi. (3) Phuong phap Spline cho két
qua khép nhit véi dudng binh d6 gbe dbi véi do
cao 240m, ngoai ra, phuong phap nay con ndi
suy duoc do cao & khu vire 10ng sudi (dudng binh
dd 240m). Kiém tra mot sd vi tri khac cling cho
két qua tuong tur (tim B, C — Hinh 4).

Thuce hién trong tu d6i véi khu vuc ndi co
do dbc déu (hinh 5), két qua kiém tra cho thay,

1
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duong mau vang (phuong phap NN) bam sat voi
duong binh d6 gbc nhét, hai phuong phap IDW
va Kriging ciing cho két qua tuong tw. Trong khu
vuc nay, duong binh d6 ctia phuong phap Spline
cho két qua xa nhat so voi dudng binh d6 gdc, do
cao noi suy & vi tri thip hon so vé&i dudng binh
d6 gdc mot khoang cach khoang 5-10m.

Kiém tra d6i véi cac khu vuc dinh ndi (hinh
6), co ban ca bon thuat toan thuong khong tinh
dén d6 cao cta dinh nui, d6 cao dinh nui thuong
bi ha thap hon so v&i binh d6 gbc, thé hién duong
binh d6 ciia dinh nai thuong bi thiéu.

Kiém tra trén toan bo to ban do cho thiy
rang, thuat toan NN va Spline c6 tinh dwgc mot
s6 dinh nui, tuy nhién, duong binh do thé hién
thuong khong ding véi duong binh do gdc.
Thuat toan Kriging va IDW thuong khong tinh
dugc dinh nai, duong binh d6 cudi cuing cua dinh
nai thuong bi bo sot.

4.2.2. Thyuc nghiém noi suy dia hinh doi nai
trung binh va thap: Thuc hién tinh toan tuong tu
nhu véi dia hinh nui cao, dja hinh nii thip va
trung binh dwgc thuc hién ¢ khu vec manh ban
d6 F4867A, két qua DEM tinh dugc nhu sau:

DEM tinh dugc ciing cho thay, phuong phap
NN cho mét két qua manh mé hon vé pham vi
d6 cao noi suy duoc. Kiém tra tuong tu nhu cac
bude di thuc hién & trén, dia hinh nai thip duoc
danh gia dya vao 52 diém kiém tra ngau nhién,
duoc thé hién qua bang 15i (bang 2) va dudng
cong 16i (hinh 8) nhu sau:

i

Hinh 7. DEM ndi suy theo céc thuat toan (A) Spline, (B) IDW, (C) Kriging, (D) NN.
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Bang 2. Tham s so sanh ciia 4 phuong phap ndi suy dia hinh nui trung binh va thap

Thujt L&i kiém tra tir tap diém ngau nhién M@t s6 tham sé thong ké két qua
toan RMSE (m) MAE (m) R? min Max  mean SD

Spline 17.6326 10.3046 9.9975 -7.1 1420 111 205.2
IDW 16.4754 10.9374 0.9978 10.5 1407.2 148.1 227.3

Kriging 17.9949 12.1891 0.9974 5.7 1391 111.2 205.3
NN 15.2922 10.0674 0.9981 10.6 1420 1447 225.6
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Hinh 8. Pudng cong 13i ctia bon phuong phap noi suy dia hinh ndi thap va trung binh.

Hinh 9. Khac nhau vé duong dong mirc pham vi doi nho (A, B, C) va khu vuc chuyén tiép (D, E, F)
(do: duong binh do goc, vang: NN, den: IDW, xam: Kriging va mau xanh thuat toan Spline).
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Céc tham s trong bang 2 cho thay rang, cac
phuong phap dat dugc tuong ty nhu & khu vuc
dia hinh nti cao vé pham vi do cao noi suy. Tuy
nhién, co su khac biét 16n vé do chinh xac, do
phan tan dir liéu. Pbi voi khu vuc nay, do chinh
xé&c thip hon so voi khu vuc ndi cao, RMSE
giam trung binh 1m so véi khu vue ndi cao o tat
ca cac thuat toan. Két qua cling chi ra rang, glua
s6 lidu wdc tinh duogc va sé liéu kiém tra c6 moi
quan h¢ tuyén tinh cao véi R%1. Puong cong 16i
bién thién phuec tap, két hop duong cong 16i va
cac tham 30 15i kiém tra tir tap diém ngau nhién
cho thiy ring ciing thé hién phwong phap NN
cho két qua trung binh I3i thap nhat (RMSE =
15.2922, R? = 0.9981) s0 V&i céc phuong phap
khac. Phuong phép Kriging va IDW cho két qua
thip hon va twong tu nhau. Phuwong phéap Spline
cho két qua trung binh vai sai s6 RMSE thap, tuy
nhién quan sat dudng cong 13i thi sai sé 16i cua
phuong phap Spline khu vuc nay khong ddng
déu (ldc cao nhit, cd Iic lai thip nhat).

Kiém tra duong binh d6 cua céc thuat toan
S0 véi dudng binh d6 gdc trén toan bo manh ban
db ta thay rang: Cac khu vuc doi ndi thap, c6 dia
hinh kha bang phang (hinh 9) cho thay ring, dia
hinh noi suy bang thuat toan Spline (duong mau
xanh) cho két qua khop véi binh d6 gbc va thé
hién dia hinh chi tiét hon cac phwong phéap khac.
Ngoai ra, tim C-Hinh 9 ciing chi ra rang, thuat
toan NN khéng noi suy ra khu vuc bang phang
giita hai dinh d6i nhu binh d6 géc. Nguoc lai, ba
thuat toan con lai déu noi suy va thé hién duong
binh do & khu vuc ndy mét céch chi tiét. Diéu
nay phan anh ding ban chat cua ting thuat toan
noi suy cu thé.

Céc khu vyc ntii cao, thung liing va dinh ndi
qua kiém tra ciing cho két qua twong ty nhu khu
vue doi nti cao di thuc hién & trén. (hinh 9 - tim
D, E, F).

5. Két luan

Ky thuat ndi suy dong mdt vai tro quan trong
trong viéc dat dugc do chinh xac cao cia DEM.
Anh huéng ctia k¥ thuat ndi suy dén do chinh xéc
cua DEM phu thudc vao cac loai dia hinh, phan

phoi cac diém mau va mot so y€u to khac. Két
qué nghién ctru cho thay nhu sau:

Thuat toan Spline ndi suy duogc bé mit dia
hinh chi tiét hon & cac khu vuc khe nui, thung
liing. Tao ra dugc dia hinh & cac khu vuc sau hon
so voi vi tri xung quanh nhu khe ranh, thung
liing, v.v. Phuong phap ciing dugc thuc hién voi
toc do nhanh, dam bao xir 1y dugc véi tip mau
dir liéu 16n. Tuy nhién, phuong phap van con mot
s6 han ché & cac khu vuc suon doc déu, thuong
cho két qua v6i d6 cao thap hon binh d¢ géc.

Thuat toan NN vuot troi so voi cac ki thuat
khac 12 kha nang khép véi duong ddng mire goc
cta dit liéu & tat ca cac khu vuc, tée do xir Iy
nhanh, thuét toan phu hop véi cac tap dir liéu lon.
Day 1a mot phuong phéap xac dinh cuc bd voi do
cao ndi suy dugc dam biao nim trong pham vi
ctia cac mau duoc str dung (ndi suy, khong ngoai
suy). Tuy nhién, thuat toan khong tao ra cac dinh,
h, duong go hodc thung liing chwa c6 trong cac
mau dAu vao va diéu chinh cuc bd theo ciu trac
cua dit liéu dau vao.

Thuit toan IDW va Kriging cho két qua
tuong ty nhau va c¢6 do chinh xac thip hon hai
phuong phap trén, ddc biét rat kho dé ndi suy ra
dugc cac dinh va suon nai. Di voi mot phuong
phap nodi suy cu thé, dia hinh nhip nhé cang 16n,
d6 chinh xac ciia DEM duogc tao ra cang thap.
Thuét toan IDW c¢6 téc do xir 1y nhanh, tuy
nhién, phuong phap Kriging, tc do tinh toan bj
anh hudng boi s6 diém trong tap dit liéu va kich
thudc ciia bé mit ndi suy. Vi vy, thoi gian thuc
hién ndi suy bé mit dbi v6i phuong phap nay lau
hon rat nhiéu so v6i ba phuong phéap con lai.
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