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Toém tit

Cdc phwong phap tinh toan ngi suy c6 mot vai tro
quan trong trong viéc xdy dung mé hinh sé dé cao
DEM (Digital Elevation Model), giup cdi thién do
chinh xac cua dir liéu phuc vu bién tdp ban do dia
hinh day bién. Anh hwéng ciia cdc phwong phdp néi
Suy dén do chinh xac cia mé hinh DEM phu thugc
vao nhiéu yéu té nhw nguon dit liéu dau vao, khu
viee dia hinh, vi tri cde diém khdo sat va mot sé yéu
16 quan trong khdc. Nghién ciru nay da tién hanh
ung dung ba ky thudt ngi suy IDW, Natural
Neighbor va Kriging nham xdy dung bé mdt dia
hinh day bién tai mot khu vuc thuc nghiém co sy
bién déi nhiéu vé dé sdu, nhiéu dang dia hinh phirc
tap, tir do tinh todn va danh gia do chinh xdc cua
cdc ky thudt noi suy trong diéu kién dia hinh cu thé.
Twr khoéa: Ky thudt noi suy khong gian, hé théng
thong tin dia Iy, mé hinh so dé cao, ban do bién.
Abstract

Interpolation methods play an important role in
building digital elevation models (DEM), helping
to improve the accuracy of data for editing seabed
topographic maps. The influence of interpolation
methods on the accuracy of the DEM depends on
many factors such as input data source, terrain
area, location of survey points and a number of
other important factors. This study applied three
interpolation techniques IDW, Natural Neighbor
and Kriging to build the seabed topographic
surface in an experimental area with a lot of
variation in depth values and many complex
terrain types, thereby calculating and evaluating
the accuracy of interpolation techniques in
specific topographic condition.

Keywords: Spatial interpolation, GIS, DEM,
seabed topography.

1. Pit van dé

M6 hinh s6 d6 cao DEM (Digital Elevation
Model) c6 vai tro ngay cang quan trong trong cac linh
vuc tric dia - ban dd, khao sat, do dac, va da dugc ung
dung vao rat nhiéu muc dich khac nhau, trong d6 c6
cong tac bién tap dir liéu d6 sau phuc vu thanh 1ap cac
ban d6 dia hinh dudi day bién. Gia tri diém do sau sau
khi d dugc do dac bang thiét bi do sau s& duge xur 1y,
noi suy dé xay dung mé hinh s6 46 cao DEM. M6 hinh
s6 d6 cao DEM thuc chét 1a bé mat dia hinh duoc mo
hinh hoa thong qua cac diém dugc phan bb déu hodc
khong déu ma trong d6 d6 cao cua cac diém nay co
thé duoc ndi suy bang cac phuong phap khac nhau
trén co s cac diém gdc (diém khao sat) da biét gia tri
d6 cao [1]. B chinh x4c ciia mo hinh sé d6 cao DEM
phu thudc rat nhiéu vao do chinh xac cua cac diém gdc,
d6 phtrc tap cua dia hinh, mat d¢ va d chinh xac cta
cac diém ndi suy,... ma trong d6, d chinh xéc clia cac
diém ndi suy trong bé mit dong vai tro rat quan trong
vi trong nhiéu trudng hop, do mat d6 diém va phuong
phap phap noi suy khong phi hop ma mé hinh s6 do
cao sau khi xay dung c6 thé bo qua mot sb dic diém
bét thuong ciia dia hinh, khién cho san phdm khong
dat do chinh xac theo yéu cAu. Chinh vi vay, viéc danh
gi4 va t6i uu cac phuong phap ndi suy 1a hét sirc can
thiét, s& 20p phén nang cao d¢ chinh xac cua dir liéu,
gitip cho cong tac bién tip binh dd d6 sau dat dugc
hiéu qua, nhanh chéng, giam thiéu thoi gian va chi phi
xu ly dit liéu.

Nhim nghién ctru tinh toan va danh gia d6 chinh
Xac clia cic phuong phap noi suy bé mit trong bién
tap dir liéu do sau phuc vu thanh 14p ban dd bién, trong
nghién ctru nay tac gia da st dung phan mém ArcGIS
for Desktop phién ban 10.8 cua hang Esri cung cac
phuong phap ndi suy IDW, Natural Neighbor va
Kriging nhdm xdy dung bé mat va tir d6 dua ra danh
gia do chinh xac cua cac phuong phép ndi suy trong
diéu kién dia hinh cu thé.
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2. Cac thuit toin ndi suy bé mit dia hinh

2.1. Thudt toan ngi suy IDW (Inverse Distance
Weighting)

Thuét toan ndi suy IDW, hay ndi suy trong sd
khoang cach nghich ddo 1a mét trong nhiing phuong
phap ndi suy duoc sir dung pho bién dé noi suy gia tri
cua cac diém phan tan. Phuong phap IDW dua ra gia
dinh rang nhimng diém & gin nhau thi s& ¢6 xu huéng
mang gia tri ¢c6 mirc do “twong dong” cao hon la
nhitng diém & cach xa nhau. Dé ¢ thé noi suy gia tri
cho cac diém chua biét, IDW s& st dung cac diém da
dugc khao sat xung quanh vi tri cac diém can xac dinh
gi4 tri. Nhitng diém nam cang gan diém can tinh gia
tri thi cang anh huéng nhiéu dén gi tri tinh toan noi
suy, trong khi cac diém & cang xa thi trong s6 cing
gidm. Thuat toan IDW Ia thudt todn ndi suy khéa don
gian, dugc Ung dung rat nhiéu, dic biét la trong cac
cong cu phan tich, tinh toan khong gian cta hé thng
GIS (Geographic Information System). Cong thuc
tinh toan gia tri ndi suy tai mot diém chua biét theo
phuong phap IDW nhu sau [2]:

n 1
i=1ZiX—

Z=""% (1)

n 1
i=1gk

Trong do:

- Z: La gia tri u6c tinh tai vi tri diém can tim;

- Z;: Gi4 tri thuc té cua diém thir i;

- d: Khoang cach tir diém can tim dén cac diém da
biét gia tri;

- k: Tham sb thé hién su suy giam trong sé do
khoang cach tang.

Phuong phap nodi suy IDW c¢6 mét s vu diém
chinh nhu sau: (1) Pay la phuong phap ndi suy don
gian, nhanh chong va dé dang thuc hién, (2) IDW gitip
“don gian hoa” sy phirc tap ctia dia hinh bang viéc sir
dung mé hinh trong s6 khoang cach, (3) Néu cac diém
da duoc khao sat c6 mat do du day, phan bd déu trén
bé mit thi thuat toan IDW ¢6 thé duge thuc hién mot
céach i uu.

2.2. Thudt todn ndi suy Natural Neighbor

Natural Neighbor 12 k¥ thuat ndi suy bé mat khong
gian dwoc phat trién bai R. Sibson (1981). Thuét toan
ndi suy nay dua trén ludi Voronoi ciia mot tap hop céc
diém khong gian dugc phan bé rdi rac. Cong thirc xac
dinh gia tri udc tinh theo phuwong phap Natural
Neighbor dugc thé hién bang cong thic sau [3]:

GOx) = i Wit f (x) 2)

Trong d6: G(x) 1a gia tri uwdc tinh tai vi tri x, W; 1a

KHOA HOC - CONG NGHE

céc gia tri trong s6 va f{x;) 1a gia tri da biét tai diém x;.
Céac gia tri trong s6 Wi dugc tinh toan nhu sau:

W(x) = 4% 3)

A(x)
2.3. Thudt todn ndi suy Kriging

Phuong phéap ndi suy khong gian Kriging sé€ tinh
toan udc tinh gid tri cho cac diém phan tan quanh mot
diém da biét. Nhitng diém nam & gan vi tri diém gbc
(diém da biét gia tri) s& chiu anh hudng nhiéu hon 1a
diém ndm 6 vi tri xa. Thudt toan Kriging str dung mot
ham toan hoc cho tit ca cac diém hodc cac diém nam
trong 1 ving ban kinh nhat dinh, dé tinh toan gié tri
dau ra can tim cho mdi vi tri. Quy trinh thyc hién
phuong phap noi suy Kriging gdm nhiéu budc nhu:
Thong ké dir lidu, m6 hinh hoa variogram, xay dung
bé mit. Phuong phap Kriging dugc thyc hién theo
cong thire tinh toan gia tri cin ndi suy nhu sau [4]:

T —p =Y Wi(g; — ) “4)

Trong do:

- T*: Gié tri wdc tinh cta diém can tim;

- p: Tri sb trung binh;

- W: Trong ) phu thude vao yéu td vi tri cua cac
diém di liéu;

- g2 Gia tri thuc té cua nhiing diém khac;

- n: S6 lwong diém dir liéu gde duoc ding dé woc
tinh ndi suy gia tri T.

Thuat toan ndi suy Kriging c¢6 mot sb vu diém
chinh nhu sau: Gi4 tri wéc tinh cua cac diém tinh toan
khong chi phu thudc vao yéu té khoang cach ma con
chiu anh huong cua su phan bé trong khong gian cua
tap diém, diéu nay gitip cho viéc wéc tinh gia tri noi
suy cua cac diém sé& c6 tinh twong quan khong gian
nhiéu hon cac phuong phap khac. Tuy nhién, phuong
phép noi suy Kriging lai kha phtec tap, can nhiéu thoi
gian dé md hinh hoa, tinh toan ciing nhu yéu cau nhiéu
dit ligu diém dau vao.

3. Phuong phap danh gia d¢ chinh xéc cia cic
ky thuat ndi suy

Trong nghién ctru nay, cao do day bién (Z) duoc
xac dinh b'fmg cac ky thuat ndi suy bé mat s& duoc so
sanh véi cac gia tri tai mdi diém kiém tra ngdu nhién
duoc do dac thuc té ngoai thyc dia bé“mg cac thiét b
do sau hdi 4m chuyén dung. Cac tham sé nhim danh
gia do chinh xac ctia cac ky thudt ndi suy bé mit gdm
[5]:

+ Sai s6 trung phuong tuong ddi (RMSE - Root
Mean Square Error):
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n — 2
RMSE = /E—kﬂ(znk Zk) )

+ Gia tri sai s tuyét dbi trung binh (MAE - Mean
Absolute Error):

MAE = ~53_,(1Z, = %) (6)

+Heé s R2thé hién sy twong quan giita 2 tép dit lidu:

Q)

2 _ Z;(l:ﬂzk_zk)z
R =1

Trong d6: Z; 1a gia tri cao d6 day cua diém thir k
duoc ndi suy tir bé mit DEM, z 1a gia tri cao do day
thuc té cua diém th k, Z: Gia tri trung binh cta
nhitng diém cao do day thuc té, n 1a s lugng diém
kiém tra.

Bén canh cac tham s tinh toan, bai bao ciing st
dung phuong phép khép dudong ding sdu ciing nhu
xép chong mo hinh DEM dang 3D giita cac dit lidu do
sau duoc ndi suy bang 3 phwong phap IDW, Natural
Neighbor va Kriging véi tap dit liéu d6 sau gbc nham
danh gi4, kiém tra 151 dudng ding siu va cao do trong
toan vung khao sat.

4. Thye nghié¢m va két qua
4.1. Nguon div liéu thue nghiém

Dit liéu thyc nghiém st dung dé tinh toan, phan
tich trong bai bao 1a dir li¢u do sau khao sat phuc vu
du 4n nao vét nao vét ludng dam bao giao thong bai
can tuyén séng Nghén (Km 00+000 - Km 03+500),
khu vyc Cua Sét tai huyén Thach Ha, tinh Ha Tinh.
Khu vuc nay dia hinh day bién ¢6 nhiéu chd bién dbi
phirc tap, tai ving cira bién, d4y bién kha bang phing
tuy nhién khi ludng vao sau bén trong thi xuit hién
nhiéu bai can véi sy thay ddi nhiéu vé cao do cua cac
diém do sau. Dir liéu do sau thuc nghiém dugc thu
thap bing may do sau hdi am don chum tia 1 tin s&
Hydrotrac II cua hang Teledyne Odom, My co do
chinh xéc do sau la lem % 0,1% gia tri d6 sau (sau khi
d3 hiéu chinh van tbc am) khi str dung séng am c6 tan
s6 200kHz. Bai bao ung dung module phin mém
ArcGIS for Desktop phién ban 10.8 dé phén tich dir
lidu [6], xdy dung bé mit DEM ndi suy tir dir liéu do
sau. S6 luong diém kiém tra 1a 150 diém duoc phan
b déu tai cac khu vuc dia hinh day bién bang phang
cling nhu nhitng vi tri co su bién dbi nhidu vé gia tri
cao d0, cac bai can, bai da ngﬁm,. .. 150 diém do sau
kiém tra ndy duoc khao sat va xir Iy bang may do sdu
hoi 4m don chim tia 1 tan s Hydrotrac Il ¢6 d6 chinh
xac do sau la lem £ 0,1% gia tri d6 sau voi song am
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¢6 tan s6 200kHz két hop voi phan mém dan duong
va xtr 1y s6 liéu do sau Hydropro.

a) b)

Hinh 1. a) Dit ligu dj sdu tai khu vuc Cita Sot, Ha Tinh
b) 150 diém kiém tra dwoc khdo sdt do sdu ngodi thuc dia

4.2. Két qud phan tich div liéu

Tu tap dir ligu diém d6 sau tai khu vuc tuyén song
Nghén - Ctra Sét, st dung module phan mém ArcGIS
for Desktop dé tién hanh noi suy bé miat day bién
DEM béng 3 phuong phap IDW, Kriging, Natural
Neighbor. M6 hinh s bé mat day bién dugc tao boi 3
phuong phép ndi suy dugc thé hién nhu Hinh 2. Két
qua cua viéc xay dung mo hinh sé d6 cao DEM cho
thiy, thuat toan Kriging cho két qua noi suy véi pham
vi dit liéu 16n hon so voi 2 phuong phap con lai (-
7,865 - 0,826). Khi quan sat bang mit thuong co ban
khong c6 nhiéu sy sai 1éch vé dir lidu giita 3 k¥ thuat
ndi suy.

£ 4
4 ¥

IDW Kriging Natural Neighbor

(-7.856 - 0.804)

(-7.785-0.797) (-7.865 - 0.826)

Hinh 2. Mé hinh DEM bé mt ddy bién dwoc xdy
dwng bang 3 ky thugt nji suy

Pé kiém tra, danh gia tinh chinh xac cua céc
phuong phép ndi suy, st dung cong cy phan tich trong
ArcGIS trich xuét cac gia tri cao d§ cua mo hinh DEM
cho 150 diém kiém tra, tinh toan cac sai s theo cong
thirc (5), (6) va (7), sau d6 biéu thi tap hop cac diém
kiém tra nay trén biéu do phén tan tap dir lidu, cac két
qua tinh toan dugc thé hién & Béang 1 va Hinh 3, 4 [7].

Tir cac gia tri tham s6 RMSE (m), MEA (m) va R2
da duoc tinh toan trong Bang 3 cho thay, phuwong phap
noi suy Kriging cho két qua c6 do chinh xac cao nhat,
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tiép theo 1a phuwong phap ndi suy Natural Neighbor va
cudi cing 1a IDW. Hinh 4 phan anh duong cong gia
tri sai s ctia 3 phuong phap ndi suy ciing cho két qua
tuong tu khi k¥ thuat noi suy Kriging c6 sai s6 1a nho
nhét, tiép theo 1a phuong phap Natural Neighbor va
cubi cing 1a phuong phap IDW cho bién d6 sai s6 1a
16n nhat.

Bing 1. Cdc gid tri tham sé danh gid mirc dp chinh

xdc ciia 3 ky thugt ni suy bé mdt

Thuittosnndi  MAE RMSE )
suy m  (m
IDW 0.0493  0.089 0.9965
Kriging 0.0271  0.048  0.99903
Natural Neighbor 0.0286  0.051 0.9988

ow Kriging

Natural Neighbor

Hinh 3. Biéu do thé hign sw phén tin ciia tip dir lidu
ngi suy boi 3 phwong phap IDW, Kriging, Natural
Neighbor (truc OX: gid tri cao dp diém kiém tra, truc

OY: gid tri cao dp didm nji suy)

5256 IDW s Sai 56 Natural Neighbor e Sai 56 Kriging

Sai s

S6 luang diém kiém tra

Hinh 4. Biéu d6 thé hign dwiong cong sai sé ciia 3
Pphwong phap nji suy

Bén canh viéc sir dung cac tham sb dénh gia sai sd,
tac gia ciing sir dung phuong phap “khép” dudng dang
sau dé danh gia mirc d6 chinh xac cta cac bé mit sau
noi suy. Pudng ddng sau cua tap dit lidu do siu gbc
duoc biéu thi bing dwdong mau xanh, con cac dudong
dang sau dugc xay dung tir bé mit DEM dugc ndi suy
bang 3 phuong phap IDW, Kriging va Natural
Neighbor s& duoc biéu thi bing mau do6. Tién hanh sir
dung cong cu lan luot xép chong 2 dit liéu dudng dang
sau d¢é so sanh ta duoc két qua nhu o Hinh 5 [8].

Tir két qua & Hinh 5 cho thiy duong ding sdu duoc
xdy dung tir bé mat DEM nodi suy bang phwong phap
Kriging la khop nhét so voi duong dang sau ge dong
thoi ciing it sai s6 hon so v6i 2 phuong phap con lai.
Phuong phap IDW cho két qua kém chinh xac nhét
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khi cac duong dang sau c6 su sai léch nhiéu so véi
duong ddng sau gde, cac duong cong ciing bi gap khic,
khéng cong tron nhu 2 phuong phap noi suy Kriging
va Natural Neighbor.

i WY

a) ‘b) é)

Hinh 5. So sanh dwong ding siu goc (mau xanh) va

cdc dwong ding siu tiv bé mat dia hinh dwoc néi suy

béing 3 phwong phdp a) IDW, b) Kriging, ¢) Natural
Neighbor (mau do)

Hinh 6 thé hién sy so sanh mot cach truc quan hoa
mo hinh 3D cta bé mit DEM dugc tao bai cac thuat
toan ndi suy khac nhau so voi bé mit DEM tham chiéu
ctia dir liéu gbc. Bé mat DEM tham chiéu dit liéu goc
c6 mau xanh xam trong khi bé mat DEM ndi suy dugc
thé hién béng cac dai mau sic khac nhau theo do sau.
Bing viéc xép chdng cac bé mit 3D [8], co thé thiy
mo hinh DEM dugc tao bai k¥ thuat ndi suy Kriging
¢6 su tuong dong, phi hop nhit véi mé hinh DEM
tham chiéu dir liéu gbc. Trong khi 2 phuwong phap
IDW va Natural Neighbor déu c6 d6 1éch va sai s6 16n
khi so sanh v6i mé hinh DEM tham chiéu.

A

Bé mit DEM géc IDW

o g il 'v
o =

N P g " ‘wv
2 > %‘t«r’ A,'-\,ﬁ‘(‘»

Kriging Natural Neighbor

Hinh 6. Xép chéng bé mit DEM 3D ciia 3 phuong
phdp ndi suy so véi bé mt 3D goc

4. Két luan

Céc ky thuat ndi suy khong gian cé mdt vai tro
quan trong trong viéc tao md hinh s6 DEM véi do
chinh x4c cao. Pd chinh xac ciia mé hinh sb do cao
DEM phu thudc rat nhiéu vao d6 chinh xéac ciia cac
diém géc, sy phan bd cua tép dir liéu, do phirc tap cua
bé mat dia hinh, mat do va do chinh xac cta cac diém
noi suy. Nghién ctru nay tap trung vao viéc kiém tra
d6 chinh xac cua 3 phwong phép ndi suy phd bién gdm
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c6 IDW, Kriging va Natural Neighbor tai khu vuc ven
bién c6 dia hinh phuc tap, nhidu bai can, d4 ngam, dir
lidu d6 sau c6 nhidu su bién doi. Qua viée sir dung cac
phuong phap danh gia d6 chinh xac bang cac sai sd
cho thay thuit toan ndi suy Kriging cho két qua tdt
nhét véi cac gia tri sai s6 RMSE (m), MAE (m) va R2
12 nho nhét, cic diém noi suy cling it c6 su sai 1éch so
v6i cac diém kiém tra, duong dang sau va bé mat 3D
DEM ciing ¢6 sy trong dong nhat ddi véi duong déng
sau va bé mit DEM gbc. Phuong phap Natural
Neighbor cho két qua c6 do chinh xac tét thir 2 va
phuong phap IDW cho gia tri ndi suy c6 do chinh xac
thip nhat.

Trong céc nghién ciru tiép theo, tac gia sé& tiép tuc
tinh toan danh gia do chinh xac cta cac thuat toan ndi
suy xdy dung mo6 hinh DEM phuc vu viéc bién tap
binh db d6 sau tai mot s6 khu vuc bién, ludng hang
hai c6 nhiing dac diém vé dia hinh khac nhau, dé tir
d6 co thé dua ra dugc danh gia tong quan nhat vé viéc
lya chon k¥ thudt ndi suy phu hop cho tung diéu kién
dia hinh cu thé.
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