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Tém tat:

Mé hinh sb dé cao (DEM) la di¥ liéu cén thiét cho cac tng dung vé nghién ctru bé mét
Trai dat, tai nguyén thién nhién va méi truong. Trén thuc té, c6 hai cach chinh dé thanh lap
DEM la: (1) Phuong phép do dac truyén thdng trong dé str dung céc loai may méc tréc dia
dé do dac truc tiép bé mat Tréi dét, va (2) Phuong phép vién tham, trong dé viéc thu nhan
dir liéu DEM dworc thuc hién bdng céc thiét bj dat trén céc thiét bj bay hodc vé tinh. Thuc
té thay réng phuong phap do dac truyén théng thuong cho ra sén phdm DEM cé dé chinh
x&c cao (ttr 2cm-1m) nhung chi phi sén xuét cao va ndng suét thdp. Nguoc lai, phuong
phép vién tham, dac biét la st dung céc dir liéu vé tinh cé gia thanh thap, ndng suét cao,
nhung sdn phdm cé dé chinh xac thép (ttr 5m-30m). Tir van dé trén, ching toi dé xuét
huwéng nghién ciru nhdm néng cao hiéu qué thanh Iap DEM béng phuwong phéap tich hop
dir liéu DEM vé tinh va mét dét théng qua phép loc Kalman va phép lam tron Rauch-Tung-

Striebel.
1. M& dau

Bang cdng nghé vién tham, cac mé hinh
s6 d6 cao (DEM) c6 thé dwoc thanh |ap trén
pham vi réng 1&n, tham chi toan cau dé
phuc vu cho cac muc dich nghién ctu Trai
dat, méi trwong va quan ly tai nguyén thién
nhién. Cac DEM trén pham vi toan cau cé
thé dwgc ké dén nhw SRTM, ASTER
GDEM, ALOS-DEM. V¢i cac dir liéu DEM
hién c6 nhw trén, ngwdi dung cé thé khai
thac st dung gan nhw & bat ky noi dau voi
chi phi ré, tham chi mién phi. Tuy vay do
chinh xac clia cac DEM nay van chua thé
dap ng dwoc nhu cau s dung cho nhiéu
tng dung. Cac nghién ctru chi ra rang do
chinh xac d6 cao cia SRTM DEM va
ASTER GDEM vao khoang twr 10-15m [1].
Do chinh xac ctia ALOS DEM khoang tw 3-
5m [2]. D& dap &ng yéu cau s dung, viéc
nang cao do chinh xac ctia cac DEM la can
thiét. Mot trong nhirng phwong phap nham

nang cao do chinh xac cia DEM la s&r dung
cac phwong phéap x( ly so liéu hodc bang
viéc két h0’p DEM duegc xay dwng bang
céng nghe vién tham véi cac sb liéu do dac
mat dat. Nicholas J.T va nnk [3] gi&i thiéu
phép lam tron/loc DEM thanh Iap bang céng
nghé Lidar théng qua thuat toan hdi quy va
wavelets roi rac. Két qua nghién clru cho
réng phwong phap dé xuét co thé loc nhiéu
va nang cao do chinh xac cta DEM. Ping
Wang, (1998) [4] dé& xuat phwong phap loc
Kalman hai chiéu dé& nang cao dd chinh xac
cta DEM. Két qua nghién ctru chi ra rang
phwong phap dé xuat cé thé gidam dwoc 60-
70% nhiéu so vé&i mo hinh nguyén thay. Tuy
vay han ché cta nghién clru 1a cac thi
nghiém chi dwgc thwc hién trén DEM mo
phdng vi vy mé hinh toan hoc cua thuat
toan can cai tién dé phu hop véi da dang
cac loai DEM va cac diém do mat dat ngau
nhién.
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Trong nghién ctvu nay, d& nang cao dd
chinh xac ctia mot DEM da co, trwdc hét
cac diém do v&i dd chinh xac cao hon dwoc
thu thap. Thong qua phép loc Kalman va
phép lam tron Rauch-Tung-Striebel DEM
nguyén thay va cac diém do moi dwoc két
hop nham cai thién dd chinh xac cta DEM
nguyén thay.

2. Ly thuyét phép loc Kalman va phép
lam tron Rauch-Tung-Striebel

Phép loc Kalman (KF) [5] dwoc sir dung
rong réi trong viéc x& ly sé tin hiéu sb va div
liéu da cam bién. Muc dich cla KF la xac
dinh wéc lwong tin cay nhat clha cac dai
lwong can xac dinh dwa trén nguyén ly téi
thiéu héa ma tran hiép phwong sai twong
tng. Dé ap dung ly thuyét KF, cac mé hinh
toan hoc bao gdm mé hinh trang thai va mé
hinh tri do phai dwoc xay dwng & dang nhw
sau:

Mb hinh hé théng:

Xy = FpXe, + Bag +w, (1)
M& hinh trj do: z,=Dx,+v, (2)

Trong do: %, € £™ |3 véc to trang thai tai
k, Fix:R™xR™ -5 R"™ |ama tran hé sb
chuyén dbi trang thai tir k-1 dén k, ¥, < &£™ |3
nhiéu hé thdng, z, € #™ 14 tri do bd sung,
D, :R™xR™ — R™la ma tran lién hé gilra
tri do bd sung va véc to trang thai, va
v, € &™1a nhiéu cla tri do bd sung.

KF la mét phép wéc lvgng lap, chu trinh
tinh toan co thé chia thanh hai bwdc chinh:

Buwdc 1: Dy doan hay cép nhéat trang
thai: Dwa vao mé hinh toan hoc hé théng
trong cong thire (1), Véc to trang thai va ma
tran hiép phwong sai twong rng & thoi diém
k dwoc wdc tinh dwa trén cac tham sb do tai
k-1.

X, = Fk—];k'xk—l +ch“k (3)
- T
B =h ihFean v % G

Budc 2: Cap nhat tri do: Khi cé cac tri do

bd sung, vector trang thai va ma tran hiép
phwong sai dwgc cap nhat dwa theo cbng
thire sau:

-1
- T - T
Ky =F D} [kak Dy *RkJ ()
% =% +K (z,-D%) (6)
P.=P -K.D.DP (7)

Trong d6: &, .%% 1a vector trang thai va ma
tran hiép phuwong du doan sai tai thoi diém
k, X.;,P., la vector trang thai va ma tran
hiép phwong sai tai thoi diém k-1, va 5. £ 13
vector trang thai va ma tran hiép phwong sai
cap nhat tai thoi diém k; 0, =|wewl ] .

Mac du da dwoc trng dung réng rai trong
nhiéu Iinh vire, KF van cé han ché 1a chi cho
wée lwong tot nhat khi co cac tri do bé sung.
Trong trwéng hop khéng c¢é tri do bd sung,
woc lvgng cia KF hoan toan dwa vao mo
hinh hé théng, diéu nay lam gidm tinh tin
cay clia phép wéc lwong. Bé khac phuc tinh
trang nay phép lam tron Rauch-Tung-
Striebel [6] d& dwoc dé xuat véi ndi dung
nhw sau.

Phép wéc lvgng tron RTS sir dung wéc
lwong thuan va ddo dé tinh wéc lwong toi
wu. Udc lvgng thuan chinh 1a phép loc KF
va wéc lwong dao dwgce dwa trén nguyén ly
xac xuat cwc dai. Vector trang thai va ma
tran hiép phwong sai trong phép wéc lvong
tron RTS dwoc xac dinh theo cac cong thirc

sau: ®)
9)

~ ~

Xew =X+ Gy [xsr+1_\-' - xs.—+1]
Py =B +Cl[P  ~P.IC;

Trong d6 ey va Py 1a vector trang thai
va ma tran hiép phwo’ng sai ,tai thoi diém k
v@i cac thoéng tin cung cap dén N (k < N);
va £ 1a vector trang thai va ma tran hiép
phwong sai cung cap béi EKF tai thoi diém
k; Cy 1a ma trén twong quan, dwgc xac dinh
theo cong thirc:

C.=PF. Pl

ksl k1

(10)
3. Xay dwng mo hinh toan hoc cho
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phép loc mé hinh sé dd cao

DPé nang cao tinh hiéu qua cta phép loc,
trwdc hét, cu trac DEM duwoc sap xép lai
Vi s thtr tw cac mat lwgi dwoc danh tuan
tw theo cAu truc zigzac (xem hinh 1).

|
19 18 17 16 15
10 11 12 3 s
9 8 7 6 5
[0 1 2 3 1
o ¥
Hinh 1

3.1. Mé hinh hé théng
Xét trong mét 6 lwdi, quan hé dd cao
gitra cac mat lwdi cé thé dwoc thiét 1ap nhw
sau: (xem hinh 2)

= HE, dH* H,
dH"
o ¥
Hinh 2
HY =H +dH* +w* (11)
H. =H, +dH +W (12)
H,.=aH: +bH, (13)

Trong do: H, 1a do cao tai diém dang xét
k; 5T}, 75 , |a do cao tai cac diém mat lwdi
trwdc do theo chiéu X va Y: dHX, dHY, wX, wY
la chénh cao va nhiéu theo céac chiéu X, Y
twong ng; a, b (a+b=1) 1a trong s6 d6 cao
theo huwong Xva 'Y

T cong thire (11) va (12) ching ta cé thé

viét dudi dang ma tran nhuw sau:
HYY (1 o\(HE) (dH") (w"
o S )
Coéng thirc (14) cé thé duoc viét lai &
dang cua cong thc (1) voi:

Hf 1o dH” w”
% =| oy [iFew= B, = p We=| y [ =1
H, Tlo1 dH w

3.2. M6 hinh tri do

Gia str c6 cac diém do ngiu nhién trong
khu do (P1, P2, P3) nhw minh hoa trong
hinh 3, cac mat lwdi clia cac 6 luwdi cd chira
cac diém do dwoc cap nhat do cao so bd
theo nguyén tac trung binh trong sb (xem
hinh3):

| Y
19 18 17 16 15
10 | 12 13 14
~P2/
4
9 ¥ Nz 6 5
~P1/ i
, P3/
Y N 23 4
0 )
Hinh 3
- _ BHy +PH, (17)
B S a4
PP,
(18)

-1
1 1

P = —+—
P, P,

Trong d6: #7,. ¥ . 1a d6 cao va trong sb
tai diém k dwoc cap nhat so' bo dya vao
diém do P; P, la trong s6 vé d6 cao cla
diém dg P, dwoc tinh dwa vao khoang cach
gitra diém P va k.

Sau khi dwoc cép nhat so bd, mo hinh tri
do tai cac diém mat lvdi dwoc xay dung
nhw sau:

X

H =(a b)(g] )+Vk (19)

Cong thirc (19) co thé duoc viét dwdi dang
clia cong thire (2) voi:

zo=H;;D=(a b);E{vyi }=F (20)
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Nhw vay sau khi xay dwng dwgc mé hinh
toan hoc ctia mé hinh sb dd cao cho phép
loc Kalman, cac bwéc tinh toan dwa trén
thuat toan cua phép loc Kalman va phép
lam tron RTS dwoc thwe hién tuan tw cac
bwéc theo cac cong thire tir (3) dén (9).

4. Tinh toan thyc nghiém

Cac sb liéu cho tinh toan thuc nghiém la
khu do c6 dién tich 16ha tai Thanh phé Lang
Son, tinh Lang Son. Ban dd vj tri khu thuc
nghiém dwoc thé hién & hinh 4 (xem hinh
4). Trén khu thwc nghiém, mot mé hinh sé
dwoc xay dwng dwa trén cac diém do dia
hinh theo tiéu chuan clia ban dd dia hinh ty
I& 1:1000 khodng cao déu 1m, v&i khoang
cach diém mia 20-30m dwoc dung lam DEM
chuén, sai s6 dd cao clia DEM chuén
(DEMO) theo tiéu chuan la 10cm (xem hinh
5). Mot mé hinh trich xuét tv ASTER GDEM
tai khu thwc nghiém véi kich thuwéc mat lwoi
30mx30m dwoc st dung lam DEM gbc
(DEM1) v&i nhiéu d6 cao duwoc cho la 1m
(xem hinh 6). D& tai mot DEM th& nghiém,
cac diém thtr nghiém dwoc trich ra tir diém
do clia ban d6 chuan cé mat do diém gidm
di 10 14n (xem hinh 7), ky hiéu 1a DEM2. M&
hinh DEM thtr nghiém sau d6 dwoc két hop
véi cac diém do trong md hinh DEM géc
théng qua phép loc Kalman va phép lam
tron RTS dé dwoc DEM sau x& ly (DEM3)

=—

(xem hinh 8). Viéc tinh toan dwoc thwc hién
trén phan mém Pointer, do cac tac gia viét
bang ngén ngi¥ 1ap trinh Visual C#. DEM
sau xt ly dwoc so sanh véi mé hinh chuan
dé phan tich, danh gia tinh hiéu qua. bé
danh gia tinh hiéu qua cia phwong phap dé
xuét, cac mé hinh DEM dwoc ndi suy lai voi
cuing kich thwéc va sb lwgng cac mat lwdi la
100x100. Sai sb trung phwong dd cao cla
mo hinh sau dé duwoc tinh dwa trén dé cao
clia tat cad cac mét lwdi so v&i md hinh
chuén theo cong thirc sau:

(21)

Trong do:
Ah,=DEM ,—DEM(j=1—-3;i=1->n)

n 1a sb mat lwéi trong mé hinh noi suy.

Két qua phan tich do chinh xac cltia cac
DEM dwoc trinh bay & bang (xem bang1).

T két quéd thwe nghiém chang ta thay
rang néu coi sai s cia DEM chuan la
khoéng dang k&, dd chinh xac ctia ASTER
GDEM (DEM1) vao khoang 8.6 m. Sau khi
giam mat do diém do ctia DEM chuan di 10
lan, d6 chinh xac cta DEM thtr nghiém
(DEM2) 12 6.1 m. V&i su két hop ctia DEM1
va DEM2 dwa trén phwong phap da dé xuét,

panning,

lf.«mlv_!

Hinh 4: Ban dé vi tri khu vuc thd nghiém
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an

Hinh 7: M6 hinh DEM the nghiém

Hinh 6: M6 hinh ASTER GD

>

Bang 1: Két qué dénh gié dé chinh xac cua cac DEM

EM (DEM géc)

Hinh 8: M6 hinh DEM sau x ly

STT | DEMO(m) | DEM1i(m) | Ah1(m) | DEM2(m) | Ah2(m) | DEM3(m) | 4h3 (m)

1 278.58 270.985 7595 274.188 4392 274.055 4525
2 278.736 270.954 7.782 274.423 4313 273.943 4793
3 278.773 270.919 7.854 274671 4102 273.897 4876
4 278.8 270.945 -7.855 274.937 -3.863 274.109 -4.691
5 277.898 271.102 6.796 275.224 2674 274.758 3.14
6 277.931 271.366 -6.565 275.538 -2.393 275.731 22
7 277.43 271.693 5.737 275.883 1547 276.827 -0.603
8 277.904 272.092 -5.812 276.265 -1.639 277.914 0.01
9 279.138 272.612 6.526 276.691 2.447 278.876 0.262
10 281.318 273.278 -8.04 277181 4137 279.686 1632
11 284.06 274.062 -9.998 277.831 -6.229 280.46 36
12 286.492 274.969 11.523 278.912 7.58 281.347 5.145
13 288.392 276.055 -12.337 280.451 7.941 282.537 -5.855
14 292.124 277.37 14.754 282.11 -10.014 284.185 7.939

10000 | 314.79 312.588 2.202 313.533 1257 313.103 1687

mDEM 8.642 6.121 5.701

dé chinh xac mé hinh vao khoang 5.7 m.
V&i gia tri nay co thé tinh toan dwoc mirc cai
thién so véi DEM1 va DEM2 Ian lwot 1a 34%

va 7%. Phan anh tryc quan tir két qua phan
tich trén day co6 thé dwoc nhin thay tir cac
hinh 5, 6, 7 va 8. Chung ta thay réng hinh
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dang dia hinh théng qua dwéng déng mirc
cta DEM sau xt ly c6 d6 twong tw cao hon
so v&i DEM gbc va DEM thir nghiém.

5. Két luan

Bai bao nay dé xuat moét phwong phap
nham nang cao d6 chinh xac cia DEM cé
dd chinh xac thap dwa trén cac diém do bd
sung c6 dé chinh xac cao hon théng qua
phép loc Kalman va phép lam tron RTS.
Viéc th&r nghiém dwoc thwc hién trén mod
hinh DEM toan cau ASTER GDEM két hop
véi cac diém do thyc dia tai khu vuc Lang
Son. Két qua tinh toan tht nghiém chi ra
rang véi phwong phap da dé xuat, mé hinh
sb d6 cao gbc dwoc cai thién dang ké vé do
chinh xac sau khi x ly.

Trong cac nghién ctru toi, viéc phat
hién va loai bd sai s6 thd trong céc tri do sé
dwoc tap trung nghién cru. Pham vi khu
thuc nghiém sé& duwoc mé rong dé cé nhivng
danh gia tin cay hon vé phuwong phap da dé
xuét.Q
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Improving the accuracy of Digital Elevation Model by using Kalman filter and

Rauch-Tung-Striebel smoother

Duong Thanh Trung, Dao Van Khanh, Truong Minh Hung, Hanoi University of Mining and

Geology

Nguyen Duc Manh, Vietnam Institute of Geodesy and Cartography

Digital Elevation Model (DEM) is necessary for many applications such as earth science,

natural resources and environment. Generally, there are two methods to build DEM includ-
ing conventional land surveying and remote sensing technique. The fact indicates that the
conventional land surveying method produce more accurate DEM (2cm-1m) but it is high
cost and time consuming. Conversely, the remote sensing method, particularly, using satel-
lite images can produce DEM with low cost but low accuracy (5-30m). This article propose
a method to improve the efficiency of producing DEM by integration of DEM generated by
remote sensing technology and DEM generated by land surveying via Kalman filter and
Rauch-Tung-Striebel smoother.O
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