37 %51 W 137 ~143 11
2019 2 A

i o # R
MOUNTAIN RESEARCH

Vol. 37,No. 1 pp 137 ~ 143
Feb. ,2019

NXEHS: 1008 -2786 - (2019)1 - 137 -07
DOI;10. 16089/]. cnki. 1008 —2786. 000407

HEF DEM f9X#r 13 &

EEWAC,

RElE A EHE &S

R4k BLA B

(L. APl 2R D7 St R BB A BR A R DY I IR 50 2 ), AT 6105005 2. VR £1 3R 24 Bk} 22 5 PR 2B , JlAR 610500
3. A AT EREOR DEERE , B AL 211103 34, FRifElT L0 A ], AR L 524057)

B OE: Rl AR T DEM B THR R A O vk 2 — SR A [ £ 4005 o TR SR RS 2l 7 1R A
ANTRDPRS L TR PR AN R R g 11 2R mT L s vl ot T 40k AE R 7 R 0 A R T . AR SO IEA
[ B e 30 A A R AR AR R, BT 3 x 3 SRy AR T B 17—l by PRI AN [R5 3 55 T2l (e Jalt Ly Jal) 522 45° e A1 O A% 44

AR IR I —— X B 13 G R dR T 10, 45 1 = i ol T 0Lk 7 1 A3 BE T3 28 X R A A

RUH i T X %

BT RO BEEAT 10 H o BEFE AT AR, REOGE T B0 A3 B T A Y, — sy T 0L X A 13 T R
H M UG B (EXHRZE IR RE s I TR G DEM . ARSCHIRETE Y J& 1 i #6 %Téﬁt?iﬂz

I A
KRR . DEM; I ; Jay &l 74006532 5 05 B2 0 A
HESES: P208 XERAREE: A

FEVE g — I B Y 7, IR TR LS
mmﬁ;@iﬂﬁmu VR I W 45 2 B 5 2 S
P RS 24 Wik, 5T DEM B
JE TR R R T 2R, Bk T 7 B R T R A
JEFEI (0 3 x 3 JRdR e 1) i 243 55 2 il w4804 0
JrE AR ECE

SR AR 25 R IR T = 0 I B R LR
25070 DEM 2R 4E % 2217% F1 DEM 4% W 43 ¥
O E X DEM S, H: DEM %%
PR s R [, S IR Bk G i 22
S YR TR MR 2 T X T R A i T
%25 5 B EIAEE TR IR 1 RS il 2 A
KR XFFHIE, # I ME 0k 3 x3 Be o,

FH B #H 480G i ] AR B B Y = o 2=
SrBIN (I = AW RE4Y) |, X o Je: H Ao 4
MR R WA R AL R

U2 222 S % DEM 318 4 938 B 1143
B AN RR S x5 JryB i AT A2 U AR 397
{8 3 Albani™™ 76 B7 R F AR 36 X R 7 x 7 J5) &6
7SS T R AR g . HNitL, 2 F DEM 15
RN ARG, R BB IG 1 I HAMBR T 3 x3 )&
WEH EERRT nxn BEFE 0. AR
BB 1A, 25 FEAN R E I 30 Ok I ) v R A
B TEERTT 10 (o Bl Ly i) £ 3G IS 2, A 8T
F PRI APAS [F) A5 35 L 5 2l 5t 45° 2 A I A T i #) A
A T THR

1575 B 88 ( Received datse) :2017 =10 — 05 ; 2 [5] H 3 ( Accepted date) ;2019 —02 - 07

H £ T H (Foundation item) ; [H 5 [ SR Fl2E 54 (41430316 ) ; [ FRHE 8K L101(2017ZX 05008004 - 008 )

[ National Natural Science Foundation

of China(41430316) ; National Science and Technology Major Project(2017ZX 05008004 —008) ]
& B A (Biography ) : 3 58 (1991 — ), U3, AL F 58 A=, WU 2 N, B BE TR0, 22 BT 11t st R A9 5E . [ YUAN Bing (1991 - ),
male, M. Sc. candidate,born in Guang’an,Sichuang Province, research on mountain seismic exploration] E-mail; swpu_yb @ yeah. net

« L  Corresponding author) : FH (1962 — ) |53 , Wi, DUJI1 ™% A 47, 2 M TE AR VORI MO A 24 1 8 2 WO 57 Ty 5 5

#2z, [ZHOU Lu(1962 - ) ,male, Ph. D.

born in Guang’an, Sichuang Province, professor, research on seismic data interpretation and

seismic lithology and reservoir prediction] E-mail : zhoulu9@ 126. com



138 W

A

XFFUA T 2SR, R & Frith a1
HARHAET ey HAh 2050, 40 Zevenbergen FlI
Thornev' "™ A Jg [ il 11 A58 4l ik 3 x 3 J=) S 7
1, HL A i TP 1 T AR 08 R , PRI 4Rt AR 58 4
PO TR B, S B T ekt g
W22 53— F 5 Florinky ') 76 1 Fi 1 2 S %5 $2 B B
SAEZR I, B2 A =BG S5 xS R AR A H ok
SRECHIE R 7, A oA B ks 1 . AR SCR
RS O SR IO . S, =K ih
DA TR 13 p5 S5 R R 5 B 5 (2012) 17
SEPRII S W T 2R B AR ek A
fEHIERE E 25 T R R T A

L XK 13 misd AR

YR S SR RS R AR VY R AL T I E AR Ak
AR E HUE W T B BCH 2 = f (v, y) , ISR AT R
N

S = arctan \/f; +f, (1)
K, f, e R AR f, S AR PU T I 1Y
AR,

H 1) 2, X6 T4 28 5 A A B SR B, G B2
S, SR I, Ry ¥ it T 406 0 38 H S AR 4l e /N
e S B, Al T eR RSO SRR B B AR
£, (47, 0 Evans'™ SR i L4 3 x 3 REBE
H (Bl 1) ;Florinky SR =Fri 4l & 5 x5 ke

ik 37 &
1 2 3
4 5 6
7 8 9

1 3x3 FaEp#BsE A

Fig.1 3 x3 local moving window

Y

1 2 3 4 5

16 17 18 20

W w

21 22 23 24 25

2 xR 13 REEEO

Fig.2 Symmetric 13 nodes local moving window

AR SR H R FR 13 5 R0 e F g 2 iR,
HUC TR 4 S BASA5 3RAE  FI SR 8 AN BUA
5 232 X SRR A, 5 20 (o Jl Ly Jl) B 45096, 52
J bW DU BAE 3 x 3 Rl F A 32 (o il oy i)
AT P AL HAS S E T 3 x 3 R A
5 xS H H o R =B A % R O
JE, =Bl i e éﬁ%@ﬁﬁﬁ

FICEI2) 88, R 1 g5 T LURHER i 48l 51 o S fil ERS U DRI B
. . % N . . Z = —_—ax —ay A oxYy A Xy
THE S 1 o A 3 BT B, 2 — B Aaly 6 6 2 2 (2)
/\ — U NG ya A
jf{s ﬂiﬂ%qﬁu%ﬁ SR IEAS x5 T U
CINs] @ l:] %:I—I; o
x1 WEITHEER
Tab.1 Different models to compute slope
Ak S Sy
SRR ZE %(13 —2) +26 —z +29 —27) 5(21 —ztz —zg iz —2)
= B IR B S AL 5[13 -z +2(z —2) +29 — 27 ] g[zl —z +2(z —z) +73 5]
L S xS 4ﬁ{44(z4 Y2 — 2 —2) +31 [z +2y —25 — 255 421@{44(16 +2y9 =216 — 20 ) +31[ 2 +205 — 2 — 25
=M ERR
SRR A R +2(z9 29 =2 —27) ] +17[z5 =2y +4 (24 - +2(z 429 =27 —219) ] +17[ 25 =203 +4 (25 —233)

210) 1 +5(219 +230 —26 —216) |

+5(z +2y —2p —2y) |




1

JTF DEM RYXHFR 13 55 S5 1 3 S5 004 139

WAL, il TS HS — A (i SRR A
TRA:

0z _ 0z

fx=p=a*x £ =q oy (3)
TES x5 JRB e 11 (K 2) W, B g A% W 43 B

w , B WSO I B R 2, U S x5 SRR T 1T N 4%
%R AR E R0 25 A% I AR AR AT R TSR
iR A5 A, T ORI BT AR BN, IR
BN AR . K XIAR 13 SRR R A% i Ak
bl AR D7, A] AR 13 DM R

a =Fp (4)
A, R 13 ANEHIERE 2 195 ) &
a= |z z; zg zy 2y Zp 2

Zy Zs Zn Zy Z 2 || ! (5)
B AL 10 A RFNE S 1] 5 .
ﬂ=||adbcrtquu||T(6)
F R A AT BRI 5 R MEL B E ML a Xf
N 13 x 10 {1 H RO 4
HR A e/ 3 S R AT 75
B =(FF) 'Fa (7)
B (5) . (6) (7) AT #1525/, ) :
1
fo = 58z —2) = (25 —2,) ]
. (8)
fy = m[g(zx _zls> - (23 _Zzs)]

EECE RIS (2012) 207 2 fe i/ 25 3 A5 R
(9 = B i SRR 2ZE I M T 0 5 3 5 B 254
Tk —FE . MR (8) W, BAR =ik S
XEFR 13 5 Jr 3 1A TR 10 JR i A% 3 3 11 L
13 /M6 0 A5 e A A R (B i R sk R e T
ERTT I (o Ly ) 8 AN A R R B

2 BEDRSEE i

2.1 5% DEM WEEBE A

i 3L PR DEM $0dliiR 2 250 B 7% (R EAR G X
S3 R LA KB WA A R] X6 BT 42, T B 4y
il R A AT M, B BORAE 5 A% s AU (A
Erestitinze ™ i B T BRI, H i,
AR FH B 0 i TR A TS RORS B2 3 A

% RSB AR 1 52 2, A B OB VR 0y il T
WEATTRZE ST, 0 i i LSS AT A 3 T S P

W, A SCERE T BHAG DT 52 Bt A9 10 T 3 b
AR N b SR 285 ) v A st T (F& 3) , il
FR T TRT PRI A

_ X N2 -G 2 Gg) + D2
Z =3[1 (300) Je

XN X N3 Y NS, - Gop) 2 Gg) 2

- 1000.2(355) - (35" ~ (3" Je

(9)

I R ERE

=500 -500

E3 SHERMEE( -500<x<500; -500<y<500)
Fig.3 Gauss synthesized surface ( —500 <x<500; —500<y<500)

SRS m F110 m [ DEM J3 BEAf 12507
T G, ST AR B DEM s . 7E1 DEM |43
BRI (8) 2R 3R 1 v &SR SR IR, A 4 ity 1o
Bp FR A OR U RE SR (8, B I AT L3R 43
MrTEiZ DEM 73 B3R 25 BB A 15508 B AR 22
i o GARNRBYIBR Y 7 kAT AL 3, R DEM
TG AR O R 1% 22 R W (RN B3R, K5 B2 8 Aok o
1%2% RMSE ( Root Mean Square Error) , 4545 A{|&
O RE PR iR ZEANER 2 Fi o

R2 WERIRESN
Tab.2 RMSE analysis of slope

R =Frih =i

. =N o [IEEey PA 13 4

SN 2% JH B o

PR pen RAET sasmm mmi
7 A5 el

5m 5.49x107* 5.02x107%  1.03x10°% 3.29x1077

10m 2.20x107% 2.00x107% 1.67x107°> 5.32x10°°

MG 2, 75 A% 18 DEM IRZ 1§ 0L T, =B
P T AEL A X PR 13 i JR S 7 11 TR O A 3 4R v
AR, Un7E DEM 73 B0 S m i, = AN AL



140 W

S

37 %

2507 BE R 25 0k = B il T UL X 13 s R A
BRI 1.7 x 10° %5, =B il 4 5 x5 R i
IR R I B v 52 22 02 = B i T 4005 XF AR 13 85 SR
Tl FBAIEY 3. 13 5. [81 4 81 5 & AN [ T35
FE )i 22 - 18 43 A B RR g8 1 B BT LLE
(1) =B il P G X FR 13 a50R g AR A 5 At
BRI, 15822 FBAR AR St A KA B AL,
WEEIE A0 AR R ZE TR A TE S HoAh
SRR, (2) SRR 22 F 8 A
FEFAEATON , 156 B AR A 3 B (AR (BN
(3) =B LA X FR 13 2 BB a1 S AU A 1R 22
(B T ZERHT ELAS AR By, iR 28 B At AR Y B
Ao, HAth =P AL TR A% B A 1R 22 Y0 LN AR A0 2
ZAEE BRI AT BT R
2.2 H8%DEMREMEEREEST

DL b BRI B 3 AT AR A DEM SRAE 1R 22
PTG OLT AT, SR SE PR DEM B8 i 2l &k
IR IS HIEAN ARG, Ry 10 AR B T SRS i i
T4, 518 DEM B3 & R 1R 2, A%

(@ iﬁ"ezﬂ%l()l'l
400 12
300 8 v/ 10
200 72\

e paa 8

~ hiA (o) ¢
op YN AN/ 4
—1oot/ W == Y 2
—200f N 0
-300 -2
-400 -4
: : -6

400 200 0 200 400
X

© B2%107
400 ) 25

300 ) 2
200 1.5

100 (NN INGE 1

AN

~ 0 \\R\O\” Qe 0.5

-100t W) © 0
-200 -0.5
-300 \ -1
-400 : , -1.5
n 5

-400 200 0 200 400

X

7 DEM 525 F £ 45k , 4 BB M8 0 LS,
R m, m, T 582 (4R A B, ok

oF or
me = JOE o 2+

oy (OF
ou

) m,

(10)
B R ORI T b1 = [ RO [V = 4 L =N =% 31 e
B (z) s F RRTF x,y, o, u B A BREL, XTI A5 15
RS f, BIRIEE. BEAEHE I A (2, ) I & v it 22
Hm, FEHm, =m, = =m_ =m WY (10) 5
A SRAG A B SR PR 2E (3R 3) o

R3 BERESHHRE

Tab.3 RMSE of partial derivatives calculated by different model

T O L]

N oo S DL ST Ry T
W ES FANES B T L
mymy, f3m, A/@?jﬁn‘ /130m,
Jow 4w 70 6w 12w
0 ‘ . ‘ 10
400 ] 10
300 2 g
200 N — ]
100k |/Z27S = Wi/\\j ] °
NS (( Oe‘ 4
0 H Y\ c = ‘~ L“\\%‘\_,r"‘/“‘ | P
-100r 1\ )| )N AN
—2000 T 0
-300 — ] -2
~400 ] -4
=400 =200 0 200 400 -6
X
@ 1 ‘ ‘ %107,
400 .
300
200 § 4
100 2
0 0
~100 =
200
-300 — -
-400 1 -6
-8

-400 =200 0 200 400

4 FAEEBEHERENRENHEEE (0=5)
(a) ZBr AHRESY, (b) ZBr KBRS I 22 5Y, (o) BG5S x5 % DR, (d) =Bl mdia 13 a0 AR

Fig.4 Error distribution of different models on slope computation (w =5).

(a) Third Order Differece, (b) Third Order Differece with inverse square distance weighted, (¢) Third-order

polynomial fitting 5 x5 local window, (d) Third-order polynomial fitting 13 nodes local window
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(a) Third Order Differece, (b) Third Order Differece with inverse square distance weighted, (¢) Third-order

polynomial fitting 5 x5 local window, (d) Third-order polynomial fitting 13 nodes local window
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Slope Computation Analysis of Symmetric 13 Nodes
Local Window Based on Grid DEM

YUAN Bing'?, WANG Binquan’ , YUAN Guangyin' ,ZHANG Lu*,ZHOU Lu**
(1. BGP Southwest Geophysical Company, CNPC , Chengdu 610500, China; 2. School of Geosciences and Technology
Southwest Petroleum University, Chengdu 610500, China; 3. Sinopec Geophysical Research Institute, Nanjing 211103, China;
4. Zhanjiang Branch, CNOOC Lid, Zhanjiang 524057, China)

Abstract ; Local surface fitting is one of the common methods to calculate the slope based on grid DEM. Two major
factors of this method affect slope estimation accuracy including polynomial and local moving windows. In order to
have a better slope calculation formula and to analyze the influence of the factors for calculation accuracy, a new
local moving window, called 13 nodes local moving window, is established based on 3 x3 local moving window in
this paper. It is a symmetric window contained 13 grid nodes with two different grid sizes and intersecting with the
principal axis on angles of 45 degree. A new slope computation formula is obtained by fitting the developed window
with third order polynomial. To simplify the terrain surface and practical DEM data, a discretization mathematical
surface simulates two kind of DEM data. one is high precision DEM data without error, while another with error by
adding random noise to the mathematical surface. Based on the simulated DEM data, we analyze the calculation
accuracy of the new formula, third order difference, third order difference with inverse square distance weighting
and third — order polynomial fitting with 5 x5 local window model through comparisons of the true value and
calculated value of slope. The results show that third — order polynomial fitting with the symmetric 13 nodes local
window model significantly improves the accuracy of the slope computation with the high precision DEM data.
However, it has a poor capability for smoothness of error with the DEM data with error compared with other model.

This study extends surface fitting method to apply in digital terrain analysis.

Key words: DEM ;slope;local surface fitting method ;accuracy analysis



