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The Research on Digital Elevation Mode Data Compression
Arithmetic via Wavelets

LUO Yong CHENG LI-Zhi CHEN Bo WU Yi
College of Science National Univ. of Defense Technology Changsha 410073 China

Abstract To solve the problem of the store and transmission of vast DEM data an efficient compression algorithm for DEM data is
presented. A technique based on the lifting scheme is designed to construct the compactly supported wavelets whose coefficients are
composed of free variables. By properly selecting the coefficients of the 9 — 7 wavelet filter and being associated with the lifting scheme
an efficient approach via wavelet for DEM data compression is developed. The integer wavelets based on the lifting scheme only used
integral addition integral multiplication and shift so it can be fast and easily realized via the hardware. When ¢ = 1 the integral
wavelet filters approximately have the same complexity as integer wavelets 5 — 3 but preserve approximate quality of the compressed
DEM data with the well-known CDF9-7 wavelet filters. The experiments show that the method can compress DEM data very well.
Provided that the terrain figure and hypsography are maintained the DEM data’ s compression ratio is 4096 and PSNR > 34DB.

Key words digital terrain mode digital elevation mode data integral wavelets transforms with parameter data compression

digital terrain mode DTM
DTM regular square grid RSG triangulated
irregular networks TIN

DTM DTM
O Zo Zo Zon-1 O
S Zw  Zn Zva g
QZ n-10 Zn—ll Zn—l n-1 %
* 2004 -10-15
10171109 2001AA35040

1976—



119

Zl-j i J
DEM  DEM
DTM -4
DTM
100km®  3m DEM
8 5GB Fig.1 3 - D figure of DEM data
DEM PDA
DEM
DEM
DCT § DCT
11
2
1
1.1
9-17
5~11 h g ;L
z N N e -1 =0k
=01 N-1 g* 1=0k=01 N-1°%
9-7 hp=h_; hy=h_, k=012341"
{he z =ho+hy 242" +hy 22+2z772 [gE z =-h, 27" == hy l+z7" +hy 24272
_ - 1
hy z =h; z+1 +hy 22+2z7! g z =h, 27" =ho+hy z+2z7!
h3 9-7
1 h30
Euclidean

. [hez gez] (1 a1+z-‘)( 1 0)(1 y1+z-1)( 1 O)DC OE
z = =

h, z g, z 0 1 B1+z 1/\0 1 o 1+z 1 %l:l

2

hkzh—k ilkZiL_k

[\
]

|
3

N=2 N=4"

Rt z1,..4,=0k=01 g* z21,.,=0k=0123 3
1 2
h oz =afy0C z %+ 2% +800C 273+ +¢C aB+ad+ 70 +4aBrS z72+ 7
+ 0 B+O+3B0 27 4z +C 142aB+2a0 +275 +6aBy5 4

Cg z =afy z7%+2% +PBy 27 %+z + a+7+3afy z2+1 + 1428y z7!
3 hl=2h1=1



2005 2

120
+06 4a+4y -2 +22a-1 5 1+47 =0
gl+2a+27+4ﬁy+8a/9)’:0
[R+6a+6Y+168y +40aBy =0 5
g1+5 Ao +47+2 +22a+1 B 4yB+1 (=2
Ul+ 48-2 y-2a 1+48y =¢
2 SR SR SR S A _2
“T4 -1 p= t-1 [ Tare 0=1 4t+t§_t 6
3 6 t 9-17
9-7 Daubechies 58 t
-1 _ -1
th:1+2z 2F 2 h7z:1+2z 4Qz F z Q z t
k
Bi= Sup |F:F 2 F 2 1<2 B= Swp 10z02 02 1<2 7
k IGRIPI:I k t€R\B=1
k=40 t€ 0.780 1 U 11.852 7 3 ~6
9-7 t =1.230174 CDF9 -7 8
2 h3:O
-7
{he z =ho+hy 242" " +hy Z2+272
ho 4 :hl z+1
9 -1 1 -2 00 1 oo o0p
-— 1+z +— z+z
P :El 16 16 8
: A, B 1A
Lo 1 L4 0 2 0
9-7
23 1 1 1
ho=3_2 hlzh-1=1 h2=h-2=—§ h3=h_3=0 h4=h-4=6_4 o
=~ 1 -+ = 9 - = =~ = 1
h()=§ hl:h—1=3_2 hy=h_»=0 hy=h_3= —3_2
9 7-5 6 t=1
8 9 9/7-1
2
- x5 x4+ - x4 . 2
1.2
JPEG 2000 CDF 9/7 15
6 8 JPEG 2000
2000  Admas 9/7 9/7-F

203 s n+1 —so 1 +%

{0
oo

Bdln =dy n +

217—d1n—d1 n-1 +%

=

a
%sln=30n+ 9

_.
N | —

Bdn=d1n+ 113 sy n+1 +s; n +

N

8
1
1817 dy n +d; n-1 s

i

s n =s; n + 096



121

LH HL HH

21 16
t=1 9/7 8 3 5 9/7-F
9/7-1 2.5 2 9/7-1
16 8 9/7-F 4096 9/7-1 9/7
-F 1
1
Tab.1 The wavelets operation complexity
CDF 9/7 9/7-1 9/7-F JPEG 2000
0 34.125 102.056
0 23.625 28.125
10.500 0 0
7.875 0 0
2 DEM
DEM
2 3 0-255
DEM
DEM
() DEMMl SRR () KA
2 DEM
Fig.2 DEM data figure of 3 — D and gray
(a) DEM¥UE =4 R I (b & AHTU S (e) ZHNSHAGRITE
3 DEM
Fig.3 Illustration of the DEM data multilevel wavelets decompose
Xy LL LH « y
HL y x HH LL



122 2005 2

SPIHT 12
4 DEM
DEM#i HoarE
¥ 1
R AR »  BEBEAR SPIHTRES H ARG > [EHENER
(a) DEM#1EESifTe
JESRBE g
i
ARG —| SPHTHH > BT > DEMERER
(b) DEM¥ERREHFE
4 DEM
Fig.4 Illustration of DEM data compression and decompression
CDF9-7 ¢ =1.230174 t=1 9-7 LIFT _97 _ 1
DEM PSNR
0.015625  0.0078125 2048 4096
5 DEM 1.01MB DEM
256 4096
t=1 9-7 CDF9-7
CDF9 -7 51 5
t t=1
DEM

DEM

Shamos M 1 Hoey D. Closeset-point problems A . Proceeding of the 16" Annual IEEE Symposium on Foundation of Computer Science C
Berkeley CA 1976 208 - 215.

Lee DT Schachter B J. Tow Algorithms for Constructing a Delaunay Triangulation J . In J. of Computer and Information Science. 1980 9 3 219
—-242.

Dwyer R A. A Fast Divide-and-Conquer Algorithm for Constructing Delaunay Triangulations J . Algorithmica 1987 2 137 -151.

Ware ] M. A Procedure for Automatically Correcting Invalid Flat Triangles Occurring in Triangulated Contour Data J . Computers & Geosciences
1998 24 2 141 -151.

Calderbank A R Daubechies I Sweldens W et al. Wavelet Transforms That Map Integers to Integers J . Appl. Commput. Harmon. Anal.
1998 5 332-369.

Mallat S G. Multiresolution Approximation and Wavelet Orthogonal Base of L2 R ] . Trans. Amer. Math. Soc. 1989 315 1 69 -87.
Daubechies 1. Orthonormal Bases of Compactly Supported Wavelets J . Comm. Pure Appl. Math. 1988 41 7 909 —996.



123

(a) xigin TIFEA dota (15} Tastiecl image (2} Tentomcd dnage
THWIL=A0ERRR PARTE=E9.2130
Fanlian: 2045 Ratip: 2048
Wirvelels: CLLw-T Wireelels; LIFT 9T 1
!;Ti"-'r[&' T

{chy Brestored imuge ) Moanewed imaga
FENR- 260086 PUEME-35 058y
Fuatia: 4000 a9
Wanvelews: CDET Worvelens: 1L %7 _1

() Origin DEM data (i) Reatored image iy Beatared jimage
PERR-3E301S | o I
Paiio: 24 Tatio: 20418
Wavelots. CMFST wavclols: TIFT 97 1

(i) Restored image () Rt tone] inwape
FPENE12 442 PEWR3 2G4
Ratio: 400M) Hatin; 086 .
Wanvelets: CTHFGT Wonelols: IR 97 1
5 CDF9-7 LIFT_ 97 1

Fig.5 CDF9-7 and LIFT _ 97 _ 1 wavelets check experiment of compression

8  Cohen A Daubechies I Feauveau J. Bi-orthogonal Bases of Compactly Supported Wavelets J . Comm. Pure Appl. Math. 1992 45 5 485-
560.

9 Vetterli A Herley C. Wavelets and Filters Banks Theory and Design J . IEEE Trans. Signal Processing 1992 40 9 2207 —2232.

10 Sweldens W. The Lifting Scheme A New Philosophy in Biorthogonal Wavelet Constructions A . In Wavelet Applications in Signal and Image
Processing II C A. F. Laine M. Unser Eds. New York SPIE 1995 2569 68 —79.

11 Daubechies I Sweldens W. Factoring Wavelet Transforms into Lifting Step J . J. Fourier Anal. Appl. 1998 4 3 247 - 269.

12 Said A Pearlman W A. A New Fast and Efficient Image Code Based on Set Partitioning in Hierarchical Trees J . IEEE Trans. Circuits and
System for Video Technology 1996 6 3 243 - 250.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200502025.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bd%97%e6%b0%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%90%e7%a4%bc%e6%99%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e7%bf%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LUO+Yong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Li-zhi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Bo%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e7%90%86%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shamos+M+I%3bHoey+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LEE+D+T%3bSchachter+B+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dwyer+R+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ware+J+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CALDERBANK+A+R%3bDaubechies+I%3bSweldens+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mallat+S+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Daubechies+I%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-cpa.3160410705.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cohen+A%3bDaubechies+I%3bFeauveau+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Vetterli+A%3bHerley+C%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214854212.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sweldens+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Daubechies+I%3bSweldens+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200502025%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Said+A%3bPearlman+W+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214285322.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214285322.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e5%ae%9d%e4%be%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%ae%b5%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%bf%83%e5%92%8c%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xxykz200403018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xxykz200403018.aspx
http://c.g.wanfangdata.com.cn/periodical-xxykz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%8d%a1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%9c%9d%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a5%b6%e5%be%b7%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%81%e5%9b%bd%e4%b8%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SUN+Ka%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Zhao-hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22RAO+De-qing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DING+Guo-li%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xakyxyxb200804022&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xakyxyxb200804022.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xakyxyxb200804022&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xakyxyxb200804022.aspx
http://c.g.wanfangdata.com.cn/periodical-xakyxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e4%bb%81%e5%96%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%bf%a0%e6%98%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%ae%b7%e8%a1%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Renxi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Zhongming%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Yinxing%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_whchkjdxxb200604016&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_whchkjdxxb200604016.aspx
http://c.g.wanfangdata.com.cn/periodical-whchkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e5%ae%9d%e4%be%a0%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%ae%b5%e5%8b%87%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%bf%83%e5%92%8c%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6101832&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6101832.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%86%8a%e7%ab%8b%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%87%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIONG+Li-hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WAN+Min%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_cjkxyyb200701007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_cjkxyyb200701007.aspx
http://c.g.wanfangdata.com.cn/periodical-cjkxyyb.aspx
http://c.g.wanfangdata.com.cn/periodical-cjkxyyb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%b0%b4%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e7%bb%a7%e4%b8%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e9%b8%bf%e9%b9%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Shuiqiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Jiye%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHU+Hongpeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_whchkjdxxb200806026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_whchkjdxxb200806026.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_whchkjdxxb200806026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_whchkjdxxb200806026.aspx
http://c.g.wanfangdata.com.cn/periodical-whchkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e9%82%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e7%ab%8b%e8%89%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b4%ba%e9%a2%96%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Bang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22REN+Li-liang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HE+Ying-qing%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjyy200911078&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjyy200911078.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjyy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%87%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e9%95%bf%e9%9d%92%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wan+Gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhu+Changqing%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_chxb199901007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_chxb199901007.aspx
http://c.g.wanfangdata.com.cn/periodical-chxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bd%97%e6%b0%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%90%e7%a4%bc%e6%99%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e7%bf%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LUO+Yong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Li-zhi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Bo%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Yi%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_rjxb200506008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_rjxb200506008.aspx
http://c.g.wanfangdata.com.cn/periodical-rjxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%af%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%9a%e5%bb%ba%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GONG+Jian-hua%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dlxygtyj200904005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dlxygtyj200904005.aspx
http://c.g.wanfangdata.com.cn/periodical-dlxygtyj.aspx



http://c.g.wanfangdata.com.cn/periodical-dlxygtyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e9%b8%bf%e6%a3%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%af%e7%90%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e5%be%b7%e4%ba%91%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dgykz201201007.aspx
http://c.g.wanfangdata.com.cn/periodical-dgykz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%af%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%9a%e5%bb%ba%e5%8d%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dlxygtyj200904005.aspx
http://c.g.wanfangdata.com.cn/periodical-dlxygtyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e4%ba%91%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_jsjgcysj200904072.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjgcysj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e4%b8%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ad%8f%e8%bf%8e%e6%a2%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b1%89%e8%be%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e7%8e%b2%e8%be%be%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_jsjfz201005019.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjfz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e4%b8%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ad%8f%e8%bf%8e%e6%a2%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b1%89%e8%be%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e7%8e%b2%e8%be%be%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_jsjyjyfz201006008.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjyjyfz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e6%89%ac%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%86%ac%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ba%b7%e5%ae%81%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_hqgcxyxb200701011.aspx
http://c.g.wanfangdata.com.cn/periodical-hqgcxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%98%e9%b9%8f%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%ae%b0%e5%9d%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e9%87%91%e8%8e%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e9%9b%aa%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_bjgydxxb201104019.aspx
http://c.g.wanfangdata.com.cn/periodical-bjgydxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e9%87%91%e8%8e%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%ae%b0%e5%9d%a4%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_bjgydxxb200903023.aspx
http://c.g.wanfangdata.com.cn/periodical-bjgydxxb.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200502025.aspx

