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Soft-decision Detection Robust Image Watermarking Scheme

YANG Wen-xue, SANG Mao-dong, ZHAO Yao

(Institute of Information Science, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Digital watermarking technology is one of the means of copyright protection. Robustness of a digital
watermarking system is a necessity to protect digital works’ copyrights, and it is the hot spot of research at
present. In this paper, a soft detection algorithm for Turbo-coded robust image watermarking scheme is pro-
posed. Robustness of a watermarking system is improved without any change to watermark embedding when
we apply the soft detection algorithm at the receiving end. Watermark information is encoded by Turbo-codes
firstly and then is embedded into the original image in the DFT domain. For each bit of the coded information,
a pair of points with the same frequency is pseudo-randomly selected and modified. During watermark detec-
tion, softinput messages for Turbo decoding are collected by adopting the soft-decision detection algorithm,
which improves the robustness of the watermarking system effectively. Experimental results indicate that the
Bit Error Rate (BER) of soft-decision detection femains lower than that of hard-decision detection, even 0. 169
lower in gaussian noises.

Key words: digital watermark; soft-decision; turbo-codes; Discrete Fourier ransform (DFT)

(Digital Watermarking) . ,
( N . N ) o
, , )
) .
, .
’ N N (1,2] °
1 2003-12-22; : 2004-04-19 ’ )
. (60172062) ;
(81053); °
(1978—), ( ) , ’

E-mail: wenxueyang(@sina. com . °



46 27
(DFT). (DCT), 1 ;
(WT) (WHT) 0 . “
C()X [3~5] . ”» ,
DFT
BCH - (RS) ol
[6] b 2
. BCH RS Turbo s DFT
,BCH RS s 90° DFT
L’]J o ’ o b
1993 Berrou C. Turbo 1K , 2K
L-93 "Turbo ,
, Turbo s
DFT
,  Turbo s
1
s 1 o
s ( ) 0
4
g | [0 - | ERTEER it b 2D K Ep
R . PO e Ak v TFFT e
3
R Turbo
TKER BaE
1.1 Turbo s s
1993 I1CC , Turbo ., Berrou C. ,
Berrou C. , Glaienux A. (37,2D) ,
Thitimajshima P. 65536 . 1/2,

. /

’



47

1
18 , N Turbo .
0.7dB. . Turbo 2(b) .
2 o ;
WA d, ’
=51 s Turbo
-}
& n ° Turbo
5 WG .
. [Flae : BCIR
’ / ’
(a)Turbo 47 3 ’
SMEB Lean -SEKE?R%E i
Loz g i ® mw S w5 ’ :
gfy fu] | oy Rl em- 1 I .
AEE fm,| # [Tres H g &
DEC1 bl DEC2 ’ ’
81 MEB Lo | %l
2
(b)Turbo ¥ 74 4% °
B2 Turbo 4% R & 1.2
2(a) Turbo s m=
RSC1.RSC2 (my ymg sees ymy) m, €{0,1},M
(RSC) . , . Turbo o Turbo m, =
. (ln/lvm‘/za"'ein;\/lt)a 97’7;6{091}9M¢
J\] o b ’
J:(dlvdza"‘9dx)a . M{:SM, 1/30
RSC1 , 1.3 (DFT)
RSC2 ,
flax,y), 0<a<<N,,0<y<{N,,
R Turbo o
’ E: (('1.1 9 C2,2 9 Ny N,
Flusv) = (o)
s eon ) ’ R Zqu )
RSC1 , RSC2 . expl—j2rnuxr /N, —j2nvy/N, | 1)
, Turbo 1 Ny —IN 1
B (o tty s et s . f(I,y):NlNZ“Z;UZ;F(u,v).
) sd, e, €{0,1}, explj2nux /N, 4+ j2nvy /N, ] 2)
Turbo ,
, (N,/2,N,/2)
. Turbo (3),
’ ’ f(f,y)exp[jZK(L:}I—Q—i}y]@F(u*uo sV — V)
IN 1 IN 2

3)



48 27
e e I O . LC L : 3
[ I I L (b TE 58 {0 A 0 A 3 b R A5 UL (e drnlflk Ak o e, 2
B3 Ao EE sk
DFT ,
ACusv) =| Flu,v) | (5)
D(u,v) = LF(u,v) (6) QF/M >
( ) b b
DFT
(PSNR) 40.1 dB, H4 $HERFEEH
1.4
(RGB) , RGB , | F'Cuysv) |—| F'(— v, 5u;) = m. =1
RGB B . \ 1 F Gusod) [ =] F'(—vhu) | <—a m; =0
1 DEFT 7)
, ; F Cuys0) | |F' (—v, s u;) |
JPEG (ll,'y'U,') (_'U,'au,') DFT
N o ) sa ’ °
DFT R s
DFT , ) o ) a
dis€ (frs fuz) ’ °
s ydis= Ju'+vu v s fr < fuzs m; DFT
fu‘l \wa 9 4 :
(uiy'Ui) (_"Uivu,')
) 4 A,
(ul 'Ul) AZ‘F(ui,’(}i) ‘_|F(_7),‘9ui) ‘ (8)
(uzvvz)s“'v(UM‘bv'UMt_)’ Ui~ U fu1< i 1, A
/71'{[2_'_7}12 <]"w20 Qs 1) ’
m, € {0,1}, [11] . ’
m; 1 A as ( 9 )
(uis'U,') (_'U,'aui> DFT o

90°



1 49
J F' Cu;s0) | =1 FCuyv) \+<%—%> T o) B
r(—. — | F(—- _(e_A ,
IF( v su;) | =| F(— v u;) | (2 2) .
(9) -, -~ -~
0 A m = (my smy s smy )
m; . ~, ¢
m; = | F'Cu;vv) |—| F'(—v;hu;) | (13)
Qs ) 1)
"F/(M,'g'v,')‘
DFT . (u;»v;) (—wv,
: m; 0 A —as )
(10) : “ ’
J o) | =] Fluo) | = (5 +2) (13) ,
IF/(—‘U,,M,)=|F(—‘v,,u,)+(§+§) ’ ’
(10) ,
m;'+17 o
Turbo ,
DFT ,
, DFT ,
b o Cv b
(1D o
‘ F/(*u,,*‘v,) |:‘/F (u,y'Ul) | (11) }’;2/[/ :}/)\EL/C: %(‘ F”(u,,‘y,) ‘_‘ F//(—‘U[,u,) |)
| F'(vis —u;) |=| F'(—vsu;) | -
. DFT (14
, , C ,
,C Turbo
2 , C
Turbo , 6
. 5 . )
020,—-—*———*—:—-:——*—-*————*
0.18
KE! | | 2D H{ER Turbo .16
g =
LE gt BR | B® = 0.4 o 502k BER
BS KGRMMRE 2 on - WA BER
% 0.10
2.1 g
. % o008
0.06
0.04
s 0 0'024 5 6 7 8 9
1. 0 0( R X1
—1), (12) B 6 MmBER0,FEH0003 HEHERS, FA
>0 1 H— BB T R S MR ARERER
"=
T o) | — | T (=) | ) (12)

1<o m; =0



50 27
2.2 Turbo .
BCJR (5 ,
BCJR , o
LOG-MAP / . ,
(SOVA) Turbo ,
, MAX-LOG-MAP 2] | , -
BCJR o C,
, a Turbo
s DEC2 o
s o 0. 0.003
3 6 : C=7 000 .
512 X512 “Lena.
bmp”, 7(a) DFT 045/
_ _ 0.40 ™~
fur =70, fu, =200,
035} - ¥k BER
«=28 000, 20 %50 , _ — @ ¥% BER
= 030}
7(c) o g
% 0.25
g Q.20
k) 0.15
0.10
0.05 |
0.00, 5 —5 30 35 40 45 50
JPEG & B FE 4B 7
1 i NJTU 8 23t JPEG IE 4 M4 M B 558 5 o 9 A48 R
(oIt 5 BT (b A RERAVER  EEkE 3.2
7 sE i
Stirmark 3. 117, s
Turbo ,
(7.5), 20 X 50 | .
o 8 JPEG
1/3, . 7 ’
(b) R PSNR 0 , 1
40.1 dB, , .
PSNR 40 dB . '

3.1



1
(0, 0.003) 0.022 0.191
3%X3 0 0
3X3 0 0
2X2 0 0
3X3 0 0
4% 4 0 0
4
o , Turbo
, DFT
b o
b
b
DFT .

[1] van Schyndel R G, Tirkel A, Osborne C. A digital water-
mark [ A]. In:IEEE Proceeding International Conference
on Image Processing[ CJ. Austin, Tex: IEEE Press,1994.
II :86—90.

[2] Bende R W, Gruhl D. Techniques for Data Hiding [J].
IBM System Journal, 1996, 35(3-4): 313—336.

[3] Ruanaidh J J K O, Thierry Pun. Rotation, Scale and
Translation Invariant Digital Image Watermarking [ A J.
ICIP-1997. 536—539.

[4] Cox 1], Killian J, Leighton F T, et al. Secure spread
spectrum watermarking for multimedia [J]. IEEE transac-
tion Image Processing, 1997, 6(12): 1673—1687.

[5] Xia X G, Boncelet C G, Arce G. A Multiresolution Water-
mark for Digital Images [ A]. ICIP-1997. 548—551.

[6] Forney G D. The Viterbi Algorithm [J]. Proceedings of
the IEEE. Mar. 1973, 61(3).:268—278.

[7] Blake I, Heegard C, Hoholdt T etc. Algebraic-geometry
codes [ J]. TEEE Transaction on, Information Theory,
Volume 44, Issue 6, Oct. 1998. 2596—2618.

[87] Berrou C, Glaienux A, Thitimajshima P. Near Shannon
limit error-correcting coding and decoding Turbo-codes
[A]. Proc. IEEE ICC[C]. May 1993. 1064—1070.

[9] Berrou C, Glavieux A. Near optimum error correcting cod-
ing and decoding: turbo-codes [J]. IEEE transactions on
Communications, Volume 44, Issue 10, Oct. 1996. 1261—
1271.

[10] Proakis John G. Digital Communications [ M]. Third Edi-
tion. Beijing Publishing House of Electronics Industry,
Sep. 1998. 456—461.

[11] Pereira S and Pun T. Robust template matching for affine
resistant image watermarks [J]. IEEE trans. Image Pro-
cessing, Jun. 2000, Vol. 9. 1123—1129.

[12] Patrick Robertson, Emmanuelle Villebrun and Peter Hoe-
her. A Comparison of Optimal and Sub-optimal MAP de-
coding Algorithms Operating in the Log Domain [A]. In:
proceedings of ICC"95 Seatle, WA, Jun. 1995. 1009—

1013.

[13] Fabien A P Petitcolas and Markus G Kuhn[ EB/OL]. ht-
tp://www. cl. cam. ac. uk/fapp2/watermarking/ stir-

mark.



B e I R EEBK 1 [HGREE ..

(= WS, ok, B

L= Ee e AR, (5 BRFEI U, Jhat, 100044
Tl ity STIC[EPRY]

B4 JOURNAL OF THE CHINA RATILWAY SOCIETY
o, O - 2005, 27 (1)

W5 AL 29Kk

|

SR (134%)

1.van Schyndel R G;Tirkel A;Osborne C A digital watermark[#P3C£¥i] 1994

2.Bende R W;Gruhl D Techniques for Data Hiding[#F3CHAF]] 1996 (3-4)

3.Ruanaidh J J K O;Thierry Pun Rotation, Scale and Translation Invariant Digital Image Watermarking 1997

4.Cox I J;Killian J;Leighton F T Secure spread spectrum watermarking for multimedial4p3CHAFI] 1997 (12)

5.Xia X G;Boncelet C G;Arce G A Multiresolution Watermark for Digital Images[#F3C4>iX] 1997

6. Forney G D The Viterbi Algorithm[4PCHITI] 1973 (03)

7.Blake I;Heegard C;Hoholdt T Algebraic-geometry codes[#FCHAFI] 1998 (06)

8.Berrou C;Glaienux A;Thitimajshima P Thitimajshima P. Near Shannon limit error—correcting coding and

decoding Turbo—codes[#PCHATI] 1993

9. BERROU C;Glavieux A Near optimum error correcting coding and decoding: turbo-codes[#F3CHiFI] 1996 (10)

10. PROAKIS JOHN G Digital Communications 1998

11. Pereira S;Pun T Robust template matching for affine resistant image watermarks[#F3CHAT] 2000

12. Patrick Robertson;Emmanuelle Villebrun;Peter Hoeher A Comparison of Optimal and Sub—optimal MAP

decoding Algorithms Operating in the Log Domain[#h3£¥i] 1995

13. Fabien A P Petitcolas and Markus G Kuhn

L fHEE BT TURBORD [y £ s /K BV 5 [ 454 18 301 2006

e B TR A ) B K BN AR DR S0 -4 2 S B R 2442005 (4)

Wi 4E. Z2 K. HU Yan—Wei. QIN Zheng TURBOfY¢ # v /K EIEHE S30% P ) N DTG SCT - SEHLEL 242007, 34 (10)
#1[F 5. b EDEE. Pk, R T Turbofid 1 R GRS /K B A DA i 30 ] - QiR A% 4 (32 i0) 2003, 49 (5)
W%, BrEE. YANG Hu. YANG Jin —FiiET 40 Ml - B % 15 /K B 5 56 DT830 -0 4452006, 27 (5)

YRl BRI, BRI B Turbof 45 B B AR DR FIe S-SR LR 5 12004, 40 (15)

MR, BRZEDE ST Turbo (KA /K EVE A DI 8 30 ] - U AR 2003 (8)

PFOCHE. EFIR. XU Wen—1i. WANG Yu-min FEJ- 22 R4 i 4 i ) /K BRI [391] 18 301 - 12431 2005, 33 (7)

5| HFSCER (226)

LW W i T 0 B S R K ED S S DIRIE SC] =80 s 2006 (5)
2. W3 ASRTRR: BUE AT G K BN DI S0 ] = D TSR 2224k CHARBIERRD  2006(2)

N

©

L

o

=

=

®©

AICEERE: http://d. wanfangdata. com. cn/Periodical tdxb200501010. aspx



http://d.wanfangdata.com.cn/Periodical_tdxb200501010.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%96%87%e5%ad%a6%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a1%91%e8%8c%82%e6%a0%8b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e8%80%80%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8c%97%e4%ba%ac%e4%ba%a4%e9%80%9a%e5%a4%a7%e5%ad%a6%2c%e4%bf%a1%e6%81%af%e7%a7%91%e5%ad%a6%e7%a0%94%e7%a9%b6%e6%89%80%2c%e5%8c%97%e4%ba%ac%2c100044%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-tdxb.aspx
http://c.wanfangdata.com.cn/periodical-tdxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22van+Schyndel+R+G%3bTirkel+A%3bOsborne+C%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bende+R+W%3bGruhl+D%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ruanaidh+J+J+K+O%3bThierry+Pun%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-tdxb200501010%5e3.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cox+I+J%3bKillian+J%3bLeighton+F+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xia+X+G%3bBoncelet+C+G%3bArce+G%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Forney+G+D%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_10.1109-PROC.1973.9030.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Blake+I%3bHeegard+C%3bHoholdt+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212981586.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Berrou+C%3bGlaienux+A%3bThitimajshima+P%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_10.1109-ICC.1993.397441.aspx
http://d.wanfangdata.com.cn/NSTLQK_10.1109-ICC.1993.397441.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22BERROU+C%3bGlavieux+A%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PROAKIS+JOHN+G%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-tdxb200501010%5e10.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pereira+S%3bPun+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Patrick+Robertson%3bEmmanuelle+Villebrun%3bPeter+Hoeher%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fabien+A+P%22+DBID%3aWF_QK
http://www.cl.cam.ac.uk/fapp2/watermarking/stirmark
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%89%b3%e7%bb%b4%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y1019200&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Thesis_Y1019200.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%89%b3%e7%bb%b4%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_pxgdzkxxxb200504025&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_pxgdzkxxxb200504025.aspx
http://c.wanfangdata.com.cn/periodical-pxgdzkxxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%89%b3%e7%bb%b4%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e6%8b%af%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Yan-Wei%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22QIN+Zheng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjkx200710068&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_jsjkx200710068.aspx
http://c.wanfangdata.com.cn/periodical-jsjkx.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8c%b9%e5%9b%bd%e5%ae%9d%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e9%94%90%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e5%8f%8c%e5%a5%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e6%b4%aa%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%a4%a9%e9%94%a1%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_whdxxb-zr200305022&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_whdxxb-zr200305022.aspx
http://c.wanfangdata.com.cn/periodical-whdxxb-zr.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e8%99%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e7%91%be%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Hu%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Jin%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jgzz200605023&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_jgzz200605023.aspx
http://c.wanfangdata.com.cn/periodical-jgzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%bf%83%e6%b5%a9%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%86%9b%e6%b3%a2%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e4%ba%9a%e5%85%89%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjgcyyy200415021&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_jsjgcyyy200415021.aspx
http://c.wanfangdata.com.cn/periodical-jsjgcyyy.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%bf%83%e6%b5%a9%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%86%9b%e6%b3%a2%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dsjs200308025&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dsjs200308025.aspx
http://c.wanfangdata.com.cn/periodical-dsjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%ae%b8%e6%96%87%e4%b8%bd%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%82%b2%e6%b0%91%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Wen-li%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Yu-min%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dianzixb200507008&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dianzixb200507008.aspx
http://c.wanfangdata.com.cn/periodical-dianzixb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e8%99%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e7%91%be%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jgzz200605023.aspx
http://c.wanfangdata.com.cn/periodical-jgzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e7%91%be%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_shanxsfdxxb200602014.aspx
http://c.wanfangdata.com.cn/periodical-shanxsfdxxb.aspx
http://d.wanfangdata.com.cn/Periodical_tdxb200501010.aspx

