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Watermarking algorithm for vector maps based on improved DFT and QR code
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Abstract In view of the problem that frequency domain watermark cannot balance the invisibility and information loading of
watermarking, a vector map watermarking algorithm based on improved discrete Fourier transform (DFT) and quick response
(QR) code was proposed. Firstly, the QR code, which has the high loading feature, was used as the carrier of copyright
information and transformed into a binary sequence as the watermark information sequence. Then, the DFT transformation of
vertex coordinate values were performed to obtain the magnitude value sequence, and the geometric invariance of DFT
coefficients was used as the theoretical basis for the robustness of the watermarking algorithm. Finally, the parity judgment
rule was used to embed the binary watermark sequence into the magnitude value sequence, and the inverse DFT
transformation was used to obtain the watermarked vector maps. Experimental results showed that the proposed algorithm had
good robustness to geometric attacks such as translation and rotation, and the embedding of highly loaded watermark
information in the frequency domain watermarking algorithm was achieved by using QR codes, and the embedding method
based on parity rules not only achieved blind extraction of the watermark, but also had minimal interference with the data.
Key words vector maps; DFT; QR code; watermarking
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Tab.1 Detail Attributions of Experimental Data

Bz HAE EIN 15 7230 Fil/m ERHE T
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HEHY 1] 1:500 +0.15 202 5 895
22 EBEMESW

L X
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B VA B e IR U A R, BB AE R B S D0 T, BT T2 TR AR K BN S R
R
%2 TGRS

Tab.2 Extraction Results of Watermark Images without Attack

Kz PSR AL /(%) R EG T QR iR A5 5
B 99.95 2 1EH
Lk 99.95 2 I
BHY 99.98 1 1

2) ‘FRIH
HRY%E DFT A8ty JULA R, TR K&t DFT RIS — Ao R =4, BT A8 55
— AT AR N IKED, P RS B X $ s (PR B A s . SRR AT AN R BRI TR, SRS Rk 3
Fim. ATUESR, T FR 1 DNHRAE2FF 500 ANEAr, 0 A8 BUG K B AR AL BE A7 4R ek
100%, 45585 LA HEE S R — 8. UiBHZ KBV B B W I P TR R .
23 PR B FKENSRELL

Tab.3 Extraction Results of Watermark Images under Translation Attacks

S A% Hf/m PR AR AHALLEE /(%) QR HBiH 45 R
1 99.83 1EH#

&
5 99.83 IE#

Stk 10 99.83 IEH
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Tab.4 Extraction Results of Watermark Images under Rotation Attacks

&2 ek BB/ (0) FEE AR AHABLE /(%) QR TBiHHILE R
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T %
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B Yo
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5 99.94 IE#
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Table 5. Extraction Results of Watermark Images under Random Points Deletion

K24 BERLAN 2 i/ (%) AHALLE /(%) QR iR % R
B 5 50.18 Tk
Ltk 5 52.40 TR
R 5 52.40 Tk
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Tab.6 Statistics of Data Errors
&2 PR ZE/m Y975 2/(x10°8) BRIRZE/m
i 0.000 155 3.102 1 0.000 984
Lk 0.000 146 29742 0.000 934
HEHY 0.000 143 2.897 2 0.001 241
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Tab.7 Load Analysis of Watermark Images

A ~ TR . — TRRREER L QR BE S
g A R e it
Fial e
MBS o= FARHR, L
W TR w25 n %
RINss
R o gt PO
HUERRI 5 TR 22 Sijis e, SR 0y
TiEZ2E a
-'-l-l 3 > 25 Mo NEA
U - A BB, DA

A% !




ZfHs M DFT A1 QR A9 i) 5% & Hb B B /K Bl g ik 9

2.5 Xttb o4

HR[22) R T 3T DFT M8 Z R R S EKEIARL, At 2+ DFT g B /K Ep B VA 7R ik
AT BT Tt WK 5 AT LUE H, AR SCHE H B /K BB BT B RS B 1 s e B KA I 0.001
3 m. FEALTF 0.000 4 m PLFHITERE, ST 0.3 m i KEIRRZTER, EmiH 0.13%. CHk[22]
FEH R T DFT M BE (19 7K B B0 S5 4 0 B i s i AR &b 1 1~2 N, M T HERKIRZERN 7.5
IR R 2V, AR T 26%. KUk, FHECSCHR[22], AR SCHEH A 7K B0 Y o5 £ 40 52 72 5
AN, FEASET WA TS A RS .

TEXT e 3 B J5 T, AR SCHE H 17K BB A LT Be 52 3 PU i i 1 2 e, R UM ABLRE LT Reak 2
100%, HAKWAMET 99%. 1 SCHR[22]42 B /K EPBE Y, FEjiefs 1), FHALE(E N3] 94.45%; g
B 5, ML R FEE] 92%. XFLESCHR[22], ASCHE R /K BB R LR Buie i Mo oA — e ot .

3 ZRiE

AVt T MEE T DFT MR EEAE AR R IR KBNS, 78 3 UK BRI AN R WA AN KBS 28 AW
HAET . e K ETR A T7 SOMUK EE B AT 85 T7 T AT TSR T . O 7 BRAROK BT RN 1 A2
2, PEEUKEIRBGRAIA, SR 1R R X 8] 033 45 P T 2 AT K B R A AT SR B, R, SRAT QR
P A RS B R B, SEBLAE R SR I DFT S0 3K B B9 H DL/ B 7K B BB N 1 ] 3015
B o ARSCHR K EDREAE AN T AR ANE B4 07 T A BRI SR IS Tl B PR, ek dE L
Ml B R A& 58t FOR 2 — D AE S R T b SSedE 3 HoAh 2R A i Bt
SE

[1] XI X,ZHANG X C,LIANG W D,et al.Dual zero-watermarking scheme for two-dimensional vector map based on Delaunay triangle mesh and
singular value decomposition[J].Applied Sciences,2019,9(4):642.

[2] ABUBAHIA A,COCEA M.Advancements in GIS map copyright protection schemes - a critical review[J].Multimedia Tools and
Applications,2017,76(10):12205-12231.

[31 R . b3 HOHE B 7 /K BRI b2 32 ) B AR STk R [0]. M4 2= 4R, 2017, 46 (10D : 1609-1619. (ZHU Changging. Research
progresses in digital watermarking and encryption control for geographical data[J]. Acta Geodaetica et Cartographica Sinica, 2017, 46

(10> : 1609-1619. )

[4] SKZW, HESC, FEM, . 03 HRE IR R W B KB E]. W, 2016, 41 (4) : 184-189. (ZHANG
Liming, YAN Haowen, QI Jianxun, et al. Feature points based blind watermarking approach for vector data[J]. Science of Surveying
and Mapping, 2016, 41 (4) : 184-189. )

[5] #, BEMR, M. REWEEE LT KRR D]. W 5= MMM E S, 2014, 37 (3) ¢ 9-12. (YANG Hui, MIN
Lianquan, HOU Xiang. The survey of digital watermarking technology for the vector map data[J]. Geomatics & Spatial Information
Technology, 2014, 37 (3) : 9-12. )

[6]1 Z=%, KfEfE, LT, . KREHEHE SR B ARMTILT]. ERES, 2020, 45 (12) : 4574-4588. (LI Hu, ZHU
Henghua, HUA Weihua, et al. Key technologies and methods for vector geographic data security protection[J]. Earth Science, 2020,
45 (12) : 4574-4588. )

[7] ®iC4E. GIS KEHE £ E/AKEWA[D]. Fat: M RifE k2, 2011. (CAO Jianghua. Research on multiple watermarking for GIS
vector data[D]. Nanjing: Nanjing Normal University, 2011. )

[8] &g, KK#EH, FH. NEUERXEME I KN E L], WL %W, 2018, 47 (11) : 1518-1525. (TONG Deyu, ZHU
Changqing, REN Na. Watermarking algorithm applying to small amount of vector geographical data[J]. Acta Geodaetica et Cartographica
Sinica, 2018, 47 (11D : 1518-1525. )

[9] WANG C JLPENG Z Y,PENG Y W.,et al.Watermarking geographical data on spatial topological relations[J].Multimedia Tools and
Applications,2012,57(1):67-89.

[10] SHAO C Y,WANG H L,NIU X M,et al.Shape-preserving algorithm for Watermarking 2-D vector map data[C]//2005 IEEE 7th Workshop on
Multimedia Signal Processing. [S.1.]: IEEE,2005: 1-4

[11] SCHYNDEL VAN R G,TIRKEL A Z,0SBORNE C F.A digital watermark[C]//Proceedings of 1st International Conference on Image
Processing.[S.1.]: IEEE,1994:86-90.

[12] kK, YA, (F00. RS E BT KNER S5 TEM]. dbat: Rl RE:, 2014. (ZHU Changging, XU Dehe, REN
Na. Theory and method of digital watermarking for geographic data[M]. Beijing: Science Press, 2014. )

[13] LEE S H,KWON K R.Vector watermarking scheme for GIS vector map management[J].Multimedia Tools and Applications,2013,63(3):757 -
790.

[14] XTI X,ZHANG X C,SUN Y,et al.Topology-preserving and geometric feature-correction watermarking of vector maps[EB/OL].(2020-02-12)
[2021-12-02].https://ieeexplore.ieee.org/stamp/stamp.jsp ?tp=&arnumber=8995601.

[15] HUBER S,HELD M,MEERWALD P.et al.Topology-preserving watermarking of vector graphics[J].International Journal of Computational
Geometry & Applications,2014,24(1):61-86.

[16] kWY, EVESC, W, . T DFT K a45iR 7 K8 2 A 5K SN]SR % (FERHEERD 2015, 40

(7) : 990-994. (ZHANG Liming, YAN Haowen, QI Jianxun, et al. A blind watermarking algorithm for copyright protection of



10 W% Rl 2

vector geospatial data under controllable errors based on DFT[J]. Geomatics and Information Science of Wuhan University, 2015, 40
(7) : 990-994. >

[17] XU D H,WANG Q S.The study of watermarking algorithm for vector geospatial data based on the phase of DFT[C]//2010 IEEE International
Conference on Wireless Communications,Networking and Information Security.[S.1.]: IEEE,2010:625-629.

[18] &4k, T80, WX, 2T BC6 [ H & Ik B KK ENEVA ], RA ML, 2009, 36 (7) : 47-50. (ZHAO Lin, MEN
Chaoguang, CAO Liujuan. DFT-based adaptive vector map watermarking algorithm[J]. Applied Science and Technology, 2009, 36

(7) : 47-50. )

[19] SOON T J.QR code[J].Synthesis Journal, 2008, 3(1): 59-78.

[20] B WE . PRFFILATRFAE S DR R GIS KEBIR/KENFIER S [D]. FI5: FIRBE K, 2011. (HUANG Li. Watermarking
algorithms for GIS vector data considering geometrical characteristics and topological relationships[D]. Nanjing: Nanjing Normal
University, 2011. )

[21] KANDI H,MISHRA D,GORTHI S R K S.Exploring the learning capabilities of convolutional neural networks for robust image
watermarking[J].Computers & Security,2017,65(3):247-268.

[22] E# M. T DFT (5% & Hh 3 2 (A 5008 £ K 3 RE 75 [D]. A8 M1: {5 2 TREK%%, 2008. (WANG Qisheng. Research on digital
watermarking for vector geo-spatial data based on DFT[D]. Zhengzhou: PLA Information Engineering University, 2008. )



