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A Method of Embedding Binary Data into JPEG Bitstreams.
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Fig.1 JPEG encoder.
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Fig.2 Zigzag scan of AC coefficients.
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Fig.3 Inserting data into AC coefficients.
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Table 1 Example of quantizing table.

16 | 11 | 10 | 16 | 24 40 51 61
12 | 12| 14| 19| 26 58 60 55
14 | 13| 16 | 24| 40 57 | 69 56
14 | 17|22 ] 29| 51 87 | 80 62
18 | 22| 37| 56 | 68 | 109 | 103 | 77
24|35 |55| 64| 81 | 104 | 113 | 92
49 | 64 | 78 | 87 | 103 | 121 | 120 | 101
72192 (95|98 | 112 | 100 | 103 | 99

02 0O0000O0O0COOOO0O0OO0OOOp=e630
Table 2 Arranged quantizing table.

16 | 11 | 10 | 16 | 24 40 51 61
12 | 12| 14| 19| 26 58 60 55
14 | 13|16 | 24| 40 57 | 69 56
14 | 17|22 | 29| 51 87 | 80 62
18 | 22| 37| 56| 68 | 109 | 103 | 77
24 | 35|55 |64 | 81 | 104|113 | 92
49 | 64 | 78 | 87 | 103 | 121 | 120 | 101
72192 95|98 | 112|100 | 103 | @
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Fig.4 Proposed system.
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Table 3 Evaluation of image distortion (data embed-
ded):PSNR[dB].

ooooo
Q-factor | OO0 oooo (oooo
00 Ooooo |oooo
5 44.2404 | 44.2039 | 43.1998
10 40.7913 | 40.7844 | 38.9603
20 37.5403 | 37.5372 | 34.4426

40 34.3546
60 32.4469
80 31.0561

34.3539
32.4459
31.0556

29.5005
26.471
24.2079
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04 0000000000000 O0ODPSNR[AB]
Table 4 Comparing with conventioal method (data
embedded):PSNR[dB].

(a) DOO
Q-factor | k=63 | k=31 k=5
5 44.2042 | 38.7115 | 36.8265
10 40.7849 | 37.3302 | 35.9344
20 37.5388 | 35.2434 | 34.4449

40 34.3541 | 32.3469 | 32.1978
60 32.4456 | 30.1858 | 30.4457

80 31.0558 | 28.5206 | 28.9972
(b)y OODO
Q-factor | k=63 | k=31 k=5
5 43.4703 | 43.9173 | 44.2099
10 39.4239 | 40.2855 | 40.7480
20 35.1689 | 36.6749 | 37.4668
40 30.4971 | 32.8609 | 34.2221
60 27.5946 | 30.4271 | 32.2480
80 25.4150 | 28.6238 | 30.8242
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Table 5 Relationship between Q-factor and the
number of blocks without EOB.

Q-factor | EOBOODOOOOOO

5 219 (4.15 %)

6 90 (1.70 %)

7 43 (0.81 %)

8 23 (0.44 %)

9 10 (0.19 %)

10 5 (0.09 %)

15 1 (0.02 %)

20 0 (0 %)

25 0 (0 %)

06 O000O0OO0OO0OO0O0OO0O0O0DOOOPSNR[AB]
Table 6 Evaluation of image distortion (data
extracted):PSNR[dB].

Q-factor | OO0 ooo

oo ooo
5 44.2404 | 44.2146
10 40.7913 | 40.7901

20 37.5403 | 37.5403
40 34.3546 | 34.3546
60 32.4469 | 32.4469
80 31.0561 | 31.0561
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Fig.5 Relationship between the Q-factor and the file
size of the bitstreams.
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Fig.6 Relationship between the file size of the
bitstreams and the PSNR.
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Table 7 Relationship between file size of the
bitstreams and the PSNR.

000 000 000
oo (k=63) | (k=5)
ol [DBEtE]D U 29778 20774 | 20824
(O0O0D0O00) | (8.81 %) | (8.81 %) | (8.82 %)
Q-factor 75 91 80
PSNR [dB] | 31.3423 | 30.4426 | 29.8259

(2) 000 (k= 63)

‘(b)EIDEI (k = 5)

O7 Or70000000000G00O0O00000

Fig.7 Restored

Images for the conditions of Table 7.
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