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Abstract
Existing evaluations of halftone visual cryptography (HVC) algorithms com-
monly employ Correct Decoding Rate (CDR) or Bit Error Rate (BER), without
considering the disturbance inflicted upon cover images by information hiding.
This paper proposes a comprehensive evaluation algorithm for halftone visual
cryptography that simultaneously accounts for the disturbance to cover images
caused by information hiding and the error rate of extracted secret images. The
Average Disturbance Per Pixel (ADPP) metric is selected to quantify the distur-
bance to cover images resulting from information hiding. To ensure consistency
between the data ranges of ADPP and BER, the secret image is utilized in con-
junction with a hiding threshold T to compute the Maximum Average Distur-
bance (MAD). ADPP and BER are then integrated with MAD and a coefficient
𝜆 through a comprehensive calculation to derive the Integrated Disturbance
of HVC (IDHVC). This algorithm exhibits significant advantages in computa-
tional complexity compared with existing comprehensive evaluation algorithms.
Experimental verification demonstrates that the proposed algorithm is applica-
ble to the comprehensive evaluation of both grayscale and color halftone visual
cryptography algorithms.
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Abstract: Existing evaluations of halftone visual cryptography (HVC) meth-
ods typically rely on correct decode rate (CDR) or bit error rate (BER), without
considering the distortion inflicted upon the carrier image during data hiding.
This paper proposes an integrated evaluation algorithm for HVC methods that
simultaneously accounts for both the distortion caused by data hiding and the
error rate of the extracted secret image. We select average distortion per pixel
(ADPP) to measure the interference to carrier images. To ensure consistent
data ranges for ADPP and BER, we compute the maximum average distortion
(MAD) using the secret image and a hiding threshold T. By combining ADPP
and BER with MAD and a coefficient 𝜆 through comprehensive calculation,
we obtain the integrated distortion of HVC (IDHVC). Compared with existing
integrated evaluation algorithms, the proposed method offers significant advan-
tages in computational complexity. Experimental results demonstrate that the
algorithm can be applied to evaluate both grayscale and color halftone visual
cryptography methods.

Keywords: halftone; visual cryptography; correct decode rate (CDR); bit error
rate (BER); average distortion per pixel (ADPP)

0 Introduction
Halftone images represent a special image format that uses only black and white
values to represent continuous-tone images. Conventional data hiding algo-
rithms cannot be directly applied to halftone images, making halftone data hid-
ing a distinct subfield of image steganography. Methods for generating halftone
images from continuous-tone originals are called halftoning techniques, which
primarily include ordered dithering [2], error diffusion [3,4], dot diffusion [5–8],
and direct binary search [9–12].

Dot watermarking [13–17] refers to hiding watermark information by modify-
ing local region characteristics in halftone images, and is mainly applicable to
halftone images generated by ordered dithering. Since ordered dithering gen-
erally produces lower quality halftone images, error diffusion and dot diffusion
methods are now more widely adopted. For these two types of halftone images,
researchers primarily employ halftone visual cryptography (HVC) algorithms,
which hide a binary secret image across multiple halftone images by modifying
the relative relationships of corresponding pixels. The most common variant is

chinarxiv.org/items/chinaxiv-202009.00077 Machine Translation

https://chinarxiv.org/items/chinaxiv-202009.00077


(2,2)-HVC [18–24,26,27], where a secret image is hidden in two halftone images
and both are required for extraction.

Based on the type of halftone images they support, HVC algorithms can be cate-
gorized into grayscale halftone visual cryptography [18-19,23] and color halftone
visual cryptography [20,22]. In [18], the authors proposed Data Hiding by Con-
jugate Error Diffusion (DHCED), where the first halftone image is generated
using standard halftoning, and the halftoning process of the second image is
modified to embed information. Reference [19] extended DHCED [18] from
error diffusion to dot-diffused halftone images, proposing Data Hiding by Con-
jugate Dot Diffusion (DHCDD), and introduced a bidirectional conjugate data
hiding algorithm (DHDCDD) that modifies data from both halftone images to
achieve embedding through bidirectional conjugation.

Reference [20] extended DHDCDD [19] to color halftone images, proposing
Double-sided Conjugate Data Hiding in Color Dot-diffused images (DC-
CDD) for embedding secret images in color dot-diffused halftone images.
Reference [21] presented a halftone visual cryptography algorithm based on
multi-scale error diffusion. Reference [22] further extended DCCDD to color
error-diffused halftone images, implementing Double-sided Conjugate Error
Diffusion (DCCED) for color images. Additionally, [22] introduced the concept
of “new conjugate”for color halftone images and applied this concept to both
error diffusion and dot diffusion, proposing New Conjugate Data Hiding by
Error Diffusion (NCCED) and New Conjugate Data Hiding by Dot Diffusion
(NCCDD).

Reference [23] implemented and compared various grayscale HVC algorithms,
concluding from experimental results that bidirectional conjugate algorithms
outperform unidirectional conjugate algorithms. Reference [24] introduced the
concept of block conjugate to improve HVC performance and proposed a high-
quality halftone secret pattern hiding algorithm based on block conjugate. Ref-
erence [25] presented halftone self-hiding algorithms based on both dot diffusion
and error diffusion, enabling secret image hiding within a single halftone image.

Most existing HVC algorithms evaluate performance using correct decode rate
(CDR). However, since halftone data hiding algorithms deliberately modify the
halftoning process to embed information, these modifications inevitably intro-
duce interference to the halftone image data. Generally, greater interference
leads to better hiding effects and higher CDR values for extracted secret im-
ages. Conversely, higher CDR values often result in lower quality of the gener-
ated halftone images. Therefore, evaluating HVC algorithm performance using
CDR alone is inadequate.

References [26,27] proposed a comprehensive interference evaluation formula for
halftone data hiding algorithms, establishing an optimization theory for such
methods and introducing unidirectional and bidirectional error diffusion data
hiding algorithms. However, these works focused on proposing new algorithms
rather than applying the formula to evaluate both their own and other existing
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algorithms.

This paper proposes an integrated evaluation algorithm for HVC methods that
considers both the distortion caused to carrier images and the BER of extracted
secret images. We adopt average distortion per pixel (ADPP) [22] to measure
interference to carrier images. First, we compute the error rate of the extracted
secret image (BER = 1 - CDR). Then we calculate the ADPP caused by data
hiding. To ensure consistent data ranges for ADPP and BER, we compute the
maximum average distortion (MAD) using the secret image and hiding thresh-
olds. Finally, we combine ADPP and BER with MAD and coefficient 𝜆 to
obtain the integrated distortion of HVC (IDHVC), where smaller values indi-
cate better algorithm performance. Experimental verification demonstrates that
IDHVC comprehensively reflects both the interference to carrier images and the
error rate of extracted secret images, making it applicable for evaluating both
grayscale and color HVC algorithms.

This paper comprises five sections: (1) review of major existing algorithms; (2)
the proposed integrated evaluation algorithm for HVC; (3) experimental results
and analysis; and (4) conclusion.

1 Existing Work
References [18–23] present eight major HVC algorithms: DHCED [18] and DHD-
CED [23] for grayscale error-diffused halftone images; DHCDD [19] and DHD-
CDD [19] for grayscale dot-diffused halftone images; DCCED [22] and NCCED
[22] for color error-diffused halftone images; and DCCDD [20] and NCCDD [22]
for color dot-diffused halftone images.

We first introduce the main HVC algorithms. Let 𝑋1 and 𝑋2 denote the original
images, 𝑌1 and 𝑌2 the halftone images after data hiding, and 𝑊 the secret image
to be embedded.

1.1 DHDCDD and DHDCED

Both DHDCDD [19] and DHDCED [23] employ bidirectional conjugate
methods to hide a secret image in two grayscale halftone images. They
share the same implementation process but differ in their halftoning control
methods: DHDCDD [19] uses dot diffusion while DHDCED [23] uses error
diffusion. The implementation flow is as follows: (a) When 𝑥1(𝑖, 𝑗) and
𝑥2(𝑖, 𝑗) enter the system, diffusion errors are accumulated to generate 𝑢1(𝑖, 𝑗)
and 𝑢2(𝑖, 𝑗). (b) 𝑢1(𝑖, 𝑗) and 𝑢2(𝑖, 𝑗) undergo trial quantization to produce
trial values 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) and 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗), implemented through formulas (1)–
(3). (c) The system checks whether 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) and 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) satisfy the
required conditions: when secret image data 𝑤(𝑖, 𝑗) is 0 (black), 𝑦2(𝑖, 𝑗) must
be conjugate to 𝑦1(𝑖, 𝑗); when 𝑤(𝑖, 𝑗) is 1 (white), 𝑦2(𝑖, 𝑗) must match 𝑦1(𝑖, 𝑗).
(d) If the trial values meet the requirements, they are directly passed to 𝑢′

1(𝑖, 𝑗)
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and 𝑢′
2(𝑖, 𝑗) as 𝑢′

1(𝑖, 𝑗) = 𝑢1(𝑖, 𝑗) and 𝑢′
2(𝑖, 𝑗) = 𝑢2(𝑖, 𝑗). (e) If 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) and

𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) fail to meet the requirements, either 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) or 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗)
must be swapped. Two swapping schemes exist: swapping 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) with
calculated interference Δ𝑢1, or swapping 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) with interference Δ𝑢2.
The scheme causing smaller interference Δ𝑢 is selected. (f) Δ𝑢1 and Δ𝑢2
calculations depend on swap direction: if 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) or 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) changes
from 255$→0, 𝑢𝑠𝑒𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛(4); 𝑖𝑓𝑐ℎ𝑎𝑛𝑔𝑖𝑛𝑔𝑓𝑟𝑜𝑚0→$255, use equation (5).
(g) If min(Δ𝑢1, Δ𝑢2) ≤ 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑𝑇 , the swap with smaller interference is
executed. (h) If min(Δ𝑢1, Δ𝑢2) > 𝑇 , no swap occurs. (i) After processing the
entire images 𝑋1 and 𝑋2 using this procedure, halftone images 𝑌1 and 𝑌2 are
generated.

The algorithm’s advantage lies in introducing the bidirectional conjugate con-
cept, but its limitation is applicability only to grayscale halftone images.

1.2 NCCDD and NCCED

Reference [22] defines a new conjugate property (NC) for color halftone images.
The NC value can be calculated using equation (6), where 𝑁𝑢𝑚𝑜𝑓255 counts
the number of color components equal to 255 among three channels. If two or
three components equal 255, the NC value is 1; if zero or one component equals
255, the NC value is 0.

Let 𝑌1 and 𝑌2 represent two color halftone images, with 𝑁𝐶𝑦1(𝑖, 𝑗) and
𝑁𝐶𝑦2(𝑖, 𝑗) denoting the NC values of 𝑦1(𝑖, 𝑗) and 𝑦2(𝑖, 𝑗). If 𝑁𝐶𝑦1(𝑖, 𝑗) ⊕
𝑁𝐶𝑦2(𝑖, 𝑗) = 1, then 𝑦1(𝑖, 𝑗) and 𝑦2(𝑖, 𝑗) are new conjugates; if 𝑁𝐶𝑦1(𝑖, 𝑗) ⊕
𝑁𝐶𝑦2(𝑖, 𝑗) = 0, they are identical.

When 𝑥1(𝑖, 𝑗) and 𝑥2(𝑖, 𝑗) enter the system, trial quantization values
𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) and 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) are calculated using equations (1)–(3). Their NC
values 𝑁𝐶𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) and 𝑁𝐶𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) are computed using equation (6).
If these NC values are not as required, 𝑦1,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) and 𝑦2,𝑡𝑟𝑖𝑎𝑙(𝑖, 𝑗) must be
swapped.

1.3 CDR Comparison of HVC Algorithms

1) Grayscale HVC Algorithm CDR Comparison Reference [23] evalu-
ates grayscale HVC algorithm performance by computing the correct decode
rate (CDR) of extracted secret images using equation (7), where 𝐸 is the ex-
tracted secret image, 𝑊 is the original secret image, and both have resolution
𝑊 × 𝐻.

Experimental results show that for grayscale HVC algorithms: (a) Among error
diffusion-based algorithms, DHDCED(Jarvis) [23] performs best; (b) Among
dot diffusion-based algorithms, DHDCDD [19] performs best; (c) Regardless of
whether error diffusion or dot diffusion is used, bidirectional conjugate algo-
rithms achieve higher CDR than unidirectional conjugate algorithms.
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2) Color HVC Algorithm CDR Comparison Algorithms DCCED [22]
and DCCDD [20] use equation (8) to compute average CDR. Algorithms
NCCED [22] and NCCDD [22] use equation (9) to compute the extracted secret
image 𝐸, then calculate CDR using equation (7).

Reference [22] concludes from experimental results that for color HVC algo-
rithms: (a) NCCED [22] achieves significantly higher CDR than DCCED [22];
(b) NCCDD [22] achieves significantly higher CDR than DCCDD [20]; (c)
NCCED [22] delivers the highest CDR among all algorithms.

1.4 Comprehensive Interference Evaluation Formula

References [26,27] propose a comprehensive interference evaluation formula for
halftone data hiding algorithms, expressed as equation (10), where 𝐷ℎ repre-
sents interference to carrier images, 𝐷𝑤 represents error rate of extracted secret
images, and 𝜆 is the comprehensive calculation coefficient. Smaller comprehen-
sive values indicate better algorithm performance.

2 Integrated Evaluation Algorithm for HVC
This paper proposes an integrated evaluation algorithm for halftone visual cryp-
tography methods, with the algorithm flow shown in Figure 1 [Figure 1: see
original paper]. Following the approach in [26,27], we need to obtain the in-
terference to carrier images (𝐷ℎ) and the error rate of extracted secret images
(𝐷𝑤), then perform comprehensive calculation.

We select maximum average distortion per pixel (ADPP) [22] as 𝐷ℎ and use
the bit error rate (BER) of extracted secret image 𝐸 as 𝐷𝑤. For comprehensive
calculation, we must consider the value ranges of ADPP and BER, requiring
computation of maximum average distortion (MAD) using secret image 𝑊 and
threshold 𝑇 . Finally, to emphasize the importance of BER, we introduce coef-
ficient 𝜆 to complete the comprehensive calculation.

The proposed evaluation algorithm proceeds as follows: (a) 𝑋1 and 𝑋2 are
original images with resolution 𝑊 × 𝐻. (b) Through HVC algorithms, a secret
image 𝑊 is hidden in 𝑋1 and 𝑋2 to generate halftone images 𝑌1 and 𝑌2. Any
HVC algorithm from [18–23] may be used. The hiding process is controlled by
threshold 𝑇 , where 𝑇𝑏 and 𝑇𝑤 correspond to black and white regions in the
secret image. (c) During hiding, ADPP is calculated using equation (11) or
(12), computed separately for 𝑌1 and 𝑌2 to obtain 𝐴𝐷𝑃𝑃𝑌 1 and 𝐴𝐷𝑃𝑃𝑌 2. (d)
𝑌1 and 𝑌2 undergo extraction operations to obtain extracted secret image 𝐸.
(e) Comparing 𝐸 with original secret image 𝑊 using equations (7)–(9) yields
CDR, from which we compute BER (𝐵𝐸𝑅 = 1 − 𝐶𝐷𝑅) with range [0,1]. (f)
The maximum of the two ADPP values gives 𝐴𝐷𝑃𝑃𝑀𝐴𝑋, with range [0, MAD],
where MAD is the maximum average distortion determined by secret image 𝑊
and thresholds 𝑇𝑏 and 𝑇𝑤. (g) Combining 𝑊 , 𝑇𝑏, and 𝑇𝑤, MAD is calculated
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using equation (13). (h) Finally, 𝐴𝐷𝑃𝑃𝑀𝐴𝑋, BER, MAD, and coefficient 𝜆 are
combined using equation (14) to obtain the integrated distortion value (IDHVC).
Smaller IDHVC values indicate better algorithm performance.

Four aspects of the proposed algorithm require explanation:

2.1 Selecting ADPP as Carrier Image Distortion

Reference [22] defines average distortion per pixel (ADPP) for color HVC algo-
rithms using equation (11). ADPP effectively measures interference caused by
halftone data hiding algorithms and features simple computation—only requir-
ing interference statistics during the hiding process. This significantly reduces
computational complexity compared to the human visual peak signal-to-noise
ratio (HPSNR) used in [26], as analyzed in Section 3.3. Therefore, we select
ADPP as the carrier image distortion measure 𝐷ℎ.

2.2 Computing ADPPMAX

During data hiding, ADPP is calculated separately for 𝑌1 and 𝑌2, yielding
𝐴𝐷𝑃𝑃𝑌 1 and 𝐴𝐷𝑃𝑃𝑌 2. Our algorithm uses the maximum ADPP value rather
than the average for three reasons: (a) For unidirectional hiding algorithms,
𝐴𝐷𝑃𝑃𝑌 1 is 0 while 𝐴𝐷𝑃𝑃𝑌 2 is large; (b) For bidirectional algorithms, one
ADPP may be small while the other is large, with larger ADPP indicating
greater interference and quality degradation; (c) Average ADPP cannot reflect
the actual impact on generated 𝑌1 or 𝑌2. Therefore, we adopt 𝐴𝐷𝑃𝑃𝑀𝐴𝑋 as
the basis for integrated distortion calculation.

2.3 Additional Parameters for Comprehensive Calculation

We select 𝐴𝐷𝑃𝑃𝑀𝐴𝑋 as 𝐷ℎ and BER as 𝐷𝑤. Before applying equation (10),
we analyze consistency between ADPP and BER: (1) Calculation basis: BER
counts total error points divided by secret image points 𝑊 × 𝐻; ADPP sums
interference values divided by carrier image points 𝑊 × 𝐻. Since secret and
carrier images share the same dimensions, they are consistent. (2) Value range:
BER ranges in [0,1], while ADPP ranges in [0, MAD]. MAD depends on hiding
thresholds 𝑇 , where 𝑇𝑏 and 𝑇𝑤 correspond to black and white regions in 𝑊 .
MAD is computed by first calculating black and white percentages in 𝑊 , then
applying equation (13). Dividing 𝐴𝐷𝑃𝑃𝑀𝐴𝑋 by MAD normalizes its range to
[0,1]. (3) Emphasizing BER importance: While both BER and ADPP are
important, BER must be prioritized to ensure hiding effectiveness. Therefore,
we introduce a multiplicative coefficient 𝜆 (𝜆 > 2) for BER in the comprehensive
calculation.

2.4 Integrated Distortion Calculation

Based on the above analysis, the integrated distortion combines 𝐴𝐷𝑃𝑃𝑀𝐴𝑋,
BER, MAD, and coefficient 𝜆 using equation (14) to obtain IDHVC:
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𝐼𝐷𝐻𝑉 𝐶 = 𝐴𝐷𝑃𝑃𝑀𝐴𝑋
𝑀𝐴𝐷 + 𝜆 × 𝐵𝐸𝑅

3 Experimental Results and Analysis
Figure 2 [Figure 2: see original paper] shows our test images and secret image,
where (a–d) are grayscale test images, (e–h) are color test images, and (i) is the
secret image. All images have resolution 512 × 512. The proposed evaluation
algorithm applies to both grayscale and color HVC methods.

3.1 Grayscale HVC Algorithm Evaluation

We evaluate four algorithms: DHCDD [19], DHDCDD [19], DHCED [18], and
DHDCED [23]. During experiments, thresholds 𝑇𝑏 and 𝑇𝑤 correspond to black
and white regions in the secret image. The Floyd-Steinberg and Jarvis kernels
are used for error diffusion, while HVS-based rank matrices are employed for
dot diffusion.

Using Figure 2(a) as 𝑋1, Figures 2(b)–(d) as 𝑋2, and Figure 2(i) as secret
image 𝑊 , we create three test sets. Each algorithm is applied across different
thresholds, with CDR computed using equation (7) and BER calculated as
𝐵𝐸𝑅 = 1 − 𝐶𝐷𝑅. Table 1 shows average BER for each algorithm at each
threshold across the three test sets.

ADPP is calculated using equation (12) during hiding, with average ADPP
values for each algorithm at each threshold shown in Table 2 . Taking the
maximum of the two ADPP values yields 𝐴𝐷𝑃𝑃𝑀𝐴𝑋, presented in Table 3 .
Combining secret image 𝑊 with different thresholds 𝑇 , MAD is calculated using
equation (13) and shown in Table 4 . Finally, 𝐴𝐷𝑃𝑃𝑀𝐴𝑋, BER, MAD, and
coefficient 𝜆 are combined using equation (14) to compute IDHVC, with results
in Table 5 (𝜆 = 3).

Table 5 reveals that for grayscale HVC algorithms: (a) Among error diffusion-
based methods, DHDCED(Jarvis) [23] performs best; (b) Among dot diffusion-
based methods, DHDCDD [19] performs best; (c) Bidirectional conjugate al-
gorithms achieve higher CDR than unidirectional conjugate algorithms. These
conclusions align with [23], though IDHVC comparisons show less pronounced
differences than CDR-only evaluations.

3.2 Color HVC Algorithm Evaluation

We evaluate four algorithms: DCCDD [20], NCCDD [22], DCCED [22], and
NCCED [22]. The Jarvis kernel is used for error diffusion, and HVS-based rank
matrices for dot diffusion.

Using Figure 2(e) as 𝑋1, Figures 2(f)–(h) as 𝑋2, and Figure 2(i) as 𝑊 , we
create three test sets. Each algorithm is applied across thresholds, with CDR

chinarxiv.org/items/chinaxiv-202009.00077 Machine Translation

https://chinarxiv.org/items/chinaxiv-202009.00077


computed using equations (7)–(9) and BER calculated accordingly. Table 6
shows average BER results. ADPP is calculated using equation (11) during
hiding, with average ADPP values in Table 7 .

𝐴𝐷𝑃𝑃𝑀𝐴𝑋 values are shown in Table 8 . Since 𝑊 and thresholds 𝑇 remain
unchanged, MAD values are the same as in Table 4. Combining 𝐴𝐷𝑃𝑃𝑀𝐴𝑋,
BER, MAD, and 𝜆 = 3 using equation (14) yields IDHVC values in Table 9 .

Table 9 shows that for color HVC algorithms: (a) For color error-diffused
halftone images, NCCED [22] significantly outperforms DCCED [22]; (b) For
color dot-diffused halftone images, NCCDD [22] significantly outperforms DC-
CDD [20]; (c) Among all color algorithms, NCCED [22] achieves the best perfor-
mance. These conclusions match [22], as NCCED [22] and NCCDD [22] exhibit
both lower BER and significantly smaller ADPP than DCCED [22] and DCCDD
[20], resulting in superior IDHVC values.

3.3 Comparison with Existing Algorithms

Table 10 compares our algorithm with evaluation methods in [22] and [26]: (a)
[22] uses CDR and ADPP for evaluation but without comprehensive integra-
tion; (b) Both our method and [26] employ comprehensive evaluation, requiring
computational complexity comparison; (c) Both use BER as 𝐷𝑤, making 𝐷𝑤
computation identical; (d) Our method uses ADPP for 𝐷ℎ while [26] uses HP-
SNR. The key comparison lies in computational complexity between ADPP and
HPSNR.

For grayscale halftone images, ADPP is calculated using equation (12), while
HPSNR uses equation (15). Table 10 compares 𝐷ℎ computational complexity,
where 𝑊 and 𝐻 are image dimensions. Our algorithm’s 𝐷ℎ complexity is
shown in column 3, while [26] requires filtering each pixel with a specialized
7$×$7 filter to generate an estimated image before PSNR calculation, making
the process significantly more complex (column 5). Table 10 demonstrates that
our algorithm offers clear computational advantages over existing comprehensive
evaluation methods.

4 Conclusion
This paper proposes an integrated evaluation algorithm for halftone visual cryp-
tography methods. We compute the extracted secret image’s error rate (BER),
calculate the average distortion per pixel (ADPP) caused by data hiding, de-
termine the maximum average distortion (MAD) using the secret image and
thresholds, and combine ADPP and BER with MAD and coefficient 𝜆 to obtain
the integrated distortion of HVC (IDHVC). Smaller IDHVC values indicate bet-
ter algorithm performance. Compared with existing comprehensive evaluation
algorithms, our method demonstrates significant advantages in computational
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complexity. Experimental verification shows that IDHVC comprehensively re-
flects both HVC algorithm interference to carrier images and error rates of
extracted secret images, making it applicable for evaluating grayscale and color
halftone visual cryptography methods.

IDHVC comparisons sometimes reveal less pronounced differences between al-
gorithms than CDR-only evaluations, providing more objective performance
assessment. In practical algorithm implementation, one cannot solely pursue
higher CDR or lower BER; comprehensive consideration of carrier image inter-
ference is essential. Reducing carrier image interference represents a valuable
direction for algorithm improvement.

References
[1] Bayers B E. An optimum method for two level rendition of continuous tone
pictures [C]// Proc of IEEE International Communication Conference, 1973:
2611–2615
[2] Ulichney R A. The void-and-cluster method for dither array generation
[C]// Proc of SPIE-The International Society for Optical Engineering 1993:
332–343.
[3] Jarvis J F, Judice C N, Ninke W H. A survey of techniques for the display
of continuous-tone pictures on bilevel displays [J]. Computer Graphics and
Image Processing. 1976, 5 (1): 13–40.
[4] Li Xin. Edge-directed error diffusion halftoning [J]. IEEE Signal Process.
Letters. 2006, 13 (11): 688-690
[5] Knuth D E. Digital halftones by dot diffusion [J]. ACM Transactions on
Graphics. 1987, 6 (4): 245–273.
[6] Mese M, Vaidyanathan P P. Optimized halftoning using dot diffusion and
methods for inverse halftoning [J]. IEEE Transactions on Image Processing.
2000, 9 (4): 691–709.
[7] Guo Jingming, Liu Yunfu. Improved dot diffusion by diffused matrix and
class matrix co-optimization [J]. IEEE transactions on image processing, 2009,
18 (8): 1804-1816
[8] Liu Yunfu, Guo Jingming. New class tiling design for dot-diffused halftoning
[J]. IEEE Transactions on Image Processing. 2013, 22 (3): 1182-1192.
[9] Kim S H, Allebach J P. Impact of HVS models on model based halftoning
[J]. IEEE Transactions on Image Processing. 2002, 11 (3): 258-269.
[10] Goyal P, Gupta M, Staelin C, et al. Clustered-dot halftoning with direct
binary search [J]. IEEE Transactions on Image Processing. 2012, 22 (2):
737-749.
[11] Guo Jingjing, Liu Yunfu, Chang Jiayu. Efficient direct binary search using
multiple lookup tables [J]. IEEE Transactions on Image Processing. 2013, 22
(11): 4522-4531.
[12] Zhang Xujie, Allebach J. Quad-interleaved Block Level Parallel Direct
Binary Search Algorithm [J]. Electronic Imaging. 2016, 20: 1-6.

chinarxiv.org/items/chinaxiv-202009.00077 Machine Translation

https://chinarxiv.org/items/chinaxiv-202009.00077


[13] Kacker D, Allebach J P. Joint halftoning and water-marking [J]. IEEE
Transactions on Signal Process. 2003, 51 (4): 1054–1068.
[14] Pei S C, Guo Jingming. High-capacity data hiding in halftone images using
minimal-error bit searching and least-mean square filter [J]. IEEE Transactions
on Image Processing. 2006, 15 (6): 1665-1679.
[15] Guo Jingming. Watermarking in dithered halftone images with embeddable
cells selection and inverse halftoning [J]. Signal Processing, 2008, 88 (1): 1496–
1510.
[16] Orhan B, Gaurav S, Vishal M. Orientation modulation for data hiding in
clustered-dot halftone prints [J] IEEE transactions on image processing. 2010,
19 (8): 2070-2084.
[17] Ge Naixin, Qu yifei, Wang Qi, et al. Combined halftone information
anti-counterfet algorithm based on dot shape [J]. Computer Science. 2018, 45
(11): 373-376, 408.
[18] Fu Mingsun, Au O C. Steganography in halftone images: conjugate error
diffusion [J]. Signal Processing. 2003, 83 (10): 2171–2178.
[19] Guo Yuanfang, Au O C, Tang K, et al. Data hiding in dot diffused
halftone images [C]// IEEE International Conference on Multimedia and Expo.
Barcelona: IEEE Computer Society, 2011: 1–6.
[20] Guo Yuanfang, Au O C, Tang Ketan, et al. Hiding a Secret Pattern into
Color Halftone Images [J]. Lecture Notes in Computer Science, 2014, 8389,
465–474.
[21] PoChyi S, TzungFu T, YuChien C. Visual secret sharing in halftone images
by multi-scale error diffusion [J]. Multimed Tools Application. Published
online: 30 May 2017.
[22] Ding Haiyang, Yang Yixian. Data Hiding in Color Halftone Images Based
on New Conjugate Property [J]. Computers and Electrical Engineering. 2018
(70): 302-316.
[23] Ding Haiyang. Realization and extension of data hiding methods in
gary-scale halftone images [C]// International Conference on Applied Me-
chanics, Electronics and Mechatronics Engineering. Pennsylvania: DEStech
Publications Inc, 2016: 65-70.
[24] Ding Haiyang, Li Zichen, Yang Yixian, et al. High quality data hiding in
halftone image based on block conjugate [J]. Chinese Journal of Electronics.
2018, 27 (1): 150-158.
[25] Ding Haiyang. Halftone self-hiding algorithms in dot diffused and error
diffused halftone images [J]. Application Research of Computers. 2020, 37 (1):
245-250.
[26] Guo Yuanfang, Au O C, Zhou Jiantao, et al. Halftone image watermarking
via optimization [J]. Signal Processing: Image Communication. 2016, 41:
85-100.
[27] Guo Yuanfang, Au O C, Wang Rui, et al. Halftone image watermarking by
content aware double-sided embedding error diffusion [J]. IEEE Transactions
on Image Processing. 2018, 27 (7): 3387-3402.

Note: Figure translations are in progress. See original paper for figures.

chinarxiv.org/items/chinaxiv-202009.00077 Machine Translation

https://chinarxiv.org/items/chinaxiv-202009.00077


Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202009.00077 Machine Translation

https://chinarxiv.org/items/chinaxiv-202009.00077

	Comprehensive Evaluation Algorithm for Halftone Visual Cryptography Algorithms (Postprint)
	Abstract
	Full Text
	Preamble
	Integrated Evaluation Algorithm for Halftone Visual Cryptography Methods

	0 Introduction
	1 Existing Work
	1.1 DHDCDD and DHDCED
	1.2 NCCDD and NCCED
	1.3 CDR Comparison of HVC Algorithms
	1.4 Comprehensive Interference Evaluation Formula

	2 Integrated Evaluation Algorithm for HVC
	2.1 Selecting ADPP as Carrier Image Distortion
	2.2 Computing ADPPMAX
	2.3 Additional Parameters for Comprehensive Calculation
	2.4 Integrated Distortion Calculation

	3 Experimental Results and Analysis
	3.1 Grayscale HVC Algorithm Evaluation
	3.2 Color HVC Algorithm Evaluation
	3.3 Comparison with Existing Algorithms

	4 Conclusion
	References


