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Abstract
This work proposes two main contributions to statistical steganalysis of Yet Another
Steganographic Scheme (YASS) in JPEG images. Firstly, this work presents a reliable blind
steganalysis technique to predict YASS which is one of recent and least statistically detectable
embedding scheme using only five features, four Huffman length statistics (H) and the ratio of
file size to resolution (FR Index). Secondly these features are shown to be unique, accurate
and monotonic over a wide range of settings for YASS and several supervised classifiers with
the accuracy of prediction superior to most blind steganalyzers in vogue. Overall, the
proposed model having Huffman Length Statistics as its linchpin predicts YASS with an
average accuracy of over 94 percent.
Keywords: Statistical Steganalysis, Huffman Coding, YASS.

1. Introduction
The art and science of hiding the very presence of communication by embedding the
information (payload) in an innocent looking multimedia object (cover), is steganography.
The detection of the presence of communication in such stego-objects is steganalysis.
Steganalysis could either be designed with the knowledge of the steganographic scheme used
(targeted steganalysis) or without any knowledge of either the cover object or the embedding
strategy (blind steganalysis). Steganography in JPEG images has become popular in recent
years mostly because of the complexity of steganalysis required for a lossy compression
method such as JPEG. Several steganographic embedding schemes have been proposed over
the years with varying degrees of complexity and security [1]. Among such embedding
schemes, Yet Another Steganographic Scheme (YASS) proposed in 2007 is a novel scheme
designed for JPEG images. Generally, the sensitivity to variation in the higher order statistics
when images are subjected to steganography is an important aspect on which most
steganalyzers thrive. Heuristics show the statistical un-detectability of YASS and its ability to
elude most blind steganalyzers in vogue.
Feature extraction and a trained classifier to detect the data hidden are the most vital
aspects of any steganalysis framework. Fridrich et al., proposes calibration of the extracted
features for an efficient blind steganalyzer. Calibration refers to the difference between a
specific (non-calibrated) functional calculated from a stego image and the same functional
obtained from the corresponding cover image [2]. Based on this notion, blind steganalyzers

15

International Journal of Hybrid Information Technology
Vol. 4 No. 3, July, 2011

can be classified as those techniques that use calibration of features extracted from stegoimages as predictors and those that don‟t use calibration. Some steganalyzers that don‟t use
calibration adopt Markov processes to analyze the magnitudes of the quantized Block DCT
(BDCT) coefficients of the JPEG images before and after embedding data (payload) in an
image to detect any hidden data [3]. YASS is proven immune to both these kinds of attacks.
YASS is simple yet effective. Unlike prevalent steganographic methods, YASS does not
embed data directly in JPEG coefficients. Instead, it uses the strategy of Quantization Index
Modulation (QIM) to hide information in the quantized Discrete Cosine Transform (DCT)
coefficients in randomly chosen 8×8 host blocks, whose locations may not coincide with the
8×8 grids used in JPEG compression. After embedding a payload, images are compressed
back to JPEG format; this process of randomized embedding successfully evades attacks by
calibrated steganalytic features [4]. Several techniques, blind and targeted attacks alike have
been proposed for steganalysis of YASS. However, no blind steganalyzer is promising and
most don‟t offer reliable detection over the range of block sizes used for YASS. Targeted
steganalysis techniques aimed at attacking YASS that consider the randomness of block sizes
have shown an efficient accuracy of detection [4, 5].
This work presents a blind steganalyzer that works on uncalibrated statistical features for
reliable detection of YASS over a wide range of settings. Section 2 outlines the related work.
To make this paper self contained we have described the YASS in detail in section 3. The
feature extraction is explained in section 4. The image database and the exploratory data
analysis conducted on the image database is explained in section 5. Section 5 also tests the
hypothesis of whether the selected attributes can be used to predict the embedded payload
size. Section 6 describes the implementation; the model and classifiers used. Results and
performance analyses are described in section 7. Conclusions and future work is given in
section 8.

2. Related Works
YASS, a JPEG steganographic technique, hides data in the non-zero DCT coefficients of
randomly chosen 8×8 blocks [6]. YASS robustly embeds messages in digital images in a key
dependent transform domain. This random embedding scheme remains resistant to most blind
steganalyzers that employ analysis of higher order statistical features. YASS is further
strengthened against statistical detection by the introduction of randomization, using a
mixture based approach which is referred to as Extended YASS (EYASS) in [7, 8]. YASS
and EYASS (explained in section 3) thus pose a new challenge to steganalysts to reconsider
the predictor features extracted and algorithms designed for steganalysis so far.
The original proposers of YASS [6] evaluated its detectability against six popular blind
steganalyzers [9, 10, 11, 12, 13, 14] using Support Vector Machines (SVM) as the classifier
to demonstrate its robustness, however with a low embedding capacity. The improved YASS
algorithm (EYASS) introduces more calculated randomness to the original YASS algorithm
besides improving the embedding capacity [7]. K.Solanki et al., in their work [7] prove the
non-detectability of EYASS by evaluating against two blind steganalyzers [9, 10]. The notion
of employing self calibration features for statistical detection of YASS and its failure has been
explored in [2].
Steganalysis of YASS / EYASS using four state-of-the-art steganalytic feature sets is
proposed in [5]; CC-PEV, a 548 dimensional Cartesian-Calibrated Pevny feature set [5], 486
dimensional Markov process features (MP) [15], the Subtractive Pixel Adjacency Model
(SPAM) feature set consisting of 686 features [14] and a combination of SPAM and CC-PEV
to derive a 1,234 dimensional Cross-Domain Feature (CDF) set. These feature sets are used to
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evaluate YASS / EYASS techniques against twelve different settings of YASS and resulted in
prediction with an error probability of less than 15% even for payloads as small as 0.03 bpac
(bits per non-zero AC coefficient) and in small images. Huang et al., in a study of the security
performance of YASS proves that the Markov Process feature set [10, 15] is the most
accurate in detecting YASS [8]. A targeted steganalysis approach that successfully predicts
YASS with a high accuracy has been proposed in the work, Steganalysis of YASS [4]. This
steganalyzer explores two weaknesses of YASS - the insufficient randomization of the
locations of the embedding host blocks and the introduction of zero coefficients by the
Quantization Index Modulation embedding. Fisher Linear Discriminant analysis is used for
classification.
The proposed work is focused on deploying the blind steganalytic features introduced in
our previous work [16] to detect YASS and to further attempt to predict the big block size
used during YASS embedding. Our goal is to analyze the performance of this proposed
steganalytic model as a universal blind steganalyzer in an attempt to establish a statistical
model for a JPEG image. That only five predictor features are being used by our proposed
model is very notable. These features are unique, consistent and monotonic in nature.

3. YASS – Yet Another Steganographic Scheme
Given an input image of resolution M×N, the embedding process of YASS consists of the
following steps [5]:
a) An image is divided into non-overlapping consecutive B×B (B>8) blocks so as to
get MB×NB blocks in the image where MB = M/B and NB = N/B. Henceforth, B is
referred to as „Big block size‟.
b) In each B-block, an 8×8 sub-block is randomly selected using a secret key shared
only with the receiver.
c) Two quality factors - design quality factor QFh and advertised quality factor QFa
of the final JPEG compression are identified.
d) For each sub-block selected in step „b‟, a two-dimensional DCT is computed and
these coefficients are further divided by quantization steps specified by QFh. This
results in an output block with unrounded coefficients.
e) A QIM scheme [17] is employed for data hiding in predetermined non-zero low
frequency alternate current (AC) DCT coefficients (called candidate embedding
bands). The unrounded coefficients whose rounding values are zeros and unrounded coefficients which are not in the candidate embedding bands are
unaltered thereby preventing unnecessary visual as well as statistical artifacts
being introduced. The resulting output blocks from step „d‟ are embedded with
data and are referred to as data embedded blocks.
f) The data embedded blocks are multiplied with the quantization steps specified by
QFh and further the 2-D inverse DCT is performed (termed as modified blocks).
g) Using the advertised quality factor QFa, the whole image is compressed using the
standard JPEG format. Thus resulting in a „stegged‟ image. A Repeat Accumulate
(RA) encoding framework is used to correct the errors that are caused during
JPEG image compression as described in [6].
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EYASS introduces further randomness in two stages. Firstly, by randomly selecting the
8×8 embedding blocks from each of the big block size. Next, by the attack aware iterative
embedding strategy, referred to as M1 [7], which lowers the error rate while increasing the
embedding capacity as compared to the embedding capacity of YASS.

4. Feature Extraction – Huffman Length Statistics and FR Index
4.1. Huffman Length Statistics
Huffman coding, a data compression technique employed in JPEG image format, encodes
DCT coefficients that are computed during JPEG compression with variable length codes
assigned on statistical probabilities. A grayscale image employs 2 Huffman tables, one each
for AC and DC portions. The number of particular lengths of the Huffman codes is unique for
a given image of certain size, quality and resolution. The numerical statistics of the DC
portion of the Huffman table is referred as Huffman length statistics (H). Almost 90% of the
DCT coefficients of an image are encoded using Huffman codes of lengths ranging from 2 to
5 bits. The number of codes of lengths 6 to 16 bits is negligible. Hence we use only statistics
of codes of length 2 to 5 bits denoted as H2, H3, H4 and H5. These features are generated using
a Huffman decoder on decompression of the JPEG bit-stream using Matlab as a tool. A
considerable variation can be observed in the Huffman code length statistics before and after
embedding as illustrated in table 1.
Table 1. Huffman Length Statistics Before and After YASS for 507×788 Image.

Some of the scoring features of the proposed Huffman Length Statistics for reliable
detection of YASS are as follows:
a) The pseudo random number generator used to locate the 8×8 block in the B×B
block successfully confuses a steganalyzer looking for anomalies related to
synchronous blocks, however the proposed Huffman Length Statistics reflect the
extra bits that are embedded by YASS irrespective of the complexity it uses to
distort the steganalyzer‟s perception of synchronous blocks.
b) The randomized embedding strategy of YASS can successfully evade detection
when calibrated features are used as predictors. In contrast to this the Huffman
Length Statistics identified by [18], are non-calibrated and are computed from
both cover and stego images and are used as predictors for supervised learning.
c) One of the important characteristics of the Huffman coding algorithm is its
„unique prefix property‟ that is no code is a prefix to any other code, making the
codes assigned to the symbols unique. This fact further supports our choice of
Huffman Length Statistics as predictor features. The correlation between these
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statistics is low as shown in table 4 which reflects on the non-linear nature of
these features.
4.2. FR Index: Ratio of File Size to Resolution of an Image
When an image is compressed to the JPEG format, based on the resolution of the image,
its quality, the compression ratio and few other factors, the resulting JPEG file takes up a
particular file size. This indicates that the file size and the resolution of an image and further
its quality are interrelated. Thus the ratio of file size of the image in bytes to that of its
resolution is found to be unique and in a certain range for a given resolution, this functional is
termed „FR Index‟. In our cover image database, the FR index ranges from 0.0162 to 0.921.

5. Image Database
One of the important aspects of performance evaluation of any steganalyzer is the nature
of image database employed in implementation. JPEG images are a popular format for
storing, presenting and exchanging images. Grayscale JPEG images are selected for our study
as it is harder to detect hidden data in grayscale images as compared to color images where
steganalysis can utilize dependencies between color channels. The images used span across a
wide vagary of sizes, resolutions and textures.
Table 2. Embedding Setting of YASS and Notations Used (QFh - Quality Factor,
QFa - Advertised Quality Factor and B the Big Block Size).

The entire image database used in the experiments consists of over 20,000 images among
which over 2,000 are used as cover images. The cover images are taken from the database
provided by Memon et al [18]. A subset of 1000 cover images is embedded with 16 different
combinations of YASS settings. Embedding with YASS was carried out in Matlab using the
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code provided by Anindya Sarkar [7]. This code implements EYASS which is an
improvement to YASS. Figure 1 shows a sample of the images that are used in this work.
Three parameters are used in these 16 settings namely; the design quality factor (QF h),
the advertised quality factor (QFa) and big block size (B). Big block sizes of 9, 10, 12 and 14
are tested against two sets of quality factor settings. The first setting is where QFh and QFa are
chosen randomly from a combination of 50, 60 and 70, the second set being combinations of
quality factors 50 and 75 for QFh and QFa respectively. For convenience, in this work we
denote these settings of YASS as YASS1, YASS2 upto YASS16. The embedding parameters
and its corresponding notation are detailed in table 2. In table 2, „rand(50,60,70)‟ implies that
the quality factors are chosen randomly amongst these three numbers.

Fig. 1. Images of Different Resolution and with Varying Properties.
5.1 Exploratory Data Analysis of the Image Database
The preliminary data analysis on the image database employed shows that it would
be difficult to differentiate between stego and cover images using first order histogram
statistics as predictor features to train a classifier. The features described in the
previous section are adopted for predictor features.
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Table 3. Descriptive Statistics of the Images of QFh/QFa = 50/50 Across Block Sizes
9,10,12,14.

The five identified image features which serve as the inputs for the blind
steganalyzer are the FR Index and the Huffman bit code length statistics H2, H3 , H4 and
H5 . The descriptive statistics along with the first order statistics of the images for the
quality factor ratio QF h/QF a = 50/50 across the block sizes 9,10,12 and 14 are as shown
in table 3.
Further, we employ correlation between the features extracted to derive insigh t into
the nature of the feature space which could further aid the choice of the classifier. The
correlation between the features selected, that is the FR Index and the H 2, H3 , H4 and H 5
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extracted from the images, shown in Table 4, for the images where the QF h/QFa = 50/50
and the block size being 9.
Table 4. Correlation Values for the Input Attributes Selected for Steganalysis.

5.2 Hypotheses Testing in Attempt to Predict the Big Block Size Used.
As explained earlier, one of the main contributions of YASS is the concept of using
randomized embedding block size, which is quantitatively measured by „B‟, the big
block size. If a blind steganalyzer capable of detecting the presence of YASS can al so
predict big block size used, it would take this work one step further down steganalysis.
This is to infer that the steganalyzer not only detects the presence but could also be able
to extract the data hidden, atleast the metadata of the data hidden. Hen ce we test if the
features extracted to detect YASS can also be used to predict B amongst the instances
predicted positive of steganography. In this section, we test hypotheses to analyze the
nature of the predictor features.
Table 5. Descriptive Statistics of the Input Attributes of the ‘Stegged’ Image
Database.

As the data is non-linear in nature, we selected the Student t-test to test our
hypotheses. The mean, standard error, standard deviation, sample variance, kurtosis and
skewness of the data under test for the four groups and for the attributes FR Index and
H2 is shown in table 6. The results show that it is difficult to differentiate between the
groups which vary based on the selected block size.
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Table 6. Descriptive Statistics of the Attributes Across the Block Size.

The result of the 2-tailed t-test gives a Fischer‟s Test value of 0.027, and a „t‟ value
of 0.366, which is not significant, indicating that the null hypotheses (that the sample
means are different) cannot be accepted. By this we infer that the big block size (B)
cannot be estimated using the input features FR Index, H 2, H3, H4 and H 5. However,
experiments show that the proposed feature space is effective in detecting YASS.

6. Implementation
6.1. Model
Figure 2 illustrates the Huffman feature extraction model used by the proposed
steganalyzer. The model is designed to extract the four Huffman Length Statistics; H2, H3 , H4
and H5 from a grayscale JPEG image using a Huffman decoder. A fast Huffman decoder is
used to extract the two Huffman tables, one each of AC and DC portions, the code buffer
holds all the codes decoded from which the required statistics (number of 2 to 5 bit code
lengths from DC portion only) are selectively separated and fed to the functional space of the
classifier.

Fig. 2. Proposed Steganalyzer Model Illustrating Huffman Feature Extraction.
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6.2. Classification
In any blind statistical steganalyzer, the classifier used for pattern recognition plays a
pivotal role. In this work we use three different classifiers to evaluate the features extracted;
Artificial Neural Networks (ANN), Support Vector Machines (SVM) and Random Forests
(RF). The functional space for these classifiers consists of five variables, the four Huffman
Length Statistics; H2, H 3, H 4 and H5 and FR Index and is designed for binary classification to
distinguish stego images from genuine ones.
To train and test each classifier for each of the 16 combinations of YASS settings, the
following steps are followed:
•

The image database is divided into several combinations of training and testing
sets for each of the 16 YASS settings tested. In each trial, 60% of the data is used
for training the classifier.

•

To evaluate the accuracy of the model, the minimal total average probability of
error (Pe) is computed, given by:
Pe = (PFP + PFN)/2

(1)

where PFP and PFN are the probability of false positives and false negatives of the test
images respectively.
Artificial Neural Networks (ANN) is a computational model that simulates an
interconnected group of artificial neurons to process the data [19]. ANNs can be efficiently
used for pattern recognition and classification problems. In this work we use a feed forward
back-propagation neural network with a single hidden layer of 3 neurons with radial basis
function as the activation function. Softmax function is used in the output layer to aid binary
classification.
Support Vector Machines (SVM) are a set of related supervised learning methods used
for classification and regression. This technique constructs one or more hyperplanes for
classification. A good separation is achieved by the hyperplane that has the largest functional
margin which leads to a lower generalization error of the classifier [20]. In this work we
employ a C type binary class SVM with a Gaussian kernel; the two hyper-parameters of the
C-SVMs; penalty parameter C and kernel width γ are estimated using a 10-fold crossvalidation employing grid-search over the following multiplicative grid.
(C, γ) Є [(2i, 2j)| i Є {1, …, 10}, j Є {-10, …, 2}]

(2)

Random Forests (RF) is an ensemble classifier that comprises of many decision trees
and outputs the class that is the mode of the individual tree's output. This method combines
Breiman's "bagging" idea and the random selection of features [21] to construct an ensemble
of decision trees. The number of trees is kept constant at 500 and the maximum number of
nodes is varied from 3 to 9 for a sufficiently low Out-of-Bag (OOB) error with 2 variables
tried at each split, these values are computed and assigned by a tune function proposed in R
[22].
These techniques are selected to evaluate the proposed model as they can classify nonlinear data with a huge number of instances effectively. The performance of each of these
classifiers across different bock sizes are described in section 7, further error probability (Pe)
and ROC are computed, evaluated and compared with existing works in section 7.
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7. Results and Performance Analyses
Table 7 illustrates the error probability Pe for all the 16 settings of YASS tested across the
classifiers - ANN, SVM and RF. It can be observed that ANN Classifier gives the best and
consistent performance of detecting YASS.
Table 7. Error Probability for Various YASS Settings Using ANN, SVM and RF.

Over all we conclude that the proposed model detects YASS with an accuracy of more
than 99% for both QFh and QFa set to 50 and for all four big block sizes; 9, 10, 12 and 14.
Further, it can be observed the error probability is consistent for several settings of YASS that
shows the reliability of the proposed steganalyzer.
The confusion matrix, ROC curve and the accuracy plot for the best (YASS4) and least
accuracy (YASS14) of the proposed steganalyzer are shown in figure 3. The 60% of the input
data set was selected as the training set, to train the ANN classifier and 40% was used for
testing the classifier. Figure 4a shows the scatter plot of the parameters H5 and FR Index
against the target attribute and figure 4b against the predicted target attribute for YASS4
setting. As the accuracy of the proposed model is high, the difference in the scatter plots
illustrating the mapping of the attributes (H5 and FR Index) against the actual target and the
predicted target is minimal.
Though the image database is implemented using EYASS, we evaluate against the YASS
too as the features extracted in this work do not depend on the further randomization
attributed by EYASS. We adopt a four-fold methodology to evaluate the performance of the
proposed blind steganalyzer against existing methods. First, the proposed model is compared
with the set of 6 blind steganalyzers tested in [6]; secondly, the 2 steganalyzers reported
EYASS [7] are used to evaluate. The results are further compared against steganalysis using
the four schemes described in [5] for the twelve settings of YASS. Finally, we compare the
proposed method against the work in [8] where security performance of YASS against four
state-of-the-art blind JPEG steganalyzers is reported.
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7.1. Comparison of the Proposed Model Against Blind Steganalyzers Tested in YASS [6]
The original authors of YASS evaluate its steganographic security against the following 6
blind steganalysis schemes [6]. The numbers following the name of the scheme indicate the
number of features used in the prediction model; we adopt the same notation as used in [6].
The comparison results are shown in table 8.
1. Farid-72: uses wavelet based features for steganalysis [23].
2. PF-23: uses DCT based steganalytic feature vectors [24].
3. PF-274: uses a combination of Markov and DCT features [9].
4. DCT hist: Histogram of DCT coefficients from a low-frequency band [11].
5. Xuan-39: uses spatial domain features for steganalysis [12].
6. Chen-324: Steganalysis based on statistical moments [13].
7.2. Comparison of Our Proposed Model Against Blind Steganalyzers Used in EYASS [7].
EYASS evaluates the settings for YASS1 using the steganalyzers, PF-274 [9] and Chen324 [13]. The detection accuracy using PF-274 is found to be 59% and Chen-324 to be 58%
whereas the proposed steganalyzer model yields a detection accuracy of 90.34% which is
superior to the compared methods.
Table 8. Comparison of the Proposed Model with Blind Steganalyzers Tested in [6].

7.3. Comparison of Our Proposed Model Against Steganalytic Feature Sets Tested in [5].
A 1,234 dimensional Cross Dimensional Feature (CDF) set for steganalysis is proposed in
[5]. Table 9 shows the comparative analysis. The CDF feature set is a combination of three
other steganalytic feature sets - MP-486 (uses Markov process features for steganalysis) [10],
CC-PEV-548 (uses Cartesian-calibrated Pevny feature set) [5] and SPAM-686 (uses second
order Markov chain based features) [14].
Table 9. Comparison of our proposed model with blind steganalyzers tested in [5].
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7.4. Comparison of Our Proposed Model Against Steganalytic Feature Sets Tested in [8].
YASS is tested against four state-of-the-art steganalyzers in [8]. Chen-324, MP-486, PF274 are tested besides a fourth steganalyzer that uses the same features of PF-274 but without
calibration, we denote this steganalyzer as NonClbPF-274. The comparative results are shown
in table 10. The classification results obtained using only the ANN classifier only is tabulated.

8. Conclusions and Future Work
The proposed work evaluates the proposed blind steganalyzer to attack YASS; the
performance analyses show that the detection accuracy is consistent over a wide range of
YASS settings and much superior to most other blind steganalyzers in vogue..
The features used in this statistical steganalyzer are unique when evaluated against
several classifier techniques; moreover the proposed model employs only a 5-dimensional
feature vector as compared to several reliable attacks that use several hundreds of features.
Our future work includes analyzing settings of the variance parameter in Extended YASS.
Further we attempt to extend the existing model to a multi-class classification problem to
predict block size by using extra features.
Table 10. Comparison of Our Proposed Model with Blind Steganalyzers Tested in [8].

Fig. 3. Confusion Matrix, ROC Curve, Accuracy Plot for the Best and Least
Accuracy of the Proposed Steganalyzer.
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Fig. 4. Scatter Plots Depicting H5 (X axis) and FR Index (Y axis) Against Actual
Target (4a) and Predicted Target (4b) for YASS1.
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