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Abstract—Recent research results demonstrate the 

potential of using blood vessel patterns for criminal and victim 
identification. With newly developed methods, blood vessel 
patterns under human skin are possible to be visualized from 
evidence images (e.g., child sexual abuse images). However, 
these images are always taken by consumer cameras and 
compressed by the JPEG method, which can degrade the blood 
vessel information seriously. In this paper, an analysis is 
conducted to find out the critical factors influencing the quality 
of the blood vessel information. Simulations using different 
compression ratios are performed on skin images with 
different resolutions. The results indicate that the quality of 
blood vessel information is controlled by several low frequency 
discrete cosine transform (DCT) coefficients in the Y, U and V 
channels. The findings will be useful for designing algorithms 
to restore the blood vessel information lost in the JPEG 
compression process in future research. 

I. INTRODUCTION 
The convenience of the Internet has promoted a mass 

increase in child sexual abuse images (also known as child 
pornography). According to a statistic from the Internet 
Watch Foundation (IWF), there is a huge increase in reports 
of child sexual abuse images [1]. The number of reports 
soared from 39,211 in 2012 to 51,186 in 2013 and the rate 
of rise was 31% [2]. The U.S. Department of Justice 
reported that there were more than 20 million IP addresses 
nationwide offering child sexual abuse images and the 
demand for these images was responsible for the increase in 
child sexual abuse cases [3]. Criminals in these cases are 
hard to be identified because they always hide their faces. 
However, their non-facial skin is always available. This 
identification problem is not limited to child sexual abuse 
cases, but also includes masked gunmen, riots and terrorist 
attacks.  

Most of the traditional biometric traits, including face, 
fingerprint, DNA and palmprint are not applicable to these 
evidence images. Skin marks, scars, tattoos and androgenic 
hair patterns definitely give valuable information for 
identifying the criminals [4-7]. However, none of them is 
perfect. Not everyone has a unique scar, tattoo, skin mark or 

androgenic hair pattern on a particular body site. To 
alleviate this identification problem, researchers developed 
methods [8-9] to visualize blood vessels in skin images. 
Their results exposed the potential of using blood vessel 
patterns for criminal and victim identification. However, 
most of evidence images in the cases mentioned above are 
taken by consumer cameras and compressed by the JPEG 
method [10], which is the most popular image compression 
method in digital cameras. Blood vessel information in 
images can be seriously degraded by the JPEG method, 
which makes the visualization methods not work [8-9]. Note 
that even in uncompressed images, blood vessel information 
is weak and is always not observable in unprocessed 
images. Fig. 1 shows two original forearm images (the first 
row), their blood vessels given by a visualization method 
(the second row) [9], their JPEG compressed versions (the 
third row) and the blood vessels from the JPEG compressed 
versions (the last row). Fig. 2 shows two original thigh 
images (the first row), their blood vessels given by the same 
visualization method (the second row), their JPEG 
compressed versions (the third row) and the blood vessels 
from the JPEG compressed versions (the last row). Though 
the blood vessels from the original images are clear, they are 
seriously degraded by the JPEG compression method (the 
last row).  

Many methods, including post-filtering methods [11-13], 
maximum a posteriori (MAP) estimation methods [14-16], 
wavelet representation based methods [17-18] and methods 
based on the theory of projection onto convex sets (POCS) 
[19-20], have been developed to remove blocking artifacts 
in JPEG compressed images and to enhance their visual 
quality. However, they are designed for generic images and 
always smooth the images. They are not suitable for 
restoring the blood vessel information lost in the JPEG 
compression process, because they do not extract 
information from skin image databases. Their smoothing 
processes may even further weaken the blood vessel 
information.  



(a) 

(c) 

(e) 

(g) 
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example. (a)-(b) are the original images. (a) is a left fo
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Fig. 2 Two examples of blood vessel images. Each
example. (a)-(b) are the original images. (a) is a left 
right thigh image; (c)-(d) show the corresponding bloo
(a)-(b) [9]. (e)-(f) are the JPEG compressed version
quality factor of 50. (g)-(h) show the blood vessel imag
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Fig. 3 Introduction to the JPEG method. (a) is an illu
compression method. (b) is the zigzag order. (c) is the 
for the Y channel with a quality factor of 50 and (d
table  for the U and V channels with a quality facto

III. A SKIN IMAGE DATABASE

Table I summarizes the skin image data
study. It includes four limb image dataset
dataset, a right forearm dataset, a left thig
right thigh dataset. The four datasets w
collected from 239, 250, 230 and 228 subje
was taken two images in two sessions with 
of 11 days. Totally, there are 1,894 images
Fig. 4 gives raw sample images in the data
shows that the image collection configurati
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TABLE I.  A SUMMARY OF THE DAT

Datasets Abbrev

The 1st session of the left forearm dataset LF
The 2nd session of the left forearm dataset LF
The 1st session of the right forearm dataset RF
The 2nd session of the right forearm dataset RF
The 1st session of the left thigh dataset LT
The 2nd session of the left thigh dataset LT
The 1st session of the right thigh dataset RT
The 2nd session of the right thigh dataset RT
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F1 239 
F2 239 
F1 250 
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Fig. 4 Raw sample images from the data
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Fig. 5 The lower resolution version of Fig
original images. (c)-(d) are the correspond
(a)-(b) [9]. (e)-(f) are the JPEG compress
quality factor of 75. (g)-(h) are  the blood ve

(a) 

(c)

(e)

(g)

erate a lower resolution 
base is denoted as DB1 

denoted as DB2. The 
databases are shown in 
compressed to a quality 

wer resolution version of 
5(a) and (b) are two 

d Figs. 5(c) and (d) give 
mages. Figs. 5(e) and (f) 
es of Figs. 5(a) and (b) 
 5(g) and (h) show the 
s. Figs. 6(a) and (b) are 

nd Figs. 6(c) and (d) give 
ges. Figs. 6(e) and (f) are 
ity factor of 75, and Figs. 
g blood vessel images.  

(b) 
abase. (a) is from the forearm 

AGE IMAGE SIZE 

DB2 
Length 
(pixels) 

Width 
(pixels) 

480 186 
480 184 
480 162 
480 163 
512 289 
512 287 
512 291 
512 281 

gs. 1(a) and (b). (a)-(b) are the 
ding blood vessel images from 
sed versions of (a)-(b) with a 
ssel images from (e)-(f). 

(b) 

(d)

(f)

(h)



(a) 

(c) 

(e) 

(g) 
Fig. 6 The lower resolution version of Figs. 2(a) an
original images. (c)-(d) are  the corresponding blood
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(b) 
Fig. 7 Resultant images of the image analysis. (a) is
analysis on the Y channel and (b) is  the results from 
and V channels. 
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Fig. 8 Resultant images of the image analysis. (a) is
analysis on the Y channel and (b) is the results from t
and V channels. 
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Fig. 9 Lower resolution resultant images of the imag
results from the analysis on the Y channel and (b) is
analysis on the U and V channels. 
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Fig. 10 Lower resolution resultant images of the imag
results from the analysis on the Y channel and (b) is
analysis on the U and V channels. 
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Fig. 11 The matching results of DB1 from 
CMC curves from LF1, RF1, LT1 and RT
JPEG50 means JPEG compressed images 
onlyYChannel means the images with only 
onlyUVChannel means the images with 
information. 
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Fig. 12 The matching results of DB2 from 
CMC curves from LF1, RF1, LT1 and RT
JPEG75 means JPEG compressed images 
onlyYChannel means the images with only 
onlyUVChannel means the images with 
information. 
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Fig. 19 The matching results of DB1 from the compression test. (a)-(d) are 
CMC curves from LF1, RF1, LT1 and RT1, respectively. In the legends, 
JPEG50 means the JPEG compressed images with a quality factor of 50; 
Downsampled means that only the down-sampling operation is applied to 
the U and V channels but the original Y channel is preserved and YUVi 
means that the Y, U and V channels are quantized by { , }, where 
i∈{1, 2, 3}. 

 
(a) (b) 

 
(c) (d) 

Fig. 20 The matching results of DB2 from the compression test. (a)-(d) are 
CMC curves from LF1, RF1, LT1 and RT1, respectively. In the legends, 
JPEG75 means the JPEG compressed images with a quality factor of 75; 
Downsampled means that only the down-sampling operation is applied to 
the U and V channels but the original Y channel is preserved and YUVi 
means that the Y, U and V channels are quantized by the three modified 
quantization tables, respectively. 
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