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ABSTRACT

We present a system for transcoding images in the Inter-
net in order to improve their delivery to client devices with
a wide range of communication, processing, storage and
display capabilities. The content-based image transcoder
analyzes the images in order to classify them into image
type and image purpose classes. The system then utilizes
transcoding policies based on the content classes to manip-
ulate and transcode the images. We describe the image
transcoding process for a variety of client devices, including
PDAs, HHCs, TV browsers and color PCs, and demon-
strate improvements in delivery speed and accessibility of
the images in the Internet.

1. INTRODUCTION

The diversity of Internet client devices is growing at a rapid
pace. However, the capabilities of these devices to access,
process and display Internet content varies widely. Color
workstations with high bandwidth Internet connections can
readily access and display large colorful images. However,
many hand-held computers (HHCs), PDAs, screen phones
and smart phones can display only small images. Television-
based Web browsers are constrained by the low-resolution
interlaced display of the television screens. Even the color
personal computers that make up the majority of Internet
client devices typically have slow access to image-rich con-
tent. Given the variety of client devices, it is difficult for
Internet content publishers to accommodate the wide spec-
trum of client capabilities.

In order to improve the accessibility of images in the
Internet, we are developing a network-based Internet con-
tent transcoding system that analyzes, manipulates and
transcodes images on-the-fly [1]. As depicted in Figure 1,
the images are modified along the dimensions of image size,
fidelity, and color in order to adapt them to the client de-
vices. The transcoding policies are exercised according to
the capabilities of the client devices and the results of im-
age content analysis. In particular, the system classifies the
images into image type and image purpose classes in order
choose among the transcoding functions.

1.1. Related work

There 1s a growing need for processing content in the net-
work in order to improve its accessibility. Recent transcod-
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Figure 1: Image transcoding modifies the images along the
dimensions of size, fidelity and color in order to adapt them
to the client devices.

ing efforts have focussed on compressing and caching im-
ages in the Internet in order to reduce the data transmis-
sion and speed-up delivery. Fox, et al.., developed a sys-
tem for compressing Internet content lossily at a proxy in
order to deal with client variability and improve end-to-
end performance [2]. Ortega, et al., investigated a new
image caching policy that reduces the resolution of infre-
quently accessed images in order to conserve storage space
and bandwidth [3]. Several commercial systems such as In-
tel’s Quick Web [4] and Spyglass’ Prism [5] compress the
images at the Internet service providers’ proxy to speed-up
download time.

We develop a more powerful image transcoding system
that analyzes the images, the related text and Web doc-
ument context in order to select policies for adapting the
images to the client devices. The system transcodes the im-
ages along the dimensions of size, fidelity, and color in order
to better adapt them to the client device’s communication,
processing, storage, and display capabilities.

1.2. Outline

In this paper, we present the content-based image transcoder
system. In Section 2, we present the image content analysis
system that classifies the images into image type and pur-
pose classes. In Section 3, we describe the image transcod-
ing functions and policies. Finally, in Section 4, we examine
the potential improvement in accessibility of images for a
growing diversity of client devices. We also demonstrate




the potential for end-to-end speed up in image access via a
network-based image transcoding proxy.

2. IMAGE CONTENT ANALYSIS

The image analysis system classifies the images based on
their content into image type and purpose classes. We de-
fine the following image type classes: 7 = {BWG, BWP,
GRG, GRP, SCG, CCG, and CP}, where

BWG - b/w graphic

BWP - b/w photo

GRG - gray graphic

GRP - gray photo

SCG - simple color graphic
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CCG - complex color graphic
7. CP — color photo

The graphics vs. photographs distinction is loosely targeted
for distinguishing between synthetic and natural images.
Although the distinction is not always clear for images on
the Web [6], the incentive for distinguishing between them is
to use transcoding functions that are separately tuned for
handling these types. We define also the following image
purpose classes P = {ADV, DEC, BUL, RUL, MAP, INF,
NAV, CON}, where

1. ADV - advertisement, i.e., banner ads

DEC - decoration, i.e., background textures
BUL - bullets, points, balls, dots

RUL - rules, lines, separators

MAP - maps, i.e., images with click focus

INF - information, i.e., icons, logos, mastheads

NAV - navigation, i.e., arrows
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CON - content related, i.e., news photos

We also map the images into subject classes using related
text. The semantic information potentially provides sub-
stitute text for the images for client devices that cannot
handle images.

2.1. Image type classification

The image type classification system utilizes a decision tree
classifier. The decision tree, depicted in Figure 2, classi-
fies the images along the dimensions of color content (color,
gray, b/w), and source (photographs, graphics). Distin-
guishing between b/w, gray and color is often not trivial
because of artifacts introduced in the image production and
compression. Examples of the seven image type classes are
llustrated at the bottom of Figure 2.

The image type decision tree consists of five decision
points, each of which utilizes a set of features extracted from
the images. Keeping in mind the need for real-time, on-
line transcoding, the features are extracted only as needed
for the tests in order to minimize processing. The image
features are derived from several color and texture measures
computed from the images. We obtained the classification
parameters for these measures from a training set of 1,282
images retrieved from the Web.
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Figure 2: Image type decision tree consisting of five decision
points for classifying the images into image type classes.

Each image X[m,n] has three color components, cor-
responding to the RGB color channels as follows: X,g =
(zr,zq,zp), where z,,zg, 2y € {0,255}. The decision tree
performs the following tests for each image X:

1. Color vs. non-color. The first test distinguishes
between color and non-color images using the mea-
sure of the mean saturation per pixel p,. The satu-
ration channel y; of the image 1s computed from X
as follows:

¥y = max(z,, Ty, ¢p) — min(z,, oy, Tp).

Then, p; = ﬁ Em’n ys[m, n] gives the mean satu-
ration, where M, N are the image width and height,
respectively. Table 1 shows the mean E(u,) and stan-
dard deviation a(p,s) of the saturation measure for
the set of 1,282 images. The mean saturation p, dis-
criminates well between color and non-color images
since the presence of color requires p, > 0, while
strictly non-color images have g, = 0. However, due
to noise, a small number of saturated colors often ap-
pear in non-color images. For example, for the 464
non-color images, E(u:) = 2.0.

[ TestT [ # [ BGw) [o() |
Non-color | 464 2.0 5.6
Color 818 63.0 46.2

Table 1: The color vs. non-color test uses mean saturation
per pixel p,.

2. B/W ws. Gray. The second test distinguishes be-
tween b/w and gray images using the entropy P,
and variance V, of the intensity channel y,. The in-
tensity channel of the image is computed as follows:



Yo = 0.3z, + 0.6z4 + 0.1z,. Then, the intensity en-
tropy is given by P, = — Eifo plk]log, p[k], where

p[k]=ﬁ2{ é

The intensity variance is given by

if k= yu[m,n]
otherwise.

Vo= g S (walmnl = oY,

m,n

where p, = ﬁ Emny,,[m,n]. Table 2 shows the
statistics of P, and V,; for 464 non-color images. We
can see that for b/w images the expected entropy P,
is low and expected variance V, is high. The reverse
is true for gray images.

[Test2 | # [ B(P) [o(P) [ EVL) [ o(Va) |
B/W [300 | 1.4 1.1 | 11,644 | 4,993
Gray | 164 | 4.8 2.1 | 4,196 | 2,256

Table 2: The b/w vs. gray test uses intensity entropy P,
and variance V.

3. BWG vs. BWP. The third test distinguishes be-
tween b/w graphics and b/w photos using the min-
imum of the mean number of intensity switches in
horizontal and vertical scans of the image. The mean
number of intensity switches in the horizontal direc-
tion p,’;w is defined by

1 1
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The vertical switches p3,, are defined similarly from
the transposed image y,. Then, the intensity switch
measure is given by W, = min(pu?,, p2,).

4. GRG vs. GRP. The fourth test distinguishes be-
tween gray graphics and gray photos using the in-
tensity switch measure W, and intensity entropy P,.
Table 3 shows the mean E(W,) and standard devi-
ation o(W,) of the intensity switch measure for 300
b/w and 164 gray images. The switch measure distin-
guishes well between b/w graphics and photos since
it typically has a much lower value for b/w graphics.
The gray graphics are found to have a lower switch
measure and lower entropy than the gray photos.

if yo[m — 1, n] # yu[m, n]

otherwise.

| Test 3 | # | E(W.) | o(Ws) | - | - |

BWG 90 0.09 0.07 - -
BWP 210 0.47 0.14 - -
[(Tesid | # [ BOV.) | o0Wa) | B(P) [ o(P.) |
GRG 80 0.40 0.26 3.3 1.8
GRP 84 0.81 0.16 6.1 1.4

Table 3: The BWG vs. BWP test uses intensity switches
W,. The GRG vs. GRP uses W, and intensity entropy P,.
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5. SCG wvs. CCG vs. CP. The fifth test distinguishes
between simple color graphics, complex color graph-
ics and color photos. The images are transformed to
HSV and vector quantized, as described in [7]. The
process generates a 166-HSV color representation of
the image y166, where each pixel refers to an index in

the HSV color look-up table.

| Test 5 | SCG | CCG | CP |

# 492 116 210
E(us) 69.7 | T1.2 | 425
o(ps) 50.8 | 46.2 | 23.5
E(Pree) 2.1 3.1 3.3
o(Pes) | 08 | 1.0 | 0.7
E(Wiee) | 0.24 | 0.36 | 0.38
o(Wiee) | 0.16 0.16 | 0.15

Table 4: The SCG vs. CCG wvs. CP test uses mean satura-
tion ps, HSV entropy Pige and HSV switches Wigs.

We use the 166-HSV color entropy Pies and mean
color switch per pixel Wies measures. In the compu-
tation of the 166-HSV color entropy, p[k] gives the fre-
quency of pixels with color index value k. The color
switch measure is defined as in the test three measure,
except that it is extracted from the 166-HSV color im-
age Yiee. We use also the measure of mean saturation
per pixel ps. Table 4 shows the statistics for g, Pigs,
and Wige for 818 color images. Color graphics have
a higher expected saturation E(g.) than color pho-
tos. But, color photos and complex color graphics
have higher expected entropies E(Piges) and switch
measures E(Wiee) in the quantized HSV color space.

2.2. Image purpose classification

Web documents often contain information related to each
image that can be used to infer information about them [8,
9]. The system uses this information with the image type to
classify the images into the image purpose classes P. The
system makes use of five contexts for the images in the Web
documents: C = {BAK, INL, ISM, REF, LIN}, defined in
terms of HTML code as follows:

1. BAK - background, i.e., <body backgr=...>
2. INL - inline, i.e., <img src=...>

3. ISM - ismap, i.e., <img src=... ismap>

4. REF - referenced, i.e., <a href=...>
5. LIN - linked, i.e., <a href=...><img stc=...></a>

The system also uses a dictionary of terms extracted from
the text related to the images. The terms are extracted
from the ‘alt’ tag text, the image URL address strings, and
the text nearby the images in the Web documents. The
system makes use of terms such as D = {“ad”, “texture”,
“bullet”, “map”, “logo”, “icon”}. The system also extracts
a number of image attributes, such as image width (w),
height (k), and aspect ratio (r = w/h).

The system classifies the images into the purpose classes
using a rule-based decision tree framework described in [10].
The rules map the values for image type t € 7, context



c € C, terms d € D, and image attributes a € {w, k,r} into
the purpose classes. The following examples illustrate some
of the image purpose rules:

p=ADV « ¢=S8CG, ¢=REF, d= “ad”
p=DEC +« c¢=BAK, d= “texture”

p=MAP « ¢=S8CG, ¢=1ISM, w > 256, h > 256
p=BUL « ¢t=8CG,r>09,r<1l]l w<l12
p=RUL « ¢t=8CG, r»>20,h <12

p=INF « ¢t=S8CG, ¢=INL, h <96, w < 96

2.3. Image summarizer

In order to provide feedback about the embedded images
for text browsers, the system generates image summary in-
formation. The summary information contains the assigned
image type and purpose, the Web document context, and
related text. The system uses an image subject classifi-
cation system that maps images into subjects categories
(s) using key-terms (d), i.e., d — s, which is described
in [9]. The summary information is made available to the
transcoding engine to allow the substitution of the image
with text.

3. IMAGE TRANSCODING

The system transcodes the images using a set of transcoding
policies. The policies apply the transcoding functions that
are appropriate for the client devices.

3.1. Transcoding functions

The system provides a set of transcoding functions that
manipulate the images along the dimensions of image size,
fidelity, and color, and that substitute the images with text
or HTML code. Example transcoding functions include

1. Size: minify, crop, and subsample.

2. Fidelity: JPEG compress, GIF compress, quantize,
reduce resolution, enhance edges, contrast stretch,
histogram equalize, gamma correct, smooth, sharpen,
and de-noise.

3. Color content: reduce color, map to color table,
convert to gray, convert to b/w, threshold, and dither.

4. Substitution: substitute attributes (a), text (d),
type (t), purpose (p), and subject (s), and remove
image.

3.2. Client device characteristics

The growing number of client devices that are gaining ac-
cess to the Internet are varied in their communication, pro-
cessing, storage and display capabilities. Table 5 illustrates
some of the variability in device bandwidth, display size,
display color and storage among devices

Since many devices are constrained in their capabili-
ties, they cannot simply access image content as-is on the
Internet. For example, many PDAs cannot handle JPEG
images, regardless of size. The HHCs cannot easily dis-
play Web pages loaded with images because of screen size
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Client Bandwidth Display Display | Device
device (bps) size color storage
PDA 14.4K 320 x 200 b/w 1MB
HHC 28.8K 640 x 480 gray 4MB
TV browser 56K 544 x 384 NTSC 1GB
Color PC 56K 1024 x 768 RGB 2-4GB
Workstation 10M 1280 x 1024 RGB >4GB

Table 5: Summary of client device capabilities.

limitations. Color PCs often cannot access image content
quickly over dial-up connections. The presence of fully sat-
urated red or white images causes distortion on NTSC TV-
browser displays. The transcoder framework allows the con-
tent providers to publish content at the highest fidelity, and
the system manipulates the content to adapt to the unique
characteristics of the devices.

3.3. Transcoding policies

The transcoding system employs the transcoding functions
in the transcoding policies. Consider the following exam-
ple transcoding policies based upon image type and client
device capabilities:

minify (X) « type(X) = CP, device = HHC
subsample(X) « type(X) = SCG, device = HHC
dither(X) « type(X)=CP, device = PDA
threshold(X) « type(X) =SCG, device = PDA
JPEG(X) « type(X)= GRP, bandwidth < 28.8K
GIF(X) « type(X)= GRG, bandwidth < 28.8K

Notice that two methods of image size reduction are em-
ployed: minify and subsample. The difference is that minify
performs anti-aliasing filtering and subsampling. Minifying
graphics often generates false colors during filtering, which
increases the size of the file. This can be avoided by sub-
sampling directly. We also distinguish between graphics
and photographs for compressing and reducing the color of
the images. For compression, JPEG works well for gray
photographs but not for graphics. For GIF, the reverse
is true. When converting color images to b/w, dithering
the photographs improves their appearance, while simply
thresholding the graphics improves their readability. By
performing the image type content analysis, the system is
able to better select the appropriate transcoding functions.

The transcoding policies also make use of the image pur-
pose analysis. Consider the following example transcoding
policies:

fullsize(X) «

remove(X)

purpose(X) = MAP
purpose(X )= ADV
bandwidth < 14.4K
purpose(X) = BUL,
device = PDA
purpose(X) = INF,
display size = 320 x 200

substitute(X, “<li>”) «

substitute(X,t) «

The first policy makes sure that map images are not reduced
in size in order to preserve the click focus translation. The




second policy illustrates the removal of advertisement im-
ages if the bandwidth is low. The third policy substitutes
the bullet images with the HTML code “<li>,” which draws
a bullet without requiring the image. A similar policy sub-
stitutes rule images with “<hr>”. The last policy substi-
tutes the information images, i.e., logos, icons, mastheads,
with related text if the device screen is small.

3.4. Image transcoding proxy

The content-based image transcoder is part of a network-
based transcoding proxy, see Figure 3. The transcoding
proxy handles the requests from the client devices for Web
documents and images. The proxy retrieves the documents
and images, analyzes, manipulates and transcodes them,
and delivers them to the devices.

Transcoding Client

Proxy

Content
Servers

Figure 3: The content-based image transcoding proxy an-
alyzes, manipulates and transcodes images, on-the-fly, to
adapt them to the capabilities of the client devices.

4. EVALUATION

The transcoding proxy is designed to have a relatively high
bandwidth between the proxy and the content server. In
most cases, the proxy has a relatively low bandwidth to
the client. Reducing the data sizes of the images at the
transcoding proxy via image compression, size and color re-
duction can result in faster end-to-end delivery, even when
accounting for the latencies introduced by the content analy-
sis and transcoding.

The transcoding proxy system is illustrated in Figure 3,
where B, gives the proxy-to-server bandwidth, B. gives
the client-to-proxy bandwidth, and B; gives the transcoder
bandwidth. The terms D, and D: denote the data sizes
of original and transcoded images, respectively. The la-
tency in retrieving the image directly to the client is given
by L. = D,/B.. The latency in retrieving the image via
the transcoding proxy is given by L: = D,/B, + D,/B: +
D./B.. The transcoder results in a net speed-up by a factor
L./L: > 1 if the data compression ratio D,/D; is

D. B, B,
D, = BB, — B.B. — BB,

Consider a relatively high proxy-to-server bandwidth of
B, = 1000 Kbps, a client-to-proxy bandwidth of B, =20
Kbps, and a transcoder bandwidth of B, = 2400 Kbps. A
data compression ratio at the proxy of D,/ D; > 1.03 results
in a net end-to-end speed-up. If the data is compressed

by a factor of D,/D. = 8, the speed-up is by a factor of
L./L: = 6.5. If B, = 50 Kbps, the data compression ratio
needs to be increased to D,/D; > 1.8 to have a speed-up
in delivery. In this case, data compression of D,/D, = 8
speeds up delivery by a factor of L./L; =~ 1.9.

5. SUMMARY

We presented a system for transcoding images in the Inter-
net in order to adapt them to client devices with a wide
range of communication, processing, storage and display
capabilities. The content-based image transcoder analyzes
the images and classifies them into image type and image
purpose classes. The system then utilizes transcoding poli-
cies based on the content classes to manipulate, transcode,
and adapt the images. The image transcoding system im-
proves access of a variety of client devices, including PDAs,
HHCs, TV browsers and color PCs to the images in the
Internet.
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