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INTRODUCTION

The supply chain management of goods and services involve multiple
trading partoers with supplicrs/manefacturers and customer s o the two ends
and wholesalers and retailers in between. Everyone of these rading partners
need to determine their requirements, in termes of merchandise, and match
them against availababty, pricing, and cost of transponation. Al every siep of
the supply chain economics information retrieval i€ a crucial and reciering
process  Internabonal bodies such as the Internationad Standards Instingse
(E5]) and others have designed produect codes for standardizing prodict speci-
fecanion, with the goal of samplifying the scarch and ideatification of prod-
wcls in supply chain management. However, such standardization is nor fiea-
sible in many indastries such as fashion design, iextile, apparel, and leather
ie.g.. Abenathy er al 1995). Without standardization, it is difficult and some-
times impossible (o specify product characienstics in a concise and acourate
manner. The 1ypical electronic data imerchange (EDI-based tansactions,
for example, are limuted to thirty-characier descriptions, which is far 100
Iimiting in many Cases,

There are other arcas of supply cham management that reguire efficient
and effective search tools for sdentifying the reguired merchandsse and/or
determining the sussbility of & panicular merchandise for 2 pamicular need,
Examples inclode visual quality inspoction of leather interion for aulomo-
biles, refeming o previous designs from large collections of design sketches
in order to create new designs in the apparel industry, and browsing through
cataiogs for centain designs by customers and retailers.

With the advancement of information sechnology in recent years, it is
mow posiable 10 provide lechnokgical soletions W searching and browsing
for informaten, the lack of which has mared the process of supply choun
management for years. In this paper we describe a methodology for efficient
browsing and retrieval of images based on image charactenistics. We present
the methodaology i the context of ponted panerns, and discuss its applica-
tilaty in a broader applicstion spectrum. We also describe with example sce-
manios how such a methodology can be wseful m electromc camlogs that
allow the varicus rading partaers to specify their necds, identify required
merchandise, and imeradt among each other, using a ubicuitows virtual me-
diam.

The rest of the paper is crganized as follows. In the next section, we
descnbe supply chan managemeni issucs, followed by a methodology for
ineracirvely identifying an image based on user specificabon, a language
for user interacthon, i profolype implementabon of 4 systern based on the
methodology presented.

SUPPLY CHAIN MANAGEMENT

A supply chain system coasists of a nember of rading partners that are
inercatnacied through the Oow of meteaals and/or wmformaton. As aw
maderial Aows downstream from raw matenal supplicrs through the supply
chaia to the manufacrurers, it 16 ransformed mw more funciional and inbe-
grated products with a higher economac value. Further downsiream, it Bows
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through distribubon chanmels to retsl outlets. and Snally reaches the con-
surrer, Information can flow from reiail owtdets to the rading paetners up-
stream ia the foem of market forecasts and orders. and also from seppliers’
mansfacterers to the trading partners downstream m the: form of arder status
and shipment information. In order 1o meet consamer demand, a larpe nom:-
ber of suppliers and mapufacowens musd work together (0 msanage the Now
of material and informanon. Without proper streamilining of the @ formation
and materiad flow i this highly complex supply chan, bilhons of dollars
can be low in the form of sock outs, defects, mark downs, and inventory
Cosls

Integration of supply chain would require improving the communica-
non berween various hinks in the supply chain. These include market fore-
casters, setalers, manufacturers, and suppliers of raw makerials, A quack re-
sponse twmarobnd time would be needed 1o avoid the "“bull-hip™ effect on
the supply chain (Loe e1 af 1997) in aftcmpling 10 moct cusiomer demand. A
property designed supply chain shouid lake the following charsctenistics into
consuderation:

METHODOLOGY

In this section we describe a methodology thal could be used 10 facili-
e ntegration through incressed comrmunication hetweoen the vanous sup-
ply chain members. We demonstrate how content -based image retrieval can
be useful in this context, particularty for products that have & nch viseal
content such as teatibe, faskion desagn, and home fomishing We apply the
methodology prescated in this section o the activitaes related 1o downstremn
members in the supply chain including fashion designers, market forecast-
ors and rotaikers, and show how the informabon can be propagated and haked
with upstream members such as apparel, textile, and fiber manulactrens.
Figure 2 shows an integraied architeciure of the proposed system. The sys-
tem would allow fachion designens (o miernsctively develop new designs by
retrieving the appropriate combinations of color, wexrere, and shapes through
mix and match We characierize color by wsing the Hee, Saturation, and
Intensity (HS1) chanmels, since this characterization has been demonstrated
ie be less seasitive than the RGB channel in jerms of the vanation in the
amount of bght Designers can specify the percentage of color 1 designing
a pnnt pattern. Color images are converted into gray scales before comput-
ing the iextare features. The testure of an image is characterized with the
condrasl, coarieness. and directionality properties, which are derived From
the first-order statistics of the edge distribution (Tomita | 990). Contmst is 8
measure of local vanations of intensity, with higher vanation of inteasity
representing higher contrast, Coarsencss 15 measured with the number of
texture elements in a fixed-size window, with a smallér number of texture
amangement of clements in & pattern. Fous shape paramcters are wsed sur-
Sace regulariry, form factor, roundness, and aspect ratio (Adam,
Gangopadhyay 1999). The size s determined by the area and perimerer,
both being wer specified wath area a8 the default size pargmeter.

End users {potential customers) can use an chectronic catalog 1o browse
through the apparels, search for a particular combanation of color, and tex-
tore, and can wueractively retrieve clothing that ane similar to the ones that
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Figure 1. Generic system architecture in appare! indwsfry
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Figure 3 Three browsing interfaces

have already been retrieved. We describe the interactions of end-users in

terms of browsing and searching, where browsing refers to the activity of

user is looking for one or more items with a specific set of critena in mind

The system is designed on the premise that good search mechanism would

maximaze recall and precision, while a good browsing mechansm would

cxpose the largest range of ems in stock with the minimum amount of
effon.

*  Browsing: Figure 3 illustrates three different browsing interfaces in an
on-line catalog, where 3a. 3b.and 3c are text only, image only, and texi
and image interfaces respectively. It is possible 1o select a shin from any
of the three interfaces and view an enlarged version of it and get more
information about. The result of selecting a shint is shown in Figure 4.
Although Figures la-c display information about the same products,

the amount of information displayed 1o the user vanes. Figure la provides

about the products, while Figure 3b provides visual only information. In a

browsing expenience in a brick-and-mortar shopping mall, users typscally

browse through as many products as possible before selecting 2 very small
subset about which they would like to get more detailed information. Thas
striegy represents a general w specific information collection behavior, where
general represents information related to visual cues and specific represents
detailed information such as matenal and pricing mnformaton which are typi-
cally expressed with alphanumenc data It is also possible 1o browse through
a large amount of information (number of shirts in this example) using Fig-
ure 3b as compared to 3a and 3¢. Hence we adopt the image-only interface
umcmﬂnlhwnuimimhmnm
Searching: Searching image data i< different from alphanumenc data-
base applications in the sense that the former represenis approximate
search as opposed 10 exact maich in the laner. Once target image data is
retneved, the user can decide what to discard and what 1o keep. Further-
more, the user can refine the initial query and perform a more focused
search. The user interface should also allow the user o query, evaluate,
and refine the search visually, Searching could be performed by color.
texture, shape of pamterns, or a combination of the above. The methodol-

Figure 4. Selected item
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ogy for the search is described in more detatled in the next
section.

Content-based image retrieval:

Content-based retrieval (CBIR) refers to the abality 1o re-
trieve data based on the analysis of its content rather than
metadata specificabons. The usefulness of CBIR has been dem-
onstrated by its numerous apphcations including saellie im-
ages. medical images, handwnting recognition, visual quality
inspection, and fashion design and textile products.

We use cobor, texture, and shapes as the measures of sima-
lanity among printed patterns of textilke products. In our case,
the system does not have any uadersianding of the image con-
tent, but is not designed to do pattern matching using the im-
age attributes. The system is designed as a semi-automated
tool that enables the user wo efficiently browse through numer-
ous patterns, compare them in terms of similanities, and re-
trieve other patierns based on some similanity measare, This
works well in the context of the apparel industry, since there 15 generally no
tnherenl meaning in the texture patterns and’or color combinations other

Color-based search: We divide the color of an image inio the H5I
channels, which gives rise 10 256 gray scales for each channel, giving nse to
a 16M color space. For each image we creale a color histogram for each
channel, and compute the average, which gives us 256 bins. Color-based
search requares companng the histograms of the sample image wath that of
the target image. In order 10 reduce the amount of on-line processing. we
preprocess the color simalarity of all images and generate a similanty matnx
based on color, which is stored a3 & 3-tuple Wﬂ,ﬁﬂﬁ-ﬁ-‘lh-ﬂﬂl
lcie N -1, i+l<j <N, and in j. and N represents the number images in the
database. We compare the histograms of the image selected by the user (we
refer 1o it as the example image) and the target image by using the method-
ology described in [Barber 1995). Let H_ and F be the histograms of the
example and target images respectively. The element by elememt difference
berween H, and H is the difference histogram H, The similanty 151 between
the example image and the target image 1s computed by the following for-
mula:

91= H,MH,

where H " is the ranspose of H, and M is the symmetnic color similar-
u:.rmlmnr represents the similariry between colors 1 and j in the color
mmmmmhnwammm
two pairs of colors as well as the difference between the different shades of
a given color.

Image Preprocessing

Every image in our electronic catalog is preprocessed 1o analyze its
content, which is used for supporting the browsing and retneval of images
later on. Since the images are print patterns, we use iexture analysis 10 denve
the content information.

We measure similanty between images as the Eucleachan distance in a
multi-dimensional feature space. Let us say that there are n features in the
featurc space F Then the similanty between any two images,  and v s
measured as follows:

d NI ~ifil)

i_and i, are features of u and v respectively that range from / 10 a in the
feature space F As the first step in preprocessing, we split a 24-bat color
image into the RGB (red. green. and blue) channels, the purpose being 1o
measure the image characteristics across all the three channels. In this par-
ticular case, we use Two parameters: shape and texture.
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