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(57) ABSTRACT 

A computer-assisted method provides digital images, selects 
a digital image, obtains one or more image characteristics of 
the selected digital image, computes one or more image 
ranking Values for the selected digital image based on the 
obtained image characteristics of the selected digital image, 
and ranks the selected digital image using the computed 
image-ranking Values. 
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IMAGE RANKING FOR IMAGING 
PRODUCTS AND SERVICES 

[0001] The present invention is a continuation application 
of and claims priority to commonly assigned US. patent 
application Ser. No. 11/432,906, titled “Image ranking for 
imaging products and imaging services” by Kacker, ?led 
May 12, 2006. The US. patent application Ser. No. 11/432, 
906 is a continuation patent application of and claims priority 
to commonly assigned US. patent application Ser. No. 
10/392,304, titled “Image ranking for imaging products and 
imaging services” by Kacker, ?led Nov. 22, 2002. The dis 
closures of these related applications are incorporated herein 
by reference. 

TECHNICAL FIELD 

[0002] This application relates to systems and methods for 
ranking images for imaging products and services. 

BACKGROUND 

[0003] Digital images have signi?cantly increasedpopular 
ity in recent years due the spread of various image capture 
devices such as digital cameras, re?ective scanners, ?lm 
scanners, and video and still cameras. Depending the proper 
ties of the image capture device, digital images can exist in 
various siZes, image and color formats. The digital images 
may be captured at different exposure conditions, and may be 
of different pixel value distributions and color balances. The 
captured digital images may also be edited or processed using 
an image editing softWare such as Adobe Photoshop. Digital 
images are also used for different applications, including 
electronic sharing on a display device such as a computer 
monitor or a TV monitor, making hardcopy prints in various 
siZes, making image-based products such as greeting cards, 
holiday cards, photo calendars, posters, T-shirts, mugs, 
mouse pads and so on. The requirements on the digital images 
can be different for different image application. 

SUMMARY 

[0004] Methods and apparatus for ranking images for 
imaging product and services are disclosed. In one aspect, the 
present invention provides a computer-as sisted method, com 
prising: a) providing a plurality of digital images; b) selecting 
a digital image; c) obtaining one or more image characteris 
tics of the selected digital image; d) computing one or more 
image-ranking values for the selected digital image based on 
the obtained image characteristics of the selected digital 
image; and e) ranking the selected digital image using the 
computed image-ranking values. 
[0005] In another aspect of the present invention, a system 
is provided for producing an imaging product, comprising: a) 
a server that receives digital images; b) a computer processor 
that ranks the digital images according to one or more prede 
termined criteria; and c) a printing and ?nishing facility for 
producing an imaging product using one or more digital 
images selected using the result of ranking. 
[0006] In other aspects, the present invention provides an 
image ranking system and methods for selecting digital 
images for various purposes. Examples of the application 
include one or more of the folloWing: First, a user can delete 
digital images that receive loW-quality ranking values to free 
up storage space and simplify image organiZation. Secondly, 
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a user can use the image ranking values to guide Which 
images are likely to produce good quality prints. Thirdly, a 
user may use the image ranking values as indication of Which 
images are suitable for sharing. Fourth, a user can use image 
ranking values to select images of the same scene subject. 
[0007] In yet another aspect, the present invention can pro 
vide recommendations for image usages based on the image 
ranking of the digital images. The present invention also 
alloW user to search for images having image ranking above 
certain criterion values. 
[0008] In still another aspect, the calculations in the image 
ranking can be speci?c to the intended applications. Higher 
Weight can be given to the input image characteristics that are 
important to a particular intended product. 
[0009] In yet another aspect, the image ranking methods in 
the present invention can be used to assist or in conjunction 
With human image evaluations by an imaging service pro 
vider. As a result, the labor cost is reduced from visually 
examining the images. 
[0010] An advantage of the present invention is to simplify 
the management and organiZation of digital images for users. 
[0011] Another advantage of the present invention is to 
provide guidance to users on the suitability of digital images 
for being used in various image products, Which makes the 
selection of the images much easier for the users. The image 
ranking can be customiZed according to each user’s prefer 
ence and application needs. 
[0012] Yet another advantage of the invention is that the 
image ranking Was based on predetermined computation 
algorithms. The image ranking can be automatically calcu 
lated as neW images are uploaded to the online photo system 
and stored in a user’s account. The arbitrariness of human 
image-quality judgment is removed. The time used for mak 
ing the judgment is saved or reduced. 
[0013] The details of one or more embodiments are set 
forth in the accompanying draWings and in the description 
beloW. Other features, objects, and advantages of the inven 
tion Will become apparent from the description and draWings, 
and from the claims. 

DRAWING DESCRIPTIONS 

[0014] FIG. 1 is a block diagram of a system for producing 
personaliZed image-based products for gift products in accor 
dance With the present invention. 
[0015] FIG. 2 shoWs a typical computer that a customer 
uses for receiving digital image data from a digital image 
capture device and for accessing a photo hosting Website on 
the Internet. 
[0016] FIG. 3 is a How diagram for the process ofusing or 
processing digital images based on computed image ranking 
values in accordance to the present invention. 

DETAILED DESCRIPTION 

[0017] FIG. 1 shoWs a block diagram of the system 10 for 
producing personaliZed image-based products in accordance 
With the present invention. An online photo system 20 is 
established by a photo service provider to provide photo 
services on a Wide area netWork such as the Internet 50. The 
online photo system 20 includes a data center 30 and one or 
more printing and ?nishing facilities 40 and 41 
[0018] In accordance With the present invention, the term 
“personalized” is used in personaliZed information, person 
aliZed message, personaliZed image, and personaliZed 
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design, etc. The term “personalized” refers to the information 
that is speci?c to the recipient, the user, the gift product, or the 
intended occasion. In other Words, “personalized” informa 
tion is “individualized” or “customized”, and is not generally 
applicable to all gift products. 
[0019] The data center 30 includes one or more servers 32, 
data storage devices 34 for storing image data, user account 
and order information, and one or more computer processors 
36 for processing orders and rendering digital images. An 
online-photo Website is poWered by the servers 32 to serve as 
a Web interface betWeen the users 70 and the photo service 
provider. The users can order photo products from the Web 
interface. The printing and ?nishing facilities 40 and 41 pro 
duces the ordered photo products such as photographic prints, 
greeting cards, photo albums, photo calendars, photo books, 
photo T-shirt, photo mugs, record images on compact disks 
(CDs), and framed photo prints. In accordance With the 
present invention, the greeting cards include folded greeting 
cards, postcards, trading cards such as baseball cards or game 
cards, and other form of cards. The users 70 can personalize 
their greeting cards by including an image uploaded from the 
Website. 

[0020] The architecture of the data storage devices 34 is 
designed to optimize the data accessibility, the storage reli 
ability and the cost. Further details on the image data storage 
in online photo system 20 are provided in the commonly 
assigned and above referenced US. patent application Ser. 
No. 09/428,871 ?led Oct. 27, 1999, titled “Multi-Tier Data 
Storage System”, Which is incorporated herein by reference. 
[0021] The printing and ?nishing facilities 40 and 41 can be 
co-located at the data center 30. Alternatively, the printing 
and ?nishing facility 40 and 41 can be located remotely from 
the data center 30. Multiple printing and ?nishing facilities 40 
and 41 can be set up so that each printing and ?nishing facility 
40 and 41 can be located geographically close to a large 
population of customers to shorten order delivery time. Fur 
thermore, the printing and ?nishing facilities 40 and 41 and 
the data center 30 can be oWned and operated by different 
business entities. For example, the data center 30 can be 
oWned by a ?rst business entity that hosts a Website that 
provides a Web front and Web user interface for the user 70. 
The printing and ?nishing facilities 40 and 41 can be oWned 
by a second business entity that ful?lls the photo product 
orders that are received from the data center 30. In this par 
ticular arrangement, the second business entity is often 
referred as anApplication Service Provider (ASP). The photo 
service provider can provide services to its customers from its 
oWn Website, as Well as ful?ll (i.e. ASP) photo products for 
Websites hosted by other business entities. 
[0022] The printing and ?nishing facility 40 includes net 
Work servers 42 for communicating With the data center 30, 
printers 45 for printing images on physical surfaces, ?nishing 
equipment 46 for operations after the images are printed, and 
shipping stations 48 for con?rming the completion of the 
orders and shipping the ordered photo products to recipients 
100 and 105 (the user 70 can be a recipient). The printers 45 
take digital data input and produces images on a receiver. 
Examples of printer 45 include can be digital photographic 
printers such as Fuji Frontier Minilab printers, Kodak DLS 
minilab printers, Gretag CYRA FastPrint digital photo 
printer, or Kodak I-Lab photo printers. The printers 45 can 
also include offset digital printers or digital printing presses 
such as HP Indigo UltraStream 2000 digital printing press, 
Xerox’s DocuColor printers etc. The printers 45 can also 
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include large format photo or inkj et printers for printing post 
ers andbanners. The printing and ?nishing facilities 40 and 41 
can include a ?lm processor 43 for processing exposed ?lms, 
and a scanner 44 for digitizing a processed ?lm stripe. The 
netWork servers 42 are connected With the data center 30 via 
a computer netWork 80 such as a Local Area NetWork or a 
Wide Area NetWork. The order information and image data 
can be transferred from servers 32 to the netWork servers 42 
using a standard or a proprietary protocol (FTP, HTTP, among 
others). The ?nishing equipment 46 can perform any opera 
tions for ?nishing a complete photo product other than photo 
printing such as cutting, folding, adding a cover to photo 
book, punching, stapling, gluing, binding, envelope printing 
and sealing, packaging, labeling, Weighing and postage 
metering. The ?nishing operations can also include framing a 
photo print, recording image data on a CD-ROM, etc. Fur 
thermore, the printers and the ?nishing equipments can be 
located in different sites. Some ?nishing operations can be 
ful?lled by an external contractor. 

[0023] A user 70 can access the online-photo Website using 
a computer terminal 60 as shoWn in FIG. 2. The computer 
terminal 60 can be a personal computer located at a home or 
at a business, or a public entry terminal such as a kiosk. The 
computer terminal 60 alloWs a user 70 to execute softWare to 
perform tasks such as communicating With other computer 
users, accessing various computer resources, and vieWing, 
creating, or otherWise manipulating electronic content, that 
is, any combination of text, images, movies, music or other 
sounds, animations, 3D virtual Worlds, and links to other 
objects. Exemplary components of the computer terminal 60, 
shoWn in FIG. 2, include input/output (I/O) devices (mouse 
203, keyboard 205, display 207) and a general purpose com 
puter 200 having a central processor unit (CPU) 221, an I/O 
unit 217 and a memory 209 that stores data and various 
programs such as an operating system 211, and one or more 
application programs 213 including applications for vieWing, 
managing, and editing digital images (e.g., a graphics pro 
gram such as Adobe Photoshop). The computer 200 also 
includes non-volatile memory 210 (e.g., ?ash RAM, a hard 
disk drive, and/or a ?oppy disk, CD-ROM, or other remov 
able storage media) and a communications device 223 (e.g., a 
modem or netWork adapter) for exchanging data With an 
Internet 50 via a communications link 225 (e.g., a telephone 

line). 
[0024] The computer 200 alloWs the user 70 to connect to 
the online-photo Website using the communications card or 
device 223. The user 70 can set up and access her personal 
account. The user 70 can enter user account information such 

as the user’s name, address, payment information (credit card 
number), and information about the recipient of the photo 
products ordered by the user 70. The user 70 can also enter 
payment information such as credit card number, the name 
and address on the credit card etc. The user 70 can also send 
(i.e. upload) digital image data to the online-photo Website. In 
accordance With the present invention, the user can store the 
images in an online photo album, create personalized image 
based product at the Web user interface, and order a personal 
image-based product and a gift product for speci?ed recipi 
ents 100 and 105. 

[0025] The computer 200 of FIG. 2 can also be connected to 
various peripheral I/O devices such as an image capture 
device (digital camera, ?lm scanner or re?ective scanners). 
One such peripheral device is a digital camera 208 that 
enables users to take pictures and save them in digital (elec 
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tronic) format. Typically, the digital camera 208 is connected 
to the computer 200 only While the user is transferring images 
to the computer’s disk drive or other non-volatile memory 
210. The digital camera 208 can be connected to the computer 
200 using a FireWire or an USB port, from a camera cradle 
(e.g. Kodak DX3900 using an EasyShare Camera Dock), or 
over Wireless media such as radio or optical medium. The 
digital images captured by a digital camera are typically 
stored in memory card (e.g., SmartMediaTM or Compact 
FlashTM) that are detachable from the digital camera. The 
digital images on a memory card can be transferred to the 
computer 200 using a card reader 206 and saved on non 
volatile memory 210. 

[0026] The user 70 can also obtain digital images from 
?lm-based prints from a traditional camera, by sending an 
exposed ?lm into a photo-?nishing service, Which develops 
the ?lm to make prints and/or scans (or otherWise digitizes) 
the prints or negatives to generate digital image ?les. The 
digital image ?les then can be doWnloaded by the user or 
transmitted back to the user by e-mail or on a CD-ROM, 
diskette, or other removable storage medium. The users can 
also digitize images from a negative ?lm using a ?lm scanner 
that is connected to the computer 200 or from a re?ective 
image print using a scanner. Digital images can also be cre 
ated or editedusing an application program 213 (e.g., a graph 
ics program such as Adobe Photoshop). 

[0027] Once the digital images are stored on the computer 
200, a user can perform various operations on them using 
application programs 213 stored in memory 209. For 
example, an image vieWer application can be used for vieW 
ing the images and a photo editor application can be used for 
touching up and modifying the images. In addition, an elec 
tronic messaging (e.g., e-mail) application can be used to 
transmit the digital images to other users. In accordance With 
the present invention, one of the application programs 213 
can enable the user 210 creating a personalized image-based 
product on the computer 200. Several of the above described 
imaging functions can be incorporated in imaging softWare, 
Which can be provided by the photo service provider and 
installed on computer 200 for the user 70. More details about 
application programs 213 for image enhancement and image 
management. 
[0028] In addition to vieWing the digital images on the 
computer display 207, the user 70 may desire to have physical 
photo products made of digital images. Prints can be gener 
ated by the user 70 using a digital printer 230 that is connected 
to the computer 200. Typical digital printers 230 can include 
such as an inkjet printer or a dye sublimation printer. The user 
70 can also purchase photo products from the online photo 
service provider. In accordance With embodiments of the 
present invention, examples of personalized image-based 
products may include personalized photo greeting cards, 
photo prints based on silver halide photographic paper (ver 
sus ink jet receiver used by ink jet printers), photo books and 
albums, photo T-shirt, and photo, mugs etc. The personalized 
image-based products can include users’ photos and person 
alized text. The production of these photo products often 
require the use of commercial equipment Which are usually 
only available at a commercial production location such as 
the printing and ?nishing facilities 40 and 41. One online 
photo service provider that makes such photo products is 
Shutter?y, Inc., located at RedWood City, Calif., U.S.A. 
[0029] In accordance With the present invention, the user 70 
can be a consumer that accesses the computer terminal 60 
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from home or a public entry terminal. The user 70 can also be 
a business oWner or employee that may access the computer 
terminal 60 at a retail location such as a photo shop or a 
printing store. In the latter case, the digital images may be 
generated by a customer of the business and later provided the 
business for receiving an imaging service. The present inven 
tion is compatible With a retail imaging service using a local 
computer 200 at the point of sales, or an online photo system 
Wherein a user 70 access a server 32 using a remote computer 

terminal 60. The formats of communication betWeen the 
computer terminal 60 and the servers 32 as Well as the graphic 
user interface (as described beloW relating to FIGS. 3 through 
7) can be customized for the consumer and commercial cus 
tomers. 

[0030] The computer terminal 60 can also be a public entry 
terminal such as a kiosk for receiving digital image data from 
the user 70 and uploading the digital images to the server 32. 
After the digital image ?les have been uploaded, the user can 
vieW, manipulate and/ or order prints in the manners described 
above. The public entry terminal can also support various 
electronic payment and authorization mechanisms, for 
example, a credit or debit card reader in communication With 
a payment authorization center, to enable users to be charged, 
and pay for, their prints at the time of ordering. 
[0031] A typical process of using an online photo service is 
noW described. The user 70 sends digital images to the servers 
32 provided by the online photo system 20 by uploading over 
the Internet 50 using a standard or a proprietary protocol 
(FTP, HTTP, XML, for example) or electronic communica 
tion application (for example, e-mail or special-purpose soft 
Ware provided by the photo-?nisher). The user 70 can also 
send digital image data stored on a physical storage medium 
such as a memory card or recordable CD by US mail, over 
night courier or local delivery service. The photo-?nisher can 
then read the images from the storage medium and return it to 
the user, potentially in the same package as the user’s print 
order. In addition, the photo service provider can load data or 
programs for the user’s bene?t onto the storage medium 
before returning it to the user. For example, the photo -?ni sher 
can load the storage medium With an application program 213 
for the user to create a personalized image-based product on 
his computer 200. 
[0032] The user 70 can also send a roll ofexposed ?lm, and 
processed ?lm negatives to the photo service provider. The 
exposed ?lm is processed by the ?lm processor 43 and digi 
tized by the scanner 44 in the printing and ?nishing facilities 
40, 41. The digital image data output from the scanner 44 is 
stored on the data storage 34. 

[0033] After the photo service provider has received the 
user’s digital images, the photo service provider can host the 
images on the online photo Website, at Which the user can 
vieW and access the images using a broWser application. The 
user 70 accesses the online-photo Website to designate Which 
of the images should be reproduced on a photo product, 
parameters relating to printing (e.g., ?nish, size, number of 
copies), and one or more recipients 100, 105 to Whom the 
photo products are to be sent. 
[0034] In addition to hosting the user’s images on a Web 
page, the photo service provider usually stores the images in 
an image archive on in the data storage 34 so that the user 60 
and others given authorization by the user (e. g. the share 
recipient 110) can access them in the future. The photo ser 
vice provider can also provide sample images for the users to 
select for use online or producing a physical photo product. 
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[0035] After the user’s images have reached the photo ser 
vice provider and have been made available online, the user 
can place an order With the photo service provider. One Way 
to place an order is by having the user 70 vieW the images 
online, for example, With a broWser and selectively designate 
Which images should be printed. The user can also specify one 
or more recipients 100,105 to Whom prints should be distrib 
uted and, further, print parameters for each of the individual 
recipients, for example, not only parameters such as the siZe, 
number of copies and print ?nish, but potentially also custom 
messages to be printed on the back or front of a print. 

[0036] The information stored in the data storage 34 is 
provided to a printing and ?nishing facilities 40 and 41 for 
making the photo products. The photo products include pho 
tographic prints, but also any other item to Which graphical 
information can be imparted, for example, greeting or holiday 
cards, books, greeting cards, playing cards, T-shir‘ts, coffee 
mugs, mouse pads, key-chains, or any other type of gift or 
novelty item. The photo products are printed by the printer 45 
and ?nished by ?nishing equipment 46 according to the print 
ing parameters as speci?ed by the user 70. The photo products 
are then delivered to the speci?ed recipients 100, 105 using 
standard Us. Mail, or courier services such as Federal 
Express or UPS. 

[0037] Further details on the generation and distribution of 
photo products using online photo system 20 are provided in 
the commonly assigned and above referenced U.S. patent 
application Ser. No. 09/436,704, ?led on Nov. 9, 1999, titled 
“Distributing Images to Multiple Recipients”, by Baum and 
Us. patent application Ser. No. 09/450,075, ?led on Oct. 27, 
1999, titled “Printing Images in an Optimized Manner”, by 
Baum, et al. The disclosures of these patent applications are 
herein incorporated by reference. 
[0038] FIG. 3 illustrates the How diagram of using digital 
images based on computed image ranking values in accor 
dance to the present invention. The digital images may be 
obtained by the user 70 or provided by a photo service pro 
vider such as online photo system 20. The digital images can 
be captured by any digital capture devices such as digital 
cameras, video cameras, re?ective or transmissive scanners, 
?lm scanners and so on. The content of the images can vary 
from personal social activities such as vacation, holiday gath 
erings, parties, Wedding, baby pictures, sport activities and so 
on, to business applications such as product advertisement, 
and so on. The digital images can reside on a computer 
located a home or a o?ice, a portable computer such as a 
Personal Digital Assistant or cell phone, and on a Web server 
and storage devices provided by an online photo system 20. 
The image ranking system and methods described beloW are 
applicable to any computer systems Where the digital images 
are stored. 

[0039] The user 70 ?rst de?nes hoW he or she plans to use 
the digital images (300). Common image uses include print 
ing photographic prints, electronic image sharing such as 
sharing digital images over computer netWork, creating vari 
ous categories of image-based physical products using the 
images. Various categories of image-based physical products 
include photo calendars, photo album, photo greeting cards, 
personaliZed gift cards, photo books, photo T-shirt, and 
photo, mugs etc. The image uses can be de?ned in the order 
information de?ned by the user 70, or can be speci?ed by the 
user 70 at the user interface before the user creates an order for 

image-based products. 
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[0040] As an example, the user 70 intends to create a per 
sonaliZed photo calendar. Next the user 70 selects digital 
images that Will be used in the intended image use (310). In 
the present example of the personaliZed photo calendar, the 
digital images should possess good image content (good face 
expressions, good moment, etc.) as Well good image quality 
properties (high resolution, good color saturation, satisfac 
tory tone scale etc.). A typical calendar may cover a 12-18 
month period, Which requires one image for each month and 
a cover image. A substantially large group of images Will be 
selected so more desirable ones can be selected. The selection 

of digital images can also be based on groups de?ned by the 
photographer, the image-capture device (type, model, etc.), 
image resolution, image content (indoor vs. outdoor), etc. 
The de?nition of image use can also begin by user asked 
questions, such as, “What are the best images for printing?” or 
“What are the best images for photo greeting cards?” The user 
interface understands the questions, automatically selects and 
ranks images according to the speci?ed use. 
[0041] Next, measurable image characteristics of the 
selected digital image Will be obtained as input to compute 
image ranking values (320). The measurable image charac 
teri stics can include direct and indirect pixel information such 
as resolution, histogram, compression factor, compressed ?le 
siZe, uncompressed ?le siZe, luminance of a Whole image or 
a region of an image, color saturation of a Whole image or a 
region of an image, sharpness and blur'riness, color and light 
ing in the image, color and lightness of memory colors (such 
as grass green and sky blue), etc. The input image character 
istics could also involve all information in the header. of the 
image ?le. Standard JPEG and TIFF image format include 
EXIF tags in the headers of their image ?les. The header of the 
image ?le may reveal information about the capture device of 
the image, image capture conditions such as aperture settings 
of the digital camera, and the image editing softWare used for 
editing the image. 
[0042] The computation of the image-ranking values (330) 
starts With the creation of a ranking mechanism for images. 
For example, the images can be ranked in a scale of 1 to 10, 
Wherein “10” is the best quality level and “1” is the Worst. 
This ranking scale can be globally applied to all of a user’s 
images. Or alternatively, it can be applied to a particular group 
of digital images. Different methods can be used to create 
ranking values for the images. For example, 0.5 Megapixel 
image can ranked as “1” and 5 Megapixel image as “10”. The 
rank of an arbitrary image is then just a linear mapping 
betWeen these tWo end points, clipped to the range [1,10]. 
[0043] The ranking can also be created in a more complex 
manner by training. For example, a number of people are 
given a set of images and are asked to rank the images based 
on some criterion; in most situations the criterion Would 
include ignoring subject matter and concentrating on quality 
of the picture such as composition, lighting, color balance, 
etc. The set of images along With their rankings are used as 
training data. This training data is then used to ?nd appropri 
ate transformations on different image characteristics to 
?nally get a ranking for each image that closely matches the 
ranking of the training data. For example: Let, 

)_(:[charateristic1, characteristicZ, . . . , characteris 

ticN] 

be all the measurable characteristics of an image. These char 
acteristics need not necessarily be directly measurable, they 
can be derivatives of directly measurable characteristics also 
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(for e.g.: the square root of image resolution, the average of 
luminance, etc.). We then construct a family of functions f1,f2, 
. . . fM, where f,: X—>q{,. are mappings from the space of 
vectors Z to the real line RThe mappings provide some rank 
of the image. The fi’s canbe any linear or non-linear functions 
that map any vector of the characteristics to a number on the 
real line. Let d(.,.) be a distance-measure function on the real 
line. For example, d(a,b):sqrt(a2+b2) or d(a,b):|a|b |, etc. Let 
there be K images in the training set, We then have X1, X2, . . 
. , Xk feature vectors corresponding to the K images. Our goal 

is then to ?nd i’e[1,M] such that the ranking generated by is close to that of the training set. This closeness measure 

could be an average ranking across all images, maximum 
difference in ranking, minimum difference in ranking or 
some other such meaningful criterion. 
[0044] The image ranking calculations Will take into 
account the speci?c requirements of the particular intended 
product and give higher Weight to the input image character 
istics that are important to that particular intended product. 
For example, an 8"><l0" photo book is best presented if the 
digital images have high image resolution. Extra Weight Will 
be given to image siZe in ranking images for this product. 
[0045] After the image ranking values are computed, the 
image ranking values are stored in association With respective 
selected digital images (340). The values assigned to each 
image from the image ranking are stored in association With 
the digital image. In one embodiment of the present inven 
tion, the image-ranking values are stored as a keyWord in 
association With each image. The image-ranking values can 
be searched across different photo albums similar to other 
keyWords. Furthermore, the speci?c image usages such as 
photo prints, photo books, photo albums, and photo calendars 
can also be stored in association With the image ranking value. 
Details of assigning and storing keyWords for digital images 
are described in above mentioned and commonly assigned 
U.S. patent application Ser. No. 9/972,602, ?led on Oct. 5, 
2000, titled “Managing and searching digital images”. 
[0046] Once the image ranking values are computed and 
stored, the images can be ranked using the image ranking 
values (350). In a scale of l to 10 where “10” is the best 
quality level and “l” is the Worst, for example, the images can 
be ranked from high to loW ranking values. The image ranking 
values can be used for selecting a pre-speci?ed number of 
images or for recommendations for image usages. In a large 
set of digital images, for example, a user may ?rst pick the top 
10% or 20% of the images in ranking values to screen off 
unWanted digital images. The user can then select images in 
the selected group using other criteria such as image content 
and so on. The image ranking can thus be used independently 
or in corroboration With other selection criteria. 

[0047] The above-described image-ranking are applicable 
to many image usages (360). A user can delete digital images 
that receive loW-quality ranking values to free up storage 
space and simplify image organiZation. The user can also use 
the image ranking values to guide Which images are likely to 
produce good quality prints. Image ranking values can indi 
cate Which images are suitable for sharing. A user can also use 
image-ranking values to select images of the same scene 
subject. 
[0048] The image ranking values can also be used for man 
aging and organiZing digital images. A user may have mul 
tiple of photo albums in his Web account at the online photo 
system. He or she may create a favorite folder or album that 
holds images above certain image-ranking values. The user 
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can further select images based on content for being used in 
different products or image content. For example, some 
images may not good image quality for printing, but might 
have some sentimental, personal, or professional value, 
Which may be suitable for electronic sharing at screen reso 
lution. 
[0049] The image-ranking system can be used for recom 
mendations. From a large set of images the user might Want to 
pick the pick the top 10%, top 50% etc. The user can either use 
the rankings directly or use them as one additional criterion in 
selecting images. If the user chooses this as one additional 
criterion, this ranking system can help minimize the number 
of images to choose from. 
[0050] Another aspect of the present invention is that image 
ranking can be conducted automatically as the user 70 
uploads images to the online photo system 20. Furthermore, 
the image rendering can be dependent on the results of the 
automated image ranking analyses. When the user 70 orders 
image-based products based on the uploaded images, the 
images Will normally need to be rendered by a number of 
image processing operations including: gamut mapping, tone 
calibration, sharpening, resiZing, printing-device related cali 
brations, and so on. Not every of these image rendering steps 
is appropriate depending on the characteristics of the digital 
images and the image-product orders that the customer sub 
mitted from the images. A Warning ?ag may be raised When 
an image is of loW image ranking value. The rendering algo 
rithm Will look into the speci?c causes for the loW image 
ranking value. For example, if the image ranking value is loW 
because of loW image resolution (small image siZe), the 
sharpening rendering step Will be skipped. In another 
example, the image ranking value may be loW because of an 
unevenly distributed histogram (e.g. bi-model). Standard 
tone calibration may be replaced by a specially tailored tone 
calibration curve. In certain high-value orders, an operator 
may be alerted to personally check into the images to ensure 
high quality output for the ordered image products. 
[0051] In accordance With the present invention, resources 
of an image service provider can be effectively allocated 
betWeen human operators and the automated image ranking 
computer applications. For example, the resource can be allo 
cated differently betWeen consumer customers and profes 
sional customers. Less automated image ranking and image 
enhancement and more human image enhancement may be 
appropriate for professional customer orders because of the 
higher quality requirements and high prices charged for the 
professional products. The decision on allocation betWeen 
human and automated resources can also depend on the value 
of the customers, the value of the product or services ordered, 
the occasion for Which the ordered products are ordered 
(Wedding, baby birth, versus usually family photo sharing . . 
.), the season of the year, and so on. 

[0052] Various implementations of the systems and tech 
niques described in this invention are compatible With differ 
ent computer systems. The image ranking system and meth 
ods are applicable to a computer used at home, an o?ice or a 
retail location, and a server at a Website hosted by an online 
photo system 20. The image ranking system and methods can 
also be used on various imaging devices such as digital cam 
era, video camera, digital printer, scanners, and imaging 
kiosks. 

[0053] Various implementations of the systems and tech 
niques described here may be realiZed in digital electronic 
circuitry, or in computer hardWare, ?rmWare, softWare, or in 
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combinations thereof. A system or other apparatus that uses 
one or more of the techniques and methods described here 
may be implemented as a computer-readable storage 
medium, con?gured With a computer program, Where the 
storage medium so con?gured causes a computer system to 
operate on input and/or generate output in a speci?c and 
prede?ned manner. Such a computer system may include one 
or more programmable processors that receive data and 
instructions from, and transmit data and instructions to, a data 
storage system, and suitable input and output devices. Each 
computer program may be implemented in a high-level pro 
cedural or object-oriented programming language, or in 
assembly or machine language if desired; and in any case, the 
language may be a compiled or interpreted language. Suitable 
processors include, by Way of example, both general and 
special purpose microprocessors. 
[0054] A number of embodiments have been described. 
Nevertheless, it Will be understood that various modi?cations 
may be made Without departing from the spirit and scope of 
the invention. For example, advantageous results still could 
be achieved if steps of the disclosed techniques Were per 
formed in a different order and/or if components in the dis 
closed systems Were combined in a different manner and/or 
replaced or supplemented by other components. Accordingly, 
other embodiments are Within the scope of the folloWing 
claims. 

1-40. (canceled) 
41. A system for preparing for an image use, comprising: 
a computer storage device con?gured to store digital 

images and image uses; and 
a computer processor con?gured to obtain one or more 

image characteristics for each of the digital images, to 
compute an image-ranking value for one of the digital 
images and for one of the image uses using the one or 
more image characteristics associated With the digital 
image, and for each of the image uses, to sort the digital 
images in accordance With their respective image-rank 
ing values. 

42. The system of claim 41, Wherein the computer proces 
sor is con?gured to de?ne a vector in a multi-dimensional 
space based on the one or more image characteristics 
obtained from one of the digital images and to compute the 
image-ranking value associated With one of the digital images 
using a predetermined function of the vector. 

43. The system of claim 41, Wherein the computer proces 
sor is con?gured to rank the digital images in accordance With 
their respective image-ranking values for each of the image 
uses. 

44. The system of claim 41, Wherein the computer proces 
sor is con?gured to select at least one of the digital images for 
at least one of the image uses in accordance With the image 
ranking values. 

45. The system of claim 41, Wherein the computer proces 
sor is con?gured to determine if one of the digital images is 
suitable for one of the image uses by comparing the image 
ranking value associated With one of the digital images for the 
image use to a predetermined criterion. 

46. The system of claim 41, Wherein the computer proces 
sor is con?gured to receive an inquiry about suitable images 
for one for the image uses and to recommend at least one of 
the digital images for the one of the image uses in accordance 
With the image-ranking values. 

47. The system of claim 41, Wherein the computer storage 
device is con?gured to store the image-ranking values as 
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keyWords in association With the respective digital images, 
Wherein the computer processor is con?gured to identify 
digital images for one of the image uses by searching one or 
more the keyWords. 

48. The system of claim 41, Wherein the image uses are 
selected from the group consisting of photographic prints, 
electronic image sharing, photo cards, photo calendars, photo 
album, and photo books. 

49. The system of claim 41, Wherein the image uses com 
prise an image-based physical product or an imaging service. 

50. The system of claim 41, Wherein the image character 
istics comprise one or more of image siZe, color, exposure 
condition, pixel value histogram distribution, and the header 
information of an image ?le. 

51. The system of claim 41, Wherein the computer proces 
sor is con?gured to render the digital images in accordance 
With their image-ranking values. 

52. A computer program product comprising a computer 
useable medium having computer readable program code 
functions embedded in said medium for causing a computer 
to: 

receive digital images; 
obtain one or more image characteristics for each of the 

digital images; 
compute an image-ranking value using the one or more 

image characteristics for each of the digital images for 
each of the image uses; and 

rank the digital images for each of the image uses using the 
image-ranking values associated With the digital 
images. 

53. The computer program product of claim 52, Wherein 
the computer readable program code functions are con?gured 
to cause the computer to select at least one of the digital 
images for at least one of the image uses in accordance With 
the image-ranking values. 

54. The computer program product of claim 52, Wherein 
the computer readable program code functions are con?gured 
to cause the computer to determine if one of the digital images 
is suitable for one of the image uses by comparing the image 
ranking value associated With one of the digital images for the 
image use to a predetermined criterion. 

55. The computer program product of claim 52, Wherein 
the computer readable program code functions are con?gured 
to de?ne a vector in a multi-dimensional space based on the 
one or more image characteristics obtained from one of the 
digital images and to compute the image-ranking value asso 
ciated With one of the digital images using a predetermined 
function of the vector. 

56. The computer program product of claim 52, Wherein 
the image uses are selected from the group consisting of 
photographic prints, electronic image sharing, photo cards, 
photo calendars, photo album, and photo books. 

57. The computer program product of claim 52, Wherein 
the image characteristics comprise one or more of image siZe, 
color, exposure condition, pixel value histogram distribution, 
and the header information of an image ?le. 

58. A computer-assisted method, comprising: 
receiving digital images for a plurality of image uses; 
obtaining one or more image characteristics for each of the 

digital images; 
for one of the image uses, computing an image-ranking 

value for one of the digital images using the one or more 
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image characteristics associated With the digital image, 
Wherein the image-ranking Value is speci?c to each of 
the image uses; and 

ranking the digital images using their respective image 
ranking Values for one of the image uses. 

59. The method of claim 58, further comprising determin 
ing if one of the digital images is suitable for one of the image 
uses by comparing the image-ranking Value associated With 
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one of the digital images for the image use to a predetermined 
criterion. 

60. The method of claim 58, Wherein the image uses are 
selected from the group consisting of photographic prints, 
electronic image sharing, photo cards, photo calendars, photo 
album, and photo books. 

* * * * * 


