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(57) ABSTRACT 

A system and method is described for automatically deter 
mining in a scanned document image the presence of 
unWanted extraneous information caused by an extraneous 
device and scanner background information. Once the pres 
ence of this information is determined, the system and 
method of the present invention can compute, for instance, 
skeW and crop statistics. From this, the image can be 
automatically deskeWed and cropped appropriately Without 
the background and extraneous information. The system and 
method accomplishes this by ?rst determining the presence 
of unWanted extraneous and background information and 
then appropriately processing the document image. The 
extraneous information is ignored during deskeW and crop 
computations. Also, the scanner background and the extra 
neous information are prevented from being included in the 
?nal digital representation of the image. 
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IMAGE PROCESSING SYSTEM WITH IMAGE 
CROPPING AND SKEW CORRECTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention pertains to image processing 
systems. More particularly, this invention relates to an image 
processing system With (1) skeW correction that does not 
require human intervention or the presence of text or skeW 
detection information on the original document, and (2) 
image cropping that is done regardless of the shape of the 
image. 
[0003] 2. Description of the Related Art 

[0004] It has been knoWn that When a document (i.e., the 
original physical object, such as photo or text document) is 
scanned by a scanner, a digital image of the original docu 
ment is typically generated. The digital image of the original 
document is, hoWever, often found to be skeWed (rotated) 
inside the entire scan image (i.e., inside the entire digital 
image obtained from the scanner). As is knoWn, the scan 
image typically includes the image of the document as Well 
as background information. A skeW or inclination of the 
document image Within the scan image is particularly likely 
to occur When the scanner uses an automatic document feed 

mechanism to feed the original document for scanning. In 
addition, When the siZe of the original document is relatively 
small in comparison to the scan region of the scanner, the 
scan image may contain considerable amount of background 
information. 

[0005] For instance, some scanning devices are automatic 
sheet fed scanners With stationery charge coupled devices 
(CCD’s). These scanning devices feed the document past the 
CCD for scanning. The document must be grabbed by a set 
of rollers for scanning. This mechanism can sometimes 
scratch the document. Also, small documents may not be 
securely grabbed or reliably sensed by the mechanism. In 
addition, only a single document at a time can be fed in the 
scanner. As a result, document carriers are used to overcome 
these problems. A document carrier is usually a transparent 
envelope having a White backdrop. The document or docu 
ments of interest are inserted Within the envelope for scan 
ning. The document carrier protects the scanned document 
from scratches and also provides the rollers With a larger 
Width original to grab, thereby accomplishing successful 
feeding of the document through the scanner. 

[0006] HoWever, one disadvantage of using a document 
carrier is that the document carrier also becomes part of the 
scanned data. For example, if the carrier color does not 
exactly match the color of the scanner background, edges of 
the document carrier Will be contained in the scanned data. 
This spurious data Will cause the digital image to contain 
unWanted extraneous information. FIG. 1 illustrates a scan 
image 100 that exhibits these problems. 

[0007] As can be seen from FIG. 1, the scan image 100 
contains a document image 110 of an original document. 
The remaining area of the scan image 100 is background 
120, Which typically has a predetermined pixel pattern, and 
extraneous information 140, Which typically has knoWn 
characteristics. The background 120 can be caused by the 
scanner background While the extraneous information 140 
can be caused by a document carrier. The document image 
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110 is skeWed inside the scan image 100 and the background 
120 is a considerable fraction of the scan image 100. When 
the scan image 100 is displayed on a display or printed by 
a printer, the document image 110 typically has a relatively 
unpleasant and poor visual quality. In addition, the skeWed 
image may also cause errors When the image data is further 
processed by other softWare programs, such as optical 
character recognition programs. 

[0008] Techniques have been developed to try to detect 
and correct the skeW problem. For example, US. Pat. No. 
4,941,189, entitled OPTICAL CHARACTER READER 
WITH SKEW RECOGNITION and issued on Jul. 10,1990, 
describes a skeW correction technique that searches for text 
characters along a scan line. As another example, US. Pat. 
No. 5,452,374, entitled SKEW DETECTION AND COR 
RECTION OF A DOCUMENT IMAGE REPRESENTA 
TION and issued on Sep. 19, 1995, describes another 
technique that segments the scan image into text and non 
text regions and then determines the skeW information based 
on the resulting segmentation. 

[0009] These techniques, hoWever, require the original 
document to contain at least some text. The techniques then 
rely on the detection of one or more lines of the text in the 
document. With the advent of inexpensive photo scanners 
and multimedia personal computers, scanners are noWadays 
used to scan not only text documents, but photographs and 
other image documents as Well. The photographs, hoWever, 
typically do not contain any text data. This thus causes the 
skeW detection and correction techniques to be inapplicable 
to the scanned photo images. In addition, because photo 
graphs can have a variety of siZes and shapes, it is typically 
dif?cult to trim the background information from the 
scanned image of a photograph. 

[0010] Another technique has been proposed that detects 
the skeW information of a scanned image Without requiring 
the presence of text in the scanned document. One such 
technique is described in US. Pat. No. 5,093,653, entitled 
IMAGE PROCESSING SYSTEM HAVING SKEW COR 
RECTION MEANS, and issued on Mar. 3, 1992. HoWever, 
this technique requires human intervention. 

SUMMARY OF THE INVENTION 

[0011] Described beloW is a system and method for auto 
matically determining in a scanned document image the 
presence of unWanted extraneous information caused by an 
extraneous device, for example, a document carrier and 
scanner background information. Once the presence of this 
information is determined, the system and method of the 
present invention can compute, for instance, skeW and crop 
statistics. From this, the image can be automatically 
deskeWed and cropped appropriately Without the back 
ground and extraneous information (such as marks from the 
document carrier). The system and method accomplishes 
this by ?rst determining the presence of unWanted extrane 
ous and background information and then appropriately 
processing the document image. The extraneous information 
is ignored during deskeW and crop computations. Also, the 
scanner background and the extraneous information are 
prevented from being included With the ?nal digital repre 
sentation of the image. 

[0012] Speci?cally, scanner background information and 
any extraneous information, such as edges created by the 
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document carrier, are ignored When processing information 
is computed, such as skeW and crop statistics, While image 
edges are retained, such as document edges of an image or 
text pages. Thus, the system and method of the present 
invention optimiZes automatic cropping and deskeWing 
results of document images scanned by general purpose 
scanning devices that are used With or Without document 
carriers. 

[0013] Also, the system and method described below 
determines a skeW angle of the document image Without 
requiring text in the document or human intervention. This 
feature is accomplished by determining an edge of the 
document image Within a scan image and using that edge to 
determine the skeW angle of the document image. The edge 
can be determined by locating the ?rst or last document 
image pixel of each scan line of pixels in the scan image that 
belongs to the document image (i.e., the edge pixel of the 
document image along that scan line). This is accomplished 
by comparing a scan line of pixels With a predetermined scan 
line of background pixels or alternatively by comparing a 
neighborhood around a scan line With predetermined back 
ground pixels. The skeW angle of the document image is 
then determined by computing the slope of the detected edge 
in the scan image. 

[0014] In addition, the system and method described 
beloW can determine the boundary of the document image. 
This feature is accomplished by locating (1) a ?rst document 
image pixel and a last document image pixel for a ?rst scan 
line of the document image in the scan image, (2) a ?rst 
document image pixel and a last document image pixel of a 
last scan line of the document image in the scan image, (3) 
a leftmost document image pixel of the document image in 
the scan image, and (4) a rightmost document image pixel of 
the document image in the scan image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention is illustrated by Way of 
example and not by Way of limitation in the Figures of the 
accompanying draWings, in Which like references indicate 
similar elements, and in Which: 

[0016] 
scan; 

FIG. 1 shoWs a skeWed image of a document in a 

[0017] FIG. 2 shoWs a computer system that implements 
an image processing system; 

[0018] FIG. 3 shoWs the image processing system imple 
mented by the computer system of FIG. 2, Wherein the 
image processing system includes an automatic deskeW and 
image cropping system in accordance With one embodiment 
of the present invention; 

[0019] FIG. 4 illustrates a different con?guration of the 
automatic deskeW and image cropping system in the image 
processing system of FIG. 3; 

[0020] FIG. 5 shoWs a document image generated by the 
image processing system of FIG. 3 or 4 before being 
processed by the automatic deskeW and image cropping 
system of FIGS. 3 and 4; 

[0021] FIG. 6 shoWs the document image of FIG. 5 after 
being processed by the automatic deskeW and image crop 
ping system of FIGS. 3 and 4; 
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[0022] FIG. 7 shoWs another document image generated 
by the image processing system of FIG. 3 or 4 before being 
processed by the automatic deskeW and image cropping 
system of FIGS. 3 and 4; 

[0023] FIG. 8 shoWs the document image of FIG. 7 after 
being processed by the automatic deskeW and image crop 
ping system of FIGS. 3 and 4; 

[0024] FIG. 9A illustrates a sample user interface for 
implementing the automatic deskeW and image cropping 
system of FIGS. 3 and 4; 

[0025] FIGS. 9B-9C and 10 shoW ?oW chart diagrams of 
the automatic deskeW and image cropping system of FIGS. 
3 and 4; 

[0026] FIGS. 11 and 12 illustrate calculation of the skeW 
angle and boundary information of a document image by the 
automatic deskeW and image cropping system of FIGS. 3 
and 4 When the document image has rectangular and non 
rectangular shapes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] The present invention is a system and method for 
automatically determining scanner background information 
and extraneous information Within a digital representation of 
a scanned document image. The scanner background infor 
mation is caused by the scanner’s background and the 
extraneous information is caused by an extraneous device, 
such as a document carrier. For instance, due to the physical 
appearance of the document carrier, it can leave marks 
Within the digital representation of the scanned document 
image. Once the presence of this information is determined, 
the system and method of the present invention can com 
pute, for instance, skeW and crop statistics. From this, the 
image can be automatically deskeWed and cropped appro 
priately Without the background and extraneous information. 

[0028] The present invention can be used With general 
purpose scanning devices for scanning an image as scanned 
data input. The image can be a photograph, multiple pho 
tographs in one scan, text only or mixed documents con 
taining photographs, text, graphics, etc. The present inven 
tion parses the scanned data input for determining the 
presence of scanner background information and extraneous 
information, Which, for example, can be caused by a docu 
ment carrier. Also, the scanned data input is parsed for 
determining edges and a skeW angle of the image. The 
parsed data is used to compute skeW and crop statistics of the 
scanned data for cropping and deskeWing the image. This 
ultimately provides an aligned digital representation of the 
scanned image Without unWanted scanner background infor 
mation and extraneous information. Speci?cally, the scanner 
background and any indicia of an extraneous device, such as 
a document carrier, are ignored When the skeW and crop 
statistics are computed, While image edges are retained, such 
as document edges of text pages. Thus, the present invention 
properly crops and deskeWs images scanned by general 
purpose scanning devices that are used With or Without 
document carriers. 

[0029] One of the features of the present invention is to 
provide skeW correction for a scanned image Without requir 
ing the presence of text. Another feature of the present 
invention is to provide skeW correction for a scanned image 
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Without requiring human intervention. A further feature of 
the present invention is to provide image cropping for a 
scanned image regardless of the siZe and/or shape of the 
original. A still further feature of the present invention is to 
provide skeW correction and image cropping for a scanned 
image in a cost effective manner. 

[0030] FIG. 2 illustrates a computer system 200 that 
implements an image processing system 320 (shoWn in 
FIGS. 3 and 4) Within Which an automatic deskeW and 
image cropping system 322 (shoWn in FIGS. 3 and 4) in 
accordance With one embodiment of the present invention 
may be implemented. Although FIG. 2 shoWs some of the 
basic components of the computer system 200, it is neither 
meant to be limiting nor to eXclude other components or 
combinations of components in the system. The image 
processing system 320 and the automatic deskeW and image 
cropping system 322 in accordance With the present inven 
tion Will be described in more detail beloW, also in conjunc 
tion With FIGS. 3 through 12. 

[0031] In one embodiment, the computer system 200 can 
be a personal computer having a scanner, a notebook com 
puter having a scanner, a palmtop computer having a scan 
ner, a Workstation having a scanner, or a mainframe com 

puter having a scanner. In another embodiment, the 
computer system 100 can be a scan system that also has 
some or all of the components of a computer system. 

[0032] As can be seen from FIG. 2, the computer system 
200 includes a bus 202 for transferring data and other 
information. The computer system 200 also includes a 
processor 204 coupled to the bus 202 for processing data and 
instructions. The processor 204 can be any knoWn and 
commercially available processor or microprocessor. A 
memory 206 is also provided in the computer system 200. 
The memory 206 is connected to the bus 202 and typically 
stores information and instructions to be executed by the 
processor 204. The memory 206 may also include a frame 
buffer (not shoWn in FIG. 2) that stores a frame of bitmap 
image to be displayed on a display 210 of the computer 
system 200. 

[0033] The memory 206 can be implemented by various 
types of memories. For eXample, the memory 206 can be 
implemented by a RAM (Random Access Memory) and/or 
a nonvolatile memory. In addition, the memory 206 can be 
implemented by a combination of a RAM, a ROM (Read 
Only Memory), and/or an electrically erasable and program 
mable nonvolatile memory. 

[0034] The computer system 200 also includes a mass 
storage device 208 connected to the bus 202. The mass 
storage device 208 stores data and other information. In 
addition, the mass storage device 208 stores system and 
application programs. The programs are eXecuted by the 
processor 204 and need to be doWnloaded to the memory 
206 before being executed by the processor 204. 

[0035] The display 210 is coupled to the bus 202 for 
displaying information to a user of the computer system 200. 
Akeyboard or keypad input device 212 is also provided that 
is connected to the bus 202. An additional input device of the 
computer system 200 is a cursor control device 214, such as 
a mouse, a trackball, a trackpad, or a cursor direction key. 
The cursor control device 214 is also connected to the bus 
202 for communicating direction information and command 
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selections to the processor 326, and for controlling cursor 
movement on the display 210. Another device Which may 
also be included in the computer system 200 is a hard copy 
device 216. The hard copy device 216 is used in the 
computer system 200 to print teXt and/or image information 
on a medium such as paper, ?lm, or similar types of media. 

[0036] In addition, the computer system 200 includes an 
image scanner 218. The image scanner 218 is used to 
convert an original document (i.e., the original physical 
document, such as photo or teXt document) into a digitiZed 
image Which can be further processed by the computer 
system 200. In one embodiment, the image scanner 218 is a 
faX machine-type image scanner that has a scan region of 
one scan line Wide. The length of the scan region is the Width 
of the scan line. In this case, the scan head of the image 
scanner 218 simultaneously images the entire scan line. A 
document feed mechanism is provided to advance the origi 
nal document after each scan. In another embodiment, the 
image scanner 218 is a copier-type image scanner that has a 
relatively large scan region. For this type of scanner, the 
original document is placed against the scan WindoW of the 
scanner and the scan head of the scanner moves in one 
direction after each scan. 

[0037] The computer system 200 also includes other 
peripheral devices 220. These other devices 220 may include 
a digital signal processor, a MODEM (modulation/demodu 
lation), and/or a CD-ROM drive. In addition, the computer 
system 200 may function Without some of the above 
described components. For eXample, the computer system 
200 may function Without the hard copy device 216. 

[0038] As described above, the computer system 200 
includes the image processing system 320 (shoWn in FIGS. 
3 and 4) Which includes the automatic deskeW and image 
cropping system 322 of the present invention (also shoWn in 
FIGS. 3 and 4). In one embodiment, the image processing 
system 320 is implemented as a series of softWare programs 
that are run by the processor 326, Which interacts With scan 
data received from the scanner 218. It Will, hoWever, be 
appreciated that the image processing system 320 can also 
be implemented in discrete hardWare or ?rmWare. 

[0039] Similarly, the automatic deskeW and image crop 
ping system 322 alone can be implemented either as a 
softWare program run by the processor 326 or in the form of 
discrete hardWare or ?rmWare Within the image processing 
system 320. The image processing system 320, as Well as the 
automatic deskeW and image cropping system 322, Will be 
described in more detail beloW, in the form of softWare 
programs. 

[0040] As can be seen from FIG. 3, the image processing 
system 320 includes a scan control program 324 and an 
imaging program 326, in addition to the automatic deskeW 
and image cropping system 322. All of the programs 322 
through 326 are typically stored in the mass storage device 
208 of the computer system 200 (FIG. 2). These programs 
are loaded into the memory 206 from the mass storage 
device 208 before they are eXecuted by the processor 204. 

[0041] The scan control program 324 interfaces With the 
scanner 218 and the imaging program 326. The function of 
scan control program 324 is to control the scanning opera 
tion of the scanner 218 and to receive the scan image of an 
original document 310 from the scanner 218. As is knoWn, 
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the scan image of a document typically includes the digital 
image of the document (i.e., the document image) and some 
background image and extraneous information if an extra 
neous device, such as a document carrier, is used to aid in 
scanning the document. The scan control program 324 can 
be, for example, a scanner driver program for the scanner 
218. Alternatively, the scan control program 324 can be any 
knoWn scanner program for interfacing the scanner 218 With 
a user. 

[0042] As described above, the scan control program 324 
controls the scanner 218 to scan the document 310. The 
original document 310 can be of different shapes and siZes. 
For example, the document 310 can be of a rectangular 
shape, a polygon shape, or a circular or oval shape. FIG. 5 
shoWs one example of a scan image 500 of the document 
310 obtained by the scan control program 324. As can be 
seen from FIG. 5, the document image 502 of document 310 
is skeWed inside the scan image 500 and has a skeW angle a. 
As can be seen from the scan image 500, the scanned 
document 310 has a rectangular shape. FIG. 7 shoWs 
another scan image 700 of the document 310 obtained by the 
scan control program 324 When the document 310 has an 
oval shape. Both FIGS. 5 and 7 shoW considerable back 
ground Within scan images 500 and 700, respectively. 

[0043] As shoWn in FIG. 3, the imaging program 326 is 
used in the image processing system 320 to process the scan 
image (e.g., the scan image 500 or 700 of FIG. 5 or 7, 
respectively) of the original document 310 received from the 
scan control program 324. The imaging program 326 typi 
cally processes the scan image of the original document 310 
so that the scan image can be displayed on the display 210 
or printed by the hard copy device 216. The processing 
functions of the imaging program 326 typically include 
resampling and interpolation of the scan image. The imaging 
program 326 typically includes a device-speci?c image 
driver program. For example, the imaging program 326 can 
include a knoWn display driver program or a knoWn printer 
driver program. The imaging program 326 can be any image 
processing application. 

[0044] As can be seen from FIG. 3, the automatic deskeW 
and image cropping system 322 of the image processing 
system 320 interfaces With the scan control program 324 and 
the imaging program 326. The automatic deskeW and image 
cropping system 322 receives digital data representing the 
scan image of the document 310 from the scan control 
program 324 and automatically determines the presence of 
scanner background information and extraneous information 
caused by an extraneous device, such as a document carrier. 
For instance, due to the physical appearance of the document 
carrier, it can leave marks Within the digital data represent 
ing the scanned document image 310. The automatic deskeW 
and image cropping system 322 ignores the scanner back 
ground information and extraneous information and detects 
the skeW angle and boundary of the document image of the 
document 310 Within the scan image. This provides correc 
tion of the skeW of the document image (i.e., deskeWed) so 
that much or all of the scanner background information and 
the extraneous information of the image can be eliminated. 

[0045] In the case Where a document carrier is used, the 
document carrier can cause unWanted extraneous informa 
tion because it becomes part of the scanned data. For 
example, if the carrier color does not exactly match the color 
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of the scanner background, edges of the document carrier 
Will be contained in the scanned data. The present invention 
detects and deliberately ignores this spurious data and it is 
deemed as invalid image data. As a result, the document 
carrier information does not in?uence the results of other 
functions and operations of the automatic deskeW and image 
cropping system 322, such as the automatic crop and deskeW 
functions (discussed beloW in detail). 

[0046] Many different document carrier siZes exist, and 
the present invention is not limited to any particular siZe. For 
illustrative purposes only, tWo such siZes of document 
carriers are a full page carrier, Which can be approximately 
8.5“><11“(usually for text or mixed documents), and a half 
page carrier, Which can be approximately 8.5“x5.75“(usu 
ally for photos). Typically, document carriers have some 
knoWn physical characteristic or characteristics or some 
form of indicia that can be used as a basis to form boundaries 
Within the scanned data. This alloWs unWanted document 
carrier information to be distinguished from Wanted image 
data. For instance, the bottom of some document carriers 
contain a semi-circular notch, Which is a knoWn physical 
characteristic on all document carriers in that class. The 
semi-circular notch alloWs a user to more easily insert a 
document into the document carrier. 

[0047] The automatic deskeW and image cropping system 
322 is preprogrammed With knoWn physical characteristics 
of certain extraneous devices of certain classes. Namely, if 
a particular class of document carriers are knoWn to have 
semi-circular notches, the automatic deskeW and image 
cropping system 322 is preprogrammed to indicate that the 
particular class is associated With semi-circular notches as a 
knoWn physical characteristic. If the knoWn physical char 
acteristic is found after scanning the document image 310, 
scanned data representing edges of the document carrier are 
located so that the entire unWanted extraneous information 
caused by the document carrier is cropped out and discarded. 

[0048] Also, because the full siZe document carrier is too 
long to be fed sideWays, only one orientation for scanning 
exists if the full siZe document carrier is used. As such, the 
knoWn physical characteristic, such as the semi-circle, can 
only be at the bottom or top edges and cannot be at the left 
or right edges. Hence, the automatic deskeW and image 
cropping system 322 searches for these knoWn physical 
characteristics of document carriers, such as semi-circles, 
and crops out unWanted information appropriately. By dis 
carding the edges of the document carrier, additional func 
tions and operations of the automatic deskeW and image 
cropping system 322 can be performed more accurately. 

[0049] The automatic deskeW and image cropping system 
322 detects the skeW angle of the document image (e.g., the 
document image 502 of FIG. 5) inside the scan image (e.g., 
the scan image 500 of FIG. 5) by ?rst detecting an edge of 
the document image and then determining the slope of the 
edge. This alloWs the skeW angle detection of the document 
image to be done Without requiring the presence of text or 
special skeW detection marks on the document image. This 
also alloWs the imaging program 326 to correct the skeW of 
the document image Without human intervention. 

[0050] In addition, the automatic deskeW and image crop 
ping system 322 detects the boundary of the document 
image (e.g., the document image 502 of FIG. 5). There are 
several Ways that the automatic deskeW and image cropping 
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system 322 detects the boundary of the document image. 
TWo sample techniques are discussed in detail below for 
illustrative purposes only. Each technique can be custom 
con?gured for speci?c implementations. The ?rst sample 
technique detects the boundary by locating a ?rst and a last 
document image pixel for the ?rst scan line of the document 
image, a ?rst and a last document image pixel for the last 
scan line of the document image, a leftmost document image 
pixel of the document image, and a rightmost document 
image pixel of the document image Within the scan image. 
The positioned information of these six pixels is then used 
to compute the extent (i.e., boundary) of the document 
image in the scan image after skeW correction. This infor 
mation is then provided to the imaging program 326, alloW 
ing the imaging program 326 to trim or crop the scan image 
to obtain the document image Without much or all of the 
background information. 

[0051] The automatic deskeW and image cropping system 
322 detects the skeW angle and boundary information of a 
document image Within a scan image by locating the ?rst 
and last pixels of each scan line of the document image 
inside the scan image. The automatic deskeW and image 
cropping system 322 can accomplish this by comparing each 
scan line of pixels in the scan image With a predetermined 
scan line of background pixels to locate the ?rst and last 
document image pixels. This can alternatively, and prefer 
ably, be accomplished by comparing a neighborhood around 
each scan line of pixels in the scan image With predeter 
mined background pixels to locate the ?rst and last docu 
ment image pixels. This alloWs boundary edge segments of 
the document image to be developed. The automatic deskeW 
and image cropping system 322 then determines the length 
of each edge segment of the document image and calculates 
the skeW of the edge segment. If the automatic deskeW and 
image cropping system 322 determines that an edge segment 
is not long enough, the program 322 does not calculate the 
skeW of that edge segment. 

[0052] In addition, if the automatic deskeW and image 
cropping system 322 determines that the document image 
has multiple skeW angles (i.e., the skeW of an edge segment 
in the document image is not equal to that of another edge 
segment of the document image), the program 322 deter 
mines that the document image has a non-rectangular shape. 
When this occurs, the automatic deskeW and image cropping 
system 322 sets the skeW angle of the document image to 6, 
Which is preferably Zero, Whether the document image is 
skeWed or not. In other Words, if the automatic deskeW and 
image cropping system 322 determines that the document 
image has a non-rectangular (e.g., circular, oval, or polygo 
nal) shape, the program 322 preferably does not detect the 
skeW angle of the document image. Instead, the program 322 
provides the boundary information of the document image 
so that much or all of the background can be trimmed or 
cropped aWay from the scan image. 

[0053] Moreover, When the automatic deskeW and image 
cropping system 322 determines that the detected document 
image is not of a rectangular shape, the program 322 
preferably de?nes the smallest rectangle that contains all of 
the six boundary pixels and informs the imaging program 
326 to take the entire interior of this rectangle as the cropped 
document image (see, for example, FIG. 8). In this case, not 
all background information is trimmed off. The operation of 
automatic deskeW and image cropping system 322 is noW 
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described in more detail beloW, also in conjunction With 
FIGS. 5-6 When the document 310 has a rectangular shape 
or FIGS. 7-8 When the document 310 has a non-rectangular 
shape. 

[0054] As can be seen from FIGS. 3 and 5-6, the skeW 
detection and image cropping program 322 checks the scan 
image 500 to locate the ?rst and last document image pixels 
of the ?rst scan line of the document image 502. As can be 
seen from FIG. 5, the program 322 learns that the ?rst scan 
line of the scan image 500 is the ?rst scan line of the 
document image 502. The program 322 then locates the ?rst 
document image pixel 518 and the last document image 
pixel 520 of the ?rst scan line of the document image 502. 
As the automatic deskeW and cropping system 322 continues 
checking the ?rst and last document image pixels of other 
scan lines of the document image 502, edge segments 510, 
512, 514, 516 are developed. In addition, the leftmost 
document image pixel 521 and rightmost document image 
pixel 522 are located. The ?rst and last document image 
pixels (i.e., 524 and 526) of the last scan line of the 
document image 502 are also located. As can be seen from 
FIG. 5, the ?rst document image pixel 524 of the last scan 
line of the document image 502 overlaps the last document 
image pixel 526 of that scan line. 

[0055] After the edge segments 510, 512, 514, 516 of the 
document image 502 are developed, the automatic deskeW 
and cropping system 322 calculates the skeW angle aWhlCh 
is then sent to the imaging program 326 (FIG. 3), along With 
cropping boundaries computed from the skeW angle OLand 
the pixels 518, 520, 522, 524, 526. 

[0056] As described above, the automatic deskeW and 
cropping system 322 of FIG. 3 also detects if the document 
image is of a rectangular shape When the program calculates 
the skeW angle 0‘of the document image. If the program 322 
detects that the document image (e.g., the document image 
702 of FIG. 7) is not of a rectangular shape, then the 
program 322 preferably does not calculate the skeW angle of 
the document image and preferably sets the skeW angle to 
Zero. The automatic deskeW and cropping system 322 
detects Whether a document image is rectangular or not by 
determining if the document image has multiple skeW 
angles. When this occurs, the document image has a non 
rectangular shape (e.g., the polygonal shape). In addition, 
the program 322 also detects if the document image has a 
rectangular shape by detecting if the edge segments of the 
document image are longer than a predetermined length. 
Those edge segments shorter than the predetermined length 
are discarded, and no skeW angle is computed for such 
segments. If all detected segments are discarded, the pro 
gram 322 determines that the document image has a non 
rectangular shape (e.g., oval or circular shape) and again 
does not calculate the skeW angle of the document image. 
When this occurs, the program 322 preferably locates those 
six boundary pixels of the document image. FIGS. 9A 
through 10 shoW in How chart diagram form the automatic 
deskeW and cropping system 322, Which Will be described in 
more detail beloW. 

[0057] As can be seen from FIGS. 3 and 7-8, When the 
document 310 has a document image 702 that is of an oval 
shape, the program 322 of FIG. 3 detects multiple edges that 
are of different skeW angles and/or shorter than the prede 
termined edge length. In one embodiment, the predeter 
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mined edge length contains approximately twenty ?ve pix 
els. In alternative embodiments, the predetermined edge 
length can be longer or shorter than tWenty ?ve pixels. 

[0058] When the program 322 detects that the document 
image 702 is not rectangular, the program 322 preferably 
locates the six boundary pixels (i.e., the ?rst and last 
document image pixels 710 and 712 of the ?rst scan line of 
the document image 702, the leftmost document image pixel 
714, the rightmost document image pixel 716, and the ?rst 
and last document image pixels 718 and 720 of the last scan 
line of the last scan line of the document image 702. As can 
be seen from FIG. 7, the ?rst and last document image 
pixels 710 and 712 of the ?rst scan line of the document 
image 702 overlap each other and the ?rst and last document 
image pixels of the last scan line of the document image 702 
overlap each other. 

[0059] As can be seen in FIGS. 3 and 5-6, the imaging 
program 326 then corrects the skeW of the document image 
502 in accordance With the skeW angle 0‘received from the 
automatic deskeW and cropping system 322 and eliminates 
all of the background 504 in the scan image 500 in accor 
dance With the six document image pixels 518-526. The 
imaging program 326 does this in a knoWn Way, Which Will 
not be described in more detail beloW. The processed 
document image 600 is shoWn in FIG. 6. 

[0060] As can be seen from FIGS. 5 and 6, the processed 
document image 600 of FIG. 6 is identical to the unproc 
essed document image 502 of FIG. 5 except that no back 
ground information of the scan image 500 is displayed in 
FIG. 6. In addition, the processed document image 600 is 
not skeWed. Moreover, the processed document image 600 
of FIG. 6 does not have the cut-off edge. This is due to the 
fact that the imaging program 326 further trims the docu 
ment image 502 of FIG. 5 based on the document image 
pixels 518-526. 

[0061] When processing the document image 702 of FIG. 
7, the automatic deskeW and cropping system 322 (FIG. 3) 
only sends the pixel information of the six boundary pixels 
710 through 720 to imaging program 326 (FIG. 3). Based on 
these six pixels 710-720, the imaging program 326 creates 
a smallest rectangle 800 that contains all of these pixels and 
the document image 702. The imaging program 326 then 
trims aWay everything in the scan image 700 of FIG. 7 that 
is outside of the rectangle 800 to obtain the cropped docu 
ment image 702. 

[0062] As can be seen from FIG. 3, because the automatic 
deskeW and cropping system 322 interfaces With the scan 
control program 324, the automatic deskeW and cropping 
system 322 receives one scan line of pixels from the scan 
control program 324 as soon as the scan control program 324 
controls the scanner 218 to ?nish scanning one such scan 
line. This causes the automatic deskeW and cropping system 
322 to operate in parallel With the operation of the scan 
control program 324. As a result, the automatic deskeW and 
cropping system 322 can determine the skeW angle and 
boundary information of the document image of the docu 
ment 310 as soon as the scan control program 324 ?nishes 
scanning the document 310. 

[0063] It is, hoWever, appreciated that the automatic 
deskeW and cropping system 322 is not limited to the above 
described con?guration. FIG. 4 shoWs another embodiment 
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of the image processing system 320 in Which the automatic 
deskeW and cropping system 322 only interfaces With the 
imaging program 326. This alloWs the automatic deskeW and 
cropping system 322 to detect the skeW angle and boundary 
information of the document image of the document 310 
after the entire document 310 has been scanned and its scan 
image has been sent to the imaging program 326 from the 
scan control program 324. 

[0064] FIG. 9A illustrates a sample user interface for 
implementing the automatic deskeW and image cropping 
system of FIGS. 3 and 4. The present invention increases 
user ease by automatically deskeWing and cropping scanner 
background information and extraneous information 
(although automatic functions can be disabled, if desired). 
For automatic operation, the system starts 810 a user is given 
options for specifying a type of document to be scanned, 
such as text only, mixed format, photo only, custom options, 
etc., and the automatic deskeW and cropping system 322 
?nds the best crop and deskeW operation. The options can be 
presented in tWo tiers. The ?rst tier alloWs novice users to 
simply specify the kind of document they are scanning 
(photo only, mixed document, etc.). The second tier alloWs 
more sophisticated users to further customiZe processing. 

[0065] Namely, several options can be presented to a user. 
These options increase processing ?exibility for the user. 
First, second and third options 812, 814, 816 can be for 
novice users and a fourth option 818 can be for advanced 
users With customiZation functions. The ?rst option 812 can 
be for images that contain text only and the second option 
814 can be for mixed formats (for example, images that 
contain a combination of photographs, text, graphics, etc). 
For the ?rst and second options 812, 814, automatic deskeW 
and cropping functions are preferably disabled 815 and the 
routine ends 817. The third option 816 can be for images that 
contain only photos. If the user chooses the fourth option 
818, the user can be presented With three customiZation 
sub-options. A ?rst sub-option 820 for images that contain 
only photos, a second sub-option 822 for mixed formats and 
a third sub-option 824 for manually disabling the automatic 
functions 826 after Which, the routine ends 828. 

[0066] If the third option 824 and the ?rst sub-option 820 
are chosen, an automatic skeW and crop detection step 830 
is performed based on a ?rst set of prede?ned parameters 
(discussed beloW in detail). If the second suboption 822 is 
chosen, an automatic skeW and crop detection step 832 is 
performed based on a second set of prede?ned parameters 
(discussed beloW in detail). The automatic deskeW and 
cropping system 322 determines the boundaries and location 
of the scanner background and extraneous information, if it 
exists. As discussed above, the extraneous information can 
be caused by a document carrier. The document carrier 
information is found based on the ?rst and second set of 
prede?ned parameters (discussed beloW in detail). Next, the 
automatic deskeW and cropping system 322 performs an 
automatic deskeW and cropping (crop out portions of the 
scanned data that are not part of the photo) function as steps 
834 and 836, the routing then ends 838. For example, during 
cropping, unWanted scanner background or document car 
rier information Will be automatically cropped out. In addi 
tion, the automatic functions provide cropping for multiple 
photos being scanned as a single page. In this case, regions 
outside of the multiple photos are cropped out. 
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[0067] The following description is for illustrative pur 
poses only. The extraneous device can be any extraneous 
device and does not have to be a document carrier. Speci? 
cally, if a document carrier is the extraneous device causing 
the extraneous information, depending on the option chosen 
by the user, the automatic deskeW and cropping system 322 
searches for the knoWn physical characteristics of the par 
ticular document carrier. For instance, if the user chooses the 
third option or the ?rst sub-option, for example, for photos 
only, the automatic deskeW and cropping system 322 
searches for either a half or full siZe document carrier. This 
is because a user could utiliZe either the half or full siZe 
document carrier for a photo. Similarly, if the user chooses 
the second sub-option, for example for mixed formats, the 
automatic deskeW and cropping system 322 preferably 
searches for a full siZe document carrier. This is because a 
mixed document typically is too large for the half siZe 
document carrier. Therefore, a search is preferably per 
formed for either the half or full siZe document carrier if the 
third option or the ?rst sub-option (photo only) is chosen 
While a search is preferably performed for the full siZe 
document carrier if the second sub-option (mixed format) is 
chosen. 

[0068] For the half siZe document carrier, an initial search 
is performed for knoWn physical characteristics, such as a 
semicircle at the bottom, top, right, or left edges. This is 
because some document carriers, such as the half siZe 
document carrier, can be fed into the scanner device in any 
orientation. As a result, the knoWn physical characteristic, 
such as the semicircle, can appear at the bottom, top, left or 
right edges of the scan. For the full siZe document carrier, an 
initial search is performed for knoWn physical characteris 
tics, such as a semicircle at the bottom or top edges. This is 
because some document carriers, such as the full siZe 
document carrier, can be fed into the scanner device in only 
tWo orientations. As such, the knoWn physical characteristic, 
such as the semicircle, can appear only at the bottom or top 
edges of the scan. 

[0069] If the knoWn physical characteristic is found, 
scanned data representing edges of the document carrier are 
ignored during computation of skeW and crop statistics, and 
are eventually cropped out and discarded as unWanted 
information of the scan. Also, because the full siZe document 
carrier is too long to be fed sideWays, only one orientation 
for scanning exists if the full siZe document carrier is used. 
As such, the knoWn physical characteristic, such as the 
semi-circle, can only be at the bottom or top edges and 
cannot be at the left or right edges. Hence, the present 
invention searches for these knoWn physical characteristics 
of document carriers, such as semi-circles, and crops out 
unWanted information appropriately. By ignoring the edges 
of the document carrier, more accurate automatic deskeWing 
and cropping of the information of interest can be per 
formed. 

[0070] FIGS. 9B and 9C shoW the process of the auto 
matic deskeW and cropping system 322 (FIGS. 3 and 4) in 
developing the edge segments and the six boundary pixels of 
the document image. FIG. 10 shoWs the process of the 
system 322 of FIGS. 3 and 4 in detecting the skeW angle of 
the document image based on the edge segments developed 
by the process of FIGS. 9B and 9C. FIG. 11 shoWs hoW 
edge segments are developed in a rectangular document 
image. FIG. 12 shoWs hoW edge segments are developed in 
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a circular or oval document image. FIGS. 9B, 9C and 10 
Will be described in more detail beloW, also in connection 
With FIGS. 11 and 12. 

[0071] In one embodiment, an edge of the document 
image is determined Within a scan image and that edge is 
used to determine the skeW angle of the document image. 
The edge can be determined by locating the ?rst or last 
document image pixel of each scan line of pixels in the scan 
image that belongs to the document image (i.e., the edge 
pixel of the document image along that scan line). This is 
accomplished by comparing each scan line of pixels With a 
predetermined scan line of background pixels. The skeW 
angle of the document image is then determined by com 
puting the slope of the detected edge in the scan image. 

[0072] In another embodiment, a pixel of a scan line is 
regarded as an image pixel When its color is different from 
the color of the corresponding reference background pixel 
by more than the predetermined threshold value and the 
color of its adjacent pixel is also different from the color of 
the corresponding reference background pixel by more than 
the predetermined threshold value. In other Words, small 
groups of pixels are analyZed together, such as a neighbor 
hood of pixels. This can be accomplished by using a sliding 
WindoW of pixels. This increases accuracy and more readily 
distinguishes actual Wanted document data from unWanted 
extraneous information and background noise. This embodi 
ment is more robust in the presence of scanner noise. 

[0073] Speci?cally, as can be seen from FIGS. 9B and 
9C, the process starts at step 900. At step 902 color values 
of background pixels are set. At step 904 variables are 
initialiZed and a neighborhood siZe is de?ned. The neigh 
borhood siZe can be de?ned With a pixel siZe having a 
neighborhood height of pixels and a neighborhood Width of 
pixels (nh roWs, nW columns). The values are set as the 
reference values for comparing With the colors of the pixels 
of a neighborhood around each scan line of the scan image 
to locate the ?rst and last image pixels (i.e., edge pixels) of 
each scan line. In another embodiment, only the luminance 
valve of each pixel is used, Where luminance is computed as 
approximately one-fourth red, one-half green, and one 
eighth blue. In one embodiment, a pixel is regarded as an 
image pixel When its color (or luminance) is different from 
the color (or luminance) of the corresponding reference 
background pixel by more than a predetermined threshold 
value. The term color Will be used hereinafter interchange 
ably to mean color and/or luminance. The threshold value is 
typically a constant that is determined based on the expected 
variability of the scanner background. 

[0074] At step 906, a sliding WindoW can be set up as a 
neighborhood of pixels comprised of several roWs, such as 
tWo, three, four, etc. roWs. The siZe of the sliding WindoW or 
neighborhood of pixels can be adjusted to suit certain 
conditions. For example, a larger neighborhood of pixels can 
be used When a photograph is to be scanned. In contrast, a 
smaller neighborhood of pixels can be used When a mixed 
document is to be scanned. It should be noted that the 
neighborhood of pixels for a mixed document should not 
exceed a maximum predetermined value. This is because 
text data could be mistaken as background noise if a 
neighborhood of pixels that is too large is used. The neigh 
borhood of pixels can be de?ned With a siZe having a 
neighborhood height and a neighborhood Width (nh roWs, nW 
columns). 










