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(57) ABSTRACT 

Method and system aspects for increasing storage capacity 
in a digital image capture device are described. Compression 
levels of saved image ?les are utilized to increase storage 
capacity by identifying a level of compression of a saved 
image ?le in the digital image capture device. The identi?ed 
level of compression is compared With a predetermined level 
of compression, and the saved image ?le is compressed to 
the predetermined level of compression When the identi?ed 
level of compression does not match the predetermined level 
of compression to free storage space in the digital image 
capture device. 
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METHOD AND SYSTEM FOR INCREASING 
STORAGE CAPACITY IN A DIGITAL IMAGE 

CAPTURE DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to an image 
capture device and more particularly to a method and system 
for increasing storage capacity on demand in an image 
capture device. 

BACKGROUND OF THE INVENTION 

[0002] In general, modem digital cameras for taking pic 
tures of scenes and the like typically include an imaging 
device Which is controlled by a computer running a single 
threaded process. When an image is captured, the imaging 
device is eXposed to light and generates raW image data 
representing the image. The raW image data is typically 
stored in a single image buffer Where it is then processed and 
compressed by the processor. Many types of compression 
schemes are used to compress the image data, With the joint 
photographic eXpert group (JPEG) standard being the most 
popular. After the processor processes and compresses the 
raW image data into JPEG image ?les, the processor stores 
the JPEG image ?les into an internal memory or on an 
external memory card. 

[0003] While digital cameras do alleviate the hassles of 
using and developing ?lm that are required by ?lm-based 
cameras, digital cameras are not Without their share of 
concerns. One main concern is the maintenance of storage 
space in the digital camera. Most users desire the ability to 
take images on an instant’s notice. Inherently, a limitation 
eXists due to the camera’s storage capacity. Even With the 
use JPEG compression techniques to ef?ciently utiliZe stor 
age, users are often hampered When taking an image as a 
result of a lack of storage space. Thus, the ability to 
ef?ciently increase the storage capacity in a digital camera 
is highly desirable. 

[0004] Accordingly, a need eXists for a convenient and 
ef?cient manner of increasing storage capacity in an image 
capture unit. The present invention addresses such a need. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides aspects for increas 
ing storage capacity in a digital image capture device. 
Compression levels of saved image ?les are utiliZed to 
increase storage capacity by identifying a level of compres 
sion of a saved image ?le in the digital image capture device. 
The identi?ed level of compression is compared With a 
predetermined level of compression, and the saved image 
?le is compressed to the predetermined level of compression 
When the identi?ed level of compression does not match the 
predetermined level of compression to free storage space in 
the digital image capture device. 

[0006] Through the present invention, the ability to 
increase storage space in a storage device of a digital image 
capture unit is achieved. Thus, on-demand image capture is 
successfully supported With reduced risk of a lack of storage 
space. These and other advantages of the aspects of the 
present invention Will be more fully understood in conjunc 
tion With the folloWing detailed description and accompa 
nying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 illustrates a block diagram of one preferred 
embodiment of a digital camera 110 is shoWn for use in 
accordance With the present invention. 

[0008] FIGS. 2A and 2B are diagrams depicting eXem 
plary hardWare components of the camera’s user interface. 

[0009] FIG. 3 is a diagram illustrating the operation and 
appearance of the user interface When the camera is placed 
into revieW mode. 

[0010] FIG. 4 illustrates a diagram of one embodiment for 
an image ?le. 

[0011] FIG. 5 illustrates a diagram of one embodiment for 
the image tags. 

[0012] FIG. 6 illustrates a block ?oW diagram of a method 
for increasing storage capacity in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The present invention relates to a method and 
system for increasing storage capacity in a digital image 
capture device. The folloWing description is presented to 
enable one of ordinary skill in the art to make and use the 
invention and is provided in the conteXt of a patent appli 
cation and its requirements. Although the present invention 
Will be described in the conteXt of a still digital camera, 
various modi?cations to the preferred embodiment Will be 
readily apparent to those skilled in the art and the generic 
principles herein may be applied to other embodiments. That 
is, any digital imaging capture device Which captures, stores, 
or displays digital images, could incorporate the features 
described hereinbeloW and that device Would be Within the 
spirit and scope of the present invention. Thus, the present 
invention is not intended to be limited to the embodiment 
shoWn but is to be accorded the Widest scope consistent With 
the principles and features deseribed herein. 

[0014] Referring noW to FIG. 1, a block diagram of one 
preferred embodiment of a digital camera 110 is shoWn for 
use in accordance With the present invention. Camera 110 
preferably comprises an imaging device 114, a system bus 
116 and a computer 118. Imaging device 114 includes an 
image sensor, such as a charged coupled device (CCD) or a 
CMOS sensor, for generating a set of raW image data 
representing a captured image. In a preferred embodiment, 
system bus 116 provides connection paths betWeen imaging 
device 114, an optional poWer manager 342, central pro 
cessing unit (CPU) 344, dynamic random-access memory 
(DRAM) 346, input/output interface (I/O) 348, non-volatile 
memory 350, and buffers/connector 352 that connect an 
optional removable memory 354 to system bus 116. 

[0015] CPU 344 may include a conventional micropro 
cessor device for controlling the operation of camera 110. In 
the preferred embodiment, CPU 344 is capable of concur 
rently running multiple softWare routines to control the 
various processes of camera 110 Within a multithreaded 
environment. For eXample, images may be captured at the 
same time that previously captured images are processed in 
the background to effectively increase the capture rate of the 
camera. In a preferred embodiment, CPU 244 runs an 
operating system that includes a menu-driven GUI and 
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provides image processing through software, rather than 
hardWare. An example of such software is the DIGITA 
Operating Environment by FlashPoint Technology of San 
Jose, Calif. Although CPU 344 is preferably a microproces 
sor, one or more DSPs (digital signal processor) or ASICs 
(Application Speci?c Integrated Circuit) could also be used. 
[0016] U0 348 is an interface device alloWing communi 
cations to and from computer 118. For example, I/O 348 
permits an external host computer (not shoWn) to connect to 
and communicate With computer 118. I/O 348 also inter 
faces With a plurality of buttons and/or dials 404, and an 
optional status LCD 406, Which in addition to the LCD 
screen 402, are the hardWare elements of the camera’s user 
interface 408. 

[0017] Non-volatile memory 350, Which may typically 
comprise a conventional read-only memory or ?ash 
memory, stores a set of computer-readable program instruc 
tions to control the operation of camera 110. Removable 
memory 354 serves as an additional image data storage area 
and is preferably a non-volatile device, such a ?ash disk, 
readily removable and replaceable by a camera 110 user via 
buffers/connector 352. 

[0018] PoWer supply 356 supplies operating poWer to the 
various components of camera 110. PoWer manager 342 
communicates via line 366 With poWer supply 356 and 
coordinates poWer management operations for camera 110. 
In the preferred embodiment, poWer supply 356 provides 
operating poWer to a main poWer bus 362 and also to a 
secondary poWer bus 364. The main poWer bus 362 provides 
poWer to imaging device 114, I/O 348, non-volatile memory 
350 and removable memory 354. The secondary poWer bus 
364 provides poWer to poWer manager 342, CPU 344 and 
DRAM 346. 

[0019] PoWer supply 356 is connected to main batteries 
358 and also to backup batteries 360. In the preferred 
embodiment, a camera 110 user may also connect poWer 
supply 356 to an external poWer source. During normal 
operation of poWer supply 356, the main batteries 358 
provide operating poWer to poWer supply 356 Which then 
provides the operating poWer to camera 110 via both main 
poWer bus 362 and secondary poWer bus 364. During a 
poWer failure mode in Which the main batteries 358 have 
failed (When their output voltage has fallen beloW a mini 
mum operational voltage level) the backup batteries 360 
provide operating poWer to poWer supply 356 Which then 
provides the operating poWer only to the secondary poWer 
bus 364 of camera 110. 

[0020] Dynamic Random-Access-Memory (DRAM) 346 
is a contiguous block of dynamic memory that may be 
selectively allocated for various storage functions. DRAM 
346 stores both raW and compressed image data and is also 
used by CPU 344 While executing the softWare routines used 
Within computer 118. The raW image data received from 
imaging device 114 is temporarily stored in several input 
buffers (not shoWn) Within DRAM 346. Once the raW image 
data is processed, it is stored in a frame buffer (not shoWn) 
for display on the LCD screen 402. In a preferred embodi 
ment, the input buffers and the frame buffer are split into tWo 
ping-pong buffers to improve the display speed of the digital 
camera and to prevent the tearing of the image in the display 
402. After processed image data has been stored in DRAM 
346, LCD controller 390 transfers the image data to LCD 
screen 402 for display. 
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[0021] FIGS. 2A and 2B are diagrams depicting exem 
plary hardWare components of the camera’s user interface 
408. FIG. 2A is back vieW of the camera 110 shoWing the 
LCD screen 402, a four-Way navigation control button 409, 
an overlay button 412, a menu button 414, and a set of 
programmable soft keys 416. FIG. 2B is a top vieW of the 
camera 110 shoWing a shutter button 418, and a mode dial 
420. The camera may optionally include status LCD 406, 
status LCD scroll and select buttons 422 and 424, a sound 
record button 426, and Zoom-in, Zoom-out buttons 426a and 
426b. 

[0022] The camera operates in at least tWo modes, capture 
mode for capturing images, and play mode for playing back 
the captured images on the LCD screen 402. Further pref 
erably included is a revieW mode. 

[0023] Referring noW to FIG. 3, a diagram illustrating the 
operation and appearance of the user interface When the 
camera is placed into revieW mode is shoWn. The revieW 
mode enables the user to vieW all the images in the camera 
along With speci?c attributes associated With each of the 
images. 

[0024] The revieW screen layout is based on a ?lmstrip 
metaphor Which alloWs users to quickly move forWard and 
backWard among pictures chronologically. In a preferred 
embodiment, several small-siZed versions of the captured 
images, called thumbnails 700, are displayed in a roW across 
the LCD screen 402. The user may scroll through the series 
of displayed thumbnails 700 in the LCD screen 402 using 
the four-Way navigation control button 409. The direction of 
scrolling is capably mapped to the horiZontal left/right 
buttons 410a and 410b. When the user presses the left/right 
buttons 410, the thumbnails 700 are scrolled-off the LCD 
screen 402 and replaced by neW thumbnails 700 represent 
ing other captured images. 

[0025] A stationary selection arroW line 702 is used as 
both a navigational aid and to indicate Which thumbnail is 
the currently selected image. When there are more than four 
images in the camera, the selection arroW line 702 displays 
arroW heads to indicate movement in that direction is 
possible With the left/right navigation buttons 410. As the 
user presses the navigation buttons 410 and the thumbnails 
700 scroll across the LCD screen 402, the thumbnail 700 
that is positioned over a notch in the selection arroW line 702 
is considered the selected image. 

[0026] When a thumbnail 700 becomes the selected 
image, additional information corresponding to that image is 
automatically displayed. In a preferred embodiment, the 
additional information includes a large thumbnail 704 shoW 
ing a larger vieW of the selected thumbnail, and image 
information comprising an icon bar 706 and text 708. The 
icon bar may display several icons indicating the media 
types associated With the active image, such as Whether the 
image is a still, a time lapse, or a burst image, Whether sound 
is attached to the image, and a category for the image. The 
displayed text 708 may include a speci?cation of the name 
or number of the image, and the date and time the image Was 
captured. 

[0027] FIG. 4 illustrates a diagram of one embodiment for 
an image ?le 835. Image ?le 835 includes a header 805, 
image data 810, a screennail 815, a thumbnail 820, and 
image tags 825. 
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[0028] Header 805 preferably includes information that 
identi?es and describes the various contents of image ?le 
835. Image data 810 contains actual captured image data. 
Image data 810 exists in Whichever format that is appropri 
ate for the current location of image ?le 835 Within the 
image processing chain of the camera 110. Screennail 815 
and thumbnail 820 are each different versions of image data 
810 that have varying degrees of reduced resolution for a 
number of special vieWing applications. 

[0029] Image tags 825 include various types of informa 
tion that correspond and relate to particular captured image 
data 810, as discussed in conjunction With FIG. 5. 

[0030] Referring to FIG. 5, a diagram of one embodiment 
for the image tags 825 is shoWn. In the FIG. 5 embodiment, 
image tags 825 include capture information tags, user tags 
715, product tags 720, and automatic category tags 735. 
Capture information tags 710 preferably include various 
types of information that correlate With the capture image 
data 810. For example, capture information tags 710 may 
indicate focus setting, aperture setting, and other relevant 
information that may be used for effectively processing or 
analyZing the corresponding image data. User tags 715 
include those labels a user speci?es for a given image, often 
referred to as ‘stamps’, such as ‘birthday’ or ‘vacation’, etc., 
that aid in personal categoriZation of the images. Product 
tags 720 typically contain various other information, such as 
camera 110 manufacturer. 

[0031] Automatic category tags 735 result from analysis 
of the image data, such as described in co-pending US. 
patent application, Ser. No. (unknown), entitled “System and 
Method for Automatic Analysis and Categorization of 
Images in an Electronic Imaging Device”, assigned to the 
assignee of the present invention, and ?led . For 
example, individual image analysis may generate automatic 
category tags 735 based on detection of a person or groups 
of persons according to characteristics, like substantial 
amounts of ?esh tones Within the image. Category tags 
resulting from detection of nature scenes from characteris 
tics, like substantial green content in the image combined 
With the relative lack of hard edges, are also possibly 
automatically generated. Similarly, categories like city 
images, Water images, or indoor images may be detected by 
characteristic features contained in those images. 

[0032] In the processing of the digital images in camera 
110, to conserve storage space, compression techniques are 
routinely employed, such as JPEG compression techniques. 
Compression techniques normally are chosen based on a 
balance betWeen the time needed to perform the compres 
sion and the amount of data loss during compression. 
Usually, higher quality compression techniques, i.e., more 
lossless techniques, take longer to perform. While storage 
space is conserved through compression, conserving enough 
storage space in camera 110 for at least one image is alWays 
desirable to ensure that at any moment, a desired image is 
able to be captured. Accordingly, in the present invention, 
maintaining suf?cient storage space is achieved for a digital 
camera. 

[0033] Referring to FIG. 6, a How diagram illustrates an 
overall sequence for producing storage space from saved 
image ?les in accordance With the present invention. The 
method initiates once a storage recovery procedure has been 
enabled, as determined via step 1000. By Way of example, 
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insufficient storage space for an image may not be discov 
ered until an attempt is made by a user to take an image. In 
accordance With one embodiment, therefore, the decision to 
initiate storage recovery occurs When a user responds affir 
matively to an appropriate prompt that is provided by the 
camera 110 When there is not enough storage space for a 
current attempt to capture an image. Alternatively, the 
storage recovery procedure may be initiated as a continuous 
background process through selection of a menu item or 
another appropriate selection means by a user When setting 
up an image capture session. 

[0034] Once enabled, the storage recovery procedure con 
tinues With examination of stored image ?les to determine 
Whether the stored image ?le has been compressed to a 
predetermined compression level (step 1002). If the image 
?le has not been compressed to the predetermined level, the 
image ?le is compressed to the predetermined level (step 
1004). For example, as previously mentioned, JPEG com 
pression techniques are often employed to compress image 
data before storage. Thus, most image ?les Will be stored as 
compressed JPEG ?les. HoWever, further compression of 
the image ?le is possible via alternative compression tech 
niques, such as Wavelet compression algorithms. Thus, the 
storage recovery procedure employs the alternative com 
pression algorithm to further compress a stored image ?le to 
the predetermined level. The identi?cation of the level of 
compression is capably done by identifying a ?le extension 
that indicates compression, such as “.jpg” for JPEG ?les or 
by looking in the ?le header. Once the predetermined 
compression level has been reached, the process continues 
With a next image ?le, as determined via step 1006, until 
enough storage space has been freed, or there are no more 
stored image ?les that require further compression. In this 
manner, an increase in the storage capacity of a digital 
camera is achieved. 

[0035] Thus, the present invention ef?ciently maintains 
suf?cient storage space for capturing an image. While the 
level of compression for a given image ?le has been 
described as a preferred designator for identifying ?les that 
are processed to produce additional storage space, the des 
ignation may also be done more speci?cally by a user. For 
example, a user may knoW that certain ?les that are still 
being carried in the camera have actually been copied/ 
archived. Thus, a user could tag these ?les When vieWed in 
revieW mode, such as through a menu selection item, as 
highest priority candidates for further compression. Con 
versely, certain ?les could also be tagged as unavailable for 
further compression, such as When it is desired to maintain 
the quality of the image. Of course, the process of FIG. 6 
Would then require a ?rst check for ?les tagged With the 
priority to perform the additional compression on these ?les 
?rst and a check to determine Whether the ?le has been 
marked as unavailable for further compression. Thus, the 
ability to increase storage is adaptive to accommodate user’s 
inputs. 

[0036] Although the present invention has been described 
in accordance With the embodiments shoWn, one of ordinary 
skill in the art Will readily recogniZe that there could be 
variations to the embodiments and those variations Would be 
Within the spirit and scope of the present invention. It should 
be appreciated that although particular mention has been 
made of JPEG ?le formats, the present invention is suitable 
for use With any ?le format, not just JPEG. In addition, 
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software Written according to the present invention may be 
stored on a computer-readable medium, such as a removable 
memory, or transmitted over a netWork, and loaded into the 
digital camera for eXecution. Accordingly, many modi?ca 
tions may be made by one of ordinary skill in the art Without 
departing from the spirit and scope of the appended claims. 

What is claimed is: 
1. Amethod for producing storage space in a digital image 

capture device, the method comprising: 

(a) identifying a level of compression of a saved image 
?le in the digital image capture device; 

(b) comparing the identi?ed level of compression With a 
predetermined level of compression; and 

(c) compressing the saved image ?le to the predetermined 
level of compression When the identi?ed level of com 
pression does not match the predetermined level of 
compression to free storage space in the digital image 
capture device. 

2. The method of claim 1 further comprising performing 
steps (a), (b), and (c) as a background process in the digital 
image capture device. 

3. The method of claim 1 further comprising performing 
steps (a), (b), and (c) in response to insuf?cient storage space 
during an image capture session. 

4. The method of claim 3 further comprising selecting the 
performance of steps (a), (b), and (c) by a user during the 
image capture session. 

5. The method of claim 1 Wherein the identi?ed level of 
compression results from compression according to a JPEG 
compression algorithm. 

6. The method of claim 1 Wherein the predetermined 
compression level results from compression according to a 
Wavelet compression algorithm. 

7. The method of claim 1 further comprising repeating 
steps (a), (b), and (c) for each digital image saved in the 
digital image capture device. 

8. A method for reclaiming storage space in a digital 
image capture device during an image capture session, the 
method comprising: 

initiating capture of a digital image; 

identifying insuf?cient storage space for the digital image 
in the digital image capture device; 

determining Whether a storage recovery procedure is 
desired; and 

reclaiming storage space through the storage recovery 
procedure from at least one saved digital image ?le 
When the storage recovery procedure is desired. 

9. The method of claim 8 Wherein the storage recovery 
procedure further comprises: 

(a) identifying a level of compression of a saved image 
?le in the digital image capture device; 

(b) comparing the identi?ed level of compression With a 
predetermined level of compression; and 
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(c) compressing the saved image ?le to the predetermined 
level of compression When the identi?ed level of com 
pression does not match the predetermined level of 
compression to free storage space in the digital image 
capture device. 

10. The method of claim 9 further comprising repeating 
steps (a), (b), and (c) until enough storage space has been 
reclaimed to store the digital image. 

11. The method of claim 9 Wherein the identi?ed level of 
compression results from compression according to a JPEG 
compression algorithm. 

12. The method of claim 9 Wherein the predetermined 
compression level results from compression according to a 
Wavelet compression algorithm. 

13. The method of claim 9 further comprising designating 
an image ?le as unavailable for the storage recovery proce 
dure. 

14. A system for increasing storage capacity in a digital 
image capture device, the system comprising: 

storage means for storing digital image data captured With 
the digital image capture device; and 

processing means for processing the digital image data to 
form digital images, Wherein the processing means 
identi?es insuf?cient storage space for a digital image 
in the digital image capture device, determines Whether 
a storage recovery procedure is desired, and reclaims 
storage space in the storage means through the storage 
recovery procedure from at least one saved digital 
image ?le in the storage means When the storage 
recovery procedure is desired. 

15. The system of claim 14 Wherein the processing means 
performs the storage recovery procedure by: 

(a) identifying a level of compression of a saved image 
?le in the digital image capture device; 

(b) comparing the identi?ed level of compression With a 
predetermined level of compression; and 

(c) compressing the saved image ?le to the predetermined 
level of compression When the identi?ed level of com 
pression does not match the predetermined level of 
compression to free storage space in the digital image 
capture device. 

16. The system of claim 15 Wherein the processing means 
repeats steps (a), (b), and (c) until enough storage space has 
been reclaimed in the storage means to store the digital 
image. 

17. The system of claim 16 Wherein the identi?ed level of 
compression results from compression according to a JPEG 
compression algorithm. 

18. The system of claim 16 Wherein the predetermined 
compression level results from compression according to a 
Wavelet compression algorithm. 


