
(19) United States 

Craig et al. 

US 20050212955A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0212955 A1 
(43) Pub. Date: Sep. 29, 2005 

(54) SYSTEM AND METHOD FOR ANALYZING A 

(76) 

(21) 

DIGITAL IMAGE 

Inventors: Murray D. Craig, JohnstoWn, CO 
(US); Gregory Hofer, Loveland, CO 
(US); Susan E. Manson, Berthoud, CO 
(US); Amy E. Battles, Windsor, CO 
(Us) 

Correspondence Address: 
HEWLETT PACKARD COMPANY 
P O BOX 272400, 3404 E. HARMONY ROAD 
INTELLECTUAL PROPERTY 
ADMINISTRATION 
FORT COLLINS, CO 80527-2400 (US) 

(22) Filed: Feb. 8, 2005 

Related US. Application Data 

Continuation of application No. 10/461,600, ?led on 
Jun. 12, 2003. 

(63) 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..H04N 5/235 
(52) U.S. c1. ............................................................ ..348/362 

(57) ABSTRACT 
A method of analyzing images captured using an imaging 
device is provided herein. The analysis provides suggestions 
for changing a parameter of the imaging device during 

Appl. No.: 11/054,291 subsequent image capture. 

I _______________________________________________________ “I 

I @ MEMoRY E I 
| 
I , l 

I IMAGE ANALYSIS "54 ' 
I — uSER I 

' """"""""" " LOG'C @ INTEREAGE I 

IMAGE ; 
IMPROVEMENT I 

AFE LOGIC @ ~I62 ; 

112 I31 
N109 @SETHNCS l 

L04 IMAGE ASIC IMAGE EILE I 
SENSOR @ : 

A ID_2 MICRO I 
I : 141SDRAM CONTROLLER I 

204 : — 151 : 
— I 

I~I23 I 
I‘ I I 
: I18 154 : 

~ _________________________________ n, g m ~I24 : 

DISPLAY ' 
LENS 8 H9 DIIQCIJJQFEIS DATA i 

___.. --- I 

I27 I 
IMAGE I DISPLAY : 

128 DISPLAY 126 CONTROLLER : 
— -— | 

I 





Patent Application Publication Sep. 29, 2005 Sheet 2 0f 10 US 2005/0212955 A1 

13 5 \ 

IS 0 2 0 0 
2O 2 F 2 .5 

r’ 
2 O 8 

~ 212 

20 4 w 

206 

FIG. 2 



Patent Application Publication Sep. 29, 2005 Sheet 3 0f 10 US 2005/0212955 A1 

3 

0O \ @ f 302 
CAPTURE IMAGE 

‘I, f 304 

DISPLAY VIA INSTANT REVIEW 308 

306 Y S 

SESTHTTIXVGS 
NO 

312 

wast 
316 \ YES / 

ANALYZE IMAGE 314 

EVALUATE SETTINGS 

I 

318 

IMAGE ACCEPTABLE? 

0 

AND HELP SCREEN 

326 

ANOTHER IMAGE? 

YES 

332 M 
336\ YES 

CHANGE SETTINGS 
AUTOMATICALLY 

K 324 

DISPLAY INSTANT REVIEW SETTINGS 

334 \ 

CHANGE SETTINGS 
MANUALLY 

FIG. 3 



Patent Application Publication Sep. 29, 2005 Sheet 4 0f 10 US 2005/0212955 A1 

200 A'// 

202 WAS 
THE CAMERAIN 

APERTURE PMORHY CONTWUE TO 
MODE? THE NEXT 

ANALYSB 

206 IS 4 
THEIMAGE 2O 

OVER EXPOSED BY MORE 
THAN 2/3 OF 

A STOP? 

208 WAS 
EXPOSURE NO 

COMPENSAHON SET BETWEEN 
PRESELECTED 

VALUES? 

YES 

DETERMWE THE 
NUMBER OF STOPS '\*210 
OF OVER EXPOSURE 

DISPLAY A MESSAGE INDICATING 
THE NUMBER OF STOPS N212 

OF OVER EXPOSURE AND SUGGESTINC 
USING A SMALLER APERTURE SETTING 

FIG. 4 



Patent Application Publication Sep. 29, 2005 Sheet 5 0f 10 US 2005/0212955 A1 

230 f 

232 WAS 
THE CAMERA IN 

APERTURE PRIORITY CONTINUE TO 
MODE? THE NEXT 

ANALYSIS 

236 IS 2 
THE IMAGE 224 

OVER EXPOSED BY MORE 
THAN 2/3 OF 

A STOP? 

YES 

238 WAS 
EXPOSURE NO 

COMPENSATION SET BETWEEN 
PRESELECTED 

VALUES? 

YES 

DETERMINE THE 
NUMBER OF STOPS "V 240 
OF OVER EXPOSURE 

DISPLAY A MESSAGE INDICATING 
THE NUMBER OF SToPS ~242 

OF ovER EXPOSURE AND SUGGESTING 
USING A SMALLER APERTURE SETTING 

FIG. 5 



Patent Application Publication Sep. 29, 2005 Sheet 6 0f 10 US 2005/0212955 A1 

260 f 

202 

THE CVIIIIERA IN CONTINUE TO 
TV MODE THE NEXT 

- PROCESS 

YES z 
266 \ WAS 

EXPOSURE 264 
COMPENSATION SET TO 

A PRESELECTED 
VALUE? 

270 WAS 
THE EXPOSURE 

ERROR GREATER THAN 
A PRESELECTED 

VALUE? 

YES 

DISPLAY A MESSAGE INDICATING 
THAT THE IMAGE IS OVER EXPOSED. 

THE CAMERA IS IN SHUTTER PRIORITY MODE, 
AND THE SCENE BRIGHTNESS IS TOO HIGH FOR ~272 

THE CAMERA TO SELECT A LARGE ENOUGH 
F-NUMBER. SUGGEST USING A FASTER 
SHUTTER SPEED OR AUTOMATIC MODE. 

FIG. 6 



Patent Application Publication Sep. 29, 2005 Sheet 7 0f 10 US 2005/0212955 A1 

280 / 
284 

CONTINUE TO 
THE NEXT 
PROCESS 

282 WAS 
THE CAMERA IN 
BRACKETING 

MODE? 

DO 
THE NUMBER 

OF CLIPPED PIXEL 

288 DO 
THE NUMBER 

OF DARK PIXELS EXCEED 
A PRESELECTED 

VALUE’? 

DISPLAY A MESSAGE INDICATING THAT 
THE IMAGE IS UNDER EXPOSED AND THE 
EXPOSURE COMPENSATION IS NEGATIVE. ~292 

SUGGEST SETTING THE EXPOSURE 
COMPENSATION CLOSER TO ZERO. 

FIG. 7 



Patent Application Publication Sep. 29, 2005 

304 
WAS 

THE HANDH 
LIMIT RQEAC 

NO ELD 
HED 

YES 

DID 
THE STROBE YES 
ACTIVATE 

o 

NO 
$10 

WAS 
THE STROBE N0 

NEEDED 
? 

YES 

312 W AS 
THE CAMERA IN YES 
MACRO’, MODE 

NO 

S 
THE ZOOM SET 

TO WIDE ANGLE AND 
DID THE FOCUS 

PROCEED TO 
THE NEXT 
ANALYSIS 

326% 

Sheet 8 0f 10 

300 /— 

PROCEED TO 
THE NEXT 
ANALYSIS 

I 
306 

316 

I 
DISPLAY A MESSAGE INDICATING 

THAT THE IMAGE MAY BE 
OUT OF FOCUS IF A TRIPOD WAS 
NOT USED. SUGGEST REDUCING 

THE ZOOM, IMPROVING THE LIGHTING, 
AND STABILIZING THE CAMERA. 

YES 

320% 

DISPLAY TEXT INDICATING THAT 
THE IMAGE MAY BE OUT OF FOCUS 

IF A TRIPOD WAS NOT USED OR 
IF THE SUBJECT MOVED. SUGGEST 
USING AUTOMATIC FLASH MODE 
OR LEAVE THE FLASH OFF AND 

STABILIZE THE CAMERA. 

DISPLAY TEXT INDICATING THAT 
THE IMAGE MAY BE OUT OF FOCUS 

IF A TRIPOD WAS NOT USED OR 
IF THE SUBJECT MOVED. SUGGEST 
SETTING THE FLASH TO AUTOMATIC, 

STABILING THE CAMERA, AND 
USING A WIDER ZOOM. 

I 
324 

FIG. 8 

US 2005/0212955 A1 



Patent Application Publication Sep. 29, 2005 Sheet 9 0f 10 US 2005/0212955 A1 

400 / 

404 IS 
THE CAMERA 

IN BURST MODE PROCEED TO 
? THE NEXT 

ANALYSIS 

406 

DID 
THE CAMERA 

SHOULD 
THE STROBE HAVE 

ACTIIIIPATED 
YES 

DISPLAY TEXT INDIGATING THAT 
THE IMAGE MAY BE OUT OF 

FOCUS IF A TRIPOD WAS NOT USED 
BECAUSE THE HANDHELD LIMIT ~4I8 
WAS EXCEEDED. SUGGEST USING 

A TRIPOD OR OTHERWISE 
STABILIZING THE CAMERA. 

FIG. 9 



Patent Application Publication Sep. 29, 2005 Sheet 10 0f 10 US 2005/0212955 A1 

450 f 

452 D") 

SELECTH'THEJST$PE OF NO 
ILLUMINATION PFTPTEETEJEXTO 

? ANALYSIS 
YES 2 

458 WAS 454 
THE CAMERA 

SET TO COLOR 

MQPE 
YES 

DETERMINE THE 
BEST SETTING FOR ~ 460 
THE ILLUMINATION 

SOURCE 

462 WAS 
THE DETERMINED 

ILLUMINATION SOURCE THE 
SAME CHOSEN BY 

THE OUSER 

YES 

NO 

DISPLAY TExT INDICATING THAT 
THE IMACE MAY HAVE BEEN 

CAPTIIRED 0R PROCESSED USING 
AN INCORRECT wHITE BALANCE. w 464 
SDCCEST THE CORRECT WHITE 
BALANCE AS DETERMINED BY 

THE CAMERA 0R SET THE CAMERA 
T0 AUTOMATIC WHITE BALANCE. 

FIG. 10 



US 2005/0212955 A1 

SYSTEM AND METHOD FOR ANALYZING A 
DIGITAL IMAGE 

BACKGROUND 

[0001] With the proliferation of loW cost microprocessors, 
memory and image capture electronics, digital cameras are 
gaining popularity and are becoming more and more Widely 
available to a larger number of consumers. One of the 
advantages of a digital camera over a conventional ?lm 
camera is that When a digital camera captures an image, the 
image is stored electronically in a memory element associ 
ated With the camera and is available for immediate vieWing. 
For example, it is common to capture an image using a 
digital camera and then immediately display the captured 
image on a display screen associated With the digital camera. 
This ability to immediately vieW the image is commonly 
referred to as “instant revieW.” The ability to immediately 
revieW the recaptured image alloWs the user to immediately 
decide Whether the image is satisfactory and Worth keeping. 
The image may then be printed at a later time. 

[0002] Many characteristics for determining Whether the 
image is satisfactory may not be readily visually noticeable 
on the small display associated With many digital cameras. 
The displays used on the cameras typically are not able to 
display an image With the clarity of a printed image. 
Therefore, the user may not be able to determine Whether 
image quality Was optimiZed simply by vieWing the image 
displayed on the display. For example, While the image may 
appear to be in focus and exposed properly When vieWed on 
the camera display, the image may appear out of focus and 
improperly exposed When it is printed. Unfortunately, print 
ing the image is a time consuming and costly Way to 
determine Whether an image is satisfactory. 

SUMMARY 

[0003] A method of analyZing images captured using an 
imaging device is provided herein. The analysis provides 
suggestions for changing a parameter of the imaging device 
during subsequent image capture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a block diagram illustrating an embodi 
ment of a digital camera. 

[0005] FIG. 2 is a graphical illustration of an embodiment 
of an image ?le. 

[0006] FIG. 3 is a How chart describing the operation of 
an embodiment of the image analysis and improvement 
logic of FIG. 1. 

[0007] FIG. 4 is a ?oWchart describing an embodiment of 
detecting over exposure errors and suggesting corrections 
thereto. 

[0008] FIG. 5 is a ?oWchart describing an embodiment of 
detecting under exposure errors and suggesting corrections 
thereto. 

[0009] FIG. 6 is a ?oWchart describing an embodiment of 
analyZing an image that is over exposed and that Was 
captured using time value mode. 

[0010] FIG. 7 is a ?oWchart describing an embodiment of 
analyZing an image for exposure Wherein the image Was 
captured using bracketing. 
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[0011] FIG. 8 is a ?oWchart describing embodiments for 
analyZing an image for blur When the handheld limit has 
been exceeded and the strobe Was not activated. 

[0012] FIG. 9 is a ?oWchart describing embodiments for 
analyZing an image for blur When the image Was captured 
using the burst mode, the handheld limit Was exceeded, and 
the strobe Was not activated. 

[0013] FIG. 10 is a ?oWchart describing an embodiment 
for analyZing an image for White balance errors. 

DETAILED DESCRIPTION 

[0014] Devices and methods for analyZing images are 
described herein. The devices and methods described herein 
analyZe image data that is representative of images. The 
devices and methods for analyZing images may be imple 
mented in hardWare, softWare, ?rmWare, or a combination 
thereof. In one embodiment, the system and method for 
analyZing images are implemented using a combination of 
hardWare, softWare or ?rmWare that is stored in a memory 
and that is executable by a suitable instruction execution 
system. In the embodiments described herein, the device is 
a digital camera Wherein softWare stored on hardWare in the 
camera analyZes image data or otherWise instructs the digital 
camera to analyZe image data. 

[0015] The hardWare portion of the system and method for 
analyZing a captured image can be implemented With any or 
a combination of the folloWing technologies, Which are all 
Well knoWn in the art: a discreet logic circuit(s) having logic 
gates for implementing logic functions upon data signals, an 
application speci?c integrated circuit (ASIC) having appro 
priate combinational logic gates, a programmable gate 
array(s) (PGA), a ?eld programmable gate array (FPGA), 
etc. The softWare portion of the system and method for 
analyZing a captured image can be stored in one or more 
memory elements and executed by a suitable general pur 
pose or application speci?c processor. 

[0016] The softWare for analyZing images, Which com 
prises an ordered listing of executable instructions for imple 
menting logical functions, can be embodied in any com 
puter-readable medium for use by or in connection With an 
instruction execution system, apparatus, or device, such as a 
computer-based system, processor-containing system, or 
other system that can fetch the instructions from the instruc 
tion execution system, apparatus, or device and execute the 
instructions. In the context of this document, a “computer 
readable medium” can be any means, Which contain, store, 
communicate, propagate, or transport the program for use by 
or in connection With the instruction execution system, 
apparatus, or device. 

[0017] FIG. 1 is a block diagram illustrating an embodi 
ment of a digital camera 100, Which is sometimes referred 
to herein simply as a camera 100. In the implementation to 
be described beloW, the digital camera 100 includes an 
application speci?c integrated circuit (ASIC) 102 that 
executes the image analysis logic 150 described herein. As 
Will be described beloW, the image analysis logic 150 can be 
softWare that is stored in memory and executed by the ASIC 
102. In an alternative embodiment, the image analysis logic 
150 maybe be implemented in ?rmWare, Which can be stored 
and executed in the ASIC 102. Further, While illustrated 
using a single ASIC 102, the digital camera 100 may include 
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additional processors, digital signal processors (DSPs) and 
ASICs. It should be noted that the ASIC 102 may include 
other elements, Which have been omitted. As described in 
greater detail beloW, the ASIC 102 controls many functions 
of the digital camera 100. 

[0018] The camera 100 includes an image sensor 104. The 
image sensor 104 may comprise a charge coupled device 
(CCD) or an array of complementary metal oxide semicon 
ductors (CMOS), Which are both arrays of light sensors. 
Both the CCD and the CMOS sensor includes a tWo 
dimensional array of photosensors, Which are sometimes 
referred to as pixels. The pixels convert speci?c Wavelengths 
or colors of light intensities to voltages that are representa 
tive of the light intensities. In one embodiment, higher pixel 
values or voltages are representative of higher intensities of 
light and loWer pixel values are representative of loWer 
intensities of light. 

[0019] In one embodiment of the camera 100, the image 
sensor 104 captures an image of a subject by converting 
incident light into an analog signal. The analog signal is 
transmitted via a connection 109 to an analog front end 
(AFE) processor 111. The analog front end processor 111 
typically includes an analog-to-digital converter for convert 
ing the analog signal received from the image sensor 104 
into a digital signal. The analog front end processor 111 
provides this digital signal as image data via a connection 
112 to the ASIC 102 for image processing. 

[0020] The ASIC 102 is coupled to one or more motor 
drivers 119 via a connection 118. The motor drivers 119 
control the operation of various parameters of the lens 122 
via a connection 121. For example, lens controls, such as 
Zoom, focus, aperture and shutter operations can be con 
trolled by the motor drivers 119. A connection 123 betWeen 
the lens 122 and the image sensor 104 is shoWn as a dotted 
line to illustrate the operation of the lens 122 focusing on a 
subject and communicating light to the image sensor 104, 
Which captures the image provided by the lens 122. 

[0021] The ASIC 102 also sends display data via a con 
nection 124 to a display controller 126. The display con 
troller may be, for example, a national television system 
committee (NTSC)/phase alternate line (PAL) encoder, 
although, depending on the application, other standards for 
presenting a display data may be used. The display control 
ler 126 converts the display data from the ASIC 102 into a 
signal that can be forWarded via a connection 127 to an 
image display 128. The image display 128, Which, as an 
example may be a liquid crystal display (LCD) or other 
display, displays the captured image to the user of a digital 
camera 100. The image display 128 is typically a color 
display located on the digital camera 100. 

[0022] Depending on the con?guration of the digital cam 
era 100, the image shoWn to a user on the image display 128 
may be shoWn before the image is captured and processed, 
in What is referred to as “live vieW” mode, or after the image 
is captured and processed, in What is referred to as “instant 
revieW” mode. In some embodiments, a previously captured 
may be displayed in What is referred to as “revieW” or 
“playback” mode. The instant revieW mode is typically used 
to display the captured image to the user immediately after 
the image is captured and the playback mode is typically 
used to display the captured image to the user sometime after 
the image has been captured and stored in memory. 
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[0023] The instant revieW mode alloWs the user of the 
camera 100 to immediately vieW the captured image on the 
display 128. Unfortunately, because the image display 128 is 
typically small, only gross features, or characteristics, of the 
image can be visually observed. Furthermore, the image 
display 128 may not accurately reproduce color, tint, bright 
ness, etc., Which may further make it dif?cult for a user to 
determine the quality of the captured image. The dif?culty in 
visually determining the quality of the captured image leads 
to the possibility of saving an image that may include 
de?ciencies that, if visually detected, Would likely cause the 
user to discard the image and attempt to capture another 
image having better quality. In order to determine Whether 
the image includes de?ciencies that may not be apparent to 
the user When vieWing the captured image on the image 
display 128 in the instant revieW mode, the image analysis 
logic 150 dynamically analyZes one or more characteristics 
of the captured image. The analysis logic 150 then presents 
the user, via the image display 128 and a user interface, an 
analysis of the captured image. An exemplary dynamic 
analysis of the data for each pixel in a captured image is 
described beloW With reference to FIG. 2. In one embodi 
ment, information associated With each pixel may be ana 
lyZed to determine Whether a signi?cant number of the 
pixels forming the image are either black or White. A 
predominance of White pixels may be indicative of overex 
posure and a predominance of black pixels may be indica 
tive of underexposure. 

[0024] Similar dynamic analyses can be performed to 
determine Whether an image is in focus or to determine the 
White balance the image is correct. In one embodiment of 
determining Whether an image is in focus, pixels in an image 
are examined to determine Whether sharp transitions exist 
betWeen pixels. For example, a black pixel adjoining a White 
pixel may indicate that the image is in focus, While a black 
pixel separated from a White pixel by a number of gray 
pixels may indicate that the image is out of focus. 

[0025] White balance is a characteristic of the image that 
generally refers to the color balance in the image to ensure 
that White portions of the image appear White. An image in 
Which each pixel is a different shade of the same color may 
indicate an image in Which the White balance is improperly 
adjusted. 

[0026] Further, an image improvement logic 160 may be 
provided to present to the user a recommendation in the form 
of instructions presented on the image display 128 on Ways 
in Which to possibly improve a subsequent image. For 
example, the image improvement logic may suggest adjust 
ing a condition under Which the image Was captured or 
adjusting a setting or parameter used to capture the image. 
As Will be described beloW, in one embodiment the image 
analysis logic 150 analyZes the captured image and, option 
ally, the camera settings used to capture the image, and 
determines a value of one or more characteristics of the 
captured image. For example, to determine Whether the 
exposure of the image is satisfactory, if a prede?ned number 
of White pixels in the image is exceeded, then the image 
analysis logic 150 may indicate that the image is overex 
posed. Further, if the image analysis logic 150 determines 
that one or more characteristics of the captured image is not 
satisfactory to yield a high quality image, the image 
improvement logic 160 may determine Whether a condition 
used to capture the image should be adjusted, or Whether a 
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camera setting should be adjusted, to improve a subsequent 
image. For example, if the image analysis logic 150 deter 
mines that the image is underexposed, the image improve 
ment logic 160 may determine that a subsequent image may 
be improved by activating the camera ?ash for a subsequent 
image. 

[0027] When the image analysis logic 150 analyZes the 
data representing the captured image and the setting used to 
capture the image, the analysis can be used by the image 
improvement logic 160 to suggest adjustments to the set 
tings to improve a subsequent image. These suggested 
adjustments to the camera settings or parameters can be 
presented to the user on a help screen via the image display 
128, or, in an alternative con?guration, can be automatically 
changed for a subsequent image. 

[0028] It is noted that the image analysis logic 150 and the 
image improvement logic 160 may be a single unit. For 
example, they may exist in the same ?rmWare or be a single 
computer program. They have been split into separate func 
tions herein solely for illustration purposes. 

[0029] The ASIC 102 is coupled to a microcontroller 161 
via a connection 154. The microcontroller 161 can be a 
speci?c or general purpose microprocessor that controls the 
various operating aspects and parameters of the digital 
camera 100. For example, the microcontroller 161 may be 
coupled to a user interface 164 via a connection 162. The 
user interface 164 may include, for example but not limited 
to, a keypad, one or more buttons, a mouse or pointing 
device, a shutter release, and any other buttons or sWitches 
that alloW the user of the digital camera 100 to input 
commands. 

[0030] The ASIC 102 is also coupled to various memory 
modules, Which are collectively referred to as memory 136. 
The memory 136 may include memory internal to the digital 
camera 100 and/or memory external to the digital camera 
100. The internal memory may, for example, comprise ?ash 
memory and the external memory may comprise, for 
example, a removable compact ?ash memory card. The 
various memory elements may comprise volatile, and/or 
non-volatile memory, such as, for example but not limited 
to, synchronous dynamic random access memory (SDRAM) 
141, illustrated as a portion of the memory 136 and ?ash 
memory. Furthermore, the memory elements may comprise 
memory distributed over various elements Within the digital 
camera 100. 

[0031] The memory 136 may also store the image analysis 
logic 150, the image improvement logic 160, the settings ?le 
a 155 and the various softWare and ?rmWare elements and 
components (not shoWn) that alloW the digital camera 100 to 
perform its various functions. The memory also stores an 
image ?le 135, Which represents a captured image. When the 
system and method for analyZing an image is implemented 
in softWare, the softWare code (i.e., the image analysis logic 
150) is typically executed from the SDRAM 141 in order to 
enable the ef?cient execution of the softWare in the ASIC 
102. The settings ?le 155 comprises the various settings 
used When capturing an image. For example, the exposure 
time, aperture setting (f-stop), shutter speed, White balance, 
?ash on or off, focus, contrast, saturation, sharpness, ISO 
speed, exposure compensation, color, resolution and com 
pression, and other camera settings may be stored in the 
setting ?le 155. As Will be described beloW, the setting ?le 
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155 may be accessed by the image analysis logic 150 to 
analyZe a captured image by, in one example, determining 
the camera settings used to capture the image that is under 
analysis. 
[0032] The ASIC 102 executes the image analysis logic 
150 so that after an image is captured by the image sensor 
104, the image analysis logic 150 analyZes various charac 
teristics of the captured image. These characteristics may 
include characteristics of the captured image, or alterna 
tively, may include the settings used to capture the image. 
Further, if the image improvement logic 160 determines that 
the image could be improved by changing one or more of the 
conditions under Which the image Was captured, or by 
changing one or more camera settings, then the image 
improvement logic 160 can either suggest these changes via 
the user interface 164 and the image display 128, or can 
automatically change the settings and prepare the camera for 
a subsequent image. Embodiments of the analysis are 
described in greater detail beloW. 

[0033] FIG. 2 is a graphical illustration of an image ?le 
135. The image ?le 135 includes a header portion 202 and 
a pixel array 208. The header portion or other portion may 
include data, sometimes referred to herein as metadata, that 
indicates settings of the camera or conditions in Which the 
image Was captured. The metadata may be analyZed to 
determine Whether improvements to subsequent images may 
be made. The pixel array 208 comprises a plurality of pixels 
or pixel values, exemplary ones of Which are illustrated 
using reference numerals 204, 206 and 212. Each pixel in the 
pixel array 208 represents a portion of the captured image 
represented by the image ?le 135. An array siZe can be, for 
example, 2272 pixels Wide by 1712 pixels high. When 
processed, the image ?le 135 can also be represented as a 
table of values for each pixel and can be stored, for example, 
in the memory 136 of FIG. 1. For example, each pixel has 
an associated red (R), green (G), and blue (B) value. The 
value for each R, G and B component can be, for example, 
a value betWeen 0 and 255, Where the value of each R, G and 
B component represents the color that the pixel has captured. 
For example, if pixel 204 has respective R, G and B values 
of 0, 0 and 0, respectively, (or close to 0,0,0) the pixel 204 
represents the color black, or is close to black. Conversely, 
for the pixel 212, a respective value of 255 (or close to 255) 
for each R, G and B component represents the color White, 
or close to White. R, G and B values betWeen 0 and 255 
represent a range of colors betWeen black and White. 

[0034] The data for each pixel in the image ?le 135 can be 
analyZed by the image analysis logic 150 to determine 
characteristics of the image. For example, characteristics 
including, but not limited to, the exposure, focus or the White 
balance of the captured image can be analyZed. A predomi 
nance of White pixels may be indicative of overexposure and 
a predominance of black pixels may be indicative of under 
exposure. To determine Whether an image is in focus, pixels 
in an image are analyZed to determine Whether sharp tran 
sitions exist betWeen pixels. For example, a black pixel 
adjoining a White pixel may indicate that the image is in 
focus, While a black pixel separated from a White pixel by a 
number of gray pixels may indicate that the image is out of 
focus. An image in Which each pixel is a different shade of 
the same color may indicate a problem With the White 
balance of the image. An example of determining the 
exposure Will be described beloW With respect to FIG. 3. 
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[0035] FIG. 3 is a How chart 300 describing the operation 
of an embodiment of the image analysis logic 150 and the 
image improvement logic 160 of FIG. 1. Any process 
descriptions or blocks in the How chart to folloW should be 
understood as representing modules, segments or portions of 
code Which include one or more executable instructions for 
implementing speci?c logical functions or steps in the 
process, and alternative implementations are included Within 
the scope of the preferred embodiment. For example, func 
tions may be executed out of order from that shoWn or 
discussed, including substantially concurrently or in reverse 
order, depending on the functionality involved, as Would be 
understood by those reasonably skilled in the art of the 
present invention. 

[0036] In block 302 the image sensor 104 of FIG. 1 
captures an image. The image is stored in the memory 136 
as image ?le 135. In block 304, the image represented by the 
image data is displayed to the user of the digital camera 100 
via the image display 128 of FIG. 1 during the “instant 
revieW” mode. The instant revieW mode affords the user the 
opportunity to vieW the captured image subsequent to cap 
ture. 

[0037] In decision block 306, the user determines Whether 
he or she Wants to vieW the settings With Which the image 
Was captured. If the user Wants to vieW the settings, the 
settings are displayed to the user on the image display 128 
as indicated in block 308. If the user does not Want to vieW 
the settings, then, in decision block 312, it is determined 
Whether the user Wants the image analysis logic 150 to 
analyZe the image. If the user does not Want the image to be 
analyZed, then, in block 314 the image can be saved or 
discarded. Alternatively, the image analysis logic 150 can be 
invoked automatically Without user intervention. 

[0038] In block 316, the image analysis logic 150 analyZes 
the data Within the image ?le 135. The data is analyZed to 
determine various characteristics of the captured image. The 
folloWing example Will use exposure as the characteristic 
that is analyZed by the image analysis logic 150. HoWever, 
other characteristics, such as, focus and White balance, can 
be analyZed. Analysis of several of these other characteris 
tics Will be described in greater detail beloW. 

[0039] When analyZing exposure, the image analysis logic 
150 performs a pixel by pixel analysis to determine Whether 
the image includes a predominance of either black or White 
pixels. It should be noted that rather than sampling all the 
pixels constituting the image, a sample of the pixels may be 
analyZed. In this example, the data associated With each 
pixel in the image ?le 135 is analyZed to determine Whether 
a pixel is a black pixel or a White pixel. Each pixel is 
analyZed to determine its corresponding R, G and B values. 
For example, if the R, G and B values for the pixel 204 are 
all Zeros, the pixel is considered a black pixel. Each pixel in 
the pixel array 208 is analyZed in this manner to determine 
the number of black or White pixels in the pixel array 208 for 
this image ?le. A determination in block 306 that a substan 
tial portion of the pixels in the array 208 are black indicates 
that the image is likely underexposed. Conversely, a deter 
mination that many of pixels in the array 208 are White 
indicates that the image is likely overexposed. Of course the 
image may be of an all White or an all black subject, in Which 
case the user may choose to disregard the analysis. 

[0040] In an alternative embodiment, the data in the image 
?le 135 can be analyZed in combination With other data 

Sep. 29, 2005 

available either in the image ?le 135 or from the settings ?le 
155 in the camera 100. For example, additional data, some 
times referred to as metadata, saved in the header 202 of the 
image ?le 135 can be analyZed in conjunction With the 
information from each pixel in the array 208. This informa 
tion might include, for example, the ISO setting and the 
aperture setting (f-stop) used to capture the image. These 
data items can be used in conjunction With the pixel data 
above to develop additional information regarding the char 
acteristic of the analyZed image. Analysis of the settings Will 
be described in greater detail beloW. 

[0041] Furthermore, the image analysis logic 150 can also 
analyZe the camera settings used to capture the image and 
use those settings When analyZing the data in the image ?le 
135 to develop additional data regarding the image ?le 135. 
For example, the image analysis logic 150 can access the 
settings ?le 155 in the memory 136 of FIG. 1 to determine, 
for example, Whether the ?ash Was enabled, or to determine 
the position of the lens When the image Was captured. In this 
manner, the image analysis logic 150 can gather a range of 
information relating to the captured image to perform an 
analysis on the captured image ?le 135 to determine Whether 
the captured image meets certain criteria. To illustrate an 
example, if the image analysis logic 150 determines that the 
image is underexposed, i.e., the image ?le contains many 
black pixels, the image analysis logic 150 can access the 
settings ?le 155 to determine Whether the ?ash Was active 
When the image Was captured. If the image analysis logic 
150 determines that the ?ash Was turned off, the image 
analysis logic 150 may communicate With the image 
improvement logic 160 to recommend that the user activate 
the ?ash so that a subsequent image may have less likelihood 
of being underexposed. It should be noted that the settings 
?le 155 may be appended to the image ?le 135. 

[0042] In decision block 318, it is determined Whether the 
image data analyZed in block 316 represents an acceptable 
image. This can be an objective determination based on 
criteria that the user enters into the camera 100 via a user 
interface 164, FIG. 1, or can be preset in the camera 100 at 
the time of manufacture. Alternatively, the determination of 
Whether the image data represents an acceptable image can 
be a subjective determination based on user input. If the 
image is determined to be acceptable, then no further 
calculations or analysis are performed. 

[0043] If, hoWever, in decision block 318 the image analy 
sis logic 150 determines that certain conditions under Which 
the image Was captured or settings used to capture the image 
can be changed to improve the image, then, in block 322, the 
image improvement logic 160 evaluates the settings used to 
capture the data in the image ?le 135 to determine Whether 
a condition or setting can be changed to improve the image. 
In addition, the image improvement logic 160 can also 
develop recommendations to present to the user of the 
camera to improve a subsequent image. For example, if the 
analysis in block 316 suggests that the image Was underex 
posed, the image improvement logic 160 may develop 
“advice” to be presented to the user. In this example, as Will 
be described beloW, the image improvement logic 160 may 
suggest that the user activate the ?ash to improve a subse 
quent image. This suggestion may be provided to the user 
via the image display 128 in conjunction With the user 
interface 164. 
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[0044] In block 324, an instant review settings and help 
screen is displayed to the user. The instant revieW and help 
screen may include, for example, a thumbnail siZe display of 
the image, a display of the setting used to capture the image, 
an evaluation of the image and, if the user desires, sugges 
tions on Ways to improve the image. The evaluation of the 
image may include, for example, a noti?cation that charac 
teristics, such as exposure, focus and color balance are 
satisfactory. Suggestions on Ways in Which to improve the 
image may be communicated to the user via the image 
display 128 and may include, for example, changing a 
condition under Which the image Was captured, changing a 
setting With Which the image Was captured, or a combination 
of both changing a condition and a setting. 

[0045] In decision block 326, the user determines Whether 
another image is to be captured. If the user does not Want to 
capture another image, the process ends. If, hoWever, in 
decision block 326, the user Wants to capture another image, 
then, in decision block 332, it is determined Whether the user 
Wants to manually change a parameter, such as a condition 
or setting, for the subsequent image or, if the parameter is to 
be set automatically the digital camera 100, FIG. 1. 

[0046] If, in decision block 332, the user decides to 
manually change the setting, then, in block 334, the user 
changes the setting and the process returns to block 302 
Where another image is captured and the process repeats. If, 
hoWever, in decision block 332, the user Wants the digital 
camera 100 to automatically change the setting, then, in 
block 336, the setting used to capture the previous image are 
changed according to the neW setting determined in block 
324. The process then returns to block 302 to capture a 
subsequent image. 

[0047] Having described some embodiments of analyZing 
characteristics of an image and camera settings, other 
embodiments Will noW be described. 

[0048] In the folloWing embodiments, the data in the 
header 202, FIG. 2, of an image ?le 135 is sometimes 
referred to as metadata. As described above, the metadata 
may include several characteristics related to the camera 
settings at the time the image Was captured. These settings 
may be settings adjusted manually by the user or automati 
cally by the camera. In some embodiments of the image 
analysis logic 150, the metadata, and not the data represen 
tative of the pixels 208, is analyZed. 

[0049] It should be noted that the folloWing analysis 
provides determinations of some of the possible anomalies 
that may be detected by the image analysis logic 150. Thus, 
feWer or more possible anomalies may be detected. 

[0050] Exposure Errors 

[0051] Several possible exposure errors or anomalies may 
be detected by analyZing the metadata and the image data. 
Several methods may be used to determine these possible 
exposure errors. For example, as described above, the pixel 
values may be analyZed to determine Whether a preselected 
number of pixel values are above or beloW preselected 
values. The metadata may also be analyZed to determine the 
camera settings and ambient conditions at the time the image 
Was captured to determine if the camera settings Were 
proper. It is noted that the time of image capture refers to a 
time in Which the digital camera generated image data. 
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[0052] Over Exposure in Aperture Priority Mode 

[0053] Reference is made to FIG. 4, Which is a ?oWchart 
200 describing an embodiment of detecting over exposure 
errors and suggesting corrections to overcome the errors. In 
summary, the embodiment of the method set forth in FIG. 
4 suggests corrections When the image is over exposed by 
more than a predetermined amount and the camera is in 
aperture priority mode. Aperture priority mode enables a 
user to select an aperture setting during image capture. In 
this embodiment of the digital camera, the digital camera 
may have the above-described aperture priority mode and 
another mode Wherein the digital camera selects an aperture 
to use during image capture. 

[0054] In decision block 202, a decision is made as to 
Whether the camera Was in aperture priority mode during 
image capture. As described above, aperture priority mode 
enables a user of the camera to manually select an aperture 
setting. Data stored in the metadata may indicate Whether the 
camera Was in aperture priority mode during image capture. 
If the camera is not in aperture priority mode, processing 
proceeds to block 204 Where processing continues to the 
next analysis. More speci?cally, the suggestion ultimately 
offered by the ?oWchart 200 Will not be applicable to the 
camera setting When the camera is not in aperture priority 
mode. If the camera is in aperture priority mode, the analysis 
continues to decision block 206. 

[0055] In decision block 206, a decision is made as to 
Whether the image is over exposed by a predetermined 
amount. For example, the image may be analyZed to deter 
mine if the exposure is greater than a preselected stop value. 
In the embodiment of the How chart 200, the decision block 
206 determines Whether the image is over exposed by more 
than tWo-thirds of a stop. It should be noted that other values 
of the stop may be used in the decision block 206. If the 
image is not over exposed by more than the preselected stop 
value, processing continues to block 204 as described above. 
If the image is over exposed by more than the preselected 
stop value, processing continues to decision block 208 as 
described beloW. 

[0056] In decision block 208, a determination is made as 
to Whether the image is over exposed by more than a 
preselected value. In one embodiment, the preselected value 
corresponds to tWo-thirds stop. It should be noted that in 
other embodiments, determinations may be made as to 
Whether the exposure is betWeen preselected values and an 
indication may be provided as to the amount of overexpo 
sure. A suggestion that the image may be over exposed may 
be provided by also determining an exposure compensation 
values set during generation of the image data. In one 
embodiment, the decision block 208 determines Whether the 
exposure compensation is betWeen plus and minus 0.6. It is 
noted that an exposure compensation of a value other than 
Zero is indicative of a manual user setting. In this embodi 
ment, if the exposure compensation is not Within the prese 
lected values, processing proceeds to block 204 as described 
above. If the exposure compensation is Within the prese 
lected values, processing proceeds to block 210. 

[0057] At this point, it has been determined that the image 
is over exposed by a preselected number of stops and the 
camera is in aperture priority mode. In addition, in this 
embodiment, the exposure compensation is not Within pre 
selected values. Block 210 then determines the number of 
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stops the image is over exposed. For example, the pixel 
values may be analyzed to determine the amount of over 
exposure. Based on the foregoing, block 212 causes the 
camera to display information related to correcting the over 
exposure problem. In the embodiment of the ?oWchart 200, 
the information informs the user of the stop value of the over 
exposure and suggests using a smaller aperture setting, 
Which relates to a larger f-number. Block 212 may also 
suggest using an automatic mode, Wherein the camera 
selects the aperture and possibly the exposure compensation. 

[0058] Under Exposure in Aperture Priority Mode 
[0059] Reference is made to FIG. 5, Which is a ?oWchart 
230 describing an embodiment of detecting under exposure 
errors and suggesting corrections thereto. In summary, the 
method set forth in FIG. 54 suggests corrections When the 
image is under exposed by more than a predetermined 
amount and the camera is in aperture priority mode. In one 
embodiment, the under exposure corresponds to tWo-thirds 
stop and in another embodiment, the under exposure corre 
sponds to one stop. 

[0060] In decision block 232, a decision is made as to 
Whether the camera Was in aperture priority mode during the 
generation of image data. Data stored in the metadata may 
indicate Whether the camera Was in aperture priority mode. 
If the camera Was not in aperture priority mode during 
generation of the image data, processing proceeds to block 
234 Where processing continues to the next analysis. More 
speci?cally, the suggestion for improving image quality 
ultimately offered by the ?oWchart 220 Will not be appli 
cable to the camera setting. If the camera Was in aperture 
priority mode, the analysis continues to decision block 236. 
[0061] In decision block 236, a decision is made as to 
Whether the image is under exposed by a predetermined 
amount, Which may be a preselected stop value. In the 
embodiment of the flow chart 230, the decision block 236 
determines Whether the image is under exposed by more 
than tWo thirds of a stop. It should be noted that other under 
exposure values, such as one stop, may be used in the 
decision block 236. If the image is not under exposed by 
more than the preselected stop value, processing continues 
to block 234 as described above. If the image is under 
exposed by more than the preselected amount, processing 
continues to decision block 238 as described beloW. 

[0062] As With over exposure, an indication of under 
exposure may be assisted by analyZing an exposure com 
pensation setting during the generation of image data. In the 
embodiment of the analysis of FIG. 5, such an analysis is 
performed in decision block 238 Where a determination is 
made as to Whether the exposure compensation Was Within 
preselected values. It should be noted that in other embodi 
ments, determinations may be made as to Whether the 
exposure compensation is greater or less than preselected 
values. In one embodiment, the decision block 238 deter 
mines Whether the exposure compensation is set to Zero. It 
is noted that an exposure compensation of a value other than 
Zero is indicative of a manual user setting. If the exposure 
compensation is not Within the preselected values, process 
ing proceeds to block 234 as described above. If the expo 
sure compensation is Within the preselected values, process 
ing proceeds to block 240. It should be noted that in some 
embodiments, exposure compensation is not analyZed. 
[0063] At this point, it has been determined that the image 
is under exposed by a preselected number of stops and the 
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camera Was in aperture priority mode during generation of 
the image data. In addition, in this embodiment, the expo 
sure compensation Was not Within preselected values. Block 
240 determines the number of stops the image is under 
exposed. Based on the foregoing, block 242 causes the 
camera to display information related to correcting the under 
exposure problem. In the embodiment of the ?oWchart 230, 
the information informs the user of the stop value of the 
under exposure and suggests using a larger aperture setting, 
Which relates to a smaller f-number. Block 242 may also 
suggest setting the camera to automatic mode as described 
above. 

[0064] Over Exposure in Time Value Mode 

[0065] The analysis of the metadata and image data may 
determine that the image is over exposed and the camera is 
in a time value mode. Time value mode is sometimes 
referred to as Tv mode. The time value mode enables a user 
to select the shutter speed of the camera, Which determines 
the exposure time during image capture. More speci?cally, 
the shutter speed determines the amount of time that the 
photosensors charge during image capture. If the shutter 
speed is set too sloW, the image may be over exposed. 
Likewise, if the shutter speed is set too fast, the image Will 
be under exposed. 

[0066] An embodiment of analyZing an image to deter 
mine Whether the image is over exposed due to an improper 
setting in time value mode is shoWn in the flow chart 
260FIG. 6. At decision block 262, a determination is made 
as to Whether the camera Was in time value mode during 
image capture. The decision as to Whether the camera Was in 
time value mode during image capture may be made by 
analyZing the metadata associated With the image. If the 
camera Was not in time value mode, the folloWing analysis 
is not relevant and processing proceeds to block 264. Block 
264 simply directs the processing to analyZe other possible 
problems With the captured image. 

[0067] As stated above, in some embodiments, the setting 
of exposure compensation at the time of image capture may 
provide insight to exposure problems. In the embodiment of 
FIG. 6, exposure compensation is analyZed at decision 
block 266, Where a determination is made as to Whether the 
exposure compensation Was set to a preselected value. The 
decision as to Whether the exposure compensation is set to 
a preselected value may be made by analyZing the metadata 
associated With the image. In one embodiment, the decision 
block 266 determines Whether the exposure compensation is 
set to Zero. In other embodiments, the decision block 266 
may determine if the exposure compensation is greater than 
or less than preselected values or betWeen preselected val 
ues. In the embodiment of FIG. 6, if the result of decision 
block 266 is negative, then processing proceeds to block 264 
because, the analysis does not have bearing on the camera 
settings. In some embodiments, exposure compensation is 
not analyZed. 

[0068] If the result of decision block 266 is af?rmative, 
processing continues to decision block 270. It is noted that 
in order for processing to reach decision block 270, the 
camera is in time value mode and the exposure compensa 
tion is either at, beloW, above, or betWeen preselected values. 
Decision block 270 determines Whether the exposure error is 
greater than a preselected value, meaning that the image is 
overexposed. If the image is not overexposed, processing 
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proceeds to block 264 as described above. If the image is 
overexposed, processing proceeds to block 272. As 
described above, the pixel values may be analyzed to 
determine if the image is over exposed. 

[0069] Block 272 displays information regarding the 
image. Many different embodiments of the information may 
be displayed. In one embodiment, the information informs 
the user that the image is overexposed. The information may 
also include the amount of the overexposure and a sugges 
tion that the scene brightness Was so high that the camera 
could not select an appropriate F-number. A suggestion of a 
faster shutter speed or using an automatic mode may be 
provided to the user. Block 272 may also suggest setting the 
camera to automatic mode. 

[0070] Under Exposure in Time Value Mode 

[0071] The analysis of the metadata and image data may 
determine that the image is under exposed and the camera is 
in a time value mode. The analysis may be the same as With 
the flow chart 260 and the description provided above, 
except a determination at block 270 may determine that the 
image is under exposed. It folloWs that the suggestions to 
correct the problem Would be the opposite as those provided 
at block 272. For example, the information may indicate that 
the scene brightness Was too loW for the camera to select a 
loW enough F-number. The suggestion may include using a 
sloWer shutter speed or an automatic mode. As With block 
272, a suggestion may be made to use the automatic mode 
of the camera. 

[0072] Bracketing Problems 

[0073] Some embodiments of the camera include a brack 
eting mode, Which enables users to capture a plurality of 
images using different settings. More speci?cally, the cam 
era captures a series of images using at least one preselected 
range of settings. For example, the camera may capture three 
images Wherein each image has a different exposure com 
pensation. A user may select the best image from the 
plurality of captured images. The camera may determine that 
some errors occurred While using the bracketing mode and 
may suggest procedures to correct the errors during subse 
quent image captures. 

[0074] Exposure Compensation is Set to Great 

[0075] In one embodiment, the exposure compensation is 
set to great to use the bracketing mode properly. More 
speci?cally, the absolute value of the exposure compensa 
tion may be too great to use the bracketing mode properly. 
This determination may be made by analyZing the metadata 
to determine if the exposure compensation is greater or less 
than preselected values. In one embodiment, the determina 
tion is made if bracketing is set and the metadata indicates 
that the exposure compensation is set to a value of greater 
than 2.3 or a value less than —2.3. 

[0076] If the above conditions are met, the camera may 
inform the user of the problem. For example, the camera 
may suggest setting the exposure compensation to a value 
closer to Zero or using the automatic mode. 

[0077] More Over Exposure May Be Desired 

[0078] In one embodiment of bracketing, the user may 
Want an image to be extremely over exposed. The camera 
may analyZe metadata and image data to determine that the 
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camera Was set to over expose images and that further over 

exposure may be achieved. In such an embodiment, the 
images may be captured using varying shutter speeds or ISO 
speeds. The varying shutter speeds may be set sloW Which 
Would cause the images to be over exposed. The image data 
may be examined to determine if it is over exposed. If so, the 
camera may suggest using a greater exposure compensation 
during generation of subsequent image data. 

[0079] In a similar embodiment, the exposure of the image 
may have encountered a maximum value during the brack 
eting sequence. Thus, more than one image Would be 
similar. In order to take better advantage of the bracketing, 
the camera may suggest loWering the exposure compensa 
tion during the bracketing sequence. Therefore, the images 
Will vary from one to another. For example, the camera may 
determine that exposure compensation Was set greater than 
2.3 and that ten percent of the pixel values are greater than 
a preselected value. The camera may suggest loWering the 
exposure compensation to a value betWeen plus and minus 
2.0 during the subsequent bracketing sequence. In one 
embodiment, the camera determines that a maximum expo 
sure of 3.0 stops Was obtained during the bracketing 
sequence and recommends the above-described changes 
during the subsequent bracketing sequence. 

[0080] More Under Exposure May Be Desired 

[0081] In an embodiment similar to the above-described 
embodiment, the camera may detect that a user Wanted 
greater under exposure during a bracketing sequence. For 
example, the shutter speed or ISO speed may be set fast so 
as to cause under exposure. More than one image captured 
during the bracketing sequence may have reached the maxi 
mum under exposure of the camera, so the full use of the 
bracketing sequence may not be realiZed. For example, more 
than one image may be under exposed by a maximum of the 
camera of 3.0 stops. 

[0082] As With the section above, the camera may suggest 
reducing the exposure compensation during a subsequent 
bracketing sequence. For example, the camera may suggest 
setting the exposure compensation to values of betWeen plus 
and minus 2.0 during a subsequent bracketing sequence. 

[0083] Clipped and Dark Pixel Values 

[0084] For the folloWing embodiments, pixel values are 
analyZed to determine if they are clipped or dark. Clipped 
pixel refer to pixel values that are at a maximum or saturated 
value. Clipped pixel values may be indicative of an image 
that is over exposed. Dark pixel values are indicative of an 
under exposed image. During bracketing, clipped or dark 
pixels are indicative of the exposure of the image being too 
light or too dark. 

[0085] One embodiment of analyZing the exposure of an 
image captured using bracketing is shoWn by the flow chart 
280 of FIG. 7. In decision block 282, a determination is 
made as to Whether the camera is in bracketing mode. The 
bracketing mode may capture a plurality of images using 
different shutter or ISO speeds. Block 282 may determine if 
the bracketing mode enables exposure compensation of plus 
or minus 0.7 or greater. If the camera is not in bracketing 
mode, processing proceeds to block 284 Where other pos 
sible problems With the captured image are analyZed. If the 
camera is in bracketing mode, processing proceeds to deci 
sion block 286 Where a determination is made as to Whether 
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the number of clipped pixels exceed a preselected value. The 
number of clipped pixels may be determined by counting the 
number of pixel values in the image ?le that are saturated or 
that exceed a preselected value. In some embodiments, 
block 286 determines if the number of clipped pixel values 
exceed three percent. 

[0086] If the determination from decision block 286 is 
af?rmative, processing proceeds to block 288. More speci? 
cally, if the number of clipped pixels exceeds the preselected 
value, the captured image is probably over exposed. Block 
288 displays information related to the image being over 
exposed. In one embodiment, a message is displayed indi 
cating that the image is over exposed and suggests setting 
the exposure compensation closer to Zero during a subse 
quent bracketing sequence. The exposure compensation may 
also be set to automatic mode. 

[0087] If the determination of decision block 286 is nega 
tive, processing proceeds to decision block 290. Decision 
block 290 determines Whether the number of dark pixels in 
the image ?le exceed a preselected number. The number of 
dark pixel values may be determined by counting the 
number of pixel values that are Zero or that are less than a 

preselected number. In some embodiments, decision block 
290 determines if greater than ten percent of the pixel values 
are less than a preselected value. If the determination of 
decision block 290 is negative, processing proceeds to block 
284 as described above. If the determination of decision 
block 290 is positive, processing proceeds to block 292. 
Block 292 causes the camera to display information similar 
to block 288. HoWever, block 292 may indicate that the 
exposure compensation is negative and that the image is 
under exposed. The suggestion is to adjust the exposure 
compensation closer to Zero. Again, the suggestions may 
also include using the automatic mode. 

[0088] Strobe Required in Bracketing Mode 

[0089] One problems that may be analyZed is a situation 
Where one of a plurality of images captured during brack 
eting mode required a strobe, Which did not activate, and the 
other images did not require the strobe. This situation may 
be indicative of a blurry image. More speci?cally, during 
bracketing mode, if the nominal image does not require a 
strobe, the other images may be captured Without the strobe. 
If the camera determines that one of the images, other than 
the nominal image, required a strobe, it may indicate that the 
shutter speed dropped beloW the hand held limit for the 
desired Zoom. The hand held limit is a function of the Zoom 
and the shutter speed and represents the limit to Which a 
typical user is able to hold the camera and capture an image 
Without the image being blurred. The hand held limit may be 
reached by either a narroW or telephoto Zoom or a long 
exposure time used during image capture. Either situation 
makes the image more susceptible to blurring caused by the 
user holding the camera, Which may cause the camera to 
shake too much during image capture. 

[0090] During analysis, the metadata of the images cap 
tured during the bracketing are analyZed. Based on the Zoom 
and the exposure time, a determination Within the camera 
may be made that the hand held limit had been reached 
during image capture. In addition, based on the metadata, a 
determination may be made that the strobe should have been 
activated. In this situation, the strobe Was forced not to 
activate because of the bracketing. The determination could 
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then be made that the image may be blurry. A suggestion 
may be offered to the user to use a tripod or other camera 

stabiliZing device. Other suggestions may include turning 
the ?ash on for the entire bracketing sequence. 

[0091] Exposure Compensation 
[0092] Exposure Compensation Set Too High 

[0093] In a ?rst situation, the user captures images With 
the exposure compensation set to a positive value and the 
captured images are over exposed. In summary, an analysis 
concludes that the user may have forgotten that the exposure 
compensation is set to a positive value. 

[0094] The metadata may be analyZed to determine if the 
image Was captured While the exposure compensation Was 
set to a positive value. In some embodiments, the analysis 
determines of the exposure compensation Was set equal to or 
greater than 0.6. In addition, the number of clipped pixels 
may be compared to a preselected number to determine if the 
number of clipped pixels exceeds the preselected number. 
For example, the analysis may determine if the number of 
clipped pixels exceeds three percent. If the above-described 
conditions are met, the camera may display a message to the 
user indicating that the image may be over exposed and that 
the exposure compensation is set to high. The camera may 
suggest loWering the exposure compensation or setting it 
closer to Zero. The camera may also suggest using an 
automatic exposure compensation mode. 

[0095] Over Exposed or Under Exposure of the Subject 

[0096] In this situation, the analysis indicates that the 
subject is over exposed or under exposed. The state of the 
exposure may be determined by sampling pixel values in a 
portion of the image. For example, pixel values from the 
center of the image Where the subject is typically located 
may be analyZed. An excessive number of clipped or dark 
pixel values in a speci?c region relative to another region 
may indicate that the subject is over exposed or under 
exposed. 

[0097] In one embodiment, the metadata is analyZed to 
determine that the camera Was not in aperture priority mode 
and the subject, as described above, is under exposed. In 
such a situation, the subject may be backlit and the light 
meter may have measured the background rather than the 
subject. The analysis may indicate that the subject is under 
exposed. The solution suggested to the user may be to 
increase the exposure compensation to a positive number 
such as +0.3. The processing program may also suggest 
forcing the ?ash on if the subject is Within a preselected 
range, such as Within ten feet of the camera. 

[0098] In another embodiment, the metadata is analyZed to 
determine that the camera is in automatic mode and the 
subject, as described above, is over exposed and the back 
ground is dark. In addition the metadata indicates that the 
strobe did not activate during image capture. The processing 
program may indicate that the subject is over exposed. The 
solution suggested to the user may be to reduce the exposure 
compensation to a negative number. 

[0099] Exposure Problems in Spot Mode 

[0100] In some embodiments, the processing program 
analyZes exposure problems With the image Wherein the 
image Was captured using spot mode. Spot mode relates to 
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the portion of an image use by the camera during focusing 
and setting up exposure for the remainder of the image. In 
spot mode, the portion is typically very small. The determi 
nation as to Whether the camera Was in spot mode during 
image capture may be determined by analyzing the meta 
data. Over exposure or under exposure problems in certain 
portions of the image may be detected by analyZing the pixel 
values. 

[0101] In one embodiment, the analysis uses the center of 
the image to determine if it is dark and if surrounded by 
bright areas. Such a situation may indicate to the user that 
the image is over exposed. The processing program may also 
indicate that the image Was captured using spot mode and 
that the camera relied solely on the dark portion to calculate 
exposure. Thus, the remaining portion of the image is not 
properly exposed. The camera may suggest setting the 
metering to average or center-Weighted. The camera may 
also suggest using an automatic mode. The camera may also 
suggest using a Wider portion of the image during focusing 
and setting up exposure. 

[0102] In another embodiment, the image is analyZed as 
being light in the center and dark in the surrounding areas. 
As described above, this situation may be detected by 
analyZing the pixel values corresponding to various portions 
of the iamge. If such a situation is detected, the processing 
program may indicate that the image appears to be under 
exposed. The processing program may also indicate that the 
image Was captured using the spot mode and that the camera 
did not use dark regions on the edge of the scene to calculate 
exposure. The camera may suggest setting the metering to 
average or center-Weighted. The camera may also suggest 
using a Wider portion of the image for focusing and exposure 
settings. 
[0103] Under Exposed Image 
[0104] The program may ?nd many situations in Which an 
image is or may be under exposed. In the folloWing situa 
tion, the scene may be relatively dark and the strobe may not 
have activated during image capture. In order to compensate 
for the dark scene, the camera may select a sloW shutter 
speed during image capture. HoWever, the camera may not 
have a shutter speed sloW enough to properly expose the 
image of the relatively dark scene. The program may deter 
mine that the image is under exposed by analyZing the pixel 
values as described above. The program may also analyZe 
the shutter speed during image capture, Which may be stored 
in the metadata. If the camera does not have a sloWer shutter 
speed, the program may suggest using a higher ISO or a 
Wider Zoom. The Wider Zoom may cause the aperture to open 
a little Wider. The camera may also suggest illuminating the 
scene. 

[0105] Focus Errors 

[0106] Focus Problems Due to an Unstable Camera 

[0107] The processing program may analyZe several items 
in the metadata to determine that the image may be blurry 
due to shaking of the camera at the time the image Was 
captured. An embodiment for determining Whether the 
image may be blurry is shoWn in the ?oWchart 300 of FIG. 
8. Other methods of detecting focus problems due to shaking 
are described further beloW. 

[0108] Some portions of the ?oWchart 300 and the meth 
ods described therein describe the handheld limit of the 
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camera. As set forth above, the handheld limit is a function 
of Zoom and exposure time. The basis for the handheld limit 
is that a user of a camera that holds the camera is going to 
shake the camera during image capture, Which is going to 
blur the image. The camera may be programmed With a 
handheld number or limit, Which may be based on the 
amount of shaking a typical user shakes While holding the 
camera. It is noted that a longer exposure time or greater 
Zoom increases the handheld calculation closer to or beyond 
the handheld limit. 

[0109] At decision block 304, a determination is made as 
to Whether the handheld limit has been reached. If the hand 
held limit has not been reached, meaning that the shaking 
caused by a user probably did not affect the image, process 
ing proceeds to block 306. As noted above, the hand held 
limit refers to a function of exposure time and Zoom setting, 
and may include other variables. At block 306, the process 
ing continues to analyZe another aspect or potential problem 
With the image because conditions Were not met to proceed 
With the folloWing analysis. 

[0110] At decision block 308, a determination is made as 
to Whether the strobe or ?ash activated. If the strobe acti 
vated, processing proceeds to block 306 as described above. 
If the strobe activated, then the camera likely compensated 
for loW light conditions and the folloWing analysis is not 
relevant. If the strobe did not activate, processing proceeds 
to decision block 310 Where a determination is made as to 
Whether the strobe should have been activated. For example, 
the image may have been captured under loW light condi 
tions Wherein the strobe Was forced not to activate. It should 
be noted that the hand held limit may be reached if the strobe 
activated. Thus, in some embodiments, determinations may 
be made that the hand held limit Was met even if the strobe 
activated during image capture. 

[0111] If the above-described conditions are met, process 
ing continues to decision block 312 Where a determination 
is made as to Whether the camera is in a macro mode. A 
macro mode is a mode Wherein the user captures an image 
of an object that is signi?cantly close to the camera. For 
example, the object may be located a feW inches from the 
camera. If all the above-described conditions are met, the 
process may determine that the image could be out of focus 
and may proceed to block 316. Block 316 displays infor 
mation regarding the possible focus problem and sugges 
tions to overcome the problem. For example, text indicating 
that the image may be out of focus if it Was captured Without 
stabiliZing the camera may be displayed. In addition, sug 
gestions of reducing the Zoom, improving the lighting, and 
stabiliZing the camera may be provided to the user. 

[0112] If the determination of decision block 312 is nega 
tive, processing proceeds to decision block 318 Where a 
determination is made regarding the Zoom setting used 
during image capture. More speci?cally, decision block 318 
determines Whether the Zoom Was set to a Wide angle during 
image capture. The determination may be made by compar 
ing the setting of the Zoom to a preselected value, Wherein 
a Zoom setting beloW the preselected value constitutes a 
Wide angle Zoom setting. If the determination of decision 
block 318 is affirmative, processing proceeds to block 320, 
Where text is displayed to indicate a possible problem With 
the image. The text may indicate that the image may be out 
of focus if it Was captured if a tripod or the like Was not used 














































