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(57) ABSTRACT 

In a method and digital camera, an initial set of evaluation 
images are captured. A plurality of characteristics of the 
initial set of evaluation images are assessed to provide a ?rst 
assessment. The characteristics include subject motion 
between the initial set of evaluation images. When the 
subject motion is in excess of a predetermined threshold, a 
?nal capture state of the camera is set responsive to the ?rst 
assessment. When the subject motion is less than the pre 
determined threshold, the evaluation images are analyzed to 
provide analysis results and the ?nal capture state of the 
camera is set responsive to the ?rst assessment and the 
analysis results. 
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VARYING CAMERA SELF-DETERMINATION 
BASED ON SUBJECT MOTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of application Ser. 
No. 11/399,076 ?led on Apr. 6, 2006 entitled “VARYING 
CAMERA SELF-DETERMINATION BASED ON SUB 
JECT MOTION” by Bruce H. Pillman et al. 

[0002] Reference is made to commonly assigned, co 
pending US. patent application Ser. No. , (Attorney 
Docket No. 91686RLW), ?led Apr. 6, 2006, entitled: CAM 
ERA AND METHOD WITH ADDITIONAL EVALUA 
TION IMAGE CAPTURE BASED ON SCENE BRIGHT 
NESS CHANGES, in the names of Bruce H. Pillman and 
Jiebo Luo. 

FIELD OF THE INVENTION 

[0003] The invention relates to photography and photo 
graphic equipment and methods and more particularly 
relates to varying camera self-determination based on sub 
ject motion. 

BACKGROUND OF THE INVENTION 

[0004] In capturing a scene with a camera, many param 
eters affect the quality and usefulness of the captured image. 
In addition to controlling overall exposure, exposure time 
affects motion blur, f/number affects depth of ?eld, and so 
forth. In many cameras, all or some of these parameters can 
be controlled and are conveniently referred to as camera 
settings. 

[0005] Methods for controlling exposure and focus are 
well known in both ?lm-based and electronic cameras. 
However, the level of intelligence in these systems is limited 
by resource and time constraints in the camera. In many 
cases, knowing the type of scene being captured can lead 
easily to improved selection of capture parameters. For 
example, knowing a scene is a portrait allows the camera to 
select a wider aperture, to minimize depth of ?eld. Knowing 
a scene is a sports/action scene allows the camera to auto 

matically limit exposure time to control motion blur and 
adjust gain (exposure index) and aperture accordingly. 
Because this knowledge is useful in guiding simple exposure 
control systems, many ?lm, video, and digital still cameras 
include a number of scene modes that can be selected by the 
user. These scene modes are essentially collections of 
parameter settings, which direct the camera to optimiZe 
parameters, given the user’s selection of scene type. 

[0006] The use of scene modes is limited in several ways. 
One limitation is that the user must select a scene mode for 

it to be effective, which is often inconvenient, even if the 
user understands the utility and usage of the scene modes. 

[0007] A second limitation is that scene modes tend to 
oversimplify the possible kinds of scenes being captured. 
For example, a common scene mode is “portrait”, optimiZed 
for capturing images of people. Another common scene 
mode is “snow”, optimiZed to capture a subject against a 
background of snow, with different parameters. If a user 
wishes to capture a portrait against a snowy background, 
they must choose either portrait or snow, but they cannot 
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combine aspects of each. Many other combinations exist, 
and creating scene modes for the varying combinations is 
cumbersome at best. 

[0008] In another example, a backlit scene can be very 
much like a scene with a snowy background, in that subject 
matter is surrounded by background with a higher bright 
ness. Few users are likely to understand the concept of a 
backlit scene and realiZe it has crucial similarity to a “snow” 
scene. A camera developer wishing to help users with backlit 
scenes will probably have to add a scene mode for backlit 
scenes, even though it may be identical to the snow scene 
mode. 

[0009] Both of these scenarios illustrate the problems of 
describing photographic scenes in way accessible to a casual 
user. The number of scene modes required expands greatly 
and becomes difficult to navigate. The proliferation of scene 
modes ends up exacerbating the problem that many users 
?nd scene modes excessively complex. 

[0010] Attempts to automate the selection of a scene mode 
have been made. For example, United States Published 
Patent Application US 2003/0007076 A1, “Image Process 
ing Apparatus and Image-Quality Control Method,” 
Noriyuki Okisu et al, assigned to Minolta Co., Ltd., pub 
lished Jan. 9, 2003, teaches a method for automatic selection 
of scene mode based on focus data, scene brightness, and 
focal length. Similarly, US. Pat. No. 6,301,440, “System 
and Method for Automatically Setting Image Acquisition 
Parameters,” Rudolf M. Bolle et al, assigned to International 
Business Machines Corp., issued Oct. 9, 2001, teaches a 
method for automatic selection of a scene mode and use of 
a photographic expert unit to automatically set parameters 
for image capture. Both of these methods disclose ways to 
use information from evaluation images and other data to 
determine a scene mode. The scene mode then is used to 
select a set of capture parameters from several sets of 
capture parameters that are optimized for each scene mode. 

[0011] A limitation on automated methods is that such 
methods tend to be computationally intensive relative to the 
simpler methods. Cameras tend to be relatively limited in 
computing resources, in order to reduce cost, cut energy 
drain, and the like. This has resulted in noticeable lag 
between shutter trip and image capture in some cameras. 
Such lag is highly undesirable when a subject to be photo 
graphed is in motion. One solution to the problem of lag is 
avoidance of highly time consuming computations. This 
leads back again to the use of modes. 

[0012] It would thus be desirable to provide improved 
cameras and methods, in which camera settings are auto 
matically determined and the above shortcomings are at 
least partially mitigated. 

SUMMARY OF THE INVENTION 

[0013] The invention is de?ned by the claims. The inven 
tion, in broader aspects, provides methods and cameras, in 
which a camera capture state is self-determined by the 
camera. An initial set of evaluation images are captured and 
characteristics of the initial set of evaluation images are 
assessed to provide a ?rst assessment. Those characteristics 
include subject motion between the initial set of evaluation 
images. When the subject motion is in excess of a prede 
termined threshold, a ?nal capture state of the camera is set 
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responsive to the ?rst assessment. When the subject motion 
is less than the predetermined threshold the evaluation 
images are further analyZed to provide analysis results and 
the ?nal capture state is set responsive to the analyzing. In 
a particular embodiment of the invention, When said subject 
motion is less than the predetermined threshold one or more 
additional evaluation images are captured after the capturing 
of the initial set of evaluation images and their characteris 
tics are determined to provide a second assessment. The 
second assessment is analyZed to provide analysis results 
and the ?nal capture state is responsive to all of the analysis 
results. 

[0014] It is an advantageous effect of the invention that 
improved cameras and methods are provided, Which alloW 
camera settings to be automatically determined in a com 
putationally intensive manner and also alloW subject motion 
to be accommodated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above-mentioned and other features and 
objects of this invention and the manner of attaining them 
Will become more apparent and the invention itself Will be 
better understood by reference to the folloWing description 
of an embodiment of the invention taken in conjunction With 
the accompanying ?gures Wherein: 

[0016] FIG. 1 is a block diagram shoWing the major 
components of a digital camera. 

[0017] FIG. 2 is a semi-diagrammatical rear vieW of the 
camera of FIG. 1. 

[0018] FIG. 3 is a diagrammatical front vieW of the ?lter 
Wheel of the camera of FIG. 1. 

[0019] FIG. 4 is a diagrammatical front vieW of the 
diaphragm of the camera of FIG. 1. 

[0020] FIG. 5 is a diagram of the grid of regions formed 
by the sensors of the range?nder of the camera of FIG. 1. 

[0021] FIG. 6 is a ?oW chart of the steps of a method of 
evaluating subject motion in determining camera settings for 
image capture. 

[0022] FIG. 7 is a ?oW chart of the steps of a method of 
considering brightness changes in determining camera set 
tings for image capture. 

[0023] FIG. 8 is a detailed ?oW diagram of an embodiment 
incorporating the methods of both FIG. 6 and FIG. 7. 

[0024] FIG. 9 is a detailed ?oW chart of a modi?cation of 
the method of FIG. 8, Which is limited to the method of FIG. 
6. 

[0025] FIG. 10 is a detailed ?oW chart of a modi?cation of 
the method of FIG. 8, Which is limited to the method of FIG. 
7. 

[0026] FIG. 11 is a detailed ?oW diagram of complex 
feature analysis in the methods of FIGS. 8 and 10. 

[0027] FIG. 12 is a detailed ?oW diagram of complex 
feature analysis in the method of FIG. 9. 

[0028] FIG. 13 illustrates di?‘erent scene compositions 
that are subject to different treatment by the camera of FIG. 
1. 
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[0029] FIG. 14 illustrates block-based motion analysis in 
a modi?cation of the camera of FIG. 1. 

[0030] FIGS. 15A-15B are diagrammatical vieWs illustrat 
ing image data used in the motion estimation to compute 
costs associated With different motion o?csets in the camera 
of FIG. 1. 

[0031] FIGS. 16A-16B are diagrammatical vieWs of the 
summation of data Within roWs to form vectors used in the 
motion analysis of the camera of FIG. 1. 

[0032] FIGS. 17A-17B are the same vieWs as FIGS. 
16A-16B of the summation of data Within columns to form 
vectors used for the motion analysis of the camera of FIG. 
1. 

[0033] FIG. 18 is a diagrammatical vieW of an embodi 
ment of the system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The folloWing discussion refers to both still cam 
eras and video cameras. It Will be understood that the 
respective terms are inclusive of both dedicated still and 
video cameras and of combination still/video cameras, as 
used for the respective still or video capture function. 

[0035] The term “capture state” is used herein to refer 
collectively to a plurality of camera settings that are or can 
be used together during a particular picture taking event to 
moderate hoW a light image is captured. Each setting is 
variable and affects one or more characteristics of an archi 

val image captured and stored by the camera. Examples of 
settings include: lens aperture, lens focal length, shutter 
speed, ?ash condition, focus parameters, exposure param 
eters, White balance, image resolution, sensor gain, color 
saturation, sharpening ?lter parameters, and the like. Set 
tings available With an individual camera vary depending 
upon camera characteristics. A capture state may or may not 
fully determine settings for a particular image capture. For 
example, a capture state can de?ne ?ash output prior to 
picture taking or can de?ne ?ash output as being met When 
light returned from a photographed subject reaches a par 
ticular level. Similarly, a capture state can de?ne settings, 
Which Will be applied in the absence of a user override of one 
or more of those settings. For example, focus can be set by 
the user to remain at in?nity, during a particular picture 
taking session. Likewise, a capture state can de?ne one or 
more alternate settings based upon a later determined param 
eter, such as user activation of full ?ash or ?ll ?ash. 

[0036] The term “archival image” is used herein to refer to 
a digital image stored in memory and accessible to the user 
folloWing a capture event. An archival image is distin 
gui shed from other non-archival electronic images produced 
during capture of a light image of a scene. Such non-archival 
images include earlier images in the imaging chain leading 
to the archival image, such as the initial analog electronic 
image captured by the image sensor of the camera and the 
initial digital image produced by digitiZing the initial analog 
image. In those cases, the non-archival images and the 
resulting archival image are all produced from the same light 
image. Another type of non-archival images is images used 
in vieW?nding, setting exposure and focus, and the like. 
These non-archival images may be shoWn to the user on a 
vieW?nder or the like, but are not made available for 


































