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1. 

APPARATUS AND METHOD FOR SPATIALLY 
POSITONING MAGES 

FIELD OF INVENTION 

This invention relates to an apparatus and method for 
positioning two images which is particularly adapted 
for positioning a live image of a body surface in relation 
to a stored image of the same body surface to allow 
temporal comparison for diagnostic purposes. 

BACKGROUND OF INVENTION 

There are many situations in which it is desirable to 
provide for temporal comparison of images. In the field 
of medicine, it can be critical for proper diagnosis to 
have the ability to view a portion of the surface of the 
human body over time. Historically, this has been done 
by the use of physician's notes regarding previous exam 
ination of the area in question, in comparison to the 
present-time observation of that area. However, such 
methods require an inordinate amount of the physician's 
time, and often at best provide only a rough comparison 
that may be insufficient for diagnosing certain condi 
tions such as melanoma. 

Physicians have also used photography to aid in this 
temporal comparison. The physician may compare pho 
tographs of the body portion taken at different times, or 
compare photographs directly to the portion of the 
body surface. However, these methods at best provide 
juxtaposition of images that requires the physician to 
use judgment in detecting sometimes subtle changes to 
the body surface. In one attempt to produce juxtaposed 
images which are at least oriented in a similar manner to 
simplify this comparison, there has been used a system 
that displays on a CRT a previously-taken image next to 
a live video image. The physician may then rotate the 
video camera until the live image is perceived to be in 
the same orientation as the stored image. This method, 
however, still requires the physician to estimate by eye 
subtle changes in the surface area that may be indicative 
of serious disease. 
Another area where temporal comparison of images 

is important is in the testing of cutaneous pharmaceuti 
cals and cosmetics. Before and after photographs of 
regions of skin are often used to document the benefits 
of a treatment. A method of aligning images, particu 
larly with a means for controlling and standardizing 
lighting conditions, would provide more reliable before 
and after photographs where changes in the images 
could more reliably be related to the treatment rather 
than the image acquisition conditions including camera 
alignment and lighting changes. 

SUMMARY OF INVENTION 

It is therefore an object of this invention to provide 
an apparatus and method for facilitating the positioning 
of a live image with respect to a reference image that 
allows extremely precise image alignment. 

It is a further object of this invention to provide such 
an apparatus and method that requires very little judg 
ment to accomplish such precise alignment. 

It is a further object of this invention to provide such 
an apparatus and method that allows reproducible tem 
poral imaging of body surfaces. 

It is a further object of this invention to provide such 
an apparatus and method that allows reproducible tem 
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poral imaging of complicated structures to allow exact 
temporal comparison. 

It is a further object of this invention to provide an 
apparatus and method that facilitates standardization of 
lighting conditions for imaging regions of a body sur 
face. 

This invention results from the realization that tem 
poral comparison of images of body surfaces may be 
accomplished by intermingling the live and reference 
images, and displaying the intermingled image. 

This invention consists essentially of a method and 
apparatus of facilitating the positioning of a live image, 
which may be an image of a body surface, with respect 
to a reference image, typically of the same structure or 
body surface, in which the live and reference images are 
combined to produce a composite image, and the com 
posite image is displayed. The combination may be 
accomplished by superimposing or intermingling the 
images. In one embodiment, portions of the images are 
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viding an intermingled composite image in a checker 
board pattern having rectangular image areas. 
The reference image to which the live image is com 

pared may be a stored image. Portions of the reference 
image may be displayed before displaying the compos 
ite image to facilitate alignment. In one embodiment, 
the images are derived from digital images. In that case, 
the digital images may be combined in some manner to 
make the composite image. The combination of the 
digital images may be linear or nonlinear, and may be 
accomplished pixel by pixel, to provide a desired com 
posite image. For example, the composite image pixels 
may be chosen alternately from the stored and live 
image to create an intermingled image having a desired 
pattern such as a checkerboard pattern of rectangles, a 
honeycomb pattern of hexagons, or other tesselation or 
mosaic of alternating regions of particular geometric 
shapes. The image signal combination may be stochastic 
or deterministic. Another example would be an alge 
braic linear combination of the two images such as a 
pixel-by-pixel multiplication of each image by a scalar 
value followed by a pixel-by-pixel addition of the two 
images. This could result in a see-through version of 
one image superimposed on the other. 
DISCLOSURE OF PREFERRED EMBODIMENT 

Other objects, features and advantages will occur to 
those skilled in the art from the following description of 
a preferred embodiment and the accompanying draw 
ings, in which: 

FIG. 1 is a block diagram of a system for facilitating 
alignment of a live image with respect to a reference 
image according to this invention; 

FIG. 2 is a more detailed block diagram of an em 
bodiment of the system of FIG. 1; 

FIG. 3 is a block diagram of an alternative embodi 
ment of the system of FIG. 1; and 
FIG. 4 is a representation of an intermingled compos 

ite image provided by this invention. 
There is shown in FIG. 1 apparatus 10 according to 

this invention which is also suitable for performing the 
method of this invention. Apparatus 10 includes image 
combiner 12 that combines a live image and a reference 
image to produce a composite image, which is displayed 
on display 14. The reference and live images may com 
prise analog or digital signals. For temporal comparison 
of images of body surfaces, the reference image is pref. 
erably a stored digital image and the live image a digi 
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tized video image. Combiner 12 may then combine the 
two digital image signals either linearly or nonlinearly 
as desired to produce a digital composite image signal 
that may then be displayed on display 14. 
One embodiment of system 10a of this invention is 

shown in FIG. 2. Combiner 12a includes multipliers 18 
and 20 for multiplying the stored and live image, respec 
tively, by a mask function that may be stochastic or 
deterministic. For example, the mask functions could 
allow a pixel by pixel choice of the composite image 
signal from either the stored image or the live image by 
in effect multiplying the images by either one or zero as 
appropriate. Such selection could be accomplished with 
a stochastic function that causes a random, or pseudo 
random, selection of a percentage of the displayed pix 
els from one of the stored image and live image, and the 
selection of the balance of the pixels from the other of 
the stored and live image. Preferably, the masking func 
tions are chosen to juxtapose portions of the two images 
in the display. For example, the images may be inter 
mingled by alternately selecting portions of the stored 
and live images in patterns such as the checkerboard 
pattern with rectangular images shown in FIG. 4 and 
described below. 
Combiner 12a consists of two main parts: (1) a multi 

plier, which multiplies each image by its respective 
"mask" function, and (2) a combiner that performs a 
combining function, taking two images as its input and 
outputting a single image. 

Each mask function may be a two-dimensional array 
of numbers, with one number for each pixel in the asso 
ciated image. The values of each of these numbers could 
be ones and zeros (i.e., a binary mask) or could be scalar 
numbers such as fractions between zero and one. The 
values of the mask functions may be chosen determinis 
tically to represent a predetermined geometric pattern 
(e.g., a plane-filling tesselation), or they may be chosen 
stochastically by a random, or pseudorandom, function 
(e.g., a spatial white noise pattern). 
The combining function may be a logical operation, 

such a pixel-by-pixel LOGICAL OR function, or LOG 
ICAL AND function. Alternatively, the combining 
function may be a function which performs a simple 
pixel-by-pixel linear arithmetic operation such as AD 
DITION or a nonlinear operation such as MULTIPLI 
CATION. 

Particular mask functions and combining functions 
can be used to generate a number of types of combined, 
intermingled, and/or superimposed images. Two types 
which may be of particular utility are those which result 
in (1) alternative, juxtaposed, geometric segments of the 
two images (i.e., a plane-filling tesselation), such a 
checkerboard pattern of rectangles, or squares, or a 
honeycomb pattern of hexagons, and (2) a linear combi 
nation of the two images, such as 0.25 times the refer 
ences image plus 0.75 times the live image. 
For color output, the stored and live images may 

each comprise RGB signals, for example three, 8-bit 
signals representing the RGB values of each pixel. In 
that case, combiner 12a may accomplish a combination 
in which the output pixel signals are combined 24-bit 
signals, with each of the three 8-bit RGB signals chosen 
as a desired combination of the respective 8-bit signals 
of the two input signals. Color manipulation or en 
hancement may be accomplished as desired in making 
such combination in order to provide a desired output. 
Another embodiment of a system 10b for accomplish 

ing this invention is shown in FIG. 3. For temporal 
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4. 
comparison of images of body surfaces, for example for 
photographic documentation of clinical trials of cutane 
ous pharmaceuticals, or documentation of skin lesions 
such as moles for diagnostic purposes, the live image of 
the body surface may be taken with video camera 32 
mounted on tripod, arm, support, or other adjusting 
device 35 to allow manual or automatic adjustment of 
the camera position to accomplish the objective of 
aligning the live image with a stored image. Alterna 
tively, camera 32 could be hand held with a positioning 
annulus, cone, or other support 70, mounted on lens 72, 
which gently rests on the surface to be imaged to block 
ambient light and provide standardization of light from 
ring light source 74. Camera 32 includes one or more 
image transducers, e.g., CCDs, 34 whose outputs are 
digitized by one or more analog to digital converters 36 
for supplying either a black and white, color, or multi 
spectral digital image signal to switch 12b. A previously 
captured image of the same body region is digitized and 
stored in memory 30 of computer 26 and also applied to 
switch 12b. Controller 28 controls the operation of 
switch 12b to select, on a pixel by pixel basis if desired, 
the display of either the live image or the stored image. 
The composite video signal is then buffered in frame 
buffer 16 and displayed on display 14. The operator may 
use the display to correctly position the camera. 
For use in temporal studies of complex surface fea 

tures such as skin wrinkles, it is important that the 
stored and live images be exactly aligned to ensure that 
exactly the same skin region is being photographed to 
provide an accurate comparison. One manner in which 
such complex images may be aligned is by selecting a 
masking function applied to switch 12b by controller 28 
to accomplish a checkerboard output such as that 
shown in FIG. 4, in which alternate rectangular areas 
such as areas 52 and 54 are selected from one of the two 
images, labelled one and two. To accomplish such an 
output in which portions of the two images are alter 
nately juxtaposed, preferably in rectangular blocks in a 
number of alternating rows of blocks as shown in FIG. 
4, the mask function controlling the operation of switch 
12b may be a two dimensional matrix of ones and zeroes 
of the same dimension as the live and stored images to 
accomplish the selection of each pixel of the output 
signal from one of the two input image signals. Such a 
geometric pattern of alternating image areas creates 
discontinuities in the observed output along the borders 
between the image areas such as borders 56 and 58. 
These spatial discontinuities are strong stimuli to the 
human visual system. When images 1 and 2 come into 
alignment, the spacial discontinuities suddenly disap 
pear across a large number of horizontal and vertical 
image area borders such as borders 56, and 58; the per 
ceived dramatic effect facilitates exact alignment of the 
images by a human operator. 
Although specific features of the invention are shown 

in some drawings and not others, this is for convenience 
only as each feature may be combined with any or all of 
the other features in accordance with the invention. 
Other embodiments will occur to those skilled in the 

art and are within the following claims: 
What is claimed is: 
1. A method of facilitating the positioning of a live 

image of a body surface with respect to a reference 
image of the same body surface, comprising: 

obtaining the live image; 
obtaining the reference image; 



5,291,889 
5 

intermingling the live and reference images to pro 
duce a composite image including alternately jux 
taposing image portions of said live and reference 
images in a tesselation; and 

displaying said composite image. 
2. The method of claim 1 in which the reference 

image includes the same body surface as the live image 
to facilitate positioning of temporally related images. 

3. The method of claim 1 further including storing the 
reference image. 

4. The method of claim 1 further including digitizing 
at least one of the images. 

5. The method of claim 4 in which said intermingling 
of images is deterministic. 

6. The method of claim 4 in which said intermingling 
of images is linear. 

7. The method of claim 4 in which said intermingling 
of images is non-linear. 

8. The method of claim 4 in which each image is 
composed of a plurality of pixels. 

9. The method of claim 8 in which combining the 
images includes combining the pixels from said images 
to produce composite pixels. 

10. The method of claim 9 in which each composite 
pixel is taken from only one of the digital images. 

11. The method of claim 4 in which said intermin 
gling of images is stochastic. 

12. The method of claim 1 further including display 
ing portions of the reference image before displaying 
the composite image. 

13. The method of claim 1 in which said tesselation 
comprises polygonal image areas. 

14. A method of facilitating the positioning of a live 
image with respect to a reference image, comprising: 

obtaining the live image; 
obtaining and storing the reference image; 
alternately selecting geometrically-shaped portions 

of the two images to produce a composite image 
comprising interspersed geometrically-shaped 
image portions of said live and reference images; 
and 

displaying the composite image. 
15. The method of claim 14 in which said geometri 

cally-shaped image portions are polygons. 
16. The method of claim 14 in which said images are 

of the same body surface. 
17. A method of facilitating the positioning of a live 

digital image with respect to a digital reference image, 
comprising: 

obtaining the live digital image; 
obtaining and storing the digital reference image; 
displaying spaced portions of said digital reference 

image; and 
displaying spaced portions of said live image inter 

spersed between said displayed digital reference 
image portions to create an intermingled composite 
display including alternately juxtaposed image por 
tions of said live and reference digital images. 

18. The method of claim 17 in which said portions are 
geometrically-shaped. 

19. The method of claim 17 in which said images are 
of the same body surface. 

20. An apparatus for facilitating the positioning of a 
live image of a body surface with respect to a reference 
image of the same body surface, comprising: 
means for obtaining the live image; 
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6 
means for obtaining the reference image; 
means for intermingling the live and reference images 

to produce a composite image including means for 
alternately juxtaposing image portions of said live 
and reference images in a tesselation; and 

means for displaying said composite image. 
21. The apparatus of claim 20 in which the reference 

image includes the same body surface as the live image 
to facilitate positioning of temporally related images. 

22. The apparatus of claim 20 further including means 
for storing the reference image. 

23. The apparatus of claim 20 further including means 
for digitizing at least one of the images. 

24. The apparatus of claim 23 in which said means for 
intermingling images is stochastic. m 

25. The apparatus of claim 23 in which said means for 
intermingling images is deterministic. 

26. The apparatus of claim 23 in which said means for 
intermingling images is linear. 

27. The apparatus of claim 23 in which said means for 
intermingling images is non-linear. 

28. The apparatus of claim 23 in which each image is 
composed of pixels. 

29. The apparatus of claim 28 in which said means for 
combining said images includes means for combining 
the pixels from said images to produce composite pixels. 

30. The apparatus of claim 29 in which each compos 
ite pixel is taken from only one of the digital images. 

31. The apparatus of claim 20 further including means 
for displaying the reference image before displaying 
said composite image. m 

32. The apparatus of claim 20 in which said tessela 
tion comprises polygonal image areas. 

33. An apparatus for facilitating the positioning of a 
live image with respect to a reference image, compris 
ling: 
means for obtaining the live image; 
means for obtaining and storing the reference image; 
means for alternately selecting geometrically-shaped 

portions of the two images to produce a composite 
image comprising interspersed geometrically 
shaped image portions of said live and reference 
images; and 

means for displaying said composite image. 
34. The apparatus of claim 33 in which said geometri 

cally-shaped image portions are polygons. 
35. The apparatus of claim 33 in which said images 

are of the same body surface. 
36. An apparatus for facilitating the positioning of a 

live digital image with respect to a digital reference 
image, comprising: 
means for obtaining the live digital image; 
means for obtaining and storing the digital reference 

image; 
means for displaying spaced portions of said digital 

reference image; and 
means for displaying spaced portions of said live 
image interspersed between said displayed digital 
reference image portions to create an intermingled 
composite display including alternately juxtaposed 
image portions of said live and stored digital in 
ages. 

37. The apparatus of claim 36 in which said portions 
are geometrically-shaped. 

38. The apparatus of claim 36 in which said images 
are of the same body surface. 


