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METHOD AND SYSTEM FOR DETECTING 
COLORIMETRIC ABNORMALITIES IN VIVO 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
system for detection of colorimetric abnormalities in vivo, 
and speci?cally Within the gastrointestinal (GI) tract. 

BACKGROUND OF THE INVENTION 

[0002] Pathologies of the gastrointestinal (GI) tract may 
exist for a variety of reasons. Some examples of pathologies 
include bleeding, lesions, angiodisplasia, Crohn’s disease, 
polyps, celiac disorders, and others. The majority of patholo 
gies result in changes of color and/or texture of the inner 
surface of the GI tract. 

[0003] As one example, color changes may be due to 
bleeding. Blood may be present Within the digestive tract for 
a variety of pathological reasons, including ulcers, cancer, or 
other disease conditions. It is often dif?cult to detect the 
presence of blood Within the GI tract, since bleeding can 
occur in dif?cult to reach locations. In addition, it is dif?cult 
to “see” inside the tract, especially in sections Which are 
hard to reach such as the small intestines. 

[0004] Several approaches have been used to try to detect 
the presence of blood Within the GI tract. One approach has 
been the detection of blood in the feces by visual and/or 
chemical means. The main draWback of this approach has 
been that the concentration of blood in the feces is loWer 
than the concentration of blood at the bleeding site, since 
additional materials are accumulated along the GI passage. 
Therefore, the sensitivity of this approach is loW. In addition, 
the speci?c bleeding site along the GI tract cannot be 
determined. 

[0005] A second, more invasive technique, has been the 
use of an endoscope or enteroscope. This approach enables 
direct visualiZation of parts of the GI tract. HoWever, most 
portions of the small intestine are inaccessible by this 
method. 

[0006] Other examples of pathologies Which may be 
detected based on the red part of the spectrum include active 
bleeding, blood clots, polyps, lesions, ulcerations, angiodis 
plasia and telangectasia. Pathologies Which may be charac 
teriZed by blue/violet color include arterio-venous malfor 
mation (AVM) and submucosal bleeding. AVM may also 
appear in red. In addition, some types of ulcers are charac 
teriZed by White color. 

SUMMARY OF THE INVENTION 

[0007] There is provided, in accordance With one embodi 
ment of the present invention a method for detecting colo 
rimetric abnormalities in a body lumen. The method 
includes the step of calculating a probability indication of a 
presence of an abnormal color Within the body lumen based 
on comparison of spectral characteristics to at least one 
reference value. 

[0008] There is provided, in accordance With another 
embodiment of the present invention, a method for calcu 
lation of a reference value for tissue. The method includes 
the steps of receiving at least a ?rst image and a second 
image from Within a body lumen, selecting blocks of pixels 
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Within the images based on calorimetric parameters, aver 
aging the colorimetric parameters of the selected blocks of 
pixels of the ?rst and second images, and ?ltering the 
calorimetric parameters, thereby obtaining a reference value 
for tissue. 

[0009] There is provided, in accordance With another 
embodiment of the present invention, a sWalloWable capsule 
for detecting colorimetric abnormalities in a gastrointestinal 
tract. The capsule includes an image-receiver for receiving 
images from the gastrointestinal tract, and a processor for 
generating a probability indication for presence of calori 
metric abnormalities by comparing color content of the 
images to at least one reference value. 

[0010] There is provided, in accordance With another 
embodiment of the present invention, an apparatus for 
determining colorimetric abnormalities Within a body 
lumen. The apparatus includes an image-receiver for receiv 
ing images from a body lumen, a spectral analyZer for 
determining color content of the images, and a processor for 
generating a probability indication for presence of an abnor 
mal condition by comparing the color content to at least one 
reference value. 

[0011] There is provided, in accordance With another 
embodiment of the present invention, a system for detection 
of blood Within a body lumen. The system includes a 
sWalloWable capsule having an in-vivo imager for obtaining 
images from Within the body lumen, a transmitter for 
transmitting the images to a receiver, and a processor for 
generating a probability indication of presence of blood 
based on comparison of color content of the received images 
and at least one reference value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will be understood and 
appreciated more fully from the folloWing detailed descrip 
tion taken in conjunction With the draWings in Which: 

[0013] FIG. 1 is a schematic illustration of a prior art in 
vivo camera system; 

[0014] FIG. 2 is a schematic illustration of the classi?ca 
tion of samples according to their spectral components; 

[0015] FIG. 3 is a block diagram illustration of a system 
according to one embodiment of the present invention; 

[0016] FIG. 4 is a How chart illustration of the method 
used by the system shoWn in FIG. 3; and 

[0017] FIG. 5 is a schematic illustration of adaptive 
building of a reference tissue sample. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention relates to a method and 
system of detection of pathologies by spectral analysis of 
images captured by a moving in-vivo video camera system. 
This analysis is based on detection of colorimetric abnor 
malities, or deviations from an expected spectrum. The 
in-vivo video camera system may be included on an endo 
scope, a sWalloWable capsule, or any other device Which is 
introduced into the body to vieW the interior. 

[0019] US. Pat. No. 5,604,531, assigned to the common 
assignee of the present application and incorporated herein 
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by reference, teaches an in vivo camera system, Which is 
carried by a sWalloWable capsule. The in vivo video camera 
system captures and transmits images of the GI tract While 
the capsule passes through the GI lumen. In addition to the 
camera system, the capsule contains an optical system for 
imaging an area of interest onto the camera system and a 
transmitter for transmitting the video output of the camera. 
The capsule can pass through the entire digestive tract and 
operate as an autonomous video endoscope. It images even 
the difficult to reach areas of the small intestine. 

[0020] Reference is made to FIG. 1, Which shoWs a 
schematic diagram of the system, described in US. Pat. No. 
5,604,531. The system comprises a capsule 40 having an 
imager 46, an illumination source 42, and a transmitter 41. 
Outside the patient’s body are an image receiver 12 (usually 
an antenna array), a storage unit 19, a data processor 14, an 
image monitor 18, and a position monitor 16. While FIG. 1 
shoWs separate monitors, both an image and its position can 
be presented on a single monitor. 

[0021] Imager 46 in capsule 40 is connected to transmitter 
41 also located in capsule 40. Transmitter 41 transmits 
images to image receiver 12, Which sends the data to data 
processor 14 and to storage unit 19. Data processor 14 
analyZes the data and is in communication With storage unit 
19, transferring frame data to and from storage unit 19. Data 
processor 14 also provides the analyZed data to image 
monitor 18 and position monitor 16 Where the physician 
vieWs the data. The image monitor presents an image of the 
GI lumen and the position monitor presents the position in 
the GI tract at Which the image Was taken. Data processor 14 
can be con?gured for real time processing or for post 
processing to be vieWed at a later date. In addition to 
revealing pathological conditions of the GI tract, the system 
can provide information about the location of these patholo 
g1es. 

[0022] In a preferred embodiment of the present invention, 
received images are analyZed for color content. Based on 
this analysis, as described hereinbeloW, determination as to 
the presence or absence of a colorimetric abnormality may 
be made. A colorimetric abnormality may indicate a patho 
logical condition, such as bleeding. Other eXamples of 
pathologies Which may be detected based on the red part of 
the spectrum include active bleeding, blood clots, polyps, 
lesions, ulcerations, angiodisplasia and telangectasia. 
Pathologies Which may be characteriZed by blue/violet color 
include arterio-venous malformation (AVM) and submu 
cosal bleeding. AVM may also appear in red. In addition, 
some types of ulcers are characteriZed by White color. It Will 
be apparent that the method and system described herein 
beloW may be useful in detecting any colorimetric deviation 
from the normal color content of a body lumen, Whether or 
not a pathological condition is present. 

[0023] Reference is noW made to FIG. 2, Which is a 
schematic illustration of the classi?cation of samples 
according to their spectral components. Each test sample T 
is located Within a coordinate system represented by the 
folloWing variables: hue H, saturation S and value V. Hue H 
represents a number related to the dominant Wavelength of 
the color stimulus, and varies from 0 to 1 as the color 
changes from red to yelloW to green to cyan to blue to 
magenta and back to red again. Saturation S corresponds to 
color purity, and in the case of a pure color is equal to 100%. 
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Value V is a measure of relative intensity of color, repre 
senting brightness of red, blue and green (RBG). A distance 
vector r(B,T) betWeen test sample T and an ideal pathology 
sample B is calculated. Another distance vector r(R,T) 
betWeen test sample T and a reference sample of healthy 
tissue R is calculated. The relationship of distance vector 
r(B,T) and distance vector r(R,T) is calculated. Each test 
sample T is classi?ed based on the relationship betWeen 
distance vector r(B,T) and distance vector r(R,T). Brie?y, if 
distance vector r(B,T) is small relative to distance vector 
r(R,T), there is a positive indication of pathological color. In 
the preferred embodiment, the analysis is set up to include 
a higher possibility of false positives than false negatives, so 
as to minimiZe the likelihood of missing a positive diagno 
sis. HoWever, other embodiments of analysis are possible as 
Well. 

[0024] Reference is noW made to FIGS. 3 and 4, Which 
illustrate a system 15 and a How chart diagram shoWing the 
steps of using system 15 for determining the blood content 
or any other color-distinguishable pathology Within the gut. 
System 15 comprises illumination source 42‘, image receiver 
12‘, data processor 14‘, and image monitor 18‘. Data pro 
cessor 14‘ comprises a spectral analyZer 22, an adaptive 
reference builder 24, a distance calculator 26, and a decision 
calculator 28. According to one embodiment of the inven 
tion, data processor 14‘ is a standard computer accelerator 
board, high performance computer, multiprocessor or any 
other serial or parallel high performance processing 
machine. Image monitor 18‘ may be a video display, or a 
graph, table or any other indicator. 

[0025] Steps of FIG. 4 may be accomplished using system 
15 of FIG. 3. In one embodiment, images are captured and 
processed Within a capsule. In another embodiment, images 
are captured by an in-vivo system, and are transmitted to a 
remote location Where they are processed. Image receiver 
12‘ receives (step 101) images captured by the in-vivo 
camera system of FIG. 1 or any other in-vivo imager. Data 
processor 14‘ divides (step 102) the color images into a grid 
of piXels. As in other imaging applications, the number of 
piXels determines the resolution of the image. For purposes 
of this discussion, the images are divided into blocks (i,j) of 
8x8 pixels. Since, in one embodiment, the original image is 
a 256x256 piXel image, the result of dividing into 8 piXels, 
and determining the color components is a 32x32><3 matriX 
of color component value blocks. Spectral analyZer 22 
calculates (step 104) the color components of each block: 
hue H- ' saturation S- ' and brightness value Vid- for each 
image. 

[0026] Spectral analyZer also calculates (steps 105 and 
106-110) the color components of blocks of pathology 
sample B and of healthy reference tissue R. Spectral ana 
lyZer 22 calculates (step 105) the color components of 
blocks of pathology sample B from knoWn images contain 
ing blood. 

[0027] Reference is noW made to FIG. 5, Which is a 
schematic illustration of the adaptive reference building 
steps 106-110 of FIG. 4. Adaptive reference builder 24 
calculates (steps 106-110) tissue reference color components 
in order to build a reference sample of healthy tissue. The 
adaptive approach is based on averaging healthy tissue 
appearing in subsequent images. Averages are used since the 
parameters of healthy tissue along the GI tract may change. 
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Adaptive reference builder 24 selects (step 107) blocks 
based on value V (brightness) and hue H. In one embodi 
ment, the conditions are: 0.1<Vi)]-<0.9 and 0<Hi>j<0.09. 
These conditions indicate that healthy tissue is present. As 
shoWn in FIG. 5, images Pi, Pi_1, and Pi_2 With regions Ri, 
Ri_1, and Ri_2 of healthy tissue are obtained. Adaptive 
reference builder 24 averages (step 108) color components 
of healthy regions Ri, Ri_1, and Ri_2 (i.e. the selected blocks) 
of images Pi, Pi_1, and Pi_2 obtained along the GI tract. To 
smooth the data and eliminate sensitivity to particular 
images, adaptive reference builder 24 ?lters (step 110) the 
average tissue colors of the present image Pi and the previ 
ous image Pi_1. 
[0028] In one embodiment an In?nite Impulse Response 
(IIR) ?lter With the folloWing iterative computation is used: 

[0029] Where ti represents the time index of the current 
frame i and ti_1 represents the time index of the previous 
frame i—1. 

[0030] Referring back to FIG. 4, distance calculator 26 
then calculates (step 112) the Euclidian distance betWeen 
each block in the matrix and blood reference value B. Blood 
reference value B is obtained from knoWn images containing 
blood, analyZed by spectral analyZer 22 as described above. 
In another embodiment, a different colorimetric reference 
value may be used for indication of other unusual colors. 
The result of this calculation, for the exemplary embodi 
ment, is a matrix of 32x32 elements PBLJ. This calculation 
is done according to the folloWing equation: 

[0031] Where Hb, Sb and Vb are the reference values for 
hue, saturation and brightness, respectively of blood. 
[0032] A similar distance calculation is calculated relative 
to the adaptive tissue reference color (healthy tissue) com 
ponents, resulting in a 32x32 matrix IL]- as folloWs. 

[0033] Where Ht, St and Vt are the reference values for hue 
saturation and brightness, respectively, of healthy tissue. 
[0034] Once the distance matrices are obtained, decision 
calculator 28 calculates (step 116) a probability indication 
function A according to the folloWing equation: 

(9; - 

A = E {(?iyj s BloodThreshold) f] z TissueRati0nThresh0ld]} 1,] 
it] 

[0035] The threshold can be set to any value. In a preferred 
embodiment, the threshold values are as folloWs: Blood 
Threshold=0.15 and TissueRatioThreshold=4. Blood exists 
if A>0. 
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[0036] Finally, image monitor 18‘ displays (step 118) the 
results, either as a color video shoWing the presence of 
bloods or as a graph or table indicating the levels and/or 
threshold values. 

[0037] Display of results may include incorporation of a 
position indicator, so that the end user can determine Where 
the presence of color change is Within the GI tract, or other 
body lumen. Thus, the physician Will be able to deal With the 
problem area. 

[0038] It Will be appreciated by persons skilled in the art 
that the present invention is not limited to What has been 
particularly shoWn and described hereinabove. Rather the 
scope of the present invention is de?ned only by the claims 
that folloW: 

What is claimed is: 
1. A method for detecting abnormalities in-vivo, the 

method comprising the steps of: 

analyZing an image for at least one spectral characteristic; 
and 

creating an abnormality determination based on the analy 
sis. 

2. The method of claim 1, Wherein the abnormality 
determination is a determination of the presence of an 
abnormality. 

3. The method of claim 1, Wherein the abnormality 
determination is a probability determination of the presence 
of an abnormality. 

4. The method of claim 1, Wherein analyZing the image 
includes at least analyZing the image for at least one spectral 
characteristic in relation to a reference value. 

5. The method of claim 1, Wherein the image is of a body 
lumen. 

6. A method as in claim 1, Wherein said spectral charac 
teristics include hue values. 

7. A method as in claim 1, Wherein said at least one 
reference value includes a pathology sample. 

8. Amethod as in claim 7, Wherein said pathology sample 
includes blood. 

9. Amethod as in claim 1, Wherein said abnormality is due 
to the presence of blood. 

10. Amethod as in claim 1, Wherein said analysis includes 
comparing images. 

11. A method as in claim 1 Wherein the image is received 
from an in-vivo camera imager. 

12. A method as in claim 1 Wherein the image is received 
from a capsule. 

13. A method according to claim 1, further comprising 
deterimining the position of the image. 

14. A system for detecting abnormalities in-vivo, the 
system comprising: 

an image receiver means for receiving images; 

an analysis means for analyZing an image for at least one 
spectral characteristic and for making an abnormality 
determination based on the analysis. 

15. A system for detecting abnormalities in-vivo, the 
system comprising: 

an image receiver module capable of receiving images; 

an analysis module capable of analyZing an image for at 
least one spectral characteristic and making an abnor 
mality determination based on the analysis. 

16. The system of claim 15 Wherein the abnormality 
determination is a probability. 
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17. The system of claim 15, wherein analyzing the image 
includes at least analyzing the image for at least one spectral 
characteristic in relation to a reference value. 

18. The system of claim 15, Wherein the image is of a 
body lumen. 

19. The system as in claim 17, Wherein said at least one 
reference value includes a healthy tissue reference value. 

20. The system as in claim 17, Wherein said at least one 
reference value includes a pathology sample. 

21. The system as in claim 20, Wherein said pathology 
sarnple includes blood. 

22. The system as in claim 15, Wherein said abnormality 
is due to the presence of blood. 

23. The system as in claim 15, Wherein said analysis 
includes cornparing images. 

24. The system as in claim 15 Wherein the image is 
received from an in-vivo carnera irnager. 

25. The system as in claim 15 Wherein the image is 
received from a capsule. 

26. A method for calculation of a reference value for 
tissue, the method comprising the steps of: 

receiving at least a ?rst image and a second image from 
Within a body lurnen; 

selecting blocks of piXels Within said images based on 
colorirnetric pararneters; 

averaging said colorirnetric parameters of said selected 
blocks of piXels of said at least ?rst and second images; 
and 

?ltering said calorirnetric pararneters, thereby obtaining a 
reference value for tissue. 

27. A method as in claim 26, Wherein said step of 
receiving includes receiving multiple images. 

28. A method as in claim 26, Wherein said colorirnetric 
pararneters include hue. 

29. A method as in claim 26, Wherein said colorirnetric 
pararneters include brightness. 

30. Arnethod as in claim 26, Wherein said tissue is healthy 
tissue. 

31. A sWalloWable capsule for detecting colorirnetric 
abnormalities in a gastrointestinal tract, the capsule corn 
prising: 

an irnage-receiver for receiving images from said gas 
trointestinal tract; and 

a processor for generating a probability indication for 
presence of colorirnetric abnorrnalities by comparing 
color content of said images to at least one reference 
value. 

32. A capsule as in claim 31, Wherein said at least one 
reference value is a pathology sample. 

33. A capsule as in claim 32 Wherein said pathology 
sarnple includes blood. 

34. A capsule as in claim 31, Wherein said at least one 
reference value includes a healthy tissue reference sample. 

35. A capsule as in claim 31, Wherein said at least one 
reference value includes a pathology sample. 

36. A capsule as in claim 31, Wherein said color content 
includes spectral characteristics. 

37. A capsule as in claim 36, Wherein said spectral 
characteristics include hue. 

38. A capsule as in claim 36, Wherein said spectral 
characteristics include saturation. 

39. A capsule as in claim 36 Wherein said spectral 
characteristics include brightness. 
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40. An apparatus for determining calorirnetric abnorrnali 
ties Within a body lurnen, said apparatus comprising: 

an irnage-receiver capable of receiving images from a 
body lurnen; 

a spectral analyZer capable of determining color content 
of said images; and 

a processor capable of generating a probability indication 
for presence of an abnormal condition by comparing 
said color content to at least one reference value. 

41. An apparatus as in claim 40 Wherein said processor is 
con?gured for real-time processing. 

42. An apparatus as in claim 40, Wherein said processor is 
con?gured for post-processing. 

43. An apparatus as in claim 40, Wherein said pathological 
condition includes bleeding 

44. An apparatus as in claim 40, Wherein said at least one 
reference value includes a value for healthy tissue. 

45. An apparatus as in claim 40, Wherein said at least one 
reference value includes a value for pathological tissue. 

46. A system for detection of a calorirnetric abnorrnality 
Within the gastrointestinal tract, said system comprising: 

a sWalloWable capsule having an in-vivo irnager for 
obtaining images from Within said body lurnen; 

a transmitter capable of transmitting said images to a 
receiver; and 

a processor capable of generating a probability indication 
of presence of blood based on comparison of color 
content of said received images and at least one refer 
ence value. 

47. A system according to claim 36 Wherein said colori 
rnetric abnorrnality indicates a pathological condition. 

48. A system according to claim 37 Wherein said patho 
logical condition includes bleeding. 

49. A systern according to claim 36 Wherein said at least 
one reference value includes a value for healthy tissue. 

50. A system according to claim 36 Wherein said at least 
one reference value includes a value for pathological tissue. 

51. A system according to claim 36, further comprising a 
position indicators thereby alloWing visualiZation of a loca 
tion of said results Within said body lumen. 

52. A method for detecting abnorrnalities in-vivo, the 
method comprising the steps of: 

analyZing an image stream for at least one spectral 
characteristic; 

creating an abnormality deterrnination based on the analy 
sis; and 

presenting to a user the abnorrnality deterrnination. 
53. The method of claim 52, Wherein the abnorrnality 

determination is a determination of the probabiltiy of an 
abnormality. 

54. The method according to claim 1, Wherein the image 
is part of an image stream. 

55. An apparatus for determining colorirnetric abnorrnali 
ties in-vivo, said apparatus comprising: 

an irnage-receiver capable of receiving images; and 

a processor capable of analyZing color content of said 
irnages, generating a an abnormality indication for the 
presence of an abnormal condition and presenting to a 
user an abnormality diagnosis. 

* * * * * 


