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ABSTRACT
The usefulness for image segmentation of a quadtree approxi-

mation of a 2nx2 n gray level image is examined. Estimates of the

thresholds i defining object regions Ri in an image are obtained

by analyzing the histogram of an image reconstructed from the

quadtree. This information is used with the quadtree data

structure to find the approximate location of the Ri within the

image. A separate local threshold j to extract each Ri is then

calculated from a histogram of those areas in the original image

that are known to be in the vicinity of R The threshold j is

then applied to the original image locally in the vicinity of

R to yield a region Ri similar to R'. The procedure is then
repeated for other thresholds i+a, where a is a small interval, to

yield regions q (k = i-c,i,i+) similar to R. The best q is

chosen by correlating each one with an edge map of the original

image.
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1. Introduction T4hm

I Image segmentation is one of the basic tasks in image

analysis. If regions in an image can be identified, their

properties and the relationships between the regions can be

studied. This can perhaps lead to the identification of the

objects depicted in the image. Examples of images that con-

sist of regions and where segmentation would be useful occur

in cell classification, military target identification, and

industrial parts inspection.

Segmentation methods for images that fall into the above

classes are well known (1]. Many of these are based on using

thresholding and edge detection to provide independent sources

of information to select regions in an image. Milgram [2] discus-

ses several objections to such methods and proposes an approach

to segmentation based on correlating regions extracted by multi-

ple thresholding of the image with an edge map of the image.

A criticism of this method is that if the image and its edge

map are noisy, as is the case in many practical applications, the

correlation of a region extracted by thresholding using the

best possible threshold may not be as good as that for regions

extracted by other less suitable thresholds.

this paper examines an approach to image segmentation based

on using a quadtree approximation image (31 to identify regions

in the image. The advantages of this approach are firstly that



.-7 noise pointsare not present in the quadtree approximation of

an image and secondly that by traversal of the tree it is pos-

sible to find the approximate location of the regions within

an image. It is thus possible to extract a region by applying

thresholds in the vicinity of the region and to identify the

best threshold by correlating the extracted region with an edge

map of the original image. Since thresholds to extract regions

are applied locally, noise points which may be present elsewhere

in the edge map have no effect on the correlation of extracted

regions to the edge map of the original image.
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* 2. Representation of an image by a quadtree

A 2nx2 n binary image can be represented by a quadtree by

successively dividing it into four quadrants. Quadrants which

contain both black and white areas give rise to branch or "gray"

nodes in the tree, while those which are either all black or

all white are black or white leaf nodes and are not further

subdivided. A quadtree representation is useful, for example,

for the approximation of shapes [4]. Of the several kinds of

approximations possible, the one using the concept of a maximal

node is perhaps the most useful. A maximal node (or block) is

a node which has no adjacent nodes of greater size.

A quadtree can also be used to approximate a 2nx2 n gray

level image. In this case quadrants through which edges pass,

or that have a busy texture, will correspond to branch nodes in

the tree, while those that are sufficiently homogeneous will be

represented by leaf nodes. The measure of homogeneity used for

classifying a particular quadrant as a leaf or branch is impor-

tant not only for the size of the tree but also for the quality

of the image when it is reconstructed from the tree. If the

measure is too strict, the size of the tree will be prohibitively

large, whereas if it is too loose, the quality of the recon-

structed "q-image" will be poor. For a discussion of different

measures of homogeneity and their effects on the size of the

resulting quadtree and the quality of the corresponding q-images,

* see [5].
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The concept of maximal nodes can also be extended to quad-

tree approximations of 2 nx2n gray level images. In this case

a maximal node is defined as a node which has no adjacent

nodes of greater size with similar gray levels. The following

section examines some properties of a quadtree approximation

of a 2 x2n gray level image.



3. Properties of the g-image

In a quadtree approximation of a 2 nx2n gray level image,

leaf nodes in the tree correspond to blocks of approximately

constant gray level in the q-image. The q-image has several

properties which are useful for image segmentation.

Firstly, large blocks in the q-image characterize areas in

the original image that are reasonably homogeneous, while

small blocks are characteristic of areas that have a busy tex-

ture or which lie on or near region boundaries.

Secondly, parts of such small regions tend to be "absorbed"

by the large blocks in the q-image--for example, this occurs if

a large proportion of a block in the original image is homo-

geneous and a much smaller part, usually near one of the block

boundaries, is busy. Since the gray level of a block in the

q-image is the average gray level of the corresponding block in

the original image, the effect of such absorption on the q-image

is to increase the number of points with gray level equal to

those of large leaves and decrease the number of those with

gray levels equal to those of small ones. This is reflected in

the histogram of the q-image in which peaks corresponding to

large homogeneous regions are enhanced with respect to those in

the histogram of the original image. Thus the valleys in the

q-image histogram are likely to yield more accurate thresholds

for separating regions in the original image than those obtain-

able from the histogram of the original image. The enhancement



of peaks in the histogram is further improved if the histogram

is compiled from only those points which lie within maximal

blocks of the q-image. Figure l(a) shows the image of a tank

and Figure l(b) shows its corresponding q-image. Figure l(c)

shows the maximal block approximation to Figure l(a). Figures

2(a), 2(b), and 2(c) show the histograms corresponding to the

images in Figure 1. Note that the enhancement of the peaks is

significant in Figure 2(b) and even more improved in Figure 2(c).

Another approach to enhance peaks is to suppress small blocks

entirely from the q-image [6]. This process is essentially

equivalent to that described in [7]. It follows from the obser-

vation that an estimate of the threshold separating regions is

obtainable from the histogram of values on either side of the

edges between the regions. (See also [8].)

A third useful property of the q-image is that those edges

that are strong in the original image tend to be enhanced,

while those that are weak tend to be suppressed. This is

because the reasonably homogeneous regions which can be ex-

pected to contain the weak edges correspond to leaf nodes of

approximately constant gray level. The use of edge information

in the q-image to enhance edges obtained by applying an edge

operator to the original image is described in [9]. The impor-

tance for the segmentation procedure of a clean edge map is

discussed below.

_ _ _ _ _ _ _ _ _ _ _ _



4. Segmentation by applying quadtree-directed local thresholds

The preceding section showed that good estimates of the

thresholds separating regions in the original image can be ob-

tained from a histogram of its corresponding q-image. If such

a threshold is applied to the original image it is likely that

isolated noise points or small noisy areas will survive. Noise

points in the original image can be eliminated by smoothing this

image, for example, by applying a median filter. Small noisy

areas in the thresholded image can be removed by finding the

number of connected components in this image and retaining only

the large ones, since these are most likely to correspond to

actual regions in the original image (2]. An objection to this

technique is that the definition of a "large" component is

arbitrary, although it could perhaps be defined using prior

knowledge of the image environment.

Connected component analysis is not required, however, if

the thresholds for extracting n object regions suggested by

analysis of the q-image histogram, say Q1 (i=l,2,...,n), are

applied locally in the vicinity of these regions. Suppose that

an image consists of one object region and Q0 is the estimate

of the threshold separating it from the background in the image.

The quadtree approximation of the original image can be used

to identify the approximate location of this region, say R1 in

this image, since by traversing the tree it is possible to find

the position in the image of the block corresponding to any

node in the tree. Thus the region R is located in the vicinity

-



of blocks corresponding to those nodes in the tree whose gray
1 N1

level is greater than Q Let Nk (k=l,2,...,m) be the m nodes
0I 1

with gray levels above Q 0 From the preceding discussion it
1

should be evident that if Q is applied locally in the vicinity

of blocks corresponding to N k, the extracted region, say R0 ,

should closely resemble RI. It is possible, though, that there
1 1

is another threshold near Q0, say Q01V which when applied
1 

locally in the vicinity of blocks corresponding to Nk, will
yield a region R11 which has a better resemblance to R 1 than R1

1

This threshold, Q01 can be obtained by computing the histogram

of the area in the original image which lies in the vicinity of
1

Nk . Such a histogram would have a large peak corresponding

to points within R1, and a smaller peak (a "shoulder") corre-

sponding to points just outside R. The bottom of the valley

1between these two peaks corresponds to the threshold Q0I"

The success of the procedure for extracting R1 described

in the preceding paragraph depends to a large extent on the

accuracy of the initial estimate Q0(see [1). In practice

the initial estimate Q1 may not be accurate, so that other

thresholds near k' leading to extracted regions Rkl' must

be examined. In order to find the best thresholds for extracting

R I , it is therefore necessary to correlate each extracted region
1 i

k 1 with an edge map of the original image. Since each Rkl 

approximately in the same location in the original image, noise



points which may be present elsewhere in the edge map will have

no effect on these correlations. However, edges near the boun-

daries of R1 may be noisy and therefore it is appropriate to

use an edge map from which most of the noise has been removed

by a technique such as that described in [9]. The above discus-

sion can easily be generalized to an image containing more than

one object region.

I
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5. Segmentation algorithm

The segmentation procedure discussed in Section 4 can be

summarized as follows.

1. Using a suitable measure for the homogeneity of a block,

construct a quadtree approximation of the original image.

From the quadtree reconstruct the approximated original

image (the "q-image").

2. Histogram the q-image and from this histogram estimate

the thresholds Q1 (i=l,2,.. .,n) which separate the n

regions in the image, Ri (i=l,2,...,n)

3. For each Q do steps 4-6.
i

4. By traversing the quadtree identify the nodes N whosek

gray levels are above Q1. Compute a histogram of those

areas in the original image that are in the vicinity
i

o f N k 
.

5. From the histogram computed in Step 4, find the threshold

Q1" Apply this threshold to the original image in the

vicinity of Ni and extract the region Riviiiyo k  kl"

6. Repeat steps 4 and 5 for other thresholds Ql+a, where

a = 1,2,3, say. Correlate the extracted regions Rkl
i

with an edge map of the original image. The region Rkl

with the best correlation is the region Ri in the original

image.

Note that in Step 2, the histogram of the q-image can be

computed directly from the quadtree. The thresholds Q0+a will,

* 0-



in general, be distinct from Qi+1 and 00 since the difference0 0O snetedfeec
in gray levels of the various regions is significant in the

image classes under study.

I
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6. Examples

Figure 3 shows the various stages of applying the segmen-

tation algorithm described above to the image of a tank in

Figure l(a). Figure 3(a) shows the edge map obtained by apply-

ing the Prewitt edge operator to the image in Figure l(a).

Figure 3(b) shows the result when this edge map is cleaned

according to the procedure described in [9]. Note that a large

number of the noise edges have been suppressed. Figure 3(c)

shows blocks in the q-image corresponding to the nodes Nk. Note

that the blocks do not completely contain the tank. Figures

3(d)-3(f) show the extracted regions R, when the thresholds

Q are Q1 = 24, Q = 25, Q = 26. Correlation of these regions

with the edge map in Figure 3(c) identifies Q as the best

threshold for extracting the tank from the background.

Figures 4 and 5 show the results of applying the segmenta-

tion procedure to the image of a blood cell which contains two

object regions. Figure 4a shows the original image and Figure

4(b) shows its corresponding q-image. Figures 4(c) and 4(d)

show the histograms of the images in 4(a) and 4(b) respectively.

Note that the peaks in the histogram of the of 4(d) are more

enhanced than those of the histogram of Figure 4(c). This

shows that the smoothing implicit in the q-image, which perhaps

appears subjectively excessive, is useful for segmentation

since a better estimate of a threshold separating regions can
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be obtained from the q-image histogram than that obtainable

from a histogram of the original image. Figures 5(a)-5(c)
show the extracted regions R k for the thresholds 01 =4,

Q1 = 5, and Q = 6. Figures 5(d)-5(f) show the extracted
2 fo h hehls2 22

regions R for the thresholds Q = 19, Q2 = 20, Q = 21.

Correlation of these regions with an edge map of the image in

Figure 4(a) identifies Q and Q2 as the best thresholds for

separating the regions in the image. Figure 5(g) shows the

segmented image.



7. Conclusion

This paper has shown that the quadtree approximation of

an image is useful for segmentation of the image. The histo-

gram of the image reconstructed from the quadtree can be used

to give good estimates of the thresholds separating object

regions in the image. The quadtree data structure can be used

with this information to find the approximate location of the

regions within the image. Each object region can then be ex-

tracted by applying a separate local threshold calculated from

a histogram of those areas in the original image that are known

to be in the vicinity of the object regions in the image. The

extracted regions are correlated with an edge map of the image

and this correlation is used to define the best segmentation

of the image. No prior knowledge of the image environment is

required.
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Figure 2

Figure 3
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Figure 4

Figure 5

.-t e



References

1. A. Rosenfeld and A. C. Kak, Digital Picture Processing,
Academic Press, NY, 1976.

2. D. Milgram, "Region extraction using convergent evidence",
Computer Graphics Image Processing 11, 1979, 1-13.

3. A. Klinger and C. R. Dyer, "Experiments in picture represen-
tation using regular decomposition", Computer Graphics and
Image Processing 5, 1976, 68-105.

4. S. Ranade, A. Rosenfeld, and H. Samet, "Use of quadtress for
shape approximation", TR-847, Computer Science Center,
Univ. of Maryland, College Park, MD, December 1979.

5. S. Ranade, "Representation of gray level images by quadtrees",
in preparation.

6. T. H. Hong et al., in preparation.

7. J. S. Weszka and A. Rosenfeld, "Histogram modification for
threshold selection", IEEE Trans. Systems, Man, Cybernetics 9,
1979, 38-52.

8. D. Milgram and M. Herman, "Clustering edge values for
threshold selection", Computer Graphics and Image Processing
10, 1979, 272-280.

9. S. Ranade, "Use of quadtrees for edge enhancement", TR-862,
Computer Science Center, University of Maryland, College
Park, MD, February 1980.

10. M. Shneier, "Using pyramids to define local thresholds for
blob detection", TR-808, Computer Science Center, University
of Maryland, College Park, MD, September 1979.

-___



UNCLASSZFIED
S9nWU C1.ASSFICAION OP THIS 00AGS Uim Doe &om*

REPORT DOCUMENTATION PAGE ____z_ ____uT__OM

I. REPOR UMEN ' 1. VT ACC ION "O. L AECIPIU NS CATA0OG OiURlE

4. arT1.. W € ""d c) 1. Tv.E or .g1omiT a 1100e1O COVsneo

USE OF QUADTREES FOR IMAGE Technical
S E G M E N T A T IO N 4. olf R0" 0OT ,u..e ft

7AUTW@NR'.) C CONTRAZT on TRAvro#Uw@1W7)
Sanjay Ranade
Azriel Rosenfeld
Judith M. S. Prewitt DAAG-53-76C-0138

I. 11nVGNUN6G ORGANIZATI N OANO AG99OONIS Is. 1112RAMEJ.E .P OJICT, TAI

Computer Vision Laboratory, Computer A.121M.Auh MUINIV USE
Science Center, University of Maryland,
College Park, MD 20742

II. COU1rROLLMG O@rPlCS NAM19 ANO LOONIr 12. lP/jIY DATE

U.S. Army Night Vision Laboratory rebruary 1980
Ft. Belvoir, VA 22060 13. MU*.E0ONA61U

3 4 WM OO101NG AGrCy NPAn AOON O ill j l &oei ConsJilmd Offlo.) IL SECURITY CLAM (OW FMare..'j

Unclassified

16 OISTRIUTON STATILENT (0d hdi Rep.)

Approved for public release; distribution unlimited.

17. CSTRIGUT@N STAT91ME6N? (e 1 f tA "O m In 8e101 25. It 4010wm t-0 aIuOw)

IS SPLELM6NTANY t4OTUS

OIL ELZY WOROS (CIIAMS - "WW" si it eO edu# or uoah a6

Image processing
Segmentation
Thresholding
Quadtrees
Approximation

2G& AYrACT (CdrnMW AV.. aEW4 *fdO It aaainp m ~ dnfj 1~& hiae &O e

The usefulness for image segmentation of a quadtree approxima-
tion of a 2nx 2n gray level image is extmined. Estimates of the
thresholds i defining object regions R in an image are obtaine
by analyzing the histogram of an image reconstructed from the
quadtree. This information is used with the quadtree data
structure to find the approximate location of the Ri within the
image. A separate local threshold j to extract each R is then
calculated from a histogram of those areas in the original

DO , j 1473 gmts ov I wev so is oissLr UNCLASSIFIED

09CUmwwV cASSIOICATIOU@ OPS PAGE 44 (WHOs 36- 36M



UCLAS IF D
SIRuaUNTY C MIAWPCAION Or Tis PAGC(mInw Dos a 4Uatfl

image that are known to be in the vicinity of Ri. The
threshold j is then applied to the original image locally in
the vicinity of Ri to yield a region Rj similar to Ri. The
procedure is then repeated for other thrgsholds i+a, where
a is a small interval to yield regions Rj (k - i-ii,i+a)
similar to Ri. The best Rj is chosen by correlating each one
with an edge map of the original image.

UNCLASS FMED
SCWC oTV* CL ASSIPIC =TIOI4 Tw is PAMR(" 04at .. &1"~)


