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An Algorithm for Image Segmentation in HSI Color Space
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Abstract: This paper presents a new segmentation algorithm that uses priority components irué{Sl (H
Saturation, Intensity) color space. The algorithm (named SegPC) is designed for HSI color space to support ima
understanding in different areas of human activiti
color perception. The innative idea for the usage of all color components with respect to their importance is
exploited in algorithm development. Two parameters are used for controlling the segmentation process, the fir
parameter is the number of colors used in the segmentptamess and the second is the order of applying
calculated thresholds for color components. The main goal of the research is the analysis of the proposed n
segmentation algorithm. A set of images with different types of histograms is used for peagtioalation of the
developed algorithm. The peak sigt@noise ratio (PSNR) is used as a measure of the effect of image
segmentation. The highest PSNR valu&2(for images with histogram near terhbdal type and?23 for images
with histogram with seval peak values) are calculated for the priority of color components in which the first
analyzed component is color intensity and the number of colors in the segmented image is a quarter of the numi
of colors in the input image. This result could be akmd by the meaning of the intensity component which
describes the brightness of the color and because of this, it carries a significant part of color information. The tirr
complexity of SegPC is evaluated through theoretical analysis and experiménislgbserved that performance
time depends on three variables: first, the size of the image strongly influences time complexity (when the size
the image increases then the time for processing increases too), second, the number of colors alddaginetate
for processing, and third, the selected color components chosen as per the priority has a weak influence on til
complexity because it defines the number of pixels which have to be additionally andiywedeveloped
algorithm presents promisingsults. Thusit could be applied in image analysis aratural sciences
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1. Introduction components of RGB, HSI, andXCcolor models have

Image segmentation is an importatepsin image been analyzed to identifshe color component that
anal ysi techniquetof dividing @ digital image could give significant segmentation _performance. The
into different setwof pixels, i.e., pixels in a region are research proved that segmentation using the S
similar according to some hwgeneity criteria such as component of H_SI color space is the best for obtaining
color, intensity, or texture, to locate and identityjects ~ fully segmented infected cell11].
and boundaries in an image [1]. It is used for filtering Another areavhere segmentation methods cobil
noisy images, medical applications, locgtiobjects in ~ applied is raisin dection for various lighting
images, face recognition, and fingerprint recognitionconditions. The aim is to distinguish the observed
[2]. There are many segmentation methods, and thgbje_cts into desired, undesired, and background regions.
choice of an appropriate technique is decided by thd h€inputimages are converted to HSI color space and
particular image type and the problem's characteristic§égmented using a permutatooded —genetic
that have been considered 3]. The most popular glgorlthr_n. The resultshow that the proposed approach
techniques are for global grégvel thresholding, and IS €ffective [L.2]. _ _ o
many algorithms have been proposedtiis direction, Lesquerella canopieare used as an oil substitute in
like the worksof Rosin [4]. A different approach for manufacturing many industrial products. They are
image thresholding is dividing the image into more Yellow flowers that have two seasons of growth. A
levels than objects artsackground. luses multlevel ~ Method for remote monitoring of flowering of
thresholding but the main problem igs large time Lesquerella canopieshas been proposed. Digital
complexity [5]. cameras collect images, converted into an HSI color

In image processingolor image segmentation is a Systémto be segmergd The presented results prove
priority task by image analysis Researchers as that the proposeq method for segmentation in the HSI
algorithms for color image segmentation like mean COlOr space is suitable for the purpose and nectit
shift clustering [6], Markov randonjeld models [7], Py variable outdoor lighting conditionsg. _
and hybrid methods [8]In addition, the statistical It could be summarized that extracting information
information for the distribution ofcolors of pixels from some components of HSI color space has a

(histograms) in RGB color space is used to solve thdractical application in various natural sciences.
multi-level thresholding problem [9]. Depending on the particular characteristics of the

processed images, a special processing algorithm is
: PR designed. In this context, developing automatic
2. Algonthms for Image Segmentationin methods for image analysis in HSI color space based
HSI Color Space on segmentation techniques is an actual problem.
Image segmentationoald be applied in RGB and The main idea behind this research is to propose an
other color spacesSome researchers compare thejmage sgmentation algorithm that deals with all color
results of segmentation in RGB and HSI color spacegomponents in HSI color space using the priority of

in processing images of blood samples from patientgolor components to extract more important
with acute leukemiaThe proposed algorithisegments  jnformation from the image.

each leukemia image into two regions: blesls and

background. Thee areappliedsegmentation algorithms ; ; ;
in both color spaceto select the best techniqdier 3. Algonthm for Segmentation Using

detecing theblast in bloodsampleimages. The results Priority Components (SegPC)ln HSI

show that using RGB color space is inappropriate inColor Space

this case. On the other haraah HSI color system and a The color image is stored in digital foras a file in

saturationcomponent can provide almost similar pixel BMP formatand described in the RGB color system.

values and shapes of original blagt§][ Because of this, as a preliminary step, the image has to
Malaria parasitesauld be detected by segmenting be converted into HSI color spacEhe conversion is

images of red blood cells infected with malaria. It usesbased on well know classic formulae [1]:

k-means clustering segmafibn to segment the O G i (1)

infected cell from the background. Different color 8
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Y p —— [ ET'YHOD (2) all pixels that must be colored in black (distributed into
. setD;). The second predica(Eormula 12) implements
0 — 3 the distribution of remaining pixels (m*n [Dy|; m

The image presentation in HSI color space definewidth of the image, nhigh of image) into sets of
the sets of pixels (segments) that have to be in the sanmxels.

color. D(i = 2, 3, e, k) .
06
3.1.Segmentation withPriority Components doma @ & ‘yza '@ 8 'YZ
Let the image be sized mxn (Imfhe number of @ ga 6 Y (11)
colors in segmented image k is limited to a quanfe ‘@akedm o Qi 0

The value K is the black color in the segmented
image, and Tis the first threshold value defined for the
color component.

the number of colors in the input image. Its maximum
value is 64 the intensity of color in the grayscale
image is between 0 and 255This limitation is

motivated bythe basic concept of segmentatidnhas Lo _
to reduce the number of colors to prepemages for 00 (MG AQ o6 v (12)
object extraction. "HAES 0 Qi O

Depending on priority order, the sets of pixels with  Thep has a value of 2 or 3 and presents the second
different colors are defined (PD,, €. The set of  and third priority component&, ( | = 2, is3a, é .
pixels Oy contains pixels colored in black by image color in segmented image.
segmentationand the set of pixels Jrontains pixels The threshold values (T i = 1,-1) are é

colored in white. The dher sets (R Ds, €, P defined as medians in a set of pixel values for every
contain pixels that have to be colored in gray withcolor component.

different intensies. Pixels falling in the set [arethe Statement 1The distance betweemvo couples of
union of apart of pixels falling in A, a part of pixels  threshold values (JTi) and (T, Ti+1) isaconstant.
falling in B,, and all pixels falling in € The sets of Proof: Let aset S be composed dll pixels which
pixels A (i=1, 2, arédefindd)using the first have a color value smaller than ®&<T;; i =1, 2,
color component in priority ord¢Formula 4) (m*n/k)) and a set Sbhe composed of all pixels which
60 Ko "0 "0 8" 0 z O (4) have a color value smaller thap. The median values
Every pixel belongs to only one set of pixels; A are defined for the sorted row of pixels (their coldfs)
(Formula 5) T, is smaller than T(T; < T,), and all elements of;S
6. 0,0, 8 o = (5) are smaller thaelementsthat fall in S,. All elements
The union of sets of pixels;Alefines the image smaller than Tdefine a set for whichlis a mediar¥
unambiguouslyThe sets of pixels Bi =1 , 2, gA1|l |As|.)Let a set $be composed of all pixels with

are defined using the second color component in theolor values smaller than; TAll elements smaller than
priority order (formula 6)and their union defines the T; define the set S The value T is also mediaryY
set A. [A2ll JAs]. With mathematical induction, it could be
6 K& 6 6 86 z 6 06 (6 supposed tha®\|[l |Ai;;| => the distance between two
Theintersection of alkes of pixelsB; is an empty  couples of threshold values,(Ti1) and (T, T+1), is a
set(formula 7) constant.
6.6, 06,8 6 =1 (7
The sets of pixels @i=1, 2,¢é , k) ar e d e3f2.RegienDefinitoon n g
the third color component in the priority order The segmented image consists of regions
(Formula 8), and their union defines the set B (segments) which are the results of the segmentation
O KO 606" 8 0 z 0 0 (8) procedureln common, the number of regions is bigger

The intersection of all sets of pixe® is an empty  than the number of colors (K)Two regions are

set. neighbors if their color iglifferent consequently, the
6, 6,0, 8,0 n (9 regions with the same color are not neighbbet. R
Finally, the set of pixels Dcould be defined by the and Rbe the regions with the same color.

next equation R={pLp2ps &} P )
O z6z56 (10) R={py PP €&} ragorrig )
The second and third color componeats applied Every pixel which is part of For R has the oginal

to separate pixels that fall in set £colored in black) ~color between thresholds (TTy.,) => one of the
because there are presented pixels with dark coloPredicates (11 or 12) is trughe maximum distance
which could contain shadows. Thus, they have to bdetweenn andn is [T - Tuaf, and the minimum
differentiatedfrom other pixels distanceis zero.The variance beteen mathematical
The decision talistributepixels into defined sets of €expectations for two regions with the same color is
pixels(Di;i=1, 2, €é, k) is Dbas(eoonulais). t wo predicates.
The first predicate (Formula 11) is designed to identify 1, n - (13)
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Let two regions, Rand R, havethe same color, but algorithms. Mohideen et a[15] discussed a method
it is different from thecolor of regions Rand R. The  for additive random noise that can easily be removed
mathematical expectations for these regi¢Rg and  using simple threshold methods. Wavelet denoising
R,) arer] andr) . Let the pixels which are part off R scheme thresholds the wavelet coefficients arising from
or R, have an original color between thresholds (T the standard discrete wavelet transform. Research has
Ti2) => one of the predicates (11 or 12) is trlien, been proposed on the suitability of different wavelet
the variance between Bnd Ris smaller than between bases and the size of different neighborhoods on the
Rcand R. performance of image denoising algorithms in terms of

NN NN (14) PSNR [15].

Thus the probabilty (') for a fixed couple of L R e o compare the obtained
regions of Im is nbmore tha 1t P). results with the results of other methods [16].

Sara et al. performed simulation experiments using
Gaussian noise through a Gaussian filtering technique.
The image quality was evaluated agplying different
metrics, such as structured similarity indexing method
(SSIM), feature similarity indexing method (FSIM),
MSE, and PSNR. The results were similar for all used
hmetrics. If the noise level is increasing, then the

3.3.Time Complexity

The conversion of Im into an HSI color space forms
the first part of the time complexity function. This
processing involves a sequence of arithmetic
calculations for every pixel, and thus its complexity is
N? (N- size of inptiimage (m*n)). The next step of the
SegPC algorithm is the calculation of thresholds, whic ) . :
are needed for the segmentation process as they afgcovery quallty 9f th_e dputimage will decrease [17]. .
part of segmentation predicates. The time complexity Image depmsmg IS an important part of the analysis
of this calculation is NlogN, because the quick sortOf MR.I brain scan images because _|t_removes_the
algoiithm is used for sortingp identify median values undeswablt_e noisy components. D_e_nmsmg techmque
The predicates of time complexity depend on tWOpIays a significant role in sustaining the stability

parameters, namely, the number of colors (K) and’€Ween two componeit noise removal and
number of pixels that form the set.A preservation of image features. Different methods for

o "QOFD s (15) denoising are applied on a dataset of MRI images, and

When the number of colors increases, the time forthe results are validated by calculating the PSNR value

: : : 918].
processing also increases. Some fluctuations ma
appear in this trend because the number of pixels th
fall in set A also influences the time for processing.
Y O 0a € QU (16)
The upper asymptotic bound of the time complexity
of SegPC is O (N.

a}{.Z.Evaluation of Segmentation

PSNR is also wused to measure nicast
enhancement. This ratio is used as a quality
measurement between original and cortestanced
images. The most appropriate image processing method
) ] ] can be selected by comparing the results obtained for
4. PeakSignalto-Noise Ratioand Its the PSNR [19].
Application Jumb et al. presented an apgrb for color image

Peak signato-noise ratio (PSNR) is used to segmentation. The proposed processing includes the
calculate the ratio diween the maximum possible conversion of images to an HSV color space and
signal power and the power of the distortion noise thaf € g ment ati on based aneansOt s
affects the quality of the representation. This ratio isclustering for regions merging. The segmented images
usually calculated as a logarithmic quantity using theobtained through processing with thproposed
decibel scale. PSNR is described mathematically byPproach and other algorithms are compared using the

Equationg17) and (18). PSNR value [20].
5 Other researchers also used image segmentation
OYY pil C — a7

techniques based on the kernel subtractive ame&ns
0YO —B B 06Q U "AQ (18)  clustering algorithm. Their results are compared with

whereMAX is the highest possible value of the signal. 1€ ségmentation reisiusing the PSNR value in order
If the input is a grayscale image of 8 bits, théAX = to validate the effectiveness of the proposed method

255. MSE is the mean squared error between thel21]-

original image and the reconstructed image. The Wang et al. [22] proposed an automatic
parametersm and n are the number of rows and segmentation system to separate maize leaves from a
complex background in digital images under different

columns, respectively, in the image. The PSNR is: < )

inversely proportional to the MSE [14]. Ilght conditions. The obta'med 'results are compar_ed
with the results of processing with other segmentation

algorithms. The PSNRalue is calculated to measure

4.1.Usage inFilterin oo .
g g how close the segmentation image is to the standard

PSNR is often used to evaluate denoising
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image and how it@ects the illumination changes [22]. in image processing [1], antig remaining six images
Image segmentation methods are also applied imre captured in laboratories of the University of Food
medical imaging systems, for example, to analyze lungrechnologies (which captures the structure of different
images [25]. Three methods are used for image types of food) in the city of Plovdiv. The histograms of
segmentation: connected threshold, neighborhoodhe test images are presented on FEig
connected, and threshold level set segmentation. The Each of these images converted to grayscale using
different methods are compared based on the calculatdtie proposed segmentation algorithm. Before the
performance evaluation parameters MSE and PSNRegmentation is started, the desired number of colors

[23]. and the priority of the components are .s&he
Bao et al[24] proposed a hybrid algorithm for color algorithm is tested with 2, 4, 6, 8, 10, 20, 30, 40 colors,
i mage segmentati on. Ot s ani s quanter fotheonadaximanm gbssiblke acq@onsrobtbe

entropy are used to determine the segmentatiommage. The test images present different objects
threshold values. The proposed a hybrid algorithm usesaptured in different lighting conditions, so different
Harris hawks optimization and differential evolution. maximum numbers of colors are obtaindtbr the
Seven known algotitms are compared using a set ofi ma g e A WC B, diset maxinsutn unureber of
images. Some measures, including PSNR, are used tmlors is 52,whereasf o r AfCST , Loa bfioGraetbo
evaluate the performance of each algorithm [24]. Bazand A chee 58 coleraampsed. The

In the present paper, PSNR is used to evaluate thei ce cr e am6l acddb bows @ E@na. ¢
proposed algorithm. According to the obtained resultsfi p e p paenrds 0 fi t 57 lamdp6&colors are used,
the most appropria number of colors and the priority respectively. Thesegmented images are saved in BMP

of components in image segmentation are set. format.
The resultdor four images with different histogram
5. Experimental Results types are presented in Fig. The i mage 0

A set of eight images is used to test the proposed I I U ¢ t ur ehe strpcture ofe Bulgasian white
algorithm. The images have different sizes as followsCheese in bringhei mage AGrebna Baz:
WCB structur eCSTI3BBGr dt c3r3ydBRyQung gnanpel in Plovdiandthe imagefi L e n a o

2625),GrebnaBazd 1920 1 1440), iafedPePreams¢38p8 well known
2333),Lena( 512 1 512), cheesh OLERpPI . (olstgouged color
1440), peppers (512 1 5 1(bSH)ang selectedomecelgssdor segmgnsation.7 7 ¢
Two of the test imaged.€énaand peppers) are popular

WCB structure CST laboratory Grebna Baza Ice cream

. v - . - |
. [ A I |
bW o] A - {| | \
Y ] ; /

'Fig.rl Imagdwistoéra‘runs 'J

WCB structure Lena Peppers Grebna Baza

Original &

e S
2 colors Rgg”
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4 colors
8 colors
10 color:
20 color:
| co

Fig. 2 Results focolor componerg priority O‘(ISZHS)

The obtained resul ts fpivels with col@giredifferert gammeaa(idear t@a différent
Apepper so ar e. Jpane 4,e8sing alld basic cobisilike red and blue) significantly influences
possible color types, components priority, and foursegmentation results in these modelsich are used as
versions of color number. It is observed that processin@ first priority componenHue. The segmented images

results for image fiLenaooar édépgppeesdi afereetyi si i
segmentation modes (with different order of priority used in all possible modes to prioritize a@olo
components), especially wh the number of colorsis component s. The Apepper so

higher than two. This image has a histogram with manypeaks in a histogram. The segmentation with 20 and
small peaks (Fig. 1) and a high contrast among areasiore colors with intensity usage as a first priority
with different color intensities (hue). The presence ofcomponent leads to good quality results.

2 colors 8 colors 20 colors I colors

o it
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esults fo '

5.1.PSNR PSNR
A program has been created in Scilab to calculate

the PSNR value using formulae 17 and 18. The images =

segmented with the@roposed algorithm (SegPC) are "

compared with the original image. For each image, 54

PSNR values (6 modes [orders of priority components]

x 9 values for the number of colors) are calculated. The

PSNR values for couples of priority modes with the

same firstcolor component (for example, priority 0 and Bt o asormory

priority 1 have first priority color component Intensity) e e e

are very similar because the set of pixels Al in these Fig. 6 PSNR for Priority 2%1°H°)

modes is the same. Fig7 show the PSNR values for

priorities 0, 2, and 4, respectively. It ibserved that *

the highest PSNR values are measured for priority 0«

(first processed component is intensity, second is =

saturation, and third is huéhis observation could be ©

explained by the nature of the intensity component.

Which implements the brightness the color, and

because of this, it significantly forms the sense of

2colors  4colers  Gceolors  Boolors 10 calors 20 colors 30 colors 40 colors 174 colors
~——grebna baza ~——lce cream
1uli

PSNR

color.
In all discussed priority modes, the lowest PSNR B o
value is calculated for binary image (two color8) . nesss samilee e

significant increase in PSNR value is measured for the Fig. 7 PSNR for Priority 4H'1°S’)
image with four coles compared to the same image
segmented with two colorsPSNR value increases
when the number of colors increasksPriority Mode

4 (Fig. 7), the lowest PSNR values are calculated fo
image "Lena,” which corresponds with the visual
evaluation of segmented images (FAgmode HI*SY).

5.2.Performance Evaluation

Performed in the same conditions, as follows:

The experimental time complexity evaluation is

1) Every image is processed ten times with selected
parameters (priority of color components, number of

PSNR colors).
25 2) The measured time (ms) is summarized as an
avelge value, and a standard deviation is calculated
” too.
15 3) It uses a mobile computer system ASUS ROG
— STRIX with processorintel(R) Core(TM) i510300H

10

2colors  4colors  Gcolors  Bcolors 10 colors 20 colors 30 colors 40 colors  1/4 colors

—WCB structure
—Ilena ——cheese samples

Fig. 5 PSNR for Priority OI{S*H°)

—cst laboratory ——grebna baza —Ice cream

tuli
p:

CPU @ 2.50GHz16MB memory and Windows 10
(64 bits) operating system.

Fig. 8 presents thetotal time for image
segmentation using 2, 10, and 20 colors and the priority
of color components IntensitySaturatior>Hue
(I'SPH3).

Increasing the number of pixels (the esipf the
image is shown on the-axis) leads to increased
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processing time. The trend of the presented function is

. Image "lena", Average time [ms]
quadratic.

22
Total time for processing, ms 20
12000

[y

8
10000

8000
I sl b 1 bl
2 Il I II I
4000 2 colors 4 colors 6 colors 8 colors 10 colors 20 colors 30 colors 40 colors — 1/4

[
(=]

[
'S

-

colors

2000
M Priority O ® Priority 1 m Priority 2 ® Priority 3 ™ Priority 4 m Priority 5

0

262144 262144 786432 2764800 3686400 8165500 9187500 11485305 F|g 9Avel’age tlme fosegmentatiomr imageﬁ Lena b

M 2 colors M 10 colors 20 colors

Fig. 8 Average time for processirgf all images

Tabl es 1 and 2 present standar d deviati ons (a)
calculated for the time of processing two tested images.
It is observed that the standard deviation in the
measured time is higher for the bigger image, which
could be explained by the higher value of the mest
times when the bigger image is procesdgeat. all test
images, the standard deviation of performance time,
calculated as a percent of measured time, is between
0.5% and 1P4 (the average value is abouB%). The Fig.10Aver age ti me for <epgement at i
average standard deviatign) for all test images is
about 83.

Table 1 Standard deviatiq) of measured timéor segmentation
of smallimage(lenabmp)
2 4 6 8 10 20 40 ]

colors
'SH® 224 194 118 142 120 166 092 154
I'H’S® 066 136 104 160 253 054 117 155
SY?H® 046 141 142 164 147 206 046 181
SHA® 098 189 128 149 119 060 1.00 150
HY%S® 130 169 120 181 140 205 114 054
H!$2® 066 169 155 117 130 064 173 176

Table 2 Standard deviatiofi)(of measured time faegmentation
of big image (WCB structure.bmp)
4 6 8 10 20 40

Fig.11Aver age ti me for segmentati ol

I'S’H® 1767 2884 2158 1210 2520 1861 2699 1228
I'H2S® 1158 1294 1155 1521 1865 7.51 1146 1560
sh?H® 2077 57.81 21.76 24.85 9.90 1557 6.64 19.08
SH4®  16.07 2061 310 891 519 916 17.81 5.60
HY2S®  18.24 3343 14.17 566 11.12 9.86 24.80 43.32
H!S® 2355 37.47 2340 31.04 2158 11.40 10.10 8.52

The variance in measured timaluesis typical for
performance on modern computer systems because
they work in multitaskingnode and the loading of a
system depends on various factofsuch as the
execution of background programs that check for

Upda_ltes) . . Fig.12Aver age time for segmentation
Fig. 9-12 presenthe average time for segmentation

(tpredicated Of fOUr images using six modes for priorif It is observed that, when the number of colors is a

color components and eighifferent values for several constant, then the segmentation mode ("Priority 0" to

colors "Priority 5") influences the time for segmentatiarhe

The notations “"Priority 0" to "Priority 5" gjfferences in measured values for segmentation time
corresponds with the priorities of color components as, ¢ bigger when the number of colors is higher.
follows: ; N some cases, the time for segmentation decreases when
Priof 'ﬂls%Hﬁ" M r ifd H§31 Y 10 the number of colors increaseBor example, the
Priof $1|%H§” @ r ![CS]“_ﬁ|31 Y 30 average time for segmentation of image "WCB
Priof WISy, &A®r ildisi®t y 50 gyycture” for ten colors 181 ms, but, for 20 colors,

St S I
o O O



