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out on a mass blood survey in an endemic area that it should
examine hundreds of people.

Abstract—Malaria becomes one of the diseases that cause many
deaths in Indonesia, particularly in Eastern Indonesia. Parasite
readings in many fields of thick blood smear microscopic images
become the gold standard for the diagnosis of malaria. Therefore,
it requires high-quality smear image that easily readable existence
of parasites. Lack of health infrastructure, especially microscopy
specifications, in endemic areas affect the availability of such
smear images. Images that produced under these conditions have
low quality that have characteristics: blurred, the diminished true
color of object, unclear boundary, and the low contrast between
the object and the background. Therefore, in this study, we
propose image enhancement technique to improve the readability
of parasite in the low quality of thick blood smear image. The
proposed method consists of two parts, namely contrast and edge
corrections. Contrast correction utilizing the integration of
contrast correction globally and locally respectively using Dark
Stretching and Contrast Limited Adaptive Histogram
Equalization (CLAHE). Meanwhile, edge correction utilizing
Unsharp Masking Filtering (UMF) to improve the edge of objects
in an image. The results show that the proposed method is better
in the image entropy than other methods. While the value of MSE
and PSNR better if range of the histogram image is short. This
value means that the proposed method can produce images that
contain more information than the other methods and have a good
effectiveness. So the proposed method successfully improve
readability parasite in the low quality of thick blood smear image.
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Several studies of malaria using thick and thin blood smears
perform image enhancement to get a better image quality. Hanif
et al. [3] using dark stretching on thick blood smear image.
Nasir et al. [4] using linear contrast stretching and the
modification on the thin blood smear. Das et al. [5] make
illumination corrections using adjusted red and blue channels
by multiplying the respective intensity of both channels with
the corresponding gain, where gains is comparison of average
intensity of the green channel and the average intensity of each
channel. After that, it followed by noise reduction using the
geometric mean filtering. Arco et al. [6] using a combination of
Gaussian low-pass filtering, adaptive histogram equalization,
and h-minima transform to improve the contrast of the thick
blood smear. But these studies using the standard quality
images where the parasites are still easily recognizable from the
background.
The problem is largely malaria-endemic areas in Indonesia
including underdeveloped regions that have minimal health
infrastructure [7]. This condition causes availability of standard
quality of thick smear is not obtained easily due to low
specifications of health equipment, especially the microscope,
so the resulting images are low quality too. The blood smear
images that produced by this equipment have characteristics:
blurred, the diminished true color of the object, unclear
boundary, and the low contrast between the object and the
background.

I. INTRODUCTION
Malaria becomes one of the many diseases that cause death
in Indonesia, especially in Eastern Indonesia. The diagnostic is
required reading at least 100 of thick blood fields with a high
magnification [1], [2] to ensure that patients affected by
malaria. The amount increase if there is doubt of the diagnosis
obtained. It requires thick blood smears that existence of
parasites are easily readable. It often called standard quality. It
is required for the detection of the malaria parasite, considering
the number of slides that must be read to determine the status
of a patient malaria parasite. Moreover, the diagnosis carried
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In this study, we proposed an image enhancement technique
to improve the readability of the malaria parasite from low
quality of thick blood smear image using contrast and edge
correction. The results obtained can help facilitate the process
of diagnosis of malaria, particularly in Eastern Indonesia.
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Fig 1. Condition of thick blood smear: a. standard quality of thick blood smear, b. Blood components, c. Low quality of thick blood smear

C. Proposed Method
Method consists of two main parts: the contrast correction
and edge correction (Fig 2).

II. MATERIAL AND METHOD
In this chapter, it will be explained about a thick blood
smear, the used dataset, and the proposed method for image
enhancement process image.
A. Thick Blood Smear
The blood smear that can be used in the diagnosis of malaria
consists of two forms that are thick and thin smears. Both types
differ in the manufacturing process. Components in whole
blood are white blood, red blood, and platelet. Because of
hemolysis process on thick blood smear manufacturing can
damage blood plasma, so blood components seen in the thick
blood smear are white blood nucleus, parasite, and platelet.
Also, it is possible there are artifacts that form other blood
parasite or non-parasitic like a fungus because of poor storage,
pollen or spores that attach to the process of drying smears, dirt
or bacteria from the hands of the patient, and the contaminated
water organisms [1]. A Sample of a thick blood smear image of
Malaria patient as shown in Fig 1. Blood Components are
shown with objects that the intensity is darker than the
surrounding areas. A malaria parasite is characterized by a core
followed by cytoplasmic with brighter intensity. White blood
nucleus easily distinguished because the size is much different
than the other blood components, while parasite nucleus and
platelet have similar size (Fig 1b). In the standard quality of
thick blood smear image (Fig 1a), the parasite nucleus and
cytoplasm clearly visible, so it more easily recognizable. In the
low quality of thick blood smear image (Fig 1c), the cytoplasm
less or even not visible because of low contrast and diminished
true color of the object. It causes more difficult to detect
whether an object is a parasite or not.
B. Material
The data used in this experiment comes from the field
dataset of thick blood smear of Malaria microscopic image that
are collected by Eijkman Institute for Molecular Biology,
Jakarta. Image acquired using Dyno-Lite Camera, specifically
for use on a microscope. The microscope uses Nikon Eclipse
E100 and magnification of 10 × 100.

Fig 2. Flowchart of Image Enhancement
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Contrast Correction

Edge Correction

Problems on Low quality of thick blood smear image:
blurred, the diminished true color of objects, and the low
contrast between the object and the background can be
overcome by improving the image contrast. However, just
increasing the contrast globally as in previous studies [3], [4] is
not enough to solve it. Integration of contrast enhancement
globally and locally are required such as study conducted Ghani
et al. [8] that is conducting underwater image enhancement.
Due to characteristic differences between underwater image
and thick blood smear image, the used methods need to be
adjusted. The sequences is performing contrast correction
globally followed by locally.

Edge correction is conducted using Unsharp Masking
Filtering [12]. Correction process can add scalable edge to the
original image so it can sharpen the boundaries around the
objects in the image. The results of image enhancement can
improve the visual impact on human vision and clarify
contained information on the image [12]. The edge correction
step [12], [13], as follows.
• Normalize the value of R, G, B from [0, 255] to [0, 1] and
then convert the RGB image to HSI image.
• Extracting the edge of the image using only the I channel of
the HSI image. The extraction process is done by blurring
the image of the channel I using Gaussian blurring filter.
Furthermore, subtracting the blurred image from the
original image. The results will form the mask with a
dominant feature in the form of edge. If the original image
is Iuv with u and v are the length and width of the image and
I uv is blurred image, the edge extraction process (duv) using
(3).

Contrast correction globally is performed using Dark
stretching [3]. There are two parts, the Lower and Upper
stretching process. Both processes are mapped proportionally
from an input intensity with a given threshold to the output
intensity with the new threshold. For more details, Dark
stretching process, as shown in Fig 3.
Formulations for both of stretching process are as follows.
Equation (1) and (2) respectively for the lower and upper
stretching.

DS
(max1 (I in ) − min1 (I in ))
255 − DS
= DS + (I in − min 2 (I in ))
(max 2 (I in ) − min 2 (I in ))

I out = (I in − min1 (I in ))
I out

d uv = I uv − I uv

(3)

(1)

• Do edge corrections (huv) by adding the extracted edge to
the original image with a certain scale, λ, as in ().

(2)

huv = I uv + λd uv

(4)

• Composing channel H, S, and new I, huv, and then convert
the HSI image into RGB image.

where DS is dark stretching factor, Iin and Iout are the pixel
values of input and output, min1(Iin) and max1(Iin) are the pixel
values of the minimum and maximum in the image below
threshold, min2(Iin) and max2(Iin) are the pixel values of the
minimum and maximum in the image above the threshold.

III. RESULT AND DISCUSSION
Evaluation of the performance of the proposed method
using entropy, Minimum Square Error (MSE) and Peak Signal
to Noise Ratio (PSNR). Entropy shows the information content
of the image. The higher the value of entropy the more
information there are on the image. The Effectiveness of image
enhancement method is characterized by a low MSE and PSNR
high. Formulations for entropy, MSE, and PSNR as each are
defined as (5), (6) and (7).

Contrast correction locally is performed using CLAHE
which is widely used in medical image enhancement image [[9]
- [11]]. This method operates on small data regions (tiles),
rather than the entire image. Each tile's contrast is enhanced so
that the histogram of the output region approximately matches
the specified histogram. The neighboring tiles are then
combined using bilinear interpolation to eliminate artificially
induced boundaries. The contrast, especially in homogeneous
areas, can be limited to avoid amplifying the noise which might
be present in the image.

255

Entropy = − qi log 2 qi

(5)

i =0

MSE =

1 M N
2
 (a(x, y ) − b(x, y ))
MN x =1 y =1

 (255)2 

PSNR = 10 log10 

 MSE 

(6)

(7)

Where qi is probability of the ith intensity from histogram,
a(x, y) and b(x, y) respectively are image before and after
enhancement. M and N are dimensions of the image.
The initial step of this process is first conducted experiments
to get the optimal parameter values for threshold and Dark
stretching factor for contrast correction globally.

Fig 3. Dark Stretching Process
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Threshold (th) is set using Otsu threshold [13] of each
image. Experiments for DS parameters is done by shifting DS
value to the right or the left with an interval of 10. The
performance results of contrast correction with variation of dark
stretching factor as in Table I.

Based on the results in Table I and Table II, the optimal
threshold and dark stretching factor respectively are 0.75 × Otsu
and DS = th – 30. The next process is contrast correction locally
using CLAHE and edge correction using UMF. In this study,
the tiles used in CLAHE is 8×8 and limit contrast enhancement
is 0.01. For parameters UMF, standard deviation of the
Gaussian blurring filter is 1 and the strength of the sharpening
effect is 0.8. By using the parameters of these three processes,
the results of image enhancement as shown in Fig 5.

Experiments for the threshold parameter by performing
scaling of Otsu threshold obtained from each image. It is based
on Chaira's paper [14] that perform segmentation the blood
smear image from Leukemia patients. In this paper, the
segmentation of white blood nucleus of the image of a thin
blood smear is done by using half of the optimal threshold. In
the case of malaria image, there are two parts of a parasite that
must be considered is the nucleus and cytoplasm. The average
value of the cytoplasm intensity lies between the nucleus and
the background. Therefore, experiments are conducted
respectively in the multiplication of 0.5, 0.75, and 1 with a
threshold Otsu. The results are shown in Table II.

To see the performance of the proposed method to other
methods, it will be compared with the Linear Contrast
Stretching (LCS) and Modified Linear Contrast Stretching
(MLCS) from study of Nasir et al. [4] which only uses the
contrast correction globally. Besides that, it will be compared
with the integration contrast correction globally and locally
proposed by Ghani et al. [8]. To be clear, the results show only
a small area of thick blood smear as in Fig 6.

Table I shows that the shift of Dark Stretching factor to the
left, th–30, provides the highest entropy. The shift is causing
blood component to be darker than the surrounding background
and texture image becomes higher. While the highest MSE and
PSNR are obtained when DS = Otsu. From the histogram of the
stretching process in Fig 4, area under the threshold have the
same histogram with the original image.

Fig 6 shows that the results of the proposed method is much
better visually than the others because of blood components,
especially the parasite nucleus and cytoplasm, seen more
clearly. It is logical because the proposed method have more
process than the others. To be more fair, other methods are also
added similar process with the proposed method. The methods
that only uses LCS and MLCS are added contrast correction
locally and edge correction processes, while Ghani's et al.
method is added edge correction process.

TABLE I. RESULT OF CONTRAST CORRECTION WITH VARIATION OF

The used experiment data as in Fig 7. Proposed method was
tested with two condition of contrast correction globally. First,

DARK STRETCHING FAKTOR

DS
Otsu-40
Otsu-30
Otsu-20
Otsu-10
Otsu
Otsu+10
Otsu+20
Otsu+30
Otsu+40

MSE
733.1595
535.9238
416.5657
359.6296
356.814
396.3743
485.7003
623.0194
810.0402

PSNR
19.4788
20.8398
21.934
22.5722
22.6064
22.1497
21.2671
20.1858
19.0457

Entropy
7.2777
7.2781
7.2719
7.2605
7.2457
7.2167
7.1862
7.1535
7.119

a.
TABLE II. RESULT OF CONTRAST CORRECTION WITH VARIATION OF

c.

Fig 5. The result of image enhancement from thick blood smear

THRESHOLD

microscopic image: a. original image, b. contrast correction result, c. edge

Threshold

Entropy

MSE

PSNR

0.5×Otsu

7.2063

586.7

20.5

0.75×Otsu
Otsu

7.2699
7.2457

471.6
356.8

21.4
22.6

DS=otsu-30

b.

DS=otsu

correction result

DS=otsu+30

Fig 4. Histogram of Dark Stretching process with DS variations
Fig 6. The result of comparison method
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TABLE III.
Data

Thick
blood 1

Thick
blood 2

Thick
blood 3

Thick
blood 4

Fig 7. Dataset for comparison methods
Thick
blood 5

IMAGE ENHANCEMENT PERFORMANCE
STRETCHING ALGORITHM
Stretching
Method
DS 1

MSE

PSNR

RESULT

OF

SOME

Entropy
1

Entropy
2

7.394
7.246

7.405
7.259

451.515

21.584

Ghani

356.814
726.723

22.606
19.517

7.228

7.238

MLCS

839.681

18.890

7.202

7.214

LCS

682.829

19.788

7.165

7.179

DS 1

775.466

19.235

7.440
7.345

DS 2

DS 2

665.235

19.901

7.420
7.324

Ghani

20.281
19.473

7.286

7.308

MLCS

609.464
734.119

7.339

7.358

LCS

675.409

19.835

7.318

7.338

DS 1

671.495

19.860

DS 2

20.731
20.528

7.494
7.371

Ghani

549.537
575.805

7.483
7.360
7.325

7.337

MLCS

767.657

19.279

7.385

7.394

LCS

628.141

20.150

7.349

7.360

DS 1

741.150

19.432

7.525
7.456

DS 2

646.088

20.028

7.503
7.432

Ghani

20.238
19.513

7.400

7.424

MLCS

615.538
727.375

7.447

7.468

LCS

648.980

20.009

7.415

7.439

DS 1
DS 2
Ghani
MLCS
LCS

832.208
650.887
964.734
1283.800
1184.300

18.929
19.996
18.287
17.046
17.396

7.518
7.408
7.270
7.374
7.331

7.535
7.427
7.289
7.391
7.348

7.735
7.730
7.654
7.740
7.736

7.743
7.739
7.664
7.748
7.745

DS 1
1478.900
16.431
DS 2
1286.800
17.036
Thick
Ghani
1205.300
17.320
blood 6
MLCS
1281.800
17.053
LCS
1294.300
17.010
Note: Entropy 1 = entropy after contrast correction,
Entropy 2 = entropy after edge correction

the threshold (th) is 0.75×Otsu and dark factor stretching (DS)
is th – 30 called DS1. Second, threshold and dark stretching
factor is similar called DS2. The performance result as shown
in Table III. The final results of the comparison image
enhancement from a small part of thick blood 1 shown in Fig 8.
Table III shows that the proposed method with DS1 obtain
the highest entropy for the most of the sample image. This
means that the image have better texture and information
content than other methods. Blood components, especially
parasite seen more clearly than others, as shown in Fig 8. On
the other hand, the best value for MSE and PSNR are obtained
two methods, using DS2 and Ghani. From the histogram of the
sample (Fig 9), the proposed method appropriately used if
histogram range is short. It means that the proposed method is
effective when the contrast of the image is low. It is also evident
when the intensity range is high as the histogram of thick blood
6, the value of entropy, MSE and PSNR lower than the others.
Fig 8. Result of comparison image
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Fig 9. Histograms of samples

IV. CONCLUSION
In this study, we proposed an image enhancement technique
for low quality of thick blood smear microscopic images. The
purpose of this research is to improve the readability of the
parasite in the image. The enhancement process includes
contrast and edge correction. Contrast correction utilizing the
integration of contrast correction globally and locally
respectively using Dark Stretching and Contrast Limited
Adaptive Histogram Equalization (CLAHE). Meanwhile, edge
correction utilizing Unsharp Masking Filtering (UMF) to
improve the edge of objects in an image. The Result shows that
the proposed method is successful in increasing the readability
of the parasite in the image. It is evident from the achievements
of the highest entropy for most samples. While the value of
MSE and PSNR better if the range of the image histogram is
short. It means that proposed method is effective if the contrast
of original image is low.
The future works of this study is acquire appropriate method
for contrast stretching locally so it can be implemented on
image with different conditions.
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