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Abstract  
Systematic fact gaps on retrieved imagery were imposed by failure of the (SLC) on ETM+ leading to 
elimination of potential to provide spatially continuous fields. While a number of algorithms were 
developed for filling these gaps, the majority of the suggested algorithms can only be applied on fairly 
homogeneous areas. The retrieving band aspect and element may be challenging if they are utilized to 
heterogeneous landscapes. In this study, we adopted the criterion of correlation between satellite images 
to determine spatially match between images. Three different multi temporal images were used in filling 
the gaps in a period not exceeding 48 days, and two algorithms are presented. In the first algorithm, we 
got one image free of gaps, when using three images of different times, for a period not exceeding 48 days, 
while in the second algorithm, we got images free of gaps within a period of time not exceeding 16 days 
depending on the images resulting from the first algorithm. Simulated and true SLC-off ETM+ bands have 
been used to examine the performance of the proposed method via comparing with the original data so as 
to examine the resulting bands from the first and the second algorithms which are based on the 
correlation model. The statistical reviews indicate that in the proposed methods we can get better values 
of un-scanned pixels accurately, specifically in target images (vegetation, soil and water). 
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Introduction  
In April 1999, the landsat 7 satellite was launched 
in order to provide excellent quality, timely visible 
and infrared images of the Earth surface, while 
achieving the aim of the continuity of the mission 
data that was founded in the previous platform [1]. 
The main goal of the Landsat program, which is a 
joint effort of the U.S. geological survey (USGS) and 
the national aeronautic and space administration 
(NASA) was to develop spatially consistent long 
term and to record the human-induced natural 
alterations on global landscapes [2].  

The landsat program succeeded in the task of 
playing a key role within a large number of studies 
with the focusing on water quality, agriculture, 
forestry and geology areas [3].The scan line 
corrector (SLC), which is an electromechanical 
instrument and substitutes the satellite's forward 
motion on landsat 7’s enhanced thematic mapper 
plus (ETM+) device, unfortunately failed on May 
/31st/ 2003. 
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As a result, the once spatially continuous field, seen 
in the sensor, was influenced by a pattern of zigzag 
line sight, leading to a big gap and about (22%) 
missed pixels in the collection data. 
The use of the observations was essentially 
impaired, while still providing accurate and usable 
data. Scientists met together to assess the validity 
and utility of landsat 7 products after the failure of 
SLC, so as to evaluate the problem of the SLC scale 
[3].  
A study team from USGS/NASA (United States 
geological survey/National aeronautics and space 
administration) tested and developed two gap-
filling product phases immediately following SLC 
breakdown. Both phases depended on using a 
histogram based compositing method by combining 
an SLC-off target image with one or more SLC-on 
and/or SLC-off fill images. In the first phase 
product, the global histogram matching (GHM) and 
the local linear histogram matching (LLHM) 
algorithms were utilized to insert a linear 
transformation between target SLC-off images and 
temporally SLC-on fill images. In the LLHM 
algorithm, a moving window is utilized for more 
precise results than GHM method, although GHM 
procedure performs well over rocky and desert 
areas where the scenes are composed of invariant 
terrains [4]. In phase two, NASA and USGS (2004) 
in addition to Rulloni et al. (2012) [5,6] provided 
adaptive window local histogram matching 
(AWLHM) algorithm which was announced as a 
promotion to LLHM method by utilizing multiple 
subsidiary SLC-off images and with changeable 
moving window sizes. In general, the result of 
AWLHM was more logical than LLHM, particularly 
in the homogeneous landscape. Maxwell (2004) [7] 
provided a spectral interpolation approach for 
filling the gap locations with the same scene 
spectral data guided by the segmentation model 
taken from the earlier SLC-on image. Maxwell et al 
(2007) [8] improved a multi-scale segmentation 
model that was used and performed on three 
various case studies. In some grass mapping and 
forest studies, the accuracy of the reflectance 
prediction was low in the heterogeneous landscape, 
particularly in tiny and narrow objects as in rivers 
and roads, although these approaches were shown 
to be effective for filing the missing pixels in SLC-off 
images. A model of weighted linear recovering 
named Neighborhood Similar Pixel Interpolator 
(NSPI) was developed by Chen et al (2011) [9] 
through integrating the temporal and spectral 
information of the input data. This model can fill 

the gaps accurately even in the heterogeneous 
landscape since it is a type of deterministic 
interpolation approach, but it cannot produce the 
statistical prediction measure. Weighted Linear 
Regression (WLR) has been introduced by Zeng et 
al (2013)[10] as an integrated procedure to 
reconstruct the main data gaps in malfunction 
image by utilizing multi-temporal ETM+ SLC-off fill 
images as auxiliary data to build a weighted linear 
regression model between corresponding pixels. A 
non-reference regularization algorithm is done to 
accomplish the filling process, when the auxiliary 
multi-temporal data cannot recover missing pixels. 
However, when the scene contains abrupt changes 
with complicated textures together, WLR algorithm 
will fail to recover the images. Evan et al. (2018) 
[11] suggested applying window regression to Gap-
Fill Landsat ETM+ Post SLC-Off data. This 
Algorithm was originally designed to impute data of 
low-quality Moderate Resolution Imaging Spector 
Radiometer (MODIS) to Landsat Analysis Ready 
Data from 2014–2016.  
 In this study, the criterion of correlation between 
satellite images was adopted to determine spatially 
match between images. Three different multi-
temporal images were used to fill the gaps in a 
period not exceeding 48 days, and two algorithms 
were presented. In the first algorithm, one free of 
gap image was obtained by using three successive 
temporal images, for a period not exceeding 48 
days, while in the second algorithm, three temporal 
free of gap images were obtained, depending on the 
images resulting from the first algorithm. 
 
Landsat ETM+ Image Characteristics and 
Description  
In 1999, Landsat 7 with enhanced thematic mapper 
plus (ETM+) was launched to be one of the most 
powerful satellites in Landsat program with the 
advancement of ETM+ over TM sensors. As a result, 
it improved the spatial resolution of the thermal 
band 6 from 120 m to 60 m with the addition of a 
panchromatic band (band 8) of spatial resolution of 
15m. Moreover, the spatial resolution of the 
remaining multispectral band (bands 1-5 and 7) 
was enhanced to 30 m. It is observed that ETM+ 
sensor visits every location on Earth every16 days 
with a narrow field of view (15°) and swath of 185 
K.ms [12, 9]. The bands (1- 5) and (7) were the only 
bands viewed correctly here because of the 
similarity in their spatial resolution as shown in 
(Table 1). The scan-line corrector (SLC) is an 
electromechanical instrument in the optical track of 
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the ETM+ sensor on board of landsat 7, that is 
exploited to compensate the forward motion of 
satellites through the data gain [13, 14]. Because of 
the permanent and sudden SLC instrument collapse 
on May 31, 2003, about (22%) of ETM+ image 
pixels have not been scanned. These missing pixels 
led to un-scanned location (gaps) appearance and 
highly hindering the utilization of these valuable 
data. Therefore, the individual image scans have 
alternately overlapped instead of aligning in 
parallel scans, thus creating such gaps ranging in 
width from a single-pixel near the center of the 
scanned image to nearly 14 pixels towards scene's 
edges [15]. After that, the ETM+ images, acquired at 
various times, were not spatially identical with the 
uneven gap width in the left and right as shown in 
(Figure 1). 
Table 1. Designations of the (1 - 5 and 7) bands of the ETM+ image 

Landsat 7 Wavelength ( µm) Resolution (m) 
Band 1 0.45 – 0.52 30 
Band 2 0.52 – 0.60 30 
Band 3 0.6 – 0.69 30 
Band 4 0.77 – 0.9 30 
Band 5 1.55 – 1.75 30 
Band 7 2.09 – 2.35 30 

 

 
Figure 1. Band (3) Landsat ETM+ images acquired in year date. a- SLC-
on ( 2000).b- SLC-off (2008). c- SLC-off (2018) 

 
Gap Filling Algorithms 
 The gap filling algorithms are usually classified 
into two major groups, the single source and multi- 
source algorithms. 
 
The Single Filling Algorithm 
In this group, the reconstruction of gap area is 
interpolated by utilizing the non-gapped areas 

within the same Landsat ETM+ fault image itself. 
The simple interpolation is one of the first 
algorithms, which replaces the missing pixel by a 
value extracted from the adjacent pixels or from the 
average value of the surrounding pixels. The second 
algorithm is a spectral interpolation used for image 
gap interpolate by applying coincident spectral 
data from the SCL- off image itself. Multi-scale 
segmentation model derived from the complete 
satellite image (SCL-on) has been overlaid on the 
SCL-off image, followed by estimation of the 
missing data by applying the spectral data on SLC- 
off which have been intersected with the segment 
boundary models [16]. 
 
Multiple Filling Algorithm 
In this group, estimation of the gap location values 
are performed either by applying the Landsat 
ETM+ image that acquired pre or post SLC failure 
(SLC – on or SL-off) or by applying the data 
exploitation from sensors other than Landsat ETM 
+ sensor. In case of multi temporal images, 
reflectance of the same location may differ, in spite 
of the data acquisition from the same sensor. These 
differences are attributed to the following three 
reasons: first, the variation impact on the observed 
condition which has less effect on the imaging 
process; second, regular object changes, and third, 
the abrupt transformation in the target object 
caused by human-being activities [16]. 
 
Validation and Analysis  
 The image registration aims at aligning two or 
more images with overlapping scenes captured by 
the same or by various sensors at different times. It 
is an important and basic step of the processing of 
remote sensing image [17, 18]. Forming a 
correlation measures between functions and 
determining the maximum correlation locations is 
the classical method for registration of a pair of 
functions. The Pearson’s correlation coefficient is 
defined as Equation (1) [19]: 
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Where 𝐼𝐼𝑖𝑖 ,𝐽𝐽𝑖𝑖  are the first and second images,𝐼𝐼𝑚𝑚  and 
𝐽𝐽𝑚𝑚  are the mean intensities of the first and second 
images [17].  
 MSE is often used for the comparison of differences 
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between the processed Î  and reference I  images 
by direct computing of the pixel value differences. 
When MSE value is zero, then the combined image 
is closer to the reference image. The mean-squared 
error (MSE) between the two images I (x,y) and 
processed 𝐼𝐼^ is Equation(2)[20]:  
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Where 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗 represent the pixel indices and the 
image sizes (M×N).  
 
Methodology 
The failure of the SLC on Landsat 7 imposes some 
clear restrictions on the satellite record use 
throughout local to global scales, primarily to 
elevate a spatially and uninterrupted continuous 

time series of the land surface changes. Although 
different algorithms were suggested for gap filling 
purpose considering the fact of instrument's failure, 
all have their restrictions, together with the 
constrained application of the computational cost 
or heterogeneous areas.  

 
Study Area and Image Pre- processing 
Landsat-ETM+ images have been obtained from the 
USGS global visualization viewer 
(http://glovis.usgs.gov/). The region covered with 
path 169 and row 137, was acquired on various 
data for the months June (2018, 2008 and 2000). 
Three false-color bands (4, 3, and 2) with 
7671×7811 image pixels were shown in (Figure 2) 
with the Landsat 7 SLC- on and SLC-off image 
pixels.  

 
(a) 

 
(b) 

? 
(c) 

Figure 2. False color (Near infrared, red & Green ) bands Composites of landsat ETM+.a- SLC – on images acquired in (June- 2000).b- SLC – off 
images acquired in (June- 2008).c.- b- SLC – off images acquired in (June- 2018) 

Matlab 2018 software was adopted to achieve the 
algorithm of registration by using the correlation 
and the two algorithms in order to fill the gaps. 
In this study, extracting image bands from Landsat 

ETM + were covered by path 169 and row 137. The 
extracted bands 1263 × 1639 pixels were 
represented in multi-band image for the target part 
from the state of Iraq. The extracted image 
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represents Baghdad city (the capital of Iraq). It is 
placed on latitude 33 and longitude 44 on the Tigris 
River, in the area between the most important 
cities of the north and south of Iraq. Basra is 445 
kilometers to the south, Mosul is 350 kilometers 
away and Erbil is 320 kilometers to the north. The 

city has palm groves with the presence of fruitful 
plantation below the bushes such as citrus, as in the 
considerable harvested land. (Figure 3 a and b) 
shows the administrative and photo maps of 
Baghdad city. 

 
( a )  

(b) 

Figure 3. a- Administrative map of Baghdad city b- Photomap Landsat ETM+ of the study 

 
Registration Algorithms  
The correlation coefficient between the band 
images was applied to determine the best spatial 
match between the images, where new sub-images 
extracted from the original bands that are identical 
to same position areas on the ground for all 
temporal band images.  
The basis of this algorithm is based on the 
extraction of the block size (200 ×190 ) pixel of the 
satellite image of band 5 (BI5) for the image date 
2000 and to make a matching between the 
extracted block with the images of the study areas 
(J5) in order to obtain the best match location in the 
image bands. Therefore, this algorithm can be 
utilized for the registration of images of date (2008, 
2018) and make these images of the same pixel 
position, then determine temporal band images of 
the same area and location by deleting the final 
columns and rows so as to make these images of 
the same sizes for all (2000, 2008, and 2018) 
images. The resulting images of the same position 
area and size are (1263×1639) Pixels. Registration 
was done using correlation coefficient depending 
on eq. (1) and identify of the study area sub-images 
1263 × 1639 algorithm steps as follows: 

1. Input images of Landsat ETM+ (I i where i=1, 
2, 3 ----6) for the date year 2000 (SCL–on). 

2. Input images of Landsat ETM+ (J iwhere i=1, 
2, 3 ----6) for the date years 2008 and 2018 
(SCL–off). 

3. Select a block size 200 ×190 pixel from the I5 
image from an area far from the image 
boarder, and cut it out as an image BI5 used 

for spatial matching with the (2008 and 
2018) sliding mask on images J5 (SCL–off) 
BJ5.  

4. Match between BI5 and BJ5 images taken 
from a sliding window on the image J5, to be 
used the position best matching in image 
registration and extracting image of the 
same position area and determined amount 
of vertical and horizontal shift between I5 
and J5.  

5. Finally, to determine the study area, the 
extra columns and rows are deleted from the 
image J5 and I5to obtain images with new 
dimensions that will be spatially identical. 

 
The Introduced Gap–filling Algorithms 
After unifying the image bands of ETM+ and 
making them of the same size (1263×1639 ) of the 
study area for the years (2000, 2008 and 2018) and 
making them spatially identical, the two algorithms 
were introduced to correct the defects and remove 
the SCL – off by using three successive temporal 
images. 
 
1) First Algorithm 
The first algorithm for gap filling depends on the 
utilization of multi three successive temporal 
images. The algorithm steps included the following: 

1. Input of three successive temporal band 
images (k i1, ki2, and k i3) of period time 16 
days between any successive band images 

2. Filling of gap by using Ei = max (K i1, Ki2, and 
Ki3) where i=1, 2, 3, ---6. 
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3. Output Ei without gap where i=1, 2, 3, ---6. 
4. Repeat the steps 1, 2, 3 for three successive 

temporals 
 
2) Second Algorithm 
In this algorithm, the three successive temporal 
images ( I1, I2 and I3) and output image Ei were 
used for first algorithm to get three successive 
temporal new images without gaps. The algorithm 
steps were as follows:  

1. Input of three successive temporal band 
images (Ej where j = 1,2,3---6).  

2. Computing the three temporal subtraction 
images by using:  
Sji = Ej-Kjii= 1, 2, 3 

3. Obtaining images that contain only the 
corrected gap–lines by using  

Iji= 

[
𝑆𝑆𝑗𝑗𝑗𝑗 𝑖𝑖𝑖𝑖 𝑆𝑆𝑗𝑗𝑗𝑗 > 𝑡𝑡ℎ 𝑡𝑡ℎ ∶ 𝑡𝑡ℎ𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 10 →  100

0 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 
 

] 

4. Enhancement of the three temporal gap line 
images by using (K ji ) obtained from:  
Fji = Iji + Kji i= 1,2,3  

5. The output free gap image. 
 

Validation of Gap-filling Measure  
To examine the quality of images resulting from the 
proposed algorithms for filling gap, modifying 
Equation (2) for MSE. The modifying equation as 
show in Equation (3), applied to get normalized 
mean square error for the non- gap region after and 
before applying gap filling algorithms. 
 

 
 

Where NMSE represents normalized mean square 
error, NN= N – Ng, where (N) is the total number of 
pixels, (Ng) is the un-scanned pixels, K (i, j) are the 
three multi successive temporal images, B (i, j) are 
the gap line images and (max and F) are gap free 
images (resulting from the first and second filling 

gap algorithms) respectively. 
To find the amount of information added to the 
original images after applying the first and second 
algorithms by modifying equation (2) to become as 
follows in Equation (4): 

 
where NMSD represents normalized mean square 
different, Ng represents the total number of un-
scanned pixels, (max and F) represents gap free 
images (resulting from first and second filling gap 
algorithms) respectively and B (i, j) represents the 
gap line images. 
 
Results and Discussions  
The correlation coefficient between ETM+ images is 
used to determine the best spatial match between 
the same regions in various images. The results of 
algorithm registration are shown in (Figure 4a and 
b). The (Figure 4a) demonstrated that element 
I(1,1) does not match with J1(1,1) and J2(1,1) in the 
three images, so it was corrected using a 
registration algorithm as explained in section 5-2. 

The (Figure 4b) showed that matching occurred 
after using the registration algorithm, and it can be 
observed that the element I(1,1) matched with 
J1(1,1) and J2(1,1) in the three identical images. 
 

 

 

 

 

 

 

 

eISSN 1303-5150  www.neuroquantology.com 
 



NeuroQuantology | February 2020 | Volume 18 | Issue 2 | Page 112-122 | doi: 10.14704/nq.2020.18.2.NQ20135 
Salema S. Salman, Adaptive Method for Landsat ETM+ Gap Filling Using Successive Temporal Images 

118 

  

I  J1  J2 
 
 
  
 
 
 
 
 
 
 
 
 

 
 

BI5_2000 

  
 
BJ5_2008 

  
 
BJ5_2018  

 
(a) 

 I  J1  J2 

 
 

 BI5_2000 BJ5_2008 BJ5_2018 
(b) 

 
Figure 4. Illustration results of registration algorithm block extracted 

from matched images a- before apply algorithm and b- after apply 
algorithm 

(Figure 5) shows the results of registration 
algorithm to unify images spatially, then the image 
of 1263 × 1639 pixels is obtained. 
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B5_2000 

 
B5_2008 

 
B5_2018 

 
B7_2000 

 
B7_2008 

 
B7_2018 

Figure 5. Illustration extracted 1263×1639 pixel from Landsat on June ( 2000, 2008 and 2018 ) representing study area of (Baghdad City) 
 
 

 
 

BI_2000 BJ_2008 BJ_2018 

 
B1_2000 

 
B1_2008 

 
B1_2018 

 
B2_2000 

 
B1_2008 

 
B1_2018 

 
B3_2000 

 
B3_2008 

 
B3_2018 

 
B4_2000 

 
B4_2008 

 
B4_2018 

eISSN 1303-5150  www.neuroquantology.com 
 



NeuroQuantology | February 2020 | Volume 18 | Issue 2 | Page 112-122 | doi: 10.14704/nq.2020.18.2.NQ20135 
Salema S. Salman, Adaptive Method for Landsat ETM+ Gap Filling Using Successive Temporal Images 

120 

Results of the proposed first filling gap algorithm to 
fill the gap by using three multi successive temporal 
image illustrations are shown in (Figure 6). Results 

of the first filling gap algorithm have given only one 
gap-free image for every 48 days. 

 
K1_2-6-2008 

 
 
 
 
 
 
 
 

 
E1 __2008 
gap free image only one  

 
K1_14-6-2018 

 
 
 
 
 
 
 
 

 
E1 __2018 
Gap free image only one 
  

K2_18-6-2008 
 

K2_30-6-2018 

 
K3_4-7-2008 

 
K3_16-7-2018 

Figure 6. The results of the first filling gap algorithm 

Results of the proposed second filling gap 
algorithms by using three multi successive 

temporal images to obtain three gap–free temporal 
corrected images are illustrated in (Figure 7).  

K jithree multi successive 
temporal images  

E j  gap free images  Only corrected gap line with 
zero background Iji 

I ji  = ∼I ji  ×E j 

where ∼I ji negative 
of I ji  

Enahancemt gap free 
three images  
F ji  = Iji  + K ji 

 
K1_2-6-2008 

 
 
 
 
 
 
 
 
 

 
E_2008 

 

 
I1_2-6-2008  

I1_2-6-2008 
 

F1_2-6-2008 

 
K1_18-6-2008  

I2_18-6-2008 

 
I1_18-6-2008  

 
F1_18-6-2008 

 
K1_4-7-2008  

I3_4-7-2008 
 

 
I1_4-7-2008 

 
F1_4-7-2008 

 
Figure 7. Showed the results of algorithm to filling gap using three Multi-temporal images 
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Results of first and second algorithms are shown in 
(Figure 8). Images and targets (vegetation, soil and 
water) are illustrated in false colors, with the 

R/G/B corresponding to the near 
infrared/red/green spectral bands.  

 
Figure 8. Images and targets in false colors (vegetation, soil and water) (Near Infrared, red and green ) showing both with and without imposed 
gaps (a) bands ETM+ Origin (b) Result of the first algorithm (c) Results of the second algorithm 

A smaller value prediction error is usually 
represented by the value of normalized mean 
square error (NMSE), therefore a more accuracy is 
predicted. The NMSD represented the amount of 

information added to the original images after 
applying the first and second algorithms. The 
results of NMSE and NMSD are shown in (Table 2). 

Table 2. The statistical NMSE and NMSD of two algorithms with original band ETM + (2008 and 2018) 
Date Ki 2- 6 – 2008  Date Ki 14- 6 – 2018 

Bands  NMSE1 NMSE2 NMSD1 NMSD2 Bands NMSE1 NMSE2 NMSD1 NMSD2 

B1 0.0055 0.0056 0.1003 0.1040 B1 0.0009 0.0010 0.0905 0.0931 
B2 0.0070 0.0070 0.0990 0.1027 B2 0.0014 0.0014 0.09011 0.093 
B3 0.0130 0.0130 0.1507 0.1549 B3 0.0034 0.0034 0.1333 0.1373 
B4 0.0059 0.0059 0.1023 0.1061 B4 0.0051 0.0051 0.1025 0.1058 
B5 0.0075 0.0075 0.1240 0.1284 B5 0.0095 0.0099 0.1129 0.11638 
B7 0.0093 0.0095 0.0896 0.0925 B7 0.0092 0.0093 0.0785 0.0801 
Date Ki 18- 6 – 2008 Date Ki 30- 6 – 2018 
Bands NMSE1 NMSE2 NMSD1 NMSD2 Bands NMSE1 NMSE2 NMSD1 NMSD2 

B1 0.0010 0.0010 0.1003 0.1043 B1 0.0053 0.0053 0.0905 0.09283 
B2 0.0016 0.0016 0.0990 0.1028 B2 0.0071 0.0073 0.0901 0.09280 
B3 0.0039 0.0040 0.1507 0.1565 B3 0.0155 0.0160 0.1333 0.1370 
B4 0.0016 0.0016 0.1023 0.1067 B4 0.0053 0.0054 0.1025 0.1057 
B5 0.0028 0.0028 0.1240 0.1288 B5 0.0140 0.0142 0.1129 0.1158 
B7 0.0070 0.0071 0.0896 0.0928 B7 0.0147 0.0149 0.0785 0.0802 
Date Ki 4- 7 – 2008 Date Ki 16- 7 – 2018 
Bands NMSE1 NMSE2 NMSD1 NMSD2 Bands NMSE1 NMSE2 NMSD1 NMSD2 
B1 0.0074 0.0075 0.1003 0.1041 B1 0.0035 0.0036 0.0905 0.0940 
B2 0.0076 0.0076 0.0990 0.1026 B2 0.0053 0.0054 0.0901 0.0928 
B3 0.0121 0.0122 0.1507 0.1555 B3 0.0121 0.0123 0.1333 0.1365 
B4 0.0045 0.0045 0.1023 0.1053 B4 0.0082 0.0083 0.1025 0.1056 
B5 0.0078 0.0082 0.1240 0.1287 B5 0.0147 0.0158 0.1129 0.1167 
B7 0.0106 0.010 0.0896 0.0924 B7 0.0142 0.0144 0.0785 0.08015 
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Conclusions  
 From the results of our study, it can be concluded 
that: 

1. The registration of algorithms was efficient 
to obtain the location of the best match in 
the image bands. So, this algorithm can be 
used for the registration of the images of 
the study area and make these images in the 
same position and area. 

2. The first filling gap algorithm succeeded in 
filling the gap but gave only one gap free 
image for any successive three temporal 
images (one gap-free image for every 48 
days). 

3. The second filling gap algorithm succeeded 
to fill the gaps, while retrieving the original 
values of the regions. The results of the final 
filling gap algorithm was used to enhance 
three temporal band images to get three 
gap–free temporal images. 

4. The value of normalized mean square 
difference (NMSE) showed the amount of 
information added to the original image 
after applying the first and second 
algorithms. 

5. The value of normalized mean square error 
(NMSE) modification near zero refers to the 
success of the two algorithms in filling the 
gaps. 
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