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Abstract Based on Landsat image, the Landsat Ecosystem Disturbance Adaptive Processing System ( LEDAPS) uses radiation change detec-

tion method for image processing and offers the surface reflectivity products for ecosystem carbon sequestration and carbon reserves. As the ac-

cumulation of massive remote sensing data especially for the Landsat image, the traditional serial LEDAPS for image processing has a long cycle

that make a lot of difficulties in practical application. For this problem, this paper design a high performance parallel LEDAPS processing

method based on MPI. The results not only aimed to improve the calculation speed and save computing time, but also considered the load bal-

ance between the flexibly extended computing nodes. Results show that the highest speed ratio of parallelized LEDAPS reached 7.37 when the

number of MPI process is 8. It effectively improves the ability of LEDAPS to handle massive remote sensing data and reduces the forest carbon

stocks calculation cycle by using the remote sensing images.
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The research of forest biomass and carbon stock is a hot issue of
science emerging in the context of global warming, and global cli-
mate change is one of the most serious environmental problems
currently facing mankind""’. Remote sensing estimation method is
used to obtain a variety of vegetation state parameters by means of
remote sensing, combined with ground surveys, so as to complete
vegetation spatial classification and time series analysis; then it
can be used to analyze the temporal and spatial distribution and
dynamic change of forest ecosystem carbon, and estimate the im-
pact of carbon stock of a large area of forest ecosystem and land
use change on carbon stock'”’. As a kind of remote sensing esti-
mation method, LEDAPS (Landsat Ecosystem Disturbance Adap-
tive Processing Systems) carries out calibration, cloud mask, ac-
curate registration, and the preprocessing of orthorectification and
atmospheric correction on Landsat image, to provide information
on forest disturbance. At the same time, it can provide surface re-
flectivity products for a variety of ecosystem researches based on

®). With the rapid development of remote sensing

Landsat image
technology and the accumulation of massive remote sensing data'*’
especially for the Landsat image, LEDAPS has a exponentially
growing demand for computing resources, and the traditional serial
LEDAPS processing remote sensing image gradually cannot keep
up with the generation of remote sensing image, which has put for-
ward higher requirements on the computing resources and compu-
ting power of remote sensing processing computing platform. In re-
cent years, the high performance parallel computing has experi-
enced the rapid development and become the key to maintaining

the competitive advantage of science and technology”’’. MPI is a
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message passing interface standard, for developing the parallel
programs based on message passing'® . Compared with the tradi-
tional serial computing, parallel computing can accomplish the
same computing tasks with shorter time and less input, so using
parallel computing to carry out task processing is more efficient,
but the cost is much lower'”. Using MPI to build high perform-
ance parallel computing platform has opened up a new way for
LEDAPS to process remote sensing image data.

This article uses MPI to carry out coarse — grained data paral-
lel processing and transformation on LEDAPS. The master — slave
model is adopted to conduct task allocation on the parallel Landsat
image data. Meanwhile, based on the cyclic division Landsat im-
age data set method, we carry out the systematic load balancing,
to achieve the scalability of computing nodes, based on substan-

tially increasing the computing speed, and saving computing time.

1 Introduction of LEDAPS
LEDAPS (The Landsat Ecosystem Disturbance Adaptive Process-
ing System) is developed by a research group under NASA (the
U. S. National Aeronautics and Space Administration). It is a
part of the North American carbon research program, and also a
part of the U. S. global change carbon cycle science research pro-
gram'®’. The system uses the radiation change detection method
for mapping forest disturbance information, to get forest distribu-
tion, recovery information, and then apply it to the research of for-
est biomass and carbon stock. In order to better carry out radiation
change detection, LEDAPS software first conducts a series of pre-
processing steps on the original Landsat images inputted, inclu-
ding calibration, cloud detection, accurate registration, orthorecti-
fication and atmospheric correction.

During calibration, this software uses MODTRAN solar out-
put model to correct the original image spectral values to the corre-

sponding spectral values at the top of the atmosphere (TOA);
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then the cloud detection and cloud mask are completed ; using AR-
OP package algorithm, the accurate registration and orthorectifica-
tion of remote sensing image are carried out'’’; finally using 6S
(the Second Simulation of the Satellite Signal in the Solar Spec-
trum) radiative transfer method, atmospheric correction is carried
out on the images after calibration and cloud mask!"’ | to convert
the spectral values of image to surface reflectivity values and form

Y. Such image

the corresponding surface reflectivity products'
preprocessing occupies most of the processing time in the entire
system of LEDAPS. After the image preprocessing, we can map
the forest disturbance information. Currently, there are two kinds
of algorithms for forest disturbance mapping contained in the
LEDAPS software. The first algorithm is to use analyze the inter-
ference index to identify interference pixel and restoration pixel for
mapping. The difference between the first algorithm and the sec-
ond algorithm is that the second algorithm does not directly identi-
fy the pixels, but directly extract the vegetation structure parame-
ter needed by the carbon modeling for mapping">’. After the above
process is completed, the resulting forest disturbance information
mapping product can provide a wealth of information, such as the
disturbed forest types and disturbance time. At the same time,
this product can also provide forest restoration information, such

as the stage of forest restoration. The specific processes of

LEDAPS software is shown in Fig. 1.
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Fig.1 The processing processes of LEDAPS software

2 Introduction of MPI

Message Passing Interface (MPI) is a standardized and portable
message — passing system designed by a group of researchers from
academia and industry to function on a wide variety of parallel
computers'””’. The standard defines the syntax and semantics of a
core of library routines useful to a wide range of users writing port-
able message — passing programs in FORTRAN or the C program-
ming language. There are several well — tested and efficient imple-
mentations of MPI, including some that are free or in the public
domain. These fostered the development of a parallel software in-
dustry, and there encouraged development of portable and scalable
large — scale parallel applications. Currently the framework adopt-
ed by most MPI parallel clusters is the single — layer structure'"’.

The structure consists of a master node and a plurality of slave

nodes, and the communication links are established between the
master node and each slave node to achieve polymerization com-
munication. The point to point communication can be achieved be-

tween slave nodes ™.

The main function of the master node in-
cludes interaction with the users, broadcasting and distributing
messages to the slave nodes, collecting and summarizing the mes-
sages sent by the slave node. The main function of the slave nodes
is computing, receiving the various control commands and data
sent by the master node, carrying out according execution in its
node machine according to the control command, and then retur-

ning the results executed to the master node.

3 Parallelization method for LEDAPS image prepro-
cessing

In the whole LEDAPS system, for a Landsat image with a size of
about 100 MB, the preprocessing will take about 20 minutes, ac-
counting for about 90% of the overall system processing. There-
fore, this study mainly carries out parallel transformation of the
image preprocessing section. In the image preprocessing section,
the time is mainly spent on the atmospheric correction using 6S ra-
diative transfer method. The principle of 6S atmospheric correction
is radiative transfer equation. The basic monochromatic radiative

]

transfer equation in the plane — parallel atmosphere'” is as fol-

lows : %ﬂv(r, w, o) =i, u, @)

where 7 is vertical optical thickness; u is the cosine of the
zenith angle of the path that the light passes through; ¢ is the ori-
entation angle of path relative to the sun.

During the processing, it involves a lot of numerical compu-
ting, and the computing is intensive and time — consuming. The
preprocessing mode of LEDAPS is single Landsat data source en-
try, and there is no interactive between different processing data.
For the processing mechanism, it has strong data — level parallel
processing capability, and it is easy to expand, so this study uses
coarse — grained data parallel mode to carry out preprocessing of
LEDAPS image and achieve parallel transformation.

3.1 Preprocessing parallel transformation of LEDAPS im-
age based on MPI
transform the original single — channel process based on MPI into

The specific transformation method is to

the multi — channel process using the master — slave mode. Among
them, the master node is used to control data distribution and
process scheduling, and the slave node is used to carry out con-
ventional preprocessing of LEDAPS image. The work to be done
by the master process is as follows: reading the original Landsat
image data, generating the Landsat data list assigned to each slave
process, sending the Landsat data list to the corresponding slave
node, and outputting the processed data. The work to be done by
the slave process is as follows: establishing the input parameter
file for the assigned Landsat data, calibrating, cloud detection,
accurate registration, orthorectification, and atmospheric correc-
tion. The parallel processing flow diagram is shown in Fig. 2.

(i) The master process reads the Landsat data set, and
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makes the data shared. (ii) According to the number of slave
process , the master process carries out the balanced scheduling on
the Landsat data set, to generate the data list files processed by
the slave process according to the process number, and send the
MPI_SEND function to each slave process. (iii) Through MPI_
RECV function, the slave process receives the data list files sent
by the master process. (iv) The slave process opens data list
files, and according to the data list, read the processed Landsat
image data from the sharing data of the master process. (v) The
original Landsat data is decoded. (vi) The slave process calls
LEDAPS program, and establishes the input parameter file for the
atmospheric correction of Landsat data. (vii) According to the
MODTRAN solar output model, the slave process carries out cali-
bration, to generate TOA reflectivity images. (viii) The slave
process carries out cloud detection and cloud mask of Landsat re-
mote sensing data. This process will produce temporary processing
files with the same name. Due to the adoption of MPI parallel pro-
cessing, in order to avoid the error of the same name covering, the
parallel processing process carries out the detection and judgement
of the temporary files. If there is the temporary file with the same
name, then this slave process will delay for 10s, then re — detect
and re — judge until there are no temporary files with the same
name. The cloud detection processing of this slave process is con-
ducted again. (ix) The slave process uses AROP program algo-
rithm to carry out the accurate registration and orthorectification
processing of remote sensing image. (x) The slave process uses
6S radiative transfer method to carry out atmospheric correction on
the images after calibration and cloud detection. (xi) The slave
process outputs the processing results after atmospheric correction
to the main program. (xii) Judging whether it is the end of the
data list files. If not, the Landsat image preprocessing from (v) to
(x1) is repeated; if yes, exit the program, and complete the pro-
cessing work of this slave process.

3.2 Load equalization During the parallel processing, when
using MPI to carry out task allocation for remote sensing image,
there will be the phenomenon of load imbalance. So this research
uses the way of circular assignment of input Landsat data set, to
make the data allocated balanced to each slave process and ensure
the balanced load of system, reduce the overall system processing
time and improve the parallel processing efficiency. Before load
balancing, the image data allocation method is as follows

If N/ P = M, then M image data are allocated to the first
P —1 processes one by one, and the last process is allocated with
N -M x (P -1)image data (N is the input data set, and P is the
number of processes ).

The improvement method for load balancing is as follows .

If Nmod P # 0 = R, then the first R processes are alloca-
ted with image data one by one, and the last P — R processes are
allocated with image data one by one (N is the input data set, and
P is the number of processes).

3.3 Task mapping In the division of coarse — grained data,

the slave nodes are independent, and there is not much data com-
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Fig.2 The parallel flow chart

munication between them. The system is easy to extend, but there
is a lot of data communication between the master node and slave
node. In order to improve the efficiency of parallel computing and
reduce the data communication between the master node and slave
node, this research uses the task mapping approach and adopts the
form of file list, to establish mapping between the data classified
and slave process, so that the communication between the master
process node and slave process node is minimized.

The specific mapping method is as follows: In the master
process nodes, after the circular division of the input original
Landsat data set through the way of load balancing, the file list to
be processed that each slave process node corresponds to is gener-
ated, and through the MPI_RECV function, the file list is sent to
the corresponding slave process node. After the slave process node

obtains the corresponding file list, it only need to obtain the corre-
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sponding processed Landsat data set files from the master process
node, thereby reducing the data communication of Landsat data set
in the network, and improving the performance of parallel compu-

ting.

4 Testing and result analysis

The parallel transformation platform uses the high performance
computing cluster of the Chinese Academy of Forestry as the oper-
ating platform. The platform deploys 48 computing nodes, to be
connected via gigabit Ethernet switch, using HP ProLiant BL460¢
G6 blade server. The operating system of platform is CentOS 5.4,

the MPI compiler is mpich2, and the compilation environment is

Table 1 Performance test results

C. The testing data are the Landsat TM images of the three north-
eastern provinces in China, and the size of each TM image is a-
bout 150M. This paper compared the execution time of serial pro-
gram based on the single CPU and the parallel program with a
number of MPI processes based on high performance cluster run-
ning platform for processing 10 TM images, 30 TM images and 50
TM images, respectively with LEDAPS. We also compared the
performance of load balancing for MPI multi — processing. To en-
sure the reliability of the results, the method used averaged time
as the unit of each testing, and the statistical results are shown in

Table 1 (The unit of running time is minute. ).

4 MPI parallel computing nodes

8 MPI parallel computing nodes

Number of Serial Before load balancing After load balancing Before load balancing After load balancing

images program - Jeeration Run Speed Iteration Run Speed Iteration Run Speed Iteration Run Speed
frequency  time peedup frequency time peecup frequency  time peecup frequency time peecup

5021 193 4 82 2.35 3 59 3.27 3 61 3.16 2 37

8095 577 9 187 3.09 8 158 3.65 9 189 3.05 4 83

3037 984 14 273 3.60 13 257 3.82 8 159 6.19 7 133

Through the experimental results in Table 1, it can be seen
that with the increasing of the TM data, the time spent on the exe-
cution of the serial LEDAPS is significantly increased. For the 8
MPI parallel computing nodes before load balancing, 6 image data
are allocated to the first 7 computing modes, and 8 images are al-
located to the last computing node. The maximum number of itera-
tions is 8, the overall running time is 159 minutes, and the speed-
up is 6. 19. After load balancing, 7 image data are allocated to the
first 2 computing nodes, and 6 image data are allocated to the last
6 computing nodes. The maximum number of iterations is 7, the
overall running time is 133 minutes, and the speedup is 7.37. Af-
ter load balancing, the number of iterations of MPI parallel com-
puting is reduced and the overall running time is also reduced. In
the study, we use speedup as another indicator for assessing the
parallel computing performance. From Fig. 3, 4, it can be seen
that when the amount of data involved in the processing does not
change, with the increase of the computing nodes (for example,
during the increase of computing nodes from 2 to 10) , there is a
decreased linear relationship between the processing time and the
number of computing nodes. Speedup (i. e. , the ratio of serial ex-
ecution time to parallel execution time) is increased with the in-
crease of the computing nodes in a linear manner. This shows that
the parallelized LEDAPS has good scalability.

To test the processing performance of LEDAPS MPI parallel
program for the massive remote sensing image data, we also com-
pare the average time of processing different size of Landsat TM
image based on the fixed 20 MPI parallel computing nodes. The
results are shown in Fig. 5. The parallel processing time is the
running time after load balancing.

From Fig.5, it can be seen that with the increase in the a-
mount of TM remote sensing data, there is linear increase in the

processing time of MPI parallel program. When 300 TM images

which is about 45G processed, the execution time is 384 minutes.
In order to measure the processing performance of parallelized
LEDAPS for massive data, we also introduce the probability of "
accelerated efficiency" , namely the ratio of time spent on the pre-
processing of LEDAPS when there is one iteration of MPI compu-
ting nodes. The processing results are shown in Fig. 6. Compare to
10 images, the parallel acceleration efficiency of 300 TM images is
not reduced, but increased. Because in the multi — process pro-
cessing, as the amount of data increases and the number of itera-
tions increases, the delay time of the temporary files with the same
name is offset mutually, shortening the processing time of whole
process and thereby increasing the efficiency of parallel process-
ing. To verify the parallel computing results of LEDAPS program,
we select the ETM + image in the Northeast in April 2010 for pro-
cessing analysis, as shown in Fig.7.

Fig. 7 offers the original image, TOA image and the image af-
ter atmospheric correction. From these figures, we can find that
before atmospheric correction, the edges of terrain are blurred,
and after atmospheric correction, the effects of the atmosphere are
eliminated and the contrast is enhanced, so the original appear-
ance of the terrain and its features are significantly restored, and
the edges of terrain become clear.

For the quantitative evaluation of correction effect, we read
50 vegetation samples from the images before atmospheric correc-
tion and the images after atmospheric correction, respectively, and
calculate the surface reflectance without atmospheric correction
and the surface reflectance after atmospheric correction, as shown
in Table 2. Before correction, due to atmospheric effects, the
minimum value of each band is greater than that of the corrected
image, and after correction, the standard deviation of each band is
greater than that of image before correction. The corrected image

has richer information and the image enhancement effect is signifi-
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Table 2 Comparison of the statistical characteristics of image in the study area before and after atmospheric correction

Before atmospheric correction After atmospheric correction
Wave band
ave ban Minimum Maximum Mean Star'lda.lrd Minimum Maximum Mean Star.ldérd
deviation deviation
Bl 0.084 7 0.097 6 0.091 1 0.002 1 0.042 3 0.060 0 0.051 2 0.002 8
B2 0.061 2 0.093 2 0.075 8 0.004 1 0.031 8 0.070 9 0.049 5 0.005 1
B3 0.046 5 0.068 7 0.054 9 0.003 9 0.028 8 0.054 8 0.038 7 0.004 6
B4 0.137 2 0.320 4 0.224 7 0.028 8 0.136 9 0.341 0 0.236 5 0.0316
B5 0.077 6 0.190 8 0.1227 0.023 5 0.0727 0.209 1 0.1338 0.026 0
B7 0.048 9 0.094 5 0.057 0 0.0123 0.031 8 0.106 0 0.063 5 0.014 0
5 Conclusions brary and the most economical carbon absorption unit. The re-

The forest is regarded as the largest terrestrial carbon storage li- search of carbon sink of forest has attracted the attention of the in-
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ternational community increasingly''’. LEDAPS based on Landsat
image uses the radiation change detection method, to obtain forest
vegetation information, and provide surface reflectivity products
for estimating the carbon stock of a large area of forest ecosystem.
With the development of remote sensing technology, the traditional
serial LEDAPS preprocessing can not meet the needs of massive
remote sensing image. On the basis of in — depth analysis of the
principles and features of LEDAPS processing, this paper proposes
a parallel computing method for LEDAPS massive image prepro-
cessing based on MPI, considering the problem of time — consu-
ming process of original serial image preprocessing of LEDAPS.
The method uses a master-slave mode focuses on the irrelevance
between the Landsat data processing, and carries out circular clas-
sification of Landsat data, to achieve data parallelization and at
the same time achieve the load balancing processing of the task.
The experimental results show that when 8 MPI processes run the
program, the speedup after load balancing is 7. 37. With the in-
crease of computing nodes, the MPI speedup is increased linearly.
At the same time, the test results also show that LEDAPS after
transformation has good scalability, and is able to minimize the
communication between nodes on the basis of load balancing. This
parallel method is easy to use, robust and scalable. On the basis
of substantially increasing the computing speed and saving the
computing time, it realizes the scalability of computing nodes.
This will help to apply LEDAPS to the processing of Landsat mas-
sive data, form large-scale application of corresponding surface re-
flectivity products, and accelerate the application of remote sens-

ing technology to forest biomass and carbon stock.
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