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GPU ACCELERATED COMPUTING
IN RADAR INFORMATION PROCESSING

Cao Viet Linh", Vu Tuan Anh, Duong Tuan Viet

Abstract: Position synchronization on maps is a critical problem in displaying
radar information. Previously, this process was done in a sequential manner in the
central processing (CPU). This often causes some bottlenecks leading to a long
processing time because of the limited CPU architecture. To mitigate this problem,
we proposed an algorithm of parallel processing to take advantage of the multi-core
architecture of GPU to quickly reproject coordinates in radar information
processing, improving the information display performance. Practical tests were
done on different data sets to demonstrate the performance of this method, and the
result showed that the improvement speeds are between 10 to 100 times better in
each test.
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1. INTRODUCTION

Representing the Earth’s surface in 2D is always a critical problem in position
synchronizing for radar information processing, tracking, and navigation. Although
there is much research into this problem, the reprojection of a 3D sphere into flat
surface is inevitably accompanied by deformations. Many methods were proposed
and researched, and each causes a different deformation (in angles, areas,
distances, etc.). Because of that, each map is typically generated by a specific
method, depended on the viewing area and its intended purpose.

In essence, radar information can be considered as a digital map of target
positions, noise, geo-features, and the synchronization between them is to reproject
all radar information into the same reprojection currently using in the geographic
map. To correctly reproject information from one spatial reference to another
requires a heavily computing processing pixel by pixel, as such takes a lot of time.
This in turn causes a delay in the radar system, reduces the responsiveness of the
radar. It is unacceptable in radar applications, especially in military radars, where
the reaction time is a critical requirement.

To alleviate this problem, scientists and engineers have developed many
supercomputers with very high-speed CPU. However, using these computers is
costly and requires too many resources. Furthermore, increasing CPU speed can only
be done so much as the limitation in the number of transistors. Another simpler and
more cost-effective method is using parallel processing in the Graphics Processing
Unit (GPU) to alleviate the burden of the CPU. This method takes advantage of the
fact that the reprojection can be done pixel by pixel independently with each other.

In this paper, we will briefly discuss the differences between CPU and GPU
architectures, then present a method of parallel processing for position synchronization
and evaluate its performance against the traditional CPU utilizing method.

2. THE DIFFERENCES BETWEEN CPU AND GPU ARCHITECTURES
CPU is the central unit of a computer, designed to control the data processing
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provided by other devices. They are built with a complex architecture and focus on
executing more general controls and a large number of instructions as quickly as
possible. Thus, CPUs are designed for quick responses (low latency) by large
buffers and complex arithmetic logic units (ALUs). This architecture has a
drawback for the CPU, which limits the number of cores that can exist in the same
chip. To ensure rapid processing, CPUs are equipped with high-speed buffers with
different levels to reduce the main memory accessing time.

GPUs are first designed for graphic processing, which contains a large number
of smaller processing units to quickly calculate the position of each pixel
independently. This allows GPU manufacturers to eliminate some logic control
units and buffers to produce simplified cores. It is because GPUs contain many
more cores than CPUs. Another difference is that GPUs have a much smaller
buffer than CPU. Thus, GPUs are limited in the number of tasks and the
complexity of the tasks they can process.
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Figure 1. The differences between CPU and GPU architectures.

In summary, CPU architecture is designed to maximize the performance of
individual tasks but can process various types of tasks. In contrast, GPU is for
parallel processing, focuses on processing a large number of tasks simultaneously,
but only for limited types of tasks.

For reprojection between spatial references, coordinates of radar information are
independent of each other. As such, they are ideal for parallel processing using GPU.

3. PARALLEL PROCESSING IN COORDINATES REPROJECTION
USING GPU

3.1. Coordinates reprojection in sequential processing

All information (plots, tracks, clutter maps, etc.) output by the radar’s signal
processor and tracker is in range and azimuth with reference to the radar position,
which is enough to use if we don’t want to place them on a map. Using them with a
map, however, requires us to convert them from range, azimuth to pixel position.
To map them correctly to their pixel positions in the geographical map, we first
have to convert them to their real-world position, i.e., with latitude and longitude
positions. After that, using the map’s spatial reference, project them into their pixel
coordinate to place them accurately on the screen. This must be done for each input
coordinate and typically done sequentially in practice. The general method for
sequentially reprojecting coordinates comprises 4 main steps, described below:
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Step 1: Read the input data. In this step, the algorithm will unpack the data set
from the output of the signal processor and tracker, thenread the input data set.

Step 2:Calculate their geodesic coordinates. Calculate their real position on the
Earth. This is done by solving the direct geodesic problem: Finding the position of
point P given the coordinate of the radar position O (Ao, ¢o), azimuth 0, range r to
point P, see figure 2.
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Figure 2. Direct geodesic problem.
This is solved by solving the formulas for a spherical triangle, as follows:
First, we calculate the angular distance between two points O and Pin the great
circle by:
c=r/R 1)
where, R is the Earth’s radius.
Then, solving the spherical triangle, we get:
¢ = arcsin(singy-cosc + CoSdo-Sina-cosh) (2
The longitude difference AA is calculated by the following formula:

sinc-sin®
Al = arctan ° _ ©)
Cos ¢, -cosG —sind, -sinc-cosO

Thus, the longitude of point P, is given by:
Ao =ho + AL (4)

Step 3: Reproject the pixels

After getting the real positions on Earth of each point, their coordinates will be
reprojected into the spatial reference using in the geographic map. For the purpose
of demonstration, we will use the Web Mercator projection, a de facto standard for
Web mapping applications. This a variant of the Mercator projection, used by
virtually all major online map providers, including Google Maps, Bing Maps,
OpenStreetMap, etc. Its official EPSG identifier is EPSG:3857.
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The formulas for the Web Mercator are fundamentally the same as for the standard
spherical Mercator, but before applying zoom, the world coordinates are adjusted such
that the upper left corner is (0, 0) and the lower right corner is (256, 256):

x=@~22"°m-(k+n) (5)
21

_@. zoom _ E 9
y= o 2 [n In{tan(4+2ﬂ) (6)

where zoom is the detail level of the maps, it depends on the map resolution
(calculated by meters per pixel), x and y are the pixel coordinate values.

Step 4: Combine the reprojection and generate the output. In this last step, the
pixel values from the previous step are used to generate a reprojected image.

3.2. Design and execute parallelly

Because the output pixels are independent of each other, we can apply parallel
processing to increase the projection speed. Figure 3 illustrates the projection
process using parallel processing in the GPU. This process is similar to the 4 steps
method described above. However, to process parallelly, each thread of the GPU
processes a pixel or a set of pixels in the output image simultaneously, not
sequentially like in CPU. (Note: depending on the selected spatial reference, the
coordinate reprojection uses different formulas; however, the parallel process has
similar steps as in sequential processing).
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Figure 3. Coordinate reprojection in parallel processing.

Compare to sequential processing, this method has some additional differences.
Firstly, the parallel processing includes 2 more steps for transferring data between
CPU and GPU (2 green rectangles in figure 3). This transferring process can cause
some delay because of the limited memory of GPU. Secondly, the pixel
calculations (equivalent to the 2" and 3" steps of the method above) are executed
in parallel by GPU's cores.

In parallel processing, particularly with a large data set, the data processing
process is divided into smaller tasks. Because of the limited memory of GPU, the
data partitioning is critical to ensure the correct reprojection without overflowing
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the memory. GPU’s memory is much smaller than the CPU’s memory. When the
data set’s size exceeds the GPU’s memory, it is partitioned into smaller chunks. A
chunk is defined as a part of the data set using in parallel processing, determined
by the number of pixels/cell in 1 dimension (horizontal or vertical). Each chunk is
processed as one grid. A grid is a containerof several blocks, created when a kernel
(i.e., CUDA function) is launched. Each block contains a number of threads. Each
thread will process a pixel (or a subset of pixels).
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Figure 4. Divide the processing into groups: (a) Divide the data set into groups
and pixels, (b) Thread architecture in each block of a grid.

To illustrate the process of generating chunks. Figure 4 shows a decomposition
example. In figure 4a, the data set has a grid size of 16 rows by 16 columns, or 16
pixels in the x-direction and 16 pixels in the y-direction. The spatial resolution is
1000 meters. This dataset is divided into four chunks. The chunk comprises 8
columns by 8 rows. Figure 4b shows the block and thread composition for a grid
containing a chunk from figure 4a.

Figure 5 presents the algorithm diagram using for data partitioning. It starts with
the provision of a dataset as input and configurations of the projected out.
Additionally, the size of the chunks for breaking the output image should be
specified. Based on these provided grid sizes for chunks, the algorithm generates
the divisions so that every chunk is indexed with a pair of row and column
numbers. Given the grid size information, the algorithm only retrieves the pixels in
the input image required by each of the chunks on the fly. As a result, instead of
loading the complete input, only a portion of the dataset is loaded at a time for
GPU processing to avoid memory overflow. Depending on how users may want to
access the reprojected results, the datasets can be organized through different data
indexing methods and load individually.

One crucial step in data partitioning is to determine the equivalent pixel in the
input and output. To do that, first we calculate all the bounding pixels in the output
space (i.e., the pixel in the bound of that areas), then reproject back to find the
equivalent data points in the input space and build the polygons to partition the input.
All data points in this area will be reprojected to the output space. To increase the
processing speed, instead of using random polygons, we create a minimum

Journal of Military Science and Technology, Special Issue, No.69A, 11 - 2020 31



Electronics & Automation

rectangular bound contains all the pixels. This is also executed parallelly.
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Figure 5. Algorithm diagram for partitioning data.

This architecture design helps take advantage of GPU parallel processing
capability, using its numerous cores to process data quickly. The advantage of this
method will be proven through empirical results presented below.

4. EXPERIMENT’S RESULTS

4.1. Testing environment

To evaluate the performance of GPU parallel processing, we have done some
tests in some geographic data sets. For the purpose of demonstration, we use Web
Mercator projection to test the performance of this technique. This spatial
reference is chosen because it is typically used in generating maps and virtually
used in all online map services.

Table 1. System configuration of test equipment.

Device information Computer 1
CPU Intel Quad-core i7
2,40 GHz
Memory 16 G
GPU Nvidia Geforce GTX 860M,
640 cores, 2 GB memory

Tests are done one in a mid-end computer presented in table 1. We don’t use
high-end computers to evaluate the feasibility of this method in normal working
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conditions. The source codes are written in NVIDIA CUDA TOOLKIT 10 and
Visual Studio 2017.

The tests will be done for 1000, 5000, 10000, 50 000, 100000, 500000,
1000000, 5000000, 10000000, 20000000, 40000000 points to compare the
processing power of CPU and GPU.

4.2. Results
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Figure 6. Time to reproject when projecting using GPU and CPU (a),
and their acceleration rates (b).

First, we consider the duration cost to execute the same reprojection with CPU
and GPU individually. Then, the results are comparing between two cases to
ensure the calculation is correct in both cases. In the case of CPU, the output pixels
are processed sequentially. In the case of GPU, for smaller data sets, each pixel is
processed by one thread to avoid the imbalance in GPU processing. For big data
set, it is required to divide the data set into smaller chunks to fit in with the GPU.
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Total time from the starting moment to read data, reproject, and generate output, is
recorded to compare with each other. Parallel processing is only applied for
reprojecting pixel coordinates. Test results are presented in the graphs in figure 6.
For visualization, the data points only display up to 100000 points in figure 6a. In
fig. 6b, on the left is the processing time in milliseconds, on the right is the
acceleration rates when comparing between GPU and CPU. The complete results
are presented in Table 2.

As shown in the graphs and the table, in all cases, the parallel technique reduces
the processing time several times compared to CPU technique. Acceleration rates are
between 1 to 150 times. And the bigger the data size, the better the acceleration rate.

Table 2. Test results.

Data points CPU time (ms) GPU time (ms) Acceleration rate
1000 1 1 1.00
5000 8 3 2.67
10000 13 3 4.33
50000 60 15 4.00
100000 121 29 4.17
500000 597 39 15.31
1000000 1189 42 28.31
5000000 6010 120 50.08
10000000 12096 160 75.60
20000000 23882 230 103.83
40000000 47259 363 130.19

When analyzing the acceleration rates, we can see that there are some abnormal
in the acceleration rate. With a small number of data points, there is no
acceleration between GPU and CPU. Also, theoretically, this should be the case
because the complexity of this algorithm is O(n). But the acceleration rate is
linearly proportional to the data size. That is due to many factors: First, the threads
are synchronized to generate the output data; however, the load imbalance can
cause degradation in performance (this doesn’t happen in sequential processing).
Thirdly, the abnormal in grid partitioning and block size (e.g., the grid size of 100
x 100, block size of 32 x 32 threads) causes rounding errors and may create a block
in which some threads don’t process any pixel). This also causes imbalanced load
distribution. Third, GPU technique has two additional steps: transfer data from
CPU to GPU, and vice versa. The transfer time varies depending on data size,
group position in the input and output. The optimizing problem for this parallel
method is not in the scope of this paper. Further researches need to be done to
evaluate and find a more optimized method.

5. CONCLUSION

Testing and evaluation show that GPU parallel processing is ideal for the
projection of coordinates. In all cases, it is shown that using GPU significantly
reduces the time duration for coordinates transformation compared to sequential
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processing in CPU. The tests show that processing in GPU vyields better
performance than in CPU, and the bigger the data size, the better the acceleration
rates. With 1000 data points, the speed is the same in two methods. Increasing it to
5000, it started to show some acceleration in GPU, the processing time is 2,67
times better than in CPU, At 40000000 data points, the acceleration rate is 130,19,
which is significantly better than CPU. This proves the advantage of parallel
processing in mid and low-end computers, allow them to process complex
computations with limited resources.
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TOM TAT

AP DUNG CONG NGHE TANG TOC PO HOA
TRONG XU LY THONG TIN RA DA

Qud trinh dong bg vi tri trén ban do 1a mét van dé quan trong trong hién th;
théng tin ra da. Truée ddy, qua trinh nay dwoc thuc hién tuan tu trong bé xi
Iy trung tam (CPU). Piéu nay thuong dan téi tac nghén va lam ting thoi gian
xiz Iy do cdu tric han ché ciua CPU. Pé gidi quyét van dé nay, nhom tac gid
déu xuat mét thudt todn xi Iy song song, tan dung wu diém cua cdu tric da 16i
trong GPU dé bién doi toa dé thong tin ra da khi xir Iy, lam ting hiéu sudt
hién thi. Cac thir nghiém thuc té da duwoc thuc hién trén nhiéu bg dir liéu khac
nhau dé chimg minh cho hiéu qud cia phwong phdp nay. Két qua thir nghiém
cho thay téc dg xir Iy tang 1én tir 1 dén 150 lan trong céc bai thu.

T khoa: Théng tin ra da; Tinh toan dia ly; Xu ly song song; Xir ly GPU.
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