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Abstract
This paper proposed a pedestrian recognition using CENTRIST algorith a3|s
of SIMT based Image signal processor. The conventional pedestrian ret@ n used
algorithms such as Haar-like feature and HOG, but the %@unt 0 1on makes
m

it difficult to operate in real time in a restricted en h n embedded
environment. This paper sought to improve th atton spee processing the
pedestrian recognition in parallel with the use of @as &?og al processor and
CENTRIST algorithm with less amount of calculat ompare ther algorithms. The
pedestrian recognition implemented in ISP e%&d theom'%/ed performance, which is
recogniti N xecuted by Cortex-A9.

about 2.7 times higher than that of the ped@
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1. Introduction @ G.)

With the recent develgpment of, a recognition technologies, various image
recognition systems, i g ADA anced driver assistant systems), security and
intelligent transp Qhave ad. [1] In particular, the pedestrian recognition
technology has A een e as an important field that can reduce casualties.
However, thededestrian recog n poses difficulties in maintaining high recognition
rates due tc @ urroundin@€nvironment with various behaviors of persons and variables.
In addition, uge al of calculation makes it difficult to operate the conventional
algorithms used in % estrian recognition such as HOG and Haar-like feature in real
time in a restrict ronment such as an embedded environment. [2-3] To solve these
problems, this @ attempted to implement the pedestrian recognition that operates in

real timEbE finding out visual characteristics that can distinguish pedestrians using

0

CENT proving target images with FFT operation through the use of SIMT based
Imag@ | processor and processing the pedestrian algorithm in parallel.

%oposed Pedestrian Detection System

2.1. Pedestrian Detection Algorithm Using CENTRIST

CENTRIST (Census Transform) algorithm is a method to convert images by extracting
feature points after comparing the intensity of surrounding pixels. The Census Transform
makes the Census Transform Window with size of 3x3 in an image. And it arranges the
neighboring pixels based on the center pixel in the Census Transform Window with size
of 3x3 in a bit string and creates a histogram based on the bit string information. The
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histogram is a type of bar graph used to show the characteristics of the image data at a
time, the use of which can identify the distribution of contrast values configured in an
image and analyze the image as shown in Figure 1. The CENTRIST-based pedestrian
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Figure 1. Generating the Histogram g%ch Re%

Recognition extracts the outline of the pe y usmg and Census

Transform algorithm with respect to the input |m And it Ws the first score on
se of mgS‘a mage, learning data

the detect window with size of 36 x 108 throu
and image data in which the information of tllned d, and then finds out the
&e rian. With the use of the

detect window that has similar character to the p
histogram, it generates the second sco g etect window that recognizes a

pedestrian. For learning data, INRI on D s used, and the learning data is
generated using linear SVM. SI e pedes recognition algorithm extracts the
pedestrian characteristics b% e outli he recognition rate can be enhanced by
using the image that performs*&tge \g nt process. However, an increase in the
amount of calculation due»fo the Ed«e ancement process results in the increased
amount of calcula;io i e entige cess of image pre-processing and pedestrian
recognition. In r o0 this prob%j the use of FFT with less amount of calculation
compared to th egiv ntiona tion operation in the Edge Enhancement process

makes it p 0 im@t e pedestrian recognition with the improved recognition

rate and fa ocessin compared to the conventional method.

2.2. SIMT Based @Signal Processor

In this pape -based Image signal processor (ISP) that supports the acceleration
of operatiops fOr high-resolution images is utilized for parallel processing of the
recogniti orithm and image enhancement process, which is the pre-processing
proce he input image. The ISP is a command-based processor that can apply a

iéf image processing algorithms, and it is also a structure that can freely change the

%r type of filter depending on the image environment. In addition, the Image
Enkancement process is performed in the frequency domain with less number of
operations compared to the convolution operation in the spatial domain to support the
image processing acceleration on the high resolution image.

Among various FFT algorithms, Cooley-Turkey algorithm suitable for a SIMT
structure was used for a conversion from spatial domain to frequency domain. [4] Since
the Cooley-Turkey algorithm has excellent regularity an- d modularity, it is suitable for
the SIMT structure that has a plurality of execution flows with a single command.

The proposed ISP is composed of a total of 16 sub-ISPs and operates in 16 Warps and
16 Threads. One sub-ISP receives two commands from each of the odd Warp and even
Warp and can process up to three ALU operations and one memory operation at the same
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time. In addition, it has four OCs (Operand Collectors) that perform read/write operations
on the Register to which the operand of the command refers from the Register Bank. Prior
to processing OC, it has two types of execution flows such as odd Warp and even Warp,
and therefore processes two execution flows separated from the sub-1SP. Figure 2 shows
the parallel processing process of the Cooley-Turkey algorithm using this structure.
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Figure 2. allel Pxogessing of the Cooley-Turkey Algorithm
Each su eads 1 chan\r@pixel value of the image from the memory and then

performs
pleted, it performs a Dependency Check process to relocate
performing the Dependency Check process, it enables the
parallel processi the 2-point operation to be performed in the next stage. The
proposed ISP es in 16 Warps and 16 Threads and can process FFT operation of up
to 512 paints in parallel. In addition, the twiddle factor W is written out by LUT (Look
Up Ta used for the FFT acceleration. Since the Filter operation for Edge
Enh t after the FFT has no dependency, it performs the multiplication and
% operations of Filter and frequency image in all sub-ISPs. After the Filter

i é e 2 point for each stage at the same time. Whenever the
y

tion, IFFT is processed in parallel in the same manner as FFT.

2.3. Proposed Pedestrian Detection System on ISP

The proposed ISP performs the parallelization of algorithms such as Sobel, Census
Transform, Histogram and Integral Image and thus can obtain CENTRIST features for the
pedestrian recognition. With the use of CENTRIST features, it performs the pedestrian
recognition in parallel in each of the sub-1SP as shown in Figure 3.

Sobel and Census Transform algorithms perform the convolution operation by using
size of 3 x 3 and process the input image in parallel simultaneously for each line after
dividing it by the number of sub-ISPs. Histogram is also performed in a similar process,
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but it can be processed by dividing it into size of more than 3 x 3. Unlike Sobel, Census
Transform and Histogram with less dependency between data, Integral Image generation
algorithm is not suitable for the parallel processing due to a high level of dependency. In
order to solve this problem, Parallel pre- fix sum [5] algorithm that can process the
Integral Image generation algorithm in parallel is used. Basically, the structure as shown
in Figure 4 is used to obtain the ac- cumulated value of the pixel for the Integral Image
generation of the input image.
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Figure 3. The | Processifig of Sobel, Census Transform and
‘\ %Histogram
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Figure 4. The Structure of Parallel Prefix Sum

The conventional method cannot perform the parallel processing in such a way that the
sub-sequential operations are made to obtain the accumulated value, but the use of the
Parallel prefix sum algorithm makes it possible to process the accumulated value ranging
from X1 to X4 in parallel by dividing it into two operations. Figure 5 shows the parallel
prefix sum operation in the sub-ISP.
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When the Integral Image generation algorithm for eight data is performed, it is divided
into a total of four stages, and the addition operation for two values is performed in one
sub-ISP. Each stage is processed in parallel by a number of sub-ISPs, which enables the
acceleration of the Integral Image.
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Figure 5. The Parallel (@ Sun;&%{lon Using Sub-ISP
3. Experiment A \6

experim’é&d verifications were conducted through the
e FP nvironment, VC707 Board equipped with Xilinx
Xili 4.4 and Model-Sim SE 10.0b were used for the

experiment

The pro@l Po @n 16 Warps and 16 Threads, and the operating frequency is
50MHz at tie=FPGA p For the performance and experimental results, FFT on the
image, Edge Enha t using FFT and CENTRIST-based pedestrian recognition

algorithm Werew d in parallel.
Tabl i

The*Comparison of the Processing Time between Convolution
O Operation and FFT

For the proposed |
FPGA environm
Virtex-7 was us

a(e e C
@O OELNIYIEN 512x512 | 486
: : 512x512 | 381

In order to identify the difference between the convolution operation of the Spatial
domain and Butterworth Filter operation of the Frequency domain, the performance time
of the 3x3 Filter operation(convolution) and Butterworth Filter (FFT) was compared as
shown in Table 1. According to the comparison results, the Filter operation applied with
the FFT showed the processing speed improved by about 30% compared to the
convolution operation.
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In the proposed ISP, the image improved by the Edge Enhancement process performs
the pedestrian recognition algorithm additionally. Figure 6 shows the results of
performing the CENTRIST-based pedestrian recognition algorithm on the original image,
Blur-processed image and Edge Enhancement image.

The performance results showed that non-detection and false detection that determines
the pedestrian with respect to the area where there are no pedestrians in the original image
occurred, and non-detection that cannot recognize the pedestrian occurred in the Blur
image.

(A)

Figure 6. The Result Image of tr| \lon System for Each
Enhanced Image (a) Original { ge (c) Proposed Method

Table 2. The Comparis @e Pro %ng Time for Pedestrian Detection

| ARM " tex-A9 x512
ARM Cortex " 1o ARGV

Proposed ISP | 512x512 18.16
On the o;er ha éwas confirmed that when the pedestrian recognition was

performed with thefigtage improved by the Edge Enhancement process, the pedestrian
was accurately zed without the false detection and non-detection that occurred in
the original image ‘as well as the non-detection that occurred in the Blur image. Table 2
shows a ary of the performance time on the pedestrian recognition in the proposed
ISP and of the embedded platform.
g to the experimental results, the proposed ISP performed an image
ent at a faster processing speed compared to the conventional convolution
0 tion by using the FFT. In addition, it exhibited an enhanced recognition rate by
performing the pedestrian recognition algorithm with the improved image, and an
improved processing speed that is about 2.7 times higher than that of Cortex-A9, which is
CPU of the embedded platform and about 1.5 times higher than that of Cortex-A15.

4. Conclusion

This paper proposed the SIMT-based ISP that is capable of processing a variety of
image pre-processing and recognition algorithms unlike the conventional ISPs. The
proposed ISP can be applied to the filter that has different types and sizes, which is used
for the image pre-processing process based on the command, and is able to process the
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pedestrian recognition algorithm among recognition systems. With the use of Radix-2
FFT suitable for the SIMT structure, the Edge Enhancement process was performed, and
the processing speed was further improved by about 30% compared to that of the image
improvement algorithm using the convolution operation in the conventional ISP. A higher
recognition rate than that of the original image or Blur-processed image was obtained by
performing the pedestrian recognition algorithm based on CENTRIST using the improved
image as the input image, and an improved processing speed that is about 2.7 times higher
than that of Cortex-A9, which is CPU of the embedded platform and about 1.5 times
higher than that of Cortex-Al5 was achieved. With the development of the recognition
system, various recognition algorithms through camera input are likely to be used in a
variety of fields, and the ISP that can perform the improved recognition algorithm through
the image enhancement of the input image in which several environments are present will
be essentially required. For future work, it is expected that a study on the ISP that can
perform various image pre-processing and recognition algorithms as well as the i ovedo

recognition system like the proposed ISP will be conducted. v
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