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A study on the design of an efficient hardware and software mixed-mode
image processing system for detecting patient movement
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ABSTRACT

In this paper, we propose an efficient image processing system to detect and track the movement of specific objects such as
patients. The proposed system extracts the outline area of an object from a binarized difference image by applying a thinning
algorithm that enables more precise detfection compared to previous algorithms and is advantageous for mixed-mode design. The
binarization and thinning steps, which require a lot of computation, are designed based on RIL (Register Transfer Level) and replaced
with optfimized hardware blocks through logic circuit synthesis. The designed binarization and thinning block was synthesized info a logic
circuit using the standard 180n CMOS library and its operation was verified through simulation. To compare software-based
performance, performance analysis of binary and thinning operations was also performed by applying sample images with 640x 360
resolution in a 32-bit FPGA embedded system environment. As a result of verification, it was confirmed that the mixed-mode design
can improve the processing speed by 93.8% in the binary and thinning stages compared to the previous soffware-only processing
speed. The proposed mixed-mode system for object recognition is expected to be able to efficiently monitor patient movements even
in an edge computing environment where arfificial infeligence networks are not applied.

= keyword : Mixed mode design, Motion detection, Real-time tracking, RTL(Register Transfer Level), Logic synthesis
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(Figure 1) Software-based object motion detection
algorithm
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(a) & olox]|
(a) Original image

(c) 7FRAleHEH 9 o|FIS}
(c) Gaussian filter and binarization
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(b) BidGatnt Saleldatntol xpdat
(b) Difference image between background image
and motion image

(d) BMFE A ZHAAHE
(d) Contour extraction and object area detection
(O3 2) A= EQo7[2t A R AE La|E X2l Zot (640 x 360 (ninth HD))
(Figure 2) Software-based object motion detection algorithm processing results (640 x 360 nHD)
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(Figure 3) FPGA board for analyzing CPU occupancy
rate of software-based algorithms
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(a) Pixel placement in a 3x3 window
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(Figure b) Calculation example of pixel index and
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(Figure 8) 3x3 shift register operation for thinning
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(Figure 9) RTL block diagram of thinning processor
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(1) o|fa Y Midst CPU MF& H|w (640x320 O|0|X| AE)
(Table 1) Comparison of binarization and thinning CPU occupancy (640x320 image

samples)

Process step

Proposed H'W total

o - Binarization  Thinning S/W total N
640x 320 = (*Improvement %))
S-cycles 1,268,166 21.850.651 23,118,818
N-cycles 375.695 12.824.269 13,199,963 2.541 885
I-cycles 136,226 5.909.745 6,045,971 (94%)
Total 1.780.087 40,584,665 42,364,753

(b) =O|=ZEf O|X MMs

(3 11) MMsixz|7|
(Figure 11) Thinning processor operation result
(640 x 360 resolution sample image)
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