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Abstract

The use of line memory is essential for image filtering in image processing hardware. After input data is stored
in line memory, filtering is performed after synchronization to use the stored data. A sync generator is used for
synchronization, and in the case of a conventional sync generator, the input sync signal is delayed by one row of
the input image. If a signal delayed by two rows is required, it is necessary to connect two modules. This approach
increases the size of the hardware and cannot be designed efficiently. In this paper, we propose a sync generator
that generates multiple types of delayed signals by adding a finite state machine. The hardware design was coded
in Verilog HDL, and performance is verified by applying it to image processing hardware using field programmable
gate array board.
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1. Fixed-Mode Sync Generator
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vav_neg —

vav_flag —

1
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1/vav_lh

vav_lh — ,:

Fig. 1. State diagram of VAV generator (FMSG).
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Fig. 2. State diagram of HAV generator.
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Fig. 3. Block diagram of FMSG (1H).
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Fig. 4. Pipelined architecture of FMSG.
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Fig. 5. State diagram of auto detection.
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L. VAV generator state machine (VMSG)
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Flg 6. State diagram of VAV generator (VMSG).
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Fig. 7. Block diagram of VMSG (Up to 2H).
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Fig. 8. Pipelined architecture of VMSG.
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Fig. 10. Piplined architecture of LPF filtering.
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Table 1. Vivado synthesis result of sync generator.
H 1. VivadoE 0188t 57| &7| e 2t

(a) Fixed-Mode Sync Generator (image size: 256 x256).

Xilinx Vivado 2023.1
Device xczu7ev-fivel156-2
1H Up to 2H Up to 3H Up to 4H
Logic Utilization Avaliable
Used Util. Used Util. Used Util. Used Util.
CLB Register(#) 460,800 52 0.01% 83 0.02% 112 0.02% 141 0.03%
CLB LUTs®) 230,400 86 0.04% 171 0.07% 253 0.11% 335 0.15%
Minimum period(ns) - 1.431 1.446 1.432 1.484
Maximum Freq.(MHz) - 698.812 691.562 (698.324 673.854
(b) Variable-Mode Sync Generator (image size: 256 x256).
Xilinx Vivado 2023.1
Device xczu7ev-fivel156-2
Logic Utilization Avaliable 11 Up to 2H 2x2) Up to 31 Up to 4f
Used Util. Used Util. Used Util. Used Util.
CLB Register(#) 460,800 59 0.01% 66 0.01% 82 0.02% 89 0.02%
CLB LUTs®) 230,400 80 0.04% 109 0.05% 142 0.06% 172 0.07%
Minimum period(ns) - 1.432 1.433 1.452 1.485
Maximum Freq.(MHz) - 698.324 697.836 688.705 673.400
Table 2. ivado synthesis result of LPF filtering. v. 4=

B 2. VivadoZ 0|85t LPF TEY SI=90] & Zat

Xilinx Vivado 2023.1
Device xczu7ev-ffvel156-2

Use FMSG Use VMSG
Logic Utilization Avaliable

Used(Util.) Used(Util.)
CLB Register(#) 460,800 383(0.08%) 377(0.08%)

CLB LUTs®#) 230,400 | 41000.18%) | 330(0.14%)

Block RAMs(#) 312 1(0.32%) 1(0.32%)
Min. period(ns) - 1.590 1.588
Max. Freq.(MHz) - 628.930 629.722

* The EDA tool was supported by the IC Design Education
Center (IDEC), Korea.
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