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Implementation of a backend system for real-time intravascular
ultrasound imaging
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ABSTRACT: This paper reports the development and performance evaluation of a backend system for real-time
IVUS (Intravascular Ultrasound) imaging. The developed backend system was designed to minimize the amount
of logic and memory usage by means of efficient LUTs (Look-up Tables), and it was implemented in a single
FPGA (Field Programmable Gate Array) without using external memory. This makes it possible to implement the
backend system that is less expensive, smaller, and lighter. The accuracy of the backend system implemented was
evaluated by comparing the output of the FPGA with the result computed using a MATLAB program implemented
in the same way as the VHDL (VHSIC Hardware Description Language) code. Based on the result of ex-vivo
experiment using rabbit artery, the developed backend system was found to be suitable for real-time intravascular
ultrasound imaging.
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Fig. 1. Block diagram of the proposed backend system for real-time IVUS imaging.
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Fig. 2. Block diagram of quadrature demodulation.

Table 1. The down-sampling ratio according to the
image depth and the number of samples of input/output
data.

Imaging depth Df)wn ' Number of | Number of
sampling ratio |  input data output data

2 mm 1 650 650

4 mm 2 1300 650

6 mm 3 1950 650

8 mm 4 2600 650

10 mm 5 3250 650
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Fig. 4. Block diagram of the proposed backend system for real-time IVUS imaging in FPGA.
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Table 2. The usage of internal memory of a FPGA used for LUTs in each functional block.'

Functions DTGC QDM Envel(.)p © | Decimation Log . DSC Line buffers Display
detection compression memory
LUT size (bits) 32,768 20,800 328,286 273,644 65,536
Proposed -
Usage rate 23.3 % (721/3,096 Kbits)
Ref. [9] LUT size (bits) | 30,720 65,536 102,400 1,646,834 98,304 1,048,576
ef.
Usage rate 57.3 % (2,990/5,215 Kbits)*

'DTGC = digital time gain compensation; and QDM = quadrature demodulation
“The total amount of the memory used in the system is 2,990,370 bits of the 5,215,104 bits available in the FPGA.
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Fig. 6. Ex-vivo experiment for real-time IVUS image
performance evaluation; (a) the embedding rabbit artery
in tissue-mimicking phantom with acrylamide; (b)
Real-time IVUS imaging with an image depth of 6 mm.
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