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Abstract

In response to the need for accurate diagnosis of gastrointestinal diseases, this paper presents the
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design and implementation of a highly integrated ultrasound endoscopic imaging system. The sys-
tem utilizes a 20 MHz PMN-PT single-element focused ultrasound transducer to convert ultrasonic
signals into electrical signals. An FPGA serves as the core control and processing unit, responsible
for ultrasound wave transmission, reception, and data processing. A novel TGC control scheme com-
bining depth-dependent linear gain compensation with segmental gain adjustment is proposed to
compensate for the signal attenuation caused by depth. The compensated echo signals are digitally
filtered, followed by orthogonal demodulation and envelope detection using Hilbert transform and
CORDIC algorithm. The processed data is transmitted in real-time to a host computer for image dis-
play via USB3.0. Echo data is analyzed in MATLAB to evaluate system performance. Experimental
results show that the system’s pulse transmission and signal acquisition meet predefined parame-
ters, with no distortion in the echo data. After TGC processing, the signal uniformity in depth direc-
tion is significantly improved, background noise is substantially reduced, and the imaging becomes
clearer, enabling precise reflection of the structural features of the measured object. The system is
well-designed with complete functionality, achieving a resolution of 50 pm, which effectively sup-
ports high-precision diagnosis of gastrointestinal diseases and holds potential for clinical applica-
tions.
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Figure 1. Block diagram of ultrasound endoscopic imaging system
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Figure 2. Designed Op-Amp circuit
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Figure 3. The relationship between VCAT gain curve and the differential control signal
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Figure 4. System hardware testing platform
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Figure 5. Generated single pulse excitation signal

5. KRB BEHEMIES

He B AR I 0 A% 20 MHz 1) PMN-PT FRE JT S AR B8 &5 15 R 0F IR RGTiEsE, /Kb 2
S BV ENAGEEAT Bk o [ R . BBk i L 448V, UK Dy 20 MHz. 5] 6 JyuRigk A R AL
RS LA 5, o, —IRIBRR R, O FARHARR K B IR IEI S 5, IR BIEAE 5588, MBS
JarERIE T .

1

Figure 6. Received echo signal
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Figure 7. Pulse echo and bandwidth
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Figure 8. Processing results of pulse ultrasonic echo signal
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Figure 9. Comparison of tungsten wire imaging results before and after TGC processing
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