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High-resolution ultrasound imaging system based on field-programmable gate array
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Abstract: Objective Ultrasonic imaging device plays an important role in medical imaging diagnosis. High- frequency
ultrasound imaging device can provide images with excellent resolution for the clinical diagnosis of ophthalmology and
dermatology. Additionally, clear images are also necessary for the observation and research in the small animal experiment of
biomedical imaging. An ultrasound imaging system based on single-element high-frequency transducer is developed in this
paper to provide high-resolution and low-cost ultrasound imaging device. Methods A single-element focused transducer of 35
MHz was used as the ultrasound probe for the conversion between ultrasonic waves and electric signals. And a field-
programmable gate array was applied as the core controller and processor to control the emission and receiving of the
ultrasonic wave. Digital quadrature demodulator based on Hilbert transform was designed to demodulate the ultrasonic echo
signal. And then the software interactive display of host computer programmed in Visual Studio 2012 development
environment displayed the processed ultrasonic echo envelope information. The imaging data of biological vitro tissues and
imaging phantoms were collected and processed by MATLAB software, and the value variation of the image gray was
analyzed to determine the system performance. Results The front-end ultrasonic echo data observed in real-time and the final
imaging results showed that the imaging system worked well and the images were clear. Conclusion The imaging system has
reasonable circuit, low signal-to-noise ratio. Additionally, the system resolution can reach to 40 um, and the other performance
parameters are also satisfactory.

Key words: ultrasound imaging; high-frequency ultrasound; field-programmable gate array; Hilbert transform

(%5 B #7]2015-07-03

(E&TE |EZK A %8554 (61302038)

(1EZ A Jitith o (1989-) , I W95 A , FEBEWFFT )y 17 « 4 e il B B 55403, E-mail: luzujia@qg.com.,
(BE 1 |2k 52 (1982-) , I RIAIFSE 61, 184, EBEWFSe I In) « A L7~ S 2B W) BRF . E-mail: wh.giu@siat.ac.cn

hEEZWIBFERE 2014£118 $£32% $6iH



848 -

R R, 25, ST B AT G AE [ TRE81 A s 0 el R R e et

e

B

[

B U 75 AR Sy g5 i DL ) BT R 7R 12 B
B SR TCRM 2 B ARBUAS B T o v A
S BRI S 2 B T ) AR A 22— X I IR
& 24 A7 AR S I SE BRI FH A

H A, 4 2 W 0 T 0 22 0 X i #7545
Sk, FEF BB T M PR R S, LRI R B R {F 2 il
ERA . HIVE R R LR R E R 1.2,
il 22 MR OT Y e R R PR RS TR R A 2P TR, B
W T 75 8K 19 2 ) 3 AR BT R 2 S
. 7 —SE RN SR I RIS W, EL an BR B AN
R R Bk A | 5 B im0 IR P R Sk A R T B O
R EALNEST

ASCHE T —A T B T g FE | 1R85 (FPGA)
) BB TC R R R R R 5, R B e &
PR L AR Bl , FPGAVE Jy s il 4 56 AR 75 I 1 % 559
RN, BT T A R AP AR 7228 4 Y 80 T 52 A ) 2
SE JRR R R 308 15 5 A R A5 2088 RS ] I A e A
B, 38 35 38 F H A7 8 2k (Universal Serial RBus 3.0,
USB3.0) 4 [ml % 15 = 1% % 28 L Jili , 7€ Visual Studio
2012 JF & IR EE T TR A HLAE B A% St 1w Hh R
R EIR

1 BERGEARRE

PR P2 W P i P A 32 2R T H O 7 ik
REAS o S HREAS A2 S R WORE P 5 IE 2 T TR
RO+ ARSI R T e HLRSONE 111 A 5 P B S 306 e
RNl R B AN ST AR A S
A FRS RS S % 10T P 45 RE i ) IS P 5
I BN R SR T Se A il (Brightness
Mode) 48 7 [T AIR I 2 s 75 2K, e 50 , DUl 5
R ER R s T 558, ISR BGR R . PRI T
P PRCAR I 1o 2 R 7 S MU 8 S B 4R R

2 RGN

REVITHERIMNE LR . Z RGN EZELR
BB ALAE : mRR R AR A R A R STE
e R Dk i K A A IR SO U AVD B i BT
FPGA 145 il 515 5 A FRAR He L) J2 A HLAE B ow
B,
2.1 FPGA#ZHI A EIEIRIZ 1T

FPGA #a il ib PRAL PR AE Altera 23 ] Cyclone 'V
Z ) FPGA .t - 5CGXFC7D7F31C8N 1 g 12 il #11

‘

Bl R4igitiEE
Fig.1 System block diagram
Note: PC: Personal computer; FPGA: Field-programmable gate array
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Fig.2 Circuit principles of high—voltage pulse
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Fig.3 Front—end high—frequency signals and envelope detection
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Fig.4 Imaging results of tungsten filament

(5% 30k]

[1] % ms, RBEE. SIRAL 5 A2 B 09 BT B [J]. 16 AR AR 5
& % 4 &, 2013, 15(12): 850-852.

Tu P, Zhang QX. Research progress on use of high-frequency ultra-
sound imaging in dermatology[J]. Journal of Ultrasound in Clinical
Medicine, 2013, 15(12): 850-852.

[2] Madsen EL, Frank GR, McCormick MM, et al. Anechoic sphere
phantoms for estimating 3-D resolution of very-high-frequency ultr-
asound scanners[J]. IEEE Trans Ultrason Ferr, 2010, 57(10): 2284-
2292.

[3] Wu JX, Chen PZ, Wang JL, et al. Development of a high-frequency
ultrasound system for high-speed image scanning[J]. Chinese Jou-
rnal of Biomedical Engineering (English Edition), 2013, 22(2): 79-
85.

[4] Z541, AR s, 455, 5. B A 50 MHZ A2 7 Bt BAHAH R E %
iy AAF S [J]. Bl 5k, 2014, 36(2): 205-209.

Li zJ, Shao WW, Cui YY, et al. Simulation study on the effect of
thickness for 50 MHz medical ultrasound transducer[J]. Piezo-
electrics Acoustooptics, 2014, 36(2): 205-209.

[5] 7R, R, Th & A EFHEF[M] L7 A5 i,
2010: 171-210.

Wang MX, Zong YJ, Wang SP. Biomedical ultrasonics[M]. Beijing:
Science Press, 2010: 171-210.

[6] % B, % 3, &9, & FFPGA 693 F Bk £%3t 5 £
[3]. it S Auml & 5 54, 2014, 22(1): 311-313.

Peng Y, Chen F, Gao XM. FPGA-based digital B- Ultrasonic geo-
phone design and implementation[J]. Computer Measurement &
Control, 2014, 22(1): 311-313.

[7] Qiu WB, Yu YY, Tsang FK, et al. An FPGA-based open platform
for ultrasound biomicroscopy[J]. IEEE Trans Ultrason Ferr, 2012,
59(7): 1432-1442.

[8] &K, Bpef=, %) E 3%, . FHikh i WA BRI ARG
[3]. 3 AL R A, 2014, 34(10): 3020-3023.

Wu ML, Qiu WB, Liu BQ, et al. High speed data transfer and
imaging for intravascular ultrasound[J]. Journal of Computer
Applications, 2014, 34(10): 3020-3023.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.6, November. 2015



