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Fig. 1. (color online) Structure of generalized sidelobe

canceller.
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Table 1. Default values for parameters.

FEeE H (V) 64

TEEEH (L) 32

A (fo)/MHz 3.5

FHEE (f5)/MHz 50
B ICIAIEE /m 0.48 x 1073
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Fig. 2. (color online) Image comparison between four different methods.
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Fig. 3. (color online) Lateral beamplot at depth of 60 mm.
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35.05 dB #137.82 dB, AJ LLE HASCAT#EH I GSC
HiL5 GSC-SCF 7EXf LLE B — w2 13 .

3.2 MRAEBEAIE

ST B A T AN R DT Ay A SRR A G B A
Xof Wt P IR I AR, AR SCHR VA AN
DAS, MV-CF 5% 435 % 58 O 52 2% IR W% 7 B H A
AT A

AW E A2 93 mm H R B S B, TR
1E 30—45 mm 8 Fl 2 7], % & G H EE N
60 dB, FFELEFUS I [E1 £ HE i N 20 dB F 7S
DAS, MV-CF, GSC, GSC-SCF 4 Fft ji A% 559 1) 1%
G R 4 fR.

GSC GSC-SCF

MiZEE /mm

4 (MFIRA) 4 R s BERARRUR

Fig. 4. (color online) Cyst phantom image through four different methods.
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Table 2. Contrast ration of four methods

R hPly AN STHE R
h#% /dB % /dB (CR)/dB J7#/dB
DAS —30.91 —16.46 14.46 6.71
MV-CF —40.07 —26.82 13.25 10.76
Gsc —40.26  —22.35 17.91 9.30
GSC-SCF —40.78  —23.75 17.03 9.93

R SR B0 IE S 562K H Michigan K27 AR W 1% 27
7 S 5 T PR A 0 R B geabr 0. RAEEE
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Fig. 5. (color online) Experimental results of four methods: (a) DAS; (b) MC-CF; (¢) GSC; (d) GSC-SCF.
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Fig. 6. (color online) Lateral beamplot at depth of 70 mm.
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Abstract

The traditional delay and sum (DAS) algorithm is the most widely adopted method in medical ultrasound imaging;
although it can produce images quickly, it sacrifices the resolution and the contrast ratio. The adaptive method such as
the minimum variance (MV) continuously updates the apodization weighting vectors according to the received signals, so
that the variance of the weighted signals is minimized, and thus the quality of the ultrasound imaging can be improved,
especially its resolution. Although the image quality may be improved in the contrast ratio as well as the resolution after
combining the minimum variance with the coherence factor (MV-CF), it complicates the algorithm, and the robustness
against noise is enhanced but a little. An improved ultrasound imaging algorithm based on the generalized side lobe
canceller (GSC) is proposed, which is constructed according to the minimum variance principle. The canceller is designed
to classify the signal into desired and noise signals, combined with wiping off the big interferential eigenvectors, so that
the robustness against noise can be enhanced. Firstly, the canceller divides the weighting vector into non-adaptive and
adaptive weights, then the eigenstructure subspace is established according to the covariance matrix of the received
signals, and the renewed weighting vector is achieved finally by projecting the weighting vector into the left singular
space of the eigenstructure subspace. Simulations of the point targets and the cyst phantom through the simulation tool
Field II demonstrate that the ultrasound image acquired through the proposed method is better than the traditional
DAS and MV-CF algorithms in terms of the contrast ratio and resolution. In practice, the contrast ratio increases by
roughly 7 dB compared to DAS and 5 dB to MV-CF. Furthermore, the proposed method gives a more satisfactory
lateral resolution as well as the lowest side lobe peak level. From the sound-absorbing speckle simulation, the contrast
ratio increases by 3 dB more than that of DAS and over 4 dB than that of MV-CF when noise exists. In addition,
MV-CF performs the worst in the robustness aspect while the proposed GSC method makes improvement on the basis
of it. Besides, the image quality can be further improved by combining the proposed method with sign coherence factor
(GSC-SCF). After such a combination, the noise added to the data sets is almost invisible in point targets simulation.
It also possesses the maximum mean power in cyst region in sound-absorbing speckle simulation. Finally, an experiment
is conducted on the basis of the complete data sets which are offered by the University of Michigan. Results indicate
that the proposed methods can perform better than the conventional DAS and MV-CF in resolution, contrast ratio and

the robustness against noise.
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