
                          WACBE World Congress on Bioengineering 2009, 26-29 July, Hong Kong 

 86

T2.2.1 Keynote 
Sonomyography (SMG): A Signal Extracted from Ultrasound Imaging for Quantitative 
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Ultrasound is used to monitor the architectural changes of muscles, such as muscle thickness, pennation 
angle, cross-sectional area, tissue elasticity. We named the signals representing these changes as 
sonomyography (SMG). Similar to electromyography (EMG), SMG signals can be used to assess muscle 
functions and to serve as interfacing signals between human and device, such as prosthesis and robots. We 
have successfully demonstrated its application for powered prosthesis control and assessment of muscle 
fatigue, isometric and isotonic contractions. The SMG signals can come from 2D B-mode ultrasound 
images or 1D A-mode ultrasound signals. Our software for Ultrasound Measurement of Motion and 
Elasticity (UMME) can simultaneously collect ultrasound, EMG, joint angle and other related signals for a 
comprehensive analysis of functions and biomechanical properties of muscles and tendons. Various 
modeling methods including SVM and ANN have been used prediction muscle actions from SMG signals. 
In this talk, the development and application of this novel technique will be introduced. 
 
Prof Zheng received BSc in Electronics and Information Engineering and MEng in Ultrasound 
Instrumentation from the University of Science and Technology of China, Hefei. He received the PhD 
degree in Biomedical Engineering from the Hong Kong Polytechnic University (PolyU) in 1997. After a 
postdoctoral fellowship in acoustic microscope and nonlinear acoustics at the University of Windsor, 
Canada, he joined PolyU as an Assistant Professor in 2001 and was prompted to Associate Professor and 
Professor in 2005 and 2008, respectively, in the Department of Health Technology and Informatics. He 
also serves as the Associate Director of the Research Institute of Innovative Products in PolyU since 2008. 
Prof. Zheng’s main research interests include sonomyography, ultrasound elasticity imaging and 
measurement, three-dimensional ultrasound imaging, ultrasonic characterization of muscle, articular 
cartilage and breast tissues, ultrasound instrumentation, and wearable vital sign sensors. He has trained 3 
PhD, 5 MPhil and 5 MSc graduates, and 4 PhD students are currently under his supervision. He is in the 
editorial boards of number of journals and the Associate Editor of Transactions of Hong Kong Institution 
of Engineers. He is a Senior Member of IEEE. He holds 4 US and 4 Chinese patents and has 13 patents  
pending, in the field of biomedical ultrasound and vital sign monitoring. 
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Introduction-Optical scanning holography (OSH) is an emerging technique for three dimensional (3D) 
biological microscopy with its fast capture of 3D information in a single hologram, but requires 
postprocessing to obtain 2D images of individual sections. Recently we show that inverse imaging is the 
most powerful for this task1,2. In this work we address the issue of estimating the number of sections 
reconstructed from the hologram. It is the first step to do a multiplesection reconstruction. We propose to 
estimate it using information about the edges. 
 
Method-A hologram is expressed as a summation of convolutions3. Suppose a hologram contains two 
sections. We operate a convolution on the observed hologram, gc 　 x,y 　 . That is, 
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Here * stands for the convolution operation, and hi ( x,y)and hi*（x,y） represents the point spread 
function (PSF) of OSH system at zi and its conjugate. Ψ( x,y;zi) is the sectional intensity of the  
scanned object at zi . The convolution produces a focused term, ∣ψ( x,y;z1)∣2and a defocused 
term at z2 , which is surrounded by rings resulting from h2 ( x,y)∗h1*(x,y).We refer to the convolution 
including a focused term as the focused convolution. The convolution with conjugate PSF at neither z1 nor 
z2 does not contain any focused terms. We refer to it as the defocused convolution. Owing to the 
elimination of rings, the amount of edges in a focused convolution is significantly less than adjacent 
defocused convolutions.  
 
Results-An experiment is taken on a hologram consisting of five sections. We adopt the Prewitt method to 
detect edges. Drawn in the left subfigure of Fig. 1 is the plot of the amount of edges in a convolution with 
respect to conjugate PSF at different positions. The troughs of the plot represent the positions of focused 
convolutions. We make use of five PSFs at the positions labelled in the subfigure to conduct the 
reconstruction. The right subfigure in Fig. 1 shows the ideal simulated sectional images (upper row) and 
the reconstructed ones using our method (lower row). The reconstructed images are not significantly 
influenced by defocused noise, and elements are reconstructed well compared with images. 

 
Fig. 1 Positions of sections by the edge detection. 
 
Conclusion-We propose an estimation method based on edge detection. An experiment demonstrates that 
the method is competent to estimate the number and positions of sections. 
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Introduction - Group-based brain analysis usually involves brain-to-brain comparison, where statistical 
brain maps show great promise as they capture complexity and diversity in brain structures across subject, 
age, gender, and clinical status. Existing MRI-based templates, e.g., MNI3051, ICBM1522, were built on 
Caucasian data, and there is no statistical brain template that characterizes common neuroanatomical 
features of the Chinese population. 
 
Methods - We proposed a coarse-to-fine mechanism to construct the statistical template of a given group 
of brain MRI data by applying the diffeomorphic nonlinear registration in an iterative manner. The initial 
template was built by averaging the linearly aligned brain volumes. In each iteration, the brain volumes 
were nonlinearly registered to the current template, and then the template is updated by averaging the 
transformed brain volumes. This process iterates until it reaches the predefined number of iterations.  
 
Results - The T1W MRI of 101 Hong Kong adolescent girls with no apparent brain abnormality was used, 
and six iterations were adopted. The constructed brain template is shown in Fig. 1(b). Compared with 


