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• We will develop an advanced phantom for  FUS research, 
which will copy relevant  body par ts like bones and blood 
vessels but will also react to FUS stimulation

• This phantom is essential to develop accurate algor ithms 
incorporating functional feedback and adaptive image 
processing to track and stimulate ner ve targets in real 
t ime

• W hile this phantom will be customized for  FUS algor ithm 
development, this advanced phantom would also be 
broadly useful for  closed-loop electr ical st imulation 
research

Goals: 
• Simulate/ design a circuit to detect pulses of ultrasonic 

energy and produce pulses when energy exceeds a 
threshold (sensor  inter face)

• Design a pr inted circuit board with the sensor  circuit 
connected to a microcontroller, and an inter face to a 
stepper  motor  controller

• Fabr icate, assemble, test 
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• Ultrasonic element receives energy and 
produces a small current

• To simulate a ner ve being st imulated, an 
inter face circuit was designed to detect the 
small current and conver t it  into a digital pulse

• Circuit designed and simulated in LTSPICE

• Design pr inted circuit board for  the inter face 
circuit

• Using Eagle PCB Designer
• Circuit board will be fabr icated and assembled 

for  bench testing with the ultrasound phantom 
of the ankle

Steven Fair ley1 ,2, Steve J. A. Majerus2,3

1Cleveland State University, Depar tment of Electr ical Engineer ing 
2Advanced Platform Technology Center, Louis Stokes Cleveland VA Medical Center
3Case Western Reser ve University, Depar tment of Electr ical, Computer, and Systems Engineer ing

F ig u r e  6 : O u t p u t  o f  c o m p a r a t o r  s h o w in g  c o n ve r s io n  
o f  t h e  s h o r t  u lt r a s o n ic  c u r r e n t  p u ls e  in t o  a  d ig it a l 
w a ve fo r m . T h e  o u t p u t  is  in ve r t e d  b e c a u s e  o f  t h e  
p o la r it y  o f  t h e  t r a n s im p e d a n c e  a m p lif ie r,  b u t  
d e t e c t io n  o f  t h e  p u ls e  d u r a t io n  is  p o s s ib le .  

• Transimpedance amplifier  and envelope 
detector  are an effective inter face for  
conver t ing small ultrasound pulses into 
measurable voltage signals

• Inter face will allow detection and t iming of 
pulses by a controller

• Controller  can generate movements in the 
ultrasound phantom to simulate a human ner ve 
being st imulated with ultrasound

F ig u r e  2  : A c t ive  b e n c h t o p  p h a n t o m  w ill in c lu d e  
b o n e s ,  a r t e r ie s  a n d  s im u la t e d  n e r ve s  f o r  a  r e a lis t ic  
m o d e l o f  t h e  h u m a n  a n a t o m y 

F ig u r e  1 :  B lo c k  d ia g r a m  o f  c lo s e d  lo o p  u lt r a s o u n d  
s t im u la t io n  a n d  im a g in g  a r r a y.  

F ig u r e  5 : O u t p u t  o f  e n ve lo p e  d e t e c t o r  s m o o t h in g  t h e  
c u r r e n t  p u ls e

F ig u r e  4 : O u t p u t  o f  t r a n s im p e d a n c e  a m p lif ie r  
s h o w in g  a m p lif ic a t io n  o f  u lt r a s o n ic  c u r r e n t .  T h e  
c u r r e n t  is  a m p lif ie d  a n d  c o n ve r t e d  t o  a  vo lt a g e  b y t h e  
a m p lif ie r.  

F ig u r e  3 : L T S P IC E  S im u la t io n  S c h e m a t ic

Existing ultrasound tissue phantoms are passive, or contain
integrated blood vessels to model arterial and venous flows.
Although focused ultrasonic stimulation (FUS) is non-invasive,
human or animal research is not an appropriate testbed for
algorithm development because interactive time is limited.
Therefore, a bench phantom enabling functional feedback is
essential to rapidly demonstrate and iterate imaging and control
algorithms. We will develop an advanced phantom for FUS
research, which will mimic relevant anatomy such as bones and
blood vessels, but will also react to FUS stimulation. This phantom
is essential to develop accurate algorithms incorporating
functional feedback and adaptive image processing to track and
stimulate nerve targets in real time. While this phantom will be
customized for FUS algorithm development, this advanced
phantom would also be broadly useful for closed-loop electrical
stimulation research.
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