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This paper presents an ultrasonic transducer modeling with VHDL-AMS 
standard (Very High speed integrated circuits Hardware Description Language – 
Analog and Mixed Signal) referenced IEEE 1076.1, integrated in a global 
measurement cell modeling dedicated to biological tissues ultrasound 
characterization. Usual modeling of ultrasonic transducer are based on electrical 
analogy and are not simulated in the global measurement environment which must 
include non linear medium behavior and electronic coupling. The ultrasonic 
transducer modeling proposed is simulated with the nonlinear acoustic load and 
electronic excitation. It was composed by a first element with a piezoceramic ring 
structure vibrating at a frequency of 2,25 MHz in thickness mode. The second 
element is stuck into the center of the first. This geometrical form is a disc 
vibrating at 4,5 MHz in thickness mode too. Nonlinear B/A parameter is used to 
characterize medium with a comparative method. The measurement cell is 
composed by a piezoceramic transducer which is implemented with the Redwood’s 
electric scheme and a metallic reflector into a Plexiglas structure. The analyzed 
medium is placed between the transducer and a metallic reflector. Medium is 
modeled with take into account the nonlinear propagation with B/A parameter. The 
usual transmission line model has been modified to take into account the nonlinear 
propagation for a one dimensional wave. Simulations of the transducer pulse 
response and impedance show a VHDL-AMS model in good agreement with 
measurement. Results simulation of the measurement cell modeling are in 
agreement with well known B/A values of biological mediums. 

INTRODUCTION 

Prediction of ultrasonic systems performance need to use simulation tools adapted to 
transducers methodology conception. For MEMS design (Micro Electro-Mechanical System) 
used in ultrasonic imaging applications, it’s a new opportunity offered to developers with 
VHDL-AMS language standard IEEE 1076.1. Correction and optimization could be done 
with VHDL-AMS extraction of the MEMS model. Multiphysic aspect integrated in VHDL-
AMS [1, 2] gives serious advantages in a complicated system simulation composed by 
electronic, ultrasonic transducers and mediums. The usual tool to simulate ultrasonic 
transducer is PSPICE software. Different implementation of piezoelectric transducers could 
be found in [3, 4]. Advantage with PSPICE is the combination of the electronic behavior for 
the emission and reception parts. 
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In ultrasound domain, nonlinearities appear with the wave form deformation through the 
medium. This deformation generates harmonic frequencies (2f0, 3f0,…) in the spectral wave 
representation. The use of this harmonics in ultrasound imaging gives improvement in images 
quality [5]. The ultrasound nonlinear parameter B/A1 which is a characteristic of each 
medium could be measured with two different methods: thermodynamic [6, 7] and finite 
amplitude methods [8, 9]. Thermodynamic method is most precise but it requires complex 
equipment which in vivo (biological mediums) is not practical. Less precise, the second one is 
more adapted to in vivo measurements.  

To obtain more information about the medium analysis we developed a measurement 
system based on a nonlinear medium excitation by an ultrasonic transducer vibrating at a 
fixed frequency f0. A steel reflector placed at a distance of 30 mm reflects the ultrasonic wave. 
The disc element vibrating at 2f0 received the echo of the emitted wave and makes it possible 
to analyze the acoustic wave in the propagation axis of the transmitting source. The electric 
signal analysis of the echo wave makes it possible to identify the electrical signal at its 
fundamental frequency and its second harmonic by a fast Fourier transform. Parameter B/A of 
different biological mediums is estimated by a comparative method [10] based on a finite 
amplitude method with water like reference medium. To implement the ultrasonic transducer 
into VHDL-AMS language [11], we used a piezoelectric transducer model developed by 
Redwood [12]. We have implemented the transducer with two different elements. The first 
element is a piezoceramic disc vibrating a central frequency noted f0, and the second one is a 
piezoceramic ring vibrating at the twice frequency 2f0. The piezoceramic material is a PZT 
(zircono-titanate of lead) P1 88 type. We don’t consider piezoelectric losses as mentioned in 
works of Sherrit et al. [13]. Various frequency model could be found like Mason [14] or 
Krimholtz et al. [15] models but need mathematical transformation to obtain the time 
response. 

Several systems modeling implemented into SPICE and PSPICE software use an acoustic 
model medium assimilated to an electric transmission line [16, 17] and do not integrate 
nonlinear propagation aspect. Our VHDL-AMS model based on theory of electric 
transmission line integrates the nonlinear B/A parameter [18]. We proceed by a first modeling 
of a classical transmission line with VHDL-AMS. Next we integrate into the acoustic 
transmitted wave, the Burgers solution [19] equation for a sinusoidal case. Attenuation and 
diffraction effects are neglected because of the small distance between the two transducers. 
Nonlinear acoustic propagation of a one dimensional wave is characterized by a temporal 
wave form deformation and apparition of harmonics in the spectral representation for a 
sinusoidal incident wave. 

The parameter B/A obtained in simulation shows a measurement system modeling adapted 
to the ultrasonic medium characterization study. We compared the simulations results with 
practical measurement which are well known in many precedent works. 
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1 B/A is the ratio between the second (B) and the first (A) Taylor series coefficients of the analytical expression 
of the pressure variation in liquids. 

Double element ultrasonic piezoceramic transducer modeling with VHDL-AMS: application to B/A nonlinear 
ultrasonic parameter measurement in pulse-echo mode 
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1. THEORETICAL ASPECT OF PIEZOCERAMIC TRANSDUCER  

Piezoelectric ceramics are frequently used for the ultrasonic transducers because they have 
a significant electromechanical coupling coefficient and stable physical characteristics. In our 
application, transducer is composed by a disc and a ring without losses vibrating in thickness 
mode presented by the figure 1. 

 

r 

z

Ring 
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Zav = Impedance of  
the transmission medium 

Force applied : F2 Force applied : F1 

Zb = Impedance of  
 the back medium 

 

Figure 1. Ultrasonic piezoceramic double element transducer vibrating in thickness mode 

1.1. Piezoceramic disc theory 
Each element is governed by piezoelectricity equations which behavior could be 

implemented into a matrix form where forces, velocities, voltage and current appear. For the 
disc two equations characterize the one-dimensional piezoelectricity of ceramic which are 
derived from Gibb’s potential using Taylor series expansion. The stress  applied on the two 

faces of the piezoelectric disc vibrating in thickness leads to the reverse piezoelectricity: 
3T

3333333 DhSCT D −= , (1)

where  is the elasticity modulus with null field or constant displacement,  is the relative 

deformation.  is a piezoelectricity constant and  is the electric displacement field given 

by 

DC33 3S

33h 3D

)/(3 djwAID = , (2)

where I is the electrical current into the disk,  is the disc area and  is the pulsation. dA w

The direct piezoelectricity formula is described by 

3333333 DShE Sβ−−= , (3)

where  is the electric field,  is the input voltage and e is the ceramic thickness. eVE /33 = 3V

The equations (1) and (3) with considering stress applied on the ceramic faces lead to a 
transfer matrix form (4) which describes the global behaviour between the electric excitation 
port and the two acoustic ports [20]. 
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where  and 1v 2v   are the acoustic particles velocities at the front and the back faces of the 
disk,  is the pulsation,  and  are the acoustic forces at the transducer surfaces, w 1F 2F ρ  is 
the material density,  is the acoustic impedance of ceramic material and  is the 
capacitance value of the disk,  is the electrical current. 

TZ 0C

3I

1.2. Piezoceramic ring theory 
The ring element is described in [21] and presented by figure 2. Forces and velocities noted 
 and are present on each ring faces. iF iv
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Figure 2. Piezoceramic ring 

 
We consider  and  respectively the internal and the external radius and the global 

electrical displacement field D is expressed by 
1r 2r

)/( rjwAID = , (5)

where I is the electrical current into the ring and  is the ring effective area.  )( 2
1

2
2 rrAr −= π

In our study we consider , and ,  null because the ring is stuck into a Plexiglas 

structure and the central disk vibrate only in thickness mode. So the global behavior of the 
ring is the same that the disk behavior. The difference is the effective surface  and  of 

each element in contact with the acoustic load. The ring behavior is described by  

3F 3v 4F 4v

dA rA
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2. THE TRANSDUCER MODELING 

The integration of the transfer matrix (4) and (6) into an electric scheme is given by the 
Redwood electrical model represented by figure 3 for one element. 

 
 Redwood’s 

model
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T

C0 

-C0 

Zback Zfront 
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F2 

v2 

F1 

v1 

 

Figure 3. Redwood electric model 

 
The model is divided in two parts. First is the electrical port which is composed by the 

capacitors  and –  that represent the capacitance motional effect. The second part is 
composed by the two acoustic ports. One is in contact with the back medium and the other is 
in contact with the propagation medium. Ceramic layer is represented by an electric 
propagation line. An ideal electro-acoustic transformer is integrated with a ratio 
corresponding to the transducer characteristic parameter. Transducer modeling with VHDL-
AMS language is based on writing of the different equations of the Redwood scheme 
elements. Each circuit branches of the circuit (Figure 3) is transposed in VHDL-AMS code. 

0C 0C

The VHDL-AMS model of the transducer is divided in three parts. First is the declaration 
of the entity which is composed by the physical characteristics of the transducer and the 
different Terminals used to connect it to electronic stage and acoustic load. Each Terminals 
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are depends of the physical nature of the relation to be implemented to describe the element. 
Syntaxes noted “Electrical” and “Kinemativ_v” are respectively used to describe electrical 
and ultrasonic elements nature. The third part of the writing model is the declaration the 
Architecture which established the physic laws in correspondence to the element 
mathematical relation between each terminals.  

Redwood model VHDL-AMS code: 
ENTITY Redwood IS 
  GENERIC (Co,kt,Zo,td : real); 
  PORT (TERMINAL p, m : electrical;  
  TERMINAL t11,  t22, km: kinematic_v); 
END ENTITY Redwood; 
 
ARCHITECTURE bhv OF Redwood IS 
terminal p1 : electrical; 
terminal t1,t1x,t2x : kinematic_v; 
QUANTITY v1 across i1 through p TO m; 
QUANTITY v2 across i2 through p TO p1; 
QUANTITY vte across ite through p1 TO m; 
QUANTITY pti across uti through t1 TO km; 
 
BEGIN   
  i1 == Co * v1'dot; 
  i2 == -Co * v2'dot; 
  pti == kt * vte; 
  uti == -ite/kt; 
 ceramic : entity work.AcousticLayer (bhv) generic map (Zo,td)  port map (t11, t1,t22, t1) ; 
END ARCHITECTURE bhv; 
 

AcousticLayer is the ultrasonic propagation in the ceramic material, developed in 4.3. 

3. THE NONLINEAR PROPAGATION 

3.1. Theory 
The propagation equation in nonlinear acoustic medium is based on the Burgers 

formulation [19]. This equation is true if we consider not attenuation and not diffraction. The 
plane wave propagation in a non dissipative medium (without losses) is described below: 

02
0

=
∂
∂

−
∂
∂

τ
β uu
cz

u , (7)

where  is the sound speed, u is the particles velocity and  with  the time,  

is the axis propagation. 
0c 0/ czt −=τ t z

5.01+=β B/A is the nonlinear parameter in liquid mediums. 
In the case of sinusoidal incident wave, the solution of the equation is given by 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−=
),(

sin),(
0 tzuc

ztwtzu
β

. (8)
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The shock front appearance in the wave form is characterized by a coefficient noted σ . 
More σ  is near value of 1,0 and more a pick wave could be observed in the wave form. So 
the relation (8) began: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−=
),(

sin),(
0 tzuc

lwtwtzu
β
σ , (9)

where l = 1/((1+0,5B/A)kM),  with w the pulsation of the wave in the beginning, 

 is the Mach number,  is the amplitude of the ultrasonic source and 

 is the coefficient of the shock formation distance. 

0/ cwk =

00 / cUM = 0U
2
00 / czwUβσ =

3.2. Wave form evolution simulation 
The temporal profile deformation of an ultrasonic wave during its propagation in a 

nonlinear medium generates the appearance of harmonics in its spectral representation. We 
study the case where the wave function is sin(wt) type. Two mediums are analyzed: water 
with B/A = 5,0 and ethanol with B/A = 9,9 because of his nonlinearity particular value. The 
acoustic characteristics are recalled in table 1. 

Table 1. Acoustic characteristics of water and ethanol medium 

Medium Acoustic Impedance Acoustic velocity B/A 

Water 1,5⋅10+6 kgm-2s-1 1509 m/s 5,0 
Ethanol 0,91⋅10+6 kgm-2s-1 1158 m/s 9,9 

 
 
The relation (6) is implemented by a recurrent method in mathematical software like this: 
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where dt is the temporal discretization step. 
The acoustic source amplitude pressure is normalized to 1 hPa. According to the medium 

and the distance to the acoustic source, the profile of the acoustic wave becomes deformed. 
Figure 4 shows the temporal evolution of the acoustic wave with harmonics appearance in the 
spectral representation for water and ethanol in figure 5. 
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Figure 4. Pressure temporal evolution for water and ethanol at a distance of 30 mm the 

acoustic sinusoidal source 

 
 

1 6 2 3 4 5 
0 

1.250m 

0.250m 

0.500m 

0.750m 

1.000m 

Frequency (MHz) 

Magnitude 

1 6 2 3 4 5 
0 

1.250m 

0.250m 

0.500m 

0.750m 

1.000m 

Frequency (MHz) 

Magnitude Water Ethanol 

 
Figure 5. Fast Fourier transform of the temporal signal 

More the distance to the source is high and more the nonlinear aspect is highlighted, in 
particular with the increase of the second harmonic amplitude. 

3.3. Nonlinear medium model for a sinusoidal excitation case 
The implementation method consists in modify the propagation line model [22] presented 

here: 
ENTITY AcousticLayer IS 
GENERIC  (Zo,Td    : REAL); 
PORT         (TERMINAL p1,m1,p2,m2  : Kinematic_v); 
END AcousticLayer; 
ARCHITECTURE bhv OF AcousticLayer IS 
terminal t11, t22 : Kinematic_v; 
QUANTITY Fi ACROSS p1 TO m1; 
QUANTITY Ft ACROSS p2 TO m2; 
QUANTITY Fii ACROSS uiz THROUGH t11 TO m1; 
QUANTITY Fiz ACROSS ui THROUGH t11 TO p1; 
QUANTITY Ftz ACROSS ut THROUGH t22 TO p2; 
QUANTITY Ftt ACROSS utz THROUGH t22 TO m2; 
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BEGIN 
Ftt == Fi'DELAYED(Td) - Ftz; 
Fii == Ft'DELAYED(Td) - Fiz; 
Fiz == (uiz + utz'DELAYED(Td))*Zo/2.0; 
Ftz == (utz + uiz'DELAYED(Td))*Zo/2.0; 

    END bhv; 
 
Nonlinear acoustic layer VHDL-AMS code is obtained with including in the transmitted 

pressure the recurrent aspect established in theory (relation 10). The acoustic source 
amplitude is supposed to be 1 hPa in order to compare the behaviors of various transducers 
under the same conditions. The nonlinear acoustic layer model for a sinusoidal excitation is 
then: 

 
ENTITY Nonlinearlayer IS 
GENERIC  (Zo, Td, freq, co, BsurA, sig, l, dt: REAL); 
PORT         (TERMINAL p1,m1,p2,m2  : Kinematic_v); 
END Nonlinearlayer; 
ARCHITECTURE bhv OF Nonlinearlayer IS 
terminal t11,t22 : Kinematic_v; 
QUANTITY Fi ACROSS p1 TO m1; 
QUANTITY Ft ACROSS p2 TO m2; 
QUANTITY Fii ACROSS uii THROUGH t11 TO m1; 
QUANTITY Fiz ACROSS uiz THROUGH t11 TO p1; 
QUANTITY Ftz ACROSS utz THROUGH t22 TO p2; 
QUANTITY Ftt ACROSS utt THROUGH t22 TO m2; 
QUANTITY Fbelow : Force; 
QUANTITY F : Force; 
BEGIN 
if now < Dt USE 
Fbelow == F;  
F == sin(2.0*math_pi*freq*dt - freq*2.0*math_pi*sig*l/(co)); 
ELSE 
Fbelow == F'DELAYED(dt); 
F == sin(2.0*math_pi*freq*now - freq*2.0*math_pi*sig*l/(co*(1.0 + (1.0+BsurA/2.0) * 
(Fbelow)/co))); 
END USE; 
if now < Td USE  
    Ftt ==   0.0; 
    Fii == - Fiz;  
    Fiz == uiz *Zo/2.0; 
    Ftz == utz *Zo/2.0; 
ELSE 
    Ftt == F'DELAYED(Td) - Ftz; 
    Fii == Ft'DELAYED(Td) - Fiz; 
    Fiz == (uiz + utz'DELAYED(Td))*Zo/2.0; 
    Ftz == (utz + uiz'DELAYED(Td))*Zo/2.0; 
End USE; 
END ARCHITECTURE bhv; 
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4. MEASUREMENT CELL MODEL 

The measurement system (see figure 6) is based on the estimation of the nonlinear 
ultrasonic parameter B/A which could be used to characterize liquid or biological mediums. A 
nonlinear medium is excited by an ultrasonic transducer vibrating at a fixed frequency f0. A 
transducer vibrating at 2f0 is placed at a distance noted d at the end of the measuring cell and 
makes it possible to analyze the acoustic wave in the propagation axis of the transmitting 
source. The electric signal analysis of the transducer in reception makes it possible to identify 
the acoustic signal at its fundamental frequency and its second harmonic by a fast Fourier 
transform. Parameter B/A is estimated by a comparative method [10] with water like 
reference medium and ethanol like analyzed medium, see table 1 for acoustic characteristics.  
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Figure 6. Scheme of the ultrasonic cell characterization 

 
 
In figure 6, Ve(t) and Vs(t) are the electrical signals respectively at the emitter and the 

receiver transducers. |Ve(f)| and |Vs(f)| are the Ve(t) and Vs(t) spectral representations. Po is 
the initial pressure generated by the emitter. P1 and P2 represent the acoustic pressures used to 
identify the fundamental and the second harmonic voltage amplitude Vs1 and Vs2. The 
nonlinear medium modeling is next coupling in a global scheme (figure 7) with the emitter 
and the receiver transducer implemented with the Redwood’s scheme. 
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Figure 7. Measurement cell scheme to be implemented in VHDL-AMS language 

The associated test-bench with VHDL-AMS language began: 
ENTITY Measurement_Cell IS   
END Measurement_Cell; 
ARCHITECTURE structure OF Measurement_Cell IS 
TERMINAL n1,n2,n9 : ELECTRICAL; 
TERMINAL n3,n4,n5,n8,n10,n11 : kinematic_v; 
CONSTANT A : real := 132.73e-3 
CONSTANT e: real := 1.0e-3; 
CONSTANT e2: real := 0.5e-3; 
CONSTANT Va : real := 4530.0; 
CONSTANT kt : real := 0.49;   
CONSTANT epsi0 :real:= 8.8542e-12;  
CONSTANT epsi33 :real:= 650.0;  
CONSTANT ro :real:= 3300.0; 
CONSTANT h :real:= kt*Va*sqrt(ro/(epsi0*epsi33)); 
CONSTANT Co : real := A* epsi0*epsi33/e; 
CONSTANT Co2 : real := A* epsi0*epsi33/e2; 
CONSTANT K : real := h*Co; 
CONSTANT K2 : real := h*Co2; 
CONSTANT ZT : real := 34.9e6; 
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CONSTANT Zfront : real := 1.5e6;  
CONSTANT Zback : real := 445.0;  
CONSTANT ZMetal : real := 40.6e6; 
QUANTITY vinput across ie through n1 to electrical_ground; 
QUANTITY vac : real spectrum 1.0,0.0; 
BEGIN 
vinput == vac; 
R1 :  entity Resistor(bhv) generic map (50.0) port map ( n1, n2); 
T1  :  entity Redwood(bhv)  generic map( Co, K, A*ZT, e/Va) port map(n2, electrical_ground, 
n3, n4, kinematic_v_ground,); 
Somme : entity Somme(bhv) generic map (1.0) port map ( n3, n11, n10) ; 
Medium : entity Nonlinearlayer(bhv) generic map (1.5e6, 10.0e-6,fo,1500.0,5.0,0.9,0.045,1.0e- 
9) port map( n10, kinematic_v_ground, n5, kinematic_v_ground); 
Reflector : entity Resiskinematic(bhv) generic map (A*ZMetal ) port map (n5, 
kinematic_v_ground ); 
back  : entity Resiskinematic(bhv) generic map (A*Zback ) port map (n4, kinematic_v_ground ); 
back2 : entity Resiskinematic(bhv) generic map (A*Zback ) port map (n8, kinematic_v_ground); 
T2  :  entity Redwood(bhv)   generic map( Co2, K2, A*ZT, e2/Va) port map(n9, 
electrical_ground, n11, n8, kinematic_v_ground,); 
RScope : entity Resistor (bhv)   generic map ( 1.0e6) port map ( n9, ground); 
Cscope : entity Capacitor (bhv)  generic map ( 13.0 e-12)port map ( n9, ground); 
END structure;   

5. THEORETICAL ESTIMATION OF THE NONLINEAR B/A PARAMETER 

The method to measure the B/A parameter consist to simulate firstly the fundamental and 
the second harmonic amplitude measurement with the acoustic parameter of the reference 
medium (water). Next we simulate the fundamental and the second harmonic amplitude 
measurement of the analyzed medium with its acoustic parameters too. The reformulation of 
B/A parameter thanks to theoretical simulation is given for a comparative method [10]. This 
method requires to analyze the frequency spectrum of a medium taken as reference such as 
water for our example whose parameter B/A is known, and to carry out following calculation: 
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where the indices r and x respectively indicate the reference and the analyzed medium. 

6. SIMULATION RESULTS 

6.1. Transducer frequency characterization 
The transducer response study is essential to predict the sensitivity of the system for the 

various analyzed mediums. The studied transducer is produced with PZT ceramic of P1 88 
with characteristics are recalled in table 2. 
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Table 2. Transducer Acoustic Characteristics

Parameters Quantity Ring Disc 

f0 Frequency resonance 2,25 MHz 4,5 MHz 
A Area 132,73 mm2 132,73 mm2

E Thickness 1 mm 0,5 mm 
ZT Acoustic impedance 34,9 kgm-2s-1 34,9 kgm-2s-1

0c  Sound speed 4530 m/s 4530 m/s 
C0 Capacity of the ceramic disk 1109,8 pF 2910 pF 
Ε33 Dielectric constant 650,0 650,0 
kt Thickness coupling factor 0,49 0,49 
h33 Piezoelectric constant 1,49·10+9 1,49·10+9

 
To perform the transducer frequency analysis, we used a VHDL-AMS Testbench where a 

frequential source is connected to the electrical input. Figure 8 shows respectively the results 
obtained with the acoustic value (see table 1), of the emitter element vibrating at 2,25 MHz 
and the receiver element vibrating at 4,5 MHz. This result shows a resonance frequency at 
2,26 Mhz and 4,51 Mhz that corresponding typically to the frequency behaviour of a 
ultrasonic piezoceramic transducer. 
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Figure 8. Transducer impedance modulus Z and phase of the emitter at 2,25 MHz and the 
receiver vibrating at 4,5 MHz 
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6.2. Transducers pulse response 
We present in this example the simulation results with VHDL-AMS. The motor engine 

used for VHDL-AMS simulation is ADMS v3.0.2.1 of Mentor Graphics company. Results are 
compared with a transducer in vitro measurement. We have simulated the ring element 
response which the physical characteristics are given in table 2. The negative pulse voltage is 
– 100 Volts during 0,222 µs and we consider a 50,0 Ohms resistor between the electrical 
transducer input and the voltage source. The time 0,222 µs corresponds to 1/(2f0) where f0 is 
the resonance frequency of the transducer. The study is done on time response and its spectral 
frequency analysis. The results are presented in figure 9. The simulated voltage is V3 the 
electrical transducer port. 
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Figure 9. Comparison between the measure, the time response of VHDL-AMS model, and 

their Fourier transform 

The simulations with VHDL-AMS for the pulse response of the ring element show good 
agreement with the measurement obtained with a real transducer. The picks voltage obtained 
with VHDL-AMS (– 4,0 V) is near to the measured one (– 3,85 V). 

6.3. Measurement cell simulation 
The global measurement cell modeling implemented with VHDL-AMS writing of the 

figure 7 is simulated. The amplitude of the emitter transducer is fixed at 1 Volt with a 
frequency of 2,25 MHz. The simulator temporal step used for discretization is 10 ns. The 
electric response issue to the receiver transducers is analyzed by a Fast Fourier transform with 
rectangular window for 10.10-6 s. Biological mediums analyzed in simulation are compared 
with the measurement cell results for liquid mediums like water, blood and milk. B/A 
parameter of human fat tissue and liver is considered well known in works [6, 7, 8, 9]. Table 3 
gives acoustic characteristic of simulated mediums. 

Table 3. Medium Biologic Acoustic Characteristics 

Medium Acoustic impedance, kgm-2s-1 Sound speed, m/s B/A 
Water 1,5 1509 5,0 
Blood 1,678 1586 6,0 

Human fat tissue 1,376 1445 10,9 
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These values are next used to estimate B/A parameter with the relation (11) and compared 
to B/A parameter obtained with in vitro measurements (table 3). Figure 10 shows results 
obtained. 
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Figure 10. B/A parameter obtained in simulation compared to measurements value 

B/A estimation in simulation shows that we can characterize biological mediums with a 
sufficient precision between different mediums. For milk and blood we must also take into 
account the measurement of the acoustic celerity to differentiate the two mediums. For 
biological tissues like human fat and liver we obtain a great sensibility for the B/A estimation 
so we can easily predict the biological nature of the medium for this two cases. 

CONCLUSION 
A new approach of an ultrasonic transducer modeling integrated in a nonlinear 

measurement system is presented in this paper. The transducer response obtained in 
simulation shows a good correlation with measurement in water and ethanol. Integration of 
nonlinear ultrasound aspect in simulation is also a new approach here. Usual medium 
modelings are based on transmission line theory and our medium model implements the 
nonlinear propagation phenomenon and permits us to analyze harmonic generation for a 
sinusoidal excitation case. B/A obtain in simulation is in good agreement with 
thermodynamic experimental results. B/A parameter used for simulate mediums have been 
obtain with a precision which depends of measurement methodology for example with blood 
we can find a B/A of 6,0 with thermodynamic method [6] and 7,3 with finite amplitude 
method [6]. In our works, we have choice thermodynamic method like reference because of 
more precise measurements obtain with in vitro conditions. Multiphysic modeling and 
simulation applied to ultrasonic systems analysis is clearly studied with this approach and 
show that VHDL-AMS language is an appropriate tool dedicated to the estimation of the real 
performance of our measurement system. 
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