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Abstract - This paper describes the design and simulation of Fourth order Butterworth and Chebyshev active bandpass filter 
designed for one of many applications like magnetic particle imaging (MPI) scanner. It can be simulated and compared as to 
which filter will be best choice for MPI scanner module for attenuation of harmonic distortions by power amplifier. By using 
coefficient matching method the values of passive components are calculated and the BPF is designed for Butterworth and 
Chebyshev response for excitation frequency of 22.8kHz using high-pass and low-pass filters of variable orders cascaded 
together.Results are compared by simulation on NI Multisim software. The resultant output shows maximally flat magnitude 
response using Butterworth filter and ripples in passband of Chebyshev filter magnitude response at orders N=2,3,4 and 5. 
So it can be selected as to which filter will be best for desired magnitude response according to the specific application.  

Fourth Order Active BPF is concluded to be suitable for desired output in this application. 

 

Keywords - Bandpass Filter; NI Multisim; Butterworth; Chebyshev; Passband; Stopband; Magnitude Response; Magnetic 
Particle Imaging. 

 

I. INTRODUCTION 

 

The technology of MPI (Magnetic Particle Imaging) is 

used to detect concentration of SPIONs 

(superparamagnetic iron oxide nanoparticles) that are 

injected and can be traced through MPI easily. This 

trace is possible because SPIONs have the property of 

nonlinear magnetic response. Due to the strong 

SPION magnetic moment and the zero-background 

signal in the human body (prior to SPION injection), 

MPI is anticipated to have sensitivity improvements 

over MR detection of contrast agents and to provide a 
background-free image. Additionally, MPI measures 

of SPION concentration are more easily rendered 

quantitative and have different tradeoffs between 

spatial and temporal resolution [1]. 

Magnetic particle imaging (MPI) is an innovative 

imaging modality that applies oscillating magnetic 

fields to determine the distribution of magnetic 

nanoparticles. By using a pick-up (receive) coil, the 

change of the tracer magnetization can be sensed. 

Nevertheless, the signal induced by the nanoparticles 

is overlaid by the direct feed through the intrusion of 
the time-varying excitation field, which couples into 

the receive coils. The oscillating magnetic field 

required to excite the magnetic nanoparticles used as 

the tracer is generated by Excitation (Drive) coil. 

There is a need for the frequency of excitation to be 

clean on the coils to minimize harmonic distortions. 

Therefore, a high-quality Bandpass filter is required 

to attenuate all harmonics before the signal is applied 

to the excitation coils [1]. 

The signal flow of MPI scanner is as given in Figure 

1. Signal is provided to the power amplifier (PA) then 

to the bandpass filter (BPF) and to the transmitter 
(Tc). Signal from Tc is received by receiving coil Rc 

then passed to bandstop filter (BSF) to the low noise 

amplifier (LNA). Finally, the signal is sent to analog 

to digital converter (ADC) for digital operations. 

 

 
Fig 1: Signal chain of MPI Scanner[1] 

 

II. OBJECTIVE 

 

The power amplifier amplifies the AC sinusoidal 

signal. But the amplified signal will contain not only 

the signal of the fixed excitation frequency but also 

different frequency components. So we need a BPF to 

suppress the unwanted harmonics and then the signal 

can be applied to the drive coils. Hence we require a 

filter in this set up which we can be either 

Butterworth or Chebyshev of order 2, 3, 4 or 5. On 

comparison it is observed that fourth order 
Butterworth filter gives desired response for this 

particular application. 

A filter is a circuit that passes desired frequencies 

from input and blocks all unwanted frequencies in the 

output. The basic types of filters are lowpass, 

highpass, bandpass, and bandstop filter. The analog or 

passive filters use resistors, capacitors, and inductors. 

Active filters make use of transistors or operational 

amplifier and RC circuit to provide wanted voltage 

gains or impedance features. In this MPI set up, it is 

better to employ active filters because they have 
excellent linearity, low power dissipation, large 

dynamic range and are easy to design and analyze [1]. 
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For this research, Butterworth and Chebyshev active 

bandpass filters of order 2, 3, 4 and 5 are designed and 
implemented and compared in National Instruments 

(NI) Multisim. It is expected at the output of the filter 

to have a signal with 22.8 kHz center frequency and a 

unity gain, with the unwanted harmonics, attenuated. 

 

III. METHODOLOGY 

 

A. Bandpass Filter (BPF) Design 

A band-pass filter (BPF) passes frequencies of a 

particular band and rejects frequencies outside that 

band. The rejected frequencies are before and after the 

passband frequencies. The two cut off frequencies are 
lower and higher cut off frequencies which constitute 

the critical frequencies of a passband. These cut off 

frequencies are important in designing the bandpass 

filter. So bandpass filter is made up by combining a 

highpass filter and a lowpass filter. These filter 

circuits for highpass and lowpass are cascaded 

together to achieve the desired bandpass filter 

specification. Hence, to determine the values of the 

RC components, the BPF is to be separately analyzed 

into two parts combined later. The following figure 

shows the magnitude response of a BPF (fig.2.) 
 

 
Fig 2: Bandpass Filter Magnitude Response[1] 

 

The conventional two-pole active filter is displayed in 

Figure 3 with 𝑌1 through 𝑌4 are admittances and 

with an ideal voltage follower. Figure 3 is used to 

design either a highpass or lowpass filter, depending 

on the type admittances. BPF is a combination of 

highpass, and lowpass filters cascaded together. 
 

 
Fig 3: A Unity Gain Conventional 2-pole Active Filter[1] 

 

The general transfer function equation for a 2-pole 

active filter is given by 

 
This Equation can be used to determine the transfer 

function of a 2-pole high pass or 2-pole low pass 

filter depending on the admittance. Therefore, this 

equation is utilized in the low-pass and high-pass 

filters design to determine the values of the RC 

components required to realize a BPF [1]. 

 
Table 

Overview of BPF RC Components[1] 

 

B. BPF Design Implementation 

The behavior of BPF to be designed with the 

parameters presented in Table 1 is simulated in NI 

Multisim software. Multisim is a comprehensive 

development platform for electronic circuit’s 

schematics, designs simulation, and prototyping. The 

results obtained from the two simulations 

ofButterworth and Chebyshev filters are presented 

and compared. 

 
Fig 4: Fourth-order Active BPF schematic diagram[1] 

 

C. NI Multisim Implementation 

The circuit diagram for bandpass filter is shown in 

figure 4. This circuit is simulated in NI Multisim. The 

values of resistor, capacitor components are tabulated 
in table 1. Values of R and C are specified for both 

highpass and lowpass filter sections. The circuit 

implementation was done as shown in figure 5 for 

butterworth filter and figure 6 for Chebyshev filter in 

NI Multisim. 
 

 
Fig 5: NI Multisim circuit implemented for Fourth-order 

Butterworth active BPF. 
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Fig 6: NI Multisim circuit implemented for Fourth-order 

Butterworth active BPF. 

 

III. RESULTS 

 

Simulations were carried out using NI Multisim 
software, and the results for Butterworth and 

Chebyshev BPF are presented in Figure 7 and 

Figure8 respectively. 

 

 
Fig 7: Fourth-order Butterworth Active BPF Bode Plot Output 

 

 
Fig 8: Fourth-order Chebyshev Active BPF Bode Plot Output 

 

The result of the NI Multisim simulation and 
experiment for the Fourth-order Butterworth active 

BPF is shown in Figure 8. The circuit implemented 

for the filter is given in Figure 5. The magnitude 

response exhibits flat amplitude in the passband but 

the response of Chebyshev active BPF in Figure 8 for 

circuit diagram in Figure 6 has ripples in the 

passband in the simulation. The response of the 

Butterworth filter is smooth with steeper roll-off. The 

center frequency has zero phase and overall phase 

response is nonlinear. 

In comparison, the BPF have maximally flat passband 
and there are small ripples in the passband for 

Chebyshev active BPF in the NI Multisim 

implementation. Regarding a better roll-off towards 

zero in the stopband, NI Multisim implementation for 

Butterworth active BPF is better than other 

simulations of other software and other filter types. 

The better roll-off is due to the fast roll-off noticed 

around the center frequency. The transition band of 

Chebyshev is better than that of the butterworth 

response. Detailed properties can be viewed by 

changing the scales of bode plot in the output of the 
NI Multisim software. For orders N=2 and 3, the 

phase response is not near required characteristics 

and if order 5 is used then it will lead improve 

performance further but still the increased number of 

components is also not a good choice for the 

implementation. The two simulation works are 

significant for the MPI scanner realization. 

 

IV. CONCLUSION 

 

The design and implementation of a fourth-order 

Butterworth and Chebyshev active bandpass filters 
are presented in this paper. Both simulation results 

reveal that the magnitude and phase response of the 

realized BPF is close to the ideal characteristics of a 

fourth-order active BPF. The little difference is due to 

the approximations in calculating component values 

(resistors and capacitors) in NI Multisim 

implementation. So fourth-order filter is suitable for 

selection from various orders which can be 

implemented too using same setup. As fourth order 

filter gives us the best performance for this particular 

application. The rate of roll-off and the width of the 
filter transition band also depend on the filter order. 

So we can conclude that fourth order Butterworth 

bandpass filter can be used in this application of MPI 

scanner. 

 

FUTURE SCOPE 

 

The future scope of this project is that it can be 

implemented on MATLAB using FDATool. Unlike 

the NI Multisim application, MATLAB direct method 

uses the frequency specifications only in designing 

the filter. It also has the option of filter builder which 
can be used for various testing purposes. 
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