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* Short Paper  

 

Abstract: In this paper, an equivalent circuit model for near-field noise emission is proposed to 
implement a multimedia operation–monitoring system for mobile devices. The proposed model 
includes a magnetic field probe that captures noise emissions from multimedia components, and a 
transfer function for near-field noise coupling from a transmission line source to a magnetic field 
probe. The proposed model was empirically verified with transfer function measurements of near-
field noise emissions from 10 kHz to 500 MHz. With the proposed model, a magnetic field probe 
was optimally designed for noise measurement on a camera module and an audio codec in a mobile 
device. It was demonstrated that the probe successfully captured the near-field noise emissions, 
depending on the operating conditions of the multimedia components, with enhanced sensitivity 
from a conventional reference probe.     
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1. Introduction 

In recent years, mobile devices have enabled not only 
wireless communications but also a variety of multimedia 
functionality, including audio, video, and even virtual 
reality. Associated with a drastic increase in 
communications throughput, which has allowed large-
scale data transmission, multimedia functions have become 
one of the most significant features of mobile devices [1]. 
Fig. 1 depicts a camera module and an audio codec 
component integrated in a modern wireless mobile device. 
In most cases, multimedia functions in mobile devices are 
employed for entertainment; meanwhile, the significantly 
evolved capacity for recording and playing multimedia 
content can be abused for illegal purposes, including 
unauthorized voice recordings and hidden filming.  

In the industry, various products and technical white 
papers regarding the theory of detecting illegal multimedia 
abuses have been introduced. Most of the approaches 
capture the electromagnetic noise emissions of multimedia 
components from a long physical range depending on their 
operating conditions [2]. However, electromagnetic 
emissions from the components are mitigated by using 
shielding and grounding techniques to reduce the 

electromagnetic interference inside the device to improve 
the radio-frequency sensitivity [3, 4]. With the suppressed 
noise emissions, long-range noise detection of multimedia 
components becomes significantly challenging, and near-
field noise measurement technologies have been exploited 
for component noise detection [5, 6]. Magnetic field 
probes have focused on near-field noise measurement 
owing to the gentle design flexibility and high sensitivity 
to printed circuit board–based systems [7]. However, the 
explicit relationship between near-field noise sources and 
magnetic field probes has not been introduced. 

In this paper, an equivalent circuit model and an 

Fig. 1. Multimedia components integrated in a mobile 
device. 
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analytic formula for near-field noise emissions are 
proposed to monitor multimedia operations in mobile 
devices. The proposed model includes a magnetic field 
probe and a transfer function for near-field magnetic 
coupling from a transmission line, which carries a current 
noise source to the magnetic field probe. With the 
proposed model, a magnetic field probe was optimally 
designed for noise measurement in a camera module and 
an audio codec integrated in a mobile device. It was 
successfully demonstrated that the probe captured the near-
field noise emissions from 10 kHz to 100 MHz, depending 
on the operation conditions of the multimedia components, 
with enhanced sensitivity to a conventional reference 
probe. 

2. Magnetic Field Probe Modeling 

In order to estimate near-field noise emissions, an 
equivalent circuit model for a probe should be developed 
in advance. In this work, magnetic field probes were 
employed in consideration of the design flexibility and the 
high-sensitivity of the probes. Magnetic field probes are 
typically formed of single- or multiple-turn loops, on 
which currents are induced by time-variant magnetic fields 
penetrating the loop based on electromagnetic induction. 
Fig. 2(a) shows the design parameters of a magnetic probe, 
where N is the number of loop turns, and D and d are the 
diameters of the loops and the wire, respectively. 
Assuming that the probe is formed in air and does not 
contain magnetic materials, the inductance of the probe, Lp, 
is given by  
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where μ0 is the permeability constant [8]. In ideal cases, a 
magnetic field probe is only characterized by inductance; 
however, the parasitic capacitance between the loops, Cp, 
and the series resistance of the wires, Rp, should be 
included in the model to improve the accuracy in a high-
frequency range. For the parasitic capacitance and 
resistance calculation, Medhurst’s formula and the skin 
effect frequency-dependent resistance model are employed 
as follows: 
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where l and ρ are the total length and the resistivity of the 
wire, and ε0 is the permittivity constant [9, 10]. The total 
probe impedance can be derived by the combination of the 
circuit models, as shown in (4): 

 
 ( ) ( ){ } ( ){ }1/p p p pZ j L R j Cω ω ω ω= +  [Ω]      (4) 

 
To validate the probe model, impedance measurements 

were conducted using a vector network analyzer with 
magnetic field probes fabricated depending on design 
parameters. Fig. 3 shows the measured and modeled probe 
impedances, shown with solid and dotted lines, 
respectively, depending on the number of loop turns, N, 
where D and d are fixed at 26 mm and 0.5 mm. From 
10 kHz to 500 MHz, it was demonstrated that the probe 
models agree with the measurement results. When N 
increases, the probe inductance and capacitance increase, 
resulting in shifting the resonance frequencies down. The 
resonance frequencies determine the probe bandwidth, in 
which magnetic field probes are valid.  

3. Proposed Near-field Noise-emission 
Model and Experimental Verification 

With the probe components modeled in the previous 
section, an equivalent circuit model for near-field noise 
emissions has been proposed. When a multimedia 
component is active in a mobile device, the components 
are synchronized with an operating clock, which propagate 
through transmission lines and generate significant near-
field emissions via the transmission lines, which is a good 
antenna structure in terms of electromagnetic radiation.  

 

 

Fig. 3. Measured and modeled probe impedances 
depending on the number of loop turns, N (D=26mm, 
d=0.5mm). 

 

    
                             (a)                                            (b) 

Fig. 2. (a) Design parameters of a magnetic field probe, 
(b) an equivalent circuit model. 
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Fig. 4(a) shows the topology of near-field noise 
coupling from a transmission line to a magnetic field probe. 
The transmission line carries the noise current, I1, injected 
from port 1 generating the magnetic field emission. The 
magnetic field, Hp, is captured by the magnetic field probe, 
inducing voltage Vind at the probe loops. The magnetic 
field and the induced voltage in the probe are given by 

 
 ( )1 / 2pH I hπ=  [A/m]      (5) 

 0 1
0 2ind p

NAI
V H NA

h
ωμ

ωμ
π

= =  [V]      (6) 

 
where h is the probing height, and A is the loop area, 
which is πD2 [11]. Fig. 4(b) depicts an equivalent circuit 
model for near-field coupling with a magnetic field probe. 
Associated with the equivalent circuit model, the voltage at 
port 2, V2, and the transfer impedance, Z21, can be obtained 
from the induced voltage at the probe, as shown in (7) and 
(8), respectively, where ZL is the load impedance of the 
equipment, which is 50 Ohms.  
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The voltage transfer function, S21, can be obtained from 

Z-parameters based on network parameter conversion (9) 
[12]. With the reciprocity theorem of Z-parameters, the 
transfer function can be simplified to (10) and represents 
the proposed near-field emission model, where Z22 is the 
probe impedance, Zp.  
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To validate the proposed model, transfer function 
measurements were conducted with the measurement setup 
shown in Fig. 5. Port 1 of a vector network analyzer was 
connected to one end of a transmission line for excitation, 
and the other end was terminated to avoid multiple 
reflections. A magnetic probe was located 2 mm above the 
transmission line and was connected to port 2 to acquire 
the near-field noise emissions from the transmission line. 
Fig. 6 shows the measured and modeled transfer functions, 
shown with solid and dotted lines, respectively, depending 
on loop diameter D where N and d are fixed at 5 mm and 
0.5 mm. The proposed near-field emission model was 
successfully demonstrated, with good agreement between 
the proposed models and the measurement results. With 
the proposed model, near-field noise coupling from the 
noise source to the magnetic field probe can be estimated, 
depending on the probe design. From the estimated noise 
emission characteristics, an optimal probe design can be 
obtained to achieve maximum sensitivity in a frequency 
range of the noise spectrum. 

4. Near-field Noise Measurement of a 
Mobile Device 

As an application of the proposed near-field noise 
emission model, noise spectrum measurements on a 
mobile device were conducted, and the measurement setup 
is shown in Fig. 7(a). The device under test (DUT) chosen 

    
                           (a)                                            (b) 

Fig. 4. (a) Near-field noise coupling from a
transmission line to a magnetic field probe, (b) an 
equivalent circuit model.  

Fig. 5. Transfer function measurement setup. 
 

Fig. 6. Measured and modeled transfer functions 
depending on loop diameter D (N=5, d=0.5mm). 



IEIE Transactions on Smart Processing and Computing, vol. 5, no. 6, December 2016 

 

443

was a smart phone that integrates a camera module and an 
audio codec component for entertainment purposes. With 
the proposed noise emission model, a near-field probe was 
optimally designed to capture the near-field emissions of a 
camera module and an audio codec with operating clock 
speeds of 24/48 MHz and 48 MHz only, respectively. To 

specify the locations of the components, two-dimensional 
coordinates are assigned on the DUT, as shown in Fig. 
7(b). The camera module and the audio codec component 
are located at (3,2) and (9,1), respectively. The near-field 
probe was positioned at each location to capture the near-
field emissions from the components. The captured noise 
emissions were amplified with a gain of 52 dB and were 
transferred to a spectrum analyzer. The noise spectrum 
measurements were carried out in the 100 kHz to 100 MHz 
frequency range and a max-hold acquisition. 

Fig. 8 shows the spectrum measurement results of the 
near-field noise emissions from the camera module and the 
audio codec component, depending on the operating 
conditions. The lines in black represent the ambient noise 
spectrum measured by the reference probe with the 
multimedia components turned off. When the components 
are on and active, the captured noise increases at the 
operating clock frequencies. The measured noise 
spectrums with the optimized probe design in the proposed 
model, shown in blue, represent a significantly improved 
measurement sensitivity by around 10 dB compared to 
those with a conventional reference probe, shown in red. 
As for the noise characteristics, proper shielding 
techniques can be applied to achieve an improved signal-
to-noise ratio (SNR), which was not applied to the probes 
fabricated for validation, but that should be considered in 
future works.         

5. Conclusion 

In this paper, we proposed an equivalent circuit model 
to detect near-field noise emissions from a magnetic field 
noise source. The transfer functions for near-field coupling 
from a transmission line to a magnetic field probe were 
extracted with the proposed model, and were 
experimentally verified with measurements. Based on the 
proposed model, an optimal probe design can be obtained 
to achieve maximum sensitivity in a frequency range of the 
noise spectrum. With a near-field probe optimally 
designed using the proposed model, it was successfully 
demonstrated that the probe achieved significantly 
enhanced sensitivity in noise spectrum measurement in a 
camera module with an audio codec in a mobile device. 
With the enhanced sensitivity in near-field measurement, 
the multimedia components can be monitored precisely, 
depending on the operating conditions. 
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