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E
lectronic equipment will typically have some immu-
nity to electromagnetic interference (EMI). How-
ever, distortion of information from intentional or 
unintentional electromagnetic forces may also occur, 

particularly near computing equipment (CE). To mitigate 
EMI and ensure noise immunity, one must take action dur-
ing the early stages of the development of CE.

Quite frequently, within an electromagnetic environment 
that’s close to CE objects that have large geometric dimen-
sions, there may be power lines, an aircraft fuselage, a car 
body, metal structures in a building, lightning discharge, 
and more. To predict the noise immunity of CE elements, it 
may be possible to use physical simulation of EMI.

One of the seldom studied tasks within the framework 
of noise immunity and information protection in CE is the 
intentional electromagnetic effect through the elements of 
a building’s metal structure.1 Also potentially impacted by 
intentional electromagnetic effects are power lines, contact 
networks, aircraft fuselages, etc.

Physical Simulation of EMI
There will be difficulties with the creation of EMI simula-

tors on a real physical scale. It will also be difficult to obtain 
reproducible results due to the ambiguity of the studied ob-
ject’s configuration.

We can solve this problem by using a technique based on 
physical simulation. These are the steps:

1. Designers will be able to determine all the important 
initial data of the object of study. These parameters will af-
fect the formation of the electromagnetic environment as 
well as EMI. A building structure, with dimensions of 10.8 
× 10.8 × 14.4 m, will be used as an example. The walls have a 
reinforcing mesh with reinforced concrete (Fig. 1). 

A pulsed current source has been connected in parallel 

between the supply and return pipelines of the water heating 
system. The “receiver” of the EMI inside the building is the 
CE communication line that’s in the form of a loop antenna 
with a diameter of 100 mm, which has a load of R = 50 Ω 
(Fig. 2). 

How to Predict and 
Suppress Electromagnetic 
Interference 
Physical simulation is one way to attack EMI issues affecting computing equipment 
and environments in the medical arena.

2. This is an interference 

measurement circuit. 

(Image courtesy of Ref-

erence 1)

1. Shown is a scale model of a building that has walls with a reinforc-

ing mesh and reinforced concrete. (Image courtesy of Reference 1)
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2. Figure 3 shows the potential parameters of an intention-
al pulsed current source of short duration. For civil build-
ings that have a small floor, a test for the impact of a pulsed 
current of short duration was provided: 

a.	 current amplitude 1.25kA
b.	 current duration 200μs
So, we will select the primary scale factors for the physical 

simulation.
3. Then we select a mathematical model for calculating 

EMI. We calculate the secondary scale factors for the physi-
cal simulation. To calculate the magnetic field strength H(t) 

at a distance r, the following expressions were used: 
H’’ (t’) = I’ (t’) / 4πr’ = (1/6I(t))/4πr( 1/12)) ,
H (t) = H’’ (t’) / 2 , kH = 2   
To simulate EMI in the CE communication line, the fol-

lowing expression was used:1
U’ (t) = μ0πkl

2ra
2(kH /kt)(dH (t) / dt ) = 6U’ (12t’)

4. The values for the scale parameters of the current of an 
intentional source are calculated (Fig. 4).

5. Designers are in the process of developing a research 
stand for the physical simulation of EMI, in the CE com-
munication line, under the influence of the magnetic field 

from an intentional current source. An 
IGM 4.1 generator was used as a simu-
lator of a short pulse current. A LeCroy 
WR104MXi digital oscilloscope was 
used as a measuring instrument.

6. Figure 5 shows the measured EMI 
in the communication line of a scale 
model building (at the measuring point 
closest to the connection point of the in-
tentional current generator).

7. Figure 6 shows the result of physical 
modeling of EMI in the communication 
line of a real CE inside a building.  

The One-Stage EMI filter 
This type of filter is made up of a 

common-mode choke (CMC), Cy and 
Cx capacitors (Fig. 7)

The preferred design is to use a more 
precise circuit—it separately takes into 
account that the CMC behave differ-
ently in common and differential mode, 
which is described with separated com-
mon and differential blocks (Fig. 8).

Users may obtain parameter values via 
a recursive analytical characterization 
process that’s based on a scattering pa-
rameter (S-parameter) measurement, in 
which the CMC was measured in a self-
styled open-circuit (OC) configuration.

4. Calculated values for the scale parameters of an intentional source’s current.

7. This image is a schematic illustration of 

a one-stage EMI filter (Image courtesy of 

Reference 2)

6. This is the result of physical modeling of 

EMI in the communication line of a real CE 

inside a building.

5. The measured EMI in the communication 

line of a scale model building at the measur-

ing point closest to the connection point of 

the intentional current generator.

3. Primary scale factors for a physical simulation. (Reference 1)
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EMI Effects in Wireless Healthcare Equipment and 
Environments

Standard electromagnetic compatibility (EMC) tests will 
provide guidance for evaluating the electromagnetic im-
munity of electrical/electronic equipment. But it may not 
be enough to ensure that highly reliable and safety-critical 
equipment will be able to operate as intended throughout an 
entire expected lifetime.6 For example, Health Care Equip-
ment (HCE) certified under the current International Elec-
trotechnical Commission (IEC) 60601 standard must be 
able to withstand 10 V/m fields.

However, more powerful fields are being observed in 
healthcare settings. This suggests that ome aspects still may 
need to be addressed for improvement within these stan-
dards to effectively prevent EMI.

Frequently, in quite a few medical scenarios, avoiding 
interference sources close to sensitive equipment is a chal-
lenge. This is a situation that’s not been satisfactorily ad-
dressed by current standards.

Nonetheless, the best EMI standards assume that just one 
disturbance will simultaneously appear. Within real-world 
settings, though, electronic devices may simultaneously face 
multiple electromagnetic disturbances within its immediate 
operating environment.

To assess the immunity of an electronic device in such 
scenarios, critical reliability and safety issues must be ad-
dressed. Electronic devices, within healthcare settings, must 
be resilient to increasing EMI disturbances. 

Radio-frequency identification (RFID) may well interfere 
with nearby critical medical equipment. Designers must 
highlight the importance of identifying sources of RF dis-
turbances before deploying such systems. In addition, the 
EMI effect will likely be affected by wireless transmitters and 

reflecting materials that are close to critical medical devices. 
This requires careful and meticulous consideration of the 
shielding materials.

Summary
Predicting and suppressing EMI is no easy task. Design-

ers, especially within therapeutic medical and hospital 
scenarios, modeled a three-dimensional environment con-
taining medical devices, patients, and both intentional and 
unintentional sources. Such methods will help manage and 
predict electromagnetic compatibility in healthcare, ensur-
ing medical equipment reliability and safety.
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