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Abstract—The BCI (Bulk Current Injection) test in 
electromagnetic compatibility is a reference scenario widely 
used in industry for the conducted immunity evaluation of 
electronic equipment. Quantifying the influence of all 
geometrical parameters is a key challenge. This work shows 
that a fast sensitivity analysis can be performed with the use of 
a small number of sampling data thanks to metamodelling used 
to compute Sobol indices. The interest of the approach is 
demonstrated through a susceptibility analysis involving a 
realistic multi-conductors line under probe.  

Keywords— EMC, BCI (Bulk Current Injection) test, 
sensitivity analysis, metamodeling. 

I. INTRODUCTION  
The electrification of transportation means involving 

massive use of on-board electronics and increasingly 
compact integration requires ensuring good cohabitation of 
various electronic components. Considering EMC 
(Electromagnetic compatibility) from the design stage and 
compliance with electromagnetic standards has therefore 
become essential for automotive and aeronautical equipment 
manufacturers [1]. Cables are often the longest part of 
electrical systems and are one of the preferred propagation 
paths for electromagnetic disturbances. The BCI (Bulk 
Current Injection) test, ranked among the most severe 
because of the injected disturbance levels, has become one of 
the most widely used tests in industry for the conducted 
immunity test. BCI test is a non-intrusive technique that aims 
to confirm that RF signals, when coupled to interconnect 
cables and/or power lines, will not cause performance 
degradation against the specifications of the equipment under 
test (EUT). The BCI test has gradually become a benchmark 
in terms of international standards in several areas such as 
military (MIL-STD 461), aeronautics (RTCA / DO-160), 
commercial (IEC 61000-4-6) and automotive (ISO 11452-4). 
Recent studies have also shown the possibility of using the 
injection probe to measure the susceptibility to 
electromagnetic radiation of equipment [2,3]. Given the 
interest of this test, several authors have contributed to the 
characterization and modelling of the injection probe and the 
calibration device as well as the study of probe to cable 
coupling [4-6]. The injection probe forms with the 
conductors a RF transformer where the current injection 
probe (IP) can be considered as the primary and the cables 
clamped the secondary. In [7], a single conductor is mounted 
under the injection probe in order to characterize and 
interpret the equivalent electrical circuit of the injection 
probe. However, results of this study cannot be extended to 
the practical case of multiwire under probe as the 
investigation is carried on a single wire under probe 
condition. In [8], an equivalent electrical model of the 
injection probe with a wire harness at the secondary is 

presented. In this study, the influence of several geometrical 
factors on the BCI test was investigated. However, it does 
not provide the comparative sensitivity of the BCI test to the 
various parameters considered. Diop et al [9] conducted a 
sensitivity study of the BCI test with the 2D Flux software. 
As the study is based on a 2D representation of the device, it 
does not reflect the practice of the test. For example, the 
length of the conductors and the transmission phenomena are 
not taken into account. Additionally, the 2D primary winding 
does not exactly reflect the actual configuration. Therefore, 
the sensitivity analysis conducted in this study, although 
showing the influence of a number of parameters, does not 
correspond to the practical case of the BCI test. 

The novelty of this work is to show that a fast sensitivity 
analysis based on metamodeling allows to quantify and 
prioritize the various parameters that influence the 
repeatability of the BCI test. The studied configuration is that 
of the FCC-F130A which is recommended up to 400 MHz. 
The geometry and the material parameters are described in 
[7, 8]. A meta-model based on a polynomial chaos expansion 
combined with a 3D modeling tool (CST) allows to calculate 
the Sobol indices [10, 11] which quantify the relative 
influence of each parameter. 

II. ELECTROMAGNETIC MODEL OF BCI SET-UP 

A. Injection Probe 
The injection probe is presented in Figure 1. The metallic 

frame of the probe is a perfect electric conductor (PEC) with 
a thin slit separating the two portions of the inner frame.  

 

Fig. 1. 3D model of the injection probe 



B. Calibration set-up 
The probe is located at the midpoint of the calibration 

fixture as shown on Figure 2. In practice, this step is also 
used to find the power that will be injected during the test. 
The computation of the S-parameters between the three ports 
of the structure is important to determine the probe coupling 
factor. When they are determined, the input power required 
to produce the desired current can be 
evaluated.

 

Fig. 2. 3D model of the injection probe mounted on a calibration jig 

III. SENSITIVITY ANALYSIS  
The configuration test described in section II is modeled 

with the 3D electromagnetic solver CST and is shown in 
Figure 3.  This configuration includes 19 coated long wires 
clamped under the IP and each terminated by a 50 Ohms 
resistance. The wires are at 51 mm above the ground plane. 
In order to study uncertainties related to the BCI test, 4 
parameters have been considered: The wire length (L), the 
section of conductors (r-cd), distance between the injection 
probe and the equipment under test (P), the height of the 
harness above the ground plane (Plan). A meta-model based 
on a sparse polynomial chaos expansion (PCE) is built using 
3 sample data for each parameter. 

 

 

Fig. 3. 3D model of the injection probe 

The interest of PCE is to give analytical expressions of 
Sobol’s indices highlighting the most impacting parameters. 
As an illustration, Figure 4 shows the Sobol indices 
reflecting the impact of the considered parameters on the 
induced current at 200 MHz. For the considered parameters, 
the wire length is the one most influencing the induced 
current at the wire ends. The position of the input port of the 
IP is the second one. The other two parameters do not 
influence significantly the current at the end of conductors. 
Work is in progress to deduce such conclusion over the wide 
frequency band. 

 

Fig. 4. Relative influence of each geometrical parameter on the induced 
current 
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