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I.INTRODUCTION 
Experts predict that by 2010, 30% of an 

will be in electronic components, thus
compatibility (EMC) will become a more cri
automotive design [1-3]. Predicting EMC 
modeling and simulation will allow for furth
cost and time. The standard IEC/CISPR 25 i
standard containing limits and proce
measurement of radio disturbances, which
protect receivers from disturbances produc
and radiated emissions arising in a vehicle.  

Absorber-lined shielded enclosure (ALSE
method used for the measurement of radiate
components/modules. Fig.1 (a) illustrated t
was stated in IEC/CSIRP 25, which consi
supplier, harnesses, artificial network, circu
in shielding box, related ground plane and r
As shown in the figure, all the equipments s
anechoic box for shielding noise sourc
Generally, the fee for building or ordering a
too expensive, so we should look f
measurement methods, especially in produ
stage. 

In order to reduce measurement cost, curr
method might be a replacement by using cur
the detected signal of current probe is cau
coupling, the noise source in surrounding en
much lower than the detected signal, the
should not be involved in anechoic box. 
measurement cost could be reduced drastical
Fig.1 (b), the current probe is located in 
measured harness, and it is connected w
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lly. As depicted in 
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with a spectrum 
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Fig.1 Measurement methods of ra

Due to the current distributi
detected by the current probe 
and frequency. At some resona
a standing wave along the harn
is very low at some standing 
will lead to much error in ra
including the noise level and p
the measurement with high ac
propose some novel method in
 

II. TECHNICAL APPR
A. Novel multiple current 

improvement 
Due to the disadvantage of 

novel multiple current probes
this study. As shown in Fig.3, 
put along the harness in paralle
probes are summed together a
analyzer. Compared with s
multiple current probes detec
node.  

Fig.2 Multiple cur
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results obtained by anechoic 
we can get a transfer function to 

current probe to the real result. 
ent accuracy of current probe 
r function. 
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adiated emission from circuit board 

ion along the harness, the signal 
is very sensitive to the location 
ant frequency, the distribution is 
ness, thus the current magnitude 

wave node. This phenomenon 
adiation emission measurement 
peak frequency. For the sake of 
curacy and low cost, we should 

n this study. 

ROACH AND SCHEME 
probes method for accuracy 

single current probe method, a 
s method has been proposed in 

three current probes have been 
el. The detected signals by three 

and then imported into spectrum 
single current probe method, 
ctor can avoid standing wave 
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The main task is to determine the loca
current probes and how to combine the sign
paths. Since the phase distribution of the 
harness is diversified, we can’t sum the t
directly. For example, if the phase at two 
phase, the summation will be zero. Furthe
shift at different frequencies is not same. To 
in summation, a switching unit is invented
current probes method, as illustrated in
measured result at each probe is obtained
average spectrum can be calculated, and sig
different probes can be eliminated effectively

L

（360-θ）H

Switching unit

Spectrum anal

Fig.3 Switch unit for multiple probes 

As the noise source is determined, the ma
distribution will be invariant in time. Based 
actually, we use one current probe and pla
positions of the cable, then treat the max o
peak of standing wave. The effect is the same
B. Parametric study and transfer function 

Based on primary experiments, four para
(harness length), H (harness height over grou
between harness and supporter) and θ (bend 
will have effects on the results. As shown in 
four parameters is J: L=500mm, H=55mm, 
I: L=500mm, H=55mm, θ=135, g=10mm, a
peaks change when the parameters are chang

Fig.4 Parametric study for sensitivity
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                      Fig.5 T

Based on the above param
transfer function can be verifi
data can be divided into two p
transfer function derivation, an
its verification. Figure.6 show
study. 
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Fig.6 Flow chart 

C. Taguchi method  
The objective of Taguchi 

information, usually the who
The method is especially use
performance. 

The main work is to desi
orthogonal, and the following 
based on the set of arrays. 
The general steps are as follow
 
1) Determine the parameter

diated spectrum. As we can get 
m the darkroom , we will do the 
ame setting of parameters. And 
two sets of data as shown in the 

[ ] [ ]ProbedB S dB−       (1) 
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number of parameters is denoted by p . 
2) Determine the levels of each parameter, the number of 

levels is denoted by s . 
3) Design the orthogonal arrays  
4) Do the experiment according to the set of arrays. 
5) Analyze the results. 

 
The set of orthogonal arrays is denoted by ( )p

nL s , L
represents the orthogonal table, s and p are as explained in 
step 1) and 2) respectively, n is the number of the orthogonal 
table rows, which is also called the number of the experiments.   
To determined s and p , n can be got according to 
orthogonal of Taguchi method.  
For example , 4p = , 3s = ,if we do the experiments by 
conventional method, the total number of experiment should 
be 43 81= , if we use Taguchi method, the number will be 
reduced to 9, which is denoted by ( )4

9 3L .[5] 
In our study, there are four parameters, and we choose three 
levels for each factor. : (600,550,500)L , (55,50, 45)H , 

(90,110,135)θ = , (20,10,5)g = , The dimension of the four 
factors is mm.  

The four parameters are independent, and arbitrary two 
columns are orthogonal, the order should not be changed, 
each row is a specific combination. The information involved 
in the table are dispersed equally, so it already contain the 
whole information of 81 sets of data. 
D. Transfer function and evaluation 

In the actual measurement, we use one current probe in lab, 
and current probe position is determined as follows: we use 
S21 mode of the vector network analyzer, then move the 
current probe to find the points where the performance of the 
coupling curves is well. This method is fast. The coupling 
curves are as Figure.7 shows. 

 
        Figure.7 the coupling curves in the vector network analyzer 

The three curves are got at different position. From 
Figure.7, we can see the curve-2 and curve-3 are better and 
curve-2 is not good at 130MHz,330MHz,480MHz but other 
frequencies are good, curve-3 is not good at  
70MHz,380MHz ,but other frequencies are good, so we can 

use position-2+position-3 to supplement each other. In the 
actual operation, we measure at position-2 and position-3, and 
treat the average value as the result. 
When we got the transfer function data, we also should do the 
evaluation. So we choose one case as shown in the Table.1, 
the Cases from A to I is used for get the transfer function, and 
Case J is for evaluation. 
 

Case L(mm) H(mm) Θ(degree) g(mm) 
A 600 45 135 5 
B 600 50 110 10 
C 600 55 90 20 
D 550 45 90 10 
E 550 50 135 20 
F 550 55 110 5 
G 500 45 110 20 
H 500 50 90 5 
I 500 55 135 10 

J(Evaluation) 500 55 135 20 
Table.1 the experiment cases 
 

III. ANALYSIS AND RESULTS 
Firgure.8 shows the transfer function data, which is the 
difference between the results in darkroom and in lab. There 
are nine curves corresponding to the nine Cases from A to G. 

 
(a) Transfer function data of Case A to C 

 
(b) Transfer function data of Case D to F 



 
(c) Transfer function data of Case G to I 

Figure.8 transfer function data 
 

Case J is for evaluation, owing to the setting is similar to 
Case G and I, so we use G and I to get transfer function for 
Case J, as shown in Figure.9. 

           Figure.9 the transfer function for Case J 

 

Then we use the transfer function data for J to get the 
estimated results, from Figure.10 we can see the estimated 
results by current probe is similar to the exact results in 
darkroom, the peak is approximately the same. 

 

Figure.10 the comparison of results by current probe and by darkroom  

 

 

IV. CONCLUSION 
This paper proposed a development of radiated emission 

measuring system based on Taguchi method. Taguchi method 
is a good principle for design an experiment with lowest cost, 
which can reduce the complexity. Some numerical method 
can be used to get the transfer function, the estimated results 
got in lab can be approximately accurate as in darkroom, so 
the contradiction between accuracy and low cost has been 
solved. 
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