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Environment on the Mobile Receiver in a Shielded Anechoic Chamber
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Abstract

This paper presents an advanced method of simulation for EM{electromagnetic) environment that affects on mobile
receivers. A new calibration algorithm in the process of simulation is introduced. With a proposed calibration method,
the time required for simulation is reduced and this makes it possible to simulate a near-real time EM environment
in a shielded anechoic chamber. EM environment data acquisition and logging techniques with GPS for simulation

were developed.
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. Introduction

Nowadays, electronic circuits for computation, auto-
mation and a mobile communication are commonly
used. EM(Electromagnetic) environment has become more
a major problem for system designers. Especially, wire-
less mobile receivers like cellular phones and FM Ra-
dios are very sensitive in EM environment. EM environ-
ment fluctaates time to time even in the same place and
varies when the EM receivers are moving!'’. The system
designer needs to make their systems operate under
ideal conditions in the laboratory and also make sure
that the system will work in the real world™ There-
fore, it is very difficult to evaluate objectively the recei-
ving ability of a system in motion.

Measuring and simulation program were developed by
using the calibration process with the bisection method™!,
PDF(Probability Density Function)’”, NAD(Noise Am-~
plitude Distribution), averaging method™ and etc!”. But
the problem of these methods is that long time is re-
quired in calibration procedures which is a part of si-
mulation. In this paper, an efficient simulation methods
with an advanced bisection algorithm are presented, and
the calibration time of simulation for EM environment is
reduced.

I . Measurement of EM Environment

2-1 The Measurement System of EM Environment

Fig. 1 shows the measurement setup of EM environ-
ment for study. According to the ITU-R in the range of
30 to 1,000 MHz, the measuring antenna for EM en-

vironment is suggested to be 10 m above the ground to
minimize the effect of the reflection wave from the
ground and nearby building™ "' But in this measuring
system, to get the closest result compared to the recei-
ving environment of the vehicle, an antenna was set up
on the roof of vehicle as shown in Fig. 1. The measured
data include the voltage level(dBuV) of input port of a
S/A(Spectrum Analyzer), video BW(Band Width), resolu-
tion BW, span, GPS information{latitude, longitude,
height), operator's name, frequency range, date, time,
model of vehicle and antenna, weather and etc. Usually,
EM environment data are saved in V/im, A/m or
dBuV/m, but power or voltage at an input stage of a
receiver is more important to evaluate the receiving
ability of a receiver. Therefore, the antenna factor and

Fig. 1. The setup of an EM environment measuring sys-
tem{PC controlled S/A with GPIB).
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the loss of cable are insignificant for evaluating a re-
celver.

2-2 The Program and Result of EM Environment Mea-
surement

The measured data play an important role in a simula-
tion system. As one of the results, Fig. 2 shows a view
of the Hangangdaegyo(bridge) in Seoul, Korea and Fig.
3 shows the measurement resuit in the Hangangdaegyo
(1,188 kHz). 1,188 kHz is one of AM Audio broadcas-
ting in Seoul, Korea. The minimum voltage level is
about 25 dBuV in the center place of the arch. The
maximum voltage level is about 45 dBuV in the end of
arch. The fluctuating voltage is caused by many posts
which consist of arch of Hangangdaegyo. In this paper,
these EM environments are simulated in a shielded
anechoic chamber.

. The Algorithm for Simulation

3-1 The Test Setup for Simulation
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Fig. 3. The measurement result at the Hangangdaegyo
(1,188 kHz).

The simulation program for EM environment can con-
trol 3 8/Gs and 1 S/A simultaneously. Modulating sig-
nals from 3 separate CD players as signal sources and
modulated signals from S/Gs were transmitted by TX
antenna in a shielded anechoic chamber. The trans-
mitted signal is received by a S/A and is calibrated to
the data measured in the real environment. The EM
environment in a shielded anechoic chamber can be
simulated by changing the number of S/Gs according to
the number of interesting frequencies. Fig. 4 shows the
test setup for simulation for EM environment and Table
1 shows the used equipment list for simulation.

3-2 The Calibration Algorithm for Simulation

The voltage level at the input port of a receiver is
very important. In a shielded anechoic chamber, if the
power level measured in a real EM environment with
TX antenna is transmitted, the voltage level received at
the S/A may be different from the voltage level mea-
sured in the real EM environment. Therefore, to obtain
the same power level of the real environment in a
shielded anechoic chamber, the calibration process must
be needed. Until now, two methods for calibration were
proposed. The first method named as the minimum step
method in this paper is as follow. If voltage level
measured in the real environment is higher than the one
received at the S/A in a shielded anechoic chamber, the
power of S/G is set to increase with the minimum step

Table 1. Required equipment list for simulation.

Required .
equipment Model Purpose Quantity
Sens640 Equipment
Control PC (Samsung) Control !
S/A E4402B Power 1
Measurement
Signal | vpg133a | RF Power 3
Generator(S/G)
Modulating .
Signal Source - Signal source 3
Biconical or Transmission
TX(Transmittin LP of 3
g) Antennas Aatenna Power from
S/G
. Biconical or Receive
RX(Receiving) LP Power from {
Antennas Antenna S/G
GPIB Cable Interface 4
PCMCIA {
GPIBR Card GPIB Interface ’
(NI
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Fig. 4. The test setup for simulation of EM environment in a shielded anechoic chamber.

of S/G. On the contrary, if the measured level is low,
process of reducing the power of S/G is repeated until
the received signal level becomes the same with the
measured signal level. The second method is the bisec-
tion method™'?. It is a type of incremental search me-
thod in which the interval is always divided in half.
Compared with the first method, the bisection method
reduces the time required for calibration process.

3-3 The Advanced Bisection Method 1(ABM) for Si-
mulation

Fig. 5 shows the progress stage of two methods (the
minimum step method, the bisection method) for the
calibration. Measured data at 89.1 MHz, 90.3 MHz and
91.9 MHz are saved in order of time. The minimum
step method and the bisection method run the calibration
in order of time. But calibration methods with these

algorithms take long time for full calibration. In this
paper, two ABMs to reduce the time required for the
calibration process are proposed. Fig 6, 7 show the
flowchart for the algorithm of ABM1 and the process of
the ABMI1 for simulation.

Using this algorithm, whole data of the first data-
table are calibrated and the rest of data-tables repeat in
the same way. If the calibration process of every data
finish, the calibrated data is sorted in the order of time.
As an antenna factor and cable loss varies with each
interesting frequency, data-tables are made per each
frequency and calibrated respectively. During the cali-
bration process run by ABMI, the interval between
Pmax and Pmin decreases and then the time for
calibration is reduced. Compared with the bisection
method, the time required for calibration in ABMI1 is
reduced as the number of iteration of step 4 & 5 are
decreased.

Frequency | Amplitude jCalibration] Fre Amplitude |Calibrationf Frequency | Amplitude | Calibration Frequency | Amplitude | Calibrationf

{MHz) 4Bm} fiBm) Mz {daBm} {0Bm} MMz} {d1Bm} (8B} {tHz} {dBu} {dBm}
Time 90.3 -47.3 0.3 -47.3 -15.3 903 -47.3 -153 a0.3 -47.3 -15.3

89.1 ~15.3 88.1 ~15.83 8a.1 ~-15.3 16.9 a8.1 ~15.3 16.9

81.8 ~17.3 a1.8 ~17.3 91.9 -17.3 91.9 =173 14.7

80.3 -54.9 I 90.3 ~-54.8 !!\ 803 -54.9 Q0.3 -54.9

- st . 2nd . 3rd B

88.1 219 89.1 21.8 89.1 z21.9 kah‘ibraﬁo 89.1 21.8

91.8 ~11.8 M 8918 -11.8 819 -11.8 l a1.8 -i1.8

90.3 ~48.2 80.3 -48.2 903 -~48.2 - 0.3 -482

84,1 -24.1 891 -24.1 89.1 -24.1 89.1 ~24.1

91.9 -8.82 91.9 ~-8.82 91.8 -8.82 g91.8 -8.82

90.3 -16.3 90.3 -16.3 90.3 -16.3 90.2 -18.3

Fig. 5. The process of the minimum step method and the bisection method for the calibration.
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Step 1

Step 2 :

Step3:

Step 4 :

Step5:

Step 6 :

o [ Make tables each of frequency |
% Sm.t the voltage in descending P. = measured power in the real
series for each tables Pc_. = callbrated power
# Start_index = 1, Fivish_index=n,|  Preat = the measured value in the real environment
Toggle = 1, Pres = Paizt e Psia = the measured value by SIA in the chamber
Psiz = the power of 5iG
Prer = Winimum power of $/G
Powx = Naximum pover of 3/G
Ps:1=Prm;¢ [Prrax: Psal {Pwﬁ= Psa
l Yes ] No
P = Prez]$0.05d8 E ——
Yes
Teggle =1
Yes No

Po_rextveex = Pss Po_=vn reay, = Pss
Start_index = Start index + 1 Finish_index = Finish_ingex - 1
Przia Perzs wer Prea~ Pes_rer
Toggle = 0 Toggle=1

No

A ————

Fig. 6. The flowchart for the algorithm of ABMI.

3-4 The Advanced Bisection Method 2(ABM) for Si-
mulation

Fig 8, 9 show the flowchart for the algorithm of
ABM2.

As expected, the ABM2 also reduces the calibration
time. But an adequate Perva should be selected by a
program operator. If @ Pierva is selected too small value,
a calibration process can not be completed. In this case,
a program operator tries to select a larger Prerval.
Usually, the double value of the maximum interval
value of amplitude at the step 1 of ABM2 is selected -
as PInterval-

V. Simulation Program and Result of EM
Environment

A simulation program for EM environment was de-
veloped by using Visual Basic 6.0 of Microsoft Cor-
poration. GPIB interface was used for the communi-
cation between spectrum analyzer, signal generator and
a notebook PC. Developed program of measuring EM
environment can be operated in all interrelated OS
(Windows 95, 98, 2000). In this paper, the program was
run on 128 Mbytes of RAM, 20 GB of HDD, Pentium
III 650 MHz CPU. Fig. 10 shows the power spectrum

89.1 MHz 90.3 NH= 91.9 MH=z
Frequency | Amplitude | Calibration Amplitude | Calibration i Amplitude | Calibration Timo Amplitude | Calibration Time
e
Time| M | (Bmd | B [ etmuad] (9B {aBm) (aBm) (dBm) (dBm) (dBm)
89.1 ~15.3 -5.2 { 2 04/5/4 ~5,1 (7)) 04/%/4 -41.5 [S 04/5/4
(P> (Per) 11:04:32:2 (B} Pey) 11:04:32:2 (P (Ped 11:04:32:2
g0.3 -17.3 -5.3 (7 ) 04/5/4 -82 {79 24/5/4 -42.0 [ 04/5/4
4 CPa) () 11:04:131:11 (Py) (P 11:04:31112 (Pa) P 11:04:31:12
91.9 -54.8
Step1,2 s . . . . .
a1 o OF ABM
90.3
81.5 - b
-49.9 (23 04/5/74 ~45.1 { 72 04/9/4 -74.8 [ ] 04/5/4
{(Pu-v) {Pos) 11:03:59:00 (Pu-1) (P 11:03:59:00 (Ph—1) (Pess) 11:03159:01
~50.1 {7} 04/5/4 -49.8 {7 04/5/4 ~75.1 (7 04/5/4
[(5®] (Pos 11:03:08:23 I (Pad 11:03:08:24 (P [ 11:03:08:24
89.1 NMHz 89.1 MHz 89.1 MH:z
Amplitude | Calibration Time Amplitude | Calibration Ti Amplitude | Calibration Tim
111 L]
. (dBm) (dBm) (dBm) (dBm) e (dB1n) (dBm)
-52 24 8 Powx 04/5/4 -82 24.8Pomx 04,5/4 -5z 24.8 04/574
(m) (e 11:04:32:2 (P Per) 11:04:32:2 (P1) (Pey) 11:04:32:2
53 ( 04/5/4 -5.3 ) 04/5/4 -5.3 2486<Pax | 04512
‘F_]m ]\ CPy) P 11:04:31:11) o= (P2) (P 11:04:31:13) o tPe) (P 11:04:31:11
: Canbraﬂ07 : : aribratio alribratio : : : L.
~-43.9 { 04/5/4 -49.9 7 ) 047574 -49.9 { 7 04/5/4
[ (P 11:03:53:00 (Pra-r) (Poey)  [11:03:50:00 P (Pgsy) 11:03:59:00
-50.1 ¢ 2 04/5/4 ~50.1 ~Z3 4T am 04/5/4 -50.1 ~23.4+Pam 04/5/4
P ) 11:03:08:23 (Pod (Pad 11:03:08:23 (1354 (Pg 11:03:08:23
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Fig. 7. The process of the ABM1 for simulation.
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Step1: LGettﬁe Pistervai from a program nperstll

Step2: [ Haketables each of frequency |

# Sort the voltage in descending
series for each tables
Step3:
% Start_index = 1, Finish_index=n,
Proat = Pt _pwex
. Por = Hinimum power of /G
Stepd: | o axinum powerof 6
P l P t !
+ Prn
Step b - Pen = e |9m= Pa;l ‘sz Ps;l
Yes l No
Step6: S—
Po_tan nder = Prc= Pso | P, = measured power in the real
Step 7: Start_index = Starl ndex + 1
Preat Potat e Pc_. = calibrated power
P «Prac- P Preat = the measured value in the resl environment
Psia =the measured value by SA in the chamber
Pag=the power of /G

Fig. 8. The flowchart for the algorithm of ABM2.
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Fig. 10. The measured data of EM environment at Namsan,
Korea.

measured at Namsan, Korea. The measured data are
collected at intervals of about 0.1 s. When a receiver
was tuned to 90.3 MHz, strong signals of 89.1 MHz
and 91.9 MHz caused an interference. By simulating a
near-real world EM environment in a shielded an-
echoic chamber with 3 S/Gs controlled by a PC, si-
milar interferences were observed. Table 2 shows the
required time for calibration with data of Fig. 10 and
represents that ABM1 and ABM2 reduce the time for
calibration largely. In this example, it shows that the
bisection method requires the longest time for cali-
bration.

Amplitude | Calibration Time Amplitude | Calibration Time Amplitude | Calibration Pime
(dBm) (dBm) {dBm) (dBm) (dBm) {dBm)
5.2 248 <Pl -52 248 ~-5.2 248
(e {Per} P (P [127) {P) (Pet)
-53 {7 -5.3 Z46 «Plax ~-5.3 248
) (P Feer24.8-5.45194 (Pe) (P ip (Py) e
w4 | (20 54 | (21 N 54 745 “Hoa
?ﬁ\ (P3) i) _—— (Ps) (P Par2d.6-5.4F192M () (Pes P
Carlbratio caribratio Calribratiof oteread
—‘_‘117 Pair=24.5-5.4F19.1
Maximum -21.8 (7)) -21.8 [ ~27.8 { 7
Intorval {Pu) (Paw) P‘;T.:’m (Pu) (Pas) (Py) (Pad
P -25.1 (29 = "lotarva) ¥2=5.4] ~25.1 (71 ~28.1 {2)
{Pe1) Pass) {Pu1 )} Poe-y { Pae1 } (Poe-0
~49.9 {?) 04/5/4 ~-43.9 (7)) 04/5/4 ~49.9 {2) 04/5/4
[1.¥] (Paey)  |11:03!59:00 Py (Pacy  |11:03:59:00 Py (P |11:03:59:00
0.1 -23.4 04/5/4 —50.1 -23.4 04/5/4 -50.1 234 04/5/4
1] Pop 11:03:08:23 e %) Po) 11:03:08:23 Py Py 11:03:08:23

Fig. 9. The process of the ABM2 for simulation.
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Table 2. Required time for calibration(with the data for
Fig. 10(2 minutes)).

ABM2
Bisection

method ABMI Time Interval
(dBm)

0:08:57 20

0:08:33 15

00:13:21 00:08:38 0:08:02 10

0:07:55 5

Can not be 0.1

calibrated :

V. Conclusion

A method of measurement and simulation for an EM
environment is presented. ABM1 and ABM2 are pro-
posed to reduce the time required for calibration which
can simulate a near-real time EM environment in a
shielded anechoic chamber. Up until now, in the evalua-
tion process of mobile AV receiver systems, operator's
subjective judgment has been widely accepted. How-
ever, this paper suggests simulation algorithms that can
perform a near-real time EM environment in a shielded
anechoic chamber with ABM1 and ABM2. The de-
veloped simulation program and algorithm will play an
important role in the analysis of mobile receivers.
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