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Introduction 

This report summarizes the computational [numerical modeling] analysis performed to document 

compliance of the XPR Series Model Number PMUD2567B Mobile Radio and vehicle-mounted 

antennas with the Federal Communications Commission (FCC) and Industry Canada (IC) 

guidelines for human exposure to radio frequency (RF) emissions. The radio operates in the 136 

- 174 MHz frequency band. 

This computational analysis supplements the measurements conducted to evaluate the 

compliance of the exposure from this mobile radio with respect to applicable maximum 

permissible exposure (MPE) limits.  All test conditions (10 in total) that did not conform with 

applicable MPE limits were analyzed to determine whether those conditions complied with the 

specific absorption rate (SAR) limits for general public exposure (1.6 W/kg averaged over 1 

gram of tissue and 0.08 W/kg averaged over the whole body) set forth in FCC guidelines, which 

are based on the IEEE C95.1-1999 standard [1]. The same test conditions were also analyzed to 

determine compliance with the SAR limits set forth in the ICNIRP [3] guidelines and IEEE Std. 

C95.1-2005 standard [4] (2.0 W/kg averaged over 10 gram of tissue and 0.08 W/kg averaged 

over the whole body). In total 20 independent simulations have been performed addressing 

exposure of passenger to the VHF mobile radio with trunk-mount antennas.  

For all simulations a commercial code based on Finite-Difference-Time-Domain (FDTD) 

methodology was employed to carry out the computational analysis. It is well established and 

recognized within the scientific community that SAR is the primary dosimetric quantity used to 

evaluate the human body’s absorption of RF energy and that MPE limits are in fact derived from 

1 



 FCC ID: AZ492FT7081 / IC: 109U-92FT7081 

SAR.  Accordingly, the SAR computations provide a scientifically valid and more relevant 

estimate of human exposure to RF energy. 
 

Method 

The simulation code employed is XFDTD™ v7.3.1, by Remcom Inc., State College, PA. 

This computational suite provides means to simulate the heterogeneous full human body model 

defined according to the draft IEC/IEEE 62704-2 standard and derived from the so-called Visible 

Human [2], discretized in 3 mm voxels. The draft IEC/IEEE 62704-2 standard dielectric 

properties of 39 body tissues are automatically assigned by XFDTD™ at any specific frequency. 

The “seated” man model was obtained from the standing model by modifying the articulation 

angles at the hips and the knees. Details of the computational method and model are provided in 

the Appendix to this report. 

The car model has been imported into XFDTD™ from the CAD file of a sedan car 

having dimensions 4.98 m (L) x 1.85 m (W) x 1.18 m (H), and discretized with the minimum 

resolution of 3 mm and the maximum resolution of 9 mm. The Figure 1 below show both the 

CAD model and the photo of the actual car This CAD model has been incorporated into the 

IEC/IEEE 62704-2 draft standard.  

 

         
 

Figure 1: The photo picture of the car used in field measurements and 

the corresponding CAD model used in simulations 
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For bystander exposure, the antenna position is in the center of the trunk, so as to  

replicate the experimental conditions used in MPE measurements. Figure 2 shows some of the 

the XFDTD™ computational models used for bystander exposure. 

 

For passenger exposure, the antenna position is on the trunk and the distance of trunk 

mounted antenna from the passenger head when the passenger is located in the center of the back 

seat was set at 85 cm, to replicate the experimental conditions used in MPE measurements. 

Figure 3 shows some of the XFDTD™ computational models used for passenger exposure to 

trunk mounted antennas  

 

According to the IEC/IEEE 62704-2 draft standard (June 1, 2015) for exposure 

simulations from vehicle mount antennas the lossy dielectric slab with 30 cm thickness, 

dielectric constant of 8 and conductivity of 0.01 S/m has been introduced  in the computational 

model to properly account for the effect of the ground (pavement) on exposure. 

 

 

            
 

Figure 2: Bystander model exposed to a trunk-mount antenna: Bystander is located at the back, on the side 

or at the corner of the car replicating the measurement conditions. The antenna is mounted in the center of 

the trunk. The dielectric slab under the car is introduced to model the ground (pavement) effect on exposure. 
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Figure 3: Passenger model exposed to a trunk-mount antenna: XFDTD geometry. 

The antenna is mounted at 85 cm from the passenger located in the center of the back seat. 

   

 

The computational code employs a time-harmonic excitation to produce a steady state 

electromagnetic field in the exposed body. Subsequently, the corresponding SAR distribution is 

automatically processed in order to determine the whole-body, 1-g, and 10-g average SAR. The 

maximum average output power from mobile radio antenna is 54 W. Since the ohmic losses in 

the cable and in the car materials, as well as the mismatch losses at the antenna feed-point, are 

neglected, and source-based time averaging (50% talk time) is employed, all computational 

results are normalized to half of it, i.e., 27 W average net output power.  

 

Results of SAR computations for car passengers and bystanders 

The test conditions requiring SAR computations are summarized in Table II, together with the 

antenna data, the SAR results, and power density (P.D.) as obtained from the measurements in 

the corresponding test conditions. The conditions are for antennas mounted on the trunk. The 

85 cm 

a) 
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antenna length in Table I includes the 1.8 cm magnetic mount base used in measurements to 

position the antenna on the vehicle. The same length was used in simulation model. 

 

The passenger is located in the center or on the side of the rear seat. The passenger model 

is surrounded by air, as the seat, which is made out of poorly conductive fabrics, is not included 

in the computational model.  

 

The bystander is located at the measurement distance from the transmit antenna as 

described in the original report and is assessed separately for front and back exposure.  

 

All the transmit frequency, antenna length, and passenger location combinations reported 

in Table I have been simulated individually.  

 

Table I: Results of the SAR computations for passenger exposure (50% talk-time). 
 

1-g 10-g WB
Back Center 0.443 0.282 0.0184
Back Side 0.157 0.104 0.0112

Back Center 0.286 0.177 0.0127
Back Side 0.147 0.077 0.0080

Back Center 0.335 0.201 0.0147
Back Side 0.224 0.157 0.0121

Back Center 0.398 0.246 0.0162
Back Side 0.251 0.225 0.0115

Back Center 0.380 0.234 0.0171
Back Side 0.306 0.191 0.0136

Bystander 0 deg Front 0.156 0.101 0.0088
Bystander 0 deg Rear 0.277 0.144 0.0067

Bystander 45 deg Front 0.299 0.166 0.0094
Bystander 45 deg Rear 0.310 0.180 0.0088
Bystander 90 deg Front 0.316 0.203 0.0136
Bystander 90 deg Rear 0.594 0.309 0.0141

Back Center 0.484 0.312 0.0197
Back Side 0.325 0.188 0.0179

Back Center 0.480 0.309 0.0195
Back Side 0.319 0.184 0.0175

0.33

91.7

Mount 
location Antenna Kit # Antenna length 

(cm) Freq [MHz] P.D. 
(mw/cm^2)

143.9875 0.15

HAD4022A                
(132-174MHz)

165.9875

0.14
173.4

Exposure location
SAR [W/kg]

0.16

0.15

0.56

0.44

158.3

Trunk

120.1

115.6

104.5

98.3

140.0125

150.8 0.13

0.22

140.0125 0.23

Roof RAD4226A                  
(136-144MHz) 52.2

Roof 53.8HAD4006A            
(136-144MHz)
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SAR computational result adjustment to account for variations in the human body model 

 

 Peak spatial-average and whole-body average exposure varies from person to person due 

to physical and anatomical differences. As a result, adjustment factors to account for these 

variations have been determined by IEEE/IEC 62704-2 computational study [5].  

 

To demonstrate compliance to the applicable limits, the computational results reported in 

Table I must be adjusted by the interpolated adjustment factors from the following tables found 

in draft IEEE/IEC 62704-2 (June 2015) 

 

Table II: Peak spatial-average SAR adjustment factors for the  

passenger model and trunk mount antenna. 

 
 

Table III: Whole-body average SAR adjustment factors for the  

passenger and trunk mount antennas 
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c) For mobile radios, 50% source-based time averaging is applied by multiplying the SAR values 
determined at point 12(b) times a 0.5 factor.  
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