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DETERMINING THE PEAK SPATIAL-AVERAGE SPECIFIC  
ABSORPTION RATE (SAR) IN THE HUMAN BODY FROM  

WIRELESS COMMUNICATIONS DEVICES, 30 MHz TO 6 GHz – 

Part 2: Specific requirements for finite difference time domain 
(FDTD) modelling of exposure from vehicle mounted antennas 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily
members of IEEE and serve without compensation. While IEEE administers the process and establishes rules
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents is
wholly voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the
terms of that agreement.

2) The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

3) IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC
National Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

8) Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.

International Standard IEC/IEEE 62704-2 has been prepared by IEC technical committee 106: 
Methods for the assessment of electric, magnetic, and electromagnetic fields associated with 
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human exposure, in cooperation with International Committee on Electromagnetic Safety of 
the IEEE Standards Association1, under the IEC/IEEE Dual Logo Agreement. 

This publication is published as an IEC/IEEE Dual Logo standard. 

The text of this standard is based on the following IEC documents: 

FDIS Report on voting 

106/391/FDIS 106/392/RVD 

Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

International Standards are drafted in accordance with the rules given in the ISO/IEC 
Directives, Part 2. 

This standard contains attached files in the form of CAD model datasets described in Annex A. 
These files are also available at:  
http://www.iec.ch/dyn/www/f?p=103:227:0::::FSP_ORG_ID,FSP_LANG_ID:1303,25 

A list of all parts in the IEC/IEEE 62704 series, published under the general title Determining 
the peak spatial-average specific absorption rate (SAR) in the human body from wireless 
communications devices, 30 MHz to 6 GHz, can be found on the IEC website. 

The IEC technical committee and IEEE technical committee have decided that the contents of 
this publication will remain unchanged until the stability date indicated on the IEC website 
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 

___________ 
1  A list of IEEE participants can be found at the following URL: http://standards.ieee.org/

downloads/62704-2/62704-2-2017/62704-2-2017_wg-participants.pdf. 
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INTRODUCTION 

Computational techniques have reached a level of maturity which allows their use in 
compliance assessments of wireless communication devices with vehicle mounted antennas. 
The increasing complexity of assessing product compliance with exposure standards 
according to specific absorption rate (SAR) limits calls for new compliance techniques. This 
technique should be time efficient and cost effective. Experimental compliance assessments 
for wireless communication devices used in combination with vehicles are extremely complex 
to perform or even not possible at all. National regulatory bodies (e.g. US Federal 
Communications Commission) encouraged the development of consensus standards as well 
as the establishment of the related IEEE TC34 SC2 subcommittee and IEC PT62704-2 
working group. The benefits to the user include standardized and accepted protocols, 
standardized anatomical models, validation techniques, benchmark data, reporting format, 
means for estimating the overall uncertainty in order to produce valid, accurate, repeatable, 
and reproducible results. 

The results obtained by following the protocols specified in this document represent a 
conservative estimate of the peak spatial-average and whole-body average SAR induced in 
the standard human body models and exposure conditions established for this document 
inside or nearby the vehicles representing typical use cases with transmitting mobile radios. 
The protocols set forth in this document produce results subject to modelling, simulations and 
other uncertainties that are defined in this document. 

The standardized vehicle and human models, test configurations, and related results are 
representative of the typical exposure conditions expected by the passengers and bystanders 
near the vehicle with vehicle mounted antennas. It is not the intent of this document to provide 
a result representative of the absolute maximum SAR value possible under every conceivable 
combination of body size, posture, vehicle model, and distance from the vehicle and antenna. 
The following items are described in detail: simulation concepts, simulation techniques, finite 
difference time domain (FDTD) numerical method, benchmarking techniques, standardized 
anatomically correct human body models of the passenger and bystander, exposure 
conditions, reference exposure configurations for validation of the SAR simulation software, 
and the limitations of these models and tools when used for simulating the peak spatial-
average and whole-body average SAR. Procedures for validating the numerical tools used for 
SAR simulations and assessing the SAR simulation uncertainties are provided. This document 
is intended primarily for use by engineers and other specialists who are familiar with 
electromagnetic (EM) theory, numerical methods, and, in particular, FDTD techniques. This 
document does not recommend specific SAR limit values since these are found in other 
documents. 
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DETERMINING THE PEAK SPATIAL-AVERAGE SPECIFIC  
ABSORPTION RATE (SAR) IN THE HUMAN BODY FROM  

WIRELESS COMMUNICATIONS DEVICES, 30 MHz TO 6 GHz –  
 

Part 2: Specific requirements for finite difference time domain  
(FDTD) modelling of exposure from vehicle mounted antennas 

 
 
 

1 Scope 

This part of IEC/IEEE 62704 establishes the concepts, techniques, validation procedures, 
uncertainties and limitations of the finite difference time domain technique (FDTD) when used 
for determining the peak spatial-average and whole-body average specific absorption rate 
(SAR) in a standardized human anatomical model exposed to the electromagnetic field 
emitted by vehicle mounted antennas in the frequency range from 30 MHz to 1 GHz, which 
covers typical high power mobile radio products and applications. This document specifies 
and provides the test vehicle, human body models and the general benchmark data for those 
models. It defines antenna locations, operating configurations, exposure conditions, and 
positions that are typical of persons exposed to the fields generated by vehicle mounted 
antennas. The extended frequency range up to 6 GHz will be considered in future revisions of 
this document. This document does not recommend specific peak spatial-average and whole-
body average SAR limits since these are found in other documents, e.g. IEEE C95.1-2005, 
ICNIRP (1998). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at: 
http://www.electropedia.org) 

IEC/IEEE 62704-1:—2, Determining the peak spatial-average specific absorption rate (SAR) in 
the human body from wireless communications devices, 30 MHz to 6 GHz – Part 1: General 
requirements for using the finite difference time domain (FDTD) method for SAR calculations 

IEEE Standards Dictionary Online (subscription available at: 
http://ieeexplore.ieee.org/xpls/dictionary.jsp) 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC/IEEE 62704-1:—, 
the IEEE Standards Dictionary Online, IEC 60050 (all parts) and the following apply. 

3.1  
bystander model 
heterogeneous human body model in the standing posture defined in this document to 
represent a bystander near the standardized vehicle 

___________ 
2  Under preparation. Stage at time of publication: IEC/IEEE FDIS 62704-1:2016. 
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3.2  
conservative estimate 
estimate of the peak spatial-average SAR and whole-body average SAR as defined in this 
document that is representative of what is expected to occur in the body of the bystanders 
and passengers of a significant majority of the population during normal operating conditions 
of mobile radios with vehicle mounted antennas 

Note 1 to entry: Conservative estimate does not mean the absolute maximum SAR value that could possibly occur 
under every conceivable combination in the human body size, shape, separation from the antenna and/or vehicle. 

3.3  
heterogeneous standard human body model 
anthropomorphic model of the human body with multiple anatomical structures, each of which 
is composed of the appropriate single, simulated-tissue type, such as skin, skull (bone), 
muscle, brain, eye tissue, etc., as defined by this document 

Note 1 to entry: The standard human body model is based on the Visible Human dataset [1]3. 

3.4  
insertion loss 
loss resulting from the insertion of a component in a transmission system calculated as the 
ratio of the power delivered to the load when connected to the generator to the power 
delivered to the load when the component is inserted 

Note 1 to entry: Insertion loss is usually expressed in decibels (dB). 

3.5  
passenger model 
heterogeneous human body model in the seating posture defined in this document to 
represent a passenger inside the standardized vehicle 

3.6  
vehicle model 
numerical CAD-based model of the vehicle suitable for electromagnetic numerical simulations 
developed specifically for this document 

4 Abbreviated terms 

CAD computer-aided design 
FDTD finite difference time domain 
MPE maximum permissible exposure 
PEC perfect electric conductor 
PML perfectly matched layers 
PTT push-to-talk 
RF radio frequency 
RSS root sum square 
SAR specific absorption rate 

___________ 
3  Numbers in square brackets refer to the Bibliography. 
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5 Exposure configuration modelling 

5.1 General considerations 

The three relevant elements that define the exposure conditions in vehicular environments are: 
the communication device(s) with antenna(s), the vehicle model, and the location of the 
exposed subject. 

The communication device or devices typically consist of one or more transceivers connected 
to a single antenna. The connection of multiple transceivers may require multiplexers and/or 
power combiners, in addition to the RF transmission line (e.g. section of coaxial cable) routed 
from the transceiver (or the combiner) to the antenna connector.  

The term “transceiver” in the following refers to a single transceiver or a more complex 
system comprising an arbitrary number of transceivers and combiners, and possibly other 
devices along the RF signal path. Conventionally, any components inserted before the cable 
(if any) leading to the antenna will be considered part of the transceiver. The transceiver 
features an RF port (typically the connector where the cable is attached). The relevant RF 
signal characteristics (frequency, bandwidth, average power) at this port shall be known. 

Relevant features of the antenna(s) are the geometrical dimensions, physical construction 
(e.g. materials), electrical characteristics (e.g. frequency response of the return loss, gain and 
radiation pattern), electrical/mechanical tuning mechanisms (if any), and mounting locations. 

The metallic portions of the vehicle body and the antenna location are the most important 
parameters that define an exposure scenario. The shape and features of the vehicle body 
(e.g. windows) shall be representative of the typical application of the communication device 
without complicating the computational modelling unnecessarily. The model of the pavement 
shall also be included in the simulation. 

5.2 Vehicle modelling 

To obtain reliable and repeatable simulation results, a specific CAD model of the vehicle has 
been defined and is available with this document. To conduct a successful simulation 
according to this document, the CAD model of this standardized vehicle shall be used. Some 
results obtained using this standardized vehicle model may not be applicable for certain other 
vehicle types or different antenna installation conditions, e.g. if non-metallic roof installation is 
allowed. 

The standardized vehicle model defined in this document for compliance assessment is 
applicable to all vehicle models when the following conditions are met. For either roof mount 
or trunk mount antenna, the distance to the bystander shall be defined with the antenna 
mounted according to the installation requirements. To help ensure the most conservative 
configuration(s) are considered for exposure assessment, the bystander separation distance 
shall be no greater than the minimum separation distance required for compliance as stated in 
the installation instructions. The same conditions shall apply to the separation distance 
between the antenna and the passenger except for the roof mount antenna configurations 
where the passenger is partially shielded by the metal roof. With such considerations, the 
impact of the vehicle model does not need to be considered when performing simulations 
using the standardized vehicle model, which makes this evaluation process practical. 

Depending on the FDTD code, uniform or graded meshing algorithms can be employed. In the 
former case, the computational model resolution is usually determined by the anatomical 
details of the human model employed to represent the exposed subject. In the latter case, 
outside of the human body model, it is possible to relax the mesh resolution in some regions 
of the computational model (following the guidelines for graded mesh set forth in 5.2) in order 
to increase the execution speed of the numerical simulations and/or increase the geometrical 
dimensions of the computational domain. However, it is important that the same meshing 
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resolutions as defined and used for the validation and reference models are also used for all 
related exposure simulations. 

The computational model of the vehicle body comprises mainly metal sheets with perfect 
electric conductor (PEC) properties. It is important that the meshed representation of the 
standard CAD model be inspected to help ensure continuity of the metal sheets forming the 
vehicle body and also to ensure that the required gaps and small separations between the 
different metal parts in the vehicle are not shorted and become continuous in the meshing 
process. The metal sheets can be modelled as a collection of thin layers, i.e. where the PEC 
condition is enforced only on a series of contiguous voxel faces along one coordinate plane, 
properly interconnected among them; or as a combination of thin and volumetric objects. For 
consistency and to help ensure that the mesh generated for the standard vehicle model 
defined in this document is valid, a maximum mesh step of 10 mm shall be used. 

Compared to PEC, electromagnetic field scattered by the glass surfaces and other dielectric 
parts is a second order effect; therefore, they are not present in the standard vehicle model. 
Likewise, rear window defogger elements contain high resistivity conductors and are 
electromagnetic scatterers, which may attenuate the flow of RF energy through the window. 
For the purpose of this document, the effect of defoggers is neglected. 

5.3 Communications device modelling 

Before addressing the exposure to the RF energy emitted by the mobile radio antenna, it shall 
be verified that electromagnetic emissions contributed by the transceiver equipment are 
insignificant compared to the exposure level. This can be done by referring to the available 
radiated emission data in the EMC compliance report for the transceiver evaluated according 
to measurements or other suitable means recommended by internationally recognized EMC 
standards.  

The general guidelines set forth in IEC/IEEE 62704-1 for modelling the RF source as a 
resistive generator in the FDTD model should be applied. Except for special or unique 
circumstances, which shall be explained and justified in the assessment report, source 
excitation should be applied at the antenna feed-point.  

The fixed losses should be identified and quantified when possible to determine 
overestimation of exposure. The effect of the cable insertion losses leading to the antenna 
feed-point may be neglected in computations through proper RF power scaling at the feed 
point. This introduces a conservative bias in RF exposure assessment. However, if cable 
losses can be reasonably well quantified according to cable specifications and length required 
for mounting the antenna at specific locations, the effect of cable losses can be considered in 
the assessment by reducing the net input power, by an amount equal to the cable loss minus 
0,5 dB. For instance, if the cable loss is 1,25 dB, a radiated power of 0,75 dB less than the 
power available at the transceiver port is applied to the antenna feed-point in the simulation. If 
the cable loss is less than 0,5 dB, it shall be neglected. This intentional bias is introduced to 
account for minor variations in cable lengths and cable specifications or properties to help 
ensure the conservative nature of the RF exposure assessment. Furthermore, return loss due 
to the antenna mismatch may also be neglected, thus introducing additional conservative bias. 
In any case, proper justification shall be provided to quantify the cable insertion losses and 
return loss if they are introduced in the computational analysis. 

Because of the linearity of the simulated fields in a defined electromagnetic exposure 
condition, FDTD simulations can be performed at any desired power level and then scaled to 
the actual maximum average output power of the communication device.  

The antenna shall be modelled to represent the physical antenna to help ensure the results 
are valid. This might require assembling the model as a collection of wires, patches, 
volumetric dielectric or metallic objects, etc. It is possible to introduce simplifications to 
reduce the complexity of the antenna model. For instance, it may be possible to introduce 
lumped reactive elements in the FDTD model in lieu of electrically small reactances, such as 
loading coils (sometimes called “traps”) used to phase different wire sections of electrically 
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long antennas. The antenna components that are smaller than one-tenth of the wavelength in 
the local dielectric material shall be deemed electrically small. Any such lumped element in 
the antenna model shall be validated according to the procedures set forth in 6.1. 

Antenna models shall be located on the vehicle at the locations consistent with the test setup 
supported by this document and according to the antenna installation and product manual 
requirements. Test requirements for roof top and trunk mount antennas are specified in this 
document. The antenna and vehicle both contribute as radiating structures. In most cases, the 
antenna feed-point is located at the base of the antenna, where it makes contact with the 
vehicle body. This configuration is the one most frequently encountered. However, there might 
be cases where the feed-point is located elsewhere, for instance in the middle of a sleeve 
dipole antenna. Proper justification for the choice of antenna feed-point location shall be 
provided in the simulation report. There are also cases where matching networks are 
employed at the antenna feed-point to realize proper matching to the RF source impedance. 
In these cases, the matching network may be omitted from the FDTD model since the 
computed results can always be scaled to produce the desired amount of antenna input power 
as shown below. 

The antenna feed-point impedance and total power radiated under impedance match 
conditions at the test frequency can be obtained from simulations. The input impedance is 
calculated upon integrating the steady-state magnetic field surrounding the edge on which the 
feed-point is located to compute steady-state feed-point current (I), which is then used to 
derive the steady-state voltage (V) across the feed-point gap. The net average input power is 
computed as 

 { }∗= VIP Re
2
1

in  (1) 

where the asterisk indicates the complex conjugate. 

SAR can be normalized to Pin to obtain SAR per watt input power. Whole-body average and 
peak spatial-average SAR for 1 g or 10 g can be determined by scaling the normalized SAR 
by the maximum power rating at the transceiver/antenna port. The final results may also take 
into consideration the time averaging allowed by national regulatory exposure requirements 
(e.g., the 50 % duty cycle afforded to certain PTT mobile radios). 

A Thevenin model of the source feeding the antenna is shown in Figure 1. The voltage source  

VS and the real source impedance RS are employed in the computations. 

 

Figure 1 – Antenna feed model 
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The antenna impedance is ZA = RA + jXA. The available power from the source is the 
maximum amount that would be dissipated in the load under perfect impedance matching 
condition (also known as conjugate matching condition ZA = RS):  

 { }
S

2
S

S

*
SS*

AAav 8222
1Re

2
1

R
V

R
VV

IVP ===  (2) 

The operating condition for maximum power at RS is represented in Figure 2. Note that this is 
the same condition, where the matched load resistance is represented by a power metering 
device, used to measure the maximum conducted power from a radio. 

 

Figure 2 – Voltage and current at the matched antenna feed-point 

Therefore, it is possible to establish the Thevenin voltage VS that would be representative of a 
radio transmitter with maximum rated power Pmax and the source impedance RS as follows: 
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When the transmitter is connected to an antenna that exhibits the input impedance ZA, the 
power radiated can be no greater than the maximum rated power Pmax because of two 
physical mechanisms: energy dissipation in the antenna structure and energy reflection at the 
antenna port. The first mechanism is due to dielectric and ohmic losses while the second one 
is due to impedance mismatch at the antenna port. Neglecting energy dissipation introduces a 
conservative bias in compliance assessments. In computations, this is accomplished by 
applying ideal (lossless) material properties for the radiating structures, and in such case the 
radiated power Prad is equal to the antenna input power Pin. An additional conservative bias is 
introduced by neglecting the mismatch losses. The mismatch loss factor is: 
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where Γ  is the reflection coefficient at the antenna port. Therefore, in order to neglect the 
mismatch loss, the computed fields are scaled up by a factor η/1  after simulations. This is 
equivalent to setting maxrad PP =  and therefore 0=Γ , which is equivalent to saying that there 
are no mismatch losses and that the maximum power of the radio transmitter is radiated. 

By following the approach described above, the effect of any ohmic losses due to the 
matching network components is omitted in the FDTD model, thus introducing a further 
conservative bias in the assessment. 
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5.4 Exposed subject modelling 

The exposed subject shall be modelled in simulations using the standard bystander and 
passenger models which are based on the “Visible Human” [1] dataset. These models are 
freely available and are provided with this document in a generalized FDTD format. They 
include 39 different tissue types with dielectric properties and mass densities derived based 
on Gabriel [2] and available from publicly accessible databases [3]. The dielectric properties 
are determined according to frequency dispersion characteristics by applying the Cole–Cole 
formulas [4].  

The Visible Human is a model of a standing man. Suitable rearrangement of its body parts 
has been performed to arrive at a sitting model (i.e. passenger model) and a properly 
positioned bystander model. The manipulations required specialized software. 4 The derived 
bystander and passenger models are available as part of this document and can be imported 
into custom or commercial FDTD codes. To this end the files for these models and tissue 
structures are available in the voxel based format. The file format and other details for these 
standardized human models, including the tissue parameters, are described in Annex A. The 
reference data on tissue dielectric constants and conductivities at a few selected frequencies 
are also included in Annex A for validating that tissue parameters are correctly implemented 
according to the Cole–Cole model [4]. 

For compliance assessment according to this document the human models shall not be 
modified or used in a different voxel resolution than those provided. The 3 mm resolution 
defined for these models shall be used in the frequency range of this document, up to 1 GHz, 
which roughly corresponds to no worse than one-twelfth of the wavelength inside the body. 
The recent study by Gosselin et al. [5] investigated the impact of the mesh resolution on the 
peak spatial-average and whole-body average SAR. The results of this study suggest that 
within the frequency range from 30 MHz to 1 GHz and using a voxel resolution of 3 mm, 
convergence for 10 g peak spatial-average SAR of approximately 0,5 dB and about 0,2 dB for 
the whole-body average SAR are expected. A separate study [6] evaluated convergence in 
the same frequency range and found better than 0,3 dB convergence for the peak spatial-
average SAR for both 1 g and 10 g and better than 0,15 dB for the whole-body average SAR, 
when comparing the results computed for a bystander human body model meshed with 3 mm, 
1,5 mm and 1 mm resolution. These studies indicate that the results are not likely to change 
substantially with better than 3 mm resolution models. 

NOTE The actual resolution in terms of wavelength is typically much better than the worst case of one-twelfth of 
wavelength which is based on 1 GHz maximum frequency and the selected tissues with the highest dielectric 
constant. 

For bystander exposure simulations it is necessary to properly model the pavement. Typical 
pavements such as asphalt and concrete have relatively stable electric properties within a 
wide frequency range [7], [8]. In general, these types of pavement, even in wet condition, as 
well as many different types of soil conditions can be consistently represented by a dielectric 
slab having a relative dielectric constant of 8 and a conductivity of 0,01 S/m. The pavement 
shall be represented using a dielectric slab with a minimum thickness, a relative dielectric 
constant, and a conductivity as defined in Table 1. 

Table 1 – Pavement model parameters 

Relative dielectric constant Conductivity Slab thickness 

8 0,01 S/m 30 cm 

 

Exposure simulations with larger thickness dielectric slabs do not show significant effect on 
the peak spatial-average SAR for 1 g, 10 g, whole-body average SAR and SAR distributions 
within the exposed bystander model [9]. The bystander model shall not be in direct contact 
___________ 
4  VariPose®. Version 1.2, Remcom Inc., State College, PA USA. This information is given for the convenience of 

users of this document and does not constitute an endorsement by IEC of this product. 
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with the dielectric slab representing the pavement to properly simulate the insulation gap 
typically provided by shoes between the feet and the ground. The distance between the feet 
and the ground shall be 10 mm. 

Figure 3 depicts the bystander and passenger (driver) models provided by this document for 
SAR simulations. 

 

Figure 3 – Bystander model (left) and passenger/driver model (right) 
for the SAR simulations 

5.5 Exposure conditions 

Vehicle mounted antennas can produce RF exposure to subjects located inside or outside the 
vehicle. The former will be indicated in the following as “passengers” (including the driver), 
and the latter as “bystanders”.  

The locations of the antenna on the vehicle body shall be clearly specified according to the 
test setup required by this document for roof top or trunk mount antenna installation. Antenna 
mount locations on the vehicle shall also follow the manufacturer’s recommended product 
manual specifications describing the proper antenna mount position(s). Depending on the 
antenna mount location different exposure configurations may be required for SAR evaluation 
using the bystander and/or passenger models. All the exposure configurations shall provide a 
conservative separation distance from the antenna to the bystander or passenger model that 
is consistent with the actual antenna installation, product safety manual and operating 
requirements. 

All applicable test configurations described below for the standard passenger and bystander 
human body shall be simulated to evaluate SAR unless compliance for a SAR test 
configuration is determined using other techniques and exposure limits (e.g. based on MPE 
limits defined in IEEE Std.95.1-2005 or reference levels in the ICNIRP (1998) guidelines). 

Passenger exposure may occur in the front or rear seats of a vehicle. Exposures in the front 
seats shall be evaluated for antennas mounted on the roof of the standardized vehicle. 
Exposures in the rear seats shall be evaluated for antennas mounted on the roof and trunk of 
the vehicle. Exposures in the front seats shall be assessed for the driver or passenger side 

IEC 
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depending on proximity to the antenna. Specifically, if the antenna is mounted near the side of 
the roof, the exposure shall be assessed with the passenger model sitting on the same side 
as the antenna. When the antenna is centrally mounted, that is, along the longitudinal 
centreline of the vehicle, then the driver side should be assessed. Exposures in the rear seats 
shall be assessed in the centre and one lateral side of the rear seats. When antennas are not 
installed at the centre of the roof or trunk, the lateral side that is closest to the antenna shall 
be assessed with the passenger and bystander models. Therefore, for vehicles having two 
rows of seats, three passenger locations shall be assessed: one in the front seats and two in 
the rear seats. Since two rows could be at the same distance from a roof mount antenna, at 
most three passenger locations shall be assessed, two on the side of the antenna on 
subsequent rows (or on an arbitrary side if the antenna is centrally mounted). Figure 4 shows 
the top view of the passenger location applicable for antennas. Relative to the standard 
vehicle model the vertical position of the passenger (position along Z axis) shall be defined as 
described in 8.3. As an example, if an antenna is mounted on the right hand side of the 
centreline of the roof then three passenger locations have to be assessed: front right hand 
side seat, centre rear seat, and right hand side rear seat locations. 

The bystander separation distance from the antenna as specified in the manufacturer’s user 
manual shall be no less than the distance used in compliance evaluations. In addition, the 
antenna location in all test configurations shall be consistent with the manufacturer’s antenna 
installation manual. Different mobile radio products may require different compliance 
distances because of different RF output power specifications which normally range from a 
few watts to over 100 W. This document specifies the procedures to position the bystander 
model according to the antenna location on the standard vehicle for SAR simulation and to 
address variations in vehicle dimensions. The test distance used for compliance evaluations 
shall be defined as the distance from the antenna surface to the nearest point on the 
bystander model. Due to variations in vehicle dimensions it is not always possible to attain 
this distance in certain configurations when positioning the bystander model next to the 
standard vehicle model. For example, the antenna may be installed on a vehicle which is 
smaller than the standard vehicle. In such case when a minimum separation distance between 
an antenna and bystander is specified in the product user manual this distance may be 
attained by adjusting the antenna location on the standard vehicle, where possible, to achieve 
the required antenna to bystander separation distance (e.g. by moving the antenna closer to 
the bystander). If a minimum separation distance is not specified in the product user manual 
the bystander to vehicle test distance shall be established according to compliance 
requirements set out in local regulations. Figure 5 illustrates the top view of some of the 
possible bystander positions next to the vehicle for roof mount and trunk mount antenna 
configurations defined in this document.  

NOTE Some national regulatory bodies require manufacturers to include the minimal separation distance within 
the product manual. 
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Figure 4 – Passenger and driver positions in the vehicle for the SAR simulations 

 

Figure 5 – Bystander positions relative to the vehicle for the SAR simulations  
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5.6 Accounting for variations in population relative to the standard human body 
model 

5.6.1 Whole-body average SAR adjustment factors 

The standardized bystander and passenger models required by this document shall be used 
to simulate the exposure from vehicle mounted antennas. It is expected that the level of 
exposure may vary from person to person due to physical and anatomical variations. While 
many factors may influence the peak spatial-average and whole-body average SAR, it is 
known that whole-body average SAR may vary significantly at certain frequencies depending 
on the body height as a result of the whole-body resonance effect on exposure. This 
phenomenon is very well characterized under plane wave exposure conditions [10] showing 
significant whole-body SAR enhancement around 75 MHz for the average adult person (with 
the E-field of the incident wave co-polarized along the body). For a shorter human body 
(e.g. child) the resonance occurs at higher frequencies depending on the body height. 
Therefore, for a fixed exposure configuration and frequency the whole-body average SAR may 
be significantly different depending on the exposed subject’s height. 

Ideally, since the exposure conditions of the bystander near the vehicle are not equivalent to 
plane wave exposure the conservative evaluation of the whole-body average SAR should be 
performed using a number of body models with different heights and body compositions in the 
same exposure conditions. In this case, only the highest whole-body average SAR computed 
for all those models would have to be reported, however the procedure itself might be lengthy 
and not practical. 

The variation of the whole-body average SAR due to different body sizes was estimated for 
the specific test configurations (trunk or roof mount antennas, bystander and passenger 
exposure conditions) defined in this document and used to derive the frequency dependent 
SAR adjustment factors. These adjustment factors shall be applied to the whole-body average 
SAR evaluated for the bystander and passenger models defined in this document in order to 
provide the conservative estimate of the whole-body average SAR in the corresponding test 
conditions. 

The whole-body average SAR adjustment factors, obtained from the IEC/IEEE 62704-2 
computational study [11], are given in Tables 2 to 5. The details of the study are provided in 
Annex A. In particular, it shows that the whole-body average SAR variation for different 
human body models may significantly depend on the exposure condition (passenger vs. 
bystander and roof vs. trunk mount antenna). Because of this, the whole-body adjustment 
factors are defined separately for different exposure conditions that cover the trunk and roof 
mount antennas in this document. In addition, the centre roof and the side roof antenna 
locations are considered separately with the side roof location defined as the location with any 
side offset from the roof centre greater than a quarter width of the roof. All other smaller side 
offsets from the centre are considered as centre roof locations. 

Linear interpolation or extrapolation of these adjustment factors shall be used at all other 
frequencies from 30 MHz to 1 GHz as well as bystander distances below the maximum 
distance available in the tables. These factors are not applicable for configurations with other 
antenna installations not covered by this document. 
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Table 2 – Whole-body average SAR adjustment factors for 
the bystander and trunk mount antennas 

Frequency 
MHz 

Bystander distance from the trunk mount antenna 

80 cm 100 cm 120 cm > 130 cm 

30 1,0 1,0 1,0 1,0 

50 1,3 1,3 1,4 1,4 

75 1,7 2,0 2,2 2,3 

100 2,5 2,5 2,5 3,5 

150 1,9 1,9 2,5 4,5 

300 2,1 2,6 2,6 2,6 

450 1,4 1,3 1,5 2,0 

800 1,0 1,0 1,0 1,0 

1 000 1,0 1,0 1,0 1,0 

NOTE 1 The factors in this table apply to all bystander positions with trunk mount antenna in Figure 5. 

NOTE 2 The values at 30 MHz, 800 MHz, and 1 000 MHz in this table were derived by linearly extrapolating 
the available results and taking the maximum between the extrapolated value and unity (see Annex B). 

 

Table 3 – Whole-body average SAR adjustment factors for 
the bystander and roof mount antennas 

Frequency 
MHz 

Centre roof mount antenna Side roof mount antenna Centre and side roof mount 
antenna with bystander 

> 50 cm from the vehicle 
20 cm from 
the vehicle 

40 cm from 
the vehicle 

20 cm from 
the vehicle 

40 cm from 
the vehicle 

33 1,2 1,2 1,3 1,2 1,1 

80 1,6 1,5 1,7 1,7 2,5 

150 1,6 1,5 1,8 1,8 4,5 

450 1,5 1,5 1,5 1,8 2,0 

800 1,3 1,3 1,6 1,6 1,0 

1 000 1,2 1,2 1,3 1,2 1,0 

 

Table 4 – Whole-body average SAR adjustment factors for 
the passenger and trunk mount antennas 

Frequency 
MHz 

Passenger location in the vehicle 

Back seat, centre Back seat, side 

33 1,0 1,0 

80 1,4 1,0 

150 2,4 3,0 

450 2,8 2,6 

800 2,2 1,9 

1 000 1,9 1,7 
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Table 5 – Whole-body average SAR adjustment factors for 
the passenger and roof mount antennas 

Frequency 
MHz 

Centre roof mount antenna Side roof mount antenna 

Passenger location in the vehicle 

Back seat, 
centre 

Back seat, 
side Front seat Back seat, 

centre 
Back seat, 

side Front seat 

33 1,8 1,0 1,3 1,4 1,1 1,3 

80 1,0 1,3 8,2 1,0 1,4 8,3 

150 1,9 2,4 1,6 2,0 1,5 1,7 

450 1,8 2,9 2,5 4,7 2,7 1,8 

800 2,7 2,1 2,2 2,7 2,3 2,8 

1 000 2,8 2,4 2,3 5,7 3,1 2,7 

 

5.6.2 Peak spatial-average SAR adjustment factors 

The variation of the peak spatial-average SAR for 1 g and 10 g with respect to different 
human body models has been also evaluated to derive the conservative adjustment factors 
(Annex A). While, as expected, the different human body models in similar exposure 
conditions produce different peak spatial-average SAR values, this variation is generally 
attributed to the difference in the local tissue composition of the different models. All the 
exposure conditions and human body models used for the whole-body SAR variation study 
were also used to evaluate peak spatial-average SAR. Compared to the whole-body average 
SAR, the trend of the peak spatial-average SAR values with respect to height, mass or age of 
the exposed subjects is not consistent and the derivation of the adjustment factors applicable 
in all exposure conditions is based on conservative (highest factor among all models) 
evaluation of the results. 

Tables 6 to 9 define the peak 1 g and 10 g SAR adjustment factors for bystander and trunk as 
well as roof mount antenna configurations obtained from the IEC/IEEE 62704-2 computational 
study [11] (see Annex B for details). These adjustment factors shall be applied to the peak 
spatial-average SAR for 1 g and 10 g evaluated for the bystander and passenger models 
defined in this document in order to provide the conservative estimate of peak spatial-average 
SAR in the corresponding test conditions. Linear interpolation or extrapolation of these 
adjustment factors shall be used at all other frequencies from 30 MHz to 1 GHz as well as the 
bystander distances below the maximum distance available in Tables 6 to 9. 
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Table 6 – Peak spatial-average SAR adjustment factors for 
the bystander model and trunk mount antennas 

Frequency 
MHz 1 g SAR factor 10 g SAR factor 

30 1,0 1,0 

50 1,0 1,0 

75 1,0 1,1 

100 1,4 1,3 

150 1,3 1,3 

300 1,6 1,6 

450 1,5 1,8 

800 1,3 2,3 

1 000 1,1 2,5 

NOTE 1 The factors in this table apply to all bystander positions and distances with trunk mount antenna in 
Figure 5. 

NOTE 2 The values at 30 MHz, 800 MHz, and 1 000 MHz in this table were derived by linearly extrapolating 
the available results and taking the maximum between the extrapolated value and unity (see Annex B). 

 

Table 7 – Peak spatial-average SAR adjustment factors for  
the bystander model and roof mount antennas 

Frequency 
MHz 

Centre roof mount antenna Side roof mount antenna Centre and side roof 
mount antenna with 

bystander > 50 cm from 
the vehicle 

20 cm from 
the vehicle 

40 cm from 
the vehicle 

20 cm from 
the vehicle 

40 cm from 
the vehicle 

1 g 10 g 1 g 10 g 1 g 10g 1 g 10g 1 g 10 g 

33 1,3 1,2 1,3 1,0 1,4 1,3 1,2 1,0 1,0 1,0 

80 1,1 1,2 1,3 1,0 1,3 1,2 1,3 1,1 1,0 1,1 

150 1,4 1,3 1,2 1,0 1,2 1,3 1,3 1,4 1,3 1,3 

450 1,6 1,4 1,6 1,3 1,2 1,9 1,8 2,3 1,5 1,8 

800 2,5 2,3 2,6 2,4 2,0 2,0 1,4 1,4 1,5 1,8 

1 000 3,2 2,8 3,4 2,9 2,2 2,2 2,8 2,5 1,5 1,8 

 

Table 8 – Peak spatial-average SAR adjustment factors for 
 the passenger model and trunk mount antennas 

Frequency 
MHz 

Trunk mount antenna 

Back seat, centre Back seat, side 

1 g 10 g 1 g 10 g 

33 1,0 1,2 1,0 1,0 

80 1,0 1,0 1,0 1,0 

150 1,9 2,0 4,2 4,4 

450 2,4 2,4 2,0 2,3 

800 1,0 1,0 1,4 1,2 

1 000 1,3 1,1 1,0 1,0 
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Table 9 – Peak spatial-average SAR adjustment factors for 
the passenger model and roof mount antennas 

Frequency 
MHz 

Centre roof mount antenna Side roof mount antenna 

Back seat, 
centre 

Back seat, 
side Front seat Back seat, 

centre 
Back seat, 

side Front seat 

1 g 10 g 1 g 10 g 1 g 10 g 1 g 10 g 1 g 10 g 1 g 10 g 

33 1,1 1,1 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 

80 1,0 1,0 1,3 1,4 5,8 6,5 1,0 1,0 1,0 1,0 6,3 6,1 

150 1,3 1,1 1,0 1,0 1,0 1,1 1,2 1,0 1,0 1,0 1,9 1,8 

450 2,6 2,3 1,7 1,4 2,3 2,6 3,9 3,8 1,8 2,3 1,0 1,0 

800 2,7 2,7 1,6 1,8 1,0 1,0 2,6 2,2 1,9 1,5 2,0 1,5 

1 000 2,2 2,3 1,4 1,4 1,7 2,1 5,6 4,8 2,5 3,1 1,3 1,5 

 

6 Validation of the numerical models 

6.1 Validation of antenna model 

6.1.1 General 

A series of validation test setups are defined in order to provide means to validate the 
antenna model to be employed in the FDTD simulations. These setups are suitable for  
implementation either experimentally or numerically to provide reference solutions in the 
antenna near-field regions. 

6.1.2 Experimental antenna model validation 

In the experimental validation test setup, the antenna under test shall be mounted on a 
square or circular ground plane to represent the operating conditions on a vehicle. Near-field 
measurements are performed in order to establish the reference results against which the 
simulation predictions are compared. For instance, the simulation models of the gain 
monopole antennas with the inductive loading coil shall be subject to this validation test to 
demonstrate accuracy of the simulation models. All simulations for validation of the antenna 
under test on the finite ground plane shall be conducted using the FDTD grid resolution that 
will be used in subsequent exposure simulations with the vehicle and human body models to 
ensure consistency and applicability to the actual exposure simulations.  

The antenna ground plane for this experimental setup shall be at least 1 000 mm in diameter 
if circular, or at least 1 000 mm × 1 000 mm if square. The antenna shall be mounted in the 
centre of the ground plane. A minimum separation of at least one wavelength from other 
metallic objects surrounding the ground-mounted antenna fixture shall be maintained, 
otherwise the metal objects (e.g. the automated scanning robot) shall be covered by RF 
absorbers. It is advised to use absorbing materials placed laterally at a distance of at least a 
half-wavelength from the ground plane as shown in Figure 6 to minimize residual reflections 
from other objects. For absorbers placed on the floor below the ground plane, this distance 
shall be at least a quarter wavelength. The support for the antenna ground plane shall be 
made of non-conductive material, e.g. wood or low dielectric constant plastic to minimize 
interaction with the antenna under test. In some instances, especially at low frequencies 
(e.g. below 300 MHz) the above requirements on separation distances from the test setup 
could be difficult to meet. In such cases, the measurement shall be performed in an anechoic 
or quasi-anechoic environment (e.g. anechoic chamber) that enables fulfilment of the above 
conditions.  

With the antenna on the ground plane, as described above, the magnitudes of the electric and 
magnetic fields shall be measured above the ground plane along the vertical line as shown in 
Figure 6. The measurement line shall be at the distance d equal to 200 mm from the antenna 
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axis. The test points where the electric and magnetic field values are measured shall be 
equally distributed on the measurement line with a spacing of 100 mm or 0,1 wavelength, 
whichever is less. 

 

Figure 6 – Experimental setup for antenna model validation 

The feeding cable of the antenna shall run vertically down from the centre of the ground plane 
(antenna feed-point) and be routed further towards the RF source under the absorbers 
arranged below the ground plane (see Figure 6). 

The power delivered to the antenna shall be measured prior to field measurements. For this 
purpose a directional coupler with power meters or a network analyzer shall be used to 
estimate the forward and reflected power at the antenna port and, taking into account the 
power loss in the feeding cable, the power accepted by the antenna shall be computed to 
normalize the simulation results of the antenna numerical validation model. The field 
measurements shall be performed using calibrated electric and magnetic field probes with 
known measurement uncertainty. The best practices to measure electromagnetic field shall be 
followed as described in [12], [13], and [14]. To minimize the measurement uncertainty, RF 
survey probes with greater than 5 cm size sensors should not be used in this type of 
measurements, because they may not properly resolve the field distribution near the antenna 
and may significantly interact with it. For the same reason it is recommended to automate the 
positioning of the probe during the measurement.   

The deviation of the numerical results from the measurements, computed as described in 
7.2.4, shall be within the limits of one standard uncertainty of the measurements. Because the 
numerical antenna model may have conservative bias (e.g. neglecting the mismatch loss by 
enforcing numerically the perfect matching condition or neglecting the metal losses by using 
PEC), it is acceptable for the numerical results to overestimate the measured results within 
the range of established bias beyond that measurement uncertainty. 

6.1.3 Numerical antenna model validation 

Instead of using measurements as described in 6.1.2, reference results may also be 
generated based on accurate high resolution numerical modelling of the antenna under test. 
The numerical simulation model for this validation is defined to be the same as the 

d 
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Antenna – device under test 

Measurement line 

Antenna feed cable 
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experimental setup described in 6.1.2. The computed magnitudes of electric and magnetic 
field values can be used as reference data instead of measured data. 

For the numerical reference model of the antenna under test, it is required that a high 
accuracy full-wave model of the antenna mounted on the ground plane(s) defined in 6.1.2 is 
simulated using a different numerical code preferably employing a methodology other than 
FDTD, for instance a moment method code for metallic structures. The rationale for using the 
method of moments (MoM) is that in the case of metallic structures it provides arguably the 
best attainable accuracy. Like in FDTD, the MoM allows modelling of a source signal 
amplitude that produces a predefined radiated power, thus yielding a meaningful term of 
comparison for both the near-field and far–field regions. FDTD or finite element method (FEM) 
codes may also be used for this purpose to model the antenna with very high resolution, 
which is not attainable in the vehicle exposure simulation configurations. 

The numerical validation is particularly suitable for antennas such as straight wire monopoles 
of various lengths or wire antennas with inductive coils usually located on the antenna 
radiating element to properly phase the currents induced along different sections of the 
antenna. Those structures can be accurately and reliably simulated using different numerical 
methods including MoM or high resolution FEM or FDTD. The convergence and accuracy of 
the simulations shall be reported. 

6.2 Validation of the human body model 

The numerical validation of the standard bystander and passenger models is intended to test 
the validity and accuracy of the modelling as implemented in a particular FDTD code. The 
validation is based on simulations of bystander and passenger model exposure to a well-
defined reference RF source such as a plane wave. The test verifies that the models are 
correctly imported in the simulation project and that the software tool is consistent with SAR 
simulation procedures defined in this document and in IEC/IEEE 62704-1. It will also assess 
the deviation of the computed SAR results from the reference values obtained for those 
models. The standard voxel body models (bystander and passenger) defined in this document 
shall be used without any modifications for this validation procedure. The models shall be 
simulated in free space with a vertically polarized incident plane wave. Front and back 
exposure conditions shall be evaluated separately. The selected frequency for a particular 
validation simulation shall be the closest to the actual frequency of the exposure configuration 
to be simulated for compliance evaluation. All SAR results shall be normalized to 1,0 W/m2 
average plane wave power density. The passenger and bystander models required for these 
validations were simulated with at least 200 mm distance from the perfectly matched layers 
(PML) defined at the computational domain boundaries. Other computational domain 
boundary conditions may be used as specified in IEC/IEEE 62704-1. 

The reference SAR results for the bystander model are given in Table 10 and those for the 
passenger model are given in Table 11. These results have been computed for plane wave 
exposure using 3-mm resolution bystander and passenger models uniformly meshed 
throughout the computational domain. 

In order to use the reference results, and for the test to be valid and applicable for simulation 
accuracy assessment, all compliance simulations shall be conducted using the 3-mm 
resolution standard bystander and/or passenger body models. 
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Table 10 – Peak spatial-average SAR for 1 g and 10 g and whole-body average SAR for 

the front and back plane wave exposure of the 3-mm resolution bystander model 

Frequency 

MHz 

1 g SAR 10 g SAR Whole-body average SAR 

W/kg W/kg W/kg 

Front Back Front Back Front Back 

30 0,198 0,186 0,123 0,117 0,004 63 0,004 63 

75 0,458 0,455 0,319 0,290 0,020 13 0,019 63 

150 0,140 0,143 0,068 0,089 0,006 93 0,006 61 

300 0,096 0,119 0,074 0,076 0,005 80 0,005 65 

450 0,170 0,182 0,103 0,110 0,006 28 0,006 12 

800 0,386 0,131 0,171 0,092 0,006 05 0,005 60 

1 000 0,404 0,097 0,175 0,055 0,005 66 0,005 18 

 

Figure 7 depicts the described benchmark validation configuration featuring the bystander 
exposed to a front and back plane wave. 

 

Figure 7 – Benchmark configuration for bystander model 
exposed to a front or back plane wave 
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Table 11 – Peak spatial-average SAR for 1 g and 10 g and whole-body average SAR for 
the front and back plane wave exposure of the 3-mm resolution passenger model 

Frequency 

MHz 

1 g SAR 10 g SAR Whole-body average SAR 

W/kg W/kg W/kg 

Front Back Front Back Front Back 

30 0,056 0,054 0,034 0,037 0,001 26 0,001 27 

75 0,146 0,317 0,083 0,219 0,007 98 0,008 18 

150 0,281 0,203 0,226 0,150 0,009 90 0,008 98 

300 0,111 0,114 0,067 0,070 0,004 98 0,004 77 

450 0,142 0,150 0,103 0,085 0,004 85 0,004 55 

800 0,110 0,075 0,073 0,045 0,004 24 0,003 96 

1 000 0,128 0,071 0,089 0,046 0,004 00 0,003 64 

 

The corresponding validation configuration with the front and back plane wave exposure is 
depicted in Figure 8. 

 

Figure 8 – Benchmark configuration for passenger model exposed 
to a front or back plane wave 

The validation shall be considered successful if the computed peak spatial-average SAR for 
1 g and 10 g are within ±10 % and the computed whole-body average SAR is within ±5 % of 
the corresponding reference values defined in Table 10 and Table 11. The locations of the 
peak spatial-average SAR shall be the same as described in Annex C for the corresponding 
configurations. 

6.3 Validation of the vehicle numerical model 

6.3.1 General 

The numerical model and simulation configurations defined in 6.3 validate the correct 
representation of the vehicle model and its meshing in the FDTD grid. This validation test 
simulates the electromagnetic field produced by a well characterized quarter wave monopole 
antenna mounted on the vehicle trunk, therefore permitting the assessment of the accuracy of 
the vehicle model. The selected frequency for a particular validation simulation as defined in 
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6.3.2 and 6.3.3 shall be the closest to the actual frequency of the exposure configuration to 
be simulated for compliance evaluation. 

6.3.2 Vehicle model validation for bystander exposure simulations 

The configuration is defined as shown in Figure 9 with the pavement model as defined in 5.4. 
The standard vehicle model shall be meshed with the same FDTD grid resolution that will be 
used in exposure simulations for compliance evaluations. The quarter wave monopole 
antenna shall be placed in the centre of the trunk. 

 

NOTE Relative to the coordinate system of the standard vehicle CAD model, the antenna base is located at 
Y = −57,5 cm.  

Figure 9 – Configuration for vehicle numerical model validation 

The lengths of the quarter wave antenna at selected frequencies are listed in Table 12. 

Table 12 – Antenna length for the vehicle model validation configurations 

Frequency Antenna length 

MHz cm 

33 115 

80 101 

150 50,5 

450 18,0 

800 9,0 

1 000 7,0 

 

The electric and magnetic field values shall be computed along a vertical line 20 cm behind 
the vehicle body, at ten locations starting from 20 cm above the ground and at 20 cm intervals 
as shown in Figure 9. The line is located in the symmetry plane of the car.  

The reference results for this validation model were computed as an average of the results 
from several different simulation tools validated according to the IEC/IEEE 62704-1 and are 
presented in Table 13. All results are normalized to 1 W average power emitted from the 
antenna. 

20 cm 

Y 

Z 

X 

IEC 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:21:05 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 62704-2-2017

http://avadocuments2026.com/doc/ieee-62704-2-2017
http://avadocuments2026.com/doc/ieee-62704-2-2017


 – 28 – IEC/IEEE 62704-2:2017 
© IEC/IEEE 2017 

Table 13 – The reference electric field (top) and magnetic field (bottom) values 
for the numerical validation of the vehicle model for bystander exposure 

Point  

Position 
above the 

ground 

cm 

Electric field magnitude 

V/m 

33 MHz 80 MHz 150 MHz 450 MHz 800 MHz 1 000 MHz 

1 20 7,32E+00 6,20E+00 3,50E+00 3,38E+00 1,95E+00 2,72E+00 

2 40 8,77E+00 8,30E+00 3,82E+00 3,12E+00 3,04E+00 4,11E+00 

3 60 9,65E+00 1,04E+01 4,45E+00 5,12E+00 4,33E+00 4,60E+00 

4 80 9,61E+00 1,15E+01 6,04E+00 6,13E+00 3,89E+00 5,71E+00 

5 100 1,04E+01 1,28E+01 8,74E+00 9,25E+00 1,02E+01 1,13E+01 

6 120 1,21E+01 1,31E+01 1,01E+01 1,16E+01 1,32E+01 1,62E+01 

7 140 1,51E+01 1,23E+01 9,77E+00 1,16E+01 1,47E+01 1,46E+01 

8 160 1,77E+01 1,12E+01 8,56E+00 1,02E+01 1,45E+01 1,15E+01 

9 180 1,91E+01 1,02E+01 7,00E+00 8,74E+00 1,18E+01 9,35E+00 

10 200 1,90E+01 9,27E+00 5,52E+00 7,83E+00 7,82E+00 7,00E+00 

 

Point 

Position 
above the 

ground 

cm 

Magnetic field magnitude 
A/m 

33 MHz 80 MHz 150 MHz 450 MHz 800 MHz 1 000 MHz 

1 20 1,97E-02 1,83E-02 8,68E-03 5,37E-03 7,98E-03 7,28E-03 

2 40 2,23E-02 2,07E-02 1,04E-02 1,07E-02 1,02E-02 8,19E-03 

3 60 2,71E-02 2,77E-02 1,74E-02 1,36E-02 1,37E-02 1,21E-02 

4 80 3,22E-02 3,36E-02 2,30E-02 1,55E-02 1,02E-02 1,50E-02 

5 100 3,57E-02 3,38E-02 2,52E-02 1,82E-02 2,66E-02 3,01E-02 

6 120 3,77E-02 3,33E-02 2,68E-02 3,21E-02 3,40E-02 4,40E-02 

7 140 3,65E-02 3,27E-02 2,58E-02 3,21E-02 3,93E-02 3,78E-02 

8 160 3,27E-02 3,10E-02 2,19E-02 2,67E-02 3,85E-02 2,95E-02 

9 180 2,72E-02 2,81E-02 1,70E-02 2,33E-02 3,16E-02 2,48E-02 

10 200 2,10E-02 2,46E-02 1,26E-02 2,08E-02 2,04E-02 1,89E-02 

 

The validation shall be considered successful if the deviation computed according to 
Formula (5) in 7.2.3 using the reference results in Table 13 is less than 30 %. This maximum 
allowed deviation represents the observed variation of the values produced by different codes 
at a given location relative to their mean, which is the reference value in Table 13 for that 
location. 

NOTE The practically achievable deviation of SAR from the target values defined for the bystander benchmark 
simulation models in 8.2 does not exceed 17 %, which is much smaller than the deviation of the electric and 
magnetic field values computed as described in 6.3.2. 

6.3.3 Vehicle model validation for passenger exposure simulations 

Vehicle model validation for the passenger (and driver) exposure simulations shall be 
performed similarly to the vehicle model validation for bystander exposure described in 6.3.2 
with the exception of the locations where the electric and magnetic fields are computed for 
comparison with reference values. The coordinates of the test points relative to the standard 
vehicle model are defined in Table 14. These test points are distributed in the back seat and 
front seat locations of the vehicle.   
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Table 14 – Coordinates of the test points for the standard vehicle 
validation simulations for the passenger 

Test point Location X 
mm 

Y 
mm 

Z 
mm 

1 Back seat centre 0 −1 560 1 250 

2 Back seat centre 0 −1 700 950 

3 Back seat centre 0 −1 900 650 

4 Back seat side −430 −1 560 1 250 

5 Back seat side −430 −1 700 950 

6 Back seat side −430 −1 900 650 

7 Front seat side −430 −2 600 1 250 

8 Front seat side −430 −2 700 900 

9 Front seat side −430 −2 800 650 

 

The reference results obtained for this validation test using several different simulation tools 
compliant with the requirements of this document and validated according to 
IEC/IEEE 62704-1 are given in Table 15. All results are normalized to 1 W average power 
emitted from the antenna. 
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Table 15 – The reference electric field (top) and magnetic field (bottom) values 
for the numerical validation of the vehicle model for passenger exposure 

Point 
Electric field magnitude 

V/m 

33 MHz 80 MHz 150 MHz 450 MHz 800 MHz 1 000 MHz 

1 10,9 17,3 16,1 18,7 8,45 11,3 

2 3,49 7,88 15,1 12,3 11,1 11,8 

3 1,05 3,19 14,4 9,08 5,88 12 

4 7,69 11,8 10,9 9,27 8,51 8,21 

5 2,47 5,42 12,7 13,2 7,99 9,18 

6 0,74 2,35 11,9 11,5 6,09 6,42 

7 1,36 3,13 5,46 12,7 9,58 7,02 

8 0,63 2,35 10,6 6,97 10,7 4,23 

9 0,63 2,32 12,6 6,41 9,78 10,7 

 

Point 

Magnetic field magnitude 

10-2 A/m 

33 MHz 80 MHz 150 MHz 450 MHz 800 MHz 1 000 MHz 

1 2,40 1,71 2,82 1,89 3,05 1,50 

2 1,31 1,19 2,32 2,57 2,43 1,45 

3 0,71 0,90 3,10 2,10 1,01 1,26 

4 3,83 4,15 3,80 2,68 1,22 2,97 

5 1,56 1,78 2,39 3,33 1,05 1,49 

6 0,72 0,98 2,93 3,34 1,88 1,23 

7 0,53 0,84 2,21 2,22 3,41 0,92 

8 0,45 0,52 2,37 2,44 0,81 3,24 

9 0,39 0,49 3,16 2,55 1,48 1,69 

 

The validation shall be considered successful if the deviation computed according to 
Formula (5) in 7.2.3 using the reference results in Table 15 is less than 45 %. This maximum 
allowed deviation represents the observed variation of the values produced by different codes 
at a given location relative to their means, which is the reference value in Table 15 for that 
location. 

NOTE The practically achievable deviation of SAR from the target values defined for the passenger benchmark 
simulation model in 8.3 does not exceed 20 %, which is much smaller than the deviation of the electric and 
magnetic field values computed inside the unloaded vehicle model as described in 6.3.3. 

7 Computational uncertainty 

7.1 General considerations 

Similar to any experimental methods, the SAR computational procedure has a level of 
uncertainty associated with numerical exposure evaluation in specific exposure conditions 
described in this document and with the approximate numerical representation of the 
antennas. To minimize the uncertainty, all SAR evaluations described in this document shall 
be performed using computational code that was validated according to Clause 8 in 
IEC/IEEE 62704-1:—. This validation is usually done by the software vendor. For the purpose 
of SAR evaluations with vehicle mounted antennas, not all validation tests described in 
IEC/IEEE 62704-1:— are required. In particular, 8.3.3 and 8.3.4 of IEC/IEEE 62704-1:— may 
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be excluded since they are specifically defined for the exposure simulations of portable 
transmitters, i.e. those transmitters which are intended to operate within 200 mm of the body. 

Specific validation tests developed for the bystander and passenger exposure evaluations are 
defined in Clause 6. These validation tests shall be performed at the frequencies within or 
closest to the operating band(s) of antenna for which numerical SAR evaluation is required 
and the results shall be reported. 

7.2 Contributors to overall numerical uncertainty in standard test configurations 

7.2.1 General 

The validation test procedures described in Clause 6 are used to evaluate the overall 
uncertainty of SAR simulations in standard test configurations as defined in this document by 
assessing the uncertainty contributions from various components of the numerical model. In 
particular the computational and modelling uncertainties are divided into the following 
categories. 

a) uncertainty of the numerical algorithm; 
b) uncertainty of the numerical representation of the antenna model; 
c) uncertainty of the numerical representation of the standard vehicle and ground models; 
d) uncertainty of SAR evaluation in the standard bystander and passenger models. 

Initially, the physical model of the antenna and the vehicle described in Clause 5 are 
numerically represented by a CAD model. The CAD model is then numerically rendered in the 
simulation grid. Two uncertainty contributions can be separated and evaluated individually. 
The first one is the uncertainty of the numerical representation of the vehicle CAD model 
together with pavement modelling using a quarter wave antenna with the length defined in 
Table 12. The second one is the uncertainty of antenna modelling used in actual exposure 
simulation. 

7.2.2 Uncertainty of the numerical algorithm 

The uncertainty of the numerical algorithm shall be evaluated according to Table 3 in 
IEC/IEEE 62704-1:—. However, the mesh resolution (device rendering) contribution shall be 
excluded from this evaluation since it is already accounted for as described in 7.2.3 and 7.2.4. 
The combined standard uncertainty from Table 3 of IEC/IEEE 62704-1:— that excludes the 
mesh resolution contribution shall be entered directly in column g of Table 16. 

7.2.3 Uncertainty of the numerical representation of the vehicle and pavement 

The standardized vehicle model is predefined and therefore the uncertainty of its numerical 
representation can be evaluated a priori. The metal body of the vehicle model together with 
the specific ground model can have a major impact on the EM field distribution inside and 
outside of the vehicle where the exposure is evaluated. Uncertainty of the SAR simulations 
related to the numerical representation of the vehicle model and ground can be evaluated 
according to 6.3 using a quarter wave antenna mounted on the vehicle in the predefined 
location. To this end the uncertainty due to numerical modelling of the vehicle and ground 
shall be evaluated based on the reference results computed for the standard vehicle model as 
described in 6.3 and the corresponding results computed with the numerical tool employed. 
This uncertainty contribution shall be evaluated separately for the bystander and passenger 
exposure conditions. The procedure requires computation of the electric and magnetic field 
amplitudes in a number of reference test points Pi described in Table 13 for bystander 
(exposure outside the vehicle) and Table 14 and Table 15 for passenger (exposure inside the 
vehicle).  

For the 1 g and 10 g peak spatial-average SAR the uncertainty is based on maximum 
deviation of the computed squares of the electric and magnetic field amplitudes from the 
respective reference values. This maximum deviation for each validation shall be computed 
as follows: 
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The uncertainty contribution for the whole-body average SAR is based on the combined 
contribution of the computed deviations for all test points from the respective reference values. 
This combined deviation for each validation shall be computed as follows: 
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where 

Eref(Pi) is the reference magnitude of the electric field evaluated at the test point Pi; 

Href(Pi)  is the reference magnitude of the magnetic field evaluated at the test point Pi; 
Eref max(Pn) is the maximum electric field reference magnitude across all the evaluated test 

points Pi , which occurs for some i = n; 
Href max (Pn)  is the maximum magnetic field reference magnitude across all the evaluated 

test points Pi , which occurs for some i = n; 
Enum(Pi) is the magnitude of the electric field numerically determined at the test point Pi 

using the numerical code; 
Hnum(Pi) is the magnitude of the magnetic field numerically determined at the test point 

Pi using the numerical code; 
MAX is the operator that selects the maximum value of the data set in parentheses.  

The highest deviations computed according to Formulas (5) and (6) are entered in column c of 
Table 16. The standard uncertainty contributions are computed from these deviations as 
prescribed in column g of Table 16 and entered therein. 

7.2.4 Uncertainty of the antenna model 

Unlike the standard vehicle model, the vehicle mounted antenna can vary from product to 
product ranging from simple wire monopole radiators to more complex structures including the 
monopoles with reactive coils, etc. Different antenna types may also be supplied with the 
same mobile radio product and need to be evaluated for compliance individually. Most mobile 
radio antennas are typically mounted on the metal body of the vehicle. To operate properly 
they rely on the ground plane in the vicinity of the mounting location (e.g. trunk or roof 
mounting locations which are described in this document). To assess the uncertainty of the 
antenna modelling, a similar operating condition shall be created that allows reliable and 
accurate evaluation of the near-field produced by the transmitting antenna. For the antennas 
that shall be mounted on the metal ground plane, the reference condition applicable for 
uncertainty assessment of antenna numerical modelling shall be the setup described in 6.1 
and the reference electric and magnetic field values shall be determined at all test points Pi 
according to 6.1.2 or 6.1.3. The uncertainty components shall be computed based on 
maximum deviation of the numerical values simulated for the antenna model from the 
corresponding reference values as follows: 
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