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Abstract

GOLIAT is an open-source Python framework for Radiofrequency Electromagnetic Field (RF-EMF) dosimetry with Sim4Life. Users define
phantoms, sources, exposure cases, numerical settings, and requested outputs in hierarchical JavaScript Object Notation (JSON) files. GOLIAT
supports both near-field and far-field simulation studies. The software sets up each scene, runs each job locally, across workers, or through 0SPARC,
extracts Specific Absorption Rate (SAR) and Absorbed Power Density (APD), and writes campaign tables and plots. GOLIAT has supported
352 near-field simulations across two child phantoms, eight frequencies, and 22 placements at each phantom—frequency pair, and 550 far-field

simulations across four phantoms and 15 frequencies.
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1. Motivation and significance

Computational Radiofrequency Electromagnetic Field (RF-
EMF) dosimetry calculates energy absorption in the body with
numerical models. The main quantities are whole-body and local
Specific Absorption Rate (SAR) below 6 GHz and Absorbed
Power Density (APD) at higher frequencies [1, 2]. A study may
vary the anatomical model, frequency, source position, incident
direction, polarization, grid, and normalization. Together, these
choices can give hundreds of Finite-Difference Time-Domain
(FDTD) simulations.

Each simulation needs a scene, source, material assignment, grid,
boundary conditions, solver settings, sensors, and extraction
rules. A campaign also needs consistent names, result paths,
normalization, and summary tables. Manual projects work well
for a small study. However, large parameter sets need the same
case setup and result collection each time.
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Sim4Life (an FDTD simulator) has anatomical models from the
Virtual Population (e.g., Duke, Ella, Thelonious, and Eartha),
dosimetry evaluators, a graphical interface, and a Python Ap-
plication Programming Interface (API) [3, 4]. The API can au-
tomate one simulation. However, a study script must still list
cases, name project and result files, select phases for reruns, and
combine results. If one script has both the rules and scientific
parameters, reviewers must read and edit program code to check
or reuse the study.

GOLIAT has one workflow for study definition, scene setup, ex-
ecution, extraction, and analysis. Users set scientific and numer-
ical choices in hierarchical JavaScript Object Notation (JSON)
files. A base file has shared settings. Users set the phantoms,
sources, exposure cases, grids, and outputs in smaller study files.
GOLIAT validates the merged configuration and writes one ex-
panded configuration for each simulation job. Users can review
these files before a run and store them with the results [5, 6].

Near- and far-field studies use different scene rules. A near-
field case places an antenna relative to an anatomical landmark
and uses an input-power normalization. A far-field case defines
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Nr. | Code metadata description Metadata

Cl Current code version v1.5.0

C2 | Permanent link to code/repository used for this
code version

https://github.com/rwydaegh/goliat/releases/tag/v1.5.0

C3 | Permanent link to Reproducible Capsule

Not available. Full solver execution requires a commercial Sim4Life license.

C4 | Legal Code License

Apache License 2.0

C5 | Code versioning system used git

C6 | Software code languages, tools, and services used

Python 3.11, Sim4Life Python API, PySide6, and oSPARC API

C7 | Compilation requirements, operating
environments & dependencies

Python 3.11; Microsoft Windows for local Sim4Life execution; Sim4Life 8.2 or
9.2; Python dependencies declared in pyproject.toml; optional oSSPARC access

C8 | If available Link to developer
documentation/manual

https://docs.goliat.waves-ugent.be/

C9 | Support email for questions

robin.wydaeghe@ugent.be

Table 1. Code metadata (mandatory).

incident fields, directions, and polarizations and uses an incident-
power-density normalization. Both study types use the same
job identity, execution interface, output layout, and campaign
analysis.

GOLIAT uses the Sim4Life solver and evaluators. Table 2 lists
its study-level functions.

2. Software description

2.1. Software architecture

Figure 1 shows the main components. The command-line inter-
face loads and validates a configuration and selects a near-field
or far-field study class. Both study classes use the same project
manager, execution interface, status reporting, profiling, and
directory layout. Exposure-specific setup and analysis classes
define the geometry, source, normalization, and grouping rules.
Common settings appear once in the base configuration, includ-
ing solver settings, output quantities, material rules, and paths.
Source, frequency, and study choices remain in smaller derived
files. The loader merges the files and validates the result before
scene construction. Reviewers can compare the files and locate
changes to a grid, source, phantom subset, or extraction metric.
Study classes then make one job for each parameter combina-
tion, and the result tables retain the case coordinates used for
comparisons.

First, setup classes set the geometry, materials, sources, grids,
boundary conditions, and sensors for each job. Second, GOLIAT
runs jobs with iSolve, the Sim4Life API, or oSPARC. Third,
extractors write common result files from Sim4Life and Hierar-
chical Data Format Version 5 (HDF5) outputs. Finally, analysis
strategies read those files without reopening every Sim4Life
project.

The package keeps exposure rules separate from project and
result management. Therefore, a new study type can use the
common interfaces with its own setup and extraction rules.

2.2. Software functionalities

2.2.1. Study definition and scene setup

Figure 2 depicts representative anatomical phantoms and the
near- and far-field exposure paths. Near-field configurations se-
lect Planar Inverted-F Antenna (PIFA) or Inverted-F Antenna

(IFA) models by frequency. Each antenna part has a material
and grid setting. The anatomical landmarks are the nasion, tra-
gus, and umbilicus. The nasion is the midline depression at the
bridge of the nose. The tragus is the cartilage projection in front
of the ear canal. The umbilicus is the navel. Users can define
eye, cheek, trunk, wrist, or free-space cases with offsets and rota-
tion sequences. The setup code loads the phantom and antenna,
places the antenna, sets the simulation domain and grid, and
writes the solver input.

Users set the far-field source type, incident directions, polariza-
tions, and frequencies. For example, spherical tessellation gives
a configurable set of incident directions. A multi-sine source
runs configured frequencies together. The extractor keeps each
frequency component. Grid controls can set frequency-specific
steps, domain padding, high-frequency phantom truncation, and
bilateral symmetry. The auto-induced workflow combines envi-
ronmental field results, ranks candidate focus points, and extracts
the selected high-exposure cases.

Both study types have settings for solver termination, excita-
tion, boundaries, padding, sensors, kernels, and grids. Users can
choose automatic grids or set manual steps for the whole do-
main and selected components. The configuration also selects
the requested result quantities and tissue groups.

2.2.2. Execution and monitoring

Local execution calls the Sim4Life iSolve executable and
records its output. Split execution divides one configuration
into disjoint job sets for Central Processing Unit (CPU) pro-
cesses or separate workstations. Setup and extraction can use
several CPU processes. However, FDTD solves remain serial on
a single-Graphics Processing Unit (GPU) workstation. oSPARC
execution writes solver inputs, submits batch jobs, monitors their
states, retries failed submissions, and downloads the outputs [7].
A PySide6 interface shows the active phase, completed jobs, time
estimates, logs, and CPU, memory, and GPU use. A console
mode provides the same study commands without the interface.
GOLIAT uses timing records for phase estimates and campaign
statistics. Progress and verbose logs remain available after the
session.

Each job has a separate Sim4Life project and result directory.
GOLIAT records phase status, checks project locks and required
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Study task

GOLIAT function

Main output

Define a study

Set up near-field scenes
Set up far-field scenes
Run simulations

Extract dosimetry

Inherited and validated JSON for phantoms, sources, numerical
controls, and requested metrics

Antenna import, material mapping, and eye, cheek, trunk, or wrist
placement relative to anatomical landmarks

Plane-wave or beamforming sources over direction and polarization
sets

Local iSolve, split workers, multiple workstations, or oSPARC batch
jobs

Whole-body, regional, tissue, and peak 10 g SAR, APD, point fields,

Expanded configuration per job
Isolated device—body project

Isolated incident-field project

Solver output, logs, and progress record

JSON, serialized tissue table, and HTML

and power balance report
Analyze a campaign Shared result discovery, normalization, grouping, and plotting Detailed and summary CSV, Excel, and
plots
Manage jobs Per-job projects, status records, deliverable checks, and optional phase ~ Reviewable scenario directory
recovery
Table 2. Main GOLIAT functions and outputs.
Hierarchical JSON Setup Run Extract Analyze

Configuration Scene, source, grid

Local or batch

SAR, APD, metadata Tables and plots

L e———o -
| Sim4Life API and | :
. Licensed models ! |

iSolve or
oSPARC

A

Y

Per-job files

> Config, logs, results

Figure 1. GOLIAT flowchart from a hierarchical study definition to campaign tables and plots. The near- and far-field study classes share project, execution, extraction,
and analysis interfaces. Dashed boxes mark external Sim4Life, model, and oSPARC resources.

deliverables, and retries failed saves or remote submissions.
Users can rerun setup, solving, or extraction for selected jobs. A
checksum identifies changes to the expanded configuration. The
job record can also store the GOLIAT release, Sim4Life version,
model identifiers, and material data.

2.2.3. Extraction and analysis

GOLIAT extracts whole-body, head, trunk, tissue-specific, and
peak spatial-average SAR over 10 g, according to the ICNIRP
guidelines and IEEE/IEC standards [8, 9]. It also extracts point-
sensor fields and power balance. High-frequency studies can
request APD over a selected averaging area. Near-field results
use the declared antenna input power. Far-field results use the
incident power density.

Each scenario directory can have the project, solver in-
put and output, expanded configuration, logs, a compact
sar_results. json, a serialized tissue table, an HTML report,
and simulation metadata. The metadata record timings, solver
settings, grid size, hardware, performance, power balance, and
file sizes.

The analysis command finds completed scenario directories
and writes detailed and summary CSV files, Excel workbooks,
and plots. GOLIAT can make heatmaps, line charts, bar charts,
boxplots, cumulative distributions, power summaries, and tissue
rankings. Near- and far-field analysis classes use the same file
discovery and export rules. A paper-generation command can

3

place selected tables and plots in a LaTeX results draft.

The package has commands for studies, validation, analysis,
status, initialization, and parallel execution. A typical command
sequence is:

goliat validate far_field_config
goliat study far_field_config
goliat analyze far_field_config

The documentation has installation instructions, five tutorial
notebooks, configuration references, an API reference, cloud
instructions, and troubleshooting notes [10]. The Apache-2.0
package is available on PyPI [11].

3. Illustrative examples

The examples come from two completed campaigns: device-to-
body and far-field exposure. The far-field campaign has envi-
ronmental and auto-induced cases. The job record and analysis
interface remain the same.

3.1. Near-field device campaign

Figure 3 summarizes coverage and cumulative solver time for
the completed near-field campaign. The study used two child
phantoms, eight frequencies from 700 MHz to 5.8 GHz, and
22 device placements per phantom and frequency. It used PIFA
models at 700 and 835 MHz and IFA models at the other six
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Near-field device exposure Far-field environmental exposure
Tragus N Device model and > Frequency
1sion power 'i Direction
D ______ Placement landmark Polarization
Offset and orientation Grid and domain
Offset > -
E—
Umbilicus
E—
SAR or APD SAR or APD normalized to
normalized to input power s e incident power density
Thelonious child model Duke adult model

Shared job record: expanded
JSON, phase log, and solver files
Extracted results and analysis tables

Figure 2. Near- and far-field paths with the Thelonious and Duke anatomical surface meshes [3]. Markers identify the nasion, tragus, and umbilicus used for device
placement. Device cases use input-power normalization. Environmental cases use plane-wave directions, polarizations, and incident-power-density normalization.

Both paths produce the same job record.

frequencies. The study used eight eye, six cheek, and eight belly
placements. Eye and belly cases varied position and horizontal or
vertical orientation. Cheek cases used cheek and tilt alignments
with three angular variants.

Thus, GOLIAT expanded the study into 2 X 8 X 22 = 352
simulation jobs. All 352 scenario directories have an expanded
configuration, progress and solver logs, compact SAR results, a
serialized tissue table, and an HTML report. Across these jobs,
the solver logs record 114.5 cumulative hours and 2.98x10'3 cell-
iterations. One cell-iteration is one grid cell advanced through
one FDTD time step.

The configuration set the antenna model, target input power,
material mapping, grid rules, anatomical reference, distance,
position, and orientation for each case. GOLIAT generated the
Sim4Life scene and normalized extracted SAR values to the
declared input power. The analysis step grouped results by phan-
tom, frequency, placement, and tissue. It produced detailed tables
and several plot families.

3.2. Far-field research campaign

GOLIAT supported a far-field campaign with two adult and two
child Virtual Population phantoms [3, 12]. The study covered 15
frequencies from 450 MHz to 26 GHz and produced 550 FDTD
simulations in Sim4Life 8.2. Environmental exposure used inci-
dent plane waves. Auto-induced exposure used a beamforming
source model. The scientific results and numerical methods are
reported in the Physics in Medicine & Biology article [12].

The environmental sub-study below 6 GHz had four phantoms,
nine frequencies, six incident directions, and two polarizations.
Therefore, GOLIAT generated all 432 parameter combinations.
Base files stored shared execution, material, extraction, and
output settings. Derived files selected environmental and beam-

forming cases. The full campaign added higher-frequency and
auto-induced cases.

Figure 4 shows one completed environmental job. GOLIAT
stored each job in a separate project and result directory. The
path encoded the study, phantom, frequency, and exposure case.
The completed job directory has its configuration and extracted
results beside the project and solver files. Operators can inspect,
transfer, or reprocess each job separately.

Figure 5 shows two outputs from the documented workflows.
The monitoring page shows phase progress and the live worker
log. Extraction writes the point-sensor plot to the job results.
The campaign analysis read the same directory structure for all
550 jobs and wrote scenario, frequency, and tissue tables. The
Harvard Dataverse deposit contains consolidated configurations
and postprocessed SAR and APD data [13]. Licensed anatomical
models and raw solver projects are excluded.

Table 3 lists the evidence used for the software claims. The
near-field and far-field campaigns together have 902 completed
FDTD job records.
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Completed near-field job records Recorded solver time by frequency

114.5 h total

g 2.98 x 10'% cell-iterations
2 o 206
Eartha  |22/22(22/22(|22/22(22/22(22/22(22/2222/22(22/22 820 | 181 26—
g 15.4
015 A 13.8
Thelonious|22/2222/22(|22/22(22/22| 22 /22| 22/22 22 /22| 22/22 g 11.6
510 1 oo 53
Q o Q S Q Q Q Q = .
S o 3 ¥ § S o S
« IR N N L, S 2]
g
Frequency (MHz) =
50
> Q o Q Q Q Q Q Q
2 S P8 R RN I RN
G S IR N I P ML S

352/352 Scenario directories
Contain the core extraction record

Frequency (MHz)

Figure 3. Executed near-field campaign. Each phantom—frequency cell contains 22 completed device placements. The solver logs record 114.5 cumulative hours and
2.98 x 1013 cell-iterations across the 352 jobs. The total time uses the unrounded per-job values.

results/far_field/thelonious/700MHz/environmental_theta_x_pos/

Sim4Life project and solver output Study record and extracted results
job.smash Scene and setup config. json Expanded job definition
job.smash.Results/ progress.log Phase record

job-id_Input.hb Solver input verbose.log Detailed log

job-id_Output.hb Field solution sar_results. json Compact SAR result
job-id_Output.log Solver log sar_stats_all_tissues.pkl Serialized tissue table
job-id_Voxeler.log Grid log sar_stats_all_tissues.html HTML report

Figure 4. Representative files for one completed far-field job. File identifiers are shortened. Each scenario contains the Sim4Life project and solver output, expanded
configuration, logs, and compact SAR results.

Worker Monitoring Extracted Point Field
Frogress Point Sensor E-Field Magnitude vs. Time (700 MHz)
erert stage 0.5
0.4 -
e - ~
£
E 0.3
Recent Logs 5
o
u
w 0.2+
0.1
—— Lower Left Bottom
0.0 1 Top Right Up
0.0 02 04 06 0.8 10 12
Time (s) le-8

Figure 5. Documented software outputs. Left: web monitoring for one worker after scene setup. Right: extracted point-sensor electric-field traces for a 700 MHz
tutorial case.



Wydaeghe et al. / SoftwareX manuscript (2026) 1-7 6

Evidence source Scope

Observed record

Repository continuous
integration
Near-field licensed execution

automated tests

placements
Far-field environmental
expansion
Far-field licensed execution

directions, and two polarizations
Environmental and auto-induced
sub-studies over 15 frequencies

Configuration checks and license-free
Two phantoms, eight frequencies, and 22

Four phantoms, nine frequencies, six

GitHub Actions completed these tests on source commit 23£0ce8.

All 352 expected directories contain the expanded configuration,
logs, and core SAR extraction files.

The configuration produced 432 per-scenario directories below

6 GHz.

The analysis command read 550 scenario records and generated
the campaign tables supplied to the Physics in Medicine & Biology
article [12].

Table 3. Configuration, execution, and output evidence used in this paper.

4. Impact

Table 3 summarizes the execution evidence for the two large
computational dosimetry campaigns supported by GOLIAT. The
software was developed for the European GOLIAT project. The
near-field campaign produced 352 device-exposure simulations
for two child phantoms. The far-field campaign produced 550
environmental and auto-induced simulations for four child and
adult phantoms [12]. Both campaigns used the same configura-
tion, job directory, extraction, and analysis structure.
Researchers can add a phantom, frequency, incident direction,
polarization, or device placement without changing the common
execution and output interfaces. Configuration inheritance keeps
shared settings in one base file. Derived files show the choices
that differ between studies. The same analysis code can then
group results by phantom, source, frequency, exposure case,
and tissue. GOLIAT runs job sets on one workstation, across
separate workers, or through oSPARC. A workstation can call
iSolve. oSPARC can run independent solver jobs in parallel.
The Graphical User Interface (GUI) and logs give the operator a
common view of each route.

Test laboratories and device developers can use a controlled GO-
LIAT configuration as a computational profile. IEC/IEEE 62704-
3 defines FDTD procedures, benchmark phone models, mesh-
ing guidance, test positions, uncertainty, and validation for
mobile-phone SAR pre-compliance from 30 MHz to 6 GHz [14].
IEC/IEEE 63195-2:2022 defines computational incident-power-
density procedures for devices used within 200 mm of the head
or body from 6 to 300 GHz [15]. IEEE/IEC P63195-4 is an active
project for computational absorbed-power-density procedures in
the same frequency range [16].

IEC/IEEE 62704-3 provides the procedural basis for near-field
SAR profiles below 6 GHz. A profile can fix device-to-head
or device-to-trunk placements, input power, frequencies, grid
rules, and SAR fields. Above 6 GHz, IEC/IEEE 63195-2 covers
incident power density, while the active IEEE/IEC P63195-4
project covers absorbed power density. GOLIAT can store the
grid and output settings used with these procedures.

Far-field environmental profiles are for research and internal
repeatability unless a separate assessment procedure defines
them. A far-field profile can set anatomical models, incident
directions, polarizations, normalization, and report fields.

A test laboratory can place a GOLIAT configuration and its
job records under change control for repeated pre-compliance

studies. The profile gives each device revision the same scenario
coordinates and report fields. The configuration diff records
changes to the computational procedure. A complete record also
lists release identifiers, model identifiers, the material database,
and the solver version.

The test laboratory must also qualify device and phantom mod-
els, validate the numerical setup, analyze uncertainty, control
releases, and follow its quality system. GOLIAT records the
selected grid, material set, exposure case, and normalization.
Users can use power balance, logs, and metadata to flag suspect
runs and review the model setup. However, local scene setup
and solver execution require a licensed Sim4Life installation on
Windows. The source release does not contain licensed anatomi-
cal models. Users must obtain them under the applicable license.
Continuous integration can test configuration handling, job man-
agement, and analysis code without Sim4Life. Full FDTD repro-
duction still needs the solver and the selected models. Sim4Life
version changes need API and numerical regression checks.

5. Conclusions

GOLIAT uses hierarchical JSON study definitions to create near-
and far-field Sim4Life jobs and common analysis-ready results.
The completed campaigns have 352 near-field and 550 far-field
jobs with configurations, logs, and extracted results. Laboratories
can use a controlled profile for repeatable research and pre-
compliance studies after they qualify the models, validate the
numerical setup, analyze uncertainty, control releases, and follow
their quality procedures. Future work could include additional
study types, automated quality-control checks, and broader cloud
execution.
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