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Abstract

Holding a remote keyless entry fob near the head provides a practical opportunity to inves-
tigate configuration-dependent changes in operating range. This pilot study examined five
head-contact configurations in nine adults using a factory 433.92 MHz fob and its vehicle.
Complementary assessments included an anatomically shaped skull phantom and 7 T mag-
netic resonance imaging (MRI). Operating thresholds were determined using a staircase
procedure. The submental configuration yielded positive gains in all nine participants
and the largest mean and median gains: 11.11 m and 12 m, respectively. The within-
subject analysis identified an overall difference among configurations in eight complete
cases (Friedman χ2(4) = 23.24; Monte Carlo p < 0.00001 based on 200,000 permutations;
Kendall’s W = 0.73). In the phantom series, each condition with distilled water yielded a
higher gain than the condition with air at the same location, although gains did not increase
consistently across fill levels. These observations identify promising configurations for
further investigation. MRI characterized anatomical variation to inform future studies, with
no significant associations after correction for multiple comparisons. Each condition was
assessed once, and placement was evaluated with fob orientation and hand/body geometry.
Building on these observations, repeated measurements with independent control of these
factors will help establish repeatability and clarify the electromagnetic contributions.

Keywords: radiofrequency propagation; remote keyless entry; range variation; MRI brain
segmentation; skull phantom

1. Introduction
Remote keyless entry (RKE) systems use low-power radio frequency (RF) transmission

to communicate with a vehicle [1]. Communication range depends on the transmitter,
receiving antenna, surrounding environment, and their relative geometry [2]. A familiar
informal observation is that holding the fob against the head can change the distance at
which the vehicle responds. The present study examines this observation through defined
contact configurations and an operational range criterion, providing pilot measurements
for a phenomenon that has received little direct experimental attention.
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Biological tissues are lossy dielectric materials whose electrical properties vary with
tissue type and frequency [3–5]. Material near a compact antenna can alter impedance,
resonance, efficiency, and radiation pattern [2,6]. These effects do not predict a uniform in-
crease in range: loading, mismatch, absorption, polarization, and shadowing can contribute
differently as the overall configuration changes.

Automotive RKE studies offer relevant context. Das and Elfrgani [7] modeled systems
at 315 and 434 MHz and showed that human presence and receiver placement can alter pre-
dicted coverage. Chen et al. [8] incorporated a key fob, an articulated human model, and a
vehicle into a framework for range simulation. Direct measurements of a compact 433 MHz
antenna by Buckley et al. [9] demonstrated changes in impedance with body location,
separation, and orientation. These studies motivate examining the combined arrangement
of the fob, person, and vehicle when interpreting practical range measurements.

Recent work extends this broader context. Experiments with wearable antennas
examine body separation and deformation alongside radiation characteristics [10,11],
while human body communication experiments demonstrate differences in antenna input
impedance between users [12]. Studies of on-body and off-body communication likewise
investigate propagation around the head [13]. These systems use different antenna architec-
tures or frequency bands and provide methodological context rather than direct evidence
for a 433.92 MHz RKE mechanism. Calibrated tissue-mimicking phantoms offer a comple-
mentary route to examining material effects through measured dielectric properties [14–16].

We included an anatomically shaped skull phantom to compare air with distilled
water while retaining the external skull geometry. This comparison explores whether the
internal medium is associated with a different operating threshold; it is not a calibrated
simulation of brain tissue or cerebrospinal fluid (CSF). We also acquired magnetic resonance
imaging (MRI) data at 7 T from each participant to characterize anatomical variation.
SynthSeg [17,18] and SimNIBS charm [19,20] provide complementary regional and whole-
head segmentations. Recent population head modeling work further illustrates the value
of documenting anatomical variation and segmentation quality [21], without establishing
an RF mechanism from anatomy alone.

The primary question is whether the recorded range gains differ across the tested con-
figurations. The phantom supplies a descriptive internal medium comparison, and MRI pro-
vides exploratory anatomical context for future studies. This hierarchy keeps the practical
range observations central while distinguishing them from proposed physical explanations.

Summary

• Recorded range gains differed across the tested fob, head, and body configurations.
• The tested submental configuration yielded positive gains in all nine participants

and the largest observed mean and median gain.
• At every phantom contact location, each measurement with distilled water yielded

a higher gain than the corresponding measurement with air.

2. Materials and Methods
2.1. Human Range Measurements

Nine adults contributed human RKE measurements at a single outdoor site using
a VW Touran and its factory 433.92 MHz fob. Five participants were assessed on the
first acquisition day and four on the second; participants were not reassessed across days.
The vehicle remained in the same location and orientation for all participants.

The five configurations were frontal contact approximately 3 cm above the nasion,
right and left temporal contact immediately anterior to the external auditory canal, occipital
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contact above the external occipital protuberance, and submental contact immediately
dorsal to the jaw. The fob casing was held horizontally in the frontal, temporal, and occipital
configurations and vertically in the submental configuration (Figure 1). Casing orientation
does not by itself identify the internal antenna’s polarization. The participant’s orientation
relative to the vehicle was maintained during the two temporal measurements. Across all
configurations, contact location, casing orientation, and hand/body geometry were not
independently manipulated.

(a) Contact configurations 1-4

(b) Submental configuration (5)

Figure 1. Schematic of the five tested head-contact configurations: 1, frontal; 2, right temporal; 3, left
temporal; 4, occipital; and 5, submental. R and L indicate anatomical right and left. Key symbols
illustrate contact locations.

The operating threshold was determined by a staircase procedure. Starting near the
stationary vehicle, the operator moved away in 5 m increments and tested whether the fob
activated the vehicle. When the vehicle no longer responded, the operator moved back
toward the vehicle in 1 m increments. The human measurement sheet defines the threshold
as the greatest tested distance at which all three activation attempts were successful. These
attempts formed the success criterion within one staircase, rather than three independent
threshold determinations. Each combination of participant and configuration was measured
once. The outcome is therefore a staircase-derived operating threshold along the tested
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route, rather than a uniquely established maximum over all greater distances. Endpoint
records do not allow retrospective assessment of non-monotonic activation responses.

The source records include a shared no-contact reference, labeled Position 0, and pairs
of numerical entries interpreted as a matched no-contact reference and a contact threshold.
Here, “no-contact reference” denotes the baseline condition and “contact configuration”
denotes the five tested arrangements. The matched reference definition was retained:

Gi,p = Rcontact
i,p − Rreference

i,p . (1)

Here, i denotes a participant and p a contact configuration. Matching may reduce
sensitivity to changes in reference range within a session, but the timing of the paired
measurements and the reference hand position and fob orientation were not documented.
The shared no-contact reference was examined as an alternative definition. The original
numerical entries and notation are presented in Appendix A; the corresponding range
analysis data and script are available from the corresponding author upon request.

The four occipital entries shown in parentheses were included in the primary analysis
as recorded measurements. In each case, the contact threshold was identical to the paired
reference, resulting in a gain of 0 m without imputation. A separate occipital entry for par-
ticipant P06 recorded a contact threshold of 60 m against a reference of 132 m. Because the
status of this entry could not be verified, it was excluded from the primary analysis, leaving
eight participants with complete measurements across all five configurations. The re-
maining measurements from P06 were retained in the configuration-specific summaries.
Sensitivity analyses examined the effects of excluding the four confirmed zero-gain occipital
measurements and, separately, retaining every recorded value, including the unverified
entry. The original numerical entries and notation are preserved in Appendix A.

2.2. Phantom Experiment

The same five contact locations were assessed on an anatomically shaped skull phan-
tom using the same VW Touran and RKE system. Four internal conditions were recorded:
an air-filled condition and three conditions in which distilled water occupied nominally
80%, 85%, or 90% of the internal volume. Each combination of contact location and fill
condition was measured once, yielding 20 contact measurements, each with a paired refer-
ence. Gain was calculated using Equation (1). The internal capacity and absolute water
volumes were not available in the study records; the percentages are reported as recorded
fill conditions rather than calibrated material doses.

2.3. MRI Acquisition and Segmentation

All nine participants underwent structural MRI at 7 T using a magnetization-prepared two
rapid acquisition gradient echoes (MP2RAGE) sequence [22]. The stored acquisition metadata
identify the scanner as a Siemens 7 T system with an 8Tx32Rx head coil; the model was
recorded as “Investigational Device 7T Plus”. The MP2RAGE acquisition parameters were
as follows: a repetition time of 4.8 s, an echo time of 2.01 ms, first and second inversion
times of 0.90 s and 2.75 s, respectively, flip angles of 5° and 3°, an isotropic resolution
of 0.7 mm, an acquisition matrix of 320 in the phase-encoding direction, and an in-plane
parallel reduction factor of 2. The MP2RAGE uniform (UNI) image was used for subsequent
segmentation and morphometric analysis.

Brain parcellation and ventricular measures were obtained with SynthSeg [17,18].
Whole-head tissue segmentation was performed using the charm pipeline in SimNIBS
version 4.6 [19,20]. These outputs distinguish regional ventricular CSF measures from
the whole-head CSF tissue class; the measures are not interchangeable. SimNIBS-derived
intracranial volume (ICV) was defined as
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ICV = VWM + VGM + VCSF. (2)

The blood class was excluded from this operational ICV definition. In a categorical
tissue-label map, blood and CSF labels are mutually exclusive at the voxel level. This avoids
double counting but does not establish that excluding intracranial blood yields an unbiased
estimate of the entire cranial cavity. SimNIBS ICV ranged from 1264.1 to 1833.6 mL and
served as the head-size covariate in the exploratory anatomical screen. Segmentations were
visually reviewed as a qualitative plausibility check.

The MRI component complemented the range measurements by characterizing
anatomical variation across participants. Figure 2 presents representative MP2RAGE
images alongside the corresponding SynthSeg and SimNIBS charm outputs. SynthSeg
provided regional brain parcellation and ventricular measures, with different colors dis-
tinguishing anatomical labels. SimNIBS distinguished the intracranial white matter, grey
matter, and CSF compartments used to estimate ICV, shown in the overlays in lavender,
turquoise, and olive yellow-green, respectively. Together, these complementary outputs
illustrate the anatomical regions and tissue compartments underlying the volume measures
examined in the exploratory analysis of range gain.

SynthSeg color key
Cerebral white
matter
Cerebral cortex
Lateral ventricle
Thalamus
Caudate
Putamen
Pallidum

SimNIBS color key
White matter
Grey matter
CSF

Structural MRI SynthSeg parcellation SimNIBS charm

Axial | L/R: anatomical left/right

Figure 2. Representative axial 7 T MP2RAGE images and corresponding automated segmentation
outputs. Each row presents matching views of the original MP2RAGE image (left), SynthSeg brain
parcellation (middle), and selected intracranial tissue classes from SimNIBS charm (right). Each row
represents a different participant, with the same axial slice shown across the three columns.
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2.4. Statistical Analysis

For each configuration, we reported the number of available observations, mean,
median, interquartile range (IQR), minimum and maximum, and counts of positive, zero,
and negative gains. The primary omnibus comparison included eight participants with
valid measurements in all five configurations. Gains were ranked within each participant
using midranks, and the Friedman statistic was corrected for ties. This rank-based compari-
son does not require equally spaced gain values. The staircase procedure refined thresholds
in 1 m steps, producing discrete values and occasional ties. This step size describes the
procedural resolution and does not provide an estimate of measurement uncertainty. Means
were reported as descriptive averages of the recorded gains.

To calculate a Monte Carlo p-value, we randomly permuted the five configuration
labels within each participant 200,000 times. This procedure preserved each participant’s ob-
served gains and ties while changing their assignment to configurations. The tie-corrected
Friedman statistic was recalculated for every permutation. Under the null hypothesis,
configuration labels were assumed to be exchangeable within participants. With b denoting
the number of permuted statistics at least as large as the observed statistic and B = 200,000,
the Monte Carlo p-value was calculated as

pMC =
b + 1
B + 1

. (3)

Permutation p-values were calculated using the plus-one correction to avoid zero esti-
mates [23]. When comparing permuted and observed statistics, a tolerance of 10−10 accounted
for floating-point rounding. The permutation procedure was implemented in NumPy.
The smallest possible estimate was 1/(B + 1), and Monte Carlo precision depended on
the number of sampled permutations.

Kendall’s W = χ2/[n(k − 1)], with k = 5, was used to describe concordance in
the within-participant configuration rankings. This measure summarizes the observed
rankings within the complete-case sample and does not assess measurement repeatability.
The Friedman test evaluated overall differences among configurations. Individual configu-
ration rankings, including the submental ranking, were interpreted descriptively because
no confirmatory pairwise comparisons were performed.

Four sensitivity analyses examined how data handling and reference choice affected
the results: (i) excluding the four confirmed zero-gain occipital entries, leaving four com-
plete cases; (ii) using the shared no-contact reference for the same eight primary com-
plete cases; (iii) using the shared reference after excluding those four measurements; and
(iv) including all recorded values, including the unverified 60 m entry. These analyses
assessed analytical robustness within the same measurement dataset. The two reference
definitions were also compared across 44 paired gains, excluding the unverified entry. We
reported a descriptive Spearman coefficient alongside the distribution of paired differences
to characterize both correspondence and discrepancies between the definitions. No sig-
nificance or equivalence tests were applied to these observations, which were clustered
within participants.

Acquisition day comparisons were descriptive. For each participant, mean gain was
calculated across the available configurations using the primary data definition, which
excluded the unverified entry. Because different participants were assessed on the two days,
the observed day/cohort contrast could not distinguish acquisition-day effects from differ-
ences between participant groups.

In the original exploratory MRI analysis, 10 anatomical measures were examined
against seven range outcomes, yielding 70 partial Spearman comparisons adjusted for
SimNIBS ICV. The anatomical measures comprised volumes of white matter, grey matter,
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CSF, scalp, compact bone, spongy bone, and blood from the whole-head segmentation; total
head volume; and ventricular CSF and lateral ventricle volumes derived using SynthSeg.
The range outcomes were gains in the five contact configurations, mean gain across all con-
figurations, and mean gain across the two temporal configurations. Benjamini–Hochberg
correction [24] was applied across all 70 comparisons.

3. Results
3.1. Configuration-Dependent Range Variation

The primary analysis included eight participants with valid measurements in all
five configurations and identified an overall difference in range gain among configurations
(Friedman χ2(4) = 23.24; Monte Carlo p < 0.00001). In 200,000 random rearrange-
ments of the configuration labels within participants, none produced a Friedman statistic
equal to or greater than the observed value. Applying the plus-one correction gave an
estimated p-value of 5.0 × 10−6, the minimum estimate possible with this number of per-
mutations. Kendall’s W = 0.73 indicated that the ordering of configurations by gain was
broadly similar across participants. These findings describe differences among the recorded
configuration-dependent gains and concordance in their within-participant rankings. Be-
cause measurement order was not documented and each combination of participant and
configuration was assessed only once, the findings do not establish measurement repeata-
bility or isolate a causal effect of anatomical placement.

Figure 3 illustrates the participant-level range gains across the five contact configura-
tions, while Table 1 summarizes all available valid measurements for each configuration.
The submental configuration yielded positive gains in all nine participants, with a mean of
11.11 m, a median of 12 m, and an IQR of 8–15 m. Its mean and median were the largest
observed configuration summaries. Frontal, right-temporal, and left-temporal mean gains
were 6.33, 3.56, and 4.22 m. The eight valid occipital gains had a mean of −1.25 m and a
median of 0 m. These are descriptive comparisons with different available-case counts; the
omnibus test does not establish every pairwise difference.

Table 1. Human range gain by contact configuration; all distances are in meters. IQR stands for
interquartile range.

Configuration n Mean (m) Median [IQR] (m) Range (m) +/0/−
Frontal 9 6.33 3 [1, 12] 0 to 13 7/2/0
Right temporal 9 3.56 2 [0, 5] 0 to 13 6/3/0
Left temporal 9 4.22 2 [0, 8] −3 to 15 5/3/1
Occipital 8 −1.25 0 [−2.50, 0] −7 to 3 1/4/3
Submental 9 11.11 12 [8, 15] 1 to 20 9/0/0

+/0/− denotes counts of positive, zero, and negative gains. IQR endpoints are the 25th and 75th percentiles with
linear interpolation; fractional percentiles are summaries, not submeter measurements; n denotes the number of
participants contributing one gain observation to that configuration.

Configuration differences were also observed under alternative data and reference
definitions. Excluding the four confirmed zero-gain occipital measurements left four
complete cases and yielded Friedman χ2(4) = 11.59, Monte Carlo p = 0.0059, and Kendall’s
W = 0.72. Of the 200,000 permutations, 1178 produced a statistic equal to or greater than
the observed value. This analysis assessed how omitting those measurements affected
the results, although its small sample limited statistical power. Analyses using the shared
reference and all recorded values provided further checks of sensitivity to baseline choice
and data handling. All these analyses used the same recorded measurements and therefore
assessed analytical robustness without providing independent measurement replication.
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Figure 3. Recorded human range gains across contact configurations. Each colored circle represents a
gain calculated from one staircase-derived contact operating threshold and its matched reference.
Colors identify participants, and connecting lines link the different configurations measured within
each participant. Black diamonds and bars show medians and interquartile ranges (IQRs) of the
valid observations.

The two reference definitions gave identical gains for 30 of 44 compared observa-
tions. Their descriptive Spearman coefficient was 0.818. The difference between matched-
reference and shared-reference gains had a median of 0 m, a mean of 1.66 m, and a range
of −1 to 20 m. The largest discrepancy shows that overall similarity does not imply
interchangeability of individual gains. Appendix B presents the comparison graph.

Under the primary definition, which excluded the unverified P06 occipital entry,
participant mean gains averaged 7.96 m on day 1 and 0.91 m on day 2. The submental
configuration had the largest observed mean gain on each day. This difference in absolute
gain is a day/cohort contrast: no participant was measured on both days, and the records
do not identify its cause.

3.2. Phantom Contrast Between Air and Distilled Water

Figure 4 and Table 2 show the phantom measurements. Gains with the air-filled
phantom were negative at all five locations, with a mean of −13.4 m. Among the 15 gains
recorded with the phantom filled with distilled water, 12 were positive, 1 was zero, and
2 were negative; the mean gain was 6.5 m. In this single measurement series, every dis-
tilled water-filled condition yielded a higher gain than its air-filled counterpart at the
same location.

Table 2. Phantom range gain relative to the matched reference (m).

Fill Condition Frontal R. Temporal L. Temporal Occipital Submental

Air −26 −7 −2 −25 −7
80% distilled water −2 7 13 6 13
85% distilled water −25 6 14 6 18
90% distilled water 0 9 5 7 20

One gain observation per cell, calculated from one contact operating threshold and its paired reference. Fractions
are the nominal recorded fill conditions.

Gain was non-decreasing across the three water fractions at two of five locations.
The submental gains were −7 m with air and 13, 18, and 20 m at 80%, 85%, and 90% water.
This local progression is descriptive and does not establish a general dose response.
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The frontal gain at the 85% fill level remained negative at −25 m, illustrating that the
phantom filled with water did not uniformly yield positive gains.
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Figure 4. Phantom range gains under the four recorded fill conditions. Each point represents a
gain calculated from one staircase-derived contact operating threshold and its matched reference.
The vertical axis extends from −31 to 25 m so that the −26 and −25 m observations are fully visible.

3.3. Exploratory Anatomical Characterization

Automated segmentation characterized anatomical variation across the nine partic-
ipants, with SimNIBS ICV spanning 1264.1–1833.6 mL. In the original MRI analysis, no
anatomical association was statistically confirmed after correction across the 70 exploratory
comparisons. The MRI component provides descriptive anatomical context and informs
hypotheses for prospectively designed studies.

4. Discussion
The main contribution is a set of practical observations showing that the measured op-

erating threshold varies with the tested fob, head, and body configuration. The submental
arrangement yielded positive gains in all nine participants and the largest observed mean
and median gain. Configuration differences were detectable in the eight complete cases
and were also present when confirmed zero-gain entries were excluded and under alterna-
tive reference definitions. This provides a concrete basis for follow-up experiments while
keeping the descriptive submental ranking distinct from a claim of statistical superiority
over every other configuration.

These observations complement electromagnetic and automotive RKE studies that
emphasize body proximity and transmitter-receiver geometry [7–9]. The present study
adds measurements based on whether the vehicle responded to the fob under practical
outdoor conditions. The comparison between reference definitions also demonstrates
why future studies should document and standardize the no-contact baseline: reference
geometry can shift a configuration-specific gain in either direction, and correlated gain
definitions can still disagree materially for individual observations.

The submental arrangement is a promising configuration for further investigation.
It combines placement near the lower head and neck with a vertical casing orientation,
whereas the other arrangements used a horizontal orientation. The positive human gains
and increasing phantom submental gains across the tested fill levels motivate experiments
that independently vary orientation and material. The observed advantage belongs to the
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combined arrangement; anatomical placement, polarization, and hand/body geometry
were not isolated.

Several candidate contributions generate testable predictions. Material loading would
predict changes in antenna input impedance or radiated field when the adjacent medium
or separation changes while orientation is held fixed [6,9–11]. The phantom contrast is
compatible with an internal-medium contribution, but no impedance or field measurement
identifies that pathway. An orientation or polarization contribution would predict a change
when the fob is rotated at a fixed location with the surrounding geometry unchanged.
The vertical submental condition makes this explanation relevant, but the present design
does not test it independently. A shadowing or directional-radiation contribution would
predict changes with body orientation and transmitter vehicle azimuth [2,7,13]. Low
occipital gains are compatible with this possibility, without uniquely demonstrating it.
Right and left temporal measurements maintained participant orientation relative to the
vehicle, but their similar group summaries do not establish a lateral anatomical advantage.
These alternatives need not be mutually exclusive.

The phantom adds a useful descriptive comparison: each gain recorded with distilled
water was higher than the gain recorded with air at the same location. Distilled water
was an uncalibrated contrast medium, so this result does not identify brain tissue, CSF,
or intracranial water as the cause of the human response. The absence of a general gradient
across fill levels is also informative, because it directs future work toward the complete
geometry and material distribution rather than assuming that more water necessarily
means more range. Experiments using tissue-equivalent mixtures with measured dielec-
tric properties [14–16] and a controlled fob orientation would support a more targeted
material comparison.

MRI supplies anatomical characterization rather than a confirmed explanation of range
variation. Recent segmentation methods and population head models provide tools for
future studies of anatomical diversity [17,18,21]. With a small exploratory cohort and many
comparisons, prospectively specified endpoints and a larger sample are needed before
assessing an anatomical predictor. The anatomical characterization complements the di-
rectly observed configuration and phantom contrasts and provides a basis for prospectively
specified anatomical hypotheses.

The principal limitations concern measurement repeatability, sample size, and ex-
perimental control. With one staircase per condition, within-condition variability and
test–retest reliability could not be estimated. Consistency across participants, rank con-
cordance, and sensitivity analyses describe the recorded dataset rather than measurement
repeatability. The small cohort also limits precision. Detailed participant demographics and
acquisition metadata, including measurement order, weather conditions, posture, handling,
separation between the fob and skin, battery condition, and receiver antenna character-
istics, were not systematically documented during data collection. Different participants
were assessed on the two days, so the observed day/cohort difference may reflect partici-
pant variation, handling, battery condition, environmental propagation, or a combination
of these factors; neither a pure day effect nor an operator height effect was established.
Ground reflection and multipath may produce local fading transitions, meaning that the
recorded thresholds characterize performance along the tested route rather than a uniquely
established maximum range. Incomplete documentation of the reference geometry also
limits interpretation of absolute gains. Finally, the use of one vehicle, fob, site, and phantom
geometry constrains generalization. These considerations define the scope of the pilot
observations and the priorities for replication.

A focused next study would repeat the threshold measurements using independently
initiated staircase procedures, randomize or counterbalance configuration order, document
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the baseline and skin separation, and rotate the fob at fixed contact locations. Distance-
resolved success rates, additional vehicle systems and sites, calibrated phantoms, and direct
impedance, radiated power, polarization, and field measurements could then connect
the observed range patterns to their physical contributions. Such measurements would
build on the present configuration contrasts while separating measurement variability
from mechanism.

5. Conclusions
This pilot study documents configuration-dependent operating thresholds for one

factory 433.92 MHz fob and vehicle system at one outdoor site. The tested submental
arrangement yielded positive gains in all nine participants and the largest observed mean
and median gain. A complementary phantom series showed higher measured gains with
distilled water than with air at every tested location, without a consistent gradient across
fill levels.

These observations identify specific configurations and material comparisons for
controlled follow-up work. They apply to the tested arrangements and do not establish
a particular tissue-mediated mechanism or statistically confirmed anatomical predictor.
Repeated operating-threshold measurements and independent control of fob orientation,
reference geometry, and surrounding material would allow the practical observations to be
linked more directly to electromagnetic measurements.
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Appendix A. De-Identified Source Range Records
Table A1 transcribes the numerical human source entries using newly assigned par-

ticipant labels. Each paired entry is reported exactly as recorded and is interpreted as
reference/contact for the gain calculations.

https://doi.org/10.3390/app162110449
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Table A1. Human source entries (m): shared no-contact reference and paired entries.

Participant Shared Reference Frontal R. Temporal L. Temporal Occipital Submental

P01 140 140/153 138/144 130/145 140/143 140/154
P02 132 132/135 118/122 112/118 118/(118) 119/131
P03 128 128/140 128/128 128/138 127/(127) 127/147
P04 128 128/140 128/141 128/136 128/(128) 127/142
P05 127 127/140 127/132 128/128 128/(128) 127/142
P06 132 132/132 132/132 132/132 132/60 132/133
P07 132 132/133 132/132 133/130 132/125 131/139
P08 132 132/132 132/134 132/134 132/128 132/138
P09 131 131/134 131/133 131/131 132/130 131/140

P01–P05 belong to day 1 and P06–P09 to day 2. The P06 occipital entry is excluded because its status
remains unverified.

Appendix B. Comparison of Reference Definitions
Figure A1 compares matched reference and shared reference gains for the observations.

Points are clustered within participants and are shown descriptively.
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Figure A1. Descriptive comparison of the two reference definitions. Colors distinguish participants.
Each point compares gains calculated using the two reference definitions for the same participant and
configuration. The diagonal indicates equal gain. Thirty of 44 points lie on the equality line, while
individual differences extend to 20 m.
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