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Abstract
Acoustic localization of humans traditionally focuses
on scenarios in which they emit sound. In certain
settings, however, a human may remain silent while
another sound source is active. Recent work has
demonstrated that silent humans can be localized
by analyzing the subtle perturbations their bodies
introduce into room impulse responses (RIRs). The
existing SoundCam dataset includes RIRs estimated
with a silent human present, but provides only single-
snapshot RIRs per human position. In contrast, suc-
cessively measured RIR estimates enable the analy-
sis of subtle temporal variations caused by involun-
tary human micromotion, e.g., breathing, which can
lead to more robust localization performance than
single-snapshot human-present versus human-absent
comparisons. To advance research in this field, we
introduce SuRIR, the first human localization dataset
that provides four successive RIR estimates for each
configuration, measured a few seconds apart. SuRIR
comprises 15,360 RIR estimates, acquired at 48 kHz
using exponential sine sweeps. Measurements were
conducted using six microphones and two loudspeak-
ers across two rooms, with three humans present under
five conditions that varied posture, movement, and
orientation. To provide a static reference condition,
SuRIR includes 960 RIRs measured with a mannequin
present. Besides human localization, SuRIR provides
a controlled testbed for evaluating RIR-based algo-
rithms under subtle environmental variations.
Keywords: room impulse response, acoustic localization,
listener tracking, microphone array

Corresponding author: jeremy.lawrence@fau.de.
Copyright: ©2026 Jeremy Lawrence et al. This is an open-
access article distributed under the terms of the Creative Com-
mons Attribution 3.0 Unported License, which permits unre-
stricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

∗The International Audio Laboratories Erlangen are a joint
institution of the Friedrich-Alexander-Universität Erlangen-
Nürnberg and Fraunhofer IIS.

Microphone
Array

Acoustic
Source

Silent
Listener

))

))))

))

Figure 1: Schematic illustration of selected acoustic paths
between an acoustic source and a microphone array. In
successive RIR measurements, human micromotion alters
the red acoustic paths, whereas the blue paths are affected
only by environmental variations.

1. Introduction
Acoustic localization of silent humans is an emerg-
ing research area with applications such as listener-
position-adaptive audio playback without requiring
any external tracking devices beyond the components
already integrated into modern audio systems. Sev-
eral approaches have been proposed that estimate a
human’s position from room impulse responses (RIRs)
[1], [2], [3], [4], [5]. Most of these methods compare a
single human-present RIR to a human-absent baseline
RIR to isolate the perturbation introduced by the
human body. Although theoretically sound, these ap-
proaches can degrade in practice when additional dif-
ferences arise between the two measurements, e.g. due
to furniture displacement, which have been shown to
substantially alter the reverberation time of a room [6].
Even in static environments, room air temperature is
never constant [7], causing measurable temporal varia-
tions in estimated RIRs that become more pronounced
with increasing time between measurements [8], [9],
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Table 1: Comparison of SoundCam and SuRIR.
SoundCam SuRIR

Rooms 3 2
Human subjects 5 3
(Unique) human positions 5,000 10
Movement conditions 1 5
Scenarios 5,000 150
Loudspeaker positions 1 2
Microphone positions 10 6
Sweep lengths 1 2
Sweep repetitions 1 4
RIRs per scenario 10 96
Human-present RIRs 50,000 14,400
Human-absent RIRs 1,300 960

[10]. The approach presented in [5] mitigates these lim-
itations by eliminating the need for the human-absent
baseline RIR and instead comparing successive RIR es-
timates using differential RIRs, exploiting involuntary
human movement [11]. This principle is related to
approaches exploiting Wi-Fi channel state information
measurements for human-motion sensing [12], but is
applied here to audible acoustic signals. As illustrated
in Fig. 1, human movement causes slight changes in
the lengths of the red acoustic paths, resulting in
corresponding differences between successive RIR esti-
mates. To enable further study of micromotion-based
localization, an appropriate dataset is required. To
the best of our knowledge, the only existing dataset
for acoustic human localization is SoundCam, which
provides 5,000 ten-channel RIR estimates captured at
unique human positions in three rooms [3]. However,
only one measurement was performed for each posi-
tion, providing no successive RIR measurements that
could capture temporal variations caused by human
micromotion. In contrast, the Arni dataset contains
five successive RIR measurements for each of 5,342
absorption configurations, but was recorded without
a human present [13].
In this paper, we introduce SuRIR, a dataset com-
prising 15,360 RIR estimates. Unlike both Sound-
Cam and the Arni dataset, SuRIR combines succes-
sive RIR measurements with the presence of a hu-
man by providing four consecutive RIR estimates
for each measurement configuration. In addition,
SuRIR considers five movement conditions that vary in
movement amount, posture, and orientation, whereas
SoundCam provides measurements only under a sin-
gle movement condition. SuRIR deliberately trades
positional diversity for temporal resolution: It cov-
ers 150 room-participant-position-condition combina-
tions, compared with 5,000 room-participant-position
combinations in SoundCam, but captures the within-
position temporal variations that micromotion-based
localization relies on. The dataset also includes 960
RIRs measured with a life-sized mannequin in place
of a human, providing a baseline condition without
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Figure 2: Photograph of one loudspeaker with the three
top-mounted microphones (left) and a schematic of the
resulting microphone layout (right). The blue labels denote
the microphone channel order.

human micromotion. A detailed comparison of the
SuRIR and SoundCam datasets is provided in Table 1.
Note that unlike SoundCam, where the participants
contributed an irregular number of human positions,
all three participants in SuRIR were located at the
same five human positions in each of the two rooms,
resulting in 2 × 3 × 5 × 5 = 150 measurement scenar-
ios across rooms, participants, positions, and move-
ment conditions. The dataset is publicly available at
https://doi.org/10.5281/zenodo.21494888.

2. Dataset Acquisition
Two Neumann KH 80 DSP loudspeakers were em-
ployed, each equipped with three top-mounted
AKG C417 PP microphones as shown in Fig. 2. The
microphones were routed through an RME Micstasy
8-channel preamplifier into an RME MADIface au-
dio interface, while the loudspeakers were connected
directly to the MADIface. The heights of the acous-
tic centers of the loudspeakers and the microphones
were approximately 1.13 m and 1.26 m, respectively.
The 6-channel RIRs were estimated using Farina’s
method [14], with exponential sine sweeps spanning
20 Hz–24 kHz, recorded by the microphones at a sam-
pling rate of 48 kHz and a bit depth of 24 bit. The RIR
estimates were subsequently bandpass filtered using
both a low-pass and a high-pass zero-phase second-
order-sections fifth-order Butterworth filter with cutoff
frequencies 50 Hz and 20 kHz, respectively. The fil-
tered RIRs were cropped to 1 s, and corrected for
initial offsets introduced by the recording chain. All
RIRs were subsequently normalized relative to each
other, such that the peak amplitude of the loudest
RIR was scaled to 1 separately for each room.
Two sweep lengths were employed for RIR estimation:
a short sweep of 1 s and a long sweep of 5 s, each
followed by 1 s of silence. The sweeps were played
back in contiguous blocks, one block per loudspeaker
and sweep length. First, Loudspeaker 1 (LS1) emit-
ted four repetitions of the short sweep, followed by
four repetitions from Loudspeaker 2 (LS2). Both
sequences were captured simultaneously by the two
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Table 2: Relevant room parameters.
Parameter Room A Room B

T60 0.38 s 0.68 s
Temperature 28 ◦C 22 ◦C
Noise floor 46 dB(Z) 44 dB(Z)
Excitation level 92 dB(Z) 80 dB(Z)
Room height 2.87 m 3.15 m
Room volume ≈ 63 m3 ≈ 55 m3

circular microphone arrays, with Microphone Chan-
nels 1–3 corresponding to the three microphones at-
tached to LS1, and Microphone Channels 4–6 corre-
sponding to those attached to LS2. Immediately there-
after, the same sequence was repeated using the long
sweeps. For each measurement scenario, this yielded
6 (microphones) × 8 (sweeps) × 2 (loudspeakers) = 96
RIRs with a total measurement time of 64 s.
Measurements were conducted in two acoustic envi-
ronments. Room A resembles a furnished living room,
featuring three solid walls and one wall with recessed
windows covered by curtains. The floor is covered
with a thin carpet, a couch was placed near the center
of the room, and corner absorbers were installed at
the wall-ceiling junction along two walls. Room B
represents an unfurnished space with four solid walls,
with a thin carpet laid on the floor, and the ceiling
partially featuring acoustic ceiling treatment. Table 2
lists the main room parameters and photographs of
the rooms are shown in Fig. 3. Note that T60 was
obtained by backward integration [15] followed by a
linear fit to the energy decay curve, where a 30 dB
decay range was employed for the regression. The fi-
nal T60 value is the average of 12 individual estimates
recorded with the microphones attached to LS1 and
LS2 (6 microphones × 2 loudspeakers). The excita-
tion levels were determined using an NTi Audio XL2
sound level meter, measuring white-noise playback
from each loudspeaker at a distance of 1 m. Two dif-
ferent excitation levels were used, resulting from the
respective recording settings for each room. The room
temperatures were measured using a consumer-grade
thermometer and reflect the value observed through-
out all acoustic measurements.
Three participants took part in the measurements,
with one of the participants being one of the authors

Table 3: Utilized movement conditions, where moving
denotes subtle whole-body sway and facing refers to the
orientation of the participant’s entire body rather than
that of the head alone. Left indicates facing the left wall,
while down denotes facing parallel to the left wall toward
the lower part of the floor plan in Fig. 4.

Condition Description

1 Standing while moving, facing left
2 Standing still, facing left
3 Standing still, facing down
4 Sitting while moving, facing left
5 Sitting still, facing left

Figure 3: Top: furnished living room (Room A). Middle:
poster panel placements in Room A and Room B. Bottom:
unfurnished room (Room B).

of this work. All participants wore T-shirts and shorts
throughout the measurements, providing compara-
ble clothing coverage across participants, as well as
earmuff hearing protection. In each room, five num-
bered measurement positions were marked on the
floor as shown in the floor plans in Fig. 4. All po-
sitions and room dimensions were measured using
a laser rangefinder. Each participant was measured
individually at each of the five positions under five
experimental conditions. The conditions varied the
participant’s posture, movement, and orientation as
shown in Table 3. For Conditions 1–3 the partici-
pant’s feet were positioned symmetrically around the
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Figure 4: Floor plans of Room A (top) and Room B
(bottom). The dashed lines represent the poster panel.

floor markings. The chair used in Conditions 4 and
5 is visible behind the couch in the top image of
Fig. 3, and it was relocated for each participant posi-
tion by aligning the center of the seat cushion with
the floor markings. For each combination of room,
participant, position, and condition, the complete
measurement sequence described above was recorded,
resulting in 96 (RIRs) × 2 (rooms) × 3 (participants) ×
5 (positions) × 5 (conditions) = 14,400 RIRs.
Additionally, a rigid, fully clothed life-sized standing
mannequin was placed at each of the five positions
using a platform trolley and measured under Condi-
tion 2, as shown in the bottom image in Fig. 3. These
measurements provide a non-moving reference and
can therefore be used to investigate changes in the
RIRs that are unrelated to human movement. The
mannequin measurements contribute an additional
960 RIRs to the dataset. For illustration, Fig. 5 shows
the beginning of the first 6-channel RIR measured in
Room A with the mannequin at Position 5 using LS1
and the 1 s sweep.
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Figure 5: First 6-channel RIR recorded in Room A with
the mannequin at Position 5, using LS1 and the 1 s sweep.

For all measurements, a 2 m-high poster panel was
placed in the corner of each room, as shown in Fig. 3
and indicated by the dashed lines in Fig. 4. For
measurements involving participants 2 and 3, an ex-
periment supervisor was positioned behind the poster
panel; no additional person was present in the room
during the measurements involving participant 1 or
the mannequin.

3. Dataset Description
The dataset is provided in the standardized Spatially
Oriented Format for Acoustics (SOFA) format1 uti-
lizing the SingleRoomSRIR convention. The ground-
truth human positions and body orientations are
stored in the ListenerPosition and ListenerView
attributes, respectively. The human-present RIR
estimates are organized into individual SOFA files
following the structure illustrated by the filename
RoomA Participant01 Condition01 Sweep1s.sofa,
where the room, participant, condition, and sweep
length are encoded in the filename. RIRs obtained
with the 1 s and 5 s sweeps are stored in separate
SOFA files, allowing the two sets of measurements
to be evaluated independently. In total, the human
measurements comprise 60 SOFA files.
Each SOFA file contains 40 × 6 RIRs, corresponding
to five human positions, two loudspeakers, four repe-
titions and six microphone channels. For each human
position, the first four RIRs correspond to the four
repetitions recorded with LS1, followed by four RIRs
recorded with LS2. This ordering is repeated for all
five human positions. Thus, each file contains the
following sequence:

LS1R1, LS1R2, LS1R3, LS1R4,
LS2R1, LS2R2, LS2R3, LS2R4,︸ ︷︷ ︸

Human Position 1...
LS1R1, LS1R2, LS1R3, LS1R4,
LS2R1, LS2R2, LS2R3, LS2R4︸ ︷︷ ︸

Human Position 5

,

1See https://www.sofaconventions.org/ and [16] for the
formal definition.
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Figure 6: Mean absolute RIR of Condition 1 (top) and
mean absolute differential RIRs for Conditions 1–5 and the
mannequin (bottom), computed from four successive RIR
estimates for Room A, Participant 1, LS1, Microphone
Channel 1, and human/mannequin Position 5, using the
1 s sweeps. The red line indicates the expected arrival time
of the human-induced reflection. Prior to the reflection,
all differential RIRs exhibit a similar temporal structure
and reflect the underlying RIR shape. Afterward, their
energy increases progressively from Condition 5 to 1 and
becomes indistinguishable from the differential noise floor
for the mannequin (see highlighted areas). Elevated energy
persists beyond the human-induced reflection.

where LSiRj denotes a 6-channel measurement ob-
tained using Loudspeaker i during repetition j.
The motionless mannequin recordings are provided
in four SOFA files following the naming structure
RoomA Mannequin Sweep1s.sofa. Each file contains
40 × 6 RIRs with the same sequence as the human-
present SOFA files, with the filename encoding the
room and sweep length. All SOFA files additionally
encode the spatial metadata for the human, micro-
phones, loudspeakers, and room geometry, with all
positions specified in Cartesian coordinates in meters.
The room geometry is specified as a non-rectangular
four-sided floor plan, and the GLOBAL RoomGeometry
attribute stores the coordinates of the room corners
and the room height. Further metadata document
the measurement environment, room volume and tem-
perature. The files were generated using the sofar2

Python package.

4. Example: Differential RIR Analysis
As an example of how the SuRIR dataset can be used
to investigate the impact of human micromotion on
successive RIR estimates, we computed all pairwise
differences between the four successive RIR estimates
for Room A, Participant 1, LS1, Microphone Chan-
nel 1 and human/mannequin Position 5, using the 1 s
sweeps. This yielded six differential RIRs per condi-
tion. The absolute values of these differential RIRs
were subsequently averaged, whereas the absolute val-
ues of the four original RIRs for Condition 1 were
averaged separately. The log-scaled magnitudes of
the resulting RIRs and differential RIRs are shown in
Fig. 6, where the expected arrival time of the human-
induced reflection was calculated from the loudspeaker–
human–microphone path length using an approximate
speed of sound of 348 m/s, based on the room tem-
perature of 28 ◦C. It can be observed that prior to
the human-induced reflection, the differential RIRs
exhibit a similar temporal structure and reflect the
underlying RIR shape. This structure has previously
been attributed to local temperature fluctuations in
the acoustic environment [10]. Afterward, the energy
level increases progressively from Condition 5 to Condi-
tion 1 (see highlighted areas), reflecting the combined
effects of human movement and effective reflection
area. In particular, the moving conditions exhibit
higher energy levels than their respective stationary
conditions, while the smaller effective reflection area
in the seated conditions further reduces the reflected
energy, which becomes indiscernible from the differ-
ential noise floor in the mannequin (no-movement)
condition. Moreover, it can be observed that elevated
energy levels persist beyond the human-induced reflec-
tion, indicating that human micromotion influences
the RIR over an extended temporal region.

5. Conclusion
SuRIR comprises 15,360 RIR estimates that enable
the study of subtle temporal variations arising from

2https://pypi.org/project/sofar/

12th Convention of the European Acoustics Association
Graz, Austria • 8th – 12th September 2026 •

P
re
lim

in
ar
y
do
cu
m
en
t

https://euracoustics.org/
http://aaa-oega.org/


the presence of a silent human. The inclusion of suc-
cessive measurements enables differential RIR-based
analysis, making micromotion-induced changes ob-
servable while also capturing variations arising from
the acoustic environment. Beyond its intended ap-
plication to micromotion-based localization, SuRIR
supports the study of short-term RIR variability, since
the mannequin condition isolates environmental drift
from human-induced change. Future work will ex-
tend the dataset to a larger participant pool and add
ground-truth motion capture, enabling the movement
conditions to be related to quantified physical dis-
placement.
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