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Abstract

In this supplementary material, we provide detailed descriptions for millimeter-wave (mmWave) signal pre-processing as
well as implementation specifics of the proposed MVDoppler-Pose model. Furthermore, we offer additional details on data
acquisition and error metrics, and present a broader set of experimental results.

Al. Details for Experimental Setup and Dataset
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Figure Al. Experimental setup. Top: Experimental environment including Rol and data capture setup. Bottom: Selected walking patterns
of subjects during data capture.

In this project, we expanded the scope of the MVDoppler [5] dataset with enhanced annotations of 3D human poses, now


https://mvdoppler-pose.github.io/

releasing it as MVDoppler-Pose. In this section, we detail the experimental setup as well as the methodology employed for
generating precise human pose annotations corresponding to the MVDoppler data.

Al.1. Experimental Configuration

Table Al. Comparison of MVDoppler-Pose with related datasets. * denotes that the dataset is not publicly available. N/A: Not reported
in the paper. Note that most of current approaches operate for subjects without global walking (i.e. performing activities while standing
still), from limited distances between the sensor and subjects. In contrast, our MVDoppler-Pose involves freer walking trajectory patterns
of subjects from much larger Rol.

Modality Trajectory Pattern

Dataset mmWave mmWave | Standing Walking Walking Random Distance Rol

(Single) (Multi) | in Place in Straight in Circle
RF-Pose3D [23] * v - v v v v N/A N/A
mmPose [13] * v - v - - - N/A -
mmMesh [19] * v - v v v - 1.5m N/A
MARS [1] v - v - - - 2m -
mmBody [3] v - v - - - 3m S5m -
mRI [2] v - v v - - N/A -
mm-Fi [22] v - v - - - 3m -
Mdesh [20] * v - v v v - Om 4.6m 3m 4.6m
mmGPE [21] * v - v v - - 1.5m 4m -
MDPose [15] * v - v - - - 4m -
HuPR [8] v v v v - - N/A -
XRF55 [17] v - v v - - 0.75m 3.85m|3.lm 3.Im
MVDoppler-Pose| v/ v | Vv v v v | 5m 15m |10m 10m

The Fig. A1 shows the overall experimental setup for the MVDoppler dataset, involving an HD stereo camera (ZED from
Stereolabs) and two off-the-shelf FMCW radars (AWR 1843 from Texas Instruments). The experimental layout, as illustrated
in the top of the figure, strategically positions the two mmWave radars in a cross-view arrangement around a designated
10m 10m region of interest (Rol), with each sensor placed 5Sm away from this rectangular area. To optimize sensor func-
tionality as well as minimize cross-interference, the radars operated on different frequency bands (77-78GHz for mmWave
radarl and 79-80GHz for mmWave radar2), facilitating their simultaneous, high-duty-cycle (=95%) operation. Additionally,
synchronized RGB recordings from the stereo camera, co-located with mmWave Radarl, were captured together for en-
hanced visual analysis of the scene. The dataset documentation [5] offers further details including IRB approval, participant
statistics, and sensor specifications.

During data collection within the extensive Rol, a total of 13 participants were instructed to perform different types of hand
movements, including normal walking, hands in pockets, and texting. These activities were distinctly recorded across seven
different walking patterns (the bottom side of Fig. A1) within the entire Rol, which naturally guarantees a comprehensive
representation of diverse locations, movement speeds, and walking angles of each subject.

Note that our MVDoppler-Pose is the first mmWave human pose estimation (HPE) dataset that fully involves the compre-
hensive coverage of both location and angle diversities for human subjects while engaging in various activities, as depicted
in Fig. A2. Table Al shows the comparison between the current radio-based HPE models with MVDoppler-Pose in the
context of experimental setups. Except for RF-Pose3D [23] which utilizes a bulky, custom hardware system, most of existing
mmWave HPE models operate under controlled human walking scenarios (i.e. without free random movements) as well as
restricted Rol sizes. In contrast, our MVDoppler-Pose involves freer walking trajectory patterns from much larger Rol. By
capturing a wide range of positional and angular diversity from this expanded Rol, MVDoppler-Pose sets a new benchmark
for comprehensive evaluation of HPE task across a variety of possible human walking trajectory patterns, surpassing the
scope and limitations of the previous mmWave-based HPE datasets.
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Figure A2. Dataset statistics across both location (Left) and angle diversities (Right).

A1.2. 3D Human Pose Annotation

To generate 3D human pose annotations for each dataset frame, we leveraged the overall annotation pipeline described in
[2, 22]. This approach primarily involves lifting the multi-view 2D poses, derived from synchronized RGB recordings,
into accurate 3D configurations through the combination of 3D triangulation techniques and optimization-based refinement
processes. Here, manual 2D pose annotation of each RGB frame was used to ensure the quality and accuracy of the 2D data
being converted into 3D space. The estimated 3D poses with errors are then cleaned up again through visual inspection to
further improve the reliability of the annotations, yielding over 600k frames of final paired data.

A2. Details for mmWave Pre-Processing Pipeline

In this section, we introduce the basic principles of mmWave signal, outlining the pre-processing pipeline and its distinctive
characteristics.

A2.1. FMCW Signal Modeling and Pre-Processing

In this subsection, we delve into the detailed pipeline for processing mmWave signals based on a frequency-modulated
continuous-wave (FMCW) radar sensor. The FMCW radar operates by transmitting a periodic FMCW signal, which, after
interacting with objects in its surroundings, reflects back to the sensor. The formal representation of the transmitted (Tx) and
received (Rx) signals of the FMCW radar can be modeled as [4, 7, 9]

X1x(tr) =exp j 2 fcts+ _I_—ftf ; (A1)
< 2R;(t
Xrx(tr; t) = iXTx T # ; (A2)

where X1y refers to the transmitted FMCW signal, and Xryx is the received signals represented by the weighted summation
of time-delayed XTx. tf and t denote the fast and slow time instant, each of which reflects the spatial domain with respect
to the round-trip time-of-flight delay and temporal domain with respect to the pulse repetition interval (PRI) of the radar,
respectively. fc, BW, T¢ and ¢ indicate the center frequency, bandwidth, pulse width, and the speed of light, respectively.

signifies the reflection coefficient of each electromagnetic (EM) scatterer and R is the radial distance between the sensor and



the corresponding scatterer. Using a frequency mixer, the received sigrial) can be converted to a baseband signal as
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Here, is the conjugate operator anddenotes the signal wavelength = c=f;). It should be noted that the converted
baseband signal comprises sinusoidal signals with different fundamental frequer2B& &; (t)=(Tsc), whereBW , T,

andc are constant values over time. Consequently, we can transf@sim) into a range pro le signal by applying a fast
Fourier transform (FFT) with respect ta
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whereR = (cTif )=(2BW ) spans the radial range domaik;, fg refers to the FFT operator acrogsaxis and is an
impulse signal envelope. This FFT operation results in a signal where each impulse's position in the frequency domain
corresponds to the radial ranBe(t) of the scatterer, thereby re ecting the spatial position of objects in the scene.
Note that the range resolution ofR = c¢c2BW) [9], remainsconstant regardless of the distance of the target
ensuring mmWave radar's capability to capture the spatial context of subjects irrespective of their distance, provided the
SNR level is suf cient.

A2.2. Doppler Effect

Figure A3. Doppler measurements of a person walking towards the sém$0rdr a person with tangential movemen®idght).

Beyond the positional measurement, the Doppler property in mmWave radar enables the direct capbtignaf infor-
mationof the re ected objects. This effect is observable as phase differences over time in mmWave radar's range pro les,

mathematically expressed as

=4 R_4v t (5)
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