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1 File Structure

LUMPI.................................................root directory
meta.json

MeasurementX ..............X is the measurement number 0-6
lidar

000000.ply

000001.ply

....

012000.ply

......

cam

5 .....................................camera device id
video.mp4

6

7

background ............................Distance threshold
XX.npy ..............XX is season number of a LIDAR
XY.npy .......XY is season number of a other LIDAR
meta background.txt .......................Resolutions

2 Sensors

The dataset was recorded utilizing different camera and LiDAR setups. In this
section, the used hardware is shortly introduced.

2.1 Cameras

The measurement was conducted with the following three different cameras.
Table 1 summarizes the technical information of the cameras:

• Raspberry Pi Camera Module v2 (PiCam): This camera features an 8.08
megapixel Sony IMX219 image sensor with a size of 4.60 mm (1/4”), a
resolution of 3280 × 2464 pixels and a pixel size of 1.12 µm. It offers a
horizontal field of view (FOV) of 62.2 degrees. The output video resolution
was set to 1640 x 1232 pixels, recording with a frame rate of 25 as well as
30 Hz [9].

• Dream Chip Technologies ATOM One (ATOMOne): This camera is based
on a 2.35 megapixel Sony IMX174 image sensor with a size of 13.4 mm
(1/1.2”), a resolution of 1936 x 1216 pixels and a pixel size of 5.86 µm. It
offers a horizontal field of view of 89 degrees. The output video resolution
was set to 1920 x 1080 pixels, recording with a frame rate of 50 Hz [4].

• Xiaomi Yi Action Camera (YiCam): This camera includes a 16.35 megapixel
Sony IMX206 image sensor with a size of 7.77 mm (1/2.3”), a resolution
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of 4672 x 3500 pixels and a pixel size of 1.34 µm. It offers a horizontal
field of view of 155 degrees. The output video resolution was set to 1920
x 1080 pixels, recording with a frame rate of 30 Hz [13].

Table 1: Overview: Cameras

Camera ID Resolution Frame rate FOV (Horiz.)

PiCam 6,7 1640 x 1232 px 25/30 Hz 62.2°
ATOMOne 8 1920 x 1080 px 50 Hz 89°

YiCam 5 1920 x 1080 px 30 Hz 155°

2.2 LiDARs

During the measurement the following four different LiDAR models were used:

• Velodyne VLP-16 (VLP16 ): This LiDAR possesses 16 channels in a ver-
tical field of view of 30° with an uniform vertical resolution of 2°. The
horizontal resolution is 0.2°, the measurement range 100 m and the range
accuracy ± 3 cm [12].

• Velodyne HDL64-S3 (HDL64 ): This 64-channel LiDAR operates with a
predominantly downward pointing vertical FOV of around 26.5° (-24.6° to
+1.9°) and a vertical resolution of about 0.4°. The horizontal resolution
is 0.16°, the range 120 m and the range accuracy ± 2 cm [11].

• Hesai Pandar64 (Pandar64 ): The Pandar64 also provides 64 channels.
However, within the vertical FOV from -25° to +15°, those are spaced
non-uniformly. In the center, the angular spacing is 0.167°, but moving
to the edge of the vertical FOV, it increases gradually up to 6°. The
horizontal resolution is 0.2°, the measurement range between 0.3 m and
200 m and the range accuracy ± 5 cm for a range from 0.3 m to 1 m and
± 2 cm for a range from 1 m to 200 m, respectively [5].

• Hesai PandarQT (PandarQT ): The PandarQT has 64 channels, which
cover a vertical FOV of 104.2° (-52.1° to +52.1°) with a gradually decreas-
ing resolution from 1.45° in the center to 2.338° at the edge of the FOV.
The horizontal resolution is 0.6°, the measurement range between 0.1 m
and 20 m and the range accuracy ± 3 cm [6].

All LiDARs have a horizontal field of view of 360° and operate with a rotation
rate of 10 Hz. Apart from the Hesai PandarQT, all LiDARs are capable of direct
GPS time synchronisation. Table 2 summarizes the technical specifications of
the LiDAR sensors.
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Table 2: Overview: LiDAR sensors

LiDAR ID Channels FOV (Vert.) FOV (Horiz.) Res. (Vert.) Res. (Horiz.) Rate Range Range acc. GPS time

VLP16 3,4 16 30° 360° 2° 0.2° 10 Hz 100 m ± 3 cm 3
HDL64 0 64 26.5° 360° 0.4° 0.16° 10 Hz 120 m ± 2 cm 3

Pandar64 1 64 40° 360° 0.167° to 6° 0.2° 10 Hz 200 m ± 2 / 5 cm 3
PandarQT 2 64 104.2° 360° 1.45° to 2.338° 0.6° 10 Hz 20 m ± 3 cm 7

2.3 Mobile Mapping System

In addition to the cameras and LiDARs, a van equipped with a RIEGL VMX-
250 Mobile Mapping System (MMS) [10] drove multiple times in all possible
configurations across the intersection. Doing so, highly accurate point clouds
were gathered by two built-in RIEGL VQ-250 LiDARs, which measure up to
300,000 points per second with a ranging accuracy of ten millimeters. Simulta-
neously, a reference trajectory is acquired by the Applanix POS LV GNSS/IMU
system, which is refined in a post-processing using correction data from the satel-
lite positioning service SAPOS. The acquired point clouds are aligned using the
adjustment strategy from [2] to generate a globally georeferenced high-density
reference map point cloud, as shown in Figure ?? and hereinafter referred to as
ReferenceMapPC.

2.4 Data collection

In this subsection, the setup of the previously introduced sensors is described
for each measurement. Overall, seven measurements were conducted on three
different days with varying weather conditions. Table 3 gives an overview of the
sensors used in the specific measurements.

Table 3: Overview: Sensor setup during experiments

Exp. ID 0 1 2 3 4 5 6

LiDARs
VLP-16 3 3 3 3 3 3 3
VLP-16 3 3 3 3 3 3 3
HDL64 3 3 3 3 3 3 3

Pandar64 7 7 7 7 3 3 3
PandarQT 7 7 7 7 3 3 3

Cameras
PiCam #1 3 3 3 3 3 3 3
PiCam #2 7 7 7 7 3 3 3
ATOMOne 3 3 3 3 7 7 7

YiCam 7 7 7 7 7 3 (3)
Duration (in min) 40 25 25 8 14 13 20
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3 Format and Files

The dataset, the documentation and a visualization tool – as an example of
how to access the data – are provided at https://data.uni-hannover.de/

de/dataset/lumpi (DOI: 10.25835/z54qcu1b) under the Creative Commons
Attribution-NonCommercial 3.0 license. In detail, the dataset includes the fol-
lowing files.

3.1 Orthophoto

A georeferenced aerial image with a ground sampling distance of 20 cm for the
location of the Königsworther Platz and surrounding, provided by the city of
Hanover [7], in the form of raster data: jpg + jgw.

3.2 Road Network Map

A georeferenced ASAM OpenDRIVE [1] map saved in the xodr format con-
taining detailed information about the road network at the the Königsworther
Platz.

3.3 Reference Point Cloud

The ReferenceMapPC introduced in Chapter 2.3 is stored in a binary ply file
containing the following information:

x,y,z are the coordinates of a point in meters in the UTM coordinate frame,
and

reflectance is the reflectance value provided by the sensor.

3.4 Point Clouds

The aligned point clouds of each scanner are jointly saved with 10 Hz into ply
binary files. Each point is saved with the following information:

x,y,z are the coordinates of a point in meters,

time is the recording time in µs (each measurement starting at zero),

id is the session id of the scanner,

intensity is the reflectance provided by the sensors,

ray is the ray, which refers to the elevation angle,

azimuth is the actual rotation angle of the scanner, and

distance is the raw distance measurement of the scanner.
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3.5 Videos

The recorded videos for each camera are separately stored as mp4 files using the
h.264 video codec. The corresponding recording frequencies are documented in
the Metadata.

3.6 Background

Provides thresholds for each LiDAR beam to identify the foreground. The
distance threshold for each point is stored as two dimensional numpy array,
where the ray refers to the row and the azimuth divided by the horizontal
resolution refers to the corresponding column.

3.7 Metadata

Provides information about the sensor setup in json format. The following
information for each sensor are available:

extrinsic represents the 4 × 4 projection matrix from sensor frame to UTM
frame,

type is the type: camera or lidar,

measurementId is the id of the measurement,

sessionId is the unique id for an measurement and device combination,

fps is the recording frequency in Hz,

angles is a list of elevation angles (LiDAR sensors only), and

tvec, rvec provide the two 3 × 1 vectors for the projection of points into the
camera image (cameras only).

The meta data is structured in 3 dictionaries:

session sensor information accessible by sessionId,

device all measurements for a device, deviceId refers to measurementId and
then to sessionId, and

measurement all sensors for an measurement, measurementId refers to devi-
ceIds and then to sessionIds.

3.8 Label Format

Each object is tracked with its 3D as well as 2D bounding box, class and mask.
The 3D bounding box and track information are given as comma separated text
files (csv). A 3D bounding box is encoded with id, length, width, height. The
track is encoded by the frame id, object id and a projection matrix (4×4) for the
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bounding box pose. The 2D bounding boxes are stored in the MOT benchmark
format [3]: frame, id, tl.x, tl.y, w, h, confidence, classId, visibility. The masks
are stored in an image sequence (mp4) for each camera and are accessible by the
2D bounding box. We picked a subset of the COCO [8] classes, namely person
(1), car (2), bicycle (3), motorcycle (4), bus (5) and truck (6).

4 Syncronization

All LIDARs are synchronized via GNNS puls per second and delivered a time
stamp fo each point in µs. Each measurement start at time 0 with camerea
frame 0. The correct camera frame for a point could be calculatet by

f = bx× 106

y
c (1)

where: x=point time stamp
y=camera fps
f=frame
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