Appendix The appendix is organized as follows. We present details of the K-Radar dataset, the
sensor suite, and criteria of conditions (weather conditions, road structures, and collection time) in
Section A, B, and C, respectively. We also provide details of the annotation/calibration process and
the baseline neural networks (NNs) in Section D and E, respectively. We discuss results regarding
each weather condition and consideration of the K-Radar dataset as a pre-training dataset for other
Radar tensor datasets in Section F and G, respectively. Finally, we introduce details of devkits and list
relevant URLs to help with understanding the content of the paper in Section H and I, respectively.

A Additional details for K-Radar dataset

In this section, we present additional samples of K-Radar dataset, sequence distribution, dataset
composition, license, and privacy concerns.

A.1 Additional samples of the K-Radar dataset and explanation of LPCs for each weather
condition

In the sleet (Figure [8}(e)) or heavy snow (Figure [8}(g)) condition, the Lidar point cloud (LPC)
measurements of some objects ahead are lost when the ego-vehicle is driving. Conversely, in the rain
(Figure[8}(d)) or light snow (Figure[8}(f)) condition, LPC measurements of objects exist. The reason
for this is as follows. Sleet is a mix of rain and snow that freezes when it falls from the sky in a liquid
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Figure 8: Additional samples of K-Radar datasets for various weather conditions. (1) 4DRTs, (2)
front view camera images, and (3) Lidar point clouds (LPCs) of three different road conditions with
the same weather condition are depicted in three boxes in each column. In this example, yellow,
red, and blue bounding boxes represent the sedan, bus or truck, and pedestrian classes, respectively.
Objects with all LPC measurements missing due to the adverse weather are marked with purple
dotted lines. More samples of K-Radar dataset can be visualized using the devkits program described
in Section H.



state and comes into contact with a sensor or an ego-vehicle colder than the air (Zhou et al.} 2016).
In our case, the sleet freezes on the front surface of the Lidar sensor, creating a layer of frost. Thus,
as shown in Figure 8} (e), the measuring signals from the Lidar cannot reach objects in the front of
the ego-vehicle, which results in missing points in the LPC. In addition, heavy snow is a weather
condition in which snow falls over 1 cm per hour as described in Table[8] and Figure 3 shows that a lot
of snow accumulates on the front surface of the sensor after the vehicle drives forward for 5 minutes.
For this reason, similar to sleet, some LPC measurements of objects in front of the ego-vehicle are
missing, as shown in Figure[8}(g). Unlike sleet and heavy snow, there is only a little-to-no amount of
snow accumulation on the front surface of the Lidar sensor in light snow condition, as described in
Table 8. In addition, LPC measurements of objects are also partially available in rain condition, since
raindrops slip over the front surface of the Lidar sensor. Therefore, the Lidar sensors can measure
objects in front of the ego-vehicle as shown in Figure[8}(d) and (f). Note that we provide a video clip
(Figure[9) in Section I URL 2 to show sensor measurements collected while driving forward under
the heavy snow condition.

A.2 Sequence distribution

The K-Radar dataset provides a to-
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A.3 Dataset composition

Each of the 58 sequences consists of

12 compressed folders, as shown in . . . .
Table[6] Table 6| provides informa- Figure 9: A snippet of the video clip that shows each sensor

measurement dynamically changing during driving under the

tion on the folder name, data type, @ -
heavy snow condition. (see Section I URL 2)

extension, size, and the usage of
each folder.

A.4 License

The K-Radar dataset is published
under the CC BY-NC-ND License,
and all codes are published under the Apache License 2.0.

A.5 Privacy concerns

We confirm that all the image sequences with pedestrians, bicycles, and motorcycles do not have
recognizable faces. Although everyone is wearing a mask due to COVID-19, we have taken additional
precautions and blurred all faces to protect their privacy as shown in Figure[I0]

Figure 10: Examples of front images showing people whose faces are blurred.



Table 5: Sequence of the K-Radar dataset; sequences 1 through 20 are obtained in Dae-jeon, and
sequences 21 through 58 are obtained in Gang-won Province. ‘he. snow’ and ‘park.lot’ denotes heavy
snow and parking lot, respectively.

Num. Weather Road Num. Weather Road

Seq. Fr. Cond. Stru. Time || Seq. Fr. Cond. Stru. Time
1 597 normal urban night || 30 470 sleet park.lot day
2 462 normal  highway night 31 598 sleet suburban  day
3 597 normal  highway night || 32 597 rain suburban  day
4 588 normal  highway  night 33 598 rain suburban  day
5 597 normal urban day 34 598 rain suburban  night
6 594 normal urban night 35 597 sleet park.lot  night
7 595 normal  alleyway night 36 597 sleet park.lot  night
8 567 normal  university night || 37 597 sleet suburban  night
9 833 normal  highway day 38 597 fog mountain  day
10 1130 normal  highway  day 39 597 fog mountain  day
11 1195 normal  highway day 40 598 fog mountain  day
12 888 normal  highway  day 41 597 fog mountain  day

13 227  overcast highway day 42 598  light snow urban day
14 595 normal urban day 43 598  light snow urban day
15 591 normal urban day 44 597 fog shoulder  day
16 578 normal  university  day 45 592 fog shoulder  day
17 593 normal  university  day 46 598 he. snow  highway night
18 594 normal urban day 47 266 he. snow  highway night
19 592 normal  alleyway  day 48 443 light snow highway night
20 595 normal urban day 49 598  light snow highway night

21 597 rain alleyway night | 50 597 sleet highway night
22 598  overcast urban night || 51 597 sleet highway  night
23 598 rain urban night || 52 598 sleet highway  night
24 598 rain urban night 53 597 sleet highway  day
25 597 rain urban night || 54 601 he. snow urban day

26 597 rain suburban  day 55 494 he. snow urban day
27 598 sleet suburban  day 56 598 he. snow urban day
28 597 sleet mountain  day 57 598 he. snow urban day
29 597 sleet mountain  day 58 598 he. snow urban day

Table 6: Dataset composition of each sequence. ‘res.’, ‘cam.’, and ‘img.’ denotes resolution, camera,
and image, respectively.

folder name data type extension size usage
radar_tesseract 4DRT .mat 360GB  network input, visualization
radar_xyz_cube 3DRT-XYZ .mat 72GB network input
os1-128 High res. LPC .pcd 14GB network input, visualization
0s2-64 Low res. LPC .pcd 7GB network input, visualization
cam-front Front cam. img. .png 4.5GB  network input, visualization
cam-left Left cam. img. .png 4.5GB  network input, visualization
cam-right Right cam. img. .png 4.5GB  network input, visualization
cam-rear Rear cam. img. .png 4.5GB  network input, visualization
cam-dash Dash cam. img. .mp4 75MB  reference video of annotation
info_calib Calibration values Xt - calibration of 4DRT and LPC
info_condition Conditions Xt conditional evaluation

info_label Labels Axt 0.5MB training, evaluation

B Details of the sensor suite

We use waterproofed sensors with grade IP66 or higher, as mentioned in Section 3.1, for safe data
collection in adverse weather conditions. Table[7]summarizes the detailed information (i.e., model



name, output data format, resolution, maximum operating distance, field of view (FOV), frames per
second (FPS)) of the sensors that we install for the K-Radar data collection.

Table 7: Sensor suite details: ‘Azi.’, ‘Ele.’, ‘res.’ and ‘CEP’ denotes azimuth, elevation angle,
resolution, and circular error probability, respectively.

model output . max FOV
SCNSOrS name data resolution range (Azi., Ele.) FPS
RETINA 64 256 107 37 0.06m/s, 107 ,
4D Radar -4ST size 4D tensor 0.46m,1 ,1 118m 37 10
lon]f’igfrlge 082-64 131,072 3D points 108.106n3, s 240m 3205 : 10
high res. . 0.1cm, 360 ,
Lidar 0s1-128 262,144 3D points 0.18 035 120m 45 10
4 stereo . 8 1280 720 size 1280x720 110 ,
cameras ZED2i images (left, right) pixels n/a 70 30
GPS500, latitude, longitude, 0.025m +
RTK-GPS | o4 MmgP3 altitude lppm CEP ™2 n/a !
2 IMUs built-in 6-axis IMU data n/a n/a n/a 100
Lidar

C Criteria for weather conditions, road structures, and collecting time

We establish conditions for each sequence according to the criteria in Table[§] as mentioned in Section

3.2.
Table 8: Detailed criteria for each condition.
Criteria Name Detailed criteria
b Roads with four or more lanes and traffic lights, and ego-vehicle
urban average speed is around 60 km/h
highway Roads without traffic lights and ego-vehicle average speed
is around 100km/h
alleyway  Roads with two to four lanes and buildings nearby
road Two- or four-lane roads with rice paddies, fields and mountains
suburban .
structures around it
university  The inner roads of KAIST
mountain  Sloped roads with two to four lanes in a countryside
palroktlsng Areas for stopping or parking with other vehicles around
shoulder Parking spaces by the side of the road
normal Clear weather that does not meet the six weather conditions below
overcast Sunless, cloudy weather
weather fo Weather in which distant objects are dimly visible due to
conditions & omni-directional fog
rain Rainy weather
sleet Precipitation that consists of both rain and snow
light snow  Snowfall within approximately 1 cm per hour
heavy snow Snowfall that exceed 1 cm per hour
time day Approximately 6:00  16:00
zone night Approximately 20:00  4:00
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