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UV-Cube: An Erythemal Ultraviolet Radiation Sensing System
from Multiple Directions
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Abstract: Although ultraviolet rays (UV) attribute to serious diseases including skin cancer and cataract, its
prevention has not been pervasive enough for outdoor workers. Furthermore, the potential risk of exposure to
excessive UV is elevated because reflective materials increasingly apply to buildings in urban areas. However,
existing methods to measure UV only from one direction such as the zenith direction. These methods do not
cover UV from omni-direction irradiated by reflection. Other researchers attempt to evaluate the UV risk
by attaching wearable UV sensors to all workers at a workplace. This approach requires much purchase cost
and makes the UV measurement complicated for the workers. By measuring ambient UV at the place, is it
possible to inform the potential UV risk. Consequently, we have created UV-Cube that measures ambient
UV by sensing Erythemal UV from 6 directions. We import an idea of 6 directions from the research field of
thermal environment to the UV measurement field. We reveal the UV risk hiding in places which appear to
be safe and show the effectiveness of UV-Cube with experiments.

Keywords: Erythemal ultraviolet radiation, UV Index, multidirectional measurement, outdoor workers, UV
dose
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Fig. 1 Design of UV-Cube.
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UV Sensor(Connector)

3 HAGERAMEBL (89 mm x 136 mm)
Fig. 3 Custom-developed microcontroller platform (89 mm x

136 mm) connected to UV sensors and an LCD display.

4 UV-Cube t ¥ ¥i5HH
Fig. 4 Sensor unit of UV-Cube.

5 UV-Cube il
Fig. 5 Appearance of UV-Cube.
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Fig. 6 Layout of UV-Cube systems at the open space.

7 BACEREAME
Fig. 7 View of the open space.
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Table 1 Weather information in the measurement

for open space environment.

W5 H 2017 £ 8 17 H
T 52 R [ 12:40~14:10
E&Um (°C) 32.1
SEEHAHEE (%) 60.4
H R (h) 4.6
REEHEDL Z40G
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Fig. 8 Evaluation result on accuracy of UV-Cube.
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Fig. 9 Changes in UV Index values of 6 directions in the sun
(2017/8/17, open space measurement).
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Fig. 10 Changes in UV Index values of 6 directions in the
shade (2017/8/17, open space measurement).
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Fig. 11 Difference between maximum UV Index in 6 direc-

tions and UV Index in one direction in the sun (Open

space).
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Fig. 12 Difference between maximum UV Index in 6 directions
and UV Index in one direction in the shade (Open

space).
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HA

13 EOVET - e AE M
Fig. 13 Layout of UV-Cube systems at the building.

14 VYL BEsE
Fig. 14 View of the building.

& 2 UOVIREGIGE 0 OK G40t

Table 2 Weather information in the measurement for building

environment.
W5 H 2017 4£ 10 A 10 H
5 I 12:30~16:30
s (°0) 29.6
SRR E (%) 68
H R (h) 10.8
REMEDL i

UV Index
w

12:30  13:00 13:30 14:.00 14:30 15:00 15:30 16:00 16:30
iS4
—% @ LS I T

15 UV Index O (2017/10/9, ©IVESE, HIiA)
Fig. 15 Changes in UV Index values of 6 directions in the sun
(2017/10/9, Building measurement).
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IFVEWETH L. 20720, HETIEIRAFRONSAR
WY TH 2100 A, mREO 1 FHOFHITIEA+45T
Hb. L7znsoT, UV OEKGMEREHNIZLETH 5.
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Fig. 16 Changes in UV Index values of 6 directions in the
shade (2017/10/9, Building measurement).
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Fig. 17 Difference between maximum UV Index in 6 directions

and UV Index in one direction in the sun (Building).
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Fig. 18 Difference between maximum UV Index in 6 directions

and UV Index in one direction in the shade (Building).
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