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Abstract In this paper, the effects of separation distance from a thick radar cover on the
performance of 24 GHz band radar was studied through experiments. When a polycarbonate
radar cover with a thickness of 10 mm was placed in front of the radar, the variations in radar
performance according to the change in the separation distance between the radar and the radar
cover was compared with the case without the radar cover. As a radar performance indicator,
the distance measured from the radar was used, and the distance was measured using the radar
when a person moves away from the radar at a constant speed in the hallway of the building
and then approaches again. The separation distance between the radar and radar cover was
tested at 2 mm, 5 mm, and 20 mm, respectively. When there was no radar cover, the distance
could be measured up to 49.64 m and the error was the lowest. When the separation distance
was 2 mm, there was a section where distance measurement was not possible starting from
3761 m, so the performance was the worst. When the separation distance was increased to 5
mm and 20 mm, the distance was measured up to 49.56 m, but the section where the error
between the measured distance and the expected distance was large occurred more often than
when there was no radar cover.
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Fig. 1 IMD-2000: (a) mechanical drawings
(InnoSenT GmbH, 2023) and (b) picture
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Fig. 2 Polycarbonate radar cover:
(a) mechanical drawings and
(b) picture
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Fig. 3 UART interface between IMD-2000
radar and arduino Mega board
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Fig. 4 Measured data acquisition System
using IMD-2000 radar, arduino
Mega board, and notebook computer
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Fig. 5 Hallway experiment
setup in building

Fig. 6 Separation distance between radar and

radar cover: (a) without radar cover,
(b) 2 mm, (¢) 5 mm, and (d) 20 mm
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Table 1 Experiment results(1)
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Fig. 7 Measured distance example
without cover
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Fig. 8 Measured distance example for
separation distance = 2 mm
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Fig. 9 Measured distance example for
separation distance = 5 mm
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Fig. 10 Measured distance example for
separation distance = 20 mm

dolel A7t gls wW xvF 7P A om,
O ggo® o4 Ag 5 mmY wWrb AU}
e AE ¢ F Atk olAAY 20 mmY W=
5 mm¥ u Br} Hold uwf 9V ¢ 21 7}
A e B A '}b H) =3k 7 Oi LERS T o]

A A7 2 mm@ W Al S4AT Fol
53 oA 2 Bk A% o 4 At
4.4 2

dolt] A7t oy 5o
Aetaiet. 24
GHz Eﬂ ]Ei kol F7 10 mme] Eg]7FH o]
E A4 Holr At =4 o dolre
olt] AW Alole] oA Azl wWglo] wE o]
o Ao WHelsE ot AvrE gls W w

wskdth #olge A SAHE AgE ol A

= Abgste] AF U BEAA Abgol

(e} =) =]
E—I]'r—!:‘ %OH e

T AR

AAe T @ FolrREE Ha "oy}
Al 7 w oy AWzt ¢le w, #ol

=] 73‘147} 2e W oold A7 2 mm, 5 mm,
20 mm¥ w 47k 5ol daE S48 AYE

3l AA A et vlaskith

Hdl 54 A, AA A 4 A &
2k 3 m o)A oA 34 =AHEI} IG5 5
gk A, geld AWt gls Wk 7 A
ol Fi1 1 "o o4 A bmm, 20
mm, 2 mm TO® ATol F2 Aow YEy
o metA] ZE 7R YlolER tHE T 10 mm
o T/ dely AW dHoly Afo]ef o]F
A AFEd F4e 1/2 240 5 mm=

O:

2183k Aol dely AME ALE3HA &Z ks
wo} Hwsr w Adgol 7 A AstE EA
S 4E F ASE & F k.

References

Edde, B. (1992). Radar: Principles, Technology,

Applications, New Jersey, Prentice Hall,
1992.
Infineon Technologies AG (2020). Radar Wave

Walls and
Radomes, https://www.infineon.com/cms/en/

Propagation through Materials:

product/gated—-document/whitepaper-radar-w
ave-propagation—through-materials—5546d462
766cbe8601768a120c6d36¢f/ (Accessed on Nov.
2nd, 2023)

InnoSenT GmbH (2023). IMD-2000 - RADAR
SENSOR, https://www.innosent.de/en/sensors/
imd-2000-radarsensor/ (Accessed on Nov.
2nd, 2023)

Karthikeya, G. S., Koul, K. S., Poddar, A. K.
and Rohde, U. (2020). Path Loss Compensated
Millimeter Wave Antenna Module Integrated
with 3D-printed Radome, International Journal
of RF and Microwave Computer-Aided
Engineering, 30. e22347.

Kumar, C., Mohammed, H. U. R. and Peake,
G. (2021). Mmwave Radar Radome Design

_32_



Journal of Korea Society of Industrial Information Systems Vol.29 No.2, Apr. 2024 :27-33

Guide, Application Report, Texas Instruments,
Aug. 2021

Lee, J., Jin, Y., Song, S. and Ko, S. (2023).
Experimental Test and Performance Evaluation
of Mid-Range Automotive Radar Systems
Using 2D FFT ROI,
Society of Industrial Information Systems,
28(1), 1-8

Lin, J., Li, C., Chang, C. C, Tsai, T., Zito, D.
and Chang, S. F. (2018).
Semiconductor Integrated Radar for Sensing
Applications, ECS _Journal of Solid State
Science and Technology, 7(7), 3126 - 3142.

Liu, J., Li, L., Zuo, Y., Chen, H. and Ni, S.
(2019).
Introduced by Radome for High—precision
GNSS Antenna, [International Journal of
Antennas and Propagation, 2019, 1529656.

Qamar, Z., Salazar-Cerreno, J. L. and
Aboserwal, N. (2020). An Ultra-wide
Band Radome for High-performance and

Journal of Korea

Review —

Analysis of Performance Degradation

Dual-polarized Radar and Communication
Systems, [EEE Access, 8, 199369-199381.
RFbeam Microwave GmbH (2023). RADOME
(Radar Enclosure), https://rfbeam.ch/wp-content/
uploads/dIm_uploads/2023/05/AN-03-Radome

pdf (Accessed on Nov. 2nd, 2023)

Song, S, Kim, S, Jin, Y. S. and Lee, J.
(2020). Enhancement Techniques of Color
Segmentation for Detecting Missing Persons
in Smart Lighting System Using Radar and
Camera Sensors, Journal of Korea Society
of Industrial Information Systems, 25(3),
53-59

e AT A AT

« 1= Pennsylvania State University BMAFE
73

e AT AFA AT RFID Al2gdTd A
a9

< (FA) g AISHE ulep

o« A Hok RFID @ Fhel <t
o]z 2y} AlA, Chipless RFID, #lo]t] AlA

ut

a4 v

(Jonghwan Lee)

Job ot

I
Lo
oz

=
o @ & o
-
iu)
_L)
=
)
.
offt
2
=
2

e ol

=
k1
—_>‘J—1
[N
_>;L
<
b

« 199949 : S AU W AAF
stah Zspubal

¢ 200041 3¥ ~AA): FuEw
A B 4

o A EOE L YT)E = OAA

A 228

_33_



