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Performance Comparison between UWB Communication and UWB Radar in
In-Vehicle Seat Occupancy Detection Application
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Abstract

In-vehicle seat occupancy detection sensors using ultra-wideband (UWB) technology has recently garnered increased attention. These
sensors can be classified into two types: those that use UWB communication and those that use UWB radar. Each type has distinct
advantages and disadvantages; therefore, an objective comparison of the performance differences between the two detection methods
under the same conditions is meaningful from a practical application perspective. Accordingly, this study aimed to compare the perform-
ances of these two methods. The two systems were installed within the same vehicle environment, ensuring maximum possible con-
sistency between the installation. Their sensing performances were then compared using the same artificial intelligence (Al) algorithm.
The results indicate that both methods could sense 16 in-vehicle seat occupancy situations with a high detection accuracy of over 99
%, except for minor discrepancies in the installation location and preprocessing method.

Key words: UWB, UWB Radar, Channel Impulse Response, Car Occupancy Detection, Car Sensor, UWB Sensor

I.A B A] Al M (in-vehicle seat occupancy detection sensor)Z &
stele Al dAlo] EokA L ek AF Wl "HeAk 7
A% UWBQlta wide-band) 7183 A% W HSA A g g e 0 of2lo)g T 2847 W A, o

Fo] A& 20189 A4 W 71&SAME AFH|(SRFC-ITI801-51)9] AU & ATHUR,
=R A2 8- (Department of Electrical Engineering, Kookmin University)
- Manuscript received December 28, 2023 ; Revised January 23, 2024 ; Accepted February 2, 2024. (ID No. 20231228-110)
- Corresponding Author: Byung-Jun Jang (e-mail: bjjang@kookmin.ac.kr)

328 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



g At AR ANA SHE F e B o, F
A Aol =t Aol MAIE A SHAA L=
T 9o Ao g A k. UWB 7|2 A U]
G5At AA AN E &8k WS A7 UWB 248
Sl 3 F EA] R Fol FAE o] &3dhe
UWB dloft} #H2]¢] Alx ot UWB 541717] 7hol] A HE

g A 8}= CIR(channel impulse response)©] =%

shof whe} W3t =, o] & o]&3l= UWB &
INZ U 4 i bl

WA, UWB #lojth A= UWB B9 2 922
S olgste XA FoluE UWBY 7€V HuE
g 0 dBm/50 MHzoll 2A| 288 2102 Im o] 9] F2
W ol Mt AT ShA R Ak W] At 1A Al
A A Wi £ sAHSE 1dstd & AL
A Gt 4839 UWB dlojth Al 2= Novelda™
At A EA13E 223 UWB #lo|th MM 7} gitt. o] AlA
T AR SE5F 574, AR A1 8, Abgre] Al 2A
Q14 5 TheFst Hokoll A AR QTP

OO 2 UWB 54l 329 Al = UWB 541719
Hio]l FuEEA FHTd AFH7 AFEAh S,
UWB 717] 7k dlolH FAlolu AfSAE %lﬂ@ﬁ
2 FYstHA UWB 71717F A A8 1 g3ke] Wt
A% JAAE F 9= 71Tl F7HE e 7ﬂ°lt¥ %61, AFE
o A= UWB 2RHET| 7 E o
UWB FA171717} 712 3= o] e % l lEi olE
I E o] &8 4 vk Aol Ak ool wha} 2ol
UWB 5alell A 715& Frtete e thde A7 Al
A5 7 glow, At UWB 52! IEEE 802.15.4aboll A
UWB Aol dish 2381w 78 Fof oo,

o9} o] AF W FA A AMAME UWB #oltt
AlA 9 UWB 541 Al 7F 8] s 2 QAT 7 Al
A9 5 Aol g vt AtE ARTY ol § oFF 7}
A BAE HM glet weba] 2 Ao e FUd 373
oA F whale] Al Mg vastE L g F ok
AR % —‘g—% H18t7] flste] Higk FY 5 2
o] AXE AF el AL, 7HA Y
A AE Zgsdeh AA7 GEBRE 712491 8t

A x] e}

o] A=) ¢} A5 2] A A ] (preprocessing)= THE FHoll $

s
o B 8 o 4
il

> ox kI

oo ol ot
1o

N

p

—QLI‘U]HJ

F =2

uﬂ
N
l‘U

N

A gt AA &l UWB &

213 UWB #olthe] 4% v

0nZ o2 AHT AFANE A% /1A sk PHE
SV AGSel 4SS Hasn B RS gF
UWB A7 Theddt Sobol 4 AH8E A% olw w49
AN AGHA BESEE £go] 9 Aol AR LT

2R 4L WA [N £ AToA g
& UWB #lo|thsh UWB 541 A4 ¢ 54 v A9
Sz, AEA W A4 g AAE A8 49 B9 T4
2 AEAY WAL Anat neoR, IgI4E §
FARA AU L% T gAY AN B A5

[e]
WA Ao R VoA A2S Yrs i)
. HMESZUTE I3 UNB AIAEIS 74
21 S1E90f 74

Aol A AHEE UWB 24 B4 7R A|28l 9] +
a9 14 23, AHE-E UWB #lelthel UWB 5419
AbFE 3 13 74tk UWB #lolthe 1.5 GHzS o9
ZF= NoveldaAhe] X4M300 252, UWB 5412 ~
BtEEF 25 Ak ARGE o] EEtAl st e
IEEE 802.15.4z HRP 35 AHE-3H= QorvoAte] DW3000
& AHEEETh & 13 2ol AHg-sh= UWB dlojtt 53t
T LAH e BR UWB F4 F3+5 UWB °]
thsh ke 299 8748 GHzol 9 AFE 245

A FAA A A7) Brhe A B AL
ol B 705 SUV Bdl & Adsty, o2k 47)% AL

3tk A UWB #olths o] ol Ak o]
I m&o]B2 UWB #lolth 25 BE Ao 4

tlo fo rlo r}n:

A AN ox

7 Transmitted pulse
Received pulses
@B uwB Radar

(a) UWB #o|t} AlA
(a) UWB radar sensor
OB 1. UWB Z1W AER 24 G5 aA A2
Fig. 1. UWB-based in-vehicle seat occupancy detection
system.
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Table 2. Seat occupancy scenario.

Scenario | Seat 1 | Seat 2 |Seat 3| Seat 4
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Fig. 4. CNN based UWB seat occupancy classification
algorithm.
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