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Development of an automatic seat belt adjustment device based on Al
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Abstract: Proper seat belt usage is crucial for vehicle safety. However, seat belts are typically designed for
the average adult male, causing issues for individuals with different body types. To address this, we propose
an Al-based system that automatically adjusts seat belt height. Using in-vehicle cameras, the system collects
passenger body data and calculates the ideal seat belt position. A stepper motor then adjusts the seat belt

accordingly, ensuring a secure fit. Our device aims to reduce accident fatalities and prevent secondary injuries
caused by improper seat belt positioning.
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Fig. 1 Seat belt height adjuster device(l)
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Fig. 2 (a) Child Seatbelt Positioning Regulator and (b) Collision test continuous picture
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Table 1 Similar Product Patent-Related Information
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import bluetooth

# ESP329] Bluetooth 4 (MAC T24) 9
esp32_mac_address = "XX: XX XX:XX:XX:XX"
# =5 Bty R

sock =
bluetooth.BluetoothSocket(bluetooth. RFCOMM)
# ESP329} 914 A=

try:

=
T

sock.connect((esp32 _mac_address, 1))
except bluetooth.btcommon.BluetoothError as e:
print("Error:", str(e))
sock.close()
exit(1)
# Bl )
curData = 1
newData = 3

data = curData - newData

# 57 A%

if data >= 0:
sock.send(“1\n”)
sock.send(str(data))
sock.send(“\n”)

else:
sock.send(“0\n”)
data = -1 * data
sock.send(str(data))
sock.send(“\n”)

# 27 27

sock.close()

M/
ok
fols

o

(b)
#include <BluetoothSerial.h>
#include <ESP32Servo.h>
#include <Stepper.h>
BluetoothSerial SerialBT;
Servo servo;
// Step motor setting
const int stepsPerRevolution = 200;
// 360/1.8=200 > 1°]] 1.8%=
Stepper myStepper(stepsPerRevolution, 14, 27, 16,
25);
const int stepSize = 22.23;
void setup() {
Serial.begin(9600);
SerialBT.begin("ESP32"); // Bluetooth ©]&d*
myStepper.setSpeed(30); //rpm 30
servo.attach(2);}
void loop() {
if (SerialBT.available()) {
float rot;
String dir = SerialBT.readStringUntil("\n");
String receivedNumber =
SerialBT.readStringUntil("\n");
if (receivedNumber != 0) {
if (dir.tolnt() == 1) {
Serial.println("Direction: Right");
rot = receivedNumber.toInt() * stepSize;
}
else {
Serial.println("Direction: Left");
rot = -1 * receivedNumber.tolnt() *
stepSize; }
Serial.print("Received: ");
Serial.write(receivedNumber.tolnt());
Serial.println("");
servo.write(40);
delay(500);
myStepper.step(rot);
delay(500);
servo.write(120);
delay(500); } } }
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Fig. 4 (a) Bluetooth Transmission Test Code (b) Test Code for ESP32 in English
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2.3.2.1 Pose Estimator

AR ZE A S A AFEREY] o) Ynlet 715 Q1AE7] 913 pose estimators ARE-3SFSITE ©]

= MoveNet2] thunder ¥ A& AFE3F31 2™, TF huboll A #|-& 3= Tensorflow pretrained modelS A}-8-3}
‘ij‘\‘jr. encoder®l| 4] = MobileNetV2 ©}7] 8% 7} backbone U E A= 523+l decoderi= Feature Pyramid
Network S AF-&3tU} ©] % CenterNet prediction headE ©]-83}9] prediction$Hr}.(4)
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Fig. 5 Feature Pyramid Network (5)

Thunder ¥ Aol A 2] input2 256 X 256 x 32 AF&3F2 2 tensorflow?] resizeS ©]-&3}e] ojn|x| & W3
sto] AR-g-3t3lTt

Output [nose, left eye, right eye, left ear, right ear, left shoulder, right shoulder, left elbow, right elbow,
left wrist, right wrist, left hip, right hip, left knee, right knee, left ankle, right ankle] =412} [1, 1, 17, 3] =
7] W E 93t vpA e 29 72 A rstE oy, xZ3ES}F [0.0, 1.0] AF0]2] confidence scoreE 2] 7]
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Fig. 6 Image-level pair data distribution

2.3.2.3 Overall Architecture

—»  level
RelU

height
—» >

width
RelLU RelLU

pose estimator

Fig. 7 Overall Model Architecture
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Table 2 Image data for Deep Learning
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Fig. 13 (a) Stress analysis of fixing pin (b) Displacement analysis of fixing pin
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Fig. 17 (a) Rack and Pinion (b) Rail and Sprocket
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Fig. 19 (a) Rail CAD design and (b) Rail Actual Production Appearance
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Fig. 20 Rail Positioning Adjustment Procedure
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Table 3 Rail Positioning Adjustment Procedure Step-by-Step Visual Guide (0 to 14)
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2.4.5.2 Stepper motor

Stepper motor= ¢ G o] FEHZA LS FTE A e TS . olF 75 W F
ool & HE 17+ F At w2 ok k= Holvh e AR o RN AMguit BEEE
ola, Bgs] 17+ F FHo|7]d nAUHE st A% EHGA Thesidvh. @A AFE F<1 stepper

RRSE=

motor= 1stepd 1.
o] 715 3 2 Ayrtaa; g,
22222 stepsE 3] A oF & Aot}

2.4.5.3 74Al code

#include <SoftwareSerial.h>
#include <Servo.h>
#include <Stepper.h>

Servo servo;

// bluetooth setting
const int btTx = 2;
const int btRx = 3;
SoftwareSerial bluetooth(btTx, btRx);

/I Step motor setting

const int stepsPerRevolution = 200;

// 360/1.8=200 -> 1°] 1.8%

Stepper myStepper(stepsPerRevolution, 7, 6, 5, 4);

int now = 1;
int goal,
int difference;

const int stepSize = 22.23;

void right move() {
servo.write(40);
delay(1000);

myStepper.step(stepSize);

servo.write(120);
delay(1000); }
void left move() {
servo.write(40);
delay(1000);

-21 -

360/9 = 40=&

sl gttt olef AAH sprocket> 9719 FU7F Ak wEeF sprocket®] 3O E

3| AefoF dhr). waba 40/1.8 = 22222+ O] HE

myStepper.step(-stepSize);

servo.write(120);
delay(1000); }

void setup(){
Serial.begin(9600);
bluetooth.begin(9600);

myStepper.setSpeed(30); //rpm 30
servo.attach(9); }

void loop(){
if (bluetooth.available() > 0) {
goal = bluetooth.read();
Serial.write(goal); }

difference = now - goal;

if (difference > 0 ) {
for (difference; difference == 0; difference—){
right move();

now = now + 1; }}

if (difference < 0) {
for (difference; difference == 0; difference++) {
left move();

now = now -1;

Y



Fig. 23 Step mottor driving code
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g A T 3 9% 49 T= 9

Child fit 1.5857505 1.7213788 -0.007583 -0.00826

Child unfit 2.8404146 2.7821706 -6.431221 -6.489466
Man_fit 2.1143788 2.0797933 -4.801078 -4.835664

Man_unfit 4.322333 4.5544372 -10.28884 -10.05674

Table 5 Neck Injury Severity by Model

Man_fit model®] 7% A< A dummyddol] 7]E PAHE 3d& o= &8-37] wiitol] Hdrgel
Fakshe Al 10018k Aigte]l veforgith ey 9 BE HWA & Akl 9% 23R, 4=
AR/3 B ddigte] 18 de 3AE & T Uk ol =

4 o

>
estE o gl Hdely] el Aeg At =&

s
g tE dummyo] g7l A7) m=E AAERE QFAE 2ANTE WA A BN
AT EkTh Man fit mode 7= S R AFaA7F Lool Feetvial st Y ghS 1.0
2 UEES S BANFAY. 283 v fEe] man fit modeld EASEH AHEY RAXE FUs)
A Agste] BA I BA Az ot &b Atk
A A A 3 A= g 4= #
Child_fit 0.749984 0.827668 0.001579 0.001708
Child_unfit 1.34338 1337715 1339537 1.342001
Man_fit 1.0 1.0 1.0 1.0
Man_unfit 2.044257 2.189851 2.143027 2.079701

Table 6 Neck Injury Severity by Model with Error Correction
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Table 7 Optimized Safety Belt at Each Stage(2 to 13)

- 32 -



3.3 Ag3 7eA
3.3.1 <A Az g@ot

(a)

(b)

B minbam plas J1%]) Fropetes
STS J ﬂ E e RS
ﬂ sszg
e s
< Bi SUE “9% 3ﬂ ? o paeng
suRey -
| o =] AEERUER
J\.E”E'IF'_! AT} FEH < 9 ' I:'?S‘Dq_lu-".' will -
R - _ LR T
HENE
.| | 1 O ] T - | ARAOO| - LR P =] & | ¥E3 P00 [ &1
i F .w . . ——— - - b - .
i il LMK | 2 2 700 aEE TP w2 1 v [4000 e (45 25 .
s o - .| !!'l'.l:l!.:-:n_'-- | _'-\.-“::“:': o ey W @ '5\1‘1"4‘]-;m|.!:r-2'
IR AT T EO000
1 T T b= 1
B | Lo P A0
| it | 000 = (w s
WL LD 20 FRO - 5 EEE
! l':":":-"l'-”i- T T *'J-[l.'-'l.'l.'. It _::'i;::-_;a'.:_slzi PR R T e B T
i 1N | P - L - Ax ﬂ'.\q-;x:ﬁ:bri- B [000dep AT 2 Az [0 noep NG 2]
vt ! L |
L00Gce | 3o 3 bk LE LR
| - | ARG
| L RS .
et | Bewr Y 5 LELLE
{ L  Spraisieil
| 5= | - | AN
e L i e | - .
ooy Py e o 5 s
Fig. 39 (a) Stainless Price Tag (b) Mass of 8t stainless plate
21 stainless 7FARE HW 8mmo|dte] plate®] ¢ ton T 3509Hdo] Tl FujSti stainless
plate 774 °] 1000mm X 1219mmo|E 2 3|9 plateel] & &3] 9 raile] E 7] A2 7 A=A ofgfet 2

KeN
L.

o o shebs

Fig. 40 The number of rails that can be produced on a single stainless steel plate

- 33 -




(@) (b)
T3 o9 SEEm g 4% mg 4R
EEEE
WEH gE=ipy
SHTELLE =
Ly PR T
aMGgim~3 | (W v
e A
e l-1!
LR R T | K |+ 555 | S7EE 2
oupy [T T T y [ o dE 23]
Ay (AW 3@ @ T |000Cmm (dE 27} .

Fig. 41 (a) Mass of rail made from stainless steel (b) Length from axis of sprocket to rail

Sprocket®] FHH-E] raile] 2= HFE7FA19] A& 16mm ©]W©] i, rail stainless steelZ A 2515 S
o] A 0.527kgelth. HA R rail®] Zhol=gkele] Al pinell = shs o] EAMEAAINE o] dhFo] &
23] sprocketol] ¥+ #-8-dhr}al 7FHSFAL stepper motordl] ZFEAl = EAE AAEI R S 0.0826N-m=
stepper motor 42342] holding torque™r S 2= FE3] WE 4= AT} Stepper motor 42342 7% Q1E{ Yol A
1300090 Ao 7HAtE FAstal Ak olBth ¥ FF motors: A& HThE A3 dFow )
st 7HAo] Adaidvs s 1dAs "W A T A oz YT F Us Blojth

(a) (b)

CIF 42 ARBE] 43 NEMAT 725 30T )
= & ME R 3 o

130004

4734

0.3 41
4234

2 2 79 AFFe] wiE el e} Az Eo]et A4 A
4 ° e} o9]e] mAGA ] AFET MG B =AM, BE/

T o AR T o2 A" Folth et HEY A9 gE HAo] ofd HAAE
Hogl 18 =L 342 QEA 9] uid nRslAZ o 9 Y2 v]&o] & Ao|th(Agr}
hop RN 24A A Eo] AAE A9 JhdEts stuTro R AWEHBER o)A FrEH R HEE&

- 34 -



Ve gtk o SE S Siell 2 il AEAEE AN § AL WIE o 9wl olgfe
Ak tobrl A9e Mol el okl thelA~Y WAL BEATW 2 BY wge B
Hu oR PAALEE AFHL T A @B AN g2AD F AL Aot =@ 7

7

rlo HJ{N'

1
wo Seo] slax= wAUol = Hu ko] ok 270MPa A %o
21 aluminum 6061-T6($1747F %= 290MPa)7t 0. 2 % ZH3l7| wjfto] LA
A Ark Bk AFAR] M-S AAR 7hE IARSH S dolElopgl ot Aol 1ovk U
AZE = Qg2 st

)

oy 2 oki o, _llN'
roh
k)
g
i
N
By
<O,
Y

<

332 A8A B4

o1 AR G E 0] T A7) A0H T8 D Yuay o
x n = o
CIHHE w0| £H FX| 230 Mzt H2
FEREE N
= H 5170
Q2 BEwscr EEE RS R B8 RE0by AF =0 ZEE fLaE? (= e s (= -.
o EE 1] s
- = = :- t-'- pus
1% =72 e st o
04 BhE T Eo S w0l ZEMTE WA T AOHE, BT 2B glLtaz 0 =
Ly (BT

AT & FAR AE R AvaAs Al
Tt AwEAR Ak, AZPEY 8BS ARREel(IAl] oF 40%) 1= HAME
S BRI YA LA e AEE TAARE oF 65%E Adte olfE=
HE wHgo] opel eAgon Qld Fd Hd=

= A B2 Abge] oF 45% A AA| Sl oS Al A EellA] EEd
= Atk AR o @] Qlth AbsbEel SHAN] 75%7F WAl Hpnke] sl gekgla, itk
= % olshel &4 7145 gsisitt ‘”H =4

¥

3.4 71 a3z
oto] AEZAIE Ea ojn] AlFo] FFor ¢tAME 24 ZAX7} QLo REE AlYE i I



e - AL - A - ALY - AGA - FAR - A

=AE <3 dd=a Adds olwE 2 &8 =)
dddo] BAo] Agor oFA 7] wol = AX|l thel &

0 L N
M @y ot o fo H
oX,
lo,
__)H_lll
oft
&
&0
X
offt
o g
2
™
9
e
o
o,
I
0y
rlo
N

e

N

yo, N

£
2
ni
[
ol
o
2
£
N
N
>
[
il
YE
2
ne
(]
o
o
o
o e

Moot 2 B oox PN o o

e

2
I,

|

3.5 WAALR

2 oA g ol NG S1se U
£ AFSHE A% BEE g 1
E9] shg MESL g5 Fwowe) g3

Seat Belt System for Reduced Chest Deflections & FriLs}W, slet HE {X]o e & |4 AxE

=
A Fstal olE Adgsly] 93 HE AAE gFHor HoFa o
o83t ek MEC AT F7} =HEES wigorw B A7 vad] Ad WES HAIE Xt
S AFsh= Aol ofye} sttt MEZA L A3 A& AlFsts WA= F7F #AS ol 5 9
o}, stk WlEo] Z& W3l human pose estimations ©|-&3fo] F71H ¢l d4S AFSuH FES T4
o s Aot o] BRE RAHE EE V|EH oA AsoE o|FAord Ao|n

Figury 4. Lawer aifushwseni podni in paresator iudy

Fagare A. Spir buckls acaimarses

(©)

- 36 -



i m II' 117 I I I

arrea ber | s 1 biml® by

— .
:'f \ f \%

- —

Figure 7. THR wnaileT & TRIDARY Their DhaTervbed, BamlDaplaee e ml il Bal Farren far AMerrd Lisy
Addardmar Mg

Fig. 43 Study for Lower Attachment Point in 'Innovative Seat Belt System for Reduced Chest Deflectiony

)
BN
i)
o
=

NEAE QAWE o] 24 FAL EAYROUL BF G547
+ o)

Aeerade] glolAl o

i
off lo,
N
-E‘ o N
NNy
e
)
il

rlr
e
e
o
=
ol
i
td
-
_>|4_,
ot 9

T o ol ® o
>
£,
i

o
=2
>
ru
o
o,
N
)
;9‘
&
fo @
iy
&
o
o,
R
oft
o,
it
o
fru
%
=0L_4‘
oft
o
B
4
l-l U
(m
o,

T

e 1>
o

)
o
N
ot
o
fru
)
Hu
By
N
=)
™
-
o
i)
ol
2
N oo b

iy
o
o
u
ol\
4
>
Y
¥
;9‘
BuiN
§E
rﬂ
9
i
U
2
e
2
0,
4
il
b
rO
=
2 g
il
N
X
s
oX rlo

ol
gd
ul
rlr
o
2
>

oL

2
o
fu
e
o
N
rlr
s
of»
x
=
r o
1o
r O
)
2
>
nj
T

o
s
N
—_— =
)
r]I.
2
o
2
ot
22
o|\
4
K
H
X
N
2
]



AE - AAL - A5 - A9 - PIA - FAD - AYE

Folua A T4 A3 E vid AHHem JHAFAIE AR EE/AE JHdew A Q)
A=Y,
A28
(1) Tesla, Inc. Seat belt height adjuster device. Tesla Owners Manual - Model X. URL:

https://www.tesla.com/ownersmanual/modelx/ko_us/GUID-3319C55D-F148-4D9C-98 A6-ADO9BA7EED61.html

(2) Economy Insight. (2022, June 1). Limitations in Reflecting Injuries in Elderly Women: Measuring with the
'Standard Male' Model. Retrieved from http://www.economyinsight.co.kr/news/articleView.html?idxno=5759

(3) Korea Consumer Agency (3r=r2xH]Z}9). (2020, November 14). Safety Belt Position Adjusters Sold as
Car Seat Alternatives Fail to Protect Children. Retrieved from
https://www .kca.go.kr/home/sub.do?menukey=4002&mode=view&no=1001603486

(4) TensorFlow Hub. (n.d.). https://tthub.dev/google/movenet/singlepose/thunder/4

(5) Lin, T., Dollar, P., Girshick, R., He, K., Hariharan, B., & Belongie, S. (2016). Feature pyramid networks
for object detection.arXiv (Cornell University).https://doi.org/10.48550/arxiv.1612.03144

(6) Agarap, A. F. (2018, March 22). Deep Learning using Rectified Linear Units (ReLU). arXiv.org.
https://arxiv.org/abs/1803.08375

(7) Kingma, D. P. (2014, December 22). Adam: A method for stochastic optimization. arXiv.org.
https://arxiv.org/abs/1412.6980

(8 The principle of passenger train brake - rail industry information center = URL:

http://www kric.go.kr/jsp/board/portal/sub06/cyberRailMuseum.jsp?q type=his04-5

(9) Yun-Bae Kim, Hyun-Jun Kim, Jae-Nyung Han, etc. (6 January 2012). “The Optimization of Passener Seat
Belt Design for Female Passenger”, transaction of KSAE, Vol. 20, No.4, pp.10-15.

(10) THOR 50th Male Finite Element Model. (2020, June 18). University of Virginia School of Engineering.

https://engineering.virginia.edu/thor-50th-male-finite-element-model

(11) oggystruct FEA. (2020, May 28). Belted dummy crash test simulation using LS-DYNA [&%.
YouTube. https://www.youtube.com/watch?v=vxUdFkLM3Ew.

(12) Kim, Jin-Ho. (1989). A Study on Measurements of the Korean Human Body. Journal of the Human
Engineering Society of Korea, 8(6), 5.

- 38 -


https://arxiv.org/abs/1412.6980
http://www.kric.go.kr/jsp/board/portal/sub06/cyberRailMuseum.jsp?q_type=his04-5
https://www.youtube.com/watch?v=vxUdFkLM3Ew

