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[Abstract]

In this paper, we propose a vibration notification system that combines navigation information and
wearable bands to ensure safe driving for the transportation vulnerable. This system transmits navigation
driving information to a linked application, converts it into a vibration signal, and provides notifications
through a wearable band. Existing navigation systems focus on providing route guidance and location
information, so the driver's concentration is dispersed, and safety and convenience are deteriorated,
especially for those with mobility impairments, due to standard vision and delayed recognition of
stimuli, resulting in an increasingly high traffic accident rate. To solve this problem, navigation driving
information is converted into vibration signals through a linked application, and vibration notifications
for events, left turns, right turns, and speeding are provided through a wearable band to ensure driver
safety and convenience. In the future, we will use cameras and vehicle sensors to increase awareness of
safety inside and outside the vehicle by adding a function that provides notifications with vibration and
LED when the vehicle approaches or recognizes an object, and we will continue to conduct research to

build a safer driving environment. plan.
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I. Introduction
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II. Preliminaries

1. Related works
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Fig. 1. Vibration notification system configuration
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Table 1. Configuration and Functionality of

Vibration Notification Navigation

Division Stick PC Wearable band
« Android 0S * Motor function
environment ¢ Health monitoring
. » Storage devices such | « mobile phone
Main .
functions as CPU, memory, etc.| connection
« IVI System service ¢ Bluetooth
« WI-FI, USB communication
communication connection
* Map app ¢ Information
implementation and transmission/reception
Usage . . .
information delivery, and alarm event
IVI service occurrence
Where |« ;ar driving and daily + Daily Life, Car Driving
to use life
e 0S : Android 9 e 0S: Android 5.0 &
S e CPU :Quad-core i0S 10.0 above
PEC 1. RAM: 4GB DDR4 « RAM: 512KB
e Wireless

ITII. System Design & Implementation

1. System configuration

Fig. 2+ Stick PCe} gloja]g Hi=, Wu]A|o]M, of =
2]7]10]/d(Application), tAZ|0|(Display)2 AZAE A
AHl o}7]Elz]o|c}. 7 ol o =2]7|o]M(T-map)1} &
Hic 2 A4Sk A~ 9lxE WHro] of=Zg]A o)Xt g}

'r
2 rd
IHISFHL

=& 9ISt Display® 43ttt Stick PC= 24
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A st Qlet. Stick PCe ofEgjAloldE +52
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Stick PCQ] AH= ﬂﬁ\—o}‘ll Car Display?} of=Z2]#|o]
AHog 7izko] AP = M3ttt o]S offZ2]Ao] A oA
Stick PCoj| 28542 ﬂ A%l Wearable Band=2 Xz
A2 & 7&etth

Car
display
Navigation Screen connection
(T-map)
Information Vibration signal
tramfe, Stick PC UanSITIISS\On Wearable
(Android) band
Appllcat\on Rest API server

Data management

Fig. 2. Vibration notification navigation architecture

2. Development of SW
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Boot ROM

Daemons Runtime

Dalvik VM
System Server | service Manager |

Fig. 3. Flowchart of Boot—loader
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AR AIREE ©@&5H) st ol Androidof|A] ] 49]
2lo|82j2](libraries)gt  ©Xs} L T2 AAQl
Zygoteg U]2] ofg] 7l gh50lA] ofZ2]7lold ASE Al
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Dalvik VM Register-Based ArchitectureS AR5}
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L5 5 =Y 5 QT A|AF AH] A0 O}EEOIE N E
gl Ao ofjEe|7o)ido] d™s AY

ZygoteZ} System serviceS AJAFstil Core services=

|

0]‘_—‘

LS
Starting power manager, Creating the Activity
Manager, Starting telephony registry, Starting
package manager, Set activity manager service as
system process, Starting context manager, Starting
system contact providers, Starting battery service,
Starting alarm manager, Starting sensor service,
Starting window manager, Starting Bluetooth
service, Starting mount serviceS Asisto] -HAA|
o] oMM} ALg 3FANGtY &7)8F BAoA] AJAED A
H|A2 0]2) AJEISTo] ofZaAlold Ale A] W 4 9
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2.2 0S Porting based on Android 9.0

2B TS Q13 N § 08 2lkA PC QRES
&5 2 R W |X S HR] & Cortex-AS3 ##A At

£ dlo} JL&E51H9T) Table 2= Cortex-Ab39] 29 7]
5 % 54 Uepd ol

Table 2. Cortex-A53 characteristic.[14]

Architecture Armv8-A

e 1-4xSMP within a single processor
cluster, multiple coherent SMP
processor clusters through AMBA 4
technology

Multi core

AArch32 for full backward compatibility
with Armv7

TrustZone security technology

Neon advanced SIMD.

DSP & SIMD extensions.

VFPv4 floating point.

Hardware virtualization support.

ISA Support

Debug &Trace CoreSight DK-A53

QERolE 90 A4 REE AXF & CEeR|R o
&oto] Qtegolt RIAME Hdsh] fsh &8 A2
At E AFHEES AlSH (source build/envsetup.sh)
stth. ohg ghERole wRE FAIZ Mt
(sabresd_ 6dg-eng) build-log& Zaf 7R oA &
Ashe 232 ol Agsiith tEZolE AA JE
LR oiE & b Admdz Wi
source build/envsetup.sh@] Haoj2 Qttgojt W&
8= Ak 2AIFEES  AsHL,  lunch
sabresd_6dg-engE ol At ¢tERolE WS A
ERSIIC}. make -j 9 2>&1 | tee build-log Hgolz A
Tol 452 =o|7] s} O7llo] TEA|AS AMEstT At
o oA LSk &= build-logof A7sHES 5}
it tezolt A} stegojel AmELo] 7He]
Al A ARLS 3]st Alojs}7] #isto] Table 3t 2
o] HHol2 ARSI} dfld Tt QttZolE Hlt
(Build) 222 AAstn 79 447} Q= T2 2 of
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Table 3. Kernel Compilation Code

$ export MY_ANDROID =
/home/icanjji/work/imxéqg/android-work/android9.0-work
/android_build

$ cd
${MY_ANDROID}/vendor/nxp-opensource/kernel_imx

$ echo $ARCH && echo $CROSS_COMPILE

$ export ARCH=arm

$ export CROSS_COMPILE =
${MY_ANDROID}/prebuilts/gcc/linux-x86/arm/arm-linux-
androideabi-4.9/bin/arm-linux-androideabi-

$ make imx_v7_android_defconfig

$ make KCFLAGS=-mno-android

2.3 Service Interconnection of Connected Car

AMela Al A HolE] ugroz USB AZg Sl
Stick PCO] A SV(1A)E Atfat AZgIt:. o2 Al&f
A28 Aol ke 2olE 0 B2 B4slstl Android
w@AAPE &g dageelo yehdth  Connection
manager % ojZ27lo}o] g% 9 42|15 Hgetn o)
2AZ0]9] HA] e &3l ofE2AlA ojojet A
52 & 5 9IS 24ol0f Stick PC AAIo|E gAsic

2.4 Development of Sensor Data Channel

Arfoll 7P AllM(Sensor), ARF B 3 78 JE
2 270810 913 A|ARlo] A BA0R Algd A
FO| QEjH|o] AE(Interface) AFESHATE. EF AREARE
7V Al Bt 7Y £20 T-mapo] Qt=2o|= A
QIEIHo|AS ALZsl7]o] AEelo] T-mape Alelslgln
SDK(Software Development Kit) $]X][15]2} API %]
[16]=2 o]&5tod SDKe} APl KeyE Wi=f'dot HR|stiT.
E3t T-map2 AMESl7] Yol Jar 2 71 & QIEYl
A23 AR E 2Ash] U3 B 57 Rolsi
o Ot e.2 LAJeE HoJEE o AJARY] FHEs|
A tlolEle] FAla 3712 YReP] PAREE XML B
Ao g Aststi Normalized Channel2 JLdsto] Q]
B A AEI0 2 HMUSH) Table 4= AlA FH JE& A}
o U] AMeE AESE A AR 41 9% Au e by
L 3302 XML BAet AT WA Folstn Al
A e, A, @) 9Rl0] 9ot AR 10ln 5

2R OBt of$g gIE 4 9ot

Table 4. Sensor Information Transmitted from the
Vehicle

<?xml version="1.0" encoding="utf-8"?>
<com.skt.tmap.standard.interlock.EDC>
<com.skt.tmap.standard.interlock. EDCRGData>

<nPosAngle>239</nPosAngle>
<nPosSpeed>70</nPosSpeed>

<vpPosPointlLat>37.34860364561023</vpPosPointLat>
<vpPosPointLon>126.95302091519878</vpPosPointLon>

<bIsNight>false</bIsNight>

</com.skt.tmap.standard.interlock. EDCRGData>

</com.skt.tmap.standard.interlock.EDC>

2.5 Vibration system implementation

AENIYE Aol 34 2 A1) Hug 2
Q51| 918 WAIRIO] SR7F XML GAle} BRIl e
o A AT 277 Y. g4 Al g o Al
FO2 SIS EARS QUL Uh FRO A F A
3" Ft= dataEDCRG. stGuidePoint.nTBTTurnType
O 2 nTBTTurn type %to] &34 K12 : 5}3]A, 16 : 8
Al £, 17 1 104] 29 e, 76 0 A B o
£ 7,760 F WA 9% 7 102 9% D4R U,
105: 9% 7dra 27 112 A% gAnAE2 Q7
115 : A% EAlR&ER S 118 @ AZEYR)d sigst
d fed Al Aled Bt S A= Fejflnt

J

s
T AL 730 R WK QEE 4, 74 T WA 0F
2,101 : RER 182 P4, 104 1 QEE u&E
2 &, 111 88 BAIAER O, 1141 Q8%
EARE, B2 117 2% YR ghsn 23]
A AE Ales Bl &g wh&e] Hd 72t
7HR9] AL ol8siA AE Ales Bl

IV. Experiments and Results

£ 7o) 23 Antz o Z9g 3t AE ¢
2R9] g5 B/ sl Al sl dds
Stick PCet ¢Jlojgjs e, RUES J/dskl Wi-Fi &
A At S/71E BiRlsHIT o] % Stick PCOf| A&
BF5hL DUEe A5t AY TS skt B
7h F=02s Yulold B tAIR|S} SAlnr A1 =
o, 28 ARkS FA5hl tERolE FEAIACIM AE

ofZiAole SFFL Al S =, HlofE W
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Table 5. Performance Evaluation Items and Results

Perf
erformance Target standard result
goal
1. Information Receiving time within
. OK
transfer 20millisecond
2 Bluetooth Bluetooth  connection  with oK
wearable band
3. Vibration Band vibrates when oK
notification navigation alarm occurs

e 71 A RRE Aol ol R RS =l
= fl5tel Al HYE 245 R AS2 Fig. 4t
2ol Aol JEE A ofEAloldez AE
st olo] glofels MES AFH 4 9t ofZeiAol
R&En 455 st ¥ 2= Fig. 49] Latency check

shigat o2 57 ofZalAolH(APP)IA DAl
%4 AEolA T-map linkage ofZ2jAol7Hx] OIXI%]
7t 2418 AP PRSI AR BN A &
Zote AlREe Qlskin. Table 6= 109]9] HAER o]
E A o, ARl oY, fold 9, Sl o
7y Auz 523t 20ms O[S TESHIG

£

]l
=
|}

XML parsing
Information
classification

Tema Wristb
T-map — APP J=map |, S
Latency | linkage linkage

processing

Vibration
pattern creation

Between sending and receiving messages x

Fig. 4. Diagram of Vibration Notification System

Table 6. Latency measurement results

No Event Turn left Turn right Speeding
1 0.5ms 1ms 0.5ms 7ms
2 0.5ms 2ms 0.5ms 3ms
3 Tms Tms Tms Tms
4 Tms Tms Tms 2ms
5 2ms 3ms 2ms 4dms
6 2ms 2ms Tms 8ms
7 Tms 2ms 2ms Tms
8 2ms 4dms Tms Tms
9 Tms 4dms 2ms 3ms
10 2ms Tms 2ms Tms

Avg. 1.3ms 2.1ms 1.3ms 2.8ms

F R degvtEe EFFL A0 Okt dReR
Hlol2i 2 BiEQt e ofZejAlold el BAls &elstel
c}. goje}e vizo] MAC £4E &9l3t 5 BLE A7
ofZejAloldog gojels HEe] EREA AZo] Ths
SHA] ERlgit}. tg2 A oiEAolde 554 7

7] 922 golelg Mool As Al2g §3) 92 g
=ISIgi. Fig. 5 Yofels WEe] MAC F4 =i}
A% ojgelAoldoR gojeig Mele] BREA A
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(b) Vibration notification
measurement

(a) Navigation event occurs

Fig. 6. Navigation Signal Transmission Log Data
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