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Background FUfiTsu

B Sensing device of automotive and advanced intelligence is progressing.

B On the other hand, management system of the road itself is considered.

m Aging problem (30~50 years after construction)
40% of road infrastructure (bridge, tunnel, slope:--) of freeway

W Disaster problem
70,000 areas (freeway), 1,050,000 areas (other local roads) must be monitored
continuously

* Only in Japan

Profile
_ Length[km] Monitoring target
Freeway 10,000 70,000 areas*
0,

40% National highway 54,000
1,050,000 areas**

Prefectural road 129,000

Others 1,000,000

Age of road infrastructure (freeway)*

Along with the evolution of automobiles, remote monitoring
of road infrastructure has been integrating as an advanced IoT system

* Fujitsu and partners examined
**Ministry of Land, Infrastructure and Transport, Japan 2007
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Intelligent Transport System FUjiTSu

® Navigation System ,VICS, ETC: 2001~

m Safety Driving:2006~ 1M data/site/year
® AHS(Advanced Highway System):2011~
m DSSS(Driving Safety Support System):2006~
m ASV(Advanced Safety Vehicle):2011~

B UTMS(Universal Traffic Control System):2006~

m AMIS(Advanced Mobile Information System)
® ITCS(Integrated Traffic Control System) ~——r

VICS,
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80M cars

DSSS
Beacon

100K~1M site to be monitored
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Conditions and Challenges FUJiTSU

B Huge data collection, sustainability and robustness

W Problems:
» The bottleneck of the system is not disclosed
o It doesn’t work properly with a simple implementation

® Proposal:
Dvnamic vertical migration control for distributed processing

between gateway (edge) and cloud.
B Fluctuation in wireless communication and power model due to the
environmental disturbance

W Problems:
* The deployment environment is severe
* No power supply, no wired network line

® Proposal:

1. Power scheduling method considering solar-power generation variation via
weather and temperature (MPS0C2015,2016)

2. Wireless node deployment simulation :
transmission rate becomes symmetric under the environment of varying

signal strength
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Dynamic vertical migration control FUjiTSu
B Which is better ?

v" About 1,000,000 data/site/year are collected
1 server / 1 system
o ~—

D b ' Data

_J R Device profile —7 o
[ AI analysis Database arelisis LAIana|Y5'5<j:$ Database processing

[ [ =1
Data % Data Node state ~ Data ’L Database
visualization processing scheduling visualization | |Synchronizer

| WebAPI/Socket | | WebAPI/Socket |
g 100K~1M gateway / 1 system
f— Device profile Local Database
Node Control Data Packing analysis Database Synchronizer
|
HETRIET liel ey Node stat Node Control | | Data Packing
scheduling Manager and Relay

| Specified protocol of RF

| Specified protocol of RF |

Q 10~100 node / 1 gateway Q
Sensing front | Routing topology Sensing front | Routing topology
processing scheduling processing scheduling
Sensor device Power state Sensor device Power state
driver scheduling driver scheduling
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Trade-off
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FUJITSU

| Cloud centralized Gateway (Edge) centralized

Advantage

global data analysis
(Comprehensive observation and
analysis of all data)

> Miniaturization of gateway

architecture
(GW only relays data)

Disadvantage » Real time performance for
sensor device control

> Robustness against

backbone network

(data loss during failure of base
station of cellular network)

Gateway size comparison

T ——— —

B =~ —

Minimum : lunch box size
ease to install everywhere

> Real time performance of all

>

>

>

Data flow between cloud server
(compressed and arranged DB data)

Robustness against backbone network
(local DB becomes backup when backbone network is
disconnected)

Real time performance for sensor
device control

Real time performance of all global data
analysis

(It's necessary to judge with only local data or to
wait for feedback from the center)

Calculation load and the size of gateway

Full funtion with fuII au onous poer supply
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Dynamic vertical migration control FUjiTSu

R S T— : s - C < o p———
: - evice profile —— .
Aranalysis ¢ Database analysis | Al analysis ¢
Data Data Node state Data Databa;;e
visualization processing scheduling visualization Synchronizer
| WebAPI/Socket | WebAPI/Socket |
Device profile Local Database
Node Control Data Packing analysis Database Synchronizer
Manager gy Node Control | | Data Packing
Manager and Relay
| Specified protocol of RF | Trquer Of mlqratlon _
» Trouble of backbone network | Specified protocol of RF |
 J (disconnect, security anomaly) [ 4
Sensing frant | Routing topologyl > Trouble of power state of GW Sensing front | Routing topology
processing scheduling » Trouble of sensor network processing scheduling
Sensor device Power state - Unstable link qua“ty and Sensor device Power state
driver scheduling topology change driver scheduling
- Power scheduling of sensor

nodes

Frequent migration causes unstable system
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Frequency of Trigger of migration FUJiTSU

Backbone network

Power state of GW

Power state of sensor

Link quality

Link quality

o
=

Cause Countermeasure

Several times a year Backbone maintenance

DDoS attack

- Battery running out Correct estimation

Several times a month Fluctuation of sunshine  Power scheduling
(MPS0C2015,2016)

Several times a month Weather, vegetation, Deployment plan

Trlggerl lll

Several times a day moving obstacle, considering environment
Optimized routing of and characteristics of RF
: device
RF device
1
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L4£ 340
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&4."2‘3 02:20 D5/01 L“J:‘J'_", 'J‘_‘-,."L’J 17:26 05706 01:00 05/08 08:33 05710 16:06 D5/12 2340 0515 07:13 05717 14:46

Link quality from A to B,C,D... Time (1 month)
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What happened

B Optimal path search algorithm
Distance Vector) is affected by
data collection ratio. = cause

(0®)
FUJITSU

like AODV(Ad-hoc On-Demand
environmental change and reduces
of system instability

==
L-

Inheritance node of B Inheritance node of E

el
LTS

1
A_ . B ' F
AODV: Selected minimum hop 1 AODV
Normal «.__COnnection by RF device A : AODV E
[]
) ) 1
Link quality between A AODV g 1 E AODY =
A-E happens to :
improve —— AODV A* ________ I | e A
--------------------------- e—
A -7 B : TN E— ---------------------- F
Normal v~ AODV A’*s 1 ,
~~~~~~~ :_______________———‘ connected isolate
i
)
o 100 /0 1
B |
C
S Good (stable) : Usable Bad
ol Changein | (unstable) isconnect)
S environment |
5 -
8 1

1
Link quality (ex. Stable=-80dBm

0 0
~, Usable=-80~-85dBm, Bad=-85dBm)

Nodes must not be deployed at physical distance that transit the “usable-bad” state
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Proper deployment FUJiTSU

Ideal relationship of nodes

—————————————

Cluster with

Data calibration operation with neighbor nodes
“A" axis

Reliable data transfer (ad-hoc network)

e

Symmetric topology
Cluster with > Equivalent architecture
= axis > Equivalent transmission path throughput
(Stable link quality and stable data transmission makes
easy scheduling for control)

[ RS —

LQIab = LQIbE -
LQI=Link Quality Indicator (= RSSI)

Actual relationship of nodes Cluster with

“A” axis ¢

rE Y2

Obstacles

o e
- -

~.  Cluster with
N YE” axis

Appropriate placement,
additional relay node

)

| I8 \

@ sl
LQIA-B # LQIac # LQIa-B = LQIar1 =
LQIao # LQIpe - LQIr1-0 = LQIp-r2 -

Even though the physical distance is symmetric,
it will not be symmetric in terms of wireless communication
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Proposed simulation FUjiTSu

Example of region
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DB of power budget : Eo, Erx, Trx Power c_onsumphon
(theoretical value) (effective value) p
Probabilistic Model (Environmental disturbance)
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Proposed simulation FUjiTSu

® Specify GW and measurement position @ Enter communication characteristic template

S Designer Designer =g

Node Map Help

Eile Node Map Help

LY

T Node v e [-co| me {1 Node ve |ooaolme

;::s,aluuulsnnsl 0“,@ @ “‘/_‘ §§§ 3551379006293 lo @ @' l)‘ 8
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1
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O Node oo map
[GATEWAY(7 0135, 2622084762535, 138. 6141012191772 . = = S
SENSOR(# 16136, 26285728805852, 138.91379008293152] PENSOR(# 1) [36.26285726005852, 136.813790062031 599

'SENSOR(#2)@[36. 263955930421 68, 138.81248116493225]

EN
SENs:

'SENSOR(#4)@[36.26441441439651, 138.81264209747314]
36.

139651, 138.81264200747314]
55881692, 138.81206396255
7111063, 138.81

1, 1388141

)@I36.2643:

450957111063, 138,

'SENSOR(#7)@[36.26439711316331, 138, 8141655921936]

'SENSOR(#8)@[36.26409434096186, 138, 81399393081665]

'SENSOR(#9)@[36.26530542272515, 138.81354331970215]
36. , 138.81

L. ) 138.81.

5, 138.51399393081665]
43319702151

7578964

36. 138.81
36, ) 138.81
36. 138.

ROUTER(#17)@[36.26545073250027, 136.81301945427862]

Final position of

Searching all nodes
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Result
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B Simple deployment

Do

0
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T T
0422 0340 /24 11:13

O Proposed deployment Connect/disconnect threshold

100~

Link quality

a4

Backup node(Redundant node determined from power stability)

Cluster group of symmetric neighbor nodes

n WAL IR 1 1 1l
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Node cluster that is not a neighbor
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Conclusion FUJITSU

B Advancement of automobile and road operation system is progressing.

B Although, research and development of advanced control systems for
automobiles is in progress, the road monitoring and control systems to be
cooperated into ICT has been delayed.

B There are problems between server cloud and gateway edge loads and
system robustness and stability. Implementation is not simple and not easy.

B We made two proposals and verified the effect.

® Dynamic vertical migration control for distributed processing between gateway
(edge) and cloud

m Wireless node deployment simulation
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