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Smartphone response type
Roughness measurement
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SanDiego, CA

B NP L Nuvemherl-a_
Roughness measurement & BumpRecorder

I rlde a taX| | have a smartphone.
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e San Diego, CA
R e T Nuvemherl-t_l_

Roughness measurement & BumpRecorder

| ride a bus. | have a smartphone.
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RI situatio

SanDiego, CA

BumpRecorder Web  for BumpRecorder

QI gD

500 m
2000

: A apiye ST U November 1-4
t San Diego & BumpRecorder
Data Download PhotoReport Other Free App  yagi-san, Hello  Logout
You can access 1,935,870 [km] datas on BumpRecorder Wab! <<
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What is rlght monltormg’? O Bomstcorter
A Precise Medium accuracy
Poor but intermittent but continuity
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Global trend

Smartphone measurement

The World Bank start to provide "RoadLab".

SanDiego, CA
November 1-4

@ BumpRecorder

Global road roughness standard "IRI" - International
Roughness Index - is defined by the World Bank.

At 95th TRB - Transportation
Research Board - Annual Meeting
2016, they announced to start provide |
Smartphone App "RoadLab" for
measurement road roughness by

Smartphone.
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 BPUGD

What is rlght momtormg’? O nemtecorer
Pavement health monitoring
Smartphone type Inertial profiler
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Human health monitoring
Blood pressure CT scanner
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Our Maln COStumerS @Bumpaecorder

- National agency
MLIT (Ministry of Land, Infrastructure, Transport and Tourism)

- Local government
Aizu-wakamatsu city,
will be Tokyo Kita ward, Katsushika ward,
Shizuoka pref & city

- Public authorities
JICE (Japan Institute of Country-ology and Engineering)
NILIM (National Institute for Land and Infrastructure Management)

NIED (National Research Institute for Earth Science and Disaster Resilience) 15
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Our Maln COStumerS @Bumpl{ecorder

- Academia
Tokyo University
Kyoto University

- Private sectors
13 companies e.g. TOA Road Corporation.
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Earthquake Situations
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Past Earthquake in Jan & BumpRecorder

Web  for BumpRecorder 55 SF7Y yagl She Thicsiz | BITVE

s 1.741.510 [km] datas on BumpRecorder Web!
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Damaged S|tuat|on|n |\/|aShIkI town &> BumpRecorder

Mashiki town is located at epicenter of Kumamoto earthquake,
where has greatest damages.

Two floor house was coIIapse down of It’ S ground floor.

19



- RRUGoOg e

hiKi tOWN & sumprecorae
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Damaged S|tuat|on|n MaShl-kI town &> BumpRecorder

Road pavement was peeled.
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Damaged S|tuat|on|n MaShl-kI town &> BumpRecorder

Left house was damaged and left lane closed for safty.
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Damaged S|tuat|on in Aso Clty & Bumphecorde
Aso city is located at north east plase of epicenter.

Road was peeled about 7 km long.
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Damaged S|tuat|on in Aso Clty & Bumphecorde
Road was peeled and bump step also was generated.

HE—T————_—
Can we capture these situation

by roughness measurement?

24
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@ BumpRecorder

BumpRecorder
Only system in the world
Response type IRI Class 2

m ——

Measurement principle was reported
on RPUG 2014
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Other response type |s IRI Class 3 <‘>Bu--vnmrder
IRI Class 3

Measure acceleration (a) IRI Class 2

Correlation formula (b) (3) Calculate IRI
alcula

Calibration driving is needed.
Low repeatabillity.

26
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BumpRecorder IR I Class 2 - &%) BumpRecorder

BumpRrecorder

_ IRI Class 2
Measure acceleration (a)

Suspension estimation (b) (3) Calculate IRI

(2) QC simulation

A

[
(1) Measure profile

Inverted QC simulation (c) |

Calculate profile (d)

Auto calibration is done during measurement driving.
Good repeatability.
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Calculate equatlon omotlon & BumpRecorder

Lz | _ f

FFT for vertical acceleration data
Picking up resonant frequency around 1.5Hz

: Damping Ratio : h
-------------- E Using FFT result and half-width method

Calculate equation of motion for 1 mass spring model

to get ‘u”

by using sprung movement “Lz”
Lz+2ho(Lz-i)+w*(Lz—u)=0 Equation of motion
w=2rf Angular frequency

N = (i1 u()+u(i-1)
u(@)=u@i-1)+ N

Sum (Integlal)
28
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Auto Callbratlon for suspensmn oy —

BumpRecorder automatically analyze suspensions spring
constant by using frequency analysis.
It is only system in the world.
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Peak Location

Shape

sprung elevation

Amplitude
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Repeatability & BumpRecorder
Main Road (40~60km/h)
1
= variation = average \
g " =0.3+2=0.15=+8% \
g S |
S 4 variation < average b \
= =0.4+1.3=0.31=+15% | \
3 \
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1
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Repeatability
Community road (20~40km/h)
] . { . i . { . i . i
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IRl measurement by Bumpnecorder oy —
Brown line are already measured which is almost whole Japan.

BumpRecorder Web  for BumpRecorder iz —4 zofty  BEFTY yagi Sk, chicsiz BITYE

U can access 1,647,630 [km] datas on BumpRecorder Web!

© OpenSireetMap tributors
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16712217.57791, 4826801.45112 34
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Square Mesh Section
for IRI section determination
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IRI SECthn @Bumpaecorder

Current Problems

Usually, IRI is calculated for the section that is defined by

each road location markers.
But it Is difficult to make this information.

Proposed Method (BumpRecorder is using this section)

Square Mesh grid is defined on the
earth by latitude and longitude.
When the measurement route cross
over this grid, from the entry point to
the exit point are the section for IRI .
calculation. | \

Exit Point

Entry Point

Measurement Route
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‘Square I\/IeshCode I ——

North South length and East West length of Square Mesh are
same. And basic size is 1/8192 deg(1/2"13) that is about 10m.

Basic Mesh size Expand Mesh size
LonCode = Mesh size is defined by x2, x4, x8, x16 ...
= int(lon / 8192)
e=wt1
LatCode =

s = int(J(1/cos(lat)) *o)
= int(LOG((1+sin(lat)) / (1-sin(lat))) / 2 *a)
n=s+1 0=469367.1

n —

Mesh Code is defined by
(MeshSize, LatCode, LonCode)
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(lon, lat)

s — >, A’/ MeshSize 2 4 8 16
M Length 22m 44m 88m 176m
W e (at N36 deg)
* BumpRecorder Web is calculating IRI for Mesh Size 2, 4, 8, 16... 37

* Depending on driving route, IRI section length is different between neighboring sections.
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Measurement Results
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BumpRecorder Web  for BumpRecorder

@D gD

20 km
10 mi

MesurementData

Other Free App  yagi-san, Hello ~ Logout

You can access 1,744,090 [km] datas on BumpRecorder Web! <<

© OpenStreetMap contributors
Scale =1: 867K

14511870.33339, 3833876.82483
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Current roughne

Line color and triangular shows road roughness and bump step.
All bump step are affects from quake?

fRAEE OB BN ORRalHLE

L —

/" Flatness ~ 2.4
PR H
S 4a~8
/S 8~10
Vi

Is this affect
from quake?

urrent data, judgment is difficult
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 RPUG 2016 e

Roughness comparison, before and after@»:mpaeeoraer

Blue line shows roughness before the earthquake.
Red line shows after quake.

ﬁ%%‘-i&%ﬁ UJ&%:;}# OFR oRKaHLE

| SERE

3 / Befors Earthquaks
/ Aftar Earthauake

This Is not affect
from quake.

Comparlson IS effective to understand.
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Roughness distribution . round Mashiki Town @nu...pae.me..
Mashiki Town has terrible damages.

HEAHI 5 o0 B 7S A0 A OBR qﬁj&ﬁ‘]ﬂiﬂﬁﬁz BERME |
A R - , :

42

Sy T a—F—iERett




SanDiego, CA

November 1-4

Wide area roughness dlstrlbutlon &8> BumpRecorder
Damages are spreading to south west direction.
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Roughness measurement at ASO City & oo

— RPUG 201G wesea

Main road can be measured after the earthquake.
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Comparlson for before and after IN Aso@numvaecwer

Comparison can not done unless before data.
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i o SO U [ Regular survey is an important !]
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 BPUGAD

Conclusions - 7 —

- After Kumamoto earthquake,
roughness measurement was done
by using smartphone.
- It can measure 3,400km Iin 1 week.
- Before and after roughness comparison Is
effective to understand road damages.
- Not only after data, but also before data is
an important to understand roughness changes.
- It means that regular measurement is an important.
- Response type measurement is bringing
regular roughness measurement.

- | believe that it becomes popular in a near future.
46
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Question(s)”?

YAGI, Koichi
BumpRecorder Co., Ltd.
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47



