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London UndergroundLondon Underground
• Background

– Spalling in deep tunnel
– Fresh and historical
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CrackmeterCrackmeter (LPDT)(LPDT)

Crack Location

LPDT
for measurement

LPDT
for temp.
comp.

Crack

Range 12.5mm
MicaZ 10 bit ADC 
Resolution ~12μm



InclinometerInclinometer

Bolt

Bolt Bolt

Bolt

2.0dB antenna Inclinometer
Board

Main Battery

Mote

Angle Plate

Temperature &
Humidity sensor

Resolution 0.001o

Range ±15o

External 16 bit ADC



Network from Site to CambridgeNetwork from Site to Cambridge

Balloon in Vent Shaft
[Linux Computer]

Gateway in Tunnel
[MIB600]

SiteSite Cambridge Uni.Cambridge Uni.

LAN
Server in Kenichi’s room

GPRS

PC 
Outside

Balloon collects data from Gateway
Balloon sends data to server in Cambridge

Server in Cambridge keeps connection to Balloon
Any PC can see inside of Balloon from anywhere



RealReal--time Monitoring on WEBtime Monitoring on WEB



Google Earth ModelGoogle Earth Model



Monitoring Results LULMonitoring Results LUL
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-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

2008-07-
01

2008-07-
11

2008-07-
21

2008-07-
31

2008-08-
10

2008-08-
20

2008-08-
30

2008-09-
09

2008-09-
19

2008-09-
29

2008-10-
09

2008-10-
19

Date

C
ha

ng
e 

of
 In

cl
in

at
io

n 
/ d

eg
re

e

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

C
ha

ng
e 

of
 L

PD
T 

/ m
m

A
F
M
FG
L

Ring 1661

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

2008-07-
01

2008-07-
11

2008-07-
21

2008-07-
31

2008-08-
10

2008-08-
20

2008-08-
30

2008-09-
09

2008-09-
19

2008-09-
29

2008-10-
09

2008-10-
19

Date

C
ha

ng
e 

of
 In

cl
in

at
io

n 
/ d

eg
re

e

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

C
ha

ng
e 

of
 L

PD
T 

/ m
m

F
H
M
FG

Ring 1689

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

2008-07-
01

2008-07-
11

2008-07-
21

2008-07-
31

2008-08-
10

2008-08-
20

2008-08-
30

2008-09-
09

2008-09-
19

2008-09-
29

2008-10-
09

2008-10-
19

Date

C
ha

ng
e 

of
 In

cl
in

at
io

n 
/ d

eg
re

e

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

C
ha

ng
e 

of
 L

PD
T 

/ m
m

A
H
M
FG

Ring 1714

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

2008-07-
01

2008-07-
11

2008-07-
21

2008-07-
31

2008-08-
10

2008-08-
20

2008-08-
30

2008-09-
09

2008-09-
19

2008-09-
29

2008-10-
09

2008-10-
19

Date

C
ha

ng
e 

of
 In

cl
in

at
io

n 
/ d

eg
re

e

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

C
ha

ng
e 

of
 L

PD
T 

/ m
m

A
F
H
M
FG
L



Movement OverviewMovement Overview

~0.006o/month

~0.006o/mont
h

Crack
No Change

1640

Joint
~-0.02mm/month

~0.030o/month

No Change

Joint
~0.008mm/month

1661
~0.020o/month
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~0.014o/month
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~0.007o/month
Joint
0.080mm/month
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~0.015o/month
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~0.040o/month

No ChangeCrack
~-0.035mm/month



Network StatisticsNetwork Statistics

• Network topology changes rapidly

avitest-0.wmv



Power Harvesting PotentialPower Harvesting Potential

• Data Logger

• Accelerometer

• Anemometer
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