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Vehicle for continuous moving measurent

Pyrgeometer Pyranometer

Infrared thermometer

Sensors and GPS attached

Infrared thermometer
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Why €rror OCcurs

A Measurement errors :|
% 3 ««++ TTue Value

— Measured Data

Value

Position of the Sensor X

[@ Time lag of the sensors }

[@Delay time in the GPS terminal }
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[@ Time lag of the sensors

- Step Response
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[@Delay time in the GPS terminals }
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Sensing data at time ¢
at the location X
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Estimation system

Sensing Data
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Data measuring position x

The sensor position x, at time ¢

e X, +V(t-t,) (1)

Data measuring position x at time ¢ :

(xX=x,+V(t—=t,)-Vt, @

t : Time

x : Data measuring position at time ¢
x, : Initial position of the sensor

V': Moving speed of the sensor
t, - Initial time

t,: GPS delay time from receiving from the satellites
to outputting the positioning information

: The sensor position at time ¢
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Input/output relation of the sensor

True value of Measurement
the spatial P> Measurement =3 value g(7) ot
distribution the sensor 1in
&):Lﬂ the time
domain

u(?): True value of the measured property at time ¢
f(x) : True value of the measured property at the positon x

2(?) : Instantaneous value of the data measured by the sensor at time ¢
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Assuming the sensor response as a first-order lag system,

T ag () + g(t) = u(?) (3)
m— X

the solution is the following equation.

g(t)=exp{-(t-1t, )/ T}g(t,) +]exp{—(z —$)/ TV T xu(s)ds
2 (4)

Assuming u(#) 1s constant over the time interval, this
equation 1s transformed to the following discrete system.

At At

g(t+At)=e ?g(t) +(1- e_?)u(t) (5)




An Inverse system of response
characteristics of the sensor

Input u(7) | Antlnver;eth | Measurement

to the SYSTEH O HIE value g(7) of
Sensor A

Sensor the sensor

The 1nverse system of the equation will be

the following equation.
s At ) At

LLZ‘) = _ &+ At) —e_7g(t) /(1 —6_7)




Moving average

Moving <4 Moving &—Input u(?)

average u(t) average to the
of mnput to Sensor
the sensor

;_(t) = .iugt+iAt)/(2N+l)

i=—N




Transformation of the input signal of the
sensor to the spatial distribution

Estimated , Moving
Transformation _
value F(x from time d , average u(?)
of the spacg FOTTL HE Gomdin l of mput signal
e to spatial domain
distribution to the sensor

Also, a transformation from time to space 1s made by
substituting f=t, + (x —x, +Vt, ) %

The spatial distribution F(x) will be obtained.
F(x)=u(t, + (x—xo +V't, )/V)

OCU KBt i X7

ka City University



Step responses of the pyranometer

__ Stepresponse of  An approximation
the pyranometer of first-order lag

Solar radiation [W/m?]
N
S
S
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Time [s]




Step responses of the pyrgeometer(IR
radiometer)

(E ___Step response of the . ... An approximation of
E 44 pyrgeometer(IR radiometer) first-order lag system
— .o oz o= measm
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S 10
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=} Step responses of the infrared

thermometer
__ Stepresponse of the ~ An approximation of
16 infrared thermometer first-order lag system
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Step responses of the thermocouple

Step response of Step response of
— thermocouple(0.1mmg ) = thermocouple(0.3mmy, )
An approximatio first

- 0 . An approximation of first
-orcféjrplag systemr(lO. fmm b ) -ordeliplag system(0.3mm & )

60

Temperature change [K]
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Time constants of the sensors

Instruments The time constant]s]
Pyranometer MS-802 2
the pyrgeometer(IR radiometer) MS-202 6.7
Infrared thermometer [RTS-P 0.25
001 1.1
|
T type thermocouple 603 T




Installation of the sensors
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Field test

Date: 2005/10/12
Place : Osaka city, Japan
Speed: Skm/h

10km/h

20km/h

40km/h

smme |
CFE |

|

data sampling interval:0.2 s
“&a W 7= T
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Moving measurement result of the pyranometer

— Low speed — 10km/h —20km/h —40km/h -@ Position of trees along the stre¢
N§ 300 Vj , -
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s ) k, T R " ”
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Moving measurement result of the pyrgeometer(IR

radiometer)
= Low speed — 10km/h —20km/h == -@- Position of trees in the street
440
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Infrared radiation[W/m 2]
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Comparative result of the moving measurement value, the
true value and the estimated value of the pyranometer

True value f(x) (measurement The estimated
value at the low speed of 5 km/h) value F(x)

1000

900

& 800 PR
£ 700 W l,'
E 600, ; f [ ! ] ‘ ‘j ; w a1
= 500 l '
S ? \ '1 APy j
= 400 | | | |
S zaszl| i H f
— \ !
200 i
S MOVmg direction | Measured data at 40 km/h
© 100 1 of the sensor
N
0
135.514 135.513 135.512 135.511 135.51 135.509
EAST Longitude WEST
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Comparative result of the moving measurement value, the
true value and the estimated value of pyrgeometer(IR
radiometer)

Measured data at the speed of 40 km/h

N
(e}

W/m?]

True value f(x)
(measurement value at 5 km/h)

G =
Moving direction
of the sensor

Infrared radiation

70

' F(x)

260

135.514 135.513 135.512 135.511 135.51 135.509
EAST
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Conclusion

A method to estimate the spatial distribution from data
which was obtained by continuously measuring in
streets, using sensors which have a response lag and
GPS which has a time delay.

The measurement error of the pyranometer with a 2.0-
second time constant was extremely small.

The error was much larger for the pyrgeometer (IR
radiometer) with a comparably large 6.7-second time
constant.

By applying this method, it became obvious that
measurement error can be effectively decreased.




— measurment
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Example of continuous moving
measurement
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Measurement plan

Spatial frequency to measure < Cut-off spatial frequency

@ [I/m]< y, = 2TV

. 4

Moving velocity ¥V [km/h|=V, = %n Tu

Sampling interval f[s] ¢, = %LL v

T : Time constant [s]
V : Velocity [m/s]




Measurement Plan
Choice of Speed

Spatial frequency=Instrument=Speed

100 A\ L
60km \ \ Infrared thermometer
g 80 — Pyranometer
‘F — Pyrgeometer
5 \

8 20 \
il

0 0.02 | 0.04[1/m] o6 0.08
Cut-off Spatial frequency [1/m]




Measurement Plan
Sampling interval

Interval <0.8sec

ol

< 1mpling interva
COO0 N W BN

— 20km
— 40km

60km
— 80km

m

0.02

0.04 0.06 0.08
Spatial frequency[1/m]

0.1




EOT-EREDREAEX

— However, the average level of estimated value is different from that of
the true value, which seems to be caused by the fact that both
measurements were not carried out simultaneously.

BENERENEEL-ERICERTE D

— Yes, it can be applied to the variable speed. But the inverse system can
not be applied when the vehicle stops.
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