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A Model-Fitting Approach of External Force on Electric Pole
Using Generalized Additive Model
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ABSTRACT

Park Myung Hye™ -

Aanat

Electric pole is a supporting beam used for power transmission/distribution which accelerometer are used for measuring a external
force. The meteorological condition has various effects on the external forces of electric pole. One of them is the elasticity change of

the aerial wire. It is very important to perform modelling. The acceleration

sensor is converted into a pitch and a roll angle. The

meteorological condition has a high correlation between variables, and selecting significant explanatory variables for modeling may
result in the problem of over-fitting. We constructed high deviance explained model considering multicollinearity using the Generalized
Additive Model which is one of the machine learning methods. As a result of the Variation Inflation Factor Test, we selected and
fitted the significant variable as temperature, precipitation, wind speed, wind direction, air pressure, dewpoint, hours of daylight and
cloud cover. It was noted that the Hours of daylight, cloud cover and air pressure has high explained value in explonatory variable.
The average coefficient of determination (R-Squared) of the Generalized Additive Model was 0.69. The constructed model can help to
predict the influence on the external forces of electric pole, and contribute to the purpose of securing safety on utility pole.
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Table 1. Statistics for Observed Data

Pitch Roll

Maximum 180 -83.2

Median -0.2 -83.2

Minimum -180 -90

Mode -0.2 -89.8
Quantity 13244(441 per day)
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Fig. 2. Results of Kalman Filtering for (a) Pitch and (b) Roll



Table 3. Results of VIF Test for Pitch with Meteorological Conditions
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Table 4. Results of Estimating Parameter

Variable Parameter
Temperature 3.176
Precipitation 4.449
Wind Speed 2.322

Wind Direction 2.363
Air Pressure 8.296
Dew Point 7.018
Hours of Daylight 1.000
Cloud Cover 2.683
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Fig. 3. Fitting Results for (a) Temperature
and (b) Precipitation
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Table 5. GAM Fitting Result for Pitch Data
with Meteorological Conditions

Variable F-Value Probabilities
Temperature 10.100 0.06%10°¢
Precipitation 9.181 0.08%10° 7
Wind Speed 7.930 0.03¥107°

Wind Direction 4.394 0.0035
Air Pressure 33511 0.02%10™
Dew Point 7.847 0.03*%10°%
Hours of Daylight 64.954 0.03%10 13
Cloud Cover 21.360 0.08%10™ 2

o

)
o

(s}
(Root Mean Square Error; RMSE) 59 #
SHAIRE 2 =] HolH & 7] E g e

B g ]IH [

o
fo
|

Y Eslo mo r £ &

rlo
o,
=

|
PSS
)

o

~



450 FENLES=2X/EAFH X S8 ALY

th & =dodlAe @5 dlolH e RdlE ool *}O]«l Zt
ZHResiduals)E €3 9F 208 AAs] e {2
Rdgs FYPrt ﬁé dolel e g o] *}0191
ZH2}H(Residuals)= T3 2t}

L)

u ,Mﬂ ﬂ\”( \ | " Cbservea bata MI
by A
L“w il \L‘W i

Fig. 7. GAM Fitting Result for Pitch Data
with Meteorological Conditions

“ f ] %’u

Residuals

o
1;
:?

12 3 456 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Day

Fig. 8. Residuals between Observed Data and Fitted Results

Fig. 82 #3 dolg 9} = dlog Ate] mX|zbe] 2t
A2 Bty e HA -1137, AU 1114, 95 -
1.044019 H#S Qolt} Fig. 19 #2&dol¥ (a) Pitch?
Axts} wad o Fig. 8& 714 2A(LE, F4E, 5,
T 7S, =A1eE, YA, 23)o] BSuolE A A

Ae Ads Belvh

Table 6. GAM Fitted Coefficients

ez M11=(2017. 11)

Table 62 % 24 ASS AL Azleld, dutks)
W o2E A3 Ad adjusted-R21=0.6422 2o Ay
65.8%0]t}.

N
—

o

Table 7. GAM Fitting Results on Different Location

No. R? (adjusted) Deviance Explained
1 0.488 51.6%
2 0.686 70.4%
3 0.752 76.4%
4 0.654 66.9%
5 0.864 87.3%
Average 0.69 70.52%

Variable Coefficients
Intercept(.S)) 1.86%10°
Temperature 4.4556
Precipitation —7.2168
Wind Speed 5.7286

Wind Direction 4.13%1073
Air Pressure —2.1633
Dew Point 5.5761
Hours of Daylight 6.09%10"
Cloud Cover 3.6689
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