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APPENDIX A 

TSE Program Code Structure 

This appendix shows TSE program code structure which written in MATLAB and 

corresponded with test system in figure 3.2. The TSE algorithm consists of 5 parts 

follow list below. 

1) TSE part: Main program for determine the component parameter, construction 

of network topology, calculation of state variable, modal to phase 

transformation and performance evaluation. 

2) Build H part: Construction of [H] and [Z] matrix according with measurement 

data. 

3) Modal Trans part: Modal transformation for phase to modal domain. 

4) Add Tline part: Construction of Bergeron transmission line parameter to [H] 

matrix. 

5) Add hline part: Setting a measurement data to correct position in [H] matrix. 
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Figure A.1 TSE program code structure. 
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APPENDIX B 

Estimation Results in Different Sag Voltage 

The estimation results in chapter 3 show only 80% sag case. This appendix shows 

estimation results in different sag level and five cases are used for consideration 

(include three subcases of noise); TSE algorithm, TSE algorithm with 1%, 2%, 3% 

noise and TSE algorithm with nonlinear equipment (saturated transformer). Table B.1 is 

the list of estimation result’s figures in different sag voltage for each case. 

Table B.1 List of figures of estimation results in different sag voltage. 

Figure no. Case 

Type of 

disturbance Location 

Figure B.1 

TSE 

Three phase 
bus no. 5 

Figure B.2 bus no. 7 

Figure B.3 
Single phase 

bus no. 5 

Figure B.4 bus no. 7 

Figure B.5 

TSE with 1% noise 

Three phase 
bus no. 5 

Figure B.6 bus no. 7 

Figure B.7 
Single phase 

bus no. 5 

Figure B.8 bus no. 7 

Figure B.9 

TSE with 2% noise 

Three phase 
bus no. 5 

Figure B.10 bus no. 7 

Figure B.11 
Single phase 

bus no. 5 

Figure B.12 bus no. 7 

Figure B.13 

TSE with 3% noise 

Three phase 
bus no. 5 

Figure B.14 bus no. 7 

Figure B.15 
Single phase 

bus no. 5 

Figure B.16 bus no. 7 

Figure B.17 

TSE with saturated 

transformer 

Three phase 
bus no. 5 

Figure B.18 bus no. 7 

Figure B.19 
Single phase 

bus no. 5 

Figure B.20 bus no. 7 
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Figure B.1 Voltage at bus no.5 (three-phase disturbance, different sag) 
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Figure B.2 Voltage at bus no.7 (three-phase disturbance, different sag). 
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Figure B.3 Voltage at bus no.5 (single-phase disturbance, different sag). 
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Figure B.4 Voltage at bus no.7 (single-phase disturbance, different sag). 
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Figure B.5 Voltage at bus no.5 (three-phase disturbance, different sag  

with a 1% measurement noise). 
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Figure B.6 Voltage at bus no.7 (three-phase disturbance, different sag  

with a 1% measurement noise). 
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Figure B.7 Voltage at bus no.5 (single-phase disturbance, different sag  

with a 1% measurement noise). 
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Figure B.8 Voltage at bus no.7 (single-phase disturbance, different sag  

with a 1% measurement noise). 
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Figure B.9 Voltage at bus no.5 (three-phase disturbance, different sag  

with a 2% measurement noise). 
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Figure B.10 Voltage at bus no.7 (three-phase disturbance, different sag  

with a 2% measurement noise). 

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

B
u

s
 V

o
lt

a
g

e
 (

k
V

)

 

 

Actual TSE

no disturbance

90% sag

80% sag

70% sag

60% sag

50% sag



 

 86  

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

Time(secs)

40% sag

30% sag

20% sag

10% sag

Interruption

 

 

 

 

Figure B.11 Voltage at bus no.5 (single-phase disturbance, different sag  

with a 2% measurement noise). 
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Figure B.12 Voltage at bus no.7 (single-phase disturbance, different sag  

with a 2% measurement noise). 
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Figure B.13 Voltage at bus no.5 (three-phase disturbance, different sag  

with a 3% measurement noise). 

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

 

 

Actual TSE

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

B
u

s
 V

o
lt

a
g

e
 (

k
V

)

no disturbance

90% sag

70% sag

60% sag

50% sag

80% sag



 

 89  

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

-200

0

200

Time(secs)

40% sag

30% sag

20% sag

10% sag

Interruption

 

 

 

 

 

 

 

Figure B.14 Voltage at bus no.7 (three-phase disturbance, different sag  

with a 3% measurement noise). 
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Figure B.15 Voltage at bus no.5 (single-phase disturbance, different sag  

with a 3% measurement noise). 
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Figure B.16 Voltage at bus no.7 (single-phase disturbance, different sag  

with a 3% measurement noise). 
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Figure B.17 Voltage at bus no.5 (three-phase disturbance: different sag 

with considering the saturation of transformer). 
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Figure B.18 Voltage at bus no.7 (three-phase disturbance: different sag 

with considering the saturation of transformer). 
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Figure B.19 Voltage at bus no.5 (single-phase disturbance: different sag 

with considering the saturation of transformer). 
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Figure B.20 Voltage at bus no.7 (single-phase disturbance: different sag 

with considering the saturation of transformer).
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APPENDIX C 

MAE Evaluation 

There is another performance tool uses for evaluate the estimator which is the 

percentage Mean Absolute Error (%MAE) calculated by (equation 2.39) 

1

1
ˆ

% 100

n

i i
i

x x
n

MAE
peak voltage at nominal





 


. 

There are three cases use for consideration; TSE algorithm, TSE algorithm with 

noise, and TSE algorithm with nonlinear equipment (saturated transformer) as figure 

C.1 – C.12. Beside figure C.13 – C.16 are all phase-A of each evaluation testing. 

Table C.1 List of figures of %MAE evaluation  

Figure no. Case Type of disturbance Location 

Figure C.1 

TSE 

Three phase 
bus no. 5 

Figure C.2 bus no. 7 

Figure C.3 
Single phase 

bus no. 5 

Figure C.4 bus no. 7 

Figure C.5 

TSE with noise 

Three phase 
bus no. 5 

Figure C.6 bus no. 7 

Figure C.7 
Single phase 

bus no. 5 

Figure C.8 bus no. 7 

Figure C.9 
TSE with 

saturated 

transformer 

Three phase 
bus no. 5 

Figure C.10 bus no. 7 

Figure C.11 
Single phase 

bus no. 5 

Figure C.12 bus no. 7 

Figure C.13 
All phase-A of 

each evaluation 

testing 

Three phase 
bus no. 5 

Figure C.14 bus no. 7 

Figure C.15 
Single phase 

bus no. 5 

Figure C.16 bus no. 7 
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Figure C.1 %MAE at bus no.5 for three-phase disturbance. 

 

 

Figure C.2 %MAE at bus no.7 for three-phase disturbance. 
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Figure C.3 %MAE at bus no.5 for single-phase disturbance. 

 

 

Figure C.4 %MAE at bus no.7 for single-phase disturbance. 
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Figure C.5 %MAE at bus no.5 for three-phase disturbance with measurement noise. 

 

 

Figure C.6 %MAE at bus no.7 for three-phase disturbance with measurement noise. 
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Figure C.7 %MAE at bus no.5 for single-phase disturbance with measurement noise. 

 

 

Figure C.8 %MAE at bus no.7 for single-phase disturbance with measurement noise. 
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Figure C.9 %MAE at bus no.5 for three-phase disturbance  

with considering the saturation of transformer. 

 

Figure C.10 %MAE at bus no.7 for three-phase disturbance  

with considering the saturation of transformer. 
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Figure C.11 %MAE at bus no.5 for single-phase disturbance  

with considering the saturation of transformer. 

 

Figure C.12 %MAE at bus no.7 for single-phase disturbance  

with considering the saturation of transformer. 
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