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ABSTRACT

A Method for Line Parameter Estimation of Unbalanced
Distribution System based on Forward/Backward Sweep Using
DCU Data

Lee Hye—Kyu
Advisor : Prof. Hwang Pyoeng—Ik, Ph.D.
Department of Electrical Engineering

Graduate School of Chosun University

Recently, as the technology of renewable energy has been developed and
policies to support the supply of renewable energy are implemented, the supply
of renewable energy 1s increasing. Accordingly, the connection of distributed
energy resource (DER) based on renewable energy to the distribution system is
increasing. DERs are installed near customers, thereby reducing transmission
losses and improving reliability. However, it causes various problems, such as
overvoltage due to reverse power flow and protection cooperation problems in
case of failure. Therefore, advanced distribution management system(ADMS)
was introduced to solve these problems. ADMS enables the stable and efficient
operation of the distribution system through various applications such as
real-time system analysis and facility remote monitoring and control. Most of
ADMS applications are designed based on the distribution system network
model. With the introduction of ADMS, the distribution system needs a more
accurate network model. However, the network model of distribution system is
not well built up. Therefore, methods for network model estimation using the

history of voltage, active power, and reactive power acquired from remote
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meter reading facilities, such as advanced metering infrastructure (AMI) or
data concentrator unit (DCU), which are widely spreading in distribution
systems, are being studied. There are various methods for network model
estimation using a remote meter reading device installed in the distribution
system. One of the methods is to utilize micro phasor measurement units (z
PMUs) for the line parameter estimation. However, the pPMU is an expensive
facility, so that it requires a lot of cost to install zPMUs to the distribution
system. Therefore, a non-PMU based method for the line parameter estimation
has been recently proposed. The line parameters are estimated by using the
history of active power, reactive power, and the voltage magnitude, which are
measured by the remote meter reading facilities. However, the conventional
non-PMU based method cannot estimate the mutual impedance, because the
distribution system was modeled as a three-phase balanced system. However,
the actual distribution system is an unbalanced system in which the effects of
mutual impedances i1s not negligible. Therefore, in this dissertation, a new
method to estimate the line parameters including mutual impedances is
proposed. The proposed method for line parameter estimation utilizes DCU data
and forward/backward sweep. We test the proposed method on IEEE 13 node
test feeder and IEEE 123 node test feeder using actual load patterns. The
results demonstrate that the proposed method can estimate the line parameters

including mutual impedances with high accuracy.
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9 HA4S forward sweepd] AlAF A9} FASA HAAH layerF-H &9 layer o
o2 Fsto] AF Ul Be A= vy et ok 24 A fA4s 488
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AL

= oA o Foll A AFS forward/backward sweep 71HF E3 Y vl H A E
= gy F4 7IHS MATLABS ol&ste]l &8l Ajk 71W e ds HAe<
A3l At 7IHE o]&ste] thir Al widAlE oAl A< IEEE 13 Node Test
Feeder2} IEEE 123 Node Test Feeder® A= m&v|HE FA3ATH16—-17]. 1
ol B =FolA Ajksk=s 7 e o]t A3 AR detny e AR E 245
71 f8 i Ase A BOFE o]HY A= YRt we 89 AR gy
(R Xog)ob AA A= serE(R,,, X030 23388 2 (3.D)3% 4 (3.2)5
o] &3t At Z+ A5 71 A A& gy exES 8 A5 7L
o] A= Iepuly 4 A A& FEgds st

o

¢

l'UO

Rrea,_Resi

Rm-mr,%—‘—;z l 1% 100(%] (3,1)
rea Xes,i

Xerror,% = ‘—)’(l “ > 100[%] (3.2)

ATk e w 2HALE B AN 24 AL w99
4 (34 5o B4 A¢ 27 2 BH A A% oE Avsdn

| 7eal| | e%tz|
mag,error,?’ - |

% 100[% | (3.3)

real|

9v7er7'u7' = |9v,’real - 0v,esti| [ ’ ] (34)
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A. ANEHIA 2A

1. 9/29 delg A9
a e dol]

1= =

-

4= delel= DCUA AS5E + 9
e AEe B 2 EEEZA AHolw F 3-1

ol
my

3% 3-1 949 dloly
Table 3—1 Input Data

HE to] &l 7§
224 At o] 8 (measured)
2 o] ¥ (measured)
e o] ¥ (measured)
As EZ8A AR
_1

2H AR

Table 3—2 Output Data

HS o]y
1 MR 3 dads
2 2 A9k o] 9 (updated)

<k
£
—
()
N
-
¥
[aV)
w
@
1o

o
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of i3l & 95~99[%]|E ZI=F 7} case™ Fazy olgS FAH= A
e AEel &9 EAHA(Slack bus) b ol Zb case®E EE A Ui
0.95 ~ 1.05 [p.ul oW = zte #2919 #elS st ol& A&t &
9 RS A 2 B At ol"He i AleY BAEH Fol old R &9 BA
Aot o]d, Az 2 vt ARE JdHd o] E forward/backward sweep T AARS
Algste] AT 1ol e Ak B Fol o9& AS AE aEshA 22
t}.

3. AlEH A A AFE
a. IEEE 13 Node Test Feeder

18 3-1& IEEE 13 Node Test Feeder? AZEXolt}, 7]& AYS 4.16 [kV],
[e)

715 Mg 5,000 [kVAlelH, & 12709 A=Ee} 13719 Ao w FAEo Ut}

T

646 645 632 633 634
@ @ » @ i E @
611 684 675

692
671
® e LQ .

L
652 680

a9 3—-1 IEEE 13 24 A%
Fig 3—1 IEEE 13 Node Test Feeder
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b. IEEE 123 Node Test Feeder

1% 3—-2% IEEE 123 Node Test Feedere] AlZE%olt}h 7]3 Ao 4.16 [kV],
712 AZEL 5000 [kVAJol™, &= 118709 A=} 119709 EA o=z FAHo At}

1195

19 3—-2 IEEE 123 24 A%
Fig 3—2 IEEE 123 Node Test Feeder
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B. A&l 23

1. IEEE 13 Node Test Feeder®d A= uglu|y F4 A
a. 71 7|HE o83 XA=Z vy FH A

a9 3-38 AE sehlHE R A FANE YT A% AL D /R

o

adg ol#e drjolt}. ¥ 3-4% 7]E AYE non—PMU ®idAE A= It
HE F4 7|HE o]&3ste] A= FetrgHE FA3NS w, vf vHEAL vigk ALkd

FE e AR N(aM)e) e e gelth 71E W o gate] Mz sl

HE F3% A3 Y 3-49 ol £8 wa ARNAM)} BE casedlH &

Vip.u]

time [h]
Phis
02F T T T T T T T T T ]
£
&0.1F .
o
O 1 1 I 1 I 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
time [h]
Qhis
005 T T T T T T T T T
£
2
o M\M/\/\/\/\/w\/\/\/\\/\/wv\/\/\/\/\/\
O I 1 1 1 i 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

time [h]

a7 3-3 Ak 2 F5F ol H(AY)

Fig 3—3 History of voltage and load(Phase A)
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0 5 10 15 20 25 30 35 40 45 50
iteration

a7 3-4 7€ VS ol A= detvy =4 2y

Fig 3—4 Line parameter estimation result using conventional method
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b. A5 712vE A= wEvy F4 23

IEEE 13 node test feeder® 7I¥ =®EA X3 s F2A=2 AAHS 1070
caseo] AL %W f/Fadg olg€S AL BT caseo tis] A5 7|Ztel whel A

2 FZuHE A 7|HS o]&sle] FAH9 AyE ¥ 3-59 ¥ 3-3°=2 yE

Bibi=3
0.01 ; . . .
[ RS
—_ I =it 2%t
X
Ol
72 0.005 - -
o3}
14
0
1= 2= 4= 120 E
HES D1
0.03 ; . . .
[ RS
— I =IO 2 it
8,002 F .
Ol
5
5 001 F I -
O 1 1 1 1
1= 2% 4= 1202
H= |2t

% 3-5 IEEE 13 B4 A5 A= sehvg 74 A3
Fig 3—5 Line parameter estimation result of IEEE 13 Node Test Feeder
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3 3—-3 IEEE 13 B4 Algd A= deve 4 A3
Table 3—3 Line parameter estimation result of IEEE 13 Node Test Feeder

Ae Q2 %] N~ Q2% ]
Hat ek | AW oA | H ek | Ao oA
168(1F) 3.63X107* | 7.71x107° | 6.11x107* | 2.92x107°
336(2) 3.08x107* | 5.23x107° | 5.72x107* | 1.86x107°
672(45) 3.01x107* | 4.67X107° | 4.96x107* | 1.52x107°
8064(12701) | 2.81x107* | 5.60x107% | 5.58x107* | 1.41x1072

A= 717k[h]

A 717bE IEEE 13 node test feederd A= IglvHE F4
712v3 RE cased] thal A oA 7.71x107°[%], B AEA o} 2 107%[%]
e A= ddrgE 34T 5 AAT 2 case’ A= g :Zré A= 5
of 7143ttt

c. #¥4E A= AHHE ol & =2FA

[EEE 13 node test feeder?] A= 7|70 FAHw A
Mol A5 BAsty] Ysto] AA| A= selnE e} =4 AR J%B}Hl 1%— o]-&
ZFAE Algelsla 1 AyE ¥uskit ol 19 3-59F 3% 3—40] YERIA
=3

=
LN
:__I,

<
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T T T T
2r T EEEIR
- T B
=15 .
Ol
>
=05¢f .

1= 2= 4= 12018

15 2% 4= 120 &
A= D12t

% 3-6 IEEE 13 B4 AFe =49 A2 ggrgHE o83 /AL A
Fig 3—6 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters

¥ 3—4 IEEE 13 BA A% =49 A=z gdgvgHE o] &3 /A4 23
Table 3—4 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters

At A7) 22 %] At 91742 e &)
Hat e | Ao ox | H ek | Ao oA}
168(15%) 1.84x107% | 1.38%x107° | 5.65x107° | 2.52x107°
336(2) 1.77x107% | 1.46Xx107° | 4.85x10°° | 2.21x107°
672(45) 1.65%107% | 1.33x107° | 3.67x107° | 1.83x107°
8064(12701) | 1.02x1077 | 1.30x107° | 1.96x107% | 1.39x107°

A= 717

-
L |
=
—_
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AS 717HEE FAE AR gergeE o]&e ZRANS Aldste] Als &4
Ao s BN Ay RE AS 7| BE cased W] ALY A7) A
1.46x107°[%], At 92 22 2.52x107°[] o| W& vtebwth Zb case® FAR 4
AR e gE o] &g 2FAL A F-Fe 71AsHA

2. IEEE 123 Node Test Feederd A= savg 3 A
a. AZ 71zk8 A= sEvg A A3

IEEE 123 node test feeder® 7| =X X3} dels FA= AAs] 1070

case?] Y ¥ f/FaAE o8-S AL BE caseo W] AF 7|z ue A

2 g HE F43 4345 29 3-73% % 3-52 YERASIL

)

1 T T T T
[ eSS
—_ I =0 2 it
2
il
7= 0.5F 8
o
] I
0 1 1 1 1
1= 2z 4z 1202
H= D2t
004 T T T T
[ RS
—0.03 | I 20 @FE | -
<0.
il
72 0.02 - .
o
<001+t l .
O 1 1 1 1
(ES 2= 4= 120
H= D2t

% 3-7 IEEE 123 24 A9 A= Ieivy 4 43
Fig 3—7 Line parameter estimation result of IEEE 123 Node Test Feeder
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3 3-5 IEEE 123 24 Al A= sepry =4 A3
Table 3—5 Line parameter estimation result of IEEE 123 Node Test Feeder

A 2 xH %] 2
Hat ek | AW oA | H ek | Ao oA
168(15°) 2.67x107° 0.6532 2.10x107* | 2.52x1072
336(25) 2.25%1073 0.5205 1.81x107* | 2.02x107?
672(45) 2.43%x107° 0.5469 1.79x107* | 2.71x107?
8064(1270€) | 1.31x107° 0.3020 8.10Xx107° | 1.20x1072

A= 717k[h]

AlZ 71708 IEEE 123 node test feederd A= dev|HE FA3 A3 BE 7
= 7123 RE caseol thal Ad 92} 0.6532[%], FNEA o2} 2.71xX1072[%] ©
W= A= ggrHE F8S 5 AT 7 cased A2 ey
o 714 sttt

b. #4Y M JuEE o7 ZFAN A

4ol AHEE WAL Slaiel A4 A shaslels) S48 A e o8
ZRANE AW 1 ARE vmsdh ol 1% 3-8% & 3-60) Lheh
o},
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%107

1 T T T T
- oxs
_0s8r D EERS
S
O 0.6 A
=
Ooat .
>
02 ]
1= 2% 4% 12042
H= D12t
%1078
T T T T
6l [ EE=ba

1= 2= 4= 1200
H= DIt

1% 3-8 IEEE 123 B Alge] F4% H= sepueE o] &3 /AN 23
Fig 3—8 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters

3% 3-6 IEEE 123 B4 Al's9 F4H A= sevgHE o] &3t /AL A3
Table 3—6 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters

A A7 & %] At 1742 e &)
Hat ex | A oAb | Hitr ox | Hd A
168(15%) 2.04x107°% | 1.18x107° | 5.57x107°% | 2.29x107°
336(2) 1.79X107°% | 1.28%107° | 4.50x107°% | 1.93x10°
672(45) 1.62x107% | 1.17x107° | 3.35X107° | 1.54x107°
8064(1270¥) | 8.57x1077 | 1.10Xx107° | 1.50x107°% | 1.02x107°
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-
~
=
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A. IEEE 13 Node Test Feeder A& H&u|g F3 A3

Table A—1 Line parameter estimation result of IEEE

13 Node Test Feeder(Case

1)
Case | A5 71%t h] — Xié_(} Joj(}_[%] - — E]QEE?Z: 9‘_/:(}[%] -
HBa oxF | AW e | Ht x| Hu oA
168(15F)  12.2903x107*  0.0010 |2.7429<107*|  0.0026
. 336(25)  [2.5256x107%  0.0017 [4.6811x107*  0.0055
672(45F)  |1.8441x107*  0.0018 [3.1975x107*  0.0049
8064(1270€) [2.5722x107*  0.0046 [6.6150<107*  0.0094

Table A—2 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 1)

Case | A& 713t (h] - a% T:U] %i}[%] . — a5 ?@Lz} _9471}["]‘
Hat 2 | Hd oxF | H & | Ho oA
168(15%) 2.0441x107°/1.1810x107°|5.5701x107°]2.2957x107°
. 336(27) 1.7900%107%(1.2871X107°|4.5012x107°[1.9347x107°
672(4) 1.6284x107°(1.1722%x107°|3.3551x107°/1.5414x107°
8064(1270Y) 8.5729x1077/1.1061x107°[1.5031x107%/1.0279%x107°

Table A—3 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

Collection @ chosun

2)
_ A3 Q2% MEl A~ Q2%

Case | A5 7]%Hh] — 1 ° }_[ 0 - — el . _H d -
Bt 2= Hol =t B 3t ol =

168(15%) 3.5685x1074  0.0049 |6.0301x107* 0.0128

) 336(2F) 3.6497x<107*  0.0040 5.0230x<107*  0.0105
672(4F) 4.2655<107*  0.0047 6.1904<107* 0.0141
8064(1270€Y) 3.3481x107*]  0.0056 |6.9525x107*  0.0141




Table A—4 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 2)

Case | A& 713t [h] — ae T;U] %j}[%] - #Xd%y C_)}?}Z} _g;z}[j_
Hat o2k | Ao &b | Hy x| A A}
168(15%) 1.6200x<107°/9.8943%x107°]5.2935x107%/2.0716x107°
5 336(2) 1.6557x107%1.1618x107°|4.6396x107°/2.1196x107°
672(4) 1.5551x107%]1.0525%107°|3.5124x107%/1.7354x107°
8064(1270€) [1.0591x107%(1.2208x107°|2.1051x107°1.3938%x107°

Table A—5 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

3)
Case | AlZ 7|3 h] — Hé_o} gj(}_[%] - — F/]O_HE?& 9‘%}[%] -
Hat e | Hd oxF | H & | Ho oA
168(15%) 2.5307x<107*  0.0012 |2.5772x107*  0.0020
5 336(2) 2.4029x107*  0.0013 |2.4012x10°* 0.0030
672(45) 2.1119x107%/7.1539x1071/2.1041x10"*|  0.0028
8064(1270€Y) |2.4485x107* 0.0024 |2.8414x107*  0.0073

Table A—6 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 3)

Collection @ chosun

Case | A5 7|3 h] — A5 T:,j] 9—.5(}[%] . #@% %qu _gi}[‘)]_
Wt oz | A A4 | Hi x| Hd A4
168(15°) 1.7746x107%/1.1210x107°{6.0539x107°/2.3229x107°
. 336(25) 1.7925x107%/1.2000x107°|5.3765><10"%/2.0083x107°
672(45) 1.7332x107%/1.1213%x107°{4.0040x10"%/1.5870x107°
8064(1270) [1.1343%107%(1.1506x107°|2.1594x107°/1.0689x107°



Table A—7 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

4)
Case | A& 713t [h] - Xﬁ? Q—i}_[%] - — i ‘_ji 9___“%] -
Hat ek | AW oA | H e | Ao oA
168(15)  |5.3098x107*  0.0077 0.0017 0.0292
. 336(2) 2.7322x107%  0.0052 19.2344x107*  0.0091
672(45F)  |2.8207x107*  0.0032 [7.1500x107*  0.0078
8064(1270€¥) 12.8329x10°*  0.0053 |8.0339x107*  0.0098

Table A—8 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 5)

At 37 23 %]

o}

N

497t A

= e

Case | A5 A gm0t [ 21w o5t | w24 | R4 o
168(15)  |1.3584x107%7.9508x107°/3.8468x107°/2.0177x10°
A 336(2) 1.2014%107%/8.5401x107%(3.0908%1076/1.7459x107°
672(45) 1.0301x107%|7.7435x107°]2.3487x1075/1.4146x107°
8064(1270) [8.3355%1077[1.1185X107°/1.6899x107°/1.2690x107°

Table A—9 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

5)
Case | A& 713t [h] - XFS?L gi}_[%] - — a@,“;i_ji 2_7—(}[%] -
Hat o2k | Ao &} | Hy x| A A}
168(15°) 2.0909x107*  0.0016  |4.5495%107*  0.0050
. 336(25) 1.8832x107*  0.0022 |4.8403x10°*  0.0049
672(4F) 1.9010x107*  0.0027 |5.1836x<10°*  0.0054
8064(1270€¥) 2.9501<107*  0.0050 |6.4960x107*  0.0108

Collection @ chosun
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Table A—10 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 5)

Case | A& 713t [h] — a5 T:U] %i}[%] - — as ?JE}Z} _gi}[a]_
Hat e | Ao ox | H e | Ao o}
168(15%) 1.4919x107%/8.0787x107°4.6898x107%/2.0132x107°
- 336(2) 1.5862>x107°[1.1701x107°|4.2100x1075/1.9448x107°
672(4) 1.4207x107°[1.1458%107°|3.2373x107%/1.5806<107°
8064(1270€) 9.1508%107[1.0959x107°|1.8876x107°/1.2079x107°

Table A—11 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

6)
Case | A& 7]13H[h] — xﬁf_} 9;}_[%] - — xﬂ@it:-j,é 9—_/:(}[%] -
Hat e | Hd oxF | H & | Ho oA
168(15%) 5.2922x107*  0.0045 |6.9019x107*| 0.0162
6 336(27) 5.0010x107*  0.0048 |7.8775X107*| 0.0186
672(45)  |4.5724x107*  0.0036 |6.2734x107*  0.0152
8064(1270€) 2.4307x107*  0.0010 [5.0057x10"*  0.0080

Table A—12 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 6)

Collection @ chosun

Case | A& 713t [h] — ae T;U] g_i}[%] - #xd%l ?}617_} _g;z}[j_
Hat o2k | Ao &} | Ht x| A A}
168(15%) 2.6270x107°/1.3355%107°/6.7132x107°2.5178x107°
6 336(2) 2.5963x107°1.4556<107°/6.2883x107°]2.2057x107°
672(4) 2.4645x107°/1.2954x107°|4.8836x107°]1.8268>x107°
8064(12701€) [1.1002%x1076(1.2423x107°/1.8947x10751.3553%x107°



Table A—13 Line parameter

estimation result of IEEE 13 Node Test Feeder(Case

6)
Case | A& 713t [h] - Xﬁ? Q—i}_[%] - — ﬂ@i?—ji 9___“%] -
Hat ek | AW oA | H e | Ao oA
168(15°) 1.5766><107*[5.6001x107%/2.0664<10"*|  0.0028
. 336(2) 1.9876x107* 0.0014 [5.2424x107*  0.0072
672(4F) 1.4889x107*/5.9365x107*3.6128<107*|  0.0046
8064(1270€¥) 2.4018<107*  0.0026  [3.2961x107*  0.0079

Table A—14 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 6)

Case | A& 7]13H(h] — A5 T:U] %i}[%] - — A %%Z} _gi}[n]-
Hat o2k | HAd & | Hyr x| Hd A
168(15)  2.2098x107°]1.3824x107°|7.1087x107%/2.4001x10"°
. 336(25)  [2.0716x107°%/1.3815%107°|5.7333x107%/2.0563x107°
672(45) 1.9311x107%[1.3310%x107°|4.2825x107%/1.5947x107°
8064(1270) [9.9908%1077(1.3020>x107°/1.9371x107°/1.1406x107°

Table A—15 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

8)
Case | A& 713t [h] - XFS?L gi}_[%] - — a@,“;i_ji 2_7—(}[%] -
Hat o2k | Ao &} | Hy x| A A}
168(15)  [3.5975X107*] 0.0015 |5.1199x107*| 0.0062
. 336(25F)  [3.1481x107% 0.0015 [5.6216x10""  0.0068
672(45F)  |2.5764x107*  0.0014 [4.7001x107*  0.0066
8064(1270€¥) 2.6841x107*  0.0035 |4.3540x107*  0.0093
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Table A—16 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 8)

Case | A& 713t [h] — a5 T:U] %i}[%] - — as ?JE}Z} _gi}[a]_
Hat e | Ao ox | H e | Ao o}
168(15%) 1.6294x<107°/1.2521%x107°|5.5085x107%/2.3872x107°
. 336(2) 1.6124x10751.2994x107°|4.7918x107%/2.0746x107°
672(4) 1.5204x<107%]1.2342%x107°|3.5970x107%/1.6784x107°
8064(12701€) [1.0583%1076(1.1722x107°/2.0809x1075/1.3399%x107°

Table A—17 Line parameter estimation result of IEEE 13 Node Test Feeder(Case

9)
Case | A& 7]13H[h] — xﬁf_} 9;}_[%] - — xﬂ@it:-j,é 9—_/:(}[%] -
Hat e | Hd oxF | H & | Ho oA
168(15%) 6.5827x<107*  0.0052 |6.1878x107*| 0.0087
9 336(27) 3.6913x107*  0.0029  |4.9896x10"*|  0.0097
672(45) 5.0387x107*  0.0031 |5.5430x107*| 0.0094
8064(1270) [2.9242x107*  0.0043 |5.6144x107*| 0.0110

Table A—18 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 9)

Collection @ chosun

Case 74]‘;.5 712_]’[}1] — ;ﬁ?ﬂl —_-37] 9—_7—(}[%] _ #ﬁ% 9_4}6]—2} _9—7—(]‘[0]_
Hat o2k | Ao &} | Hyt oz | A A}
168(15%) 1.7451x107%]1.2212%x107°|5.7481x107%/2.2874x107°
9 336(27) 1.6461x107%1.2971X107°/4.9126x107°2.0552x107°
672(4) 1.5928x107°]1.2294x107°|3.7157x107°/1.6747x107°
8064(12701€) [1.0339%x1076(1.1822x107°/2.0715x10751.3189%x107°



Table A—19 Line parameter

estimation result of IEEE 13 Node Test Feeder(Case

10)
Case | A& 713t [h] - Xﬁ? Q—i}_[%] - — ﬂ@i?—ji 9___“%] -
Hat ek | AW oA | H e | Ao oA
168(15)  [3.5068x107* 0.0013 |8.0454x107* 0.0101
10 336(25)  [3.7837x107*  0.0040 |7.3265x107*  0.0133
672(45F) |3.5100x107*  0.0043 |5.6149x107* 0.0128
8064(1270¥) [3.4895x107*  0.0051 [6.5531x<107*  0.0140

Table A—20 Power flow analysis result of IEEE 13 Node Test Feeder using

estimated line parameters(Case 10)

Collection @ chosun

- A 27 22 % A 1744 oA
Case | A= 7|7Hh] =" ] _HO]_ — HﬂOj_ H]_
B 2k | HA A | H ox | HW A
168(15)  |1.8750x107°%{1.1390x107°(6.0103<10°%/2.4033x107°
10 336(2F)  |1.7190x107°/1.1921x107°]4.9931x107%/2.0081x107°
672(45F)  |1.6327x107°%/1.0888%x107°(3.7931x107%/1.5850%107°
8064(127§¥) [1.1631x107%/1.0718%107°]2.2339x107%/1.2955%107°
2l
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B. IEEE 123 Node Test Feeder A2 I&v)g =4 A3}

Table B—1 Line parameter estimation result of IEEE 123 Node Test Feeder(Case

1)
Case | A5 713th] —— XV)E} gi}_[%] - — El@ﬁ_ji g_ﬂ[%] .
Hat e | AW oA | H x| Ao A
168(15) 0.0012 0.1669 1.4421x107* 0.0122
1 336(2) 0.0011 0.1457 1.4030x107* 0.0122
672(4) 0.0013 0.1573 1.2260x107* 0.0071
8064(1271<) 0.0012 0.3011 8.3490x107° 0.0083

Table B—2 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 1)

Case 74]% 712_}[1’1] — ﬁ?} ;7] 9—_5(]_[%] - — ;ﬂ% ‘?_4}6]—7—} _9_5(}[0]_
Hat e | AW oA | H ez | Ao o}
168(15%) 4.2413%x10772.8896<10°/4.4564x10"7]2.5201x10°°
. 336(2F)  [4.1619%x1077]3.6282x1075/9.0113x1077|3.3364x107°
672(45)  14.0369x1077]3.7550x107%/6.3576x1077]2.5266x107°
8064(1270) [3.7293x1077|4.8626x107°(5.2174x1077|2.9772x107°

Table B—3 Line parameter estimation result of IEEE 123 Node Test Feeder(Case

Collection @ chosun

2)
Ad o A% AE = O A %

Case | A& 7]13H[h] - io }_[ d - — Bl - _H d -
H o 2} Hd ez | Ht oA} ol et

168(15) 0.0032 0.3423 2.2676x1074 0.0120

9 336(2F) 0.0028 0.2678 2.3525x107* 0.0175
672(45) 0.0026 0.4113 2.4311x107* 0.0271
8064(1271<¢) 0.0015 0.0462 9.8429x107° 0.0120




Table B—4 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 2)

Case | A& 713t [h] — a5 T:U] %i}[%] - — as ?JE}Z'F _—Q—j}[o]_
Hat e | Ao ox | H e | Ao o}
168(15)  |4.4055X1077]3.7586<107%/5.0769<10"7]2.3606><10"°
5 336(2) 3.9833x10776.6928x107%/9.7372x10"7|3.2855x10°°
672(4) 3.9191x1077]6.7420x107°%/6.6644<10"7]2.4612>x107°
8064(1270) 13.3688x1077|6.2271x107%(5.2842x1077/2.9020%10°°

Table B—5 Line parameter estimation result of IEEE 123 Node Test Feeder(Case

)
g 9% AE A Q2
Case | 15 71000 e S e | 9 e | A &
168(15) 0.0033 0.4401 1.9776x107* 0.0083
3 336(25°) 0.0025 0.3060 1.7514x107* 0.0078
672(45) 0.0023 0.4008 1.4567x107" 0.0105
8064(1271€) 0.0015 0.3020 7.5531x107° 0.0065

Table B—6 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 3)

At 37 22 %]

] o)

AF7t QAL

Collection @ chosun

= L o

Case | A5 7]z h] Ao o | o Aot o A o
168(1) 4.4293%10773.3596x107°/4.9314x1077/2.2839x10°°
. 336(25) 3.8932x1077]3.0833%x107%/9.7467x1077]3.0389x107°
672(4) 3.7609x1077]3.1632x107°%/6.4042x1077]2.2642x107°
8064(1270¥) [3.6337x1077/3.7023%x107%(5.2022x1077/2.8367x10"°




Table B—7 Line parameter estimation result of IEEE 123 Node Test Feeder(Case

4)
Case | A& 713t [h] - Xﬁ? Q—i}_[%] - — ﬂ@i?—ji 9___“%] -
Hat ek | AW oA | H e | Ao oA
168(15°) 0.0027 0.4999  [2.6645x107*  0.0174
. 336(2) 0.0025 0.4383  [1.9579x107*  0.0134
672(45) 0.0029 0.4764 [2.3329x107*|  0.0150
8064(12701€) 0.0012 0.2143  ]6.8398x107°| 0.0062

Table B—8 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 5)

Case | A& 713H[h] — A T:U] %i}[%] - — A %%Z} _—Qj{H ]-
Hat o2k | HAd A& | Hyr x| Hd A}
168(15)  |3.8813x1077]2.8259x107%/5.1506<1077/2.4302x10"°
A 336(2) 3.7991x1077]3.8229x107%/1.0108%x107°]3.2855x107°
672(45) 3.8226x1077]3.8982x107%/6.5196<10"7]2.7304x107°
8064(1270€) [3.2820%1077(3.4155X107°%/5.3697x1077(2.9162x107°

Table B—9 Line parameter estimation result of IEEE 123 Node Test Feeder(Case

5)
PEE olE] ~ O %
Case | AS 717 h] a7 j)?}* ;[4(7;“] X jﬂ_; —O];_(j}# ;;E}%i 3
33 5 L d L.

168(15) 0.0031 0.6533 1.8590x107* 0.0102

5 336(27) 0.0025 0.5205 1.5528x10~* 0.0100
672(4) 0.0026 0.4400 1.7176x10* 0.0109
8064(1270¥) 19.0059x10°* 0.1175 7.3475%x107° 0.0047

Collection @ chosun




Table B—10 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 5)

Case | A& 713t [h] — a5 T:U] %i}[%] - — as ?JE}Z} _gi}[a]_
Hat e | Ao ox | H e | Ao o}
168(15%) 4.4650<1077]3.1492x107%/5.0031x1077]2.2620x10"°
- 336(2) 3.9535X107714.0787<107%/9.6808<107|3.2477x10"°
672(4) 3.9697x107714.1933x107%/6.6871<10"7]2.3867x107°
8064(1270€) [3.4331x1077(3.8988x107°%/5.2114x1077]2.9107x107°

Table B—11 Line parameter estimation result of IEEE 123 Node Test
Feeder(Case 6)

Case | A5 713t h] — x{z‘s?} 9—5(}_[%] - — xﬂ@it:'j,é 9—_/:(}[%] .
et o2k | Ao oxF | H x| Ho oA

168(15°) 0.0029 0.2359 2.6115x10°* 0.0252

5 336(27) 0.0024 0.2100 2.1992x1074 0.0203
672(45) 0.0026 0.2430 1.5559x107* 0.0127
8064(1271<) 0.0015 0.2505 8.5459%x107° 0.0080

Table B—12 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 6)

Collection @ chosun

Case | A& 7]13H(h] — A5 T:U] %ﬂ[%] - *@% ‘?_4}6}2} _S)j(HO]_
Hat e | Ho oxF | H x| Ho oA
168(15)  4.9212X1077]3.1746<107°%/5.0400<1077]2.6159x107°
6 336(2) 3.9882x1077]3.6731x107°%/9.5555x1077]3.5273x107°
672(45) 3.8780x1077]3.8071x107%/6.5837x1077(2.8730x10°°
8064(127§¥) [3.7241x1077/4.0093x107°]5.3520x1077|3.3109x10°




Table B—13 Line parameter estimation result of IEEE 123 Node Test
Feeder(Case 6)

Case | A5 717H[h] —— Xﬁ? Q—i}_[%] - — ﬂ@i?—ji 9___“%] .
Hat ek | AW oA | H e | Ao oA

168(15) 0.0032 0.5230 2.1349%x1074 0.0115

7 336(25) 0.0025 0.3443 1.2407x107* 0.0064
672(4) 0.0031 0.5052 1.8447x107* 0.0140
8064(1271<¢) 0.0013 0.1830 7.5360x107° 0.0040

Table B—14 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 6)

Case | A& 713H(h] - e T:U] %i}[%] - — A %@LZ} _—Qj{}[n]-
Hat o2k | HAd A& | Hyr x| Hd A}
168(15)  |4.4679x1077]3.4949x107°/4.7619x1077/2.3634x10°°
. 336(25)  [3.7011x10773.7518x107°9.7464>x1077|3.2505x10°
672(45)  |3.5460%<1077]3.9289x107°/6.5082x10"7]2.6483x10°°
8064(1270Y) [3.6244x1077(3.5267x107°%/5.1647x1077(3.2976x107°

Table B—15 Line parameter estimation result of IEEE 123 Node Test
Feeder(Case 8)

Case | A5 713 [h] - x{é-ol Q—i}h[%] - - FJOJ,*E?é JO__/:(H%] .
B o2 | AU o2 | Ht o3 | AU o

168(15°) 0.0030 0.4262 2.6313x10°1 0.0154

8 336(25) 0.0023 0.3570 2.2285x107* 0.0154
672(45) 0.0025 0.3628 2.1445x107* 0.0155
8064(1271<) 0.0016 0.2224 9.3771x107° 0.0078
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Table B—16 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 8)

Case | A& 713t [h] — a5 T:U] %i}[%] - — as ?JE}Z'F _—Q—j}[o]_
Hat e | Ao ox | H e | Ao o}
168(15%) 4.6373%x1077]3.3804x107%/5.1888%x1077]2.4846>x10"°
. 336(2) 3.9051x10774.8497x107%/1.0160x107°4.7648><10"°
672(4) 3.8729x1077]5.0269x107%/6.9943x10774.2004<107°
8064(12701) [3.5125%1077|4.5526x10°(5.3509x1077/3.3050%10°°

Table B—17 Line parameter estimation result of IEEE 123 Node Test
Feeder(Case 9)

Case | A5 713t h] — xﬁ? 9—5(}_[%] - — FA@%E%L/E 9—_/:(}[%] .
et o2k | Ao oxF | H x| Ho oA

168(15°) 0.0017 0.2876 1.4622x10~* 0.0044

9 336(27) 0.0020 0.4899 1.6634x<107* 0.0186
672(45) 0.0022 0.5469 1.6073x107* 0.0200
8064(1271<) 0.0012 0.1360 9.2768%x107° 0.0086

Table B—18 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 9)

Collection @ chosun

Case | A& 7]13H(h] — a5 T:U] %ﬂ[%] - ﬁ@% ‘?_4}6}2} _S)j(HO]_
Hat e | Ho oxF | H x| Ho oA}
168(15°) 3.7371x1077]2.5215%x107%/4.6957x1077]2.1313x107°
9 336(2) 3.3156X10773.0094<107°%/9.1407x1077]2.9475x107°
672(45)  13.2371x1077]3.0494x107%/5.7951x10"7|1.8408x10°°
8064(127§¥) [3.4612x1077/3.8816x107°]5.2478x1077|3.2171x10°




Table B—19 Line parameter estimation result of IEEE 123 Node Test
Feeder(Case 10)

Case | A& 713t [h] - Xﬁ? Q—i}_[%] - — ﬂ@i?—ji 9___“%] -
Hat ek | AW oA | H e | Ao oA

168(15°) 0.0024 0.2760 [1.9049x107*  0.0170

10 336(2) 0.0019 0.2299  |1.7098x107*  0.0183
672(45) 0.0022 0.3373 |1.6074x107* 0.0114
8064(12701€) 0.0014 0.0014 [6.3714<107%  0.0020

Table B—20 Power flow analysis result of IEEE 123 Node Test Feeder using

estimated line parameters(Case 10)

Collection @ chosun

Case | A& 713H[h] — A T:U] %i}[%] - — A %%Z} _—Qj{H ]-
Hat o2k | HAd A& | Hyr x| Hd A}
168(15)  |4.2667x1077]2.7289x107°/5.0611x1077]2.5270x10°°
10 336(2) 3.7156X107714.2119x107%/9.9479%x10"7|3.4396>x107°
672(45)  |3.5691x107]4.4428<107%/6.7370<10"7]2.8638x10°°
8064(1270€) [3.7760x1077(3.8212x107°%/5.3835x1077(3.1281x107°
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Fig B—1 Resistance mean estimation error for 12 months
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Fig B—3 Reactance mean estimation error for 12 months
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Fig B—4 Reactance max estimation error for 12 months
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Fig B—5 Voltage magnitude mean error for 12 months
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Fig B—6 Voltage magnitude max error for 12 months
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Fig B—7 Voltage angle mean error for 12 months
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