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This project aims to establish a large scale regional distribution network
reconfiguration (DNR) optimal simulation platform for increasing the hosting
capacity (HS) of distributed renewable energy resource (DRER) and load which
achieve optimal operation under the impact of the high penetration of DRER. Firstly,
the data set of voltage and current measured by feeder terminal unit (FTU) and the
data of feeder switch topologies are used to conduct the distribution network (DN)
state estimation, then build the accurate and simplified feeder models of a Taipower
large regional DN considering losses of transformer and conductor as well as dynamic
topology. This model is applied in DNR optimization algorithms for solving the besdt
solution by swarm optimization algorithms. Consequently, the relevant researches
related to the DNR, switching scheme, and HS of DRER are extensively collected as
the research reference for this project. The Python language and distribution system
simulator OpenDSS are combined to establish the integrated optimization simulation
platform. The developed application program is composed of database conversion and
building module, feeder state estimation module, feeder simplification module,
optimized DNR algorithm module, and user interface. This platform is capable of
providing Taipower a more systematic DNR strategy and a user-friendly interface.
Furthermore, in order to master the information of feeder dynamic topology, the TPU
is utilized as edge computer (EDGE) to capture real-time data of FTU to detect and
learn the unknown feeder switch operation status for the more accurate dynamic
topology estimation. Moreover, the weather and real-time load date are transmitted to
the EDGE to carry out the real-time, hour-ahead, day-ahead net load forecast and to
solve the power flow of the feeder to obtain the precise real-time system losses and
voltage drop of the feeder, etc. The combination of EDGE and FTU is expected to
achieve the accurate feeder state estimation and enhance the distribution network
operators to realize the system state. The outcomes of this project are helpful for

increasing DRER interconnected reserve capacity and power quality.
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BB B~ B Rl S 3 2 B O SRR iR 76[0 1] F(12)% B 7 %
B Ly A de B8y hdde o T F A R e

A 1 ¥ ¥F B 2 (Artificial Bee algorithm, ABA)

ABA &_d Tereshko f- Loengarov *+ 2005 & 3% 41 > Ziw k2 £ 4
Karaboga 3! » # >t i it Rf3fici@ i 4E[41] - v e R k p B ¥ it 1L
875 HE Sty LfEET o ABA % - H £ 4
X (i=1 2, 3,.,5) & ot T P S92 S 4w 42 - R85 & 5k 0
R WuF SR BB LR G R 50% 0 AN(13)F o
ke(12..,N)frje(L2,..,D) L g EH g 51 5 ot o ¢,» £[0, 1]z
Berig i dfic o 3% S8 B S F hhd 4 > T3 1§ s AR Y
VA fE G R o de (1) 0 By frxg A B Uk i R o
Bt b b el A fdendo fobo S U e i - B L3R B
AT ERE G KRB > it ER iR RAEE > ¥ B Y

Fe@ R R E A s et R AR K Rad® o T ENRER
TR S B TN I

Vi =% 4 (% =) (13)
X; = X +1and () (XL — X1 ) (14)
fit,

i_%fit (13)
n=1
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# 25§ 4% (Cuckoo Search Optimization, CSO)

CSO i & i ¢ Yang f= Deb *t 2009 # 7 = #% #1[42] » v chF g k p F &
%iﬁ,%%%;éﬁﬂ% BRAFL > RUIPDTE AR B FA L HPE R -

ARG E BB EE L B RFR-CSOREM T BT MEE 5o
FIA e U * AR R R R AR TR Y T2 BAA
RPIAHE T FHREHLENO)W RS foE o H P > o ZHE FF o
vA - B AR g F NI RA R EE R o 2 b o Levy(B) A
Levy & (7 erig b /T > @ @ 4 1 BEytERIR 2 o

X" =X +a®Levy(p) (16)

F(17)7 chlevy e & o1 Levy € A b 2 SR R LR o H P
YOS AN L 48 RS -k

Levy(B) ~ p=t", (1< B <3) (17

B RfE- BREOBRR A Levy 27 915 RE O i@ 3 > nest ¢
PRAE LTI P EOFEH BN FSE o R N (16)3]

7B R EEEREE
J3 % & 2 (Cat Algorithm, CA)

CA E.d Chu % 43t 2006 ##& 41[43] > 3% % il i@ BLR Jrenf
Ao d PR rEBENEF RS o F AL SRS
34 e il R Bk e AR T o ARG R BALRS
E#v&;ﬁ%v’ R R BRT ko N8 AT MR

HE O hrEH Y - B RAAER S T P RE SR ER S
(19) weni= B d @ R v (A7 A0 5 (AT $IRIEE Y E1E
BEHH NI 0 N(20)20 E crmE RS S BHehie g > 21 34
v ¢ ochgo] PARR AL > FS=RS,, o Pt Y o FS S ipE R g
Bie s n A A0, U Fp 393 W8 B 5 ¢ A 7 beid & Thidlc % 204
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B hfas By 6ot i o

Vi = Vg 16 (X =X ) (18)

X =X, Vg (19)
o _ |FS, - FS,| (20)
I I:Smax - I:Smin

¥ L B F & 2 (Firefly Algorithm, FA)

FA &4 Yang >t 2008 # 3% 1[44] £ 3| ¥ L A enP k7 5 fod i £
IR g cFAT d T RRIEP t(@F VAR T R AR (D)
Bl BT PR R AT s m R ERMOY L ﬂig@,ﬁp@ Bk il o B
RGBT P2 BFapedgF ot OF VAW HE > a s EFVADRR
ke TR - A EF VA DEE JBT F QDA T -

X = xt 4 ge (- X.t)+atgt (21)

;@2e ,ﬂefynf( . )Kr] LE LA X a4 fo— B oo, S Sk

la
=,

B PEFUERI A VA o VA2 B ey L
Rk i 0 3% 8 E e b EOE A (3 R A& e (8 S B IE

iR 4. % B ;2 (Whale Swarm Algorithm, WSA)

:
WAL FAAR T IR FRFEOET R 0 T (IR RE P 7T R
EAAEURCE R S8 IR I ()RS 8 BT RS ol SR 8 Mpli=l g
CF Fr g BAEAZTIV P FRAF DT EEKE S (dFRA~
AT RAGEED > vl WU RAE L F iR AP BT - R o

29 Zhen % 4 3+ 2017 £ N1[45] » = BALB|EET WSA ¢ f7 4

N

g X d B {FafediTagr b Y 3 i@ s v e (22)2(23) 4

L ©°
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9.

Py =P (22)
X =xt+rand (0, py, )x(yi —x;) (23)

EQD)P o xfexTt AW EFIBAE AT t Ifotl S A pEX e g o

S

t
I

VATE I BAZAStIPEAFY g o0, 27 XfoY 2 B ag

Pl

e
=

B2 @ e et rand (0, pyy ) &7 0o 1 2 A b i o

51 4 ¥&F jF ¥ ;# (Gravitational Search Algorithm, GSA)

GSA #.J E.Rashedi % 4 & 2009 ## #1[46]  © 2445 5 514 ©i&
fofr AR 6% cpe A5 0 R B E R Y AP IEI G > ke

FEAFEOREL A BFEFGHEE FEFENE L Ffoptdal
TR R ERARE- B A vt e BT EHR R BA
Soffc o A AE S G BEPFHIE FIEES AT 5] o d Wi
BTG L MEmE e TR LSS c RF M GSA ¥ -
A3 o RGP RS EGTr R RA S - H A E 54 Yo
514 EF o gd Q43 E iR HY Gy fra chiE § "EF BT chde s o
Bl E R E R Z A BN Q)N (263 EE B T E
Fit(t) 27 % i B A tpE2 aug A &0 b Fit, (t) % 7 A t
B EfrR LA c Fe HEFEA BRI PES R T I ER
TE O e QD)HE L Bt 0 A BB N (28)fr N (29) { ATk i B
s dd o dd o s B - B ¥k R(DAPR tRT ifrj 2 Fag
AT @EEE s My () 2t pr 2l g2 T Ap b ik ds 514 R M (1)
Lt By 23 j oM e B34 R e - kR
M, (t)=M, (1) =M (t), i=12,.,N - ffp%iffz? > GSA fuih Lik it

TR
G(t)=Gel ¥ (24)
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m, (t) — Fltl (t) B I:itworst (t)

(25)
Fitbest (t) - I:itworst (t)
m, (t
M, (t):# 26)
ij (t)
=1
F'(t) S Mpi (t)XMaj (t)
a,(t)=——=-=G(t) ) rand, XX (1)=x (t
=0~ COZ = TR ey OO en
v, (t+1) =randy, (t) +¢; (t) (28)
X (t+1)=x(t)+v,(t+1) (29)
10. ' X jF & ;* (Firework Algorithm, FWA)
FWA @ d Tan fr Zhu {2010 # 3% 21 [47] > < BB VRO
LIZFEEY S * A ﬁ“"‘lmJ% Foo TR EAL 0 TP A F B

)

WL S R o E B LA 2 R L EET L A(30) £

2

AL PRI R R B R G1)H P Y 7 Y A L (X)) 2P

=

5 X fé_'frﬁh’J‘ E oo pb o m ’f‘—"A {';f XK#VJJ%J’F = %Cff'{'g\"ff S T:rf’é')i 4
Sl ER BT Y KWL TELEL -
S —mx ymax_f(xi)+§

1 n

> (Yo = F (%)) +€ (30)

i=1

A=A>< f(Xi)_ymin+§

n

S(F(X)= Yo )+ & (D

i=1

EFA Y PSR Nhyak Gl Ay el Ak g &

DA BT R NT - SR A S SRR R PR E R EgE

#Fn-l Bl MEFLLDIKRE - BEE X el B Y 2 B
YT NGB A o B P K N ek e Fw gl & oo

B B X E RS AR (33)4 A -
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=2.d(x. Xj)=§||><i—xj|| (32)

_ R(%)
SR(x) (33)

jeK

Bz EEY o A - RRFERTI AN BT Vol o ARG E
WG LSl o B IR R R FAS TR R B

ALY B B T - R

AP SR EET § PR
(-) Eshaba g o

AR T RATEEEARER T M B R RTEAPEF o T AR R
EEAFAF S IERY I TR ERTAe £ R E A HARPEAE-
rAEForEF £ ﬁé(Reconﬁguratlon)" L E R NY E T TR EB 161
kV/22.8 kV fe =% % ¥ #7(Distribution Substation, DS) ~ 69 kV/11.4 kV = =x % = 7
(Secondary Substation, SS) = # &l 22.8 kV & 11.4 kV - = fe & % (Primary
Distribution Networks)it # » #& e foifend A2 4 47 & Red i & §= Bl P s & o0
i 1R B R F TR G RO AAET AR 9T SR BRI T AT
M- T T LB FARIDEE AR TREARDN v BT E
(Feeder Circuit Breaker, FCB) ~ = §& ¥ B (4-Way Switch) ~ = g B B (2-Way Switch)
il i\ ® B (Load Breaker Switch, LBS)E B R K # 5/ N2 I e T ¥R B H &
AL o Bt o ERARAUS P BB 312 f U4 3% 8 (Tapped-off point) & #ic T
ForEhdiEy B ©r - >R P RTES S AP TR G UE
g RIX WEREE s g @RFTEZPTS PN Sltar AP EH DR T
#7m 2 FTU ZRIERE - B2 HEFL f f e aiilaiih(s 3128
PAE AR ECRIE R A R RAT 0 R R AR PR R R AR
Ffar o EE-E RfE FTU ERIBRE 2 A BT REMBIF A P o 11 E i 3t
SFERERE M LR RE e
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D/S A D/SB

*NO

D/ISC

S ool

f————————————— —_——

4-Way Switch

. i

2-Way Switch :
|
|
|
|
| |
|
|
|
|
|

(

High-Voltage
Customer or Lateral!

W9 - e 7 L

dN HRPRT R EE R dr A SEAAREH B TR S
Bk RRE S L2 L AR RNER S H - s B 1R
RLPAFE P ER AL R I o - ARG AL I T B
& *% 73] (Voltage-drop model) ~ #24g #3] (Line loss model) » 14 % R & /B *% - 50 4f
7] (Hybrid model) » & & %k B o 2 i i 73] 2 B 5 X o

1) R v el
Bl 10 =5 BB T 2RSS hkRenBipd = ERRF - BY %57 m B

¥ f 1" (Discrete Loads)ir ¥ & & 4 * > #4c f 47 3 393 & # (Uniformly

Distributed) £ 2£32 3 4 # (Non-uniformly Distributed)™ ;% > A8 7 % F B4 M
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Pk MRz 2oy A F e FmBERE P HFERRLERT AR 0 405 (34)
B(35) RFEERETRANB6) 0 d R BIER T OH NG
B#P#P#---- # P (34)

=L #L# # | (35)

V=2 3P (36)
Vo=V, = - P)=2- 20,2 P)
i=1 i j=1 i—L j=1

m i (37)
:Z'LeqR = Z'Z(Il'zpj)

He P&l Z A PH FEMRER 2R REREF L s W10+ H it ¥

RAMBE R RE R 2R SRR A R RREND T R A
L

HF R NG A E LR T R i R
AT o mrpt R A G REHRCE o

m

- i P,
L, :ﬂ (38)

SRR Z 13 L = =1 j=l
| | | I | ™ P
D m m-1 3 2 1 |—:|> D t
S - S| .
...... J
P P R B B R
Q Q
...... L, 1,

B 10 /&% 07 f - 8 SUE]
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2) S )
Bl 228587 2888 s kMnEpl 2 pE AR BY 25 m BaE
#Tf $*(Discrete Loads)ir F4 &M A F » BR L I # FLRRERT AR > 4
F(B4)E3BY) BT FEREI A 405839 0 A BRI L BT IG5 54(40) -
Lo =7 -1 P)? (39)
=L
Lo = 2 1085, =D [r-LO_P)I=r- D> [O P
= = = i1
. (“0)
=r-LRP=r-> [L(> P)’]
i1

LRI E USSR BTSRRI ST R A (T O

CTEATRTREFERREND Y OBK RSP R -

LT NG R E R R o Tl RAMEE [ a2 ST 4

Mg BT 0 gt I RS RIF R

SR

@1)
Leq = —Pz
t
Y0Y P
‘/ r-'|2 = Lloss.z L = i=1 i j=1 )
D Im Im—l I2 |1 D B P[ ’
S - |:> S r
Plz"Pz2

0 O
% O
O

~0 O

O
X
4

2
|

—

2

Bl 11 47552 - E SR

1
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3) i £ e o - BT

fops it & RERCA B MRAFHR Z FE R RIAES R & RE-SRIFHD O Ao R
27 o i 5 A EREEA BJTORY kSRR RS B PER
s bl kbR E R AL S EEUAE R L L2 bl H B0 P S g

g L RER

L =k =(1-k
D =kl L =(1-k)L f kel
S - -
P, +PR R, k<1
PLT J
7] 7]
P =(@1-k)P P, =kP,
< L, >

Bl 12 57 & R -SUEHEAI 1 H AR
FAYRBREIA > L 5 DERSHA TR 258 B LW 12 REH

A7 F R (42) 0 L N(43) N B ks e

I"\/DPt = La(Pa+Pb)+Lbe
=L P+LPR+LP
= kL A-K)P +KLP +@-k)LKP

=K LR — kKL P +KKL P, + (1 k) LR (42)
=KL+ k)LKP
= (k +k—Ki)L,P
%=k1+k—kk1=k1(l—k)+k “3)
Lo _y
_ kL (44)
to1-k
BEY BRI 0 Lo 5 DM HA Rz $rock B o B 128 &4

AT ENAS) 0 Rigd o) EEDF Y B ke
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Ioss kL[P2+(1 k)L[(kP)

:(k1L1+k L —kKk L[)Pt2 “

%:kl+k2—k1k2=k1(l—kz)+k2 (46)
[T

L 47)
bk

Hoa (442 A7) S @8)RTE 2 15 T RE k0 405N (49) o Bfs R T 2
kEARw @B NAENT EA ko R iEB e £ ko 408 (50)22(51) -

i_k ﬁ_kz
L @
1-k  (@1-k%
I‘VD_L|oss
k=2 49
L[_LVD ( )
I‘VD _ I'VD - Lloss Lloss (LVD Lloss)
ob Loby L L-h, 50
1 I'VD Ioss (LVD Ioss)
L Ly L Ly
I‘["Ioss_I‘VD2
k, = 51
' Lt22LtLVD+LtLIoss ( )
d ok VR ETE R o Tt Rdndp A R AR
Mg HT o Fogt 1 R AL SR &R E-SITHCA -
(5) § 98 A g e gtie ) £ 8

I~

FEFRTTp B EGRpFANNERES N EF - AT R ERE
TRl ¥ ERT R RS CRBENESLART I 7 A PELIGN R
LE PRI P RBA LY HEYEIPIFEL
Ao d AP EHEY FTU BRI P FPEFRI PR ERE VR FRBR
Fl Ytk LB 3 FTU R TRl e s it whRM RISRE
SRR PEEM G 22y FTU TFRISREFLLEEIZ E
EREHG TR RFIERE MRG0 ER FTU & £ P % B4 REHF
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E4E S B B B (Normally Open Switch)
4 e 5 Sl i = FTUL ~ FTU2 ~ FTU4 & Pl SRE % > Flpt » & F & 37

PEFTUHRN (R ¥REF o me 2 4 ) 8 > % WmEA> FTU £

e it & 2 354 o 4o W] 13 977 bk - i
4

B

é??ﬂ@ﬁﬁi%ﬁﬁiﬂﬁﬁ°

FCB1 FTUl FTUZ
_____ RIS b b '/\ - \
\
v
[a [a i [ﬂ [a [ﬂ\
Vi
1
I
____________________________ /‘
Section2 Section3 ™ \ ;
\\ \
v
Vo
| \
FCB2 FTU3 FTU4 R
\
‘\
_ B i At T I \ }
P Nt
: |
// \= ‘ j
Feeder 2 \‘\ 1’ fl
| 1 4 ¢
) o> T —
\ B // Sections  TTIm=—=
_______________ - SectlonG
Section4

(@) B B+ 3

FTU1

FTU2
L«,/— ,—//___

________________ Section5 Sectio?G -
Section4

(b) B BE 7 3 15
B 13 BR 3w 15 FTU £ Bl# B+ 7 B
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=~ FETPUZ FTUZ #%3 B HE =

AP E R E R E A TPU S RE A% & FTU b > & & FTU 3 #%
BRAELBUFETERETE AL PR ESEFE AR M55

DNP3 {r RS485 i 315 2 2~18 FTU E R FTH R BE T AT 2 ILEREY
2 EE iR FTU f £ T - §8A 59 g SR M2 5 H

BHEN R o
(- ) TPU ¢ FTU 2 i i 5 SQLite 7K & 35 B

TPU & FTU z_ & & * DNP3 z_:if 3+ > DNP3(Distributed Network Protocol

3)%_d Westronic = # (34 GE Harris = 7 ) *t 1990 & B % > 3 1993 & §#
el V4R o DNP3 34 % 4 %% SCADA i steni B3 > I % § 2k

BTG~ b~ R RE R~ Bk F 2 AT [48]50]

DNP3 A A7 FendfiecniFdl 2 v 4 F A - e id > L3Fad
S RNATALY et B Refed FHART R B 06 B TRST R
ot e d i 2 R & 9 % DNP3 G L@ h i 2§ 50 % 2 A e
4 oDNP3 7= L 32 8 it" % 3% (Report-by-Exception)fr i # ¥ J&(Unsolicited Response)
TE W hgERE A Ao Ef BF 2 2 P hik(Outstation) F & ¥ F A
#(Master)#% 39 (Integrity Poll) » *t sk ¢ g w 4R 13 5 o

DNP3 £z > IEC 60870-5 ¥ * OSI = K g 4g® = k-4 @
J&* % (Application Layer) ~ 3 #14&.%% & (Data Link Layer)f-® # & (Physical Layer)
- f#yﬁé_ & 3 58 e 2B *}#(Enhanced Performance Architecture, EPA) - ¢t #t » DNP3
EE R P A T @%Jﬁ it (Transport Function) ;> #f iz T & | ehsd 5 > 1% 5 2

WL - fEra o %J v § PiEx AL %K (pseudo layer) - DNP3 7 1
Bl4c @ 14 #11 o
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Master Outstation
User Layer User Layer
DNP3 DNP3

Application Layer Application Layer

Transport Function Transport Function

DNP3
Data Link Layer

DNP3
Data Link Layer

/[

Physical Media !/

1 14 DNP3 %

a) DNP3 iz * &

% K %_EPA 4r OSI #:3] ¥ hd + & o © 22 DNP3 * = chfcd fodi i ek
D e B AR i TR S A L e R B B
BlAeidl e 4 B 1S S B B P ESH - ¢ 72 BI%A o Aul A" Kk
(Application Header) ~ 4~ i+ #%2f (Object Header){= DNP3 4~ i* (DNP3 Object) - # i
BRI Z A LT RS KRR e e E pat R ARSI 3 R
BE R ENL > T F R AT RS e b PR o b 2R 4 ©7 DNP3
Els méﬁf‘;l HeFfe v o £ £UDNP3 4+ 2 ' DNP3 4+ 2 1 % 5 & @y -

Application First | Last
PP Object | First DNP3 Object | eee | Object | Last DNP3 Object
Header I
Header o Header

Bl 15 DNP3 & * & ¥ £

4) & * K HEER
o & 1R57 & F4%2F (Request Header) 2 % i 1% 5 (Response Header) » i ¥
BAgh b B RE TR AL B LN BT AR RE TR o &
M%Eﬁr@* TEAEEE e s 4o @] 16 7o o & RIEFFE Y RiRgF Y e 7 1 B~k
i * 741 (Application Control)#2 7 it #& (Function Code) » @ v iikeg 2 7 2 B

fz 7t ghp 384 77 (Internal indications)
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+—— Application Request Header —P>
Application Control Function Code
(1 octet) (1 octet)
— Application Request Header —P
Application Control Function Code Internal indications
(1 octet) (1 octet) (2 octet)
A
/
e N g
[ 6 5 4 3 2 1 0 ) €—— bit position
[ FIR | FIN [CON|UNS | SEQ |

B 16 e * & e 5t

Be* £4IN 5 1 =24 FIR ~ FIN ~ CON 4= UNS 11 % 4 = 1 SEQ » t-im

WP Aok 1o

FIR | FIR=0 % 7+ % &3t 4 % - B F B -
FIR=1 # 7 & L eh% - B 5 -

FIN | FIN=0 %7 % €21 gk is - B E -
FIN=1 % 7 30 L end fs - B P o

CON [ CON=0 # 7 # JGiE ¥ " K FEsoit & -
CON=1 # 7 i ¥ I * & AEiait f -

UNS | UNS=0 4 77 A 7|5/ # 2 3k & £ 8 i Foenv B LG M -
UNS=1 # 7 A 7|55 ¢ 3 6 v it L7 B o

SEQ | SEQ * * % & F M B FEVER Bt P R TR BIEAF Y K o SEQ F B AR 0 )
15> 1201 5 B Mg ik B L3 & @ARE 5 (modulo) » 2B 7845 5 15 T- BB 5 0L
AT et oo B S 5LAE 77 A L g Re(solicited) e 1 #¢ (unsolicited) ko @ ¥ R E R
FRErFERL B A frFEil o A B A FIFAERE LG T M-

PR E RS Limae s B A% Ru5 L ap e 3 shahk R
% hH S F S 0X00 F| Ox80 » “hxhenw L € ¥ st i AR 5 0x81
) OXFF « ¥ ¥ chst it fded 2 977 o

42 BB TA

Message Type | Code Name
Confirmation | 0x00 Confirm
Request 0x01 Read
Request 0x02 Write
Request 0x03 Select
Request 0x04 Operate
Response 0x81 Response
Response 0x82 | Unsolicited Response
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m%@ﬁwaaﬁzaa@ﬂ:

N 4o@) 17 4 o7

SR A AT

e

ﬁ‘ﬂ‘frflg Ff‘rﬂ /E ’

235 E B rAdf b Rm o GhelINLA KA B | B A eah 46 =
Hpb g 20 abwdR b Z REF R > dobk B Aph o s ezt > Bl whw (B
PR S F g (RS 0) oo bbb p 5y o

—— Internal Indications —P>
First Octet Second Octet
ORCENLERE R
203 0T B A

Bit Name Brief description
IIN1.0 | BROADCAST A broadcast message was received.
IIN1.1 | CLASS 1 EVENTS The outstation has unreported Class 1 events.
IIN1.2 | CLASS 2 EVENTS The outstation has unreported Class 2 events.
IIN1.3 | CLASS 3 EVENTS The outstation has unreported Class 3 events.
IIN1.4 | NEED TIME Time synchronization is required.
IIN1.5 | LOCAL CONTROL One or more of the outstation’s points are in local control mode.
IIN1.6 | DEVICE TROUBLE An abnormal, device-specific condition exists in the outstation.
IIN1.7 | DEVICE RESTART The outstation restarted.
IIN2.0 | NO FUNC CODE The outstation does not support this function code.

SUPPORT
IIN2.1 | OBJECT UNKNOWN Outstation does not support requested operation for objects in the

request.

IIN2.2 | PARAMETER ERROR | A parameter error was detected.
1IN2.3 | EVENT BUFFER An event buffer overflow condition exists in the outstation, and at

OVERFLOW least one unconfirmed event was lost.
IIN2.4 | ALREADY The operation requested is already executing. Support is optional.

EXECUTING
IIN2.5 | CONFIG CORRUPT The outstation detected corrupt configuration. Support is optional.
IIN2.6 | RESERVED 2 Reserved for future use. Always set to 0.
IIN2.7 | RESERVED 1 Reserved for future use. Always set to 0.

5) 4= i {R27

H

BB E B SN o f 12 R
(Qualifier Field){r # Fl1# *(Range Field) -

IREY A
DNP3 iy £

£ _ﬁf ) Bilde F

R FDR L P RN B A L R
gﬁ“ﬁ%ﬂﬁﬂ%ﬂé W BT RR Y D
& 34 i 57 4] (Object Type Field) ~ *T 24§ =

H AN AoB) 18 #7oF o
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Object Type Field .
G J ‘:p Variati Qualifier Field Range Field
roup : ariation { e
: tet dependent upon qualifier)
(Loctety i (1 octet) (1 octet) e pond
\
e A
(. 6 5 4 3 2 1 0 ) —— bit position

| Res |0bjcct Rrefix Codcl Range Specifier Code |

B 18 4 & s 5

23 314§ =4 Group fr Variation ‘o % » H T £ & $8 &~ B i* =~ - Group
SE RS S R S SRR PRt I TR U
B % 3] f& o Variation 2 DNP3 # i el 3% » Gilde: 16 =~ £~ 32 i
£§&~i%ﬁ%%ﬁ%%ﬁ%%°

T o B T Ap G Mk o B R R B e e R § Bt
T AN e cRes 2 RFF A BAKR* » HE KX L 0o Object
Prefix Code 4r# 4 #f7m » H iy 5 fede BHRAT{S 4% 5 DNP3 #9583 & &

gﬁ<
’%( ) "f

—\

DNP3 4= i i 4c » 70 % & - Range Specifier Code 4v# 5 #7177 » H# iy Z 4ok @

FERFE - REATHEe ghpFEH <]

# 4 Object Prefix Code P

?I—?Sxe) Description Size of object prefix
0 Objects are packed without an index prefix. | —

1 Objects are prefixed with an index. 1-octet

2 Objects are prefixed with an index. 2-octet

3 Obijects are prefixed with an index. 4-octet

4 Obijects are prefixed with an object size. 1-octet

5 Obijects are prefixed with an object size. 2-octet

6 Obijects are prefixed with an object size. 4-octet

7 Reserved for future use. —
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# 5 Range Specifier Code P

Code
(Hex)

Description

Size of object prefix

Range field contains 1-octet start and stop indexes.

Range field contains 2-octet start and stop indexes.

Range field contains 4-octet start and stop indexes.

Range field contains 1-octet start and stop virtual addresses.

Range field contains 2-octet start and stop virtual addresses.

Range field contains 4-octet start and stop virtual addresses.

No range field is used. This implies all values.

Range field contains 1-octet count of objects

Range field contains 2-octet count of objects

Range field contains 4-octet count of objects

AN |O(O(~IN|OAIN

Reserved for future use.

Variable format qualifier, range field contains 1-octet count of objects.

l

Reserved for future use.

Reserved for future use.

Reserved for future use.

Tim{o|o|m|>|e|x|N|o|v|r|w|N|k|o

Reserved for future use.

6) DNP3 #- %

R Al LR B S rébﬁig?l:",,%‘é’{' e £

b) DNP3 if 853 i

TR B R B R B K

DNP3 4= i 8 %k p — B

H

7~

2
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fﬂ]{ém? e 47 > 9 H Group v

Variation $Bri8 7 S 78 » i e 4 ¢ @ﬁg?] o — iEM LT

SFhATRFaT L R Ft @ﬁis?lﬂ ik € R R TRAT IR S TR R a
ATLFFR R 0 T b - fi;b.ﬁﬂﬁ?fé;ﬁi%ﬁ%iﬁ(ﬂansport Header) > e &A= K fL 5 B

ﬁ%l 7 B (Transport Segments) > H 435 ] 19 #7177 o

< 1 octet > from 1 to 249 octets —»
Header Application Layer Data
® 19 @ﬁi;f] R
1) @ w557
@ﬁ?ﬁ%&’ﬁé | R N R {@lﬁ%l PR R - Bl BRI FOR
e kit @ﬁis?lié‘f* R * R enE TEARE e~ - B
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X R RS PR R S EAE SR Bl L R Ch
Bl 20 #7577 o

7 6 5 4 3 2 1 0
| FIN [ FIR | SEQUENCE | bit position

Bl 20 @ s tr5p

FIN %% 5 1 @ bit> FIN=0 % 7 {4 & 4 { % FU€nihfiy » &  FIN=]

LTS HLES R T

FIR =% & % 1 bit» FIN=0 £ 7 3 L8y # g4 7] ¢ % - 08 »

Boo FIN=1 %m0 85 ¥ B 719 = i B 5 5 o

SEQUENCE ff =% A& 5 6 8 bite v * S5 4 ¥ 5 L3 1 1 AR A 22
foo XL B REFABE o v BT 03 630 11 1 4B IEEA ST
GARIE B (modulo) » B FIBLAS 5 63 B0 T - BELE R 0 EATR 4T A
BRIY BB PR G- BRT K PER o HIEERAAR 6557 o

# 6 SEQUENCE #§ =2 p] 3

Rule I [ @8+ A 7| 2 ic i FIR=1 snilh g * 5B 4 -
Rule 2 @%%& P R i FIN=1 chi gy & gl

Rule 3 ¥R P x?;%l PEBIE AR EZ PG H&cF FIR=1 m@@] B K:i&‘@t

Rule 4 - &3 FIR=1 m@ﬁi%l BV d 3 03 63 chizie B 75 > B2 meh
@ﬁs?')j’j:\i & oo

Rule 5 fé;fﬁgl BER B A iE s
— SR @ Y BT - B AP A IR G - B B
”Lf/\iﬁ dv ] o

Afuﬁﬁﬁﬁﬁﬁﬁﬂ’%%%ﬁJ—*HKJ%@ﬁ“E%ﬁiﬂiﬁ
% m@ﬁs?] PEERIAE R T ‘”‘rrﬂléﬁi%] PR € 1 #‘r#&-‘izm@ﬁ] E
IFP7:%—IESEQUENCE%&FO

— B ApIIE - BB EARF octet Sl B EM-GAT R -

— AT BB D FIR=0 2 B II5LAE D LTI A e B > B -
BOBE R YRR ER T R AR Bk R
L L= A I

Rule6 | @ &£ A7 a0 F §- B @£ BEHEDFIR{oFIN #5301
Rule7 | § 48 - BRENBGELPERZPF - L% KT R GEIRY F -

2 B & T
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—@@ﬁ%ﬁﬁ—%@ﬁ%ﬁ#lﬂ%9%&iﬁﬁ@*%?V@*°
TEER S OBES AN R FT R DR HETR

i

Pldcd 7 977 o

27 BT KRR
Rulel | = l'i’ﬁs?l FEFRE G 13240 B iAot KT o "% Tkis- BHK
b 2 F R AT ”il RE G ARRE S o] ) R3F A kTP TR A o T
HEEX AR m@@?[ e
Rule 2 @%?Iﬁ BT R TR A ETVER o AT B R TR EHRER
LTt o
R K THRERASEE A LA - B
— F-BRFTEFTHE AN dES 00 d B - l[?@%?] ﬁx@%l -+
F B FIR=1 v SEQUENCE 5 N -
— A&k T - B K TR BT @ﬁ%}’?‘ » SEQUENCE % (N+1) mod 64 »
— RB* R FA A LR T @ﬁ%} PR 6 - B RIS (s
— ML o
— & i{s—- B FEGSFIN=] -

c) DNP3 Filaa s &

% DNP3 $2% ¢ » FR4REK 33 BALEP che § 4> v B3 f ¥

PR BT PR A o BT B E S TR R R R BT

RenB iy % 3 BRI 0 S TR U R MR i njﬁgmﬁgig@
g@%ogﬁrﬁﬁgﬁ%’@ﬁ%ﬂﬁ@»%ﬁﬁ?%@#ﬂﬁﬂﬁ%
TR R o B TRAARE § BT s I B i ess T
kT o

TSR - BEHELEROEERA S L HRHRO S L REFH
AL T B o & B HBL 16 =3k & 5 (Cyclic redundancy check, CRC)%& & - H
FAcE 21 #1F o
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Block transmission order i

Octet transmission order ——P
Start Len Ctrl Destination Source CRC
0x05 { 0x64 ! LSB { MSB | LSB { MSB | LSB { MSB

Header Block (Block 0)

CRC
User Data (16 octets) LSB { MSB
1™ Data Block (Block 1)
) CRC
] .
User Data (16 octets) LSB | MSB

2" Data Block (Block 2)

User Data (16 octets)

CRC
LSB | MSB

N™ Data Block (Block N)

Fisag ek d 2 B Start i~ e

B 21 F RS g 5t

1 # Len =< ¥ ~1 B Ctrl i~

2

@ # Destination == % ~ 1 & Source == %2 fr 1 i CRC =~ % &= o

.,

1) Start i+ = ‘e

2)Len =~ &

Len &.4p B4 & Start fo T % ¢ 2L CRC =~ e ek & o0 @ 3% Ctrl »

Destination 4+ Source 4 2 User Datae Len ens-| £ 5 5° 27 ¥ 7 e ® s> @

¢ 7 User Data e

Ctrl & g iufehBiEs &~ 2 b Hdeg ~ HFHnRITY

4o @] 22 #7o 0 & 8~

% 9~

% 10 3 & (== e3

s 255

|03 & 5 o

"

7 6 5 4 3 2 1
FCB | FCV
DIR | PRM FUNCTION CODE
0 DFC

bit position

B 22 Ctrl i~ % 42 5%
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# 8Ctrl = e B u] A Ep

DIR DIR=0 # 7 %_i¥_Outstation % 42 77 = o
DIR=1 # 7+ %_j¥_Master % 42 e/ = o
B R E DIR =~ g on Fhleag faﬁﬂ%ﬁ@ﬁﬁliﬁr o B TR Bk M i
oo TZ AT H z“ﬁ%%i\./ﬁljgf‘ °
PRM FIN=0 # 77 F4l4a% % 2 5 4 Master & Outstation 5 = o
FIN=1 % 77 F4l4a % & 2 % d Master & Outstation fx# o
FCB FCB * *t (§ ip| i i% 24 Pl 3 g {2 8.3 B iR Io £ 47 & 1088 e 5| FCV=1 #12t
f=4c22 Qutstation # & FE# 7 FCB pF » T 7 2425 %7 5 #7en® F o 4§ Outstation
RIS v g AT - iE ALY v I FCB R > T B FCV=1
FCV FCV=0 % 7 £ 1% FCB i~k i °
FCV=1 % 7 FCB iz~ &}k i {JF Py 0 e ant 4 ¢ g FCB ek 5 19
HREGFHFAEEFRSE -
DFC DFC=1 % 7 1< g 7 ¥ * S fchnT A4as kP e -
DFC=0 4 77 #1c 8 Bk 7 * 2 ffchanFalehl b © 85 o
Function Function Code  # £2 348 230 4= 4p B e & 2% JR7% o Function Code ¥ i i
Code F P AT FoAL4A S R L B Master 3 i% F| Outstation B 2_j&_Outstation 4 ¥ 7|
Master »
% 9
# 10 5 Function Code ¥ mzLp o
% 9 Primary-to-secondary (PRM=1) function codes [
. Respouse function codes
Erlme}ry Function code name Service function F.CV perrflitted from Secondary
unction code bit .
Station
0 RESET LINK STATES | € 1 =3 & 0 Oorl
1 TEST LINK STATES PR R A 1 Oorl
11 CONFIRMED USER BERT AT 1 Oor1l
DATA B &R
15 UNCONFIRMED BE R KT 0 2 RlST R &
USER DATA oo T REER
9 REQUEST LINK B Rk i 0 11
STATUS
Other — [N IS8 vk

# 10 Secondary-to-primary (PRM=0) function codes #.F"

Secondary Function code name Service function
function code

0 ACK ¥ ek ¥

1 NACK R zr)/ S

11 LINK STATUS it

15 NOT_SUPPORTED * A

Other — [
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4) Destination == %
Destination 7 &2 i £ P & ehzb ek yk o % — B % 2 (Low Order Octet) &
% i€ 3 3% i 7 (Least Significant Bit, LSB)> % = i i~ % (High Order Octet)  # i<

3

7 »x iz~ (Most Significant Bit, LSB) » # & ;% 4- ] 23 #775 -
7 6 5 4 3 2 1 0

Q—I

bit position

Low Order Octet(LSB) High Order Octet(MSB)

B 23 B R af s

5) Source i 7~ ‘e
Destination == % % & K fhenzba g o % - B = 2 (Low Order Octet) &
B 5 #xiz 7 (Least Significant Bit, LSB) > % = i i = % (High Order Octet) 7 #

2

7 »x iz 7 (Most Significant Bit, LSB) » # & ;% 4-[§] 24 #777 -
7 6 5 4 3 2 1 0

—

bit position

Low Order Octet(LSB) High Order Octet(MSB)

B 24 KB p 0

6) User Data == ‘e

P

User Data 4 & * —‘ﬁ AL E‘«—‘ﬁ;&%*“?n‘i&é%é} LB R TR REE
Rk enp e R IE] B A T@ﬁﬁﬁ?ﬁﬁiﬁ L JPE B ot f@ﬁ;ﬁﬁvp\ % o User
Data = % it & 7 250 Bz~ 2> & BFAL FH & 7 16 =~ 2 User Data > 4r%
User Data & ;% 4% 16 &f“f P FIARETOR € E RS - BEALRHL o

CRC iz~ &

ARFHEBRAEIAE - Tt CRC =k AERTHZER  blde:
HE#g % BL N &0 Start ~ Len ~ Ctrl ~ Destination ~ Source ¥ * >t 4.8 CRC #3tE
i CRC #f g tdedrehiied BX ff% > ¥ LBAKR DG 2T A B
PIGE g o B 25 5P FTU T2 frees s > ¥ 60 75 i * DNP3
SHEBRFTU £E 2 2 ApT R~ i~ F#fom# i 45 > T # * socket i i
UDP % 2% 1 DNP3 45 4 » % 66 {7 5 &2 )c FTU X #rw B2 4t » ¥ &% 69
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7 f#247{ri5 3 £ SQLite -

HOST
PORT =

read analog =

5

= socket.socket(socket.AF_INET, socket.SOCK_DGRAM)
.settimeout(5)

.sendto(read_analog, (HOST, PORT))
y

sgFromServer, address = s.recvfrom(2048
msvToﬁtPing = binascii.hexlify(msgFromSe ) -decode(
print( )
upload_FTU_toDB(msgToString)

except TimeoutException:
print(
s.close()

B 25 # B~ FTU % <« 425545

Bl 26 = FP-HBEHMF R P EN S % 172 1] 179 (7 5 & * RS485
WA R PR A iﬁ'.)iffﬁﬁ)iﬁﬁii‘%% FRFEFRET LAY BT
¥ 182 (k¥ 7 % SQLitec B 27 5 p @ B~ FTU 2R B T It o 425845 » 8
* apscheduler - » % T& 5 JF'}‘E'I B FTU 2% 5
SQLite + # LSTM f §%5Fr|# * « 28  SQLite ¢ % & %

B
.
Erfaya o Xegei

def ():
conn = sglite3.connect(’
cursor = conn.cursor()
address = 7
length = 1

D=1
valueH = int(binascii.hexlify(bytearray(RS485read(ID, address, length)))[6:6+length*2¥2], 16)

D =2

valueT = int(binascii.hexlify(bytearray(RS485read(ID, address, length)))[6:6+length*2*2], 16)

D =3
valuel = 1nt(b1na>c11 hPKllfV[thPallaV( SA85read(ID, address, length)))[6:6+length*2*2]
nowtime = dt.dat i ]
cursor.execute(
(nowtime,
conn.commit()
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)
ckgroun
b(read_env

b(read_AT,

while True:
time.sleep(
except ( oardInterrupt, SystemExit):

scheduler.shutd

Bl27 f #3f B FTU &3R5 E 4o 17w 425048

er for SQLite - /home/haruka/NCUE_DataBase/env.db - ‘ser for SQLite
4 New Database & Open Database 5@ ® DB Browser for SQLite - /home/haruka/DataBase/FTU.db
& New Database % Open Database = »

Database Structure = Browse Data = Edit Pragmas = Execute SQL
= Database Structure | Browse Data | EditPragmas Execute SQL
er

Table: | lenv MRS

Time Temperature Humidity Irradiation Table: @A B % s H & -, A & % [Filterinany

Filt Filter Filter Time ALO ALl A2 A3 A4 A5 A6 A7 A8
1 2021-08-10 14:54:24 245 53.2 0.0 ter ter | [
2 2021-08-10 14:54:27 245 53.2 0.0 6702 ' 2021-08-17 09:35:02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27.599998474121
B 2021-08-10 14:54:30 245 53.1 0.0 6703 2021-08-17 09:35:07 0.0 00 00 00 0.0 0.0 0.0 0.0 27.599998474121
4 2021-08-10 14:54:33 245 53.1 0.0 6704 2021-08-17 09:35:12 0.0 00 00 0.0 0.0 0.0 0.0 0.0 27.599998474121
5 2021-08-10 14:54:36 24.5 52.9 0.0 6705 2021-08-17 09:35:17 0.0 00 00 0.0 0.0 0.0 0.0 0.0 27.599998474121
6 2021-08-10 14:54:39 245 52.9 0.0 6706 2021-08-17 09:35:22 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 27.599998474121
7 2021-08-10 14:54:42 245 52.8 0.0 6707 |2021-08-17 09:35:27 57.349... 5. 0.5 0.0 0.0 0.0 0.0 0.0 27.599998474121
8 2021-08-10 14:54:45 24.5 52.8 0.0 6708 2021-08-17 09:35:32 78.599... 5... 3. 0.0 0.0 0.0 0.0 0.0 27.599998474121
9 2021-08-10 14:54:48 245 52.6 0.0 6709 2021-08-17 09:35:37 855 4. 5. 0... 00 0.0 0.0 0.0 27.599998474121
10 2021-08-10 14:54:51 24.5 52.6 0.0 6710 |2021-08-17 09:35:42 77.550... 4... 4.. 0... 0.0 0.0 0.0 0.0 27.599998474121
11 2021-08-10 14:54:54 24.5 52.6 0.0 6711 2021-08-17 09:35:47 72.949... 4... 3.. 0... 0.0 0.0 0.0 0.0 27.599998474121
12 2021-08-10 14:54:57 24.5 52.5 0.0 6712 |2021-08-17 09:35:52 755 4... 4. 0.. 0.0 0.0 0.0 0.0 27.599998474121
13 2021-08-10 14:55:00 24.5 52.4 0.0 6713 ' 2021-08-17 09:35:57 76.0 4... 4... 0... 0.0 0.0 0.0 0.0 27.599998474121
14 2021-08-10 14:55:03 24.5 52.2 0.0 6714 2021-08-17 09:36:02 76.0 4... 4... 0... 0.0 0.0 0.0 0.0 27.599998474121
15 2021-08-10 14:55:05 24.5 52.2 0.0 6715 |2021-08-17 09:36:07 75.5 4... 4. 0... 0.0 0.0 0.0 0.0 27.599998474121
B28 padPFIUSHRBZ I MFTRALER
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LSTM i# i Hochreiter[S1]>* 1997 # =3 1 » Bt R E Y N iR E ¥ &
b PR BA GH AP e 2 BT P (Forget Gate) » L '5 Br A i 4 % Fl SLiF
A 55 4 g2 (Recurrent Neural Network, RNN)R® 22 » 4[] 29 #7757 o Ospina & A 7% %
d 02 gt E fe A 8 €] ik 4% 3% (Stationary Wavelet Transform, SWT)2~# PV # T 2
FERE % o BB LSTM 2 490L 7 8 > 4 30%:0 RMSE 284 » fe 3 4c 4 — 12 ¢
FEPFR[52] -
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B 29 & A LSTM #¢ 3§ 5

BB A w4 R (SDIENHF AP D b Db AR S BLE

Hy o 3 92 B2 et S et g i £ o
L =c(WH,, +U; X, +b) (52)
f,=c0c(W,H,, +U, X, +b,) (53)
0, =c(W,H,_, +U, X, +b,) (54)
¢ =tanh(W.H, , +UX, +b) (55)
C =fC_, +IiC (56)
H, =0, tanh(C,) (57)

23 N(W) B LSTM ¥ < Pl AR “7 % 2okl > 7 0o 58(58) 4 77 » * 203 %

R ETG - ETE w2 %A EIT ¥ 4% Brownlee 2. 3P [53] »

M = 4(N(W)(N (W) +D+N (XN (W))+N (H )N (W) +1) (58)
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AR R B~ Rl £ (2020-2021) ~ 7 (1-12) ~ B (1-31) > o)

A (0-23) ~ B (1-7) ~ i & (18.7-33.9°C) & R & (44-99%) % £ 55 = & i ens
g - TREPFTEEYL 10 B2 (5040 £)5 4 2 g FAEIFRFT
L=l 3#l“ﬁ:@%ﬁéﬁWﬁ%?ﬂH%ﬁﬁwﬂ$°??m@ﬁﬁ

RIS TR TAR Y RE T TARBE o 2% LSTM 5 5ER% Al - § 3

(=)
ETIR
P
3

EE e R RE MAE

N Y,

__________ -~
EE ’, \
A I ( AN
a | RERAL P FaRsh %
R #A | I
BISES I
N I
=R
BA I - I
WA I 7k & (tensor) S50 !
o ¥ : !
I l
168 % I I
I l
& }1]]
| —p G Bl L iz
| (LSTM)?J&]E% 2 B ’| ik
\
e o - — — — — o

AR FRTATF R FAEFERRD LSTM #7 e 4255 48 4B 31 47 7
H - G SE IR R4 164,741 )

time_start = time.time()

model = Sequential()

model .add (LSTM(units=LSTM unit, input_shape=(train_X_mul.shape[1]
model . add(Dens

adam = kera

Adagrad = k

model.compile(loss=" » opt1m1*er =adam, me

mode] . summary ()

, train_X_mul.shape[2])))

history = model.fit(train_X mul, train_¥_mul, epochs=EpochS, batch_

validation_data=(test X mul, test Y mul), verbo
training_time = time.time() - time_start
print( , offset,

, training_time)

B 31 LSTM % < 425\ 75
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R FRFENERT RS

APERNEGEE A TPU F A ) 308 0 I gl
9 FTU fr i Edp P79 % T8 817 i\‘.;g;g,ﬁrﬁ%‘? S LR
BEY FE 2 fw e Python# 3 $1 2 » FILAGRNL FHge
AR AT S B S A Y A b SR E R H ks
EAERACH] 32 910 o p4 3 2T LG A BT T GMA R w2 FIRE
ARG ESRER T BT > AV S L B R T A 0 R
B3R R

—«\

N

——————————————————————————————————————————————————————————————— N
—————————————— ~ \
? t h ! I
pg On : DNP3.0 over UDP RS485 }
| Recieve FTU data Recieve env data |
env_collect. py }
|
D |
runDSS.py |
——————— / Power Export }
flow result |
—————————————— ~ S N Y |
V| oadra I : L
! | : .dss @ : : .csv : |
| |
Load PQ L I | /Forecast Power \ | |
@ Load _PQ | : Line.dss Load.dss : : load.csv flow.csv : |
— |

| |
: Env data | (Switch.dss) (BusXY.dss : | Output % Switching : ‘
I | ) table.csv/ \strategy.cs ) |
e N A N P
N _

(=) gd i h st f5 508
MR rg FTU 538 TPU & > Gl T4 3 @ k> 7 -4 - R
wOR B BR A R BRlf 2 e F BB M T 2 ARITAR AL FTU > 4ol 33 ¢
T NAETT IR D H2R(D ) SR ERREAHEL AR Y
SR B RTER D R R R B R R AR R R el
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D/S A D/SB

*NO

D/SC

2-way FTU 4-way FTU

FTU—4WAY FTU—4WAY

Switch State Switch State
Metered Load Metered Load

33 8 4 2 % f P57 LW

(=) TPU T & ffaiTdf £ &2 R R

OpenDSS #_d % ® 7T 4 # 7 #7(Electric Power Research Institute, EPRI) %
2008 # #TF s chd § B [S4][55] 0 - B 26 T 4 Rk bR A e
IEIARBNTA DPRT ARITFETETL R ART AFET R Y -
OpenDSS if & * % 5 57 b T 4 J S * A dr F AR TRA T S TR
DA AT E PSR TR ARG TR A4 b 4B TR
WPl e w4 RPiRA ik Bl rB AT RS o kR HE
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FEME R R IHER A P R R T

APt H @?Jﬁo? SRR A A 5 0 OpenDSS 03 & #Fghde™
a) ™ B 2< Jr 475 4 %8 (open-source) fic3t 0 . SOURCEFORGE.NET ek b & % o
b) £ 4% % # 3¢ § §* (loadshape)> F§ d i < loadshape ¥ & * ** & 4 4 ik ~ G

THHLTEELN
C) B i st ¥ 1A 2 F IR -
P MEFEZREDnPR H 2 L BADE L= 4p o
) F NENEZH ELHEENFRE A N A BRADFREN e 2 o
4l e ud T snl2fl* 27 ufl* GHE DR 22387
FRRGERT BRI ETET R

0) FIRFERT oy 7 L BETH A REFHERDE R -
h) A fecn B 7 Mg 5 R FEIE A B A 1T o

OpenDSS F & fa#4 172 3% » # - 2 b2 efy (7483% » 3 %4 351 & (Main
Simulation Engine) & #& * ﬁia?l » #% 3% (Scripts) 16 i ~ 4 17 %j 4t % % (Scripts
Mw@oﬁ&%%ﬁ?gwi%?ﬁﬁa’%ﬁwﬁ&@@ﬁﬁﬁbﬁ Ao
1% COM Engine % 3+ % o enfics > 7 L BT LB L Y 4255 )42 Matlab
Excel ~ Python = VB % > i¢ * —‘ﬁ v OB B R R 42 8 B (User Written DLLs )
#% ¢4 OpenDSS » % i COM Interface M # i %> N e FHE LR 2HE ~ 247>
4ol 34 Hr o

Text

Scripts «—

/’
CcCoOM
Interface < C
~ User-
Written
Scripts, DLLs

Results

] 34 OpenDSS i 42 1]
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d ** OpenDSS ¥ 3 COM(Component Object Model)#_— &/ & $jivs > & &

He @it (Microsoft) e7 Windows 1% # % v b B 47 58 & * 42 3% 4 & (Application
Programming Interface, API) » #X @ TPU #_Linux ,% %t » #7121 COM Interface i j*
% TPU } i& {7 » & Jf 3% i CFFI £ #7% 3% OpenDSS /& 445 » : OpenDSS 717 &
TPU {7 » ™ &% X4 30
a) Step1:Build & install klusolve (Ver:legacy)

1) $ mkdir DSS_Extensions && cd DSS_Extensions

2) $ git clone https://github.com/dss-extensions/klusolve.git -b legacy

3) $ cd klusolve

4) $ mkdir build && cd build

5)$ cmake .. -DUSE_SYSTEM_SUITESPARSE=OFF

6) $ cmake --build . --config Release or make -j4

7) $ copy ./klusolve/lib/linux_arm64/libklusolve.so to ./dss_capi/lib/linux_arm64
b) Step2:Build dss_capi

1) In DSS_Extensions folder, git clone

https://github.com/dss-extensions/dss_capi.git -b 0.10.x

2) Rename folder dss_capi to dss_capi_0.10.x
3) copy Stepl's "klusolve" folder to dss_capi_0.10.x folder
4)$ cd dss_capi 0.10.x
5) $ export PATH="$PATH:/home/haruka/fpc-3.2.0/bin"
6) $ bash build linux_arm64.sh
7) Go to ./dss_capi_0.10.x/release, extract dss_capi__linux_armé64.tar.gz, copy
"dss_capi" folder to ./DSS_Extensions
c) Step3:Build&Install dss_python
1) $ sudo apt-get install -y libffi-dev
2) $ pip install cffi
3) Rename folder dss_python to dss_python 0.10.x
4) In DSS_Extensions folder, git clone

https://github.com/dss-extensions/dss python.git -b 0.10.x

5)$ cd dss python
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https://github.com/dss-extensions/dss_capi.git%20-b%200.10.x
https://github.com/dss-extensions/dss_python.git%20-b%200.10.x

6) $ python setup.py build
7) $ python setup.py install
8) $ sudo gedit ~/.bashrc
9) Go to the last line, paste
LD LIBRARY PATH=/usr/local/lib/python3.6/dist-packages/dss python-0.10.7
.post1-py3.6-linux-aarch64.egg/dss
(this path should be /ust/local/lib/python3.6/dist-packages/dss/)
source ~/.bashrc
d) copy "dss capi/lib/linux_armé64/libklusolve.so" to “/ust/local/lib” ~
“/ust/local/lib64” ~ ““/lib” ~ *“/1ib64”, then run "sudo ldconfig".
% F =+ 1s @ * IEEE 13 Node Test Feeder /|3 OpenDSS # TPU &_% s &
WiEF{ei@ B4R - B 35 5 PlEAE;N 45 o £ 11 B 7 IEEE 13 Node Test Feeder

i Sk o d B% 7 FOpenDSS & PC2 TPU 5 S5 T 2P i1 B -

from opendssdirect.utils import run_command,

import os

import opendssdirect as dss

import pandas as pd

current_directory - os.path.dirname(os.path.realpath(__ file_ ))

run_command( ‘Redirect {}/13Bus/IEEE13Nodeckt.dss’'.format(current_directory))

dss.Loads.Name ‘670c"

dss.Loads.kw

dss.Solution.Solve()

run_command( 'export voltages')

@allbusname = dss.Circuit.AllBusNames()

for row in allbusname
dss.Circuit.SetActiveBus(row)
print(row, dss.Bus.PuVoltage())

pd.DataFrame(dss.Circuit.Al1NodeVmagPUByPhase(1))
a.to_csv('va.csv', None, None)
b = pd.DataFrame(dss.Circuit.AllNodeVmagPUByPhase(2))
b.to_csv('Vb.csv', None, None)
Vc = pd.DataFrame(dss.Circuit.AllNodeVmagPUByPhase(3))
c.to_csv('Vc.csv', None, None)

® 35 IEEE 13 Node Test Feeder jp|:& 42 ;% 75
# 11 PC(Windows)¥ TPU(Linux):¥ £ & " &
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PC TPU error(%)
Va(PU) Vb(PU) Vc(PU) Va(PU) Vb(PU) Vc(PU) Va(PU) Vb(PU) Vc(PU)
0.99997518 0.99999785| 0.99990421| 0.99997518| 0.99999785| 0.99990421 0 0 0
0.99988051( 0.99998975| 0.99989273| 0.99988051| 0.99998975| 0.99989273 0 0 0
1.05600291| 1.04365417| 1.0684573| 1.05600291| 1.04365417| 1.0684573 0 0 0
1.02988934| 1.02488462| 0.99554955 1.02988934| 1.02488462 0.99554955 0 0 0
1.00620757| 1.00624632| 0.97633813| 1.00620757| 1.00624632( 0.97633813 0 0 0
1.00813104| 1.03529244| 0.95326125( 1.00813104| 1.03529244| 0.95326125 0] 9.6514E-13| 1.0482E-13
1.00813103| 1.01747798| 0.9963174(1.00813103| 1.01747798| 0.9963174 0 0 0
1.00175126( 1.01570812| 0.9942421| 1.00175126 1.01570812| 0.9942421 0] 9.8375E-13 0
1.0004633| 1.03529244 0.95326124| 1.0004633( 1.03529244| 0.95326124 0] 9.8659E-13| 1.0482E-13
1.02872747( 1.03774035| 0.95104173| 1.02872747( 1.03774035| 0.95104173 0 0] 1.0506E-13
1.03288097( 1.02685616| 0.94914202| 1.03288097| 1.02685616 0.94914202| -9.674E-13 0] 1.0527E-13
1.00813105( 1.02679737| 0.97875081| 1.00813105| 1.02679737| 0.97875081 0] 9.7312E-13 0
1.00614578( 1.03529246| 0.99825368| 1.00614578| 1.03529246| 0.99825368 0 0] 1.0009E-13
0.95326126 0.95326126 1.0482E-13
0.95117296 0.95117296 1.0505E-13
% LSTM FFipl= 18 » ¥ 00 % FER] f L2 7 T 4 P infRds - A2 M e
W36 57m » % 83| % 127§ FE M dss > &% 13 F+ET 4 %
15 F31% 20 (7 g 85 IARAT R > ¥ 21 315 25 (7 g B NABAA L 0 £ 12

|23

B313 Au L TR

from opendssdirect.utils import run_command,

im
im
im
im

if

port
port
port
port

0s

pandas as pd
numpy as np

0O:
current_direct
run_command (
run_command (
run_command (
run_command (
run_command (

Va =
Va.
Vb =
Vb.
Vc =

Vc.to _csv(r’

lineloss

print(

print(

lineloss_df = pd.DataFr
lineloss df.to csv(r’

to_csv(r’

__name___
main()

pd DataFlamP(d s.Circuit.All

EiT R L RS A
Iterator

opendssdirect as dss

t_directory))

.format(curlent directory

pd. DataFlamP(dss Circuit. AllNodPVmaﬁPUBvPha:e[l}}

v", header= Nonp

deVmagPUByPha
v', header

deVmagPUByPhase

', header

index=None)
index=None)

one, index=None)

.format(lineloss[@]
.format(lineloss[1]))

me (d

/", header=None,

index=None)

B 36 = 4 P fEITARNAS
12 IEEE 13 Node Test Feeder & # i /i f#47-/8 "%
Voltage drop (pu)
Line Phase A Phase B Phase C
632-645 -0.0054 0.0266 -
632-633 0.0030 0.0019 0.0027
632-671 0.0315 -0.0114 0.0393
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633-634 0.0241 0.0186 0.0191
645-646 0.0017 0.0021 0.0000
671-680 0.0000 0.0000 0.0000
671-684 0.0019 0.0775 -
671-692 0.0000 0.0000 0.0000
684-611 0.0200 - 0.0000
684-652 0.0055 - 0.0000
692-675 0.0065 -0.0023 0.0019
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# 13 IEEE 13 Node Test Feeder T # # in f247-4F %

Line Loss (W ~ var)
Element Total(W) Total(var)
Transformer.SUB 32.29 262.47
Transformer.REG1 122.09 123.86
Transformer.REG2 65.35 67.08
Transformer.REG3 135.09 136.85
Transformer. XFM 1 5552.67 10096.27
Capacitor.CAP1 0.00 -593487.50
Capacitor.CAP2 0.00 -92455.57
Line.650632 60737.64 196015.70
Line.632670 12990.63 41494.51
Line.670671 22728.76 72334.15
Line.671680 0.00 -4.17
Line.632633 824.49 1056.14
Line.632645 2767.36 2400.77
Line.645646 527.49 419.75
Line.692675 4162.96 2419.34
Line.671684 579.49 470.68
Line.684611 382.40 387.35
Line.684652 799.83 230.88
Line.671692 0.01 0.00

(Z) FHEEPEAZ R GRE e

AEEE LE W S g2 FTU § R &SRR R R RA TR 1 LSTM
AL FRMO g0 a7 p w7 & TPU b3 s 28~ FTU
TERRZ TR R TERE T 7R TR - d
FRIERRERIET A G 3 7 FE2 L58> EARE RS RAP I b B E A H R
> 324338 £ (Root-mean-square deviation, RMSE)i it » vz & & 5 %535 » H 24
Yo 37 47 0 L BFGELE AT RFRZGRTEL L BT PRE 0 ik
HEES - @ T2 RGP gREPFAZFE NG TEENF TR 24R
5 REFARDAF AT ST BRI LD 20 87 BRG] P
o mgHhEr IR N R B PP A MPIRBAREY 7
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FCAERFRALH
- R R RS
(")ﬁ:ﬁ oo F]/Tﬁ%

Bl 38 & f#tT - W > # * Python 2 tkinter £ i* B 5 & * ﬂ g o fid
* —*‘ﬁ%l » $-¥cié > i 18 Python #3 OpenDSS T 45 4 4417 & & 1 4 AU & HE 40 A 47 o
M3 AFIRELFRRIehd FREFHRT S22 F M5 > 2
A E SRR Al few % % #T(Distribution Substation, D/S)#2 = =t 8 7 4
(Secondary Substation, S/S)#t§F2z_ 11.4kV £2 228 kV M /R sk 4 » H 2 R ir
oA B P E Y set sql FHED 0T LV KR Y KERSH
WAL D FEZAEEE Sl PRSBEL > XU FRTETE T
B

> [
j
—:E
DDCC DDCC
Load Data Grid Data

(sql} (_set) pick
- / _ simulation period
import sgl command Load Data Load Data .", B
import set command (xlsx) (xlsx)
 E— + Load Shape
— ﬂ tkinter |———» (DS§§] —» : b (.csv)
---------- »
start command ! pick algorith DpenDSjS Seript Grid Data
Yy (-dss) (.dss .csv)

~
(@ Swarm Package

power flow X7
Memmmmmmnan
__________ > 4---._.___
switches state OpenDSS E:
Engine X7
XD

Suggested State
(xlsx)

1 38 HoART 5 %
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% .idea #" ConvertDBFile.py
_ pycache_ %" ConvertSetFile.py
& Algorithm #" dssPlot.py
% build & dssRunCrigin.py
#  Feeder Data # dssRunTopology.py
% results g dssSwitching.py
#% TPCdata " get_feasible_pattern.py
#E main.exe #" get_nonlateral.py
" Globals.py
& main.py
& output.py
W40 T S8 s FR A hEp 3
% KA \ ) 5 XA
& #B & BusiY.dss N
& XC # Generator.dss
% XD # Linedss
& AE # LineCode.dss
% XF # Load.dss
% XG #i LoadShape.dss A R R
& *H # MarkerDG.dss B (OpenDSSF}gij)
& Xl & MarkerSW.dss
& X #5 master.dss
% XK o i MNO.dss
& AL — :ER‘] _}Lr # Substation.dss
% AM A & Switch.dss
& XN W PV.csv )_ 4R
&, X0 B WT.csw
& XP B Had1.csv ~
& X0 B KA22.cov
% XR By KA23.cov
& XT By KA24.csv
% XU By KA25.csv ) _—
% KW Wy XA26.csv — AR ?ﬂi’ _
@ KX By XA2T.csv
& X / W) A28 cav
By KA29.csv
W] Xa30.cov S
&| XA.png — TREE
Bl 41 T % (TPCdata)¥? 4% % p %

Bl 42 SRS R AT A (esul)) F 0 BB FERTRIPFRE T
MDA NS F AT A L T A RN FE FEREZ T e B
Pkl M jeacE L B B E T S LM ApE X T B Y 4R
M AUERAE A 0 2 RRZ B M B R BRI R R A A Ao
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FAeB A3 Bl 44> HE A5 o B S ERB ML § MR T BT
PATS ER @ ¢ HR A ATE TOA K e B T SR

% XC_20210603_14h4m53s
% XE_20210603_13h32m43s
@ XH_20210603_13h27m18s
@ XP_20210604_02h26m52s

0| il gyl g, = SHES

XC.png SEFRFERY S|HEE-EES SHESESAPE SHEEES EsTmTE smACHEESE
HEFEEpng =im.png Eipng %.png Falsx i HER ulsx

Bl 42 s ﬁ;?] SR & (result) B

A | B C
| BRI&ME | EABIRAMAE | 2 EBIRIME
1566 K2966EB92-J01 Close Close
lSG‘?_KZQGﬁGBl 1.J01 Close Close
1568. K2965AD06-FO1 Closa Close
1569 K2866DA88-FO1 Close Cpen
1570 K2967EB50-]01 Close Close
1571 K2965EC2524-102 Close Close
1572 K2866AC65-J01 Close Close
1573 K2065EC2524-104 Close Close
1574 K2965CE43-103 Close Close
1575 K2965DC37-J01 Close Close
1576 K286THAG0-101 Close Close
1577 K2965EC2524-105 Close Close
1578_ K2706HA31-104 Close Close
1579_ K2766HA31-103 Close Close
1580_ K2065EC2524-]01 Close Close
1581_K2967GC34-I01 Close Close
158% K2066HA36-103 Close Close
1583[ K2965DE13-FO1L Close Close
1584 K2966GB8512-]1 Close Close
1585 K2866GB07-J06 Closa Close
1586 K2965AD15-102 Closa Close
158‘?.K2965AD15-JE11 Close Close
1588 K2965AD15-104 Close Close
1589 K2965AD15-103 Close Close
1500 K2865HC43-J01 Close Close
1591 K2866ED80-J01 Close Close
1592 K2965DD65-101 Close Close
1593 K2965EE2623-104 Close Close
1594 K2067GC82-]01 Close Close
1595 K2965CE43-106 Close Close
1596 K2965CE43-105 Close Close
1597 K3166AA82-506_NO  Open Close
1598 K3060HASS-506_NO  Open Close
1599_ K2966BC61-301 NG Open Close
1600 K2765CATE-501 N& Open Crpen

B 43 23R > 3 4
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PV ) 50kW

D 609m 5486m 3657m | 2438 m
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v vV VvV
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] 62§ b4 SUHEA) ¥ SR
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1010 kW
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214 BRUEFGAG R EL A AT R

Bt A 3 BrE 3
S &0 = & (pw) o &0 © & (pu)
D/S 0.99706 D/S 0.99702
Bus] 0.99584 Busl 0.98257
Bus2 0.98674
Bus3 0.98358
Bus4 0.98267
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A B E T & (pu) B 5 TR (pu)
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Busl 0.99584 Busl 0.98955
Bus2 0.98674 Bus2 0.98268
Bus3 0.98358
Bus4 0.98267

217 R &R R -SUE R AR 1 2 ST 4

R 4 1) ST A
R A SAF (kW) | sdf(kvar) | sERACIZ HAF (kW) | &4 (kvar)
D/S-Busl 0.728 1.930 D/S- Busl 4.506 11.943
Busl- Bus2 4.549 12.058 Busl- Bus2 1.705 4.520
Bus2- Bus3 0.835 2.213 B A 6.211 16.464
Bus3- Bus4 0.104 0.275
BAp#E 6.216 16.477
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iR & w3 0.94517 39.879 105.709
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Feeder total load on XM22
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A3+ EH 2% arm 7 4 TPU 2 5% i 5L ubuntu 18.04 34 7 OpenDSS 2. & # # i

‘R 2% e (2)&EREEe - 4 CPU § %52 7% % 5L windows 10 H &

FAR omRET AL A TPU 2R 5% 2 ST AT R TR IR
ERXM)BET TR HTE e 4B 74 B 75 B2 T e B(F B 49
Lb) @R R R R R AT A Ao B 76 22 B 77 S o

| Thonny - /home/haruka/INER2021_python_code/dss_test/XM_run_v2.py @ 4:1 AMAXN N m W), 14:05 !

model.py

]

from opendssdirect.utils import run_command, Iterator
import os
import opendssdirect as dss

4 import pandas as pd

) import numpy as np

def main():
current_directory = os.path.dirname(os.path.realpath(__file_))
run_command( 'Redirect {}/XM/LoadShape_Origin.dss'.format(current_directory))
run_command( 'Redirect {}/XM/Load.dss'.format(current_directory))
run_command( ' Compile {}/XM/master.dss'.format(current_directory))
run_command( 'calev')
run_command( 'Solve')

Va = pd.DataFrame(dss.Circuit.AllNodeVmagPUByPhase(1))
Va.to_csv(r'../XM/Output/Va_Origin.csv', header=None, index=None)
Vb = pd.DataFrame(dss.Circuit.AllNodeVmagPUByPhase(2))
Vb.to_csv(r'../XM/Output/Vb_Origin.csv', header=None, index=None)
Vc = pd.DataFrame(dss.Circuit.AllNodeVmagPUByPhase(3))
Vc.to_csv(r'../XM/Output/Vc_Origin.csv', header=None, index=None)
22 lineloss = dss.Circuit.LineLosses()
(KT 1T »

I

I

Origin line loss P=4.194000506645777 kW

Origin line loss Q=5.914978935915485 KVAR
Predict line loss P=4.1884890140455635 kW
Predict line loss Q=5.919170358791578 KVAR

>>>

B 74 TPU i 5 fads 2. B8 4

0 Substation
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WO,
23.77 DG
2376
=
a
23.75 4
23.74 4
23.73 4
23.72 4
T T T T T
120.56 120.58 120.60 12062 120.64
°E
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XM21 bus voltage

1.05
1.045
1.04
2.1.035
1.03
1.025
1.02 =—=Phase A ===Phase B ===Phase C
1 5 9131721252933374145495357616569 7377
Line number
XM22 bus voltage
1.05
1.04
=1
=Y
1.03
1.02 =—=Phase A ===Phase B ===Phase C
1 4 7 101316 19222528 31 34 37 40 43 46 49
Line number
XM23 bus voltage
1.05
1.04
=
(=Y
1.03
1.02 =—=Phase A ===Phase B ===Phase C
1 4 71013161922252831343740434649525558616467
Line number
XM24 bus voltage
1.05
1.045
=
2,
1.04
1.035 ===Phase A ===Phase B ===Phase C
1 2 3 4 5 6 7 & 9 10 11 12 13
Line number
XM25 bus voltage
1.052
1.05
2.1.048
1.046
1.044 ===Phase A ===Phase B ===Phase C

1 4 7 1013161922252831 343740434649 52
Line number

W76 k(XM T 54 LR
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XM21 line loss

1 5 9131721252933374145495357616569 7377
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