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With the increasing expansion of power systems, random factors affecting the
performance of these systems have also increased. Increasing demand for electrical
energy along with these random factors have made uncertainty analysis methods
especially important in analyzing the small-signal stability of power systems. In this
paper, a method based on the polynomial approximation is presented for the
probabilistic small signal stability analysis of power systems. Since the correct
determination of unknown coefficients has a direct effect on the accuracy of the
polynomial approximation methods, this paper presents an approach that can determine
the mentioned coefficients with high convergence on the probabilistic input space of the
problem which can maintain its performance by increasing the number of input random
variables. After determining the unknown coefficients, the load flow results and the
system state matrix are determined for random changes of all loads using the Hermit
polynomial approximation. Then, the system eigenvalues are determined and the small-
signal stability of the system is probabilistically studied. In order to evaluate the
accuracy and efficiency of the proposed method, the IEEE 14-bus test system is
simulated in the MATLAB software and the results of the proposed method are
compared with the results of the two conventional Point Estimation and Monte Carlo
methods. The examination of the results show that the method proposed in this paper, in
addition to convergence, has good accuracy and high computational speed.
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3 Monte Carlo simulation
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3 Polynomial approximation method

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

Yo

( pine Sllons o S (511 487 ol 0315 OLE [YFYY] 55 0k plowil Sllllan s (o G2l 3 ok 4y o | Sl
A e Gl g 3l I b s 5 LSTY a s b S s o) alaxdin 1 eslinl

el e 3, e 0T Sy 5 BB 515 505 555 (6 dha i B 25 55 S (6,505 e s
.;,_wtaua;mtg,ﬁw&jw,@u{gw,ﬂL;uv aor 33 Cn p Glaker iz &S5 SHYY] s .l 0T J ggoms
e SVslan (S JE gy 55 ol o eslizal ) SIS hgy 5 YY) S slaber ki  pgome ol e shatey
A SVslae ol8ins & 5 ik o S 5 S L) (o0 a5 1) S e SVslan 4 Sl i 5 e (oS
L Jsee el e Lol 58 o e 35 30 pgme il o 0 Woslan ofs ol Jom b 353 (o S5 J e
3355 on Als SYlan 53 i slowl s By ol 31 szl ol Ul )15 agn o 33 S JE sy Sl eslin
IS s 58 o 5 S5 w1 Sy gamr L SV lae oSns (gl s a5l 5555 (oo Slad 4 sl o ol ol b
sl SVslae Shom (o5 5 63505 ($3Lad o ite slad (i385 s slasl 048 850 b S ol nl pg
55 o s o (51 5 3550 Olej 5 Slowbous o (5131 oo 5 b (o G153 sk Lt

g:,.i\)_.éja.\_&a:)'gf_uﬁ\’4_?-):g;.:aﬁkg\s\l‘o'-.x.:g-ja:L&.:M|l{Q).@LgLAMGNWUl{J%AJMg[“‘]):
ESG L oy ol abor i gla 4ty Sl eslizal b cdylen gy 53 ol 03 S i i lon g Sl eslizal L 0T J pgme
Sad on o e e e SVslee (T il 5 5558 o sl (639,55 (Bolal Sla i 5l ol LU YL 4 o
4S 55 a ateia ol bl A (151 4 Do pa (sl Ao A Sl s 5 5 s s a3l el b s Ol 4
308 e |y sgzme o g T Sl elizal L Ol g5 e

el okt il (g1 oo X B gy il p gl e &S S ST I (5L SVl YF]
Wl 0k poand VY] 3 a5 G 3 b aslin 5 Aulas hg) el r 55 [YF] 5 0l eslinl Coepa () oo il 5
S bl 55 o et 4 ol B 9 5 5 AST (el sl s SVsles 55 (6 oS (oS & Sy SN sy ol
L ogo,ls olhlS Sslas (635,55 L ke 5 3dimn slns 5131 4 g oS ol [YF] 5 [YF] 3 dilon bg, sl ! il b
OT (=15 a0 3l (oms 53 (5 5l (on Rl 3 (Selar ) gy Slalone oo 5 Olej 555 n (sl e slukad 2ol 31
D s e

S8 s 30 (sl e i a5 s ol D58 e 0 S o I VLo (651l llie ol 5
oeld 035 5 Y ar )3 Com g 6l o i o g5 S poll s S L iy Slloe kol ok 1)) g5 3 el 8 8
e ol ool Al b ool 03 8 ol dnlen Bg) (e i S, G S elizad b 0T J sgmmn ol o s 3
e 4 S (S Sl 0L 53 5 ) S5 09 1) (6l e iy oo (63555 (L ke Sl (gl 4 Sl 30
3550 W51 55 e omen 5 5L idu o 035 o 8 gl 3l eslitul b gt 035 23l OT 31 g ST s [YF] 5 [YY]
Lo i 5l ealinal O3y 5 (53 o) 51 ST s Slowloma Oloj 5 oo be by ol 53 ool 43 5 )5 e
ot};;g;wﬁuL;U44.‘Waijﬂ;uﬁgu}t@}:@t}:‘;ﬂfs.)bsuu;,ﬂu,y&uL;u,uz,,,;&uéﬁ
S0 L OT sl 5 (5l a1 ol gl gy ool 033 8 s (0T 1 (S6 LIS bl gl 5 sl (ole (5 e
Sy ogdle ©3lgiig Sy 45 das (o OLLS ol (raded 5 S8 g o gy (i o B9, &K 5 ode o)

AL (1) g (e BB e e 5 235 )

! Galerkin method
2 Collocation method

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

\Ye

09 Kius 39133 4B S8 Joa -
9555 Gl st HLS i J g 1 OT Sl S¥sles Ol 5 oo 3,03 5 ,E Ll Sl o Q).Gr.:“.:w«f@li;ﬁ

Q)LSVA_?-)JJ.LA)"a.;\.»TC,..u.b@‘fuaj.:jj.ﬂ.a.aéflqd-‘-j‘.J;w:ﬁbr.:m:.we}njﬂél.inuj‘}f-lﬂbyﬂanwb‘
5 w,@w&;d&# Gl o gl lie 53 Y] LI A aom 55 ke ol s jyslie b Sl
(\c)—(\)QYJL&AL‘»_}JJ;.\Adh.@‘a&a:&:ﬂ|d§ifﬁwddﬁa|ﬁbqijg.'m)j‘jj“s\q-)éa:é\iuiﬁlfdb

[Y?] Sl 0 QL:J

By == [Ey + (g — X' la — Era V)
Tdo
f= 0w, y)
Wy '
& = 53 T = [Eqly + (X = X'l + D(@ = )]} "
) 1
Efq = _E [Era — Ka(Vier = V)] ©

565 03IV oS5 o5 55 Epg e85 508 e slily 53 L8 55 Eg 55555 Sk O 555 4505 O alaly oyl s
ol 55 Tgo el s 5 (63 508 Slby e Slily 53 ) 5155 b fa 5 L 5 Jn s SWs oo Slotie Vi eJlis 5
L Muw&ﬁwaﬁ,su)wu S5 Ky TA,b.xsqu)w,Ji.”,tﬂrw,,msu,
Y] csls r.:.M}:- (o Sle (:J.e w T QJ;V.E;») (F)-(V) &VYslae g 554

x = Ax + Bu ©)
SlAS,le B g A w oo oT js oS

x= [E;] § w/ws Epq]" i
u= [AVref] (V)
s,
K3T g, T a0 Tao 0
0 0 ws 0 0
A=| K, —K  —Du; | B=12 .
2H  2H 2H 2
—KyKes —KyuKs 0 -1 Ta
T, T, Ty |
j‘u)‘-«p A} K6 G Kl %‘j"l“b‘,b);ﬁ_‘)':
1
K1 = _Z(IthO(X’d - Xq)[(Xq + Xe)Sir“SO - RECOS(SO]) (Q)
1
K = 7 (184 = 1§(X'a = X) (Xq + X)=Ro(X'q = X)1§ = RE';) )
VX, —X'
K; = _¥((Xq + X,)sind°—R,cos5°) o
A
K, = ay)

A+ X —X')(Xq +Xe)

1 V VO
Ks = A{ d X [R Vt Osind? + (X’ + X )Vt cosé ] VO X,d[RthOCOSSO _ (Xq +Xe)Vt°sin5°]} Y

VP
1 %44 /A /A
da
Ko =——5X;Re — 5 X' a(Xg + X) [ + = ()
v, v, A
Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.l1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

A%

A=RZ+(X'g+ X)X, +Xe) (Vo)
ol s T Glas il 5 A Sl oy 5o Sl oalinad L 01 on 1) s glo 555135 51 655 0 035 o3l o0 5
ML@W@JR}ﬂJL&A/1=ai]ﬁhg)‘|-):4§:}~wl>aﬁ det(AI_A)=04.be

D38 (S i g8 SIS (Solnl SV o T

3 Jeol el 3l oaliiad Ly LS e ol i a5 3lie 053 o atalin (10)-(0) il 5 o5 silen
ALl dal g olal sla gl HST abaB (AL Lok pe 15 prcw SlasL &S b 5 L ps e ales L iy
ol 032 el 0l s e Sl g3de Sl Es) Sl eslinal LIS el o 5 5L idn 5 K6 Slaslows clail 13 pl 55
(3 ol 03 el ok o3l O 39 3an 5 o g 5o 0 o 03,551 o &3 (Sl 1 o i 5 g Sl el
Sl (57 e S ol S5 1) (s sla (62559) A5 5 0L Gl 0ol 015 &L idey (o 8 DVslee
553 la (ol Al A sl 305 on e S sl ol e A ol (O ¥slee s 65 L eiS o Ol (e
ol S e Gledins Lok isn Sl plasil Slor 4 015 (o8 X g (et (G0 4 85 (G50 )3 bl Len g
il e Sl 0 g0 Anelns (A 5 5 0L 5SS Gl el lesis | Ly 5155 (s 2 0L b e Sl
sl ¢ s 9 3580 (o0 o & 303 dla Lz (515 5L ey alis ( alad (sla 2g) Sl eslizal L il ¢ oS e (gl ahanr i
oz iz o8 ) calal 53 58 e e e a6l e izl 8 (83505 4 g0l BB e 5 0T I ol ol
el e 25 OT Dl 0L b el
SV 5l i Ollro S Ao Xz g 5 )V

Jo o Jlat w55 wb b J gans illas 5 ok 43 S a5 55 alad 1 s (5oL aed (e Ol 57 callie oy )
Velkelastag (1) ¢l Slas Ol osil 5 OT (b sl b ol (i) pl2 0L il e (g5l Jee ol 53 [YV] Wil ek
Aw@uﬁzdu@w@trﬂ@w&%,a;dz,,y,;u;,ﬁtg;\ﬁ.w|auafﬁ,a,;v‘u)p@u,tm
e pmls aw dbes a5 5ok Sl s hshies onlply [YO] L8 Oy splld Jle i (Sslad (gl e &)y
1l o 03lizal (VW) 5 (V8) Lol gy 51 ¢ nSAL 5 5,518kl

Xp = W+ oin; (%)
Xi — Wi
Oi

=BT Y S s stl U Solas e ST, (o r!i)l{) Jls (li@,» olas e X 0T jo oS

aY)

n =

[V?—YY]J}Nmx:jijQ)Mmcg;\:ﬂjkL;‘WJ.&__-g_..iJ.E:)"OJW‘LQ‘}}'GA‘))LM'L‘})QML)L&Q

m m J1
Y'=kot Z khrl(nh) + Z kh]'zrz(nh’n]'z) +
J1=1 =1 j2=1

m
z J1 .
J1
: : z k]'1}'z]'3[13(77]'1'77]'2'7]}'3) +
. J3=1
. J2=1
J1=1

Mdﬁ@d{\{*ﬂ‘ﬁd‘.@‘gﬁTé‘MJ;g-d}wgﬁ‘kkjjks:j)j&aswguﬂxﬁﬂdﬁm OT 43 oS

(\A)

‘(\A)4_1@\));..\_;5@_:,5\)Jl{u;%@l:s‘()patmss)@j),gsw S ke palae ol 4 Llgn 390 dolas oS W 5d
LYF=YY] 558 on mans (V) bl 51 OT S dslan 487 Cosl Tz 53 51 Cn o (laham i Ty

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 il (g 5200 ISP 65 s Ba L Sl oSy e i 3ledite 5 (5T (1 b
ool desadaw 9 g Oloy
an
Wl Ol BB (V) Lo, bn =3 U n =1 a5 jl e s gla Glaem i Jle Ol gy
Lm=1 L =n Lm=n"-1 L =n°-3n ()
Lm =n*—en*+3, L1 =n°-10n°+ 159
Sl ¥ o L ldbenr itz Sl odaTmnss fenly &7 Sl 0313 0L e (labor iz Calibes (o 4 5> 235 sy lie

YA

L@ njy--omj,) = (—1)"e®snn e=05n"n (19)

Sl e s i ol s o, HIYF=YY] 5l 5YL oW sla as 55 U S pa Sldhamr sl I ool ) Lt
d‘j@‘MLJLMdWr'l@JJ’J:":‘“ n;‘QM‘aMaJULw‘V b))b%ﬁd‘%&g—)“)\:&q&ubﬁ
2505 Ol (V) bty &) goos 083559 Slo ke o 15T

m m-1
Yl = kO,l + Z:nzl k]"ﬂ’]]‘ + ijl k]]_l(njz - 1) + Zizl Z:r;l kij,lninj xy)

o p Sl Ao dizr Jgemo il o s YT

e M ,‘\6.4\5)1;&»\{m',,;&Ejvug-c.,.«\rjw.uih(\‘\)«b{b);kij, k“ ckj &g Jsgmes ol o anloes (6l
LG slaw 558 Ol Bslal O ) seods caw a5 gL\:.aJALg\dag-.\;?Lghug);ji.pg;i“iib.-j\.\i\{dwﬁaﬁx.;ﬁ
.[V/\]J}}@M‘(YV)4@‘)}‘}:)‘:&M@JW&L&&J‘M}&‘M%@)JQE&F
(m+n)!

m!n!
Lol oo B3lad (sl e sldss 9 S Glades i 4o )5 (isad Ll sl 5 54 My NT daly opf s

pls S5 25 p 4 o il slan 65 015 (on (YY) il (g 3L

[M][K] = [Y] (e

(¥y)

M 15l 015 on 1 () bl ol o slne .l 5U iy gl 5l 5 [V] 5 Jggee ol 51 [K] 0T 5o o8
350k 55 Oy $3955 B3la e
(1 7y M2 oo M M0—=1 05—=1 0 My =1 muma Mlsr o TmealmlK]1 =Y (P

S 3o 10T pll o a8 ol (T XT) (im0 o 50 65 [M] s 5o el ocaline LB (YF) bl 55 o7 ) shailes
M,t_fu_a;yus_ug},;s‘[nl] Mpacwledds S [] =M M2t - Mmi] pslae S 5
Soze s dles aaB T Sl 3V [K] Jsgmn ) ool 51 87 Sl a5 il [YA] 550 o 28 i lom e e
U sl e g ot s S¥les oiis &K (V) alaly 53 (100 5 [M] e ile K85 51 g 457 558 o]
[M] s 5le Ty a8 L35 ol 6l 68 & b dules Bli S5 Sjle 4 il ls 3 e i O g &S5 165 altwe
e 9315 (Soels (1 i o S sl Ll i Sloalws plowil 33 48 LT 5l 74 4l 5 ol
AV [M] s 5o 455 0552 JolS e gMe 47 L8 Susl (g p5b Aulen bli Sl 3Y 03l Jpgoms ol o o
AL sl (s (654,55 Gt M gVl lad 1, ib g

gt_;atgmw,;,:@‘}_&m.uiuw;,'tgjﬁa,;&_|.\:e|4§¢M|;)ywu,[nc-n])“um)tu:,)
Jis b gla o dBLT 31 1S odeT G 4y S5 5d o damlons OT a5 5 0dd S5 [M] Lo 5o 0T 3l a7

355 B35 o o S0l [M] oy 5lo (o o 5 DBl ol il ol 3145 Ol 4y g i3 o S [M] o Lo

! Collocation point
2 Rank

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.l1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

Y4

03 eds Bl sy 55 JSET a5y L [M] e 5l 655 487 550 (0SS0 ol Bl cpl a5 oo s 0T 45 45 0
n g5 gy ol el el ails S8 BB s 5 48 8 515 (63le 3500 (53555 (S3LaT ke (4w 131 4 [YF-YO)
ool (bl o il T a8 ois il sl S saeT 33l oS s (63555 (sl e sludad oS 515 41,1
o3lil 03 55 awlons b OT 455 [M] o jile JSC85 a1 3 51180 0 53 o5 1niT Sla sl o 2oy Ole Oles 4 55 [M]
L oo ile 5558 b JalS ol 58 de (6,155 anl s Shecnl pogde g dalg o) sl [YF-YY] )3 ods &1,1 i,
338 1815 s [YF-YY] 530l 1)1 og, cdkdl ol S5 ol 45,

33 el 0 3lgiiy oo (6l Al L Jggams ol b danloes 5 [M] s 5l LS5 (gl g osy callin ol 5
Cmopp Gladomdin (gladdo ;5 i lusl B3las S 5 L dulen B 31 o6 R 05,5 oSG lanl clie ol (golgiiy i3,
2348 LT 5l g8 oo K85 [M] oy 5o 51 o &S5 058 n 03, (sliael 51888 o s o 3530 oo BT cr a3
e 4y e T (oo Sty (RXT) sl U [Mg] s il cla o (1 0515 513 o2 5 Ll (o R > 70T
ot S oS a5 UM s 5o 0T s e (gls o ol b LT 0T 45, &8 (5530 53 5355 (o0 amlons [Mg]
Lyler L& 51 st 05 8 sl 751 28 [Mg] il sy S ol SKan 510kl ) shates il (o anils A3 5 553
A e 4 Do (6 e Dlslons [My ] 5o 55 ot S1558 (o0 SIS 45055 Sl ol 5 350 (o0 S5
Gl By 358 oo plal LL G g (3l B35 55 455 S Slwlons 457 S 4 5 L bl esyls [M] s il
3L gla e sl ol 331 51 53 0T oS aayls oV Slawloes o pur ol Cbl 5 Sole e 5 el ol o
318 35 0T 53 o1 15 0l Mas ¢l posdhe 5 b as L2alS (6345

Ollomn 53 T (oo Sty oalad (sla o5 45k iy Slwlomn plonil 51 M) SV lan o8z 3 [Y] ls 1 sl
5L on b GL 015 (s gls ke & (19) alaly S eslizal b ol [M] oo jilo s JSC85 s las bG8
3040 0L Uidey e ) a7 sl (61l 4 g S Sl S35V LT e s L e 5 0T el e
25 (g dlonn 5 s el e il 58 OT S ey 23 55 o plasl (a3
[K]=[M]7'[Y] (vo)

Sl w9y 4 S gs JUw Solwsly ok 1Y

islan 3l cp g o GV b Sllone plowil Sl 4 015 0 €358 et () dslae 3 [K] Usgome al o o5 o8
gt ol (13,8 eslizal lasly (Bolal Ok 53l 4 2SS I YLzl (Il pmlss 5o dlons (11 555 e
(VF) adasly ol g2 o 5358 (o0 Joots 3ol Jle 5 (B3l (sla pie s (VW) el loslinal L L (ol slie |z
el 2 Ol (a3 58 daloma )L ide gl 5l eslial b s Sl o 5le ST 05870558 on ol Jb idm ol
o g ods ST i 3l sl 45T s sl 031 OLE Aals 53 .3 4a ki 1) e 0305 23le det(Al — A) = 0
3 ol YU Sl (28 5 onlin (B3 bS8 (6l s 5 55 IS (51 (VL Lo 553

@1 ki 9 g ls 41,1 ¢
53 $3lgiy i, 5l oslinl U dEEE bl V¥ 6 g0 )b s 6587 JUS VLol (ol ¢t a3
L s MATLAB 13 ¢ 5 dams 55 ooy 55 457 ol s ok plowil 6la ulomd ool 458,57 513 oy 5 Jboos 3590 s
Sl ol o el Vo iy Jale o 5 oS A 0 COTE 17 (6557 0 0l 4 b e 3 el & 51 wsliz

‘A_’Q“LQJMJ})QJJ)WW)J{)}_EAAQ.Q|oMuJ‘JQLﬁJ(\)J&J)JQMQ&'QJV\SW,}G}'&

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 Wb o graly (IS5 05 sy Coia b Sl s s b giludie 5 5T o1k

V¥
ol desaden 5 s Olony

el s 5 ol o planil Coo a dlon i o 85 295 5l ool b addllee 3 50 ot SVt 5L 2y Dlovlns
s sy 5 (Gl ot et MC Syl L aS) I8 Eogn gade oo, b (Gl ol adeie PAM o jle L &) 0T
Cds iy dz a il 58l bt s (ol ST 0L .Gl old dus e o(Cnl 0dds j23eis PEM )l b &) dbot s
3 4 L ey Slslons 6l gl 15 (bl Sl 4 g0 B 5 o o gy 65 Ol 4 8 e B

RGN P E IV PR ARG

[Y4] TEEE (30 V£ e .} JSC5

TEEE (b 1§ 4905 piuas 33 b (ol 3W9 slxe Sl 20l § opSilo .1 J30>

jlﬂ; oyll Hlas u_'ﬂfu'| jlﬂ; ol .h..n)h Jldde

. . . Ve Ve v/ \
. . . V/+80 V/+40 \/+ 40 Y
. . . V/o Ve V/o v
R T YT LYY S R VAR LY SR VAR LY. R VAR L ¢
VeV /e S R VIR Y R VIR T Y R VAR ) 0
. 5 . Y% Y% Y% 1
GO Y e Y oyae e Ve v
. . . V/+q V/+q V/+q A
VORYA /aeYY Y)Y | Ye004 Y v00q V/+ 0 q
N2 S UV RE T BV T V/eo)  V/e0ed \/+0) \e
et e R T A VAV U V25 C U VAY S U X
SenNa/ensY eeesY | y/000Y  V/s00Y  V/s00Y \Y
et L B Y N R VIV PF SR VI¥-YF SR VIY N1 Y
GOFY WYY XY VAo YaTee )/ ¥
Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 AR sl 5 les o) o )led OV 53 Gy (onkige 3 ot 8 Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

'Fy

Cige b2, b ool o) Sl eeT Cnds o (slo (e S5 0511 jlne Sl il 5 Sk slkde (V) sk 3

Mg {Asg o} Sl b 5 ol Sl 55551 et 45 o T el 4 5 15 dnlin 3 40 4l e 5 8
;}|J.>:J\J:S:M@jg;.d4:&‘.,\.5L;j:.:!v.?@»)\{Lsé:l.a}Q|J.:.::'JJ.gh"u):L@JTjLﬂjoﬂ.\i\g:ﬁ@dﬁfL@Tj\ﬂ)}J.;:M.A
ShedeTmsas 55 0310l Law gia 5lie (555 g0 odalin a5 shailan .ol odaT Sy Jao b pl s oa) aw a5 LT Hls
Cige s 3l o T oy olie 170 o3 5 (65l 9D 0 50 e SLOL ol pled sl codlei )
P aS s e OLE Akl adS Sy 9 JHLS Coge sle s b algrin s slae O il anslie el syl 18

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
1.02515 1.0286 1.03205 1.0355 1.03895 1.04241 1.04586
v, (pu)

CDF

V£ b 59 (rood 38 @b .Y SS

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
1.04463 1.04815 1.05167 1.05518 1.0587 1.06222 1.06574

CDF

IV b W9 (oroadd @598 @b Y USs

Ol ol o ,2aST VY i 5Ly g 5lams Ol ol o 2l VF 515 0510l el sdalin B (V) Jgdor 53 457 ) shailen

) Sl o 2SN b 55 5 Sl 0 SYLNF o S5 cdas (0 OLSS § b m cpl il L oo e o 53 1 e
i bl olas (B3las Dk (13l 4 VY 5 VF (ola S5 o311 meas Jlazl w5 ol el DL 5 55 51 5L Dl
a0 SV clin pl oalgiiy ha) gl s e odalin &) shilas ol odosls Ol () 5 (V) b Sy e 5
Sy oSl Sl ¢ i) a2 53 oS Sl pl a7 BB €SS 13 B8 S sn iy gl b (65U Ot calal e

)l_:aﬁJ‘J)u‘A_Q-}JJ:GQ)Lﬁk@w‘a“Gl:awad)k::J)jjub@T}@‘&hﬁﬁ&j&j)%ﬁ)}hw.:J

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.l1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 Wb o graly (IS5 05 sy Coia b Sl s s b giludie 5 5T o1k

. \FY
ol desaden 5 s Olony

uﬂj")){;“\ngﬁis-’%J})Cﬁgd‘}:@gﬁ‘jt‘-’Q“‘LS’%J})}A)KQJAJ})LMW“’J&))
Wl 1S 2l 4y 55 558 e VLl L ey Slnlomn 3 35 1y (orlie SB5 ¢ 2y

J.l:l_i.cuj_.i:Ls..ca.,\.al_.'uJJ#M.M:@()UJ\)AJUa.agLaJWa}ljﬁbli.c)lﬁugblfd\jdxiignc(\')djv\?
RS L Lo 3, abil pad 5 )8 Sisn B i b g5 BB O (oolgi gy Sl edeT s KL
cuCn..oé.c;ch\.iv\a_:c’.i“-}_:sb.JJ‘DQM‘&)‘@&D&)J)D‘{MMJ})J"OMT@J{)E&‘ ol el ol s yls
O S (G a5 pads b (5SS Sl i 555 S (6 ol ab ad ) 53 meas Jlea|
Wl 1S 2l a1 6 e sl i (3l s Wl ST (o 1 Sy g b sl 8 sl (s

TEEE ol V£ 4900 mhuss 33 059 p3lio slxe B il § oSl ¥ Jouor

o529 polie jlas Ol 2l o529 palie awge lude oyl

v/eavyY v/eeVY v/eeVY —+/\VA —+/VAVA —+/VVA \
v/eVEo VERRA v/NY —+/OALY —+/OAE)Y —+/OALY Y
o/a0E v/ 074 v/eoov EAVAARAY EATALRE: EATANR! Ay \
v/r08 VAR AN VAR AN —\/Y4Y —\/YAQL =\/YAAA ¢
v /2 YAY VRS A V/AYYA EAVIAREY =\/EVYV EAARE2 0
VAR i VAR RY VAR — Y/ A — Y/ A — Y/ A
\
+i0 /2 VYA +iv/oVEY +ie /2 VYA +i4/AV Y7 +i4/A\YY + i4/A\YY
v/ VY /ey o/va\e — Y/VAYY - Y/VAY — Y/VAYA
Y
Hie/vgee +ie /e YOV + 1v/0Y84 +ivviey +iV/VeA +ivviel
AR /AYAS AYVE —Y/6\Y0 — Y00 —Y/01¥4
Y A §
He/van +i+/+400 +1v/+4¢4 +10/YAAA +i0/YA\A +i0/va\Y
A veYe rveYeo —o0,)¢07 —o0,) ¢ —0,)¢Y
¢
+1v/ey +iv/00 +10/00) HiY/ AQ. =S VALER i/ A4
VAN v VA v VY —0,\¥¢7 — 0,\YLV — 0,\VEA
0
He/eY0d +10/0YY He/eYYY *iY/00v1 *iY/00v1 *iY/00v4
. . . —0 —0- —0 \
IVORER! IVORER! IVORER! —0+v/0 080 —0+ /0080 —0+v/0 080 Y
(VAR ARER ARER —£4/44VvY —£4/44vY —£4/44VvY Y ¢
AERAY v/vee0 v/ven0 -£4/447V —£4/441v -£4/447A 3
AN AN AN -£4/441 -£4/441 —-£4/441 0
Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)led V)95 63 (omkign 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

VFY

o LSt &S shilen das o 0L Lalibue sl amis 3 | aalllae S (e 0315 p3lie e i3 g o) S

MelS 055 p3lie el 350 05,5 ks 4l 550 Sl 53 Ol (oo ) e 035 p3lie (Il oy Sle sl a5 L 03
23l T gl r b 44 5 b5 LSS 9350 p g 5 035 Sl pn il 435 )13 oo ol oS35 o ol i
LBl gr Al g S o s & iy o it i lST 5 gl 200 0309 polie gy (or e & o S 09
VoY lasiliias by seons polied 5Y lasge 13 L) o sledt o (o gh e s ome b L 0 s polie o 5593 5
bl i (2 S 5 05155 e ol 03 o8 a0 DL (V) Jpider e (g 2 13 1y (2l o 8 0 208
O s 1y sl Ol il o i F 5515548 Sl opl 3505 5525 45T gz 55 BB 4SS sl 03l olaztl s 4 ¥ 555
A e SLa ) 5155 s 53 55 s Sl (20 ¥ 55155 L bl o 28T o gt (ol b Wl 8IS e

.J)‘.) )\{ Q‘j C)‘mx:

12 ‘ T -
| |
I I :
| |
. | Oritical cigenvalues >
: M‘Dde#Z
I I :
I I
g Eigf‘znvalues related:to G4 and G5
Foope [
g I I
= I I
Eigq‘anvalues related:to G1 to G3
I I
6 B o
I I
I I
I I
I I
I I
_12 Il Il
-60 -45 -30

IEEE ol £ 4905 whuaw 0329 y3lio sldg0s £ IO

s obalin o gl das o O 1) (A2,63) pom 55155 31 Y 350 0 e ko Ced ez 55 w5 () S
CDF ol Wl ol s 5 (cobie S35 51 5 5,05 J18 Cige S35 b (sl sdalinn BB O30t (golgnig By gl 53
5 6lgin sy B b Bl le s o)l g s o Sile e i 51 a3 e bl s gy Sl edeT oy
Cisn 5 @olgihe S ts) s el o85S Ul a5l 4 b S 55 Sl O Ll M gl ST e
Sl il g5 el e gy ol el Cly o 51 S b 08 pke sUils Ap 3 (s> Zoond CDF &b bl
bl Sl s e 0l 5 gz e ad el g B () IS8 i B s 4 s (S
Cte Sz slols ) UK 5 eds 0315 0l PDF ob s o odtalin o pshilens ol ol S (e3lgin )
O] 45T Bl o /FVA dbl et By Sl eleT s S e Ll ol /FFYY Kl e ol
s S8 b o ge
5O ls JSb 03 s 4 5 A1 63 om0 5155 51 250 08 slie i Cead ezl 55 5 e w5 IS

;5"’“,5’“""";)3[_&3 c_}.blj(;_]}eJj)jéé%J})j‘&l}-@um}&s«a.khuﬁg)#w el 0l a:‘JQuJ(/\)

! Skewness

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.l1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

Sl s Sty ool B S5 D B b Sl sy e i 5l 5 (5T (b

; . \FF
wLa.xw.x:.njs‘m,uL«ﬁ

534S jsbilea L5 o @ swyd 41y Ay 63 i s PDF 3 CDF o5 il 55 o 5l Al pad gy el il
G ) e g las I8 Cige 5 3lgii i3l Jool= PDF 5 CDF Bl s o odalin (W) 5 (V) s S
50) GLa S5t 53 ;K5 a5 B 4S5 Ll 0kt 03 o8 iy 4 (s opl s e gy 5o Lol Wl e (G
‘@\,J)Kg,;,.u:,,p&mm\f}g‘jwﬁ;u@%u:,)ye.uTcM.\{MG,'j;cb;s@\w(v)

.@\a.\;ua;jt?aj-:;,@,\igwﬂijﬁjj\yu@um

0.75

0.5

CDF

0.25

0
-2.6256 -2.5696 -2.5136 -2.4576 -2.4016
Real(n)

Pow )55';53 B1A4 d900%9 lade ‘53.55:- Cowd I C o TSI é?l? .OJ&.’Z

PDF

0
-2.6508 -2.5822 -2.5136 -2.4449 -2.3763
Real(r)

Paw 383143 3l Y g0 039 slde i Cowd J s>t RIY @U .'\JS&

s 4S5 s oo 0L o a5 65 Olsim ¢ )T g ) L T eslie 5 o3l ) )l ool s s
Cﬁ“')"}j"'j.Q)-*-;LSL“W&;d&“éﬂv\ibﬁ}%’ﬁ)’}f66-’.'}5‘}4‘5@53)“Wtﬁ¢9ﬂj°)3*“6>%

4—’C,_..u‘ﬂ\:_.‘u‘}:‘)fﬁf&bﬂ)@d‘ﬁ‘jwﬁgwmééwu}j)ﬂ\f@‘d‘é)‘::?j‘\fw‘\.&

! Kurtosis

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

Sl s Sty ool B S5 D B b Sl sy e i 5l 5 (5T (b

\FO ] .
wLa.xw.x:.njs‘m,uL«ﬁ

u.::-455)}1@4@\a:jgﬁ,&‘ﬁlgc,é:l{}g\)#:)yu.?’ﬁb|LgLAJ:J..:.aPDF}CDFcb;&.l{gu\.}ﬁ&&_?&):

Wl 0k 035 g A > 4 B3 5 S8 5 Sgr il wl ol (AS sl (S

0.75

0.5

CDF

0.25

0
-1.359 -1.2453 -1.1315 -1.0177 -0.904
Real())

Pow )93'1}33 e 40 059 lade i Cowd I TBTY é.gU .Y,J:::

80

PDF

0
-1.4102 -1.2708 -1.1315 -0.9921 -0.8528
Real(p)

Paw 293153 3 D g0 0329 slude i cwd Jhois! @395 b A K
S 5 4 -0

35 33 el ekl 05 S 5 5135 0SS I (ol SVl s Sl i By dlie oyl s

Jo sl 4 S ok a5 o (S3le e S pn ezt G Gls S 6l gt (STl SVl (ool
)}.E;ﬁ.:}j@a:btAwdl:- w;u@w,)gu@@wwl’u@j@%6|M¢:¢5|4J;Jﬁ¢‘y>w
o3l b (glakoam i ol Sl 03 o) (sl o iz oy Sy S ool b S ST I (551l SVl (o
ol 83y gt S| (gl e iz ol i s S LT 050 ks 40 e (3l (g5 4 (akad Solslons

C,-w‘ ol Aj‘)‘ 44}.4.’ L&ﬁé‘ﬂédﬂb Ur:oj)“\.“.aﬁ w")} C,....:\)b)j:'-ﬂ&Yb &L:—&-A‘)‘ 44}.4.’ .19\.2; s_fl:;'b“b)‘} g}:))

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

\¥#

2l 63555 (B3lal gl ke 3l sl (613l 0 55 1y (gl ez i B gy Sl ealinal OISl YL 85 e gdle oS
J3 S5l b 3)50 MATLAB 53l o5 55 IEEE Wb VF ot ool sy @bl 5 Somo (gt pshaiey S
5 6ol oy ilwand s Tl s @l:.i Al ol (Gile Jie  Bolas la e Ol gims ol layb b 9 il 4:3;
Col il 5 o Kole ol il g L & (glgidn s 45 das oo OLES 4l v i) 5 5,1 Cige iy b OT deslie
o 51 sS e wl5 sle (S5 8 65k 053 e YU Sl S35 b 5 e 05 p3lie ezl 55wl 5 oS 5lne
5 S D85 RS Sl sl YU Jowd S conlial g iglay gty 2V 235 1 S 5 SasS
sldws S sali..a o DM S (e S S I s,lL SVl o sas 20 s (eolgii isy LT,

Col 3138 [l 4 gy opl 45T Sl ooy e a1 il a5 BB (35,5 Sl sl e

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

A%

&l

[1] Hasan, Kazi Nazmul, Robin Preece, and Jovica V, Milanovi¢. "Priority ranking of critical
uncertainties affecting small-disturbance stability using sensitivity analysis techniques." IEEE
Transactions on Power Systems 32.4 (2016): 2629-2639.

[2] Jordehi, A. Rezace. "How to deal with uncertainties in electric power systems? A review."
Renewable and sustainable energy reviews 96 (2018): 145-155.

[3] Aien, Morteza, Ali Hajebrahimi, and Mahmud Fotuhi-Firuzabad. "A comprehensive review on
uncertainty modeling techniques in power system studies." Renewable and Sustainable Energy
Reviews 57 (2016): 1077-1089.

[4] Zubo, Rana HA, et al. "Operation and planning of distribution networks with integration of
renewable distributed generators considering uncertainties: A review." Renewable and Sustainable
Energy Reviews Volume 72, (2017).

[5] Xie, Z. Q., et al. "Quasi-Monte Carlo based probabilistic optimal power flow considering the
correlation of wind speeds using copula function." IEEE Transactions on Power Systems Volume
33,(2017): 2239-2247.

[6] Yu, Le, Shan Gao, and Yu Liu. “Pseudo-sequential Monte Carlo simulation for distribution
network analysis with distributed energy resources. ” 2015 5th International Conference on
Electric Utility Deregulation and Restructuring and Power Technologies (DRPT). IEEE, (2015).

[7] Liu, Jiayu, et al. "Power system stochastic transient stability assessment based on Monte Carlo
simulation." The Journal of Engineering, Volume 16, (2019): 1051-1055.

[8] Xu, Xiaoyuan, and Zheng Yan. "Probabilistic load flow calculation with quasi-Monte Carlo and
multiple linear regression." International Journal of Electrical Power & Energy Systems Volume
88, (2017): 1-12.

[9] Kloubert, Marie-Louise, and Christian Rehtanz. "Enhancement to the combination of point
estimate method and Gram-Charlier Expansion method for probabilistic load flow computations."
In 2017 IEEE Manchester PowerTech, pp. 1-6. IEEE, 2017.

[10] Xiao, Qing, Ying He, Kuineng Chen, Yang Yang, and Yonghui Lu. "Point estimate method based
on univariate dimension reduction model for probabilistic power flow computation." IET
Generation, Transmission & Distribution 11, no. 14 (2017): 3522-3531.

[11] Che, Yulong, Xiaoru Wang, Xiaoqin Lv, and Yi Hu. "Probabilistic load flow using improved
three point estimate method." International Journal of Electrical Power & Energy Systems 117
(2020): 105618.

[12] B. R. Prusty, D. Jena, “A critical review on probabilistic load flow studies in uncertainty
constrained power systems with photovoltaic generation and a new approach,” Renewable and
Sustainable Energy Reviews, vol. 69, pp. 1286-1302, 2017.

[13] Gurung, Samundra, Sumate Naetiladdanon, and Anawach Sangswang. "Impact of photovoltaic
penetration on small signal stability considering uncertainties." 2017 IEEE Innovative Smart Grid
Technologies-Asia (ISGT-Asia). IEEE, (2017).

[14] Z. W. Wang, C. Shen and F. Liu, "Probabilistic Analysis of Small Signal Stability for Power
Systems With High Penetration of Wind Generation," in IEEE Transactions on Sustainable
Energy, vol. 7, no. 3, (2016): 1182-1193.

[15] Zou, Bin, and Qing Xiao. "Probabilistic load flow computation using univariate dimension
reduction method." International Transactions on Electrical Energy Systems 24, no. 12, (2014):
1700-1714.

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html

[ Downloaded from journals.sut.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.23223146.1399.7.1.2.4 ]

el 5 b g oty SIS B 651 Ctln o b Sl suSSs as Sb (gledie 5 05T b

ool desadaw 9 g Oloy

YFA

[16] Kolassa, John E. Series approximation methods in statistics. Vol. 88. Springer Science &
Business Media, 2006.

[17] Gruosso, Giambattista, et al. "Probabilistic load flow methodology for distribution networks
including loads uncertainty." International Journal of Electrical Power & Energy Systems Volume
106, )2019(: 392-400.

[18] Gruosso, Giambattista, et al. "Uncertainty-Aware Computational Tools for Power Distribution
Networks Including Electrical Vehicle Charging and Load Profiles." IEEE Access Volume 7,
)2019(: 9357-9367

[19] Xu, Yijun, Lamine Mili, and Junbo Zhao. "Probabilistic Power Flow Calculation and Variance
Analysis based on Hierarchical Adaptive Polynomial Chaos-ANOVA Method." IEEE
Transactions on Power Systems (2019).

[20] Xu, Yijun, Lamine Mili, Adrian Sandu, Michael R. von Spakovsky, and Junbo Zhao.
"Propagating uncertainty in power system dynamic simulations using polynomial chaos." IEEE
Transactions on Power Systems 34, no. 1 (2018): 338-348.

[21] Wang, Guanzhong, Huanhai Xin, Di Wu, and Ping Ju. "Data-driven probabilistic small signal
stability analysis for grid-connected PV systems." International Journal of Electrical Power &
Energy Systems 113 (2019): 824-831.

[22] Qiu, Yiwei, Hao Wu, Yongzhi Zhou, and Yonghua Song. "Global parametric polynomial
approximation of static voltage stability region boundaries." IEEE Transactions on Power Systems
32, no. 3 (2016): 2362-2371.

[23] Ren, Zhouyang, Wenyuan Li, Roy Billinton, and Wei Yan. "Probabilistic power flow analysis
based on the stochastic response surface method." IEEE Transactions on Power Systems 31, no. 3
(2015): 2307-2315.

[24] Zhou, Yichen, Yonggang Li, Weidong Liu, Deshui Yu, Zhechao Li, and Jiaomin Liu. "The
stochastic response surface method for small-signal stability study of power system with
probabilistic uncertainties in correlated photovoltaic and loads." IEEE Transactions on Power
Systems 32, no. 6 (2017): 4551-4559.

[25] Shen, Danfeng, Hao Wu, Bingqing Xia, and Deqiang Gan. "Polynomial Chaos Expansion for
Parametric Problems in Engineering Systems: A Review." IEEE Systems Journal (2020).

[26] Sauer, P., M. A. Pai, and Joe H. Chow. Power system dynamics and stability. Wiley IEEE Press,
New Jersey, 2017.

[27] Yang, Yandong, Shufang Li, Wenqi Li, and Meijun Qu. "Power load probability density
forecasting using Gaussian process quantile regression." Applied Energy 213 (2018): 499-509.

[28] Jiang, Shui-Hua, Dian-Qing Li, and Chuang-Bing Zhou. "Optimal probabilistic collocation points
for stochastic response surface method." Chinese Journal of Computational Mechanics 29, no. 3
(2012): 345-351.

[29] Kodsi, Sameh Kamel Mena, and Claudio A. Canizares. "Modeling and simulation of IEEE 14-bus
system with FACTS controllers." University of Waterloo, Canada, Tech. Rep (2003).

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.1, Spring and Summer 2020 YR8 Ol 5 5l ) o)leds V0953 (omkige 53 oo o Sladilel 4,25


https://dorl.net/dor/20.1001.1.23223146.1399.7.1.2.4
http://journals.sut.ac.ir/jnsee/article-1-272-fa.html
http://www.tcpdf.org

