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KEY WORD: LIGHTNING IMPULSE / PARAMETER EVALUATION/ UNSCENTED KALMAN

FILTER / LEVENBERG - QUARDT / TRANSFORMER
EKABOL SURIYANUBHAB: A COMPARATIVE STUDY ON LIGHTNING IMPULSE
PARAMETER EVALUATION USING LEVENBERG-MARQUARDT ALGORITHM AND
UNSCENTED KALMAN FILTER, ADVISOR: WEERAPUN RUNGSEEVIJTPRAPA,
DR.-Ing, 74 pp.

There are several ways to evaluate lightning impulse parameters. The one usual way is
curve fitting by using mathematical models based on exponential function according to international
standard (IEC). The main previous works on curve fitting methodology are the extended kalman
filter and levenberg - marquardt method. The both of them are used to evaluate lightning impulse
parameters generated from TDG program not from transformer testing and the extended kalman
filter variance updating in the process depends upon the state - space linearization. This may cause
inaccurate evaluation. This thesis is comparative study on the lightning impulse parameter evaluation
using these 2 methods, the unscented kalman filter and levenberg - marquardt method with 2
steps. First, TDG's lightning impulse parameter evaluations have been performed to investigate the
2 method's performance and the next, the lightning impulse parameter evaluations on transformer
testing have been executed. The results illustrate that, for TDG test, levenberg - marquardt method
can evaluate lightning impulse parameters exactly in every cases but the unscented kalman filter can
evaluate exactly only the no noise or smooth curve with oscillation frequency less than 500 kHz
cases. The cordia cause is the inaccurate initial values. In transformer lightning impulse parameter
evaluation, the levenberg - marquardt method can evaluate the parameters but not accurate, for the
unscented kalman filter, It can evaluate some undetermined coefficients of the model but not enough
to construct complete curve because of distortion at the front and peak of the curve. The main causes
are the error of model and the limitation of initial value determination. Because the oscillation
and peak distortion are not noise so the unscented kalman filter cannot dispel them but the filter
admit to the process. This makes the unscented kalman filter suffering about covariance matrix

indeterminableness when some epochs of iteration have passed.

Department ... Electrical Engineering - gydent’s Signature ............oovveveeeeennn...
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Academic Year ....... 2014 .
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voltage (V)
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time (s) x10°
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x10°
4 T T T T T

Tail plot A exp(-alpha (t - t0))
3k -/ -

Lightning impulse = Tail plot = Front curve

e
[}
g ° .
°
>

Front curve A exp(-beta*(t - t0))

2k i

—4 I I I I I I I I I
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time (s) x 107
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1. guadwihrdin (Full lightning impulse)
2. g‘ﬂﬂﬁl UAWIEU (Lightning impulse chopping)
3. gﬂﬂ?}luﬁ’lﬁha%}%\i (Lightning impulse switching)
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wIIAUIaAAa Y (Peak voltage), V,
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1083-2 l1/3unInA9NaNIA e Test Data Generator (TDG)
Test Data Generator (TDG)

TDG Lﬁuiﬁmﬂwém%'uﬁﬁLﬁ@gﬁﬂﬁué’wﬁaﬁﬁmumaum@mmmmﬁma%ﬁgné’m

' X .

mlAud dayangnatretudanailu dat asnsauaasldlulisunsn Microsoft excel dsznay
U U = U 1 % o " = 1 I3 o "
fndaya 2 10 Aeyadayavasian (aglmm‘u ps @ASUNTMANHLAN waz ms §1nTu
NIHFINTY) wazgadayauBILTIAL (agﬂmzé’u MV) G999 2 az@uwusiu Lmzﬁaﬁam@i%

= a A o ) A
LiJ‘LLLL‘]J‘U’JEqJ@I gﬂﬂaummimmuﬂi@ 3 AHINA D

1. gﬂﬂé‘m%ﬁmﬂ:ﬁ (Analytical defined impulses) \u3UaAUNUTI@AINNITIUNIU (Noise)

1 = 1 I 4' a = ] a
LABNANNITLLNAY Lﬂugﬂﬁamsﬂu Nog 5N

2. g‘ﬂﬂﬁm%ﬁmsw:ﬁﬁﬁ@ﬁmﬁumu ﬁagﬁﬂﬁm%‘ﬁu 5 NIMAINAITI NHNIIIINANTIY

v ° Al a & a | A a a 4
ﬂ'J‘HL?.I"IVL‘U Q"I%')%“}.Iaﬂgﬁﬂa%%%@% PWH mwnunugﬂmmmumw:%

3. guadudgniuiinnelfiieuludend usUaduiiadountinaaseads a1aacfidugu
Al ! a a a e oy A o a o 6 4
2093UARUNANAAIN 5 naduanluan (winedwusiazlfinedeBeiuaniuag

| A4 o drga o v
NARDL mugﬂmmswlﬂm agﬂﬂaumaamm%uauﬂm)

225 AwDNHasTasranuIg (Software validation)

U 6 Kd‘ = &” a a 6 d' 1 1 =3 U a

VN TANNLITNLY AU ﬁs:muwwmmawaagﬁﬂaﬂuﬂqﬂ@muﬂamamszmu
‘m‘mﬁma%ma\agﬂﬂﬁuﬁﬂ%mmiuﬂémﬁfumuﬁwm VI BNAINUISERUNITIRADS T, WO
dwiungu LI (Full Lightning impulse N3tk 1) a2@a9isziiliurianafl 1 uasnaiah 6 Wiun 2

BN (ﬁﬂazlﬁmagﬂuﬁ’ﬁaﬁ 2.2.6) WDudu

226 NIVANGNUASHNIANHBBIFUAAE9EY (Classification of reference waveforms)

YV

| 4' &
ﬂ%}ékl"ll%]\‘l?;ﬂﬂa u@ammmuamvl,@mu

LI - Lightning impulse

LIC - Lightning impulse, chopped

LIFO - Lightning impulse with front oscillations

LICFO - Lightning inpulse with front oscillations, chopped
LILO - Lightning impulse with long duration overshoot
LISO - Lightning impulse with short duration overshoot
LISL - Lightninh impulse with slow oscillations

LIFA - Lightning impulse with fast oscillations

Sl - Switching impulse

Cl - Current impulse

d' &) [ 1 al 1 1 a A
AIMNAIT NN 2.1 Lﬂuﬂ’]iﬂ@%ﬂ’sﬂﬂﬂdﬁla\izﬂﬂa%@a FLHLL@]azﬂQN?lZN 2 AHINAD KBRHIA
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dl = U v dld ) s dl 1 dl v &l
Eﬂﬂa%lﬁﬂ‘]_lvliﬂﬂii‘]_lﬂ?% NUANIANHNITIUNIN mm‘ugﬂﬂamma:%m@%gnﬁmmﬂm

lisunsn TDG siuaziinisszydzauiunsaswndinesigniasaanaiasiuanasyiwan

e feannen 22 guedusatinatianeg uanelilunanuan

mﬁmmgﬂﬂﬁ'u gﬂﬂﬁluimﬁzﬁ (Analytic) gﬁﬂguﬁ’uﬁﬂmﬂéﬁaﬂm
Na&aUUING (Recorded under
normal test conditions)
gﬂﬂﬁm%’w gﬂﬂﬁuﬁmﬁumu
LI 1 6 -
LIC 2 7 -
LIFO - - 11
LICFO - - 12
LILO - - 13
LISO - - 14
LISL 3 8 -
LIFA 4 9 -
S| 5 10 -
Cl - - 15
A3R 2.1 miwmemﬁ'ﬂ%m@mggﬂﬂﬁu
mjmaqgﬂﬂﬁlu %m@gﬂﬂﬁ'u aaan (MV) | Ty /T, (us) | To/T, (us) YNNI DANAWANT
WAIY/EIUN AU
(kHzZ/ sl %V)
LI 1,6 1.04 - 1.06 081-0.87 | 57.5-625 -
LIC 2,7 0.86 - 0.88 0.49-053 | 0.55-0.59 -
LIFO 11 0.94 - 0.96 1.07 - 1.19 82-91 -
LICFO 12 0.84 - 0.87 0.48-0.54 | 0.51-0.56 -
LILO 13 | (-1.08) - (-1.06) | 3.40-376 | 56- 62 7> 1us
B > 5%
LISO 14 | (-0.97) - (-0.95) | 1.85-2.05 | 43-47 7 < 1us
5> 5%
LISL 3,8 1.04 - 1.06 16-17 45 - 49 f < 500kHz
A<5%
LIFA 49 0.96 - 0.99 10-11 48 - 52 f > 500kHz
A>5%
Sl 5,10 0.94 - 0.96 240 - 260 | 2400 - 2600 -
cl 15 | (-10.1) - (-9.9) | 83-92 20 - 22 -

AN 2.2: mﬁ\ummmaummaawnwﬁma%




19

23 szsﬁﬂu“a%Ltazil’u@laulumﬁLﬂsﬂzﬁgﬂﬂﬁulﬂﬂeﬁawﬁLLa%

1ummgm IEC60060-1 (2010) N1AKNUIN B (Annex B) ALaAsduaaunIsUIsiin
gﬁﬂﬁmaﬂmﬂ% 17 Tunan Lwim‘ﬂ%mawﬁl,n%m:Lﬁumﬁﬁma%ma@gﬁ@nﬁmmué’miuﬁ@
FolFuuudassmendinmansuaznssnITamsInIgIw  IEC1083-2 unan 17 dunau
>3 1 1 = 1 a é’ [} U = 1 v
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231 Awanudsn-u1salasy (Levenberg-Marquardt method)

ad a6 3 6 A 1 = ad 1 a U I a % 1 d'
Wanwdinanimeiniednduitlidudu  egludmirdhamamannanzanian
(Optimization) mﬁ’ﬂifu@]aummzﬁmmam%ﬁaza@mmﬂ@wmﬂﬁﬁﬁmaﬂﬁﬁmﬁaﬂﬁag@ lag
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e(x) = fla)-f (22
E(x) = €le (2.3
= (f@-PHT(f) - (24)

\Jon B(z) 1Wendugaids (Cost function) iudenduniia Wendud1a3e (Real value function)
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F(z) = H(z) = D*E(x) (2.9)
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1380 H(z) 3 L@qidauaewentis E(z) (Hessian of E(z))
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232 3FaInsasdulruniinaianiu (Unscented kalman filter)
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(2.35)

3. TunaudaaInNias veaaulsaniue (State propagation) mnmqmszﬁ (Epoch) 71 k — 1
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T = Tp—1 (2.48)
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AvaLLEa | V,(MV) ) To(us) | fo(kHz) | 7(us)
1.04- 1.06 | 0.81-0.87 | 57.5- 62,5 - -

IRaED Unscented kalman filter Levenberg - Marquardt method
Vi Ty T fo| T Vp Ty T fol| ™
01-00 | 1.05 | 0841 | 60.013 | - | - |/ 1.049 | 0.841 | 6001 | - |-
01-12 | 1.051 | 0.843 | 60.2 - |- 121051 | 084 |60238 | - |-
01-20 | 1.051 | 0.819 | 60.267 | - | - || 1.05 |0.839 |60.206 | - |-
01-23 | 1.05 | 0841 | 60238 | - | - || 1.05 | 0539 |60.207 | - |-
01-30 | 1.05 | 0.82 |59.797 | - |- || 1.05 | 0.84 |60.121 | - |-
01-32 | 1.05 | 0845 59997 | - | - || 1.05 |0.841 |60.108 | - |-

d' I a (d‘ U g;/ aa a d' t-:l' a 1 < U
NI 4.1 AT NLEAIANWITIHLAB SN IHaNTea8eds Tian 1 (FUaAuTEUAHILAN 159
LN)

dd‘ U dl a A A dl ) [ 8 @ dl dl
ﬂim‘ﬂlmgﬂﬂamﬁwmimw HIDANNIIN 3.2 ﬂ']‘ﬁi‘i_lﬂiml"ﬁgﬂﬂa%l»ﬂaﬂ (Mean curve)
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AwauLaa | V,(MV) | Ti(us) | To(us) | fo(kHz) | 7(us)
104- 106 | 16-17 | 45-49 | <500 | -

THEED Unscented kalman filter Levenberg - Marquardt method

Vi T Ty fo |7 Vp Ty T fo | T
03-00 | 1.048 | 1.646 | 46.781 | 390.6 | - || 1.048 | 1.662 | 46.768 |390.6 | -
03-01 | 1.048 | 1.644 | 46.772 | 390.6 | - | 1.048 | 1.659 | 46.778 | 390.6 | -
03-12 105 | 1.648 | 46.877 | 390.6 | - 105 |1.663 | 46.88 |390.6 |-
03-23 1.05 | 1.652 | 46.791 | 390.6 | - 1.05 | 1.667 |46.805 |390.6 |-
03-32 1.05 | 1.655 | 46.719 | 390.6 | - 1.05 |1.671 |46.738 |390.6 |-

d' 1 a c‘d' U x ada a d' d' a ] I3 =
ANTNTN 4.2; ANTNLEAIAIWI TR IN IdanTeaesdt wian 3 (FUeATEUAHNAN T
LNI9Ta8N 31 500 kHz)

aauaa | V,(MV) | Ti(us) | To(us) | fo(kHz) | m(us)
0.96-0.99 | 1.0-1.1 | 48-52 | >500 -

THREED Unscented kalman filter Levenberg - Marquardt method

Vp Ty T fo T Vp T, T fo T
04-00 | 0.97 | 1.346 | 50.206 | 585.9 | 0.69 || 0.977 |1.064 |49.369 |585.9 |0.63
04-01 | 0.969 | 1.475 | 50.279 | 585.9 | 0.7 || 0.978 |1.061 |49.361 |585.9 |0.63
04-12 | 097 | 1.348 | 50.372 | 5859 | 0.7 || 0.978 | 1.05 |49.623 | 5859 |0.63
04-20 | 0.971 | 1.458 | 50.556 | 585.9 | 0.7 || 0.977 | 1.053 |49.709 |585.9 |0.65
04-23 | 0971 | 1.343 | 50.335 | 585.9 | 0.7 || 0.977 |1.043 |49.699 |585.9 |0.64
04-32 | 097 | 1.343 | 50.298 | 585.9 | 0.7 || 0.975 | 1.04 |49.759 |585.9 |0.65

d' 1 a c‘d' U x ada a cl' d' a 1 =
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ANVaULIN | V,(MV) T (11s) To(s) fo(kHz) | 7(us)
0.94 - 0.96 | 240 - 260 | 2,400 - 2,600 - -

IRaED Unscented kalman filter Levenberg - Marquardt method
Vi Ty T fo| T Vp Ty T fol| ™

05-00 | 095 | 2515 | 24935 | - | - || 0947 | 250 |25055 | - |-

05-12 | 0951 | 251 | 25005 | - |- | 0.949 | 2485 | 2509 | - |-

05-13 | 0.951 | 2515 | 25005 | - | - || 0949 | 2485 | 2509 | - |-

0523 | 0951 | 251 | 24985 | - |- | 0.948 | 249 | 25065 | - |-

05-32 | 095 | 251 | 24965 | - | - || 0.947 | 2505 | 2506 | - | -

a I a & al % & aa A A Al a a _a
AN NN 4.4 G]']TNLL&@]\‘iﬂ']‘W']T]NL@]ai‘ﬂvl,ﬂ'*ﬂﬂ‘ﬂﬂﬂa\‘nﬁ TUAN 5 (gﬂﬂa%lﬁﬂﬂﬂ?@]ﬁ\‘i)

ApaLLaa | V,(MV) ) To(us) | fo(kHz) | 7(us)
1.04- 1.06 | 0.81-0.87 | 57.5- 62,5 - -

O En) Unscented kalman filter Levenberg - Marquardt method
Vi Ty T fo| T Vp Ty T fol T

06-00 | 1.054 | 0.851 | 59.115 | - | - || 1.048 | 0.835 |60.264 | - | -

06-00-5 | 1.061 | 0.874 | 57.737 | - |- | 1.049 | 0.836 | 60.25 | - |-

06-12 | 1.055 | 0.853 | 59.362 | - | - || 1.05 |0.837 |60.252 | - |-

06-23 | 1.052 | 0.856 | 59.734 | - | - || .05 | 0.842 |60.488 | - | -

06-32-5 | 1.055 | 0.856 | 59.364 | - | - || 1.05 |0.838 | 60.22 | - |-

a I a & al % & aa A a Al 1 < v I
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AwauLaa | V,(MV) | Ti(us) | To(us) | fo(kHz) | 7(us)
1.04-1.06 | 1.6-17 | 45-49 | < 500 -

IRaeD Unscented kalman filter Levenberg - Marquardt method
Vi T Ty fo T Vp Ty T fo |7
08-00 1.051 | 1.668 | 45.409 | 390.6 - 1.052 | 1.689 | 46.603 | 390.6 | -
08-12 1.056 | 1.851 | 46.477 | 390.6 - 1.055 | 1.679 | 46.597 | 390.6 | -
08-03-5* | 1.03* | 1.611 | 45.515 =¥ 0.46* || 1.052 | 1.688 |46.606 |390.6 | -
08-32 1.056 | 1.671 | 46.434 | 390.6 - 1.055 | 1.678 | 46.583 | 390.6 | -

d' I a (d‘ U g;/ ad a d' t-:l' 1 [ a I
a13°97 4.6 NuAAIA I ldanTeaadit wilan 8 (quaduHIAN An1Tunde
#t08n731 500 kHz AN13TUNIN)
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AwauLaa | V,(MV) | Ti(us) | To(us) | fo(kHz) | 7(us)
09-099 | 1.0-11 |48-52 | >500 -

THEED Unscented kalman filter Levenberg - Marquardt method

Vi T T fo T Vp Ty Ty fo T
09-01 | 0.973 | 1.388* | 49.801 | 585.9 | 0.52 || 0.976 | 1.072 |49.677 |585.9 |0.52
09-13 | 0.973 | 1.356* | 50.053 | 585.9 | 0.66 || 0.976 | 1.016 |49.754 |585.9 |0.65
09-21 | 0.97 | 1.615* | 44.854 | 585.9 | 0.53 || 0.976 | 1.072 |49.672 |585.9 |0.52
09-23 | 0.974 | 1.359* | 49.784 | 585.9 | 0.65 || 0.976 |1.017 |49.755 |585.9 |0.65
09-31 | 0.972 | 1.387* | 49.821 | 585.9 | 0.53 || 0.976 |1.071 |49.677 |585.9 |0.52

d' 1 a o‘d‘ U 3"/ ada a d' d' ] I3 =) 1
TN 4.7; AITNLEAIANNNIIALAE SN I anTieaasis wian 9 (uaduhA AN Tn1TUnds
LA 500 KHz HN135UNIW)

ANVaULIN | V,(MV) T (us) To(us) fo(kHZ) | 7(us)
0.94 - 0.96 | 240 - 260 | 2,400 - 2,600 - -

O En) Unscented kalman filter Levenberg - Marquardt method
Vi Ty T folT Vi Ty T folT

10-00 | 0.949 | 247 2502 | - |- || 0.949 | 2485 | 2499 | - | -
10-02-5 | 095 | 251 2500 | - | - 948 249 2506 | - |-
10-12 | 0.949 | 248 | 25055 | - |- || 0.948 | 248 | 25055 | - | -
10-12-5 | 0951 | 2515 | 2499 | - | - || 0948 | 249 |25065 | - |-
10-23-5 | 0.951 | 250 2502 | - |- || 0.949 | 2495 | 25075 | - |-
10-32-5 | 095 | 2505 | 25015 | - | - || 0.948 | 249 2506 | - |-
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