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Abstract

For the successful R&D and deployment of LED-based green energy lighting systems, the real-time power quality
measurement of both various non-linear power signals including pulse waveform, spike waveform, etc and the
undesired-signals including harmonics, sag, swell, etc is required. In this paper, we propose a low-cost power quality
measurement (PQM) method for low- (60Hz-several KHz) to high-frequency (several tens KHz) power signals, which are
generated by green-energy lighting systems, and implement a PQM testbed using TI TMS320F28335 MCU. The proposed
algorithm is programmed using C in the CCS (Code Composer Studio) 3.3 environment and is verified using test signals
generated by an arbitrary signal generator, NF-WF1974. In the implemented testbed, we can measure various non-linear
current signals that LED SMPS generates, analyze harmonics by fast Fourier transform, and test sag, swell, and
interruption using wavelet transform.

Keywords : LED, Power Quality Measurement, Pulse Waveform, High Frequency, Power Factor, THD,

Fast Fourier Transform(FFT), Wavelet Transform

.M &2 Aeluiz) aele A AAAen ArA949 2 A9
Aoz s FEEAR Agoz JuHn At
AT A F FaAgoR YrEm g 1 20004E ofF FALOE o4 Fusti R U

"R, T A, HEY S ARENARATEY
(School of Information, Communications, and B ) )
Electronic Engineering, The Catholic University of THo® TR Aol YAdHe gk AN

(e}
Korea) 00 T) Fuk o] s)FMsig o] AHela %o} St
% o] wEO 2011dE AR(LE e EM)e] geo =
* el DUAE B (L&A1 259 A 188705200402 7)) 02 s ZAE A Hol

2 @aArATe] Ade wob FIyW A7
(No. 2011-0015286). Mo SAAGANE HojEdA AR gz
Hadah 201297999, =4 ¢Rd: 20139149209



20134 28 MAE3 ==X H 50 2 H 2 =

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 2, February 2013

d adeuA AgE THAeE ARAY o=
adevAE &8 Fdvlend 2 S84 SOl
%‘f“a‘%}?ﬂ AHYH L Q= A&elth v=e] AR2AP]

# Clean Edge Al+=
A+ 151% A3

)

F

H A" wE000dd = AEE, = 3%
o] oAterti %iu}“]

LED+= 7]&%-<ol vla ouA] Az 237} Hojvt
il ol 7191 wred Ao m AR g Qe AR
FYow anAESs gAHoR 2 F e FEE
zh=t? LED #AE 247k 715 Ao A A
A= 2EARAZ g2 7 29 Aol g =
7] A(70% ©)’d)E 1T wf AR E=S vpd 2
Zow QA% Ao dqasa Yo

LED A Ab& Al AL Aol f715e 2HF &8
AEe F9 e Ax)7le] 3 9 esas i
e Qlo] o]E Bl gt g dEEd &
Aol a7@d’ o2 Su LED =glolwe} e A
HELS AdA7|e vy Fatee [ AR 1
Zo B4 A A (Surge) TAY, & AT 5o £A
4 n)z o)A BN oleld Agoe] wEy
oz wgsl Hu AU 4771718 285 Ee
a7 5 ek

LEDE H|Z& tjiFe] ad
(Switch Mode Power Supply)E W#slal ¢lo] o=
s WAEE w2 a5y el (100KHz °]sh) H¢d

Ao ek AUEA=A (power quality measurement:
PQM) % o] £Eri 0 SR @A7H iR

o PQM 97 718 AY ATE FAoR F AFu
o (60Hz~5KHz)ol F2  o]Fojx  gth Lo
PQM °Wfﬂ591 T&-& LabVIEWY Matlab Simulink
AzEg o] AR A :im
AAZHE 13 stEdo] AAl (o=

et a5 DSP
320C3000 32 320C6000741 <
olo] wj¢ mrpo I,

[

B =Roa= LED 7|ute] nEg 29y Fx s
& S8 a7EE Ao VE S e ¢
2] 7)8 R 60Hzol A H 3 100KHze] 159k e
o A% =, 7|89l Sine A%, 1xy Al

175
A (E& 397 WZ Fof dAe ik AAlE
FAE A Agah 3 Jol & dugEE o) &
3lo] Sag, Swell, Interruption 59 FAIAYHES A
Ate 2 AEe] Jhsditt 53] ¥ =ioAE A7t
d PQM AAE g7l o2 MCU (TMS320F28335) H=
F83 HAE o=g 5313, dgd s A5 ol

B (NF-WF1974) 2 58] 2-Alg 242 mo] HAE
H H2E H=o] Sjste] Aekat

2

Ei

ol

by

fo o
B b

e o
i oo

Ol 7| Z=AFS
19959} IEEE Std. 1459 2010“”011
LED =4 /\]/\aloﬂ }\1 I o}
2 7EAGL e xﬂr

Zt(Root Mean Square)
HEZ Ao AAA ]

Agkel HEgy AR
AR W uidth E drelXe 98 6
A F SR 94HES ALgsgth



REZ 9

Far Qlept,
712 gte] 102}, 333}, 403 wxu7} 2zt

o

Harmonics distortion.

1.

v oy g
6IKV o] dell A= 1.5%= 1A

Fig.

L
L
pud

5]

o

Q.

71 9

9

a7l A

LED 7|¢t J2I0HA ZBANLES 2

bl 8

[€]
Az 4988 T

gl

FAt.

o

W 2o A F-

Aeolth, AA R ©
SEE I

}6]' =]

j,]
P Abg

Ct. f&%™= (Active Power)
(e}

2. @& (Power Factor)

Aol A

176

KX
p.

1

1

ol

o

"

IEEE 1159-1995° Yo we} &5

o

1.5 (Sag, Swell, Interruption)

7+ A (Interruption)

=
=

AR

2
A9} 2L ofnol
CEEK

Z
-

fe)

oA 717171
]

%
s

]

=

==

L

L

s

o

+ol

17} #oj7) 1

Aol qltk

2 477171 A=

3ol o

o}
=

1

L

R

-
.

o A
7] o] A7t
7t AA

==
=

A
=
8

4

i
—_

7
Njo

=

2 37,

=
o

A7}

ol #7171

=1
Run

thstolct. o

=

L

Aé [$)

R}
2}

=AY =7)7F 0.1pu~09pur =

45

EARR

&

bl

=]
Hr

]

4
i
R

4

o
;01_
4
N

)

o7 (054}

=z
pu

9 =Z7I7F llpu~

i ASAES 12 7]

3 EEe] 7hsoly o
SR A (Interruption) S AEAYY =771 0.1pu

o] 3t

al

o)
pos

(100KHz ©]

o

=

7 glo] #9% F o]

A 7]

& (sampling rate)S #
o

=K

L
R
A

]_

S
O
X3

k)
i

=
A
o,

fud

u
=

=

Al

=]
R

d &= ofof

L

sheslol 7t o

€]

Fet

af. 2Z=IHHarmonics)

FaL

Nyquist °] &<
[e}

A
o

0

U
14

Kl
1k

mr
pal

q

|[EEE 1159-1995 power quality classification.

q

I[EEE 1159-1995

1.

Table 1.

=%

[¢]

Sl AWE, AHE, ofA R, M), AR-E 717

Bl

=
RN

1.1-1.8 pu

0.1-0.9 pu
< 0.1 pu

¥ 2 diee] by 7]

0.5 - 30cycles
0.5 - 30cycles
e =

05 - 3s

=

%

g]

g

124 Yepl= .

o]

B9,
e v

Swell
Interruption

Sag
pu :

il

!

X

=

™
]

o

-

e

]_

wof fgurt =

3 ole)

171 £4)

o
-

0
)

(466)

o

R

-

s

aL
l

Sl

g o] 712 Advtel 1 A5

o 1.0%9 7]

= -
T
H

o

d

A
<l

d

s
L

4t

Al s A

¢}
[EEE Std. 519-1992¢] w
BOKV ] M 3.0%, 69.001KVFH 161KV Mg

A
15%, 161.001 ©]4+¢]

al
=



20134 2¢ HABets) =2K A 50 M H 2 & .
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 2, February 2013

S e o N L R
”\\“‘\‘J‘J‘”‘H‘H‘f‘u‘\}‘xl“f“f‘l“‘u““l‘\lM““‘M“m\‘ ‘x“‘u“\l‘lﬁ‘!f\;\;\:\:‘u‘““‘“w‘“““w‘W“f“f“f“i‘l“\“““\“\, \WWMWHM TAAG e AT A ) dF F T E
G e O ael amgke A @ 2e) EdR
Sag Swell Interruption T, T
a3 2. Sag, Swell, Interruption I+ = 7/0 vt , 1= _/o (et (L)
Fig. 2. Sag, Swell, Interruption waveforms.
gA" Az=goA s ofdra Ay HAiF Also
(Momentary Interruption)o]e} gcp &40 9 S F71E AEH & N AMEE oed #Zo] Hs
o= ¥ FOR FLis 29% Z& 7FAlH e At
£2k2) On/Off 7} #le] WAET. 17 2E 1057] % ; .
ok 50%9] £7HASE A3, 50%e) £ A, 1%9] V=l Fi 1=y (2)
= dE YA 9l
2. 22§ O|Eet MHEFH L =4 Lt I - 78 - 78 85 & 98 AW
AdnbA o g Aggl WFHY, FEdY, 95 42 b4 - fr& - FE A9s Al g8 o A
g F7] Tt 2585 AEH 0w #HEL AE)st A Az A, AFE v 2val 7HAskak
2ol 7155 A uk Jubde] RAo EeX
?li Ejﬁ]<§g>ﬂ}:%;l—t— o W ;uo]];aﬁra V)= V2 Vsin@nft), it)= V2 Isin(nft=0)
il 2o A5 A2 sG] aFEd W
4 A5 ft)ell 60HzS] 7] 3 ol E3he ax A7NA V, [+ A9 A7l AEAE 42 7 ol &
3 255 #Ast A 3 g FEld WHE HS 2 A9 § = oea 2ol vehd F Stk
AgET. Felo ARe Az & 2] RS Fas o pi e JPII DT L e @
% =7 Jpoz Wass Pwow A A5 f(1)o e T af= sl
xod A Fukre A7)8 g eE 4 g 9l 21 Q)X S 9ddEE %38k, P9 Q (VAR)
= &% s 4 Wolth okge] LED 2WAI~ = 47 FEAYEA FEAYd sddch sAn A
8 4 AFeE F4 KHz o (Yubd o2 100KHz o] B 1A 0 Fe dohdly] el 944
olsh)e] ATt As TS 23 )lo] PQM Al = e 22 g ow ARtet
2l Aol aHTh Aljbe

o
¥ rlo
=
N
A
fol
2
=
ot
T ol

>
uist)
tlo
o
ofo
ol
ol
0
~N

]
100KHz7}A o] a15=ak Aol e Fejo] M-S o
¥

At HAE #=o gjojEel WEkg o]§3F Sag, v

Swell, Interruption 54 <¢1gFS Tt =4 kZ)lUkXZk 6)

PHE AsE FAgT dolsdl ®Ee B I P=— v

(Mother function)®] Z7]¥3sle} oS Fot #Ao=

#He H=2ls sl golste] SMPS, 394 Ramp o] Aytel FEAY Py uxu ARS Fdels A

AFAlsel 22 2utola YE|o A e T34 Hdeo] fArk FEAY A5 AFdYe] oA FE

o]t Aol & Ag F square-rootEs Fske] T+ 5= Uk
VAR=  §*— P° (7

(467)



178

9E (PP v 2ol ydd=el it
Hl 2 b,

P

PF= <

Ct. THD Al

THD(Total Harmonic Distortion)+ % %3} ¢f¥

S2H 7128 A1 [dek vy, 7189 AR D)

W19 9 7 B 2 AEE UEhE AR
2 (9AH xdg

=S}

1
Z Vf) s Irgp = 71

n=2

=S}

(32

n=2

1
VTHD - 71 ( (9)

23 A9, e nd} 1k A

7

Ll

fd

K3

AN Ve 0t

pehe,

Mt @

Al
=

1. &
EHEY HAE HIE & Z2HA
% 3 AAG st=do] FA(PQM HAE HE)
HolEth HAE Hl=E CCS33 S/W, dojaadt
A7), ALFF7), TIAF 320F28335 MCU EZAA]
7|9 Delfino EVM K=, w9l £& & PCE TAH
A7k MCUS! TIARe] TMS320F28335% 150MHz ]
wHAe FHFE A 68KByte ulF-H R E]e}
512KBytes] Z#4] W= E Wgstar 9k
Delfino EVM ®.=ol] A/DW37]+= 12 HIE &3]
¥ 125MSPS(samples per second)®] A= A
ZFA 3 9l 8709 WiR-Ad 2 8709 R-Ads W
&tal 9o 32 ¥]E FPU(Floating Point Unit) $14Fo

RESS N

=

NHEYEH HAE =

agl 3.

Fig. 3. Power quality measurement testbed.

LED 7|t JBIoUHX ZEAL

[=]]
=

Lrd

2 flet HHEE £ REZ 9

Al
0z

Apparent
Power
Calculation

RMS
Calculation

Active
Power
Calculation

Voltage
Buff
—| Result Reg0

—| Result Regl
Current
Buff

Fast Fourier
Transform

Input
Voltage
Input
Current

Power

12 bit Factor

ADC
Module

Phase
difference

Frequency Measure

1

Total Harmonics
Distortion

a7 4. MAE HAE HEES 0|8 HHEAEY

Fig. 4. PQM using the implemented testbed.

7VEsity AAIgE HAE HE=E Z8ste] Ao
Aty AFe  HAEXRMS), IA-# = (Apparent
Power), 249, 9&(Power Factor), £1%3 93
& (Total Harmonics Distortion : THD)2] 49| 7}

s AA 7S A s 20Vl A B2EA| N A A
HAE #=o] 18 #Ato] 0~3Ve|RE 3VE 220VE

WgAA 43S Adstan
Age A% 98 AT WS JeNTA)

w

WF1974 & AH&-etaitt. WF1974= 2 Al

W72 001uHZE-E 30MHzZA Mol o] F3t: A5 g kA
@k 001pHz9] F9br ®slsS 7ML 9l 1% ©f

yle] =3 Agt AFws wAs 000179 J4RES
3} 0.0001% @912 7E AR a7t 7 sk
A9l Q] BPe I glo] ol ol 2
9% e W] s,

3
Ju

0
)

i

=

oxl
oo
I
&
o,
i
)
ot
=
o,
a4
=
=
o
_>‘.1_1‘
o
e
&

o
12
o
it
::I‘
gnﬁv_l
o
12
]

2 ol

X
BN
o
>
[

T
o
o

MNrr
=
&
1o
ox
el
ﬁ
fu
o
ox
>
NG
Rl fol

0}
-

1023

—
g 0

Noexoeh (o oo heorlrod o
jotr EL ooX ml

o



M

oo ox B mY o

do g > v

A B

Input Signal

r‘ﬂ &L ofolr ot

3¢ Rampoll Al AHE¥= 23}o]
mpA ko 2 LED A5 e 27

=z

= 29 bellA] welF

, %(Duty Ratio)o] A= D}%
q
O

20134 28 NMXt3e3 ==X M 50 A H 2 &
Journal of The Institute of Electronics Engineers of Korea Vol.

&3} 100KHz ©]38te] 1

T3

pus

7 gzl g 8T

Theoretical Data of Compare
Input Signals

=]
T

(] [N
Harmonics Detection &
(1] THD Measure
60Hz Sine Signal |
Pulse Signal ]
Maximum 100KHz
[2] Frequency Detection
H " Fast Fourier
armonics
Signal Transform
) o
Power Factor Accuracy
High Frequency |—
Signal
Ccaton o
N i ower Factor Accuracy
) Value Calculation Calculation per Harmornics Content
3Wavelength =
Lamp Signal
Power Factor Accuracy
5] of High Frequency
LED Signal
Power Factor Analysis of
High efficiency Signal
2 i A~ BEEE
% 5 PQOM ZEAHA E8E

CCS 33v & 3™
CCS 3.3v execution display.

(469)

179
50, NO. 2, February 2013

oxl

ko
[
E.E
3
fol

B
~
o
A
Y

o
£

29
N
N

M

e

rt

2

d T o
k)
BN
M
Ky

>
o L
oX!
i Y
O, 1% ol

e oox X
oo
o

e 3
EJJ
o B

©
ox
X to

Artgttt o714 A
0] &3t Matlab A& o]

Iy
oxl

rlI,

58

o =
2y
N
MN
?\é
i)

[ T e
o
=

O LR
[EEE1459 7121) o
] AT 50 EHOM
A ATAHY 2

0]

gt

1=
.6_7@

O

1%

&
H
Rl

BN -
o

o>

ol

o

MY RN

£ =
oA

¥ 2 HMoimhe| =7 AMSet AT ATl
Table 2.  Comparison of ideal and real sinusoidal signals.
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RMS V 724.08 723.07

RMS I 724.08 72247

A E(%) 10096 99.99%
THD V(%) 0% 0%
THD 1(%) 0% 0%
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Table 4. Comparison of ideal and real signals with 30%
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7. "HA mEol dutyZt 5%, 10%, 25%¢! 2t E<2
of cH=F AMSet AFa A5l v
Table 7. Comparison of ideal and real pulse signals with

5%, 10%, and 25% duty.

i iz A135(5%) AT 2135(5%)

|

RMS 22867 229.82
AE(%) 3L.72% 31.71%
THD(%) 281.68% 281.96%

5 gz 215(10%) A A13(10%)

RMS 362.04 363.14
A E(%) 49.67% 49.74%
THD(%) 166.80% 169.86%

i fx A15(25%) AP A13.(25%)

RMS 512.00 511.33
AE(%) 63.90% 68.88%
THD(%) 101.74% 103.15%
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Table 8. Comparison of ideal and real 3-wavelength
ramp signals.
T iz Als AT JE
o3 P
RMS 315.22 313.10
A E(%) 61.12% 62.78%
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Table 9. Analytical resutls of LED current signal.
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Fig. 9. Wavelet transform for instantaneous power
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Fig. 10. Wavelet transform for pulse signal.
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