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Harmonic detection method based on the theory of windows and
spectrum line interpolation
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Abstract: Harmonic detection method based on Fast Fourier Transform (FFT) is widely used because the principle of
FFT is simple as well as FFT can be easily embedded in measurement system. However, the detection accuracy is not
high enough due to the issue of spectrum leakage and fence effect. Therefore, the improvement of harmonic detection
method based on FFT has become an urgent problem to be resolved. Firstly, the harmonic detection method based on the
theory of windows and the theory of spectrum line interpolation are introduced in this paper. The principles of the two
improved methods are elaborated, and the research status of the improved methods is analyzed and summarized. Then the
simulation are carried out to validated the feasibility of the two improved methods, and the corresponding conclusions are
given respectively. Finally, the harmonic detection method based on the theory of windows and theory of spectrum line
interpolation is summarized and the future researches are discussed.
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Fig. 1 Flow diagram of the FFT method for harmonic

detection based on windows
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Fig. 2 Spectrum characteristics of cosine windows
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Table 1 Summary of spectrum characteristics of cosine windows
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Fig. 3 Spectrum characteristics of optimized windows
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Table 2 Summary of spectrum characteristics of optimized windows

T PR S E HET/dB S T B %/ (dB/oct)
EVICYN S 324 -47 30
IEoN 15-2 40 VU X5 45K 5 R Rk B -61 ry)
T K S Y -75 54
IR N 67 6
/N DU TSt /N 55 i -92 6
TR /N 55 e -115 6

1.3 HEREERE

TR R BOAT NGRS 5, 72 R
KRR S T iR 0 B ek K, B AR 2030,

o, SCHR[26-2713E I T8 A AR 11
WM Jiid, KORBGE TR 6 155 MeRetk s SOk
(281 T =Mttt 7 =M EBRE; TIRR9HES
H 1~4 B Hanning HA&RUE KEG SCER[30]45 6 3C
BR[23]42 1 1¥) Nuttall 7, 42 T 5T Nuttall H 451
T 10 FET %20 M 7732, 30 3k 4 SLAIE I 12 7 oA 4
(KA Lt Hanning [R50 InA

Kl 4 4 BB TR T RE AR PR, R RS T
X3 . B4, MESHIREER, 1 B 2
By 3 B Hanning AR 5350 4-32 dB. 64 dB.
—96 dB, 1] LAfS H S5 MR 1 5 AR M 2 1)k
RO R [FIBIEESIE T B, nl DA H AR
P45

gr b, XNERBGHT AGRUSE, HOFERAE
JSAEER N, 5 T B s g BT, RUIER
B BT DA o sR AR S5 R R, O S TR
RS



-82 -

&) &G 5

0
_50 -
100+ ~100+
-150+
£ 2
E;\I( -200 ‘1}2( -200+
= \ =
\f -250+
~300 — \ | -300F
1 ?Ha““f“gﬁ*iﬁ ‘ T Nutal i
2B Hanning & H{ 350 W Nuttall B BLE
400 3¥rHanning ERE | ‘ 3P Nuttal A0 8
0 0.5 1.0 L5 2.0 400,y 05 1.0 15 2.0
AR /(rrad/ SR RE 1) VA AR urad SRS 1)
B 4 ENE TG FFIEE
Fig. 4 Spectrum characteristics of convolution windows
= 3 ENEHLIFERLE
Table 3 Summary of spectrum characteristics of optimized windows
BEE LR F A L T/dB S N R /(dB/oct)
1B -32 18
Hanning % 2B -64 36
3B -96 54
1y -83 30
VY5 =K Nuttall & 2 By -166 60
3B -249 90

2 ETiLSiRER ISR %

FFT J AT VA DA = A A 5, 338
WM IMRZE o IO IR 2, HFFT N R 3
T LA R R FET kI i, RIVR
15 5 AR P DG A 55 PR PR A S 2, ki
BIEEE S5

SCHR[B1IEE T RUGE S Adi{E Tk, AR S5 20 Ak
UEARL S P AR B K IR e AT BT 8, 5K
HH S PR S (RS B . N £ A {1 7 25 R e o
2 SR T A 0e 2 pn B30T 11 4 25 1% e i (LA T T
o R SCER[32-33148 H T =ik vk, AIH
VAL R BT 1) — 4 i 2 A5 BV T INBG T 8, ARG
TR AT ik, DRDRE S . — R )
Bl I B RS B 2R 1 A A AR . SOk
[34-36132 T WUIELRIR(E 71k, 0 RER) T g
RIPRH DY 4 £ A0 2 A ATGAR EL . I H% Re 2 B By
R AP p 3 POl e (B 5 R A VB vy, AU
YT T AR O IIASUARL 1T B R O AR o )
RO TAHXHR AU, RIS FoR 1B S
BOE AR, DR HERR b — R 2R RN 2 4T T4
. HERRE S 1~2 MR

DU 26 e (1L 7 V20 R P e v, I TIP3
AR TR E AR SRR, WARWE 5 Pros.

5 MiLekiRERY FFT SN 75352 E
Fig. 5 Flow diagram of FFT method for harmonic detection

based on quadruple-line interpolation

1) FHEE b UOE B T DY A8 2, JF
HEAT AR EATE LR . [ 6 45 Tl 5 1
PG, NG FET AL 519 2058 b U0 B (A
Nk s WEAH RO DY 250 000000 Ky v kg ks s
ky s IXDUSAELNS IR R », =|X (k)

A



AR, & BT R BOR i 2 R T R I A I vk - 83 -

50210 fh = (k2 + [ +0.5) )

ol ¥, =arg[ X (k,)]+ /2 —arg[ X ()] (10)

<ol 3 ETFELEEBLMILEAN A EHE
g0 TN

1"3}_ Ky<ka<ky=ky=hy ;F[JJEH Matlab ﬁ{*iﬁ’?ﬁ‘{ﬁﬁ%iﬁ, 4%%1%%%\ E

% TR A R A, I F ST DU i (1 7 35 (I

0 5 10 15 20 25 30 35 40 45 30

6 1K1 S RISTIEE

Fig. 6 Spectrum of harmonic signal

y2=|X(k2) > y3=|X(k3)| %DY4:|X(k4) o o,
VW& XRN: h=k+1. ky=k,+1.

ky=ky+1, 2MWBENB=k, —k, 05, N BH
[-0.5,0.5], BOEPUIGLII KRR A
a:J/3+J’4_J’1_YZ (5)
NtYat Y3+,

MITTEESE T s p Rl a KR, W a 2k B IH
BREL W a =1(B), TSR ENE RS R AR
it g, Bk Boe i B =1"(a) = L(a) -

2) AAEE KU B S = L(a) - K S H[-0.5,
0.5 i —2H 8, % 0.001 (K20 K, M-0.5 %] 0.5
Z I EL 1000 N4, AAAKG)H . AU Matlab K]
ployfit(a, B) 2~ 2\, Al H] M 24U 5 J7 723K Hhm#s &
L=L(a).

3) M PP (EIE IE R B B(B) « DANSLEIR

(0 X0y = S o) » I M

BB, 457 y, My, BORKIBGE, DA 15
AKX

4= 200 3y, +3y5 +34)
"W (B -13)| 43 (=B~ 0.5)|+ 3| (=B +0.5)|+ W (- +1.5)

(6)
Horpr, | ()| AR RN e BRI . A5 5R(6) BEk
Ay =N () +3y, +3y5 + y,)B(B) W

B - 2N
- | (=B —1.5)|+3|W (=B —0.5)|+3[W (=B +0.5)|+ W (- +1.5)|

(7)
B M[-0.5,0.5]H 1000 M4, AKX H. FIH
Matlab ] ployfit(3, B) A, AR HIEEEIE
B = B(B) MRIEA.
4) A RORIFIRAEL AR £ 5590 0
4, =Ny, +3p, +3y, + y,)B(S) (8)

R i FLSBIR 9 UGBS SRR, ik
9

KN x(n) =Y. 4, sinmnhf, | f, +¥,) , LAESH %
h=1

4 e Hordr, JERMEN f, =50.1Hz o ASSCIEHL
KRN £, =5120Hz , KAELSEHN=1024, {jj
HAERIE 7. B8 n.

DFBELEE R o, JURh 2 4 (7 v I B 15300 1)
WEAE . AT AR R Z R R B R 1) AL
4 107°%~107%. 107%%~10"%%; 2) =ik ififL
H107°%~107%. 107°%~10""%; 3) DUt dfifl A
107%~10"%. 10°%~10"%. % I, fjEL4E 5%
DU 2 e 1L 7 v B 2 d s, W B HERA AT BT
e

4 BKIES IR

Table 4 Components of harmonic signal

SRR SRR /Hz =AY A
1 50.1 59.920 -43.1
2 100.2 1.198 113.6
3 150.3 5.982 -19.7
4 200.4 0.599 17.4
5 250.5 3.996 111.4
6 300.6 0.131 552
7 350.7 1.195 -16.8
8 400.8 0.114 253
9 450.9 0.798 -68.7
5 x107° .
—O— WUk di i
L
41| == DUtk 24 (e @
n
N I\
H3 I\ R\
e I /
= oy Y
= 2 i g &3
£ o
z Q i
! \
1 N {9\ | ) ] 'l\
i P !
- = R \ Yy ®
/ N AT &
ol b N e N BTy
2 4 ) 8 10

W
7 KRB ERANIRE

Fig. 7 Relative error of harmonic amplitude
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Table 8 Relative error of harmonic amplitude
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Table 9 Relative error of harmonic phase
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Table 10 Relative error of harmonic amplitude
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Table 11 Relative error of harmonic phase
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