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ABSTRACT

This paper focuses on the improvement of the integer-coefficient high-pass filter for baseline drift

elimination. A sharp filter is required to effectively remove low-frequency noise and baseline drift. To

sharpen the filter, the number of zeros and the filter order should be increased, which causes an in-

crease in the amount of computation. An integer-coefficient high-pass filter is designed as a combina-
tion of an all-pass filter and a 0 Hz bandstop filter. If a time delay independent of the computation
amount is imposed on the all-pass filter, the characteristics of the filter can be changed. As the time
delay imposed on the all-pass filter increases, the stopband of the high-pass filter narrows, sharpens
the filter, and increases the ripple and phase distortion in the passband. The ripple and phase dis-
tortion, increased by an additional time delay, can be mitigated to acceptable levels by adjustment of
the number of zeros and the order of filters. If there is an additional time delay, it uses less memo-

ry, multiplications, and filter tabs compared to previous design methods. The proposed method is ex-

pected to be more economical from a computational point of view.

1. M E

L
oY

plolA R 2 AN E o] &gk AARE tAd

T Corresponding Author ; Member, Ulsan College, School of Mechani-
cal Engineering
E-mail : cshong@uc.ac.kr

*  School of Mechanical Engineering, Pusan National University

**  Member, Division of Energy & Electrical Engineering, Uiduk University

*** Fellow Member, School of Mechanical Engineering, Pusan National
University

608 | Trans. Korean Soc. Noise Vib. Eng., 29(5) : 608~616, 2019

7 £ o)F AAN G HAY 2o 3
Ae o] 2 go] DA e|tj12, HEgof 7]4e] WAl
S AuEEst AAEe] A48 Jbsd e 2
o MelEo] YolH ol BFaI Wt Akl A
2 A A ZRAAE gEti ge @) Holy

o]
A7t a7Ee Aol AoEos wreel it
o] Hedo] e fxd FE el Fgo] Fasi),
de7} i A 5 AA TR ESE shal 2 A

$#  Recommended by Editor Soo 1l Lee
© The Korean Society for Noise and Vibration Engineering


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2019.29.5.608&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Min-Kyu Kim et al.; Improvement of Integer-coefficient High-pass Filter to Eliminate Baseline Drift

TRk g AleE AREoE ik Bl A
AAQ FE] AAZE 758, Lynne HE 9] =4
7 S 2 Al A st 22 A4S
T U ARG S8 A A w9
HE AAFo=A b Bhs WEa whey o
22 AABFLHCO. Lymn 0HzE SAF R
Zh= O w3t dEE st 2EY 23%E Y
g 91de] A9 el TR Aol WoRH
a9 Sk AHY AAE AT, 0Hz W 53t
dret A T3 A 7 AG 9 dHe] Ao
2 AAR A Al e et FE e A5 e
AL AU 7]E FIR e va] 2 dAaka
0% 9 EE A Aed W o A=y 3

ChE okl 71AA

= K
A HXH Al el AAE = Fel A7 det
T3 FE| A A AAIA AL

OHL 0 Hz EH %FJr véEi 9 JJr o<

of gt} oo}
RSRCRS *‘JH ZH‘L Al H R,
TE T BE AT o]
A7) H8 Helsk A7 &

ol
_E‘
[0 nEl
e

[o
o
i)
ol
rr
o
o
2l
L
ofy
o
2 D
oF

g o eFzke] g1 dol
gk B5E 49 9Ed AP 54 BEAQ
Lol 4w QWA AN 914 Aol oJat Az
A E glol @ A/lnth A 935F olakd
A% SARIGoR BAgel AT £ Ar, o
RS AN WE AAS 9% 45A5 19 F)
B89l AN 34 55 99 A5 S1 o

: Lynn o] % ?Zﬂ Of‘. 3
e ] AAlo] &S AAEE 3 A= F7HAIRE A
& B3 el digh Ao S AAstaL o]
F @3, =Y 2k, F7RRREA A o3 #is)s]
v AL B4 Ho 94 W 22 JAEES F
e A H 07 AA g o] & v O R 47l A= A

St WY AA FEE T4 #A AAF] 714N
e AAN ALskalvh. e AX 2He| AR
& AL FTRAREAI o] F3hE 4] ob FE 9}
Hlarste] A i Feleith

N

o S IH MA o2

K

He AS

21 A% 2 B2} e
o 3} Wel= Fig 1914 1l vk} o] 4
A B3t BEN B 999 0Hz FHF
e U 3 98 E WA AAE 5 9lbo,
o B3} At AFILE 2A ) 990 2
w9l 9 9ol JHE FA Ao FEAY)
 EIA A S Faks o

=4l

4 2
oo o p !

o,

o) % 3

=

oﬂ Zo

Taea

2

_‘_4

sete Fopant

ﬁ%a\;}TL z- "g

l

fEoojl & KR
of
o
o
0,
=)
>
oy
o
ftl
kY

=2
>
1>
N
m
S
s
-
%0,

(1 _me)p
(1—2cos(8)z "t +272)!

Hppl2)=

A 9] A7F A7 HEE 517 SlaiE 02 9
27} 0%, £60°, £90°, +120°, +£180°% AgkLch 1L
o 3 ZE AAE feiMe e dEe] T4
F37F 0 HzZ}h Hlofok slez 95 0'= Aldstar &
9 Aol FHLY GAFE AXA7)7] Y5 p9}

25 k& A= AT A2 )9 2ol tagtErh

(1—2")"

Hop,ppl 2) = m
. o )
_ (1—z"m)P _(l—z )
(1_2—1)% 1—y !
A7) me GF Frola k= BH Aot -
o AL E Fupr Aow Efﬁ—a—}oq Uehd= 4
T Agehe, A5 2 S 47 4 (3), 4) B (5)
of 2t} o] JEL GA ok TH Ao 3

Fig. 2(2)¢} 2ol Yehd Fig. 2(b)e} o] BE o
A ok FH AbpelA 9@ Y fde 7RIt

Trans. Korean Soc. Noise Vib. Eng., 29(5) : 608~616, 2019 | 609



Min-Kyu Kim et al.;

Improvement of Integer-coefficient High-pass Filter to Eliminate Baseline Drift

k
. om
. *%ju}]’(m,,l) Sm(7wT)
Hypple? ) =c : .
sin(=w17T)
2
k
sm(%wT)
|HBPF| : 4)
sin(=w7)
2
k
4 Hypp S(m_l)wT .
AAE 0z tle] E3) B9 2L e oS3} 9
e A= A B3 HEE A (6)7 o] Ve,
ok
Ju!(m 1) (6)

all( T) m'e

Fig. 19] 729} o] %
IJEE Moz w 4

#5E 4 (M ekl

Aol Sl 0Hz e &3
AR 19 T3 AH d2

ek

X(2) ) Y(2)

»  All-pass filter >

OHz
Bandpass filter

A4

Fig.1 High pass filter design method suggested by

Lynn

0.8
[
S os
=
c
g 04
= m=8 k=2

0.2 = = =m=16 k=2

m=8 k=4
0 L ’ )
fs/A
Frequency

(a) Magnitude

m=8 k=2 ~fo
20 [|= = =m=12k=2 St
m=8 k=4 ~ <
I N . L . . L . i
28 fol4
Frequency
(b) Phase

Fig.2 Variation of the response of 0 Hz bandpass
filter with m and &

610 | Trans. Korean Soc. Noise Vib. Eng., 29(5) : 608~616, 2019

HHPF(eij):
k
..m
*éjw]’(m*l) & Sln(7wT) (7)
(& m” — f
sm(EwT)
MAE w9 57 WEe WD Y 5L 4
®)7 2 (99 2.
m k
sin(7wT)
| Hypr| = |m" — . ®)
sin(=wT)
2
k
£ Hypp= _g(m_l)WT )
2y 9| A& AH g9 dH A< 93] Fig. 3
7 o] L}E}L}u# 40

o ol 2 QA 49t B
9o
Bel= oy U9 3} Ael

Aol $E 13

AAE 19

Magnitude

m=8 k=2
= = =m=16 k=2
m=8 k=4

L L

fs/4
Frequency

(a) Magnitude

@ -
0
©
£z
o -
m=8 k=2 S<
20 [|= = =m=12k=2 el
m=8 k=4 il
e Jsi4
Frequency
(b) Phase

Fig.3 Variation of the response of high pass filter
with m and &

X(2) Y(2)

Additional
Time delay

All-pass filter

OHz
Band-pass filter

Fig.4 High pass filter design method with addi-
tional time delay



Min-Kyu Kim et al.; Improvement of Integer-coefficient High-pass Filter to Eliminate Baseline Drift

AW ABTAEE A GH o Agel Gl o 9 WES A (149 o] Aitsa 94 WE
st thefo] FolAm We} Wolaldli= AL Fig2 & Aol sample S Fig. s(byell LRIk
% Fig. 3027 9 & 5 v,

Groupdelay(w)=— %{ £ H(e™T) } (14)

(o]

3. FIN K¢ E ST EE M

3.1 £IIIZIXIGE S8 e MA o2
2

Magnitude

o] Mo F3} IHe F7t T
ZARAAZIE Fol T AA LEe] AA] S P A
Fale wlol tial AN A Bt Wele) 27} Mo EEEE
AR 15 211 wle] A A (103 2o,
(a) Magnitude
k i, 7
(e 7)= T (10) 0 .
o S = = =m=16 k=2 =4
Fig. 49 A F= 9]. Qo] Al (3) 2 UER}= 0 Hz 5_10_- m=16 k=2 =6
gl £3} FEIE 4 (10002 ehe 1o 53 Ay Fasetae
of Mmowm o= 1o B3 W= 4] (11)3} 2} a0 A T
.25 L L L |
wT) __ fs/4
HHP"(ej )_ . Frequency
L sin(-w7) an (b) Phase
I o 2 Fig.5 Variation of the response of high pass filter
sin(%w T) with the additional time delay (7)
ZoAAA o] Bk 1o $3 Weje] WEw L Rt
ipple(+
e A (12)% A (13)% 2ol vEd 5 gl ol A~ _
|HHPF|: |
cyBandwidth ______________
m 2k m k 3
Sin(EwT) Sin(EwT) 5 :
m2k+ f *ka f COS(TwT) 1
sin(EwT) sin(EwT) 5 :
Ca 1
(12) § 0!
= 1
L Hypp = g., .
i g
fg(mfl)wT-Q—tan’1 m sin(ro 1) - = i
sin(%wﬂ -5 !
mF cos(rwT) — — |
sin(=w7) |
2 1
(13) 200
1
1
A7 1o B3t Wee AES NabE 2P |
A9 ool whe} Fig. 5(a)9h 2ol vhehgieh, AJ7AR1] 2l I
Z7h2 Ao B3 Aol Frio] ) drE 3o fe fs/4
3 dE e A tjofe] Fopxm LE7t e sfA Frequency
= A7 FGZo] ZH e AL Folsk = ) A7 Fig. 6 Representation of the magnitude characteristics
Aol <lg Lelo] MAPYL selet] 93 B of high pass filters

Trans. Korean Soc. Noise Vib. Eng., 29(5) : 608~616, 2019 | 611



Min-Kyu Kim et al.; Improvement of Integer-coefficient High-pass Filter to Eliminate Baseline Drift

FIAAA 0] FHRE A9 AFas F49
0 HzZHE $1guEe] WA, o5 53} 1
2o QR FolEe] 4o WE FS e

S S 2~
B 5 9l

3.2 m, k, t m2io|eof| it
G X m, Y Ak F7H
19 F3 Yo & 545 AA
o A7|2 vrre] A AR A3
= AR e el F3} 2lEE Fig 73 2] U
th AR e F2 T4 o2 -3dB
7b dojubs AdFatpiA e Lom it S
o2 gE2 2YAY ol dofu= A F& 7
Fo® 7Ist, m, k, oo Wb 2ES Al
At ol AT GFE e Rojnm At
& @Y 2dS 98 0dBE VIFow Ft 5o @
o= AN 93 5, BH A, AR 51
w=37] st} 3744 e S sk
o] AR XS st A
b elee] A We 55 FHUFE 5t
& Yehhdd 2 s SAE s
= ok

Agel ol % vehd £ g Ax

il
am

oA
X

2

a

2 0x

=
18
I
o

i
AU T L)

2 B s 1o st

S
N

2
)

£ fo
12 -ﬂ'ﬂ o
b
2
4 o
X
e

[ed
[e3

4
(S

N

N
&
fo,

BorE f o
4y
=
mlo_’ﬂo&
N
FN
o
it

: S W(=0)2] m, ko] Fakol 3l
Fig. 701 YERAR oW, A7t xodo] S wjo] m, &,
2] dgkol| sl Fig. 8ol LERNSITE

0.6 - - - - -
I
1-0.4
£ ) S Q. " T
= A -~
B b - © —Ripple 05 3
2 ’ g
< Loz -
goz2f 106 &
s ’
n
0 - : : 0.7
4 8 16 32 64 128 256 512
m
(a) Effect of m when k=2 and =0
0.15 0.1
I @---0--0---0---0--9---0---¢€0
= ’ —w— StopBandwidth —
5 B — 02 2
5 ’ 2
o ’ 1-03 &
Qo 7
2 0.4
7]

e
o
a

Ali ; ; 1‘0 1‘2 1‘4 16 18-
k
(b) Effect of k£ when m=16 and =0
Fig. 7 Effects of m and k on the bandwidth and ripple
of the high pass filter with no time delay

N

612 | Trans. Korean Soc. Noise Vib. Eng., 29(5) : 608~616, 2019

Al o] Gl A9 m3t k7F 35S W AA o
AEL FoAHA tiY AA EE HesiA nt=
+ & Fig. 794 1% & vk E3 Fig. 7(a)°l
A G- mol A& ) 0dB o}E e g
of Asht o] F mo] Frke 5 2lEo] 0.42

AL B 5 A, olelF AFE m, ik 37}
EEEEEE

7850l gk
Fig. 8(a)°l
o] obAl¥]

v 9] 932 Fig. 87}
A A 7F Aol wet AA] o
g Zo] o] Wwgow U= As ¢
AlZEAAe] S wE AlZEAde] gl
T Z m¥} kb e W AR g

HA e A4 dEE HesiA ©
of o) o] WeFo = At
A EAEA "k A0 §ls w79} Wizt
A2 mell 28 0dBHE} ofF W 0.42 dB 1ol

0.15
o
w
&
£ —_
3 )
= )
g o1 1
2 3
s g
o [
o
8005
(2]
-
(a) Effect of 7 when k=2 and m=16
v r 4
o 00 —+— StopBandwidth
£ — © —Ripple 3
g )
T
2 0.04 2 3
s 3
T
H 18
m 0.02 [
s 0
2
2]
o | | | | | 14
8 16 32 64 128 256 512
m
(b) Effect of m when k=2 and 7=8
0.065 : : . . . . . 1
°
13 —1 408
E o006 —— StopBandwidth
] \ - © —Ripple &
g \ 10.6 9
\ 3
2 0.055 Joa &
E 6 §.
& 005 o, 02
2 Nz
7 O---0--@---0-= - €0

0.045
2 4 6 8 10 12 14 16 18

k

(c) Effect of & when m=16 and =8

Fig. 8 Effects of 7, m and k£ on the bandwidth and
ripple of the high pass filter with time delay



Min-Kyu Kim et al.; Improvement of Integer-coefficient High-pass Filter to Eliminate Baseline Drift

TR & Fig 8(b)ollA 22l 7hsstn, kol 93]
0dBE 493} Z& Fig 8(c)olA] &l & 4= gl
ol m, K7} Al Wt FE o]50] AA ATAR
o o3 BZ F7He] o] FolE7] wEo]
2A], AZE Ade] Qe et YlE A

7} Al wat @Ze] Ao 2717t &

2 Fahe e #el e

I
lO»ﬁm

JL‘*:' mm

3.3 m, k, t Et2io|E{of ek 24 54

A (9), 2] (13)¥ Fig. 5(b)=& @Mfg o, A7
—r H/\]__Q_ Q}Hﬂﬁl- A‘]
A1 29 sl v

£

rlr

BA
A

i e
£

EgY
M
By
re,
[o o

rlr
pody
o

o
rr

ox H
oxl
=

'L

X
L=
G 2
)
B
=
_\|I_‘
)
=
-
o
offt
i)
=
12
e
rH
o
£ U ofy

o
e i
(o
Qb9
N
4o
2 i
o 2
= o

O
:
ﬁsa
U oo &
12
=
=2
_>L
N
=

2 r

Bz 749 WERS A 15)9} @01 A
MEEE AAde) ag)

ol ug ojngt). §

ol
o

B> H R Y a2 <)y do e N

ofj\

Y
RS
A
i i,
rr

>

re

o
(

Total Delay

Passband

Group delay(samples)
R
o

Maximum
Passband Delay

1 1

fs/4

Frequency

Fig. 9 Representation of the group delay character-
istics

3 e o Ao FAA WEE B m, &, ¢ e}
nE o] S Fig. 119] FA814 402 AA 549
FAEM A0 R JIFE AN FFAA Y] FHH
Z EAWS 2 2EUSE 3240 IEEXS

il 7

]Vlz.nmum Passband Delay

Distort Rat 1
(SLOTE A ey Total Filter Delay (15)
40
:\? 30
g
S0
3
[
010+
u; 2 4 6 8 10 12 14 16
a
(a) Effect of 7 when 4=2 and m=16
40
:\? 30
g
20t
g
[
Q1o g
o | ! ‘ ‘ ‘
4 8 16 32 64 128 256
m
(b) Effect of m when k=2 and =8
30
_25- 4
B3
g0t i
e
ERELS 1
[
(=]
10 =

2]

2 4 6 8 10 12 14 16 18
k

(c) Effect of £k when m=16 and =8

Fig. 10 Effects of 7, m and k on the distortion rate
of the high pass filter with time delay

External Impact

ya=

Body Movement
(<30Hz)

+— Panel

L— Accelerometer

Structure
Body

Fig. 11 Panel impact detecting system

Trans. Korean Soc. Noise Vib. Eng., 29(5) : 608~616, 2019 | 613



Min-Kyu Kim et al.;

Improvement of Integer-coefficient High-pass Filter to Eliminate Baseline Drift

Fig. 102255 43 &, IY A, F7HAAA TxEo diste] g TteiA= S49 ArlE
o] 91 Wl mAE FFS <l btk F7HA Hlalshs B%-E Fig 110 YERAITE Al2=E
A 7 ARl whet, 9 g o] Hof #AA 25 FE2E AT AT fd= ?‘”EM e
HsEo] S7kke 21S Fig 100l &<l 7hFsat w gido] 2 7% AXA7E ool Solee
thom, k7t el wet AA AzAARke] Sk T4 Ar]E AARReR AS9th 30Hz OHIH
QA Aol e #AA WEo] Ak HFol & FuEE JHE A9 S o8 714 W
ol50] Aol ¥AA WEECl #Ashs ZS Fig. o] Ak A5 A&+ Fig 129 o] 54 Alse
10(b)ell A &lek o= givk whoF G4 =} dE] A= AV]E FEeks U S Frk T4 o9 e
£ A3 S7MI7IE A wAA WEES a9 SRS A wel=gle Al2ES AE)
O 7 ZAaAA T U S 7o) dFel 2Ast  AsiME 1 T BHE S AFH FE AAE
A 7 ES sk FE 9 AL 7hsatch 3k Ay dew gtk
o] 544 F7AREA Al ol wAg 91 els
T deom JhEA whEdA ZHaske] o]F Falr 4.2 19 531 ZE MA
FgollA A AEE o] FA HER HE= o 4 Aol ZhejAl= F49 A71E AesiA ASst
S5 Hage di=ow dEHsts Alo] Thesith 71 A AT FE des AAs 3 g9

glEe] A71E AR 28 87 £31S Table 19]
4. 4 X dnelse| MM HE F®H LFERY ST Table 19 AAJE AA 87 208 v
sk 67l FE AASke] ATk, g, v,

41 M5 BH W AL ZE 9 R, A AIRES Table 20 U

At %‘EV} 715 A" 8 Al dEel o
8 e, § A4k, LE APl A ow AolE ®
THAEA Hol7] flell FARA darg]se] 714 30

Ao 2 -g3te] st " A

Table 1 High pass filter design requirements 10\/{\\ ,/ \,\/\ ,/ \ n

Gz Ay A
Item Value 0 :\/\/ IV \\/

Sampling frequency 2048 Hz ol : {

Cutoff frequency <30 Hz

Maximum ripple 0.5dB 20 ojs 1 1j5 é 215 :;. 315 A‘t

Time(s)
Delay rate <30 % Fig. 12 Low-frequency noise of the impact signal
Table 2 Filter design candidates
No. m k T frggzl-eonfcfy Ripple (s;ir;ie) [t)iirllaey %Z(rliggfg Multiplication
space

1 64 2 0 18.0 Hz -0.420 dB 63 31.5ms 67 3

2 32 4 0 262Hz | 0.019dB 62 31 ms 39 7

3 16 14 0 28.7Hz 0 105 52.5ms 43 27

4 32 2 8 283Hz | 0.279dB 39 19.5 ms 35 3

5 16 6 8 30.2 Hz 0.054 dB 53 26.5 ms 27 11

6 16 8 8 28.7Hz | 0.016dB 68 34 ms 31 15
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