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A New Weighing Method for Checkweighers by Using
the Second Order Adaptive FIR Filter

Kengo Fukuda , Koji Yoshida Tetsuya Kinugasa**,
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Morihito Kamon ™ and Yoichiro Kagawa

A checkweigher is an automatic machine to measure the weight of in-motion products. It is usually equipped with an
optical device to make a trigger for setting time duration to allow a product to move on weigh conveyor belt completely for
sampling the weight. In this paper, a new weighing method for checkweighers is proposed which uses just signal processing
without the optical device. The method is supposed to be implemented as the program on the micro controller with which a
conventional checkweigher is equipped. To minimize calculation load, the method utilizes the second order adaptive FIR
filter determined from the simple linear regression analysis for the estimation of the mass of an object and the natural
frequency of the mechanical structure for weighing which can check the validity of the estimation. The effectiveness of the
method is shown through experiments. Also a possibility of faster estimation of weight is shown.
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M7 1: A FLAG=1 72 & (X Step6 ~/7lii 9~ 5.
M7 2: S FLAG=1 72 513 Steps ~yili 3 %.

Stepd) Fig. 3 DFAFB A S EHMEET 2 B OFIE:




7ok 2iF, AEX19), QUEH T s OFELHERL,
S MEFEETRIE, 2D, ) Xos & bEHEEL,
S FLAG=1 ¢ ¥ %.

$|r 3: S FLAG=0 72 5 X Step7 ~ I3~ %.

Step5) Fig. 3 DA #ERFEIE R 4 DFIE:
7= z0E, RERQRS), ROV &M a BHET
X, A FLAG=1 t7%.

JIBT 4: A_FLAG=0 72 51X Step7 ~53I 3%
Step6) AIE B =1E m EEDE(E:

a BFET

H L fT) BRHRDKIY[d,, d, +Ad) \TEENDH 72 61F
BOXDEA M, mkT) ZBINT 5.
W 5: kT >b 72 51F Step8 (/I 5.

Step7) BFfE kT DEHT:

R 2 EH (AT« (k+DT) LC Step2 IZR 5.
Step8) AIEEEEm DHEE:

(32), B)AR EEZANT, eSS M, 2R RL, M,

’ﬁiﬂém%ﬂ@ﬁﬁﬁ%ﬂiﬁ%ﬁmkbfﬁmfé

O% @u"'% 7;(_1‘%—@‘*6 7,:_&) Stepl Z u&jﬂé

4. RAFEES

4. %ﬁn‘i‘ijﬁ/ﬁ% Fﬁ?éﬁiﬂ:"?

Bt By ke A 2 EREEHRATERS 5% Fig. 8, 9 IR
9. Fig. 8 ORI EF 5 % {w (T}, Fig. 9 O ERE T %
w,(kT)} &5 5. 2R b1 HHELNERIE (x (D)},
{m;(kT)}, (i=12) &L KFILT 5. Table 1 [T R L7-E
kA From i A B E &R A VT, R CEFES (1
FHEWHE £ 95 mm X 65 mm X 45 mm,
2T T - 80 m/min) CHi#E &S L7z,
Vo BT IIE2ms THD.

W 2 T 5 &, (w (kD)) XA OB SRR I/

<, —ATHLHBICHEHLLEFTHL EBDRD. L
L, X<ARBE, APHICBNTHIRVEZETLTND LT
B2 5. BB EE L OO 2 & A TV D Ak
ERFEV. b LED ThIUL, AiE7 1 V¥ Hp(2) (TEHHIRL
SYLASN E I 5 DT, REHIINZ(10)RD G,p(2) DA IEAR
AEETHD. T, kDI (wkD)} LT 5 &, B
OB RIRIEMR D TR E L, FEICEFEAEEZTD

ek, o7

Table 1 Specifications of the checkweigher

Specification Performance
Weighing Range 6~600 g
Max Weighing Speed 330 packs/min
Division 0.1g
Weigh Conveyor Length 330 mm

W IEFIEAE - 4865 ¢
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x9.80665

N R A

Static Value: _,apa.

(0.4867 kg) N""""'

Weigh t signal w(kT) (N)

1.5 2
Time (s)

0.5 1
Fig. 8 Weight signal {w, (kT)}

x9.80665

Weight signal wy(kT) (N)

Time (s)

Fig. 9 Weight signal {w, (kT)}
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— XA RSB R OBEF R CTHIIE, G (z) DRIE
%%Ei<ﬁ9_kﬂféé®f,ﬁﬁgﬁ$ LT, )
RVEGAMZE I (T) XV bHFE LW L1tk s,
ZOXEIICRI LG TFOR CHFHEM TH > T, WHERE
5 {(wkT)} OFFITHEFICE LSBT 5. R &
YOFED LV RTFAFFRIZLSZ O EEDNEN, =0
Z A EERNMICE T 2 ERE &5 Z IR ISR e

HDIZLTWA.
4. 2. BIEZ 4R H,(z) DERET

0 g (BEAHFE) OFILFERFOIGE RHEES) ThoT
b, ROFERMENC LT, DT DRIEBIRS BFHEL TH
5. —), ar_XT N EEEGEIEMSBET D@ E O
BTHIUE, FARFOHEREIZL - T, FiLFHERICIIELE T
RS TARBI D DR SN DHENRH 5. Wat &k
H SN 7= O BEATERF O EE 5 LG (A 2R XRH)
DIFEF T D/NT — AT MVEE % Fig. 10, 11 12737,



s oE AR L. S SEAEOKEREY
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Fig. 10 Average of power spectrums of weight signals w(r)

after weighing
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Fig. 11 Average of power spectrums of weight signals w(z)

during weighing
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Fig. 12 Amplitude characteristic of Pre-filter H p(z)
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Fig. 10 & Fig. 11 Z#ie§ 5 &, FEfoR~T7 b
HERFEL IR (2 BEE TR\ 45.7 Hz I DRy N el 5. 2
DRSTH 25 Hz L OEFIRICESE INDL5DT, O
SREHCTEIRNE &, 2RO T 4 VH Gp(2) TS TE

2., FZTC, CPUDAMHAEER LT 45 Hz I/ v T & FF
23% 7 FIR 7 4)V%
Hp(z)=G(1-bz"' +27),
hzhm@ﬁA&Q%D,Gin; (34)
- Y
ERHOWTIRAREROEELFHO L Z LIZ L. ZORIES

% Fig. 1212779, 7238 Fig. 10 ® 13.7 Hz DRITIEEIR
DOEFREBCERT b0 L Bbhs.

o A AR, RS TR, MR E R R
T%éﬂfﬁ%ﬂmb,%&®% IR (BEH =T |
%@hv%ﬁﬁbﬁiﬂiﬁ%ﬁw.it,#%%%_ﬁf
B EHE A A - RS T A RAEREE B A TV AL Rl
FHEIZBWNTE, AURRAENOT, ?¢T%%%ﬂ%@
D, Kol EEHEEHRS EHOBLBEIC K TH I &
NTED. LOLEEFRICBWTIEZDO L 9 a3
TERV. BOUEKMICTF I RIEEL L DT, T
LGN EZ AD BHOSHICETT I2HLERH 5.
Lo T, Hp(z) DF v 7HITI VDIV EFRLGFE L.
£/, BEXE CTHKATAEZ IR 7 4 V& ZH\\W5 & CPU
DOAHITER SN 5238, FIR 7 4 & L RRICAARENL Z /)
SKIRDVERDH DT, ZOLEELEREO 7 4 V21X

fEHTE .
5. EERER
5. 1. SKBYEFE-=-TEES (WKkT)}

Fig. 8 1278 L= EAZ 5 (w, (kT)} O FIALE B {x, (kT)},
FratB&FEOR®)RIC & - THEE iz 5 &M {m, (kT)} B
TOHEENZTARIGAES, AOMBBE ABLORT

M B % Fig. 13 1r7. ZorsahRXcBIARERT—
Z{E%iT n=20 & L7=. Table 2 |X Fig. 13 55472 m, (kT)
ZIINL, ®HGT 5 f(kT) & =D ZFR
k+17
(33)

E\(kT) =Y el (rT)
r=k

ERLIEBDOTHS.

Fig. 13 #R2L, (mUD}ZWOMNTHD - ENEEL
WS, I RAHE T LS A#H LT\ 5. Table 21T T & 91T,
B /M m, (1.002) =-638.99 g (X d™ 5 E(1.002) (KX 7ofE
324352 &8, £,(1.002) ITMEEBR/E 0 Hz L 725> T 5. FTz,
R HIFF S L VARV XIS IS1T D E\(kT) L HkT 5 &,
Rt R FIAT S LU BEIEY O EEa R

Fizhd &) © E(DIFREWVEEZRS. 0L X,



fi(kT) b OB AR £, (BX% 23~25 Hz) &I
HipoTnb. RERT =% {x,(kT), -, x,((k—=19)T)} A

Table 2 Example values of f (kT) and residual sums of

squares E,(kT) correspond to m,(kT) picked up from

Fig. 13
KT | m(KT) | fi(KT) | Ey(kT)
Remark
(s) (g | (Hy @)
1.0021-638.99| 0.00| 32.4352| Before s, minimum m,(k7)
1.004 | 242.68| 6.56| 39.2365| Before s, positive peak
1.040| 190.25| 28.73| 139.5411| Loading part
1.180| 485.36| 25.01 0.8998 | Effective part
1.242] 474.95| 20.99 8.9117| Unloading part
1.396 0.30| 24.93 0.6833 | After weighing
x9.80665
1 1 1 1
"s"'""I"':r ------- RREERE {wi(kT)} -
tatic Value | X .
04867ke) |~ A A <2 1\
- : A GAS X
Z [ v A 1
~— | ] ! ! A
g 0 . . . \
: RN
Sk r !
1o S o (KT) g} fn(kT)}
-lfp---r-f----- FrTTITTC mTTTimo T
1 s 1.1 a b 13 1.4
Time (s)
Fig. 13 Discrete signal {w, (kT)}, {x,(kT)} and series
{m, (kT)}
0&———S'|1
— . tatic value
éﬂ -——/ﬂ- ———————————————————————
2 0.48fp=we - - - - = -1-- Fo--b-Ng-- -
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—~ 27
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D
=21
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Fig. 14 Measurement value series {m,(k7T)} and the dynamic
component frequency series {f,(k7)} around the

effective time
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IR E o L &, 72— DEE BUT) TITHETX
TWARWIZ ERDbNS., 2O L, #ENEISEATS L,
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[fD) 2L > TRIEREZ D IBRESEIEL D2 & %
RLTWA.

AR EHEBEETIZ, (19), 20), eHRITBW\T,
Myp=5g, M, =2¢, Nvu)mﬁukbf% B AR

REHELEZA, s_1m6uﬁxm%ﬁ%Tm =1.256s)
72, Fig. 13 25 L, 1 ZERYRMESEH5 2T,
Z D — AT, éﬁ&%@ LD RA BT <,
[T ICHEBL R THLIWZ ERHERTE D, 2oL,
25RizBNT

23.0Hz < f,(kT)<25.5 Hz (36)

Ll A, ARRMEGSIXa=1.142s L7r oo, BHH
TSR T B, BERES (m (k1)) & (14 THEE S L7
BIRL Sy B B A { £, (KT)} % Fig. 14 12733, 20L&, (25K
IR W THEEME T m (1.142) =489.61g 720, BEiE L Al
LTCWAERIEFHEIE 486.7 g ST 5 LR REV. &
ﬁ%if%émfgﬁfﬁéff%éh%ﬁﬂ&w# Ko

CIIATNRD . HiatE S ED Step6 & Step8 % i 95
%#%5

Fig. 1513, Step6 # 3T L 7= B oNTMEO—H% E
LOEbLDTH S, ML, bR 7T LD
5QYXDRYyEFKT. P OKZIIEROMHEE (i FHD
X453 [d;, d; + Ad) \[ZJ&T % m(kT) DES M, DEFRE n,)
X3 [d;,d; +Ad) \Z 8T % m,(kT) ORRyEE~T. =f
FEORBIEM, \ZET D m(kT) D KAE, w/MEOT 7 >
FTHD. MEEFIEM BT D m(kT) DFEEEZ =T

Fig. 151285 L, 8FHDOXS
[dg,dg +Ad) =[24.75Hz, 25 Hz)
DIRRKOEFREEFFD. ng=13 THHDT, ZORFICHE
500 - - - -
S 495 v Max. mi(kT) in the bin
2 9 ® Average of m (kT) in the bin
§ A Min. m(kT) in the bin v .
486.7 ——-
= T 2 3
480 :
Number of I;ll(kT) in the bin
00000221113121
0.027:0.541.46 1.14
Variance of m;(kT) in the bin
23 235 24 24.5 25 25.5

Frequency (Hz)

Fig. 15 Arrangement of values obtained from m, (kT

classified into frequency bins



T DR RAE my (kT) OVEENPEERIE L 72 5. bbb,

i, L D my(kT)=485.28 g (37
m(kT)eMg
NELND. HIEFHRE 4867 g LRSS 5 &, #E7513-1.42
g &b, m(1.142) =489.61g L T 5 LEEN LTSN
TWDHZENHERTE D, £, BREBENEL L, O
VSV SWHDERSEE, TEBOKS
[d,d; +Ad)=[24.5Hz, 24.75Hz)

DREET 5. FERIC

S L

iy = — D m(kT)=486.31¢g (38)

m(kT)eM,

DELIL, RET039g L5, ILITHERLEIND
B, AR LHIFHENER DS, Fo, BEREDVNSLR
D ENBMARNERE RS RNDOT, LEWEZRITC,
FEDORNEGHRA D2 BEBID 5.

5. 2. BIiE74)4 H,(2) DR

4. 2 THARZEHIT, FARFEOMEZ5D 5 HIT,

45 Hz 12/ v T & Fo®/ND 3 # v FIR 7 4 V¥ H,(2)
(BHRXEZHNTWD., ZOMRERTEOIL, 74 V5 H
7§, (kT > BAF BT my (kT) ,  fi(KT) [ZIMZ T, Hp(2)
ERHWDZ LWL, T4 NE AT {w (kT)} D EEE LN
7o m|(kT), fl/(kT)% 72> kL7 Fig. 16 % FIZxRT.
m| (kT) DIRENEIT T m (kT) IIX R 5NN DT, Hp(z) D
PIRVHERTED. D LEMERBRTH LD, fIG,T)ITH
JAEAR IR BN TV D Z L AR TE 5. Fig 11 1258
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Fig. 16 m;(kT), f/(kT) obtained without using H ,(z)
and m,(kT), f,(kT) obtained using H (z)

BT D.
5. 3. XiREOHERES (v, (kD)}

Fig. 13 L[MERIZ, Fig. 9IZR LIZEEAE S (wy,(kT)}, D
ABAUAR 7 {(x, (KT)}, FHEREAES] {m, (kT)} 3 L OVHIE S L7
FEIABLAR S, AOHBRBR ARSI O THA B % Fig. 17 I
R BEHREFEOREMIEE. 1 ER—-THS. ZITH
my (kT) 1L FIARE R s OERTICE LWEE 2532, Fig. 17
ERAHRY, ZYeRARMIF R s=1.014s (A 2FRKT
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RLUTWAEIEEEIE 486.7 g &4 5 &, Z DF&fEIX

x9.80665
StatilcValue i i i
—~ 1} 04867k ¥ -1t 4R R R
Z \ | A:
: LN
A LIaOA)
T~ () gl | (kD) ’y
AR A S
| | L k)
Is 1.1 a b 13 1.4
Time (s)

Fig. 17 Discrete time signal {w,(kT)}, {x,(kT)} and
series {m, (kT)}
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Fig. 18 Measurement value series {m,(kT)} and the

dynamic component frequency series { f5 (kT)}
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REE)THD. a=1.144 s EOT —FfHICKNTH,
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HEPEIE OB L PEBRT D72 91Z, Step6, Step8 Z it 35
VERDHD.

Fig. 191X, Step6 #EITL1- ¢ EDREFT LD L DT
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<, JEE RE
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Fig. 19 Arrangement of values obtained from m, (kT")

classified into frequency bins
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