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ABSTRACT

Conveyor belt-type checkweigher machines are important part of modern production factories.
They are used to determine the weight of the different types of products without stopping the
products on the weighing conveyor. The main challenge of dynamic weighing system is providing
high measurement accuracy, while the checkweigher machine is running at high conveyor belt
speeds. In this paper different types of noises such as electronic noises, motor vibration noises and
noises due to natural frequencies are analyzed in frequency domain and it is discussed how digital
filtering such as Notch filter, FIR lowpass, IIR lowpass are effective to obtain the required
accuracy level. Then to achieve further accuracy level, system is modelled using first principles as
spring-mass system as well as black box model. Finally, the selected model is used to apply
Kalman filter. Then Kalman is selected as the best filtering method and applied to the real system
and simulation and experimental results & conclusions are discussed in detailed.

Keywords: Check weigher, Frequency Analysis, Model based filtering, Notch filter, FIR lowpass,
IIR lowpass, Kalman Filter, Black box model



ACKNOWLEDGEMENTS

| would like to express my sincere gratitude to Prof. Chandima D Pathirana and Eng. Nalin
Karunasinghe for their supervision and support throughout the course of study. My supervisors
guided me in the right direction while giving me the freedom for this thesis to be my own work.

| would like to extend my sincere thanks to Unilever Management team in Horana Factory Sri
Lanka to provide me with opportunity of developing a Checkweigher Machine locally. Also, |
would like to thank Mr. Dinusha Rathnayaka from Enet solutions who supported me to fabricate
the checkweigher machine used for the study. Finally, | would like to thank my family for their
support of, and perseverance with me.



TABLE OF CONTENT

DECLARATION, COPYRIGHT STATEMENT AND THE STATEMENT OF THE

SUPERVISOR ...ttt bttt bbbt b ettt b an s [
ABSTRACT ...t bbbt E bbb R R bttt i
ACKNOWLEDGEMENTS ..ottt ii
LIST OF FIGURES ...ttt ettt Vi
LIST OF TABLES ... oottt bbbttt ne ix
LIST OF ABBREVIATIONS. ... .ottt ettt et X
1. INTRODUCTION ...ttt ettt e s bbbt st b et et e sb e e st b e 1
IO T Uod (0 {1 o T OSSO TR 1
1.2 Dynamic Weighing by CheCKWEIGNEr ..........coooviie e 1
1.3 The need of DYNamicC WEIGNING ......ccuooiiiiiiiieiiieeeee s 2
1.4 Weighing Technology and current developments in industry ..........c.ccooeveieiencneninenene, 3
1.5 Project DACKGIOUNG ..........coiiiiiiieieiee bbb 3
1.6 Research AIMS and ODJECTIVES ........ccuiiiiiiiriiriiiiiisieee ettt 6
2. LITERATURE REVIEW ..ottt ettt st 8
2.1 OVEIVIBW ...ttt bbbttt e bbb bbbt e ettt b b n e 8
2.1 Challenges and Innovations of dynamic weighing SYStemS ..........ccccevvverierenenenesesenienns 8
2.3 Methods of DynamiC WeIghiNg........coeiiiiiiiiiieee e 8
2.4 influencing factors for dynamic weighing's effeCctiveness...........c.covivrnieienc s 9
2.5 previous research done on improving accuracy of dynamic weighing..........cccccocevvninenne. 10
2.3 SUMIMAIY ..tttk bbbt et h e bbb e bt be e b e et et e e b e e nne e e 12
3. EXISTING DYNAMIC WEIGHING SYSTEM ......coiiiiiiiiieieeee e 13
3.1 Existing Checkweigher maching CONSIIUCLION ...........ccueiiiierierieiiicseee s 13
3.1 Issues with exiting checkweigher machine. ... 14
3.3 EXISING CONTIOI LOGIC. ... eeviiiiiiiiiieeiieiee ettt bbb 15
4. PROPOSED DYNAMIC WEIGHING SYSTEM.....cccoiiiiiieiie e 19
4.1 New design concept of dynamic Weighing SYStEM ........cccevviiiiienininiseeiee e 19
4.2 New checkweigher design calculations ... 20
4.3 Belt pull load calculation and drum motor SeleCtion ............ccocveveiiievesieneese e 21
4.4 MACNINE ATCNITECTUIE. ... .cuiieiiie ettt e bbb 27

4.5 Control 10gic OF the NEW SYSTEIM .......iiiiiieieierie e 28



I 010 T T Y PSPPSR 28

5. WEIGHT DATA ANALYSIS FOR NOISE IDENTIFICATION ....c.ccoovieiiieirinesesieeseens 29
5.1 Identifying Different Noise types that can affect the accuracy...........ccccccveveveiieiieneceenee. 29
5.2 Different Status of Check weigher Machine...........cccocv i 29

5.2.1 Conveyor Belt IS STOPPEA........coveiieieeeeie et 29
5.2.2 Conveyor Belt is running at different belt speeds without any load...............c.cc.c....... 31
5.2.3 Same weighed box running at different belt speeds ...........ccccvvveveiieiicieccc e, 36
5.2.4 Two weigh boxes running at same belt SPeed ..........cccocveveiciiccc s 40
5.2.5 Same box running at same speed several tiMeS...........cccevviieiieiesiie e 42
5.3 Summary of Frequency Response Analysis and Data Analysis. .........ccccoevevviiieiienienennee. 43

6. APPLYING DIGITAL FILTERS TO WEIGHT SIGNAL .....oooiiiiiiiee e 45
TR 1 oo [Uod 1 o] o TR TPRRPR 45
6.2 NOTCH FIITEE ...ttt ens 45
6.3 Finite Impulse Response (FIR) LOW Pass FIIter ..o 49
6.4 Infinite Impulse Response (1IR) LOW Pass FIlter ... 54
6.5 SUMIMAIY ...ttt b bbb ettt e b e e b e nne s 57

7. KALMAN FILTERING APPROACH ... .ottt 58
7.1 Introduction to Kalman Filter ...........cooveiiie i 58
7.2 Kalman FIlter TREOIY .....ovoiiiee e 58
7.3 Modelling the dynamic Weighing SYSIEM .........ccoiiiiiiiiiiieiese s 60

7.3.1 First PrinCiples Modelling ..o 60
7.3.2 Data driven modelling (Black box modelling) ........cccooeveiiiiiiniiineeeee e 63
7.4 Incorporating the dynamical model into the filter ... 71
7.5 Implementation of the Kalman filter algorithm ... 72
7.6 Static weight vs dynamic Weight ANalYSIS .........cooiiiiiiiiiee s 74

8. SIMULATIONS AND EXPERIMENTAL RESULTS.......ccoii e 76
S J00 A [ 0o [ od 1 o ST 76
8.2 SIMUIALION TESUITS......eeeieeeiecie sttt et e st e e e e nneeneeeneenes 76
8.3 EXPEITMENTAl FESUITS......eiieiiitiieesii et 78

9. CONCLUSION ... .ottt ettt et se et e st et e s aesbeabeeteeneeneeeessestesresneeneaneas 82

REFERENGCES ... .ottt bbbt ettt e nbeenne s 83



LIST OF FIGURES

Figure 1 : Product Flow of CheCkWeigher [1] ......cccoovoiiiiiiiee e 2
Figure 2 : Strain gauge and Electromagnetic balance weighing [3] .......cccoovevviieviiciciieceee e 3
Figure 3: Technical specification of existing CheCKWEIGNEr.............cccoiiiiiiiniieieieec s 4
Figure 4 : Customer Complaints trend 2019 [4] ......oooiiiiiiiiieeee e 5
Figure 5 : Customer Complaints trend 2020 [4] ......ccooeiiieiiiieieese e 6
Figure 6 : Strain gauge loadcell CoONStrUCtIoN [3]........cccoviiiiiiiiicieie e 9
Figure 7 . Deflected Electromagnetic force restoration load cell [3]......cccccovvvviviviiiiieniieiccee, 9
Figure 8 : Factors affecting loadcell ACCUIACY ..........covviiiiieiece e 10
Figure 9 : Existing Roller type Checkweigher Maching...........cccccooveiveiiiiiiie i 13
Figure 10 : Machine HMI readings for Same Weight BoxX 0f 6900 g ........ccccovevvviievieiiciiccieenns 14
Figure 11: Conventional Low Pass Filtering by inbuilt OEM software.............ccccccevveveiieinennns 16
Figure 12: Calculation method of Passive Filter...........ccocuoiiiiiiiee e 17
Figure 13: Passive Filter Algorithm in EXiSting SYSTEM .......cccooeiiiiiiiiiiiieeeeee e 18
Figure 14 : New Concept Design of Checkweigher modelled by solid works...............cccccoenee. 19
Figure 15 : Design Parameters 0f CONVEYOr SYSTEM.........uiiiiriiiiiienienie st 20
Figure 16 : Equations for Belt Pull load calculation.............ccccceoieiiiiicc e 22
Figure 17 : Drum motor manufacturer Data Sheet ...........c.ccceevveieiicii e 24
Figure 18: Checkweigher CONSIIUCTION ........ccviiiiiie it 25
Figure 19: Newly designed and Built checkweigher Machine Unilever Horana Factory ............ 26
Figure 20: Checkweigher Machine system ArchiteCture...........coocoveiiiiieniciecee e 27
Figure 21 : Check weigher control panel............ccoooiiiiiiiiii e 28
Figure 22: Weight Signal Time Domain-Belt StOPPEd .........ccoiieiiiiiiiiiiiiceeeee e 30
Figure 23:Weight Signal in Frequency Domain-Belt StOpPped..........ccccovriiiiincieie e 30
Figure 24: Weight Signal at 28Hz Belt SPEEA..........cceeiieiiiiciece et 32
Figure 25: Weight Signal at 28Hz Belt Speed-Frequency domain...........c.cccccveveivieieeneeieeseennens 32
Figure 26:Weight Signal at 30 Hz Belt Speed-Time domains. ...........cccoeeeeieeieiiie i 33
Figure 27:Weight Signal at 30 Hz Belt Speed-Frequency domains ...........cccccevevvieveeviesieeseennens 34
Figure 28:Weight Signal at 32 Hz Belt Speed-Time dOmMains............ccoereririenieeienenese e 34
Figure 29:Weight Signal at 34 Hz Belt Speed-Time dOmMains............ccoereriienieeiienenese e 35
Figure 30:Weight Signal at 34 Hz Belt Speed-Frequency dOmains ............ccovveieienenesesennenns 35
Figure 31:Co-relation between Highest Noise Frequency Vs Belt Speed...........cccocvviiiiiniennnne 36
Figure 32: 9130g Weight at 28 Hz VFD drive SPEEd.........cccoueiriirieiiie e 37
Figure 33: FFT of 9130g weight signal at 28 Hz VFD Drive Speed..........ccccccevvvivieiieiiecinen, 37
Figure 34: 9130g Weight at 30 Hz VFD drive SPeed..........cccccveiiiiiii i 38
Figure 35:FFT of 9130g weight signal at 30 Hz VFD Drive Speed.........cccccovvvvieiiieiiieiiicien, 38
Figure 36:9130g Weight at 32 Hz VFD drive SPeed..........cccvevieiiiiiiiiiiccie e 39

Figure 37:FFT of 9130g weight signal at 32 Hz VVFD Drive Speed.........cc.cccoveivienencinnennn 39



Figure 38 : 9130 g Weight at 32 Hz VFD Drive Speed Weight Profile ...........cccoccviviviiivinenns 40

Figure 39: FFT of 9130 g Weight 32Hz VFD speed Weight Profile........c.ccccoovvveiiiiiiieiees 41
Figure 40: 6930 g Weight at 32 Hz VFD Drive Speed Weight Profile..........cccccooeiiiiiiicinenns 41
Figure 41: FFT of 6930 g Weight 32Hz VFD speed Weight Profile ... 42
Figure 42: 6930 g Weight Repeatability -Frequency reSPONSe...........ccoereririeieeiiene e 43
Figure 43 : StatiCc WEIGNT EITON.......cc.oiiiiiiiieie e 44
Figure 44: Notch Filter Design at 2.176 Hz with notch width 0.1...........cooviiiiiiii 45
Figure 45: Before applying NOCh FIltEr........coooviiieieeece e 46
Figure 46: After applying NOtCh FIlter .........ccoveiiiie i 46
Figure 47: Notch Filter applied 6930 g weight Profile..........cccoeveiiiiieie e 47
Figure 48: Notch Filter applied 6930 g weight Profile-Flat Region..........cccccevvvveiiviveiieiienns 47
Figure 49:Notch Filter Design at 2.176 Hz with notch width 0.01...........cccooiiiiiiiiiiicee 48
Figure 50:Notch Filter output with notch width 0.01 .........ccooviiiiiii e 48
Figure 51: Discrete form of FIR FIIEI .........coooiiiiiiieee e 49
Figure 52: Frequency Domain Plot of 6930 g Weight Profile............ccocoviiiiiieiinincee 50
Figure 53: polynomial p(x) of degree 30 that is a best fit (in a least-squares sense) for the data. 50

Figure 54: FIR filter of cutoff frequency at 0.3 Hz and order of 30.......... 51
Figure 55 : FIR Filtered Signal for 6930 g WEIGNT...........ccoiieiiiie e 52
Figure 56: Weight Estimating Algorithm of FIR Filtered signal..............ccccoooveviiiiiiiieciciees 53
Figure 57: FIR Filtered signal of 9130g Weight profile ... 54
Figure 58: Structure of TR FITEr .......cooiiiiiieieee e 54
Figure 59: Definitions of IR LOW Filter Parameters..........ccooeieireieieneiiseseeee e 55
Figure 60: Magnitude & Phase Response of 1IR low pass filter..........c.ccoovviiiiiiiieicncceee 56
Figure 61: 1R Filtered Signal for 6930 g WEIGNT ........ccooiiiiiiiie e 56
Figure 62:1IR Filtered signal of 9130g Weight profile...........ccooveiiiiieiiiec e 57
Figure 63: Time Update & Measurement Update Equations of Kalman Filter................c........... 59
Figure 64: Kalman Filter Iterative PrOCESS .......ccviviiiiiicc ettt 60
Figure 65: Check weigher as spring-mass Model .............c.ccoveviiiiiiciiccc e 61
Figure 66: Method of estimating black boX MOdel.............coiiiiiii 63
Figure 67: Checkweigher Black Box MOdelling ..........ccccooiiiiiiiiiiieeee e 64
Figure 68: State Space MOdel SELHINGS ........coviiiiiiiiere e 65
Figure 69 : Measured and simulated output of state space model ..........c.coovvevieieieieniiencnen 66
Figure 70: Settings of Polynomial MOdel .............ccoveiiiiiiiie e 67
Figure 71 : Measured and simulated output of polynomial model............ccccoooveviiiieiieiiici, 68
Figure 72:Settings of Transfer Function Model..............ccooiiiiiii e 69
Figure 73:Measured and simulated output of Transfer Function model..............cccccceiviiiiinnn 70
Figure 74: Comparison 0f MOl OULPULS .......ceeieiiiiiiiiiiiiceiee e 71
Figure 75: Kalman Filter SIMulink MOdel............cccoiiiiiiii e 71
Figure 76: Kalman Algorithm Implementation ... 72

Figure 77 : Static Weight Error Vs Dynamic Weight Error ..........cccoocvevinininiiienc e 75


https://unilever-my.sharepoint.com/personal/amila_balasooriya_unilever_com/Documents/MSC/Thesis/Submission/Msc%20Thesis%20(188656D)_R8.docx#_Toc99186094

Figure 78 : Kalman Filter 6930 g WEIGhT.........coiiiiiieicc e 76

Figure 79: Kalman Filter Output 9130 g WEIGNL.........covoiiiieece e 77
Figure 80: Filtering method COMPAIISON.........c.cciiiiiieiicc e 78
Figure 81 : Check Weigher Weight Sample Checking .........cccocoiiiiiiiiiiiice 79
Figure 82 : EXPerimental reSUILS ...........coi i 80

Figure 83: Short packs detected with Kalman Filtering Method............c.cooiiiiiiiiciniice, 81



LIST OF TABLES

Table 1 : Target Weight Estimation of Corrugated BOX.........cccoeiieriiiniieienieseee e 14
Table 2 : Sequence of calculation to determine weighing conveyor length and speed ................ 21
Table 3 : Static Weight Readings of Standard Weight Sets..........cccccovvveiiieiiiieseece e 31
Table 4: FIR Filter ParamMeters..........ooo ittt 51
Table 5: IR Low Pass Filter Design Parameters.........cccccvciveeiiesieeie e 55
Table 6 : Estimating actual Weight OF BOXES ......ccvoiiiiiiieiieeceee e 73
Table 7: comparison of filters using mean, std deviation and settling time .............cc.cceevevennenne. 77
Table 8 : Experimental results of Kalman filter compared with Existing Passive Filter.............. 79

Table 9: Comparison Using standard deviation and Mean .............ccocvveviiereniieseene e 80



LIST OF ABBREVIATIONS

FFT:

FMCG:

HMI :

LP FIR:
LPIIR:

OEM :
PLC:
UPM :

Fast FOUTIEr TranSTOrM .......ouiiiiecc s 19
Fast MoVing CONSUMET GOOUS..........ccueiuierieeiesieesieeieseesieetesreesreeeessaesseeseesneesneesens 1
Human Machine INterfacCe..........ccovviiiiiiiee e 2
Low Pass Finite IMpulSe RESPONSE. .........cviiiieiiiieiciesie e 3
Low Pass Infinite IMpulSe RESPONSE .........ocuiiiiiiieiciee e 3
Original Equipment ManUFaCLUIEr ...........cooviiiieieiesc s 2
Programmable LogiC CONrOHEr........cc.ooviieeecc e 1

Units per Minute



