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Abstract

Plagic contamination in 8 lint baks has increasesdith theadoption ofnew cotton harvesters that forylindrical

or round modules on the manhi It is of significant interest to the US cotton industry to reduce this contamination
to preserve @wer profitability and the reputation of the US a®l@ablesource ottleancotton fiber. he objective

of this work is to describe the design ancigion of a system fause on cotton gin module feeders that\pdes
monitoring of plasticaccumulationon the dispersing cylinders anitleo data to helgiocument themodulewrap
condition and unloading/unwrapping procedures that may have caused ¢néiabaontamination event on the
dispersing cylinders.In 2019,three independd systems were installed on a cotton gin module feedprozide
images ofplastic accumulation on the dispersing cylindareg of the processing sequence for round mesjuhnd
video data of thainloadindunwrapping process for each modul€he initial system developed 8019 provided
useful data but improvements wer needed to reduce the time and effort associated with analyzing the data.
Improvementdn 2020 integragd the threendependent systems used in 2@@9vork on onecomputey store the
data ina common location, andimplify the process of extracting module specific data for a given paitent
contamination event. The new integrated module feeder mogjteyatem was tested at two cotton gins in 2020
Analysisof the datgprovided usefuinformationfor comparing modle wrap performance in addition to information
useful in training gin employees on module hawllprocedures to mitigate plastic contaation and improve
worker safety.

Introd uction

Cotton harvesters that form cylindrical modules onbae machine(776Q CP690, and G&0, John Deere,
Moline, IL) have reduced kor and machineryrequirements and increasembtton harvesting productivity
Cylindrical or round modules are wraggbinplasticby the harvester befotbeyare ejectedh the field The plastic
material(module wrap restrains the seed cottdn cylindrical form andproteds it from quantity and quality losses
caused benvirormentaleffectsexperiencedluring sorage beforeginning.

Plasticcontaminatiorin US lint baleshasincreasedvith the adoption ofound module building cottopickers and
strippers As a resultin 2018 USDA AMS adojped newextraneous mattedassirg codes71 and 72 foiplastic
contamination levels 1 and 2, respectivelyThe 2020USDA CCC loan schedule of prefams anddiscounts for
upland cottofUSDA-CCC, 2020)containeddiscounts 0f0.1870 and$0.2080 per poundfor bales classed with 71
and 72 extraneous mattedesignations, respgvely. In 2020, spot quotationsfor lint bales withany plastic
contamination designatiocontaired a 40 cent per pouhdiscaint (USDA-AMS, 2020) Moreover merchants and
mills often refuse to purchagmales with plagc contaminationThus, preventin and/or detection/remeal of plastic
contamiration is of keen interest tdJS coton growersin efforts b maximize profitaility and maintain the
reputation ofthe United Statesas beinga reliable source oflean cdtonfiber.

Module handlingin the field, during transportatiorand at the gin can comprosai the wrap materiand lead to
potential wrap failures and possible plastic contamination inbles(Wanjuraet al., 202@). Additionally, the



techniqueused tocut and removevrap from roundmodues can lead tdncreagd risk of plasticcontaminationif
pieces of plasticemainwith the cotton ad is fed into the gir(lJohnDeere 2013)

The obijective of this work is to describe the desigd aperatiorof a system for use arottongin modue feeders
that documents pehtial plastic contamination events and provides video data¥@stigationinto what eents or
situations may haveaused the potential contamination eveftie information collected byhis systemcan be
useful in trainingemgdoyees on proper round module handling techrégweminimizecontaminatiorand improve
worker safety

Materials and Methods

2019 Sytem Description

In 2019 an experiment was indted at a gin(Gin A) in the Texas High Plais to evaluate the durability of
experimentalwrap materials for round cotton module§he performnce & thosewrap materialswill not be
discussedin this paper Approximately 10 growerghat harvesttheir cotton with John Deez CS690round module
building cotton strippersgreed to participate in the expreint The experimental wrap materiatifferentiated by
wrap cobr (pink, green and blug, were disributed to the cooperating growers in elqpeoportions Additional
round modudswith pink and yebw wrap that were not part of the experimemere also processed I63in A in
2019 Gin A processesotton fromboth rectangulaficonventionad modules andround modules Before ginning,
all moduleswere loadedfrom the gin yard ont@ chain-bed type modie truck and pleed on the module feeder.
Round modulesverestored flatend to flatend fisausag styled) andwereloaded onto the module truck in the same
orientation. Theround modulesverefiflippedd as they ame off themodule tuck sothat theystoodupright onone
flat face as they med down the modie feeder bedWorkerscut the module wrap dooth sidef the module as it
movel off the truck leaving aboubne third of the module lengthf uncutwrap at thetop of the modud to hep
hold the cottortogether as itnoved along the feeder bedThe wrap wasfinally cut andcompletelyremoved from
each round module abe cotton reachiethe tall side walls of the feedevhich begin at approximately halthe
length of he feedebed.

The system instad on the module ésler at GinA in 2019 consisted ofhree indepengt subsystems that
provided data an
1 potential contamination evengs the dispersing cylinder§.e. any instance where plastic was caught
and removed frorthe dispersing cylinders)
1 thecondition ofthe modulewrap at the timeéhe modue wasplaced on théeeder,
1 theunloadindunwrappingprocessand
1 alog of the processing seznce foreach round module.

The USDAModule Feeder Inspection system (Péleet al., 2020) wasnstalled in the dispersing chinet ofthe
module feedeffigure 1)and collected still images of the desgingcylinders wherthe feeder floor wasnanually
paused and sufficient time had elapsed to allmtton and dusto fall out o view of the internetprotocol (IP)
cameas A beta version of the image capturdtaare for the USDA Modle Feedernspection Systewasusedin
2019 Two cameraswvere used tanonitor the upper and lowedispersing cylinder®f the feeder With a clear
cameraview of the dispersing cytiders the ginner pressed a button on fystemdisplay (figure 2)locatedin the
gin console rom to capture the still imaged_ive video strearmfrom the twocamerasverealso displayed on the
monitor and allowed tl ginner to see pfdic accumuldon on the cylindersften before still imagewere captired.
Each time plastic was observed ore tispersing cylinders, the gin crequickly stopped the modalfeeder
removedthe plasticand plaed it in acontainer lbeled with he date and time of remalv Areseachteam member
visited the girseveratimeseach week and conducted further analydithe platic to identifyfrom what part of the
wrap portion the materialoriginated, how much material was collectednd identification numberof the module
from the RFID tag(sif present

At theerd ofthe module feedewhere modules are pad onthe feeder bedin RFID scanning bridge was indead
along with a network video reording (NVR) systenffigures 3 and 4) The RFID Feeder Bridgeystemdeveloped
by Wanjura et al(202) was ugd to scan th&FID tags on eachoundmodule as it was unémled onto the module
feeder bed and create eopessinglog for all round mdules ginned The serial numbemwrap color and other
module specific datédor each module wrap portion used in thgeriment wasloaced into the RFIDscanning
system databasestore the ginning seasonThis datawas recoded with the date and time thathe module was



scannedon the &ederin the processig log The NVR system RLK16-410B85MP, Redink, Wan Chai, Hong
Kong) utilized four IP cameras to capture video of the medwirap condition and unloading/unwrapgpiprocess
for each module as wasplaced on the feeder bed. The NVR was coméiguo reord the video data from each
cameracontiruously at 7 framege second Thevideo files from each camera position wemaeistamped and
stored on a disk drive located in the NVR enclosu@ver thecourse of the 2019 ginning season, &R
consumed four 4B disk drives

At the end of the seasodata from the thresub-systemswere compiled and analyzed lpotertial contanination
event. A potentiacontamination event was defined as any instawtere plastianaterial was removed from the
dispersing cylinders In some cases, the plastiaterial was removed from the cylinddrdore still images of the
plastic on the dpersing cylinders wereaptural. In many cases, the plastic removed fromdlspersing cylinders
contained tleas one RFID tag that identified theoriginating module. Using theRFID tag recovered from the
plastic, the module serial number was seardhetthe modue processing log from the RFIBeeder Bridgesystem
to see when thenodule was placed on the feedddsing he scandate/time from thg@rocessing log, the video data
from the NVR systemwas extrated and viewed to determinehat may have cawesl the ptential contamination
event onthe dispersig cylinders. Incaseswhere the module serial numbeould not be retrieved from the plastic
removedfrom thedispersig cylinders the color of the plastiovas used tcsearchthe processingog prior o the
time thematerial was removed from the cylinders aediew theNVR video datafor modules with matdhg color.
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Figure 1.Photo of USDA AS Module Feer Inspection Sstetﬁ’ ceras installed in bagkall of module
feeder dispersing calehatGin A.



Figure 2. USDA ARS Module Feeder Inspection Systhsplay showing live ideo feeds from top and bottom
cameragtop and bottom left side images)stalled in the dispersing cabinet along with the tasiii§images(top
and bottom right sie imags) captured of the dispersing cylinders.

bothsides of themodule feeder bed.
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Figure4. Photoof the enclesure box monted below the madle feeder bed at Gin A that housed tiectronics and
displays for theRFID Feeder Bridge (leftlisplay) and NVR (right didpy) systems

2020 System Desiption

The module feeder mutoring systemused in 2019vas modified in 2020 and inatled at Gn A ard & a second
ginning facility in the Texas High Plain&in B. The newmodule feeder matoring system waslesignedsuchthat
thethree independ# data collectiorsystens originally installed onthe module éecer at Gin A were integrated to
operate on one PC and store the data common locatiolon a 2 TB portablsolid-state drive The USDA ARS
Module Feederrspectionsoftwarewasrecompiled to run on Windows 10 and wasdified toallow still image
capures based orthe modulefeederrun signal status.A timing routine was written into the FL software
controling the module feedded at both gins tcautomatically pusethe feeder bed foa ginner specifiedime
periodandfrequency The bedpauseduration was approximatelylls at both ginsandoccurredonce every80 min
A dry-contact relay wasctuatedby the PLC during the bed pause eversignalingthe USDA Module Feeder
Inspecion software tocapturestill images fromthe IP canerasmounted in e dispesing cabinet(figure 5) at the
endof the bed pause eventThe USDA ARS Module Feedemngpetion softvarecreated alata file that contained
the bed pause ermenumber, timestam@rd thefile pathnames for the still images from bofhcameras.New balk
facedmounts were degned and installeébr use with the USDA Module Feeder Inspector systamearasat both
gins in 2020 The new camera housing allows fef 30 degrees ofameraelevation adjustmenallowing the
cameras to be positioned asaled on thedispersing cabineback wall regardless daispersingcabinetdesign
(figure 5). Additional software changes were imporated hat allowed for automatidetection of platic on the
dispersing cylinders via machine vision analysis ofdheeraimages. Addional work is ongoing tamprove the
performance of the automatic detection featurehef software because perationof the system revealed that
sufficientand uniform Ighting of thedispersing cylinderss critically importarn for optimal automaic classification
of plastic on the dispersing cylinders




Figure 5. Ball face camera mount installed at Gin B (A) and desaytel (B).

The RFID Feeder Bridge sfiware waamodified to allowthe collecion of video data fronsix IP cameras.The six
camera positions used at Gin B are shown in figuend the cameras were positioned similarty the module
feederat Gin A in 20®. Each camera was connectedapower over ethernet (POE)etwork switchthat provided
power anddatatransmissiorfor each cameraThe IP cameras wereonfiguredto stream realime data back to the
PCat 7 frames per secdand thevideo strearm werestored in aemporarydatabuffer. When the RFID tags on a
module being placedn thefeeder were scanned by the system, the softwererded the timestamp of the scan
event and later extracted video data from eacheca for a specified period beforedaafter theRFID scan event.
The video data sgment was st@d on theportable D on thelocal PCwith the filename including the module
serial number (from the RFID tagskytd/time stamp, and camaramber.
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Figre 6. Photcshowingnumbercbamera posibns usedon the module feeder at Gi
are located between camerasitions 1 and 2.
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New software was written tdelp conbinethe data collecté by the USDA ARSModule Feder Inspction sysem

and the RFID Feeder Bridge softwarelhe software named flnspection Rgort Builderd creded acomma
separatedialue (CSV) file that containetthe information from the data file created by the USDA Module Feeder
Inspection systeralongwith the module serial numbers and associated unloAdiwgapping video filgpathnames

for each round modulscannd by the RFID Feeder Bridgensie theprevious bed pause event. The report
generated by ik softwarecontained active hyperlinks to the stithages and video files for each moduteaking
extradion andinspection of those files much simpler deds tme consuming than the process use@019. The
same data analysis process used in 2019agam used in @20 wherebythe module condition ator module
unloading/unwrapping processes thatdldéa the potential contamination event were doeantad. Howe\er, the
system improvemestmade in 2020elped tareducethe analysisime significantly from 209.

Module Handling Procedures

Round moduds weretransported, handled, stored, aidced orthe module feeder differently at Gin B compared to
Gin A. Flat bed semtfrucks hauledill round modules fnm thefield to the gin yard and were loaded and unloaded
via wheel loader. Round modulesverestoredon thegin yard and loaded on the module £ecerin wagonwheel




orientationwith flat sides ofadjacent modules coplanar. uique unwrappig system specifically designé¢al
handleround modules imvagonwheel orientation was udeatGin B but wil not be discussed in this measmuipt to
protect peertial intellectual property rights of the inventors.

In 2020, Gin A modified thappro@h ramp that & module truck backs onto agitsitions to plae modules on the
feeder bed. The new rampprovel the trajectory of modules as they come off thekibed so that they teledto
stay upright afteflipping onto the feeder rather than falling forward or backward. AGaftso changed tlie
techniquéfor unloading small dhmeter module§om theway they were handled in 2019In 2019, small diameter
modules were flipped off the truaknto the feeder bedst as &rge diameter moduldmit they often fell forward or
backward after landing on the feeder beddoese they lack thitat end suface area to gport themodulein upright
position. Once themodule was laying on its side, the gin crevas often unble torecover any trapped plastic
becaise the module could only be rolled a short distance before Bteaged by the feeder side wallh 2020,
smell diameter modules wereffectively rolled ontdhefeeder bed in wagewheel orienation so that workers
could more easilyeposition the modules tecover any plastitrapped between thetton and module feeder bed
rollers.

Resultsand Discussim

2019 Results

A total of 77 potential contaminati incidentswere documented at thmodule feeder agin A in 2019. Thegin
processea total of41,236bales and had 18 plastic callmages analyzed for one potentiahtamination event
that occurrean 10 November2019are shown in figurg?, 8, and9. In this instancepink module wrap wasaught
by thebottom dispersig cylinder a seen irthe lowercamera imagéfigure 7) Upon remowl from the cylinder,
the plastic did not contain an RFID tagasy other meas of identifying the specific modufeom whid the phstic
originated(figure 8) Additional green plastievas removed from the dispersinglinders and stored in the same
container as the pink wrap. The pimodule wrap color was used teview the RFID scanning log and determine
whenmodules with pink wrap wer@laced on the feedetJsing the RFID scaavent date and the, the video of the
unloading ad unwrapping eents for the most recepink modules placed on the feeder wesgiewel andrevealed
an unloading misap for themoduk $own in figure 9 The module fell backwartoward the truckvhen it was
unloaded trappinga portion of the wrap material between the cotton and the feeder bed rdllergyin crew was
unable tocompletly remove the trappedhodule wrap (figure 10)andthe remaiing portion was caughby the
dispersing cylinders.
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Figure 7.Lower dispersimy cabinet camera still image of pinkaptic caght on bottom dispersing cylinder.



Figure 8. Pik plastic remoed from lower dispersingylinder by gin crew afterdetection va dispersing cabinet
camera image Pink plastic stored with green plastic warad at the santime from othedispersingcylinders.

Figure 9.Imagetaken from the nloading video capturetbr the pin ulen view (camera 2) The video

showed thathte module fell backward onto the truck and module feederttzgapinga portionof the wrap material
underneath the cotton.
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Figure 10. Image takemom themoduleunloading vigto (camera ¥'showing plastic @maining under the cotton
after attempts toemove the trapped material.
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2020 Results

In 2020the new integratednodule feedemonitoringsystem capireddata for 19 poterdl contamination events at
Gin A. Theregonal crop was consiably snaller in 2020 compared to 201@ue to lack of rainfall Gin A
processedl 8,133 balesn 2020and had 7 bales called with plastic contaminatidm example ofone potentih
contamination event captured by the integrated mofikddermonitoring systemat Gin A in 2@0 is shown in
figures 11i 13. In this evant, yellow modue wrap plastic was calt by the lowest dispersing cyliadas seen in
the image from theébottom module feeder cabinet mera (figure 11). Upo remowal of the plasticfrom the
dispersing cylinderthe module was identifiedy serial number19410229688from the RFID tag found on the
plastic. Because of the presence bétRFID tag, the mateti was identifiedas part of thénside opaqueleading
portion of the wrap material thaloes not contaitacky layer adhesive. Using the module semamber the
unloadingunwrapping videdor the modulewasdirectly extractedand viewed The video shwed that the module
was unloaded properly witho issues and thelgstic wascut and plled to the top of the module &sstandard
practice at Gin A.However, when thevrapwas finally cutand removed from the mokuasit reached the midpoint
of the modile feeder, a piece of the yellowaterialfell betweermodule1941022968&nd the premusly unloaded
module The workers were unable to see thetjdana the cottonbetween the modules as a portion of the cotton
from 19410229688ell buryingthe plastic.
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Figure 11. Image of yellow plastic on lowest dispersmdinder at Gin A in B20.
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Figure 2. Image of yellow plastic removed from Ioweﬁispering roller (figure 10) showing RFID tagth serial
numberl941022968&hat wa used to identify thenodue from which the plastic originated.



Figure 13. Still image from thaunloading vid® capture for moduleSN 19410229688&howing pece of yellow
plagic rermaining in cotton between modules after wrap was removed fromphef the module.

In 2020, the integrateshodule feedemonitoringsystem captreddata for37 potental contamination events at Gin
B. Gin B processed1,782balksin 2020 and hadl4 bales called with plastic contaminatiodn example ofone
potentid contamination event captured by the integrated motidder monitoring systemat Gin B is shown in
figures 14-16. In this event, yellw modue wrap plastic was cght by the lowest dispersing cylimt as seen in the
image from thebottommodule feeder cabinet weera (figure 4). The seconaylinder from the bottom irfigure 14
showswhite twine accumulaibn on thecylinder. This twine isused torestrainconventical nodue tarpsin the
field andis oftennot removedrom thedispesing cylinders frequentipecause it pa&s little contamingon risk as it

d o e svead dff with processing timeUpon remowl of theyellow plasticfrom the dispersing cylindethe module
was identifiedby seral umber19403248068rom the RFID tag found on tha@astic(figure 15). Using the module
serial number the unloadinfunwrapping videofor the module was directly extractedand viewed The video
shavedthat the worker cut thenodule wrap justhead of thenodule trucktail shaftas is common pictice atGin

B. In this ca®, the cut was positionedaut 20 in below the hite separation tag on the outside of the madule
When the modie was rolled off the truck onto thedder bed, thenodule wrap fell out of thenwrapping system
and was trapgd under the cotton wheéhe madulerolled backward slightlgfigure 16) Thevideo shevedthatthe
workersremoved most all othe trapped module wraplastic,but an 8.3 ft x 5.7 ftpiece remained in the cotton
(which contained tha&entifying RFID tag) and was caught on tbevest dispeising cylinder



