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Evaluation and =odification of the U.5. peanut grading systes ig acCurring
in response to consumer and industry requests, in a meeting mf farmers,
sheller, manufacturing, Fovernment, and state repragentatives held in
Washington, 0C, in Novesber 1989, the following changes in the grading
System were among those identified a5 high pricris Areas needing to be
addressed: Labar reductions, a larger saszple size, objective dama
datection, foreign material piece count and type identification, detection
=f chemical residue, and maisture content rang@ (Sanders, 1989)., Recant
technological advances in machine Autemation apd computer based inspection
SyStems may address some of these needs,

Machine vision inspection of agricultuzal commodities provides the potential
to reduce labor costs and to =ore conzistently and dccurately determing Ehe
quality facters that ARSpEctors are currently trained to evaluate, In

ition, some characteristics of comnddities, such 48 E1ze, can be nore
accurately detersined Hiing machine vision thap by using mechanieal methods
{Cowell, 1985%), The abjective of this research wag tp develop low cogt,
Coaputer controlled feeding and sorting mechanisms integrated with a machine
vision syskem as an interaediaty Step in dwelapmg AN improved grading
Eystem far peanuss. Machines to reduce labor imvalved in shelling and
Temdving foreign Saterial frem sa=sples are alse being developed az parct of
an sutomated system.

LITERATURE REVIE

Cazady and Paulsen (1588) develaped 5 feeding mechanigm ra ‘eed corn kermels
L0 a machine vieipn aysiem. The systes utilized 3 sechanical linkage which
moved the kecne! from a conveyor belt inte the Fiald of view of the camera.
An air jet diverted the kermel based on the decision made By the computer.

Rehkugler and Throop (1988) Ceveloped a feeding systas for apples, byt it
does not lend itself well ta s=all sgeds, Maenpas et al. {18832) developed
a4 high capagity Automation inspection 5ystem wtilizing 3 conveyor belt to
feed a machine wiging system for Eocting roecks from lisestone, A line scan
cazera wviewed the objects and an air blast diverted rocks from the
lizestone, The Cofnveyesr cparated at a speed of about 5 m/s and 120 tons/hr
gf rocks and limestong were processod. Misclassificacion errors were -
L

Atkinsen and Heywood [1982) identified 2achine vigion ac a3 pPessible salutjgn
for the ident: ication of f i i
conventional ferms of identification have fail %

Green (138%) describe lighting ang maching vigion software fequirements for
the automated inspection of meats and packaged goods.  Mersch {19868) and
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Movinl (1986} describe lighting configurations, lighting sources, and
filtering technigues for the automated inspection of cbjects. Hill (1983}
doscribes procedures for measuring light levels. McFarlane (1985) described
the application of machine vigion to the food industry through the
measuresent of product thickaess, Petersen and Even (1986) gave an overview
of sachine wvision technoleogy, including hardware require=sents and image
enhancesent technigues.

PROCEDURES

The development of an actosated inspection system is being carried out in
tws phases: (1) developing a =achine vision based inspection systom to
determine guality facters, and (2) development of machinery to prepara the
sample for inspection. This includes sampling, removing foreign material,
and shelling.

The machine development for the second phase is currently under way;
therefore, anly the machine wision portias o&f the automated inspection
system is discussed here. The areas that will be discussed are: (1)
developsent or purchasing of electrical and mechanical components to feed,
sort and weigh the peanuts, (2] integrating these coszponents with the
computer, and (3] writing software to allow the machine vision Bystes to
communicate with the mechanical coeponents. A fourth, and very impoartant
thrugt, is the optical arrangesent of the machine vigion system and the
developeent of the algorith=s to deter=ine specific grade factors. This
fourth area is discussed briefly, but cannot adeguately be covered hers and
will be the subject of subseguent papars.

Electrical and Mechanical Componenis

A single kermel feeder from a peanut planter :2 used to place the kernels
anta A Roach conveyar. The conve : s a4 15%.2 e= wide and 183 em long
track (Fig. 1). Depending n the
120 PVC black fziction belt or a Dor
white belt is used. Both belt
speed can range from 0 to %
variable speed sotar.

¥ factor being determined, either a
:r ®1 FOA approved hard top accusulator
have low reflecrtance characteristics. Belt
through the use of a Dayton Model 22797

Fig. 1 Automated Sarting System

A pair of Guardian Electric Mode! 16p-C-120v solencids activate a gate to
divert the peanuts in one of twe direstions based on 2 decision sade by the
compuber. Thi; diverting action works best when no peanuts are in the path
of the gate when it activates, otherwise, the guick and firm action of the

E:EE Eﬂﬂdﬁgiaigf kernels. The I0 cm gate can move through 90° of arc in
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Scales can be positioned at the end of the belt and linked to the computer
to autnmnculg weigh the sorted cbjects. The Mettler Model SMEOOD scales
centain an R5232 port that allows comsunication with a computer.

The object is carried the cenveyor to the imaging area where it is
detected by an OMRON Medel EIP-R222 photoelectric switeh which indicates to
the vision system when an object iz in the field of view.

Hardware-Software Integrat ign

All hardware is integrated with the computer through a Hetrabyte MS55/MD1-
16 driver board. A rihben cable comnects the driver board with a board
placed in an expansion slot of the computer. Input or output modules
connect each component ko the driver board, The components are all wired
for either manual or jutomatic controllimg, The exception to the hardware
inteégration is the scales which are connected directly to the comsunication
port of the computer. A schematic of the wiring is shown im Fig. 2.
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Fig. 2 Wiring Diagram for Controlling the Automated Inspection
Systea Hardware

hine Vizion & B3t

The machine vision system is capable of 512 horizontal by 512 vertical pixel
resolution. Real time imaging ar the ability to process 250,000 (512 x 512)
bytes of information in 1/30th of a second {the camera scan rate) is
achieved by usi an Imaging Technologies, Inc, Model 151 imaging system.
The system contains a frase buffer ule, an analog to digital interface
module, and a pipeline processor module. A ca:gaq Model 40 portable 20 HHz
computer with an B0JB6 processcr controls e imaging system and the
Hetrabyte driver board for the automated hardware, Hewport Model Mp1000
white light projectors illuminate the objects and a Dage Wewvicon WTI-65
tube camera views the objects. The white light projectsrs sounted on aither
gide of the casera aim at the object to be illuminated. Arckinen £ 18-85
mn caséra lenses sounted on front of each white light projector provide
excellent control and balance of lighting conditions. A1l programming
utilizes Microsoft 'C' language.
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The lights and camera were sounted on Newport Corporation adjustable rods
and uﬁu. The Hewport Corporation table and sounting squipsant allowesd
for excallent control of camera and light placemsnt. An 18 or. black vinyl

ta enveloped the camera, lights, and a rtion of the conveyor to
tlﬁmt& variations in asbient %ghtinﬂ mrﬁm.

Software Requirements

Specific image analysis routines specific to this application will be
drscpssed in subsequent papers. Only general prograesing requiresents

needed to allow the coaputer imaging system %o commynicate with the
sechanical cosponents are discussed:

Ficure 3 outlines procedures for a program using 'C' language and
uu?.;mtﬂting with the HMetrabyte driver board. The routine automatically
starts the inspaction system and rung until the user terminates the program.
The sorting equipsent must be manually shut down.

fow initialize imaging system **f

f*= address the Hetrabyte driver board *=/
cutp (B33, 16);

F=* Initialize the driver board ==/
outp (832,0];

f** Inspection routinm *=/

outp [(8232,192); Ff** Start belt conveyor **/
outp [B32,224); f* Start feeder =*f

/%% Decision loop **/

:nlmtt ]

datain = inp(B832); /** Retrieve status of photosensor ==/

1f (datain ==-80] f** the walue of -60 indicates an object is in the
field of view *=f

.I.'""Snap an imagers/

:’“Malyze the image and make a decision for exa=mple is the image
"gead” or “bad"? *e/

T

1;.1' {image == "good) /** Sort cbject right ==/

cutp (B32,240); f** Turn left solencid on we f
for (= = 0; X¢ 30000; x++)
f*% Time delay to allow gate to move full
distance ==/
outp (B32,224); /** Turn solenoid off =2/

JI:-I limage == "bad] /** Sort object left ==

cutp (832,232); /*% turn right solencid on **f
for (X=0; X< 30000; =x=s)
/** Time delay to allow gate to move full
distance *»/
outp (B12,224); [** Turn solencid aff w=/

datain = §; fes peinitialize status of photosensor variable »w/
?“’M“l }i /** Continuously loop through inspect{ ) routine #*/

Fig. 3 Program Schematic to Allow the Decision Making Software to
Compunicate With the Inspection Systes Hardware,



DISCUSSION

The complate system described here serves 35 a reliable and low cast

iNSpeCticon Systes. Inp addition, the flexibility af the Systea makes it an

excellent tesl fgor testing new hardwarg Ar image processing and dnalysig

routines. The Metcabyte driver board can contrnl Up to 128 devices, and the

Newport table apd ACCRSSCCies can provide almogt unlisited adjustmants and

arra.n?umnnti of lights and cameras. The system views bwn dimensions of the
el.

If this system is to be used fgor ather products, some consideratians need
to ke made, Sipce the objects arg Mmaving wikth the belt when the ismages arg
acquired, some blur and field displacement OCCUrs.  The tolerance allowed
in the decigign being made will ceterming what ictions, if any, need to be
taken to sminisize these ercars. Blur ean be reduced using strobe lights ar,
mOre easily, by Shuttering the Cimera. The amount of blur that ecan be
tolerated wil] dictate the shutter 9 strabe speed. However, when
shuttering or using a Strobe lighe, anly half af the frame, either the odd
S even field, is grahbed and the vertical resolution ig cyg Approximately
in half, Some CAMECas are available whieh enable the entire frase to ha
transferred rather than one field and then the ather,

displaces slightly before the even field ig transfecrred. Thig aAppeacs on
the zonitor as a jusping or shaking image. Acquiring only ene field
eliminates ehe field displacesent, hie the vertisg] Tesglution is cut ip
half. wWhen dcquiring one frame, the ebject will nge Appear displaced, bue
if shuttering op Sirobing is nat used, a moving objeck wall Still appear ag
a4 blurred image {Swensen and Arcle, 1979 .

The systes described here utilizes only pne field to eliminate fimld
displacement BITOLE. Freliminary testing shows the Rarnels can be sized to
+0.02%4 mm (0, Qo0 inches| by finding the marimus diameter of the minor axig
©f a two-dimensignal i=ige. Fag damage determipakion, o Lical filters are
used to enhance the damaged pPortions of the hernels., Afrar dcquiring the
izage, the du:atunnm, based on grey levels, :1g determined , Currentely,
one 2-dimensignal view of the kerne! is bein Processed. The percent of tge
surface area discolored is ehen determined cause g-pater thanm 28% of the
kernel =ust he discoalored dccording to F5IS standards (Farmqrs® Stock
PRARULS Inspection Instructions] . Additianal damage detectign foutines and
foreign material identss iCAtipn are be:ag developed, The Cozplete system
Zan dutomatically inspect and 50rt an objec: every 1 seconds,

At this poant, the Software iz the rate limiting ste followed by the
500T1ng mechanisa, More efficient FESgrAM=ing or mare Eard'uare intensive
Computations can Significantly reduce the computation time., Futura efforts
will focis gn developing a three-di=ensional ViRWLNG apparatus and reducing
coemputation time. However, the systam serves well ag g lgu cost, flaxible
means of testing new ideas. Tha basie design shoyld Serve A5 a building
blesk to other fesearchers who desire te build a prototype feeding and
20rting system faor their dutomated inspection applicaticns .
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