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ABSTRACT

The vcurrent manval peanut inspection system re-
quires inspectors lo hand record about 14 million pieces
of grade information and hand caleulate about 8 million
percentages on the 600,000 Tots marketed annually, This
results in up to 26% of these manually recorded grade
L-.*rliliuulus}lun-ing crrors, Anuutomated data collection
system was developed that reduces errors in recording
and o deulating grade fuctors,  In addition, labor is
reduced sinee I'1"l."l'll"l']ll'|"" data electronically eliminates
manual recording, Ldlm.lhtuw and LIIHI:.L'.IIIU of grade
dala. 1|n.m.ll:nlhl'.r1|n:~|h.l|n|.|.h||ﬂr dollar valise was n'i%u ol
up to 11%. DE"[.IP]'lt']ll'l"f on thE bpe of error ocenrring at
specific buying points, implementing the system L-uuld
save the pc*rmm industry up to $6 million .mmmﬂ}
commercial Lu-m})uter company is marketing aversion ui'
the automated data colleetion svstormn for IH: with cur=
rent grading equipment.

Kev Words: Grading, inspection, peanuts, auto-
mation,

Current farmers stock ]'mannt impFrtinn pmrFrEanq
involve measuring specifie grade factors of farmer mar-
keted lots, hund-recording the grade factors, and hand-
calenlating results (USDA, 19900, This process oceurs
on cach of the GOO,000 lots marketed annually, requiring
hand-recording about 14 million picees of grade infor-
mation and hand-calculating about 8 million percent-
ages, This results in manverrors in grading peannts, The
peanut grading svstem has evolved from a system with no
mechanization (Elliott and Carmichacl, 1953) to the
existing system that includes operator- a.:»:-lﬁtl.:] eouip-
ment. However, the present system is still labor-inten-
sivieand subjective. Thus, 1'|wp:+.J.nl1t |Iu]ll-.t‘|:'\ T neste |
an automated grading system to reduce lahor and errors
inherent in the present system as they scek to cost-
effectively meet consumer demands for increased pea-
nut qudh‘n

Description of the Current Grading System. The
Federal-State Tnspection Serviee (FSIS) inspects pea-
nuts at about 300 locations annually throughout the
[Jhuml‘ belt that stretehes from Arizona to Florida and
Virginia using a grading svstem developed in the 1960s,
Aliond ?'U[H:Itmnpnmrvnu.p:*r_tu:u. grade these lots during
the harvest season from August to November. The
quality factors measured in the grading process include
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(a) foreign material (FM Y, which is debris such as sticks
and rocks: (b) loose shelled kernels (LSK), which ure
kernels shelled by harvesting and handling hefore mar-
keting; (¢} moisture content; (d) sound mature kernels,
which are undamaged edible kernels; (20 sound splits,
which are edible kernels split in half during shelling: ()
damaged kernels, which are kernels diseolored by lrecz-
ing, insects, or molds like Aspergillus lavus Link: (g)
other kernels (or oil stock). which are small inedible
kernels; (h) hualls; (i) extra lurge kernels, that are found
only in virginia-tvpe peanuts; and (j? ﬁnﬂ pods, which
are |Ar1§fr:‘ poeds found enly in virginia-tvpe peanuts. The
four Inujur peanut tvpes are spanish, runner, valeneia,
and virginia.

Figure 1 shows a typical farmers stock grading process,
The gmdlm, process produces two 1.5-kg w.unpl:—“s by
sampling tive to 20 random locations mthm a 4540 to
18, 160-kg lot using a pneumatic sampler. One sample s
araded and the other held in reserve in case an error
oceurs in grading the first sample. FM and LSK are
removed from the grade h.nulrrlv weighed, hand-recorded,
and the percentage of each is determined either b hand
calenlation or with a ealeulator. Penalties a ply to lots
wilh more than 4% FM, and lots with mare Ll]m.n 10.495%
must be eleaned and resampled before marketing. Pen-
alties are about 81 per percent of FM and eleaning costs
are about $16.530/t. L5Ks receive an oil stock price that
is aboul 1/10 of edible stock price. Whoele pods from the
cleaned sample are reduced toa300- or 1000-g subsample.
depending oninitial lot size, which is presized to improve
shelling efficiency. After shelling, the kernelsare sampled
for moisture content and sized on a screen shaker.
Muoisture content is band-recorded and moisture above
10.49% requires the lot to be further dried and regraded.

During sizing, the kernels are separated into three
fractions: large kernels that cannot fall through a specifie
size slotted sercen (6.4 x 18 mm for runner-type pea-
nuts); kernels that fall through the sereen, which are oil
stock: und split kernels. The w :-'itfht for each category is
hand-rec m{iiHl and percentage h.md stlenlated.  The
kernels riding the sereen and the split kernels are visually
inspected to determine the percentage of discolored or
damaged kernels, and this number is again hund-re-
corded and caleuluted. Undumaged kernels riding the
sereen and undamaged split kernels command a price of
abont $1.05/4ke, Al kernels are examined for visible A

flacus, which is an indication ol possible aflatoxin con-

tamination; and detection on any kernel in the sample
rejects the entire lot. The farmer has the option of
accepting il stock price for this lot or withholding it from
the market and ||.l.:||1.tf the e anitty for secd or other
nonfond purposes. \umprmls samples ean be at various
stuges of the cleaning, presiving, shelling, moisture mea-
surement, kernel sizing, and :l:umlp;v detection provess
at any one fime.

After recording all grade [actors on a grade certilicate
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Fig. 1. Flow chart of the eurrent farmers stock grading process that
includes a manual data collection svstem. The sample from the
lot includes foreign muterinl (FM) and loose shelled kernels
(LSKDL

similar to the one shown in Fig. 2, the peanuts arc
purchased and the lot is placed in acrated storage. Buy-
ing point persomnel then keypunch the information from
the grade certificate intoa program that caleulates the lot
value, Undamaged. loose shelled, and oil stock kernels
add value o the lot; whereas excessive moisture, spIiL
kernels, FM, and damaged kernels result in penulties,
The lot is eventually shelled und processed into edible
products or erushed for oll, depending on grade.
Problems with the Current Grading System. Sam-
pling, equipment, and human errors contribute to inac-
curacies in the current grading svstem, These inaceura-
cies can cause significant over- or under-payment to the
seller, improper segregation of the peanut lot, or inaceu-
rute grade information supplied to the buver, Dowell
(1992). Dickens et al. (19584). Davidson et al. (1990), and
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Fig. 2. Automated data collection system version of the FSIS grade
certificate. The grade certificate used for munual data record-
ing {4 similar,

Whitaker et al. (1991) reported coefficient of variation
values that ranged up to 30% for all grade factors. Dowell
(1992) reported that equipment and human errors ac-
connted for approximately 24% of the total error.
Procedures requiring inspectors to uccount for all
grade fractions can influenee human error. The allow-
able tolerance, or wmount of sample that can be lost or
guined during the grading process, is 5 g, or 1%, assum-
ing a 500-g subsample size. If this tolerance is not
satisfied when adding all fractions of the grudcd sample,
regrading is n*qn:in-‘tl. Dhue to time construints, inspec-
tors may use a subsample larger than 300 g to ensure the
tolerance is met if some of the sample is lost; but they
make caleulations hased on 300 g. However, this error
results in an over-estimation of grade fuctors.
Handling the large volume of samples graded each
veur also contributes to human error. Inspectors Land-
record up lo 24 numbers and hand-caleulate up to 14
percentages on cach of the 500,000 lots marketed annu-
ally. Unpublished research by the Agricultural Research
Service (ARS) and the Agricultural Marketing Service
{AMS) during a peanut storage shrinkage study showed
that up to 25% of the hand-written grade certificates
comtain illegible data. ealenlation errors, or missing data:
and up to 17% of these errors cause a change in dollar
value of the load. Opporlunities for errors also exist
during keypunching grade information from the hand-
written grade certificates into the program that deter-
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Table 3. Comparison of lot value variability ealeulated from geade
factors recorded manuwally to values caleulated using an anto-
mated datn collection (ADC) system. Datn from individual
spmples was both hand and automatically recorded. The ADC
curried all decimals in enleulations wherens the manual method
romndled ealeulations to the nearest integrer.

Wliannal method AL _Hedwctjéu;
Year  Samples  Avg Var. Mg Var, i var,
i, - . Bt %
(R0 355 TELAT RANATT TRL41T ARRE" @0
19492 13 &0LA5 T9LA5 TRROF  TORSSY 107

“Averages for the same vear were nol significantly dilferent at the
P=0.05 level.

"ariances for the some vear were significantly different at the
P=0.03 level.

factors and value. with the remaining error caused by
sampling. Thus, implementing an antomated duta col-
lection svstem can reduce total error abont 1 to 3% sinee
the r_untnbutmu of measurement error is reduced about
Sto 1159,

In order for the peanut industry to implement the
automated data collection svstem, the svstem must show
economic returns. Table 2 shows thal in Phase 4 testing,
the buying point could save over $8000 per vear from
uu_-rrn.u,fuwnh eansed by errors in the manual method.
However, other Phase 3 testing in Texas showed that the
buying point would lase over 81000 per vear from under-
pavments to farmers, .'1|L]Jullg]| this value was nol statis-
tically significant. Another source of economic return is
1|||_ 1_||||,]:|n.|.l'|u|1 n| lhg ||]..||'|ll.1||1..‘ recorded official }_,rnlt]r'
certificate since data are colleeted electronically, resnlt-
ing in a savings of about $100 annually per !Janme point.
,-".]sn the automated data collection svstem t‘l;]ujiutu.
manual kevpunching of the grade data into the current
Buving Point Automation I ogram, which calenlates
]1111.11“-rnt~. tor 1.’,'111““"! The L]-.ll-ﬁ can be elect r'ﬂl'lh":l”'-
transferred, saving about $300 in labor annually p(r
]"|:'r'| "5; ]1““]1 .L]HH ]\ L1 .1|.1:'l|. ..I].\';] 'ﬁ![] L Itl"':]._:".'-L'ilH 5 S0 L|‘|t|
not have to calenlate figures on official grade certiticates,
and they could eliminate the current practice of checking
the: uecuraey of manvally entering the grade data into the
Buying Eoint Auntomation Froorum. This should reduce
|||51‘||_~|_t|un labor eosts aboat S“hl]{} antally per ]Jll\llj;:'_
pr_rmt Thus, reducing labor and errors cenild resnlt in a
savings up to about S$10.000 annually al a 5500 tvear
hlnuu._pmn’r depending on the types of errors oceurring
at a location. Implementing the automated data collee-
tion system at all buying points could save the peanut
mdl_l:trv up to 56 million annually.

Additional economic savings may result but are diffi-
cult to quantify, For e \.uup]r implementing the auto-
mated svstem reduces errors in rﬂurdnu{ peanut qud.hh
[actors, thus resulting in better decisions about subse-
quent handling of the crop. This should result in better
segregation of inedible peanuts since damaged kernel
caleulations are more accurate, |u'ttvl‘ L]I"'.nlj:‘ pmtuu 5
sinee moisture content is more :u:L'urutel:.-' recorded.

Table 4. Reduction in variahility achieved by earrving all decimal
places in caleulstions verses the present method of rounding all
percentages lo the nearest integer. This comparison includes
only data from the Automated Dats Collection svstem.

Value rjrerermnwd

I{Lmnt.l.u i No rounding  Reduction
Year  Samples Avy 1‘m'.lr. Avy Var.  in var,
M, emee— [ — [ — %
1941 335 T3LE1*  BRISTY TEL4l* G3RAd4Y 34
1 1#I2 150 ThnZ TARSAY TosHG TORARE" AT

Averages for the same vear were oot sipnficantly different
Pall (15,
"WVariances for the same yvearwere significan bl different at P=0U05.

tewer problems during storage since lots with excess FM
are more aceorately determined, and improved shelling
clficiency since accurate grade information isessential to
properly setting shelling plant parameters. All these
henefits should help the peanut industry rednee operat
in_g‘ costs and im prove peanuk qualit}' 1'9;1ching CONSILm-
ers, Lhus ultimately inereasing consumer demand for
peanuts,

Several buving points corrently use the commerciul
version of the automated data collection svstem devel-
oped in Phases 1-4. However, caost of the system
(~210.000% is hindering Turther implementation, The
system developed in lew 3 (Fig. 3) for the proposed
antomated arading system (Fig. 4) is much less complex
and uses I’rm-r external devices, thus reducing cost,
!‘Lpfrﬂ\ al for the propose (| automated cleaning, Sh{‘”:nﬂ;
and sizing equipment is currently being l:nur:-.uml If the
antomated grading equipment is impl:—*meulvd werhaps
a method w implement the antomated data collection
svstem is to give the specifications for the svstem Lo the
peanut hu‘l-'i]u-_r, point ope rators s0 lhc\ can install and
suppaort the system.  Typically, ld!’Er Colmpinies own
many buying pmnh and anlm tull-time computer sup-
port l:ncrsﬁnne] Allowing these personnel to suppaort the
automated data collection svstem should reduce costs
associated with commereial computer companics install-
inﬂ and mppurtiuﬂ the systetn.

Tn summary, the antomated data collection systenn
developed in this research for currently used "]:i.dlll!_h
rooms reduces errars in collecting and caleulating grade
Factors while meeting all ||1du5ln requirements.  The
data are elﬂtmlm_a[[x stored, thus reducing labor for
subsequent !-.:*}111111(*F|mg of data into programs to caleu-
late value., The automated svstem also reduces inspector
labor by eliminating manual recording, ealenlating, and
checking grade data. Depending on the tvpe of error
oceurring at :.pt-ullu; huunu' puints, uuplunultluj{ the
system o onled result in a return of whout £ 10000 anmually
per buving point. A separate antomated data o ollection
u:-,tu_uu tlL\L]UIJI.d lu|{q_l|u_ r with |':|ru|':|nt.|-r1 autonated
sample cleaning, shelling, and sizing equipment provides
h!l!l'l'l!lsrl]" henefits at a lower cost.
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mines lot value.

Increasing sample size reduces sampling ervor since,
thearetic 1"\ doubling sample size decreases ==1mp]1ng
error by 50%. The peanut industry thus requested
uuupl# siwe I:u- increased to improve !_.r.ulun_‘ HECHTIeY
{National Pearmt Conneil, 1988). However, increasing
sample size is difficult with the present svstem since
graders are trained to hand-calenlate prades bused on o
500- or 1000-g subsample. A subsample size aother than

500 or LO00 g cannot be wsed unless the burden of

calenlating grﬂ:le percentages is removed from the in-
spector. Thus, to rednee human and sampling errvor, a
system that eliminates hand recording, eliminates key-
puncIum{ data. and makes ealculations using any sample
size iy needed.

The specific objectives of this research were to (a)
document manual data collection errars in the present
grading system and (b] develop an automated data col-
lection svstem for grading farmers stock peanuts.

Materials and Methods

The initial portion of this research concentrated on estab-
lishing svstem requirements. ARS. AMS, and F51S devel-
ope s a document establishing minimum spoe cifications that
any automated data collection system must meet (USDA,
1992}, Briefly, the document s |'nth|ll to get SIS approwv al
{a) the antomated data collection system must not slow the
current grading system, (b) data must be accurate, (¢) the
system must he reliable. and (d) the svstem must be user-
int-ndh All reguirements are qLIdI!]L]lIL d and discussed in
detail in that document,

Development of the auntomated data collection system
oecurred during live phases (Table 1), Phases 1 and 2
determined the feasibility of certain tvpes of automated
data collection equipment, Phases 3, 4 and 5 determined
the ellects of the antomated data eollection svstem on the
current grading svstem und when used with other proposed
automated gmﬁmu equipment. All programming was done
in "C" language. The following discussion is broken into
Lwior soelions, one seclion re 1':url||1.1__t]u svslem e \:llu['n:n: 1l
to complement eurrent grading equipment and the other
section reporting the system de ‘.'Plﬂl“lmt nt to complement
E}J’r}l]n'ﬂ_ Ll dl]t(}'l |]..]t|:, 1! '|._|r.d{{lr|5._‘ 6 1:||.'||'|'JI|||1, |'|t

System Decelopment for Current Grading ?uip-
ment.  Phuse 1 testing consisted of interfacing o digital
halance to a computer as part of a larger project that
evaluuted the feasibility of automatically identifying and
sorting damaged kernels (Dowell, 1990). Testing was lim-
ited to about 50 samples und laboratory personnel con-
dueted all tests.

Phase 2 development and testing evaluated the concepts
ol interfacing o digital balanee, L:iulli al mnisture meter, and
4 hand-operated bar code reader with ane computer. Har
code I':‘..'Ij:.:l‘.‘-‘ recorded Rzu'np]r iclentification and eliminated
the need for inspectors to use the computer kevboard, Tn
field tests, svstems conlaining only the {mr code reader and
computer were placed at one buving point cach in Geargia,
Texas, and Virginia and two hm.mg points in Alabama.

These tests determined the ease of use and relinbility of

uging bar code readers in gr&r]|11g rooms. The bar code
readers collected time and sample identification informa-
ticm on 40 ."hi:.I.THEl]I."\ s prart al sepuarale .~21l1dr'~.' to deter-
mine the [easihility of measuring aflatoxin in grading rooms

Tahle 1. Automated data collection (ADC) equipment tested during
various phases of the system development.”

Cost (5]
Phase 1 (1955-5849): Objective: Demaonstrate Eensi'hi]ilr\' of ADC
Computer - SU556 cpu, 20 MB band drive, 2 3B BAM. 16
M AN
Total cost 4000
Test location - Mational Peannt Research Labs, Thsasan, GA
130 mmp]?ﬁ}

Phusc 2- I:lﬂﬂﬂ:l ﬂb]ur.l:n‘c Demonstrate rchablllh of A'l'.'lf‘
in field conditions
Computer - 30256 cpu, 20 MEB hard drive, 1 MB RAM. 5 Mhe 500
Bar codes reader - Welel Allen 5T| i [1\\'1'|.|'|| .'I.|]:c::|
Skancateles Falls, XY S50
Printer - Brother MLTU9 { Brother ot Corp, Plscatuway, N 500
Port extender - ACLIT 8 port board. 10 Mz, 80188 CPIT

i Srargate Tech, Ine., Solon, OH) | 203
Cables, conneclors, ele, 100
Total cost per location 3550

Test locations - National Peanut Besearch Lab, Dawason, OA
1550 samples): Gelden Peanul Co., Ashburn, GA (2225
sanplest; Golilen Peanut Co., Comanche, TX (457 samnples);
Birdsong Peanuts, Franklin, VA (739 samples): Sessions
Co.. Ing., Enterprise, AL (790 34.111!1]|.'~.:: Diesthian O Mill
Co, Newndlle, AL (276 .*ZH.111"I]|:"S'

I’h*lse.i E]H&HI Ul:r_peclne Compare ADC Lo llu. m-m:lunl suln:n
Computer - 5055 cpu, 10 MB bard deive, 1 MB RAM, 8 Ml 500
Port extender - Stargate Tech PLUS-S multiport expansinn

I'uu11't| Tl
Bar code scanner - FSC 3312-2002 (PSC. Webster, NY) 1150
Koy pad - Two Toechnolopgies TTIR2-2ND (Two Teds e,
Horsham, TA) 1753
Surge protectar 63
Printer - Brotler M1T0S 400
Cables, connevtors, ete. 2N
Total cost AT

Toest lovation - JACD huvj.ll;f point. L\':L'ahur" GA (355 s.dJII]'.I-]I'.‘S:l
Phase 4 (1992): Ohjective: Test final AIDC system lor use 1uulll

eurrent graoding equipment

Computer - 50286 cpn, 20 MEB hard drsve, 1 MB BAM, 8 Mhz 500

."l.'||:|||1:u'||r'||:|||.|' TOTOE I_E_I WD
Port estender - Stargate Tech PLUS-S multipon expansion
bionar] T
Bar code seanner - PSC 3312-2002 (FSC, Wehster, NY1 (20 2300
Ky lﬂd = Two 'I'nr-hnu!r;gu < TTIRZ-25013 (3) 5%
Surge protector (3] M)
Printer - Epson LOST0{ Epson America Ine. Torrunce, CA} 260
Cables, comnectors, ofe 20
Total cost - Research version 3333

Total cost - Commercial version (AutoSieve/ 1 (Sage Swslems
Teeh. Melboume, FL) L0000
Test leation - Stevens Inslisteies buying print, Dasson, GA
(L5 samples)
Phase 5 (1993-94): 'I:I]:rjm:tl'\'l:: Test ADC for prupum:d automated
grading equipment
Computer - S0256 cpn, 20 ME hard drive, 1 ME HAM, 5 Mhz 900

Monochrome maonilors JLLY]
Tort extender - Stargate Tech, PLUS-S multiport expansion
|!'|||:ﬂ't| T
Surge profectar - [zakar 1H-f (5]
Printer - Epson LQGT0 260
Cables, comnevtors, cte, 1)
Total cosl 2193

Test location (18930 - National Peanut Research Lab, Diwson,
GA (2 svstems, B2 :amnp]e-i.
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Tahle 2, Errors such us invorrect ealeulations, illegible handwriting. incorrect rounding, and missing data occurring on manually recorded

olficial grade certifieates.

1551 1662 1503 160
(Phase 31 (Phose 1) i Phase 51 (Phase 51

Tiata Collected CA A CA CA VA ™=
Tuotul samples (no.) 333 150 /22 1175 S G4
No. grades with errors (4] 26 25 118 EN S 1.1 3.3
No. errors affecting value (%) 12.1 17 23 21 3.6 15
No. ermors cosling the farmer (%) h.2 1] 1.1 07 2.0 1.1
N errrors costing the buying point (%) oY 17 1.1 L4 LG 0.7
Avg, & lowst hﬂ.' this Earmer (2] T 1] 5,19 786G 12,04 24 857
Avg, 31 lost by buving pt.* (3} nr 1075 T.hRZ §.22 11.50 L19
Max, erront [5) 10,17 2283 3305 23,14 25,23 .93
Total st offect on baving pt.b ($) -1 S1G0* =124~ 206+ 260 (Ve B

Claleulaled anly on those lols with errors

=Assumes a 5500 thr buying poinl.

nr = not reconded.

“Net ellect was not significonthy different from $0at P=0.10
*N et effect was significantly different [rom S0at P=0. 10

and LSK weights, In analvzing the data, accuracy of
recording grade percentages andl subsequent lot value
was used Lo compare the automated system to the cur-
rent system. Tests showed grade pereentages differed in
26% of all lots graded (Table 2}, These differences,
cansed by ronnding ervors, affected lot dollar value 12.1%
af the time. Lot value was calenlated from all grade
Factors, excepl FM and LSK in these tests. Differences
in the percentage of undamaged kernels caused the lol
value to differ in most cases. Although all grade factors
contribute to price, undamaged kernels account for over
90% of lot value, The aulomated system exceeded the
manual system by a maximum of $10.17/4. Acrossall lots,
the net effect of the rounding errors approached zero,
However, these tests showed that implementing auto-
miated data collection reduces errors in calenlating price
in about 12% of all lots.

In Phase 4 testing, analysis of the data revealed that
the automated system and manual system dilTered on
25% of the grade certificates {Table ‘2) even after cor-
reeling for rounding errors. Differences in undamaged
kernels accounted lor about 63% of errors while differ-
ences in oil stock kernels and hulls aceounted for the
remaining errors. Anincorrect cleaned subsample weight
used in all manual undamaged kernel, oil stock kernel,
and hull caleulations acconnted for all differences. For
the 17% of lots with this error, the actual price was
overestimated in the manual svstem by an average of
$10.78/t with a range of $1.54 to $22.53, All errors in this
phase resulted in increased cost to the buving point,
resulting in a total cost of about $5150/47T tor an average
3500 Uyvr buving point, The experime ntal ilesign Jllnt]'!!'i
te':hnj._thd ot ﬁlp w measuring thiserrorin nthﬂr phases.
Phase 4 completed research dl]d testing of an automated
data collection system for current grading rooms and
Sage Svstems Technology (Melboumne, FL) currently
markets o version of the system approved by FSIS,

In Phuase 5 testing, the automated data collection

swslenn was used with the L}mpusucl automated ﬁ'mdmu
equipment. Thus, Table 2 shows results from examining
munually recorded offivial prade certificates for inspee-
tor errors Phat wonld be eliminated with the antomated
data collection svstem, not from data collected with the
automated system.  Errors in manually recording or
culeulating FM, LSK, or undamaged kernels accounted
for most incorrect values. An error in LSK or M not
only alfects LSK value or FM penalties but, more impaor-
tantly, affects the amount of material for which the
farmer is paid. Thus, underestimating FM or LSK by 1%
results in overestmating net weight by about 1%, Over
9% of the lot value is then determined from that over-
estimated net weight using the kernel estimates mea-
sured during ﬁmdmg Only one of the four tests in Phase
3 showed significant lluunnr point cash losses due tw
errors in the manual tht-'m
In addition to the advantage of eliminating many
roc url.hn-f andl f.ql]i.ll]‘]h!'i'q Orrors, the automate .r] svstem
increases the accuracy of caleulating grade percentages
by eliminating :'Llnunu:J.u:ltI Tables 3 and 4 show the redue-
Homs in doll: n‘ value v .I.I‘!.l|!I1]I1'lr nehivved by eliminating
ronnding and ather errors. Variance was caleulated from
dellar values determined an individual lots.  Table 3
shows that, while means were not signilicantly differcnt,
dollar value variances were reduced ln about 5 to 119 by
Ilﬁlm_’ e e antomated data eollection e st This re duL-
tion in variahilitv reflects Ehmm'lhng ronmding errors as
well as olunnmt:m:r ather errors associated with mannal
recording, Table "4 shaws reductions in variability due
E'{Llllbl"-'ﬁ'l"r to ilm‘mlﬂ.tmﬂ mundmﬂ A rccluctmn in
variance of 3.4 to 5.6% was uchieved ;mlph v eliminat-
ing rounding. Comparing reductions in variances shown
in Tables 3 and 4 reveals that abont 30% of the redonction
in dollar value variance achieved by the automated sys-
temn was due to the elimination of rounding errors,
Denwell (19921 showed that measuremnent errors con-
tributed at least 24% of the total ervor in measuring crade
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Tahle 1 iContinued)

Tesl locations | 19947 - Birdeong Peanur Co Snffolk, VA (554
sawmples); Golden Peanut Co., Comwn, TR (546 samplos);
Sinithwille Peanut Co., Smithville, GA (1174 samples)

Most grading roomes already bove @ PMBIE Dalunee (S1600}
[Mettler Instrument Corp., ightstown, NJ1and GACTTor GACZ000
poisture meter [ $315000 DICKEY-jobm Corp. Aoburn, ILL Thos. the
eost of these is ot included in the price of any system, Most current
grmltn;.: TS TequiTe tw halances, However, the [!mprrﬂ!t] k-
mated] grading equipment requires onby one balanee, thus reducing
st

(National Peanut Conneil, 1990}, Using a hand-held wand.
the inspector seanned bar codes allixed to a sample identi-
fication sheet ut specilie intervals in the grading process.
Unlicensed inspectors conducted all tests.

Other tests in Phase 2 evalualed the feasibility of using a
halance. moisture meter, bar code reader, computer and
printer when grading 550 swmples in a separate study in
1990 which reported sample size affects on grade aceuracy
(Dowell, 1992). That study reported uni_;' sample size
results and did not include data collection proceduores. A
mulitport expansion board interfaced all components to the
computer, Licensed FSIS inspectors conducted all tests,
Electronic recording of weights oceurred by placing asample
on the balance, scanning a bar coded sample identification
number on the grade certificate, and seanning a code from
a4 menu identifving the particular grade component (ic.
FM, split kernels, vte.) on the halance. Electronic recording
of moisture oceurred by scanning the sample identification
code, placing the sumle in the mobsture meter, anel then
measuring the moisture. After recording all grade factors,
seanning the sample identilication and print command from
the bar code menu generated a printed grade certificate
{Fig, 2). All data were saved to an ASCII disk file. Unfin-
iH]\I'{] gf.‘“]l_" H]II_'L"{!. W .‘i.!ﬂ]'ﬂ'{] ;.'I.I'Ir.t ]‘L'L'-;l”L"I is I'll'i"lill‘d
before printing. thus allowing multiple samples to be at
various stages of the grading process.

Phuse 3 of the automated data collection tests sought to
further simplify the system by replacing the hand-held
wand with a stationary bar code seanner, In addition, a 25-
kev pad with grade components printed on cach key re-
placed the bar code menu. Thus, the inspector plueed a
particular grade component. such as FM or damaged ker-
nels, on the balance, placed the sample identiflcation bar
eode contained on the grade certificate under the seanner,
and presscd the appropriate key corresponding to the grade
component being weighed, When a key was pl‘l'“l'fll. the
svstem read the bar code. polled the balance or the moisture
meter, then stored the grade factor, moisture or weight
reading, and sample identification in memory and on a disk
file. When the inspeetor wished to print a grade cenilicate,
the program lirst checked for eritical grade factors to deter-
mine if the grade was complete. A message {lashed on the
sereen ifaeritical grade factor was missing. Tlthe grade wus
complete, the svstem paused while the inspector placed a
h]amL grade certificate in the printer. This system allowed
up to 99 samples with different sample identification bar
eodes to be at various stages of the grading process. Nor-
tmally, momore than five swnples are graded simultancously,
If a sample code was scanned, the file was searched to

determine if other components for that sample already
existed, I so, that file was retriey ed and the j_lrﬂ.{]t‘ clata
atlded. This system was tested in the field nsing F515
licensed inspeetors on 355 samples during the 1991 harvest
season, Asin Phase 2, useof the l-u':n. hoard was not :I':-‘qﬂi.l:‘t*t]..
thus it was locked in aventilated. dust-proof enclosure with
the compuler. During these fests, the inspectors operiting
the antomated svstem also [illed out a separate hand-writ-
ten grade certilicate according to standard procedures lor
later comparisons.

Thus far, the data collection system contained only one
balanee. However, miost gr:.u]illg rooims with bwo or more
inspectors place one or mere inspectors at the cleaning
stution and the remaining inspectors ut the shelling station,
This allows sample staging and speeds the grading process.
In addition. the previous phases did not allow entering
farmer or !m_v‘ing point information,  Phase 4 involved
expanding the previous svstem to allow collecting grade
fuctors for one sample from the eleaning and shelling station
by connecting the two grading stations to a single computer
(Fig. 3). This also allowed up to 99 samples to be at various
stuges of the grading process and permitted keying in farmer
and buving point information.

The cleaning station consisted of an alphabetic kevpad for
cntering Farmer and buving point information. a kevpad

STATHON 2 STATION |
Calioct Shoiled [lotleck | prrmer Diata, Biiyiing Tl
Kermel Daia Dhst, anl Foreigs Marerisl Das
Wonilor I«._ .-"l Mluniter
iy S—
i | Halanse
Ceenpuler .-.'__
EE— _____.-"' s — -\-""-u.__\_\_. 1
Blas Combe Hemder rd Y 1 R Cnide Beader
] g LY | L
I s LY
ll..-" T
| Kew Pad i b Koy Pl
| Finr (e Info i For Farmer [nfe

1 By Pl
oo Clpadte bnilis

Fig. 3. Diagram ofthe automated data eollection system developed
for curvent grading rooms.

Bl udsamre Mlemer |'

with all grade factors printed on it, a balance. a bar code
reader, and a computer monitor.  The shelling station
consisted of equipment identical to the eleaning station but
the kevpad for entering farmer information was replaced by
a molsture meler. The computer screens were split verti-
cally with ome half of the sereen dedicated to each grading
station. In these tests, a sample entered the grading room
with o unigue bar eoded trailer weight ticket, The bar code
scanner read the weight ticket and an inspector entered
farmer and buving point information on the alphabetic
keypad.  The sample was then cleaned, the FM or LSK
placed on the balance, either the FM or LSK kev on the
grade faclor kevpad pressed, und the sample har code
seanned and stored with the weight. The shelling station
then received the sample and the remaining grade fuctors



s PeaNUT SCIENCE

were measured. Both grading stations could reeord samples
simultancously. When the 11'ﬁpf~ctm wished totransfor data
from the hard drive to Noppy disks, the inspector selected
completed grade certificates from a menn. This prevented
translfer of partial or unwanted grade certiticates. Testing
oecurred during the harvest season at o commercial buving
point on 130 samples. During these tests, the inspectors
lilled cut a separate hand-written grade certilicate accord-

m-rlu:.t,uml rdd procedures E'nr-c_mnp erison to the automated
iwtem

System Development fur Proposed Automated Grad-
ing Equipment. A new grading svstem ]:m]mmd lor
farmers stock sample cleaning, pod sizing, shelling, and
lernel sizging was developed and is undergoing tests For
FSIS approval (Dowell ef of.. 1995) (Fig. 4. An automated
data colleetion svstem Lo complement this proposced system
was developed in Phase 5 (Fig. 3). The new uutomated
srading system combines the cleaning, presizing, shelling,
ll]ltl blflr'lH I'“lH.‘l sses nfo one \ll"p l I]l& T'H.|I.1IH."'a ““l\ [ERI T
data collection station, one set of scales. and no bar code
reader which greatly simplified programming and reduced
cguipment costs,  To further reduce cost, the computer
kevboard replaced the kev pads of previous versions, The
program locked cut any 'L'P-_".'i nest l':!ill]l!t’{'.'l’.l for the SPL"L'i.n &
nperation being performed.

The program follows alogieal grading sequence requiring
minimum interaction by the grader. The cursor flashes in
a field waiting for a weight input from the balance, Once the
enter key is pressed and that weight is received, the cursor
goes in 1]1(- next field for w |1u_}| the II‘l'ipL‘Nnr will likelv
record & weight. The inspector can alter the sequence h_\
nsing the arrow kews to move the eursor aronnd the sereen.
In case of a power failure, a dala recovery feature recovers
any incomplete samples.  FSIS |||s[_1-|.(tur~. tested two of
these automated data collection systems on 622 samples in
the laboratory during 1993, Tmpectnrs field-tested three
svstems in 1994 on about 2500 samples in Texas, Ceorgla,

and Virginia.

Results and Discussion

Table 2 shows errors on mamally recorded official
grade certificates during lesting from 1991-1994. The
total percentage of errors in the manual system ranged
from 3.1 to 26%. The pr.-:n‘ent.lgi. of errors ai‘lcumg
value of the lat r.uu{u] from 2.1 ta 17%. Dollar value was
selected as a measure of the effect of errors since all
orade factors contribute to value. Ierrors were random,
then there should be no net effect of errors on vaduoe
when averaged over a scason.  Howewver, bwo of six
locations showed buying points sullered significant losses
caused by errors in calenlating l{illlul.:l'\.l.hll.’ in the current
system. PH]‘il(‘uIﬁl'1_‘- in Fhas& 4. A disenssion of each
Phase is given below,

Phases 1 and 2 demonstrated to FSIS the leasibilitv of
'mlu:rl'acing data collection equipment to computers and
the reliability of the equipment in field conditions. In
addition, the tests proved FSIS inspectors with no prior
]-;nu\',‘h'd__}_!_‘i' n[' {'l:nlll'rllﬂ'.!‘:. (RN 1} Hli:.'ut'.\:%fll]l_'l. Ljnlhd.'t'ilh.‘ wiilio-
mated data collection equipment. No errors in auto-
mated data retun.‘liug occurred,  However, comments
from inspectors abont user-friendliness revealed that the
hand-held bar code readers were ecumbersome and some-
times difieull o aperate., Ooe .i'h:m.il[\r vty bar codes
0T ||r1]'.|r{}[:1:r11,' held wands resulted in a failure of the
system to read bar codes. This required the inspector to

t*]umlq-rlh rescan the bar codes, therefore 1|1‘|'..'.11'|}1 the
gradmﬂ; process. The har code scanner was eliminated in
Uhase 5.

The svstem tested in Phase 3 emploved a stationary
scanner and kevpad that simplified the data collection
process ; and eliminated problems encountere «l in Phase
2. Nodata collection errars ocenrred in the antomated
system and no inspector complained about the user-
friendliness of the system. In ficld tests, the svstem
eollected only data fram the shelled kernel station sinee
this sy stem did not accommaodate multiple balances. The
only duta not recorded beeanse of this limitation was FM

Sample Lot —— Save Check Sample
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| Avsenmatically |
Clean. Presize. Shell. Size

|
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Split kemels ‘

Welgh Foreign Mamerial, Kernels, ElecrromicallyRecord All Duts | |
Flulls, Mamsme Mosiune |

Fig. . Flow chart of a proposed automated eleaning, shelling and
sizing svstem that includes an automated data collection system.
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Fig. 5. Diagram of the antomated dats collection system {lm‘&lnped
for an putomated grade sample cleaning, 'hl.“m;: und sixing
system.



