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1. him of the work. 

The purpose of my stay sith the ~S~~ ~as to help them solving the 

calibratior.-problems involved i~ prod\.:ci~g ir.struments for grain and 

rt.ilk, including theory of calitration, data-treatment a~d suggestio~s 

for standard-methods. 

2. The ~lectro~ic Systems ~ur.jat Ltd. tu-d~y. 

The ES~~ company is a ~tate 3overnrr:.e~t o~~ed enterprise of some 

200 people sitt a tur~over of about 2o millior. uSS a year. 

'Ii:eir rr:.air. product :is cortputer-s::stems for the i:-.digenous market, 

tut they are also produci~g data-acquisitior. systems in collaboration 

~itt ~esti~gtouse, :s~ . 

..,. Status of ir.strumer.t upor. arriv&l. 

~por. arrival (after tte usual delay of ge:ti~g a perrr:.it tu enter 

: :.r: ja t: r.ei ti: er the prototype grair.-ir.struc:.er. t :-.or the "::eotech lol 11 

frorr:. ~i:ici: it has tee~ copied ~o~ld ~ork. hll efforts s~ far except 

'AOrk on the graiL-millir.g-systeir. ..::r t!".e 1?.ilY.-c.r,alyser had beer. 

carri~d out. 

4. :.ctivities. 

4.1. Grain-instrument. 

In crder to make ar.y progress I had to get the prototype to work. 

7terefore the first week was sper.t analysing the circuits o! the 

prototype to find out what was wrong. This was not part of my task, 
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tut I could achieve very little ~ithout a ~orking instru~ent • 

.::ventually the problems were isolated and solved by a;inor 

motiifications. 

Three persuns of the project group were availatle for traini~g: 

~-:r. 

: r. 

"\.: .,! • :-uri (Deputy ··ar:ager) 

~-. Chakraborty (Jptical ~ngineer) 

::eharban Singr. ( :lectro:-:ic .::r.gi:-~eer) 

the others being abroad for training • 

.:.part Irom explaining the el1:ctror:ics of the ;:eotech lol, a trair:ir.g 

progra~ includir:g all ~spects of calibratior: and basic infrared 

theory wa8 held. ~he topics are listed in hppendix I. 

··ost of tte information was also supplied in written form. 

:he persons inv~lved seemed to have an excellent basic training 

alltbougt they naturally have li~ited experience in the sperialized 

:ield of infrared ir:strumer:ts for the food industry. 

22 ~hea~ samples ~ere ground ir: the cyclo~e mill a~a measured by 

tl:e prototype-ir:strumer~t. 

~~fortunately we did no~ receive the che~ical standard-values fro~ 

the Agricultural ~niversity of Ludhiana tefore ! left, but tte 

project-group was very carefully inst~ucted about the use of the 

computeP.progr,tm necessary for t!-.e cali bratior .• 

~ numerical example was giver: ar.d tried out by tl:em. 

~s ~ne r~sults arrive I will receive a copy in order t0 check 

tr.em. 

If further assistance from technical experts should become necessary 

calibrated sa~ples must be available in advance in order not to 

waste too much time. 

If tile ESVi. are to :.ave their own calibration instrumer.ts in the 

future th:s problem w~ll be partly eliminatad. 
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5. ~stimate o: ESPL capabilities. 

7he ESFL is - in spite of bei=g government owned - a very efficie~: 

compa!':y. 

':'!-,ey tc.1re a well educated staff, but their major drawback as compared 

to ;._mericar: or :::uropean compaLies is that the;· fiave verj· limited 

pcssitilities tc have mechar,ical parts me:de. Furthermore the suppl:: 

of parts tr.at industrialized coU?.tries take for grar.ted is also 

limited iL ~ndia. Cor.seq~ently a number cf parts have to be illiported 

v.-!".ict is time-:onzu:nir:g and e::J:e!'".si ve. 

::: thi!'.k tr.e company eventually YOill be able t.: pre duce grain- ar.d 

milk-instru~er.t~ to ruit t~~ ttird world market because of tteir 

cheap labour, bu: an export to ~urop=an couLtries or the ~S~ will 

take n::an:' years from to-day. 

f. ?ecommendatio~s or. furtte~ activities. 

E.l. suegestior.s fer improvements ar:d sizplifica:ions cf 
------~£~!~:!~~!£~~~~!~----------------------------------

:!'". order to n::ake :r.e instrumer:t !:letter a:-:d c!".eaper a r:umter oi 

ctar:ges we~e discussed with tte project-group. 7hese are lis:ed 

i:-. : .. pper.ciix 

Some of the c~anges ~ill also distir.guiz~ tte ir:stru~en: f~ci t~e 

"!ieoiech 101 11 • 

Since no work has been carried out on tte milk-~nalyser yet we 

discusL~d the possibilities of ca~ing such an instrument. 

First of oll the present instrument could not be used for cilk

analysir ~1th any rP~sor.able accuracy. 

The minor changes suggested ir. Appendix III ~o ~ake a cheap i~strument 

!or Fat and Total-Solids could be implemented. 

It wculd ~e necessary though tc find out if an instru~ent like that 



l:::.s a poter.tial market a~d to prove by a pre-ir,vest:ga~io:-. t~at t!1e 

:otal-Solids accuracy wo~ld be s~fficie~t. 

if ::iot a cheap single-beo·.n i!".stru1tent measuring ~at, :-!-otein a::c 

Lactose is sugg~sted. ~his would probably have to ~e in collatorat~o:: 

with a fcreign co~pa::y. 

it is m:: impres5icn t!:a' a r;h.,i:::icc.l standar-d-latorato!'y as sue!: j 5 

teyo~d the scope of tte :~~~- ~statlisting ~~c~ a l~torstory ~cu!~ 

tak.: years, a.nd the fj :-::il ac::.i:--acy woulu nave to ~e checked again:+. 

other standarri-laboratories d~~nc ri~g-analysis bet~ge~ tte~. ;:.~ 

the chemical methods ar~ very ~i~e-consuffiing. 

i therefore recom~enc t~e uE~ rf r~st a:.itomated sta~da~d-method~ 

~tict take very little trair t~~ to operate a!':d ~~ich ~ill give t~'ter 

repeatability an~ ir. ll'"''-.• :::;:f..:;;; better accura;::y be.:a::.se t!:e oper;~·-or-

errors are ~inimized. 

In so~e cases indi~ec~ ~e~~~~s are used ~i~ce t~e~ pr0vtde Euffic5ent 

acct:racy. ;,ppe::di: ... r: '.<".3 a !i!;t of suitatl<;;: instrun:e :ts. 

~ith grain the sta11~ard ~·th0ds are used except for ~oisture w~ic~ 

ca~ ~e determined .~~cur~~ely t~ ttE dielectric ~et~0d, if eact s~rt 

is calibrated seper3tely. 

?or milk I suggest ~ .... _, .. 
"'"""J 

t-e checked froci tim<· tc t '.me ag::.i::~·- .·,er'ber for -=-at us~ng st<,!.darc

samples fr~m a.1 a~ricul t :·1 al ur.iven· i ty. !'rotei~ may te cr.ecked 

against ::jell-:os~;. 

It should be LOled 'ta; ~~~t uce~z o~ these i::strumt::ts would finP-

calibraLe their inetrume::t~ r~~~ay ~~t trusti~g t~e f~c~OrJ calitratio:: 

er:tirely. 

~;. Foss =:'.lect 1 ic of :;er:m::..!·~~ ~~ cuggf·.:.tej &:-· a s~;:.plier of i!" . .:trume.r.'.s 

tecause I air. fa~iliar with their prod~ct~ from a previouc e~ployme~t 

with then:. 

Sert&inly o~l:er Q&rufactures exist anri could equally well te used. 

:t bhould b~ st:asaed thoug~ that a cov~n~y ~ith service facilities 

in Ld:la ir- esce \.ial. (!;. :css :lectric !; s a:-. off.i.ce i.n Bombay). 

Also local training 1L tte ~se of tne in~!r~ir.ent is lmportant. 
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Irc time it will be r.ecessar) to have a spectrometer iL order to 

obtait. reference spectra OL new samples and also to cteck the optical 

fil:~rs of t~e instruments produced. It stcald be decided ~ir~t 

;:owever ir. which waveler.g~t-ra~ge the ~ilk-lns:ru~ents will operate 

sir.ce most commercial spectrometP.rs a~e djvided ir. two groups cf tte 

ir.fra-red spectru~: 

e ~tter the near-ir,fra-red instruments rar.gir.g froir. approx. 
1 to 2,5 pm 

or the mid-infra-red from 2,5 to 25 pm. 

Ideally the instrument stould cover fr~m 1 to 12 µ~, t~t i co r.ot 

~~lieve such ar. ~nstrument exists. 

Ttere are three majo~ protlems involved in produciLg ir.fra-red 

instrume~ts fo~ qua~titative det~~rr.ination of co~stit~ents in food: 

E.5.1. ~he manufacturing of optical interference-filters of 

suff'cie?: qu~lity and at a reasona~le price. 

:te quality is LO pro~le~ to-day since several EuropeaL aLd ~mericaL 

c~rr.par.ies ere at:le to produce tr.E.-m. 

:-tE.- ccst is r.ot very likel:· to coi:r;e do·;;:-. t:r,le£10: !.;;£e ~:.a:.:ities c.r1.: 

produced. Feari~g i~ mind tr~: optical fi:ters tc-d&: ar~ tte i:r;ajor 

decrease tLiF pri~e wiil ~~ to produce filters !n :~d~a. 

: believe a project for ttin-!ilm-c0atiLgs tas bee~ star:ed up ~earty, 

but I have not been able to f~nd out in ~tict st~te t~e ~ro:ect iE 

presently ( IN/Dr/79 ,tni..f \. 

~.~.c. Cbtaining aamples of s~fficie~t variety. 

This is esse:~tial for t:-.e :alitration of grain i:-1str:.11r;ents wr.e~e 

sta ti st ir;al niett.ods ::nust be used wherel'!E: milk-samplef. to S':>r.:e eY.tent 

::nay be changed by mixing sa~ples and adding co~stitue~ts. Consequ~ntly 

a clo~e relatio.1ship .·itt farm£:rs associations ar.j/or agric1;ltural 

univercities is ~ must. 

I believe the ESPL already r.as some cu~bboratior. wit}'; "Tr.e 

Agricultural University of luc!Uana" ~:ppo.:r.:i:itly not officially, 

but on a personal b&sis. 
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E.5.3. Special ~ectanical ~rts: 

Infra-red i~struments especially the milk-apparatus do have a ~~~ber 

of critical parts in them which require special know--how and fine

mechanical facilities. I am referring to optical-cells, high-pressure

pumps, homogenizers, choppers, filter-shift mechanics, cyclone-mills 

etc. The~e items cannot be made by ~~FL at present, and some of them 

will be difficult to have produced in India. 

~herefor~ on short ter~ basis the [SFL may be better of~ if ttey 

collaborate with a co~pany having the necess&ry knowledge and maybe 

purchase some of the critical parts of them in the beginning. Foreigr. 

companies would probably only agree to this provided the indige~ous 

manvfacturer would limit tis market to India or possibly third world 

countries. 

~. :oss ~lectric of DenmLrk wtom l ~sed to work wi~h has tad such 

arrange~ents in India and may le willing to do this again. 

7. Summary. 

! hope my work with the ~S?L will help them to get their project 

finished as soon as possible a~d trat there will be sufficient f~nds 

to get the ir.strumentatioL nece~sary. 

Furthermcre I will be willing to supply the co~pany w~th techr.ical 

information as the need arises in the f~ture. 

I~ 6a& virtually impos~ible to bring all technical information alo11g 

so I had to concentrate on the main subjects which are well covered 

by the litterature left ~ith the company. 

A list of additional information which I will send to the F~?L fro~ 

Denmark has been made. 
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S.A. NFXZ"3 ;rsr: 'r~ 

~:r. f,.; .• :;exC" .is visitir.g our S:.1tpa~y (=:sr::..) frorr. l?.5.E.f to f.E.et. 
as an expert ia calibrar.io:, of !"ic:-oprocess0r based r;:L,:; ~nstrumer.ts. 

~uring ttis period he ~i:l trai~ tte :~~~ ~ro~ect personnel en the 

fcllcwing tc~ics; 

i. c:.. Calitratior. tr.eory f:>r milk-ar,alyser. 

b. Cali tratio:; :er gr·ain-a:-,c..lyser. 

ii. a. Calibra-:~_cr, prcced'1re for reilk-a:.alyser. 

b. :alibra:.icn ~rccedt.:re: for gra::Lr;- ar"a ly .ser. 

iii. ~ultiple line~r regression analysis, co~p&riL6 sta~da:-d
methcris agai~st i~str~~ent res~lts. 

Infra-red so~rces, cptical refl:c~o=s, len~es, concentratorc, 
monochromators, opt~cal cc:lc, :to~p~!'s, de:ect~rs. 

Double be&1t, double wevele~gtt, dJuble call, single tea~ • 

... - .... - ...... 
r .. , - ... :...;:, _ 'J .• 

'.'.I:.:: -~~:ALYSE?~. 

6. S'.jl}•Ji:S'IEJ P:S'r~·J!·::::Ts .:.:;l.i L.,.i.;r;-r-::::::r: FO~ ?:?:.J:JC"."~·..::!~ C:ALIB;'.;,7J.)~; 
ur Gl.".rn hNr' ·-~'!~X ;,,;;;..Ly::;-=-~ BOTC•TYFE:S. 
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!""-. ~ .. -\,...-.::. __ . 

J..ppe.-.dix I: 

1. Vse ~ more wavele~gtts in the equations to incl~de oil and dual 

references. 7tis will decrease drift and depe~der:cy of milling 

ar:d therety give better acc~racy. 

2. [se flexible software so that p~lse count and a~aol~te wavele~g:t 

will not tave to be :te saue betwee~ inst~~~ents. ~cis wil! 

provide more accurate adjust~ent o~ absorptioc pEaks, ar:~ tte 

fil;er specifications ~ay be relaxed. 

3. 5etter compecEatior. for surface-effects coul~ be attained by 

usir:g 4 detectv~s r~t~e~ :hac two, by rotatir.g t~e sa~~le, or by 

i~serting the sa~ple fr:~ bott side; of the instr~men:. 

4. ~he encoder sr.ould te redesigned to be~o~e less cr~tical. 

5. All hold-capacitors stould be polyc3rbc~ate rather ttac 

electrclytics. 

6. s~itct-mode capacito~s s~ould te low self-inductance types. 

7. The light-source could be a standard-type witr. no r~~!Pr:~~ 

a~.d t!-ie beal!i di-.rer£e::cP. of tl:e parc.11£-1 ligr.t heal:'. co;.;ld :::e 

iccreased to give mere light-power. CEi~f a co~~~~l ( ~ Lazp 

it could be powered ~ro~ the logic + 5 ~ s~r~ly. 

e. The peltier-co·:,lt-rs could be omitted to S;).VP c. su:;n~:.ti"'-l 

amount cf mocey. 7~e o~ly disadva~tabe is ttat th~ ~cis~ f~c~ 

the detectors will i;.craas~ but accordir.g to !:o. 7 this Y:ill 

easily be counteracted. The log-a~plifier would tave to be 

temperature statilized, b~t tris could easilj te done by a 

chip-oven circuit using very little pcwer. 

9. The -19oV Supply could be r~~laced by the -15V supply. The 

signal would be approx. 5 time£ smaller, but si~ce we Dre 

detector-noise-limited the signal to noise ratio will te the 
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same provided the -15\. is filtered properly. 

lo. All supply voltag~ co~ld co~e from the pre-regula~or supply 
+ of +14~. If a 6V motor is used o~ly •5 a~d -15r i~ ne:essary. 

11. It wou~~ si~plify the ir.s~ru~~nt if compensatic~ for no light 

ar.d l~g-conversiJn is carried out by Eoftware. 

2. 
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?i .. T. 

Ine maic cost of an I~-milk ins:rument as they are procuced to-day 

is the =~-filters: two per co~pcnent e~ch costing ~ro~cd S 120. 

Cne way of ~ecre~Ging ttis cost is to ~se tte technique of the grai~ 

anal:ser with two rotating filter£ at ~,o and 3,55 micro-reater ce~ter

w5velength. The detector would have to be FbSe ratLer than ~bS tc 

extend the waveleng~~-rangE to 3,55 ~icro-~eter, tut the optics 

(l~gtt source +lens~ could remain tte same. T~~ s~:tware would 

also have to be changed sligntly. The ~~ergy re3olutior. necessary 

ts atout 1:2500 for fat ~ith a repeatability of o,ol~; fat an~ 1:~5oc 

for solids co~ fat witt a repeatatility of o,c3~ S~F. This is some

what more dP:a~dicg ttan for t~e grai~ &r.~lyser, tut tte dyna~ic 

ra:-.ge i:: less. 

From previous e~perie~ce it is known that fat can te me&sured with 

sufficie~t accuracy a: 3,5 micro-xeter usi~g 3,~5 cicro-meter as a 

refere~ce, but whether :he 1,94 ~icro-mcter water at3~rptio~ Land 

will provide tte acc~racy necessary is not ~~ite certain. hlso it 

will have to bP c~ecked if tte 3,55 ~icr0-~eter filter will g~ve 

enougt ra~ge az ~t rotates, (I will ~end i~for~~tio~ fro~ Lenmark). 

:t f;r.ould also t~ ir:vestigated wtether an ir:str...:ree:.t with "est a:;d 

s::F oL:y tas a large ~arket in I~dia or ir: t~e t~irc world. 

:f these conditionc can~ot ~e met, : will suiges~ t0 make a siuile 

single-bea~-Lo-mirrors syste~ like the fos~ ~ilcoscan 133 pocsitly 

with the collabor6tio~ of .:. Foss Electric. ~n i~strument ljke this 

will have a cost pric~ of approx. 550 S more tha~ tte Eiiple two 

filter i~stru~ent, tut it is ~ore versatile giving bet~ fat, protei~, 

l&ctose, Solids Non Fat •nd Total Solids read cuts. Thus, the m&rket 

potent:..al will ~e far g:-eater which may compe:1sate the higher cost. 

Esti~ated cost pr:ce S 2500 in India. 
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~~te~ ~bsorfti~~ 3~ l,J~ ~m if ~ossible ~ith two refere~ce3. 

::a~smi2sf0n,·~a!anced againat ~atar. 
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i. ~jell-Foss Automatic 
for protein measuremec: 

ii. s·.::::-.:~ r:atic lo for 
::oisture me.:i.surement 
i~ grain 

iii. Fosslet (So~tlet 
Std. ::ethod) 

iv. ~ommercial !cfra-red 
~ilk ~nalyser manual mode 

v. ~le~trocic Ealacce 

vi. ::esr :rdra-red 
Spectrophotome•er 
;ange 1-2.5 /µm 
~u:.l teau. mode 
7ransmiss~on accLlracy 
= o.1% 
Resolu~ion = ~ n~ 
With X··Y Flott~ r c.~d 
computer 

fddress 

A/S ~. Foss ~lectric 
69, 21a~gP.r~pgade 
D~-3400 ~illercd 
:e!'".mark 

- do -

- d~ -

- do -

aer~ling :imited 
c rpir.;tor: r" €-!'". t 
=~:5 2!-!J· .. E:r.gl~r.d 

(a~ ~erki~ ~l~e~ Ccr~. 

Nor~~ll, Co~n~cti:Ll~ 

Afprox. Co~+; 

S 2't,coo.oo 

s 5, OOC. ~·O 

S 9,coo.oo 

f 23,000.00 

S 3,coo.c~ 

~t) ~eotec :~str~~ents ~ivisioc 
Z431, :inde~ ~&ne 
Sil':er .s~ri!'".;: 
::D-2o9lo -.:s:.. 

(c) Trebor !~d~stries :nc. 
F.C. Bo>: 2159 
3<..1therc;burg 
r.:~ 2oG 71 !: .s;. 




