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Fuzzy I..ogic Gmtrollcr  for  1.OW ‘J’cruj)cr a[ 1]] c 41)plication

Inscob hahn, A. Gon7.alez+,  and M. Barmatz

Jet Propulsion IAcrratcrry,  California Institute of “I({)l!i(,l( l!,),
4800 Oak Grove Dr., Pasadena, CA 91109

We describe the development of a new computcl -t,:iw,..{ trlll):l,l!  lr col]tlollcr  Uxlnp fLw/)’ lo{:ir rrl~orithms. I;uzzy
logic rules and reascming  arc applied in-situ for dc(cl IllirtiI,} 1’1 I ) I { lntrollcl  lmraJmctcts  bawl on an cmor signal and its
first derivative. This controller design will be uv~.i t{! S[ tlllz( \I. vcr,il isolhmllal  stap,cs of a cryostat for studying
thcrrnodynarnic properties mar  the 311e liquid-@s cv i(ic;tl ~, )Irtt Sir,, rrla(ions  of tclll~mal.ulc control near the 3He.
critical point ~1”, = 3.3 K) show that faster sc[tllrlf, SIIIa  I !rI  (I\  I I ~tmo(,  iul~l ea<icr corltrol  CaII  be achicvcd u s i n g  t h e
fuzzy logic tcrnpcraturc controller in comparison wilt, [tl( 1 ,(ilr!() t; }’1)  ) corltrc)llcr.

1.  INTROI)UCTION
The most common tclnperature  controller tlw.t 111

low temperature cxpcrimcnts  is the proportional- iJttcF,I ,t~
derivative (l’II>) controller duc to its sinll)licitY  a:, i
robustness. Howcwx,  the prxformance  cjf terlll w,,{{ [11 ~
regulation using the PID controller clcfxwds  oll iJI i{]: I
paramc.tcr Setup, which ofkm R-quires Opcratol’s  u?.]..  i 1

knowledge on the  sys(crn. I:ur-thcmllolu,  I( ,u
tcrnrxmturc  application of this contro]lcr  IUJIUIII.  .
adcli[ional care txxause t h e  ccmling  powc.r o f  ;i I.)v,
krnperaturc cl-yostat  i s  ve[y Sr]lall  colllpar~il 1(,  t}I.

heating power. Also, when the tcnl}maturc cxvitr(,l] i
opmtes over a wide. tclnpcraturc  mngc, it is norw trji i;il
to adjust the pamrnctcrs  of the 1’1[)  controller. Irl ttli~
paper, “WC prc.sent a cornputcr-assis(ed  1(.:lr IJ r.! ii [I II c
controller based on the well known ‘Lfuz,z.y  logic” c L):iitjl[
used in industrial control proccsscs[  1 ]. Altllou~,,ll (ti i ~
concept has bcmr utilized for many years in a 1;+] 1[) v(
ccmtrol systems, it has not been as popular ill
temperature controller applications.

2 .  PRINCIPI,I1  01~ O1>ERATJC)N
The standard integral for m of a I’11)-controller c.~,,  I,L

dcscretimd for small sampling tirnc TO ohtainin~[2 ],.-

‘1 To n - l 1;
u(n) == Gp e(n)+ -l->e(i) + ~ (e(n) -- c(n 1 )) ,

I i-O o
whcm M(n) is the ccmtrol signal, G,, is gain, 7, 1 L
integration titnc, 7;, is derivative tirnc.,  and e(n) i:; it,
cnc)r s i g n a l  lctwccll  the set l)c)int ard Cur[cnt \,ill(l(  (I!

the process.
I’he pararnclcrs  (iP, I’r, arid ‘I’r, can bc ]rlarlij,~ll:il! ii

for  oj)tinlal ccmtro], }jowcvcr finclin~ the optil[]al  V<lw

t~> ]) I: I-trivial. our [crrllm>t~lrc  (tlrl(r(~llcr uses the sanle.
1’11 ‘ algolitllrll t o  calculatr ttlc ccrl)trc)l  si~nat U(rlj.
) u~ v logic rltlcx  lIse4i U],on k11[1wle41sc  of the. system
:rc cd to find the (Iplilllal val LIcs of ttlc pararnctm-s. A
<..1, :atic dlav~in~ t~f [his cc)rl(,’~1:  is sl](lwrl in I;ig 1.
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[11 [Ilis jlr//y c<~rl[lollc.:i 1’11 ), tlw p,ain, integration
lIIIIr  ;:ncl Clclivatiw lirl]cs uwd by L}Ic 1’11) are. ccmstantly
\,+ i , usill S fu(f.y  1(.)gi: in oldcl I(I i]lr}]love the. response
#)f [1,( sys[crll. ‘1’al)lc.s c)~ fuz?,y Iclgic r u l e s  am
,, ~,r,: , ,ICLC<I tv}lich ~,ivc diflciclit  \ AIUCS  of the. COntCOl
),i,t uctc-m bnwd or! re.i]l tirrlc ci (CU sigrlals  (c, and &).

I Ilis l)l(ccss  is fuz?y irl tl(c scl,sc ttlat a ~ivcn set of
1,[1( l,ara,ll,.t(ls CWIf{.slKJIKl\  to l:]ul(i~llc.  v a l u e s  o f  a

1:(1 !]llcd liic]libcr:.lrill  fulictio!j. Ttlis mcn]hcrship
,.lull. I:)n C]wnllflcs  10 V,’1  1:1( (1( ’/:1(,.’ a 1] i npu( paralnctcr

, ,1: I .]mn(is I,CJ c~ch c att~,o y (l\l//) SC[)  iri ttlc function.



3. IN41)I.I{,N41J,  NI’A’1’10N  A N ] )  l<lCSU1,”I’
Mcnkrsliip  cocffrcicnts  )L, (i= mro, small, IIIC  Iiu)ll

krr.gc) aTC dctcl 111ilm4i  Imscd 0[) [Ilc Vallle.s of c(n). 1 J j,ul,
2 shows the nlcltlbcrship funclion (order 2 B-splillc.  [.’! I )
t ha t  was  LIscd.  l’]lis  fLIIICtiOr)  iS prObab]y the sillll>)c>(
possible nlcmlwl-ship  functiorl  since only two c;ilc/,(,rl(\
overlap linearly for a given c(n). I t  i s  plausit)lc  I(1
obtain better Pclforlllancc.s using different typts  f)j
nvmbcrship  functions clc.pcrrrfing  on the system.
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I;igurc 2: Mc.rllbcl-shiS)  fonc{iorr for c.(n).

3’}]c interval sim is a user defined variable, ill tll(
prcsmt  case it was chosen to be several Jnillidcpl  cc.
“[’he. llmI[lbc.rshi~~  cocffwicl{ts fm i%(n)  arc. handled ill [ii,
identical fashion Llsin~ a diffcrunl  interval si7,c.

Wc construclccl tal)lc.s usirl~ fu/,7,y logic rules 0[ [IIL

forjr~: if c(n) is Sn]al] and I%(TI)  is Srllall, thcrl ( il i<
Snlall, c?c. G; is a nor rilaliz.cd ~iiirl (O< G; <1) obl:+il,t.}
frorll prcdcfined  values ofrnaxilllLlnl  and Inininlu[ll ~,:+irl
‘1’hcsc  1 ulcs arc dc~ivcd froin conventional Wisdol,i  i (t
1’11)  conttol  theory. I’m inslamx.,  wllcn ttlc error is r,!:.
Zxo, and & is nc.ar Y.cro, wc. expect a Small  cm)tl, >{
signal [0 avoid rrvcrshoot,  etc. A possible logic t:ll,l.
for Gj is shown irl (he ‘1’atrlc  1.

I’able 1. l;uz:ly tunir~~, rule.s for Cip.

Es-E:EZ
* If &(n)  is grcatc.r than c(n), tbcn this takes orl
val uc llig, C)(bct wise, it lakes on the value Srual(.

.Yt)lall and }Ii: arc rtlc.l]lhcrs of fu7.7.y set for [;;,.
USC(I the fc)llowirt~  G~r!wIntmslliJl  fullclicm[4]:

~[,mk,[{  (GJ = - 1/4 lrl((i~  for .Tttrali,
JIh,gc  (G)  = -1/4 lr,(l - [i;) for IIig.

OnCC c . ( n )  ari(i &(n) t  mvc txxm dctcr,lljrlcd,

(1,1,11  , ,,hftiiz(.d) 1’1[) jI l~alilclc-1>
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\’,’tc!l 1’]1}  pardrrlatcrs
\i[((ilal l)c~fc)rnlancc.

rrmrnbcrshiI)  cmflicic.nls,  }I,(c),  aIId  ~[,<&),  arc calcl]l,,l;l  I


