min{Laget+4. ¥+8
L) =1+ f 7 j/_(x)f(x)o/z
max {target—A, Y—B}

=, [F7eEta
I+ _}/&v ot I[1-B<x< y#+8] LEO Sy

her T y-p<x<3+8)

—

| /\j[ IBR<ZZ< FJH5
[0

0tAherwese

By using & Mm m/eﬁv /‘ra‘eym/: o
[target —A, Harget +A] I can hgpefily get
o rumerical version of L(¥) on idterval
ARL =1 P [lxi—taryet [ >A]

+ (B0 o
raepeit (1+L(w) Fwdy

Larget 1A
= |+ C J)a/
\}/L‘o.gef —A L (y)f ]

W

s



I Aave (from 2he sobdion For L (4) vales
L.(a;) ond above. T ~4hen r%a/ace 242 /‘u@ym/

oith > wr . @@

ond é{erefy find ARLS.

Crowder has dome thes Tor norrel x —
Jee hls X/Mg ,D)’?f/’d”( o Bgfem Vdra/fmaf-

Stat 831 Web page or tables i LT —
be warned +hat this/ program s Sowehatt
unstalble, Tables ¢ 16 (P.17R), A LR 37857

Some Ffacts gotten from looking at X/ MR
ARLs .
) * Stondard © (73 si9mea ) lomits For
X/ MR Combinations /Drac/ace a very
Small “all oK ARL.

2) Fajré extensive ARL studies hare
Sbgjesfea( that X alorne beads Xmp
A for a gwven all-o0Kk ARL one gels

Iuch betler ARLs For shifts in M
| /17



and ﬂearg as 9ooa( ARLs Ffor /ncreases
in T Using X alene)

3) 7%e one Lype of naHn—-al-OK befavesy
Ahat MR helps detect /s oseillation
(e9. oscillating 7w1earn For indeperdent
phserveions ar ‘e Seres beavesr
with Wé autocorre faterr)

Section 3.4 of VRT and Ch 3 off “he Notes
Enginetring [Feedback Cnttel ( ospferent fom
S, Statisteal Focess Contoet)

SPC /Process Eryv‘neen'y//ia/faaé
Mou‘-t‘az‘y Controf
process wadching automated process
+ o Yueaking /hnob
unspecified physical turning
rntervention

dotection methodology ~— Create stabilidy
s



Here T'U disceess /oaettone

VRT — 1) discrete PID conbol

notes = 2) a sinphk version of ‘rrtireinten
Variance” Stockastic cortor! heory

——————

PID Condrol (in oliscrete #ome)

noisé physical | Y
process | ’
j X

I¢ s Y that we wish Yo ’Wo("anm'a/e %
Some -ézuyet‘ éj means of M/‘ﬂj X,

The poind is wu@% not dedecsed moa/gézy of
how X impacts Y ... instead practzg is
move empirical based orn inforinatisn as
crude as Y dends to increase in X'

Trhe notion is that for a sepuence off
Zargets

L, T, TR 7@, -
ard observations

L Y. Y@, TG, -
/r7



there are cmesfmc/z‘ry errors

EGE) =T — red
and based on whese o8 chooses

adjustments to Hhe mernpulated

Lariable (X)

AX(4) =X — XE=L

/Lo?fy 'é make Es JWIM

P/;dsr‘oo,(,
B process

)/

B

Controf

a,[jow‘-é/r.m

T
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With
AWE) = WE) — W)
22W@E = A(aww)
= A (W® - W)
= W@ —WE~) — (WH=)

— W ('t—z))
= WE —2W&E-) + WE=2),

@ *PID” contool d_/jaw‘é{m 5

AX@) =k AE®) + K E®) + k3 4°EQ/
—_— vV T

— / N

The ‘preportionl”  The ‘intepal’ e wratiye
part of 2he ,Dady‘%e Pt of Zte

0,907/‘%”1 dgo?'/z‘ém Q?aw%»z
K. Ke, ks Corbol gains

—/loie: AX(‘&‘)-_-(KI'*/Q-}-/(g)E(L‘)
— (K +2K:) EG =)+ K E(X—=2)

/2 /



dfsume%)/ tefzaf{_l,fo nerease i X,

'M@ral—a'né control” K >0, &=k =0

AN =Kk EC) =Ks (T6) — I )

If E)>0 then TE>r@) and AXE >0
and I ez/ed to0 /ncrease y

;f EF@) <0, then AXE <y ard T éayea‘
‘o decrease Y.

This tends to pu Y on—Zaget. i e.
Correct For mis-acmt or el

:Pfaparﬁm@/-ﬂné M" m>0‘&=)§ =g
AX@) =K AE) = -k 4 7Y
constarct T Situatios

Y Y x>0
tends o
increase Y
A<0
Zends to decease T
£l + t-) %

/<2



So the proportional part of & PID a_/;awﬁén
tends Co produce 0 slipe, that is. tecp
Es (T3 for contant 7 Corstant

%D&I‘Uaﬁ‘l/f‘d% W" /320 and K)SAS =0

AXG = Kz A2E

/-,@—/(3 a*re)
Constonl
T S—k(re&-2ve)+) ﬁ‘—aj

Y| Y 4A*EM#)>0
N\ wE@<o /\

AXG) =K A°EC) witd coork 1o Al
off nom-gero curvatwe /n a plot of
E®) (or T8 for constant 7T case)
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Some facts of Life that rmake contorl /”
on- fne a,é‘m"fm&tz‘ -é'/‘ag:
1) THere can be Hone delays, \e, e

elfet of a change f"e/\/wzgzaz‘éué//
égz‘a b be seen wufz-( Sgr1e Y@ %er

the change /s miade,

X

————

>

}ax

%

RE
S /
fo BR 7

2) Somelimes the effect of a dwye in X af
Aeme 4o /s 071,9 reatlized jf)’doé(%"'

X

}AX

%o

r

I

% Z

T%e 57 issue in applicatims of PLD
tontbol is Ptuning” or Yhe choit of Ki, ks, K3

)2 F



Practicol choice of Zhese /s an e»y),‘r/‘ca/ problem
This can be @D/o/aadea/ as & (respoxse
Swiace) experimertal desipn probfess
where I Ty o Gplimise process perforsomne
Aj ehorct of KiK. A3, 9. N PPkt

use an empirical neasw® of perrrrmance

S = —é—tg(E(“))z

=/

for m &7& Qzazyé % Wash ot Barsend
or P effects.

A thearetical analysis aimed af uiding cAoice
of a contol alyorithm (eg. ki, ks, K3 +»
the oase of PID) »tust have as ingrecsents
— Some kind of measure Yo be 7&»«?5{
— 7nwde! fa'r cw;anéea//ec( process
behavior ( deterministc or sthehacty)

— 9nodel Sor howo contbet actorns
o /WQ&LZ process azaf/ouf
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WB?%/VJM a %ééz%#%@
of cptinad Stockastic conBol

-, 2("); 8(0), 8(’)»
wncontrolled frocess

T is a probebilily mode/ for fRaf

€9, U 2@)=Ret-) +ER)
2) 2@ = R +d FE®

3) Some Bor—Tenking ARIMA Yype rrtodll.

CFr 2@ = x2et-) FEA
or R(t)=EH-) +ER)

Notation .
alt)  contrl actiorr Haken af Liwe F
A@.$)  curred mpacts of an actsy
taken s periodt ago

€2, 1) Ala.s) = a Sor $2) i1 Q
machine tool /Dmé/ezrz

v ye



—O1

2) Ala.s) =a (l-e:so(— %..—A—)) for s2/

Ala.s)
o ) =5

3) Ata.s) = Q exp (—--%:/‘- Sor s
ete.

Observed (contorolled) process behavior
¥—/
ye) =2@) + 2, Aa. 20

ord for 120 a@®) wil be based o
Co, RO-D. B Y. Y, - Y
A Commaon oé/‘eué‘w? /s Yo P22 it REC
L (re—T)?
(or the Swn -Meaeyc)

Minomum Variana (M V/
Conbef |
/=2/



Sottion ?
Note 1st thatt 79’0'»2
L 2D, Rlo), Y. V), L F

I can recover
L 264). &) 0. 2R UL X&)

5=
2(s) = [(s) —rg A (. s—)

Mote also that at feast in 4‘/347 7~
gives cordlitionad dsn For

RA+1), RGE+3), R(A+3), - <)

jft/eﬂ

coo, 2D, Rlo), RO), . 2R (Hek)
and thus means for (k) gwen (¥
dnd hus cmo/'étmd e S ﬁv

Lhe fu‘we given

2E), RO, YY), - TE)

T,

(snee I can recover Xis from )5)
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Let |
Eg:[g?(s)/ oo, RED. 200, - 3(2,‘)]
=Ex (2] =2 G0
Suppose there are Y20 percds of dead
e (U could be o).

_‘ﬂe earé‘arf r Z can aﬁ@d
by aGt) is T (t+I+y)

Thn & noturad projechon of Y (t+I44)

'S
Y (#Hrtu ) = 2 (tritult)

z
+¢Z-/A (a®, €+/7U=S)
=0 |
+A(al). utl)
If I want Ytt++u) N Py

T should, therefore Zry % cAhoose at
S0 that
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A (a@. ut) =T (¢+1+¥)

~ [ &+ 0[t)
+ 3 4 (ac, 125 jI

S$=0

The is MV contorl a«éméém
( /L( s ! %ﬂk/?ce)
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