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INVERSE REGRESSION ANALYZIS OF ORDERED

MEASUREMENTS ON NORMA&L FROBAEILITY FAFER

INTRODUCTION
IN THE FIELD OF STATISTICAL FROCESS CONTROL THE Z0-CALLED NORMAL

(GAUZZIANY DISTRIBUTION HAS FLAYED A DOMINANT ROLE OVER THE MANY DECADES=

SINCE THE FIONEERZ OF QUALITY CONTROL INITIATED THE WUSE OF STATISTICS
ON MANUFACTURING AZSEMBELY LINES, FURTHERMORE, IN THE INTEREST OF
CLARIFYING THE EBEAZIC IDEAZ INVOLVED IN STATISTICAL GUALITY CONTROL

WE HAVE FOUND THAT, THE GRAFHICAL AFFROACH IS MOST EFFECTIVE IN ANY

EDUCATIONAL EFFORT AT BUILDING UF AN UNDERSTANDING OF THIS MOST IMFORTANT

DECI=I0ON TOOL IN MODERN INDUSTRY.

FOR THE AEBOVE REASON:S WE ARE FRESENTING THIS STATISTICAL BULLETIN
T0 CLARIFY THE CURVE FITTING FROCEZZ (LEAST ZQUARES) WHICH CAN GENERATE
ACCURATE NORMAL FARAMETERET FRDM ACTUAL =AMFLEZS OF MEASUREMENTS WHICH
ARE IN MEED OF COMTROL, ONCE THE MATHEMATICS OF REGREZZION ANALYZIZ

YIELDS THE BEST FITTING FARAMETERZS FOR A NORMAL DI.'EiTF.TIE:I._!TIDN WE FICTURE

THE RE=zZULT= ON NORMAL FROEAEILITY FAFER FOR A CLEAR UNDERZTANDING

GF THE FROCESE CEANTREL FPROEBLEM,
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INVERSE REGRESZZION ANALYZIS ON NORMAL FAFER

THE FROFER FROCEDURE FOR FITTING A LINE ON NORMAL FROBAEILITY

FAFER TO A DATA SET CAN EE OQUTLINED AZ FOLLOWS:

EVERY LINEAR REGREZZION (IN THE INVERZE SENSE) IS EXFRESSED
A% A LINEAR EQUATION OF THE TYFE

A=A + BEFY

WHERE X=Z0ME TRANSFORMED VALUE OF EACH MEASURED X (AESCISSA)

AND Y=CORRESFONDING TRANSFORMED ORDINATE (FAIRED WITH X)

IN THE CAZE OF A STATISTICAL FROCESS CONTROL FROELEM WE TAKE

X=ACTUAL MEAZUREMENT

AND WE TAKE Y=LNCF/(1-F)>), WHERE

F=MEDIAN RAME OF THE ORDER STATISTIC NUMEER FOR MEASUREMENT X

THE EBEEZT WAY TO DEMOWSTRATE WHAT THIS INVERSE REGRESSION FROCESS

I= ALL ABOUT IS TO TAKE AN ACTUAL EXAMFLE (SEE NEXT FPAGE?.
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EXAMFLE
SUFFOZE WE MEASURE A SHAFT DIAMETER ON SEVERAL SFECIMENS, AS

INDICATED EELOW:

SFECIMENS (SHAFTZ) WERE MEASURED FOR DIAMETER (NOMINAL 2 IN.):

o

2,011, 2008, 1.927, 1.950
CN=22>
15895, 2 002, 2.00%, 1.5

THEZE MEASUREMENTS ARE FUT INTO NUMERICAL ORDER, AS FOLLOWS:

A

ORDER NO. X F=MED . RANE Y=LMNCOFEZCF=F))
1 I 85 JOEE= =2 SESEE
2 La855 L2024 =il EZila
5 = 4 SEEd -0.7473
4 - B .4405 =025
L) 2 DnE 3595 +0 (2aeH
£ 2,002 LET7EE +0,747.3
74 205 wf ITE £ S EZ TG
s B e 3 ET ERiEEEs

¥THE MEDIAN RANE OF ORDER

IS GIVEN EY EENARD'’S

STAFIZTIC NG . J

FORMULA

IN A

Bt d— 20/ cNE 4y

SAMELE BF SI2E. N
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IN THE LEAST SGUARES METHOD OF FITTING LINES TO DATA WE NEED THE

FOLLOWING ITTEMS:

SAMFLE SIZE = N 7
SUMEEE ¥'S = 5] == 5
SUM BE X'"s = T

SUM OF SQUARES OF Y's = g2

SUM OF SEUARES OF X'"S = T2

SUM OF XY FRODUCTS = FI

IN QUR COMFUTER FROGRAM NORFLOT WE USE THE SYMEOLS S1,T1,52,7=,

AND F1, AZ INDICATED AEOVE.

THEN, WE CALCULATE COEFFICIENTS A AND E IN THE LINEAR RELATION

% =8 « BRY

THIZ IS DONE BY WUSING THE FOLLOWING FORMULAS:

T
Il

IN THE CAZE OF A& NORMAL FROEBAEILITY FAFER FLOT WE CAN STATE THAT

MEAN = A

1l

STANDARD DEVIATION (=SIGMA2 SN EFEFEHCTOFLNCNI Y (N<5O)

= 1. 3%E (N;ED)
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IN THE NUMERICAL EXAMFLE WE HAVE
N = &
Tl = 1,002 (SUM O Y252
Sl =0 CEUM OF Yrs)
T = 22,002272 (SUM OF SQUARES OF X's)
S22 = 16,4264129 (SUM OF SQUARES OF Y's)
Fl = JOEZT202 (SUM OF XY FRODUGTS)
FROM THE AEBOVE SUMMATIONS WE CALCULATE
A= e e A4l EINCTE OO = O DEZTEOE)
St e AP VES ) — O
= 2L.E00EE
B = B OETlEeE) — 0
HC1E.439541233-0 {

FROM THESE VALUES OF A6 AND E WE GET

MEAN = A4 = 2,0002E5

SIGMA = L1Z296(,00408272)C10+2,07344) = ,00E370
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THE CUORRELATION COEFFICIENT ¢GOODNESS BF FIT) IS GIVEN EY THE FORMULA

R = NEF1 —S1#T1

1}(N132 = SVES] FCNFTE =TLET 12

= e R ) A T G G O 5
AlCCTE W AIEdTEI) [ SCor JOUB2Te =0 |E 002 %]
= S OETIZ0Z

0045775

1}
T
~1
[
i
i
(Ve
(N
]

FOR N POINTS WE REQUIRE A CORRELATION COEFFEICIENT AT LEAST 1 = 1/2N.

HOTHTS BEECEMES: ¥ = WAlE = TS/ TE = pHE75,

|
i
ol
Z
Il
]

STNCE J93= 2 oe=7E - WE EENELUBE -THAT THE NEEMALTY ASZUMETION 12 RISTIFIED .
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CONCLUSION

1-MEDIAN RANE

EY FLOTTING A SET OF MEASURED ORBER STATISTICS VS LN ( MEDIAN RANE

UN NORMAL FROEAEILITY FAFER WE GET GOOD ESTIMATES OF

THESE ESTIMATES ARE

FOR A RELATION

CA) MEAN

CED

Xl
F
0
2
R

CC)  GOODNE

ixl
10

BF FIT

DETERMINED EY UZING INVERSE REGRESSION ANALYSIS

X = A4 +BY, WHERE

J

X = MEAZURED VARIAELE UNDER =STUDY

AND Y = Uﬂ(
]

MEDIAN RANE
= MELIAN RANE

THE NORMAL FROEBAEILITY FLOT FOR THE EXAMFLE AFPFEARZ IN FIGURE 1.

IT CAN BE SEEN THAT THE MEAN IS AT =.00035 (CENTER)7AND

AN

MEAM =+ 2 =I6MA T

MEARN

i3]

AT 2,013 tTBE ),

~ % SIGMA I

AT 1.32114 (BOTTOM) .

THE COMFUTER FROGRAM AND OUTFUT AFFEAR IN THE AFFENDIX.

)
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THE EXAMPLE.

PLOT _EOR

_NORMAL PROBABILITY.

Rank

lan

t at its Med

is pu

t

Each data poin

NOTE:

EIGURE -1

2.020 2.025

1.980 1.985 1. 990 1,995 2.000 2.005 Z,010. 2 2.0Q15

R )
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APPENDIX (1)

PROGRAM LISTING

1 COLOR 14
19 BItt FO10D) ., X(100),¥Y{100)
20 FRIMT "MORMAL FLOT FROM ORDER STATISTICS"
30 LFRINT "MORMAL FLOT FROM ORDER STATISTICS"
40 FRINT iy '
S50 LFRINT
L0 PRINT
70 LPRINT
Q0 LPRINT
190 Dadh 8, 3.991,1.995,1.997, 1.998, 2. 002, 2.
110 READ N
120 FOR I=1 TO N
Z0 READ ¥Y{(TI)
140 F(I)=(I-.3)/(N+.4)
1830 X(ID)=LOG((FC(I))/(1-F(I)))
155 NEXT I
160 S1=0
170 §2=0
180 T1=0
190 12=0
200 FP1=0
210 FOR T = 1 TO W
720 U=X ¢1)

230 Y=Y (1)
240 S1=51+U :
250 §2=82+UxU
260 Ti=T1+V
270 T2=T2+VUxV
280 Pl=f1l+Uxy
290 O1=N¥FP1-S1%T1
TO0 O2=NiSE-S51%5
Z10 OF=NXTZ2-Ti%xT1
IR0 Q4=52%T1-51%F1
325 NEXT 1
SRR e A
40 R=01/02
IED G=, 1 Z94%¥BE¥ (10+L0G (N) )
55 REM FOR N>50 MAKE ARDOVE S=1.8%E
ZaD R=01/(SORQZX03))
370 PRINT "VALUE","MEDIAN RANE"
I80 LPRINT "VALUE", "MEDIAN RANE"
390 FOR I=1 TO N
400 PRINT Y(I),F{(I)
410 LFRINT Y{(I),F(I)
415 NEXT I
420 FPRINT
470 LPRINT
=50 LPRINT

—=&60 PRINT "MEAN", "SIGMA", "GOODNESS OF FIT™
470 LPRINT "MEAN","SIGMA", "GOODNESS OF FIT"
480 FRINT A,S,.R
490 LFRINT A,5,.K

END
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i APPENDIX (2)
COMPUTER SOLUTION TO THE EXAMPLE
NORMAL FLOT FROM ORDER STATISTICS
VALUE
==
1895
[ 7
1 s
= ae2
2.003
= . C0E
2 00 ]
L3
MEAN SIGMA EET &
2. 000258 £.Z7022904E-02 9392053571



