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ABSTRACT

This program was written to apply tolerance limits to Microwave Landing
System (MLS) flight test airborne and ground tracker merged data plots,
It will be used by project engineers for post flight analysis and deter-
mination of acceptable data. A program flow chart, a program listing,
and sample plots are presented in the Appendix.

Project No. 076-320-110

Key Words

MLS

GDU'S
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PURPOSE

The purpose of the plotting technique revision was to significantly increase the
efficiency and ease by which tolerances are plotted onto original Calcomp plots
for Microwave Landing System (MLS) test flight data by project personnel.,

BACKGROUND

Previously, tolerances were plotted with the Hewlett-Packard System 9854B and ac-
companying H.P. 9872A plotter onto Calcomp plots only after the following 3 steps
were taken:

Step 1. Locate and plot on a clean sheet of paper, the axes by which the
computer will plot the tolerances,

Step 2. Carefully align the plot to be processed so that it's axes coincide
with those of Step 1.

Step 3. Run the program to plot the tolerances.

Typically, Step 2 took approximately | to 1% minutes to perfectly align the two

sets of axes., For example, to process any given flight data that had roughly 10
runs (40 plots) associated with it, the time it took to plot the tolerances was
around one hour, This time factor, together with the fact that the condition

of the paper with the axes generated in Step 1, gradually diminished as the plotting
process continued, led to the search for a better, more accurate, and more efficient
plotting technique.

DISCUSSION

The main benefit of this technique revision is to orient the Calcomp plot in any
position on the H.P. plotter, thus eliminating the need to align the plot relative
to the plotting surface, and still retain sufficient accuracy. Consequently, there
was a need to devise a way to rotate and translate the plot relative to a known
point (0,0) on the plotter. This was best solved by performing all plotting in
Graphic Defined Units (GDU's) as opposed to User Defined Units (UDU's). In this
way, the coordinates of the points to be plotted can be found with respect to a
known, unchangeable position.

By digitizing the top of the Y axis, the bottom of the Y axis, and the end of the X
axis in GDU's, a correction factor in GDU's per UDU for each axis is calculated.
The angle of rotation and the distance in X and Y from the plotter's (0,0) point
(lower left-hand corner) are also found. The coordinates of the Calcomp plots'
rotated and translated origin are then computed. At this point, the previously
calculated coordinates of the tolerances in UDU's are converted to GDU's, rotated
by the angle of rotation, and translated to their respective positions relative
tathe-new origin., The program then plots the revised tolerances and asks the

user to prepare the next plot.

This procedure is just as accurate as the previous one while reducing the time
needed to process plots by eliminating the need to align the papers. The time
required to process any given series of runs is reduced in half using the new
technique.
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PRINT "ENTER TYPE
OF FLIGHT RADIAL=
1. APPROACH=2,
ORBIT=~3*

ENTER
ANSUER
READ AND
PRINT ANSWER

TYPE
OF
FLIGHT

ORBIT

|

RADIAL OR INITIALIZE
APPROACH INPUT DATA
FOR ORBITS
READ INPUT
FILE FOR
RADIAL OR
APPROACH
<

ASSIGN INPUT
DATA TO X-AXIS

VALUES

| Y




A2

TYPE
OF
FLIGHT

APPROACH

ORBIT OR
RADIAL ‘L

PRINT “"ENTER
ALTITUDE
CIN FEET)'

ENTER
ANSHER
READ AND Y
PRINT ANSHER

CONVERT ALTITUDE IN
FEET TO NAUT. MILES

I <

PRINT “ENTER 1 IF YOU Dou'f/zﬁﬁly//r
ALL FOUR TYPES OF PLOTS®
ENTER 1 OR /
PRESS "CONT®

&/




‘:’ A3

YPE
RADIAL

FLIGHT

PRINT “ENTER
ORBIT DIST. APPROACH
FROM AZ PHASE PRINT *ENTER

A

CTR. ‘“"’ PPROACH ELEV.

ANGLE (GS)‘

ENTER

ISTANCE///
l////ENTER ELEV ANGLg////,

READ AND ‘l
PRINT READ AND PRINT
DISTANCE ELEV. ANGLE

¥

PRINT *ENTER
AZ ANGLE’

ENTER AZ
ANGLE

v

READ AND

PRINT AZ
ANGLE

&)

Y



A4

WANT ALL
FOUR TYPES
F PLOTS?

Y

PRINT "ENTER TYPE OF PLOT:
{=AZ PFE,2=AX CMN,3=ElL PFE,
4=FL. CMN CENTER 12 FOR BOTH
AZ PFE AND CMN: 34 FOR BOTH

EL PFE AND CMND*®

/ ENTER Y\NSNER /

W
READ AND

PRINT ANSWER

%

v

PRINT “"WOULD YOU LIKE A PAPER
COPY OF THE PLOTTED DATA? 1=
YES, 2=NO*

Y

_ENTER ANSWER

READ AND
PRINT ANSNER




N

N,
INITIALIZE CONSTANTS

5
¢
"

Dg

> :
W
READ IN X-AXIS
INPUT VALUE

l

TRANSFER REFERENCE POINT FROM
AZIMUTH ANTENNA TO RUNWAY

|

COMPUTE AZ ANGLE FROM RUNWAY
REFERENCE DATUM, ELEV.ANGLE

FROM AZ ANTENNA, AZ PFE,
AZ CMN

!

TYPE
OF APPROACH

FLIGHT

ORBIT OR ¢/
RADIAL
N

COMPUTE GLIDE PATH ANGLE

&)

<

AS



(;:) A6

COMPUTE EL PFE, EL CMN

YES
PAPER COPY? +

NO ACTIVATE INTERNAL
PRINTER

ACTIVATE CRT

<

'/
ﬁ RINT HEADER/

PRINT COMPUTED
TOLERANCE VALUES
IN UDU’S

MORE X-AXIS
INPUT VALUEST?

YES

PRINT X-AXIS
INPUT VALUES




SET CURRENT UNITS
TO GDU’S

PRINT “DIGITIZE
TOP OF Y-AXIS®
////bIGITIZE TOP////
OF Y-AXIS
PRINT *DIGITIZE
BOTTOM or Y-AXIS
IGITIZE BOTTOM
OF Y-AXIS

PRINT “DIGITIZE

END OF X-AXIS

DIGITIZE END
OF X-AXIS

A7



%

vV

COMPUTE CORRECTION FACTORS FOR
X AND Y IN GDU’S/UDU’S

COMPUTE ROTATION ANGLE,
POSITION OF NEW ORIGIN

y

COMPUTE ROTATED AND
TRANSLATED TOLERANCES

FOUR TYPES

OF PLOTS?

A8




PLOT AZ PFE
TOLERANCE

|

MORE PLOTS?

IYES

NO

AS

ACTIVATE CRT

v

PRINT °IS PAPER
READY FOR AZ CMNT
{=YES, 2=STOP PROGRAM

v

ENTER 1| OR 2
PRESS “CONT*

CV

PLOT
AZ CMNT

Y

<¢YES

PLOT

AZ CMN
TOLERANCE

NO

A\ 4

Y




Al8

Y

MORE PLOTS? o z>

YES

PRINT

*IS PAPER

READY FOR EL PFE?
1=YES, 2=STOP PROGRAM"

ENTER t OR 2 OR
PRESS "CONT*

~
P o

)

Y

v

PLOT EL PFE

TOLERANCE

MORE PLOTS?

YES

Y

NO
B




Al1l

Y

¥
PRINT *IS PAPER

READY FOR EL CMN?
{=YES, 2=STOP PROGRAM’

ENTER 1 OR 2 OR
PRESS "CONT"

0
PLOT EL CMN? > > z>

YES

v

PLOT EL CMN
TOLERANCE

Y

[

|Z> >
v
/////6;INT “END OF PROGRAM*

STOP

G




L3

i@ | FEFEFFFXFEXFXE355F "ROTDCH" #3533 EEFEXFEEFEEE

28 | FRREEEFFREEFFEERFREELFEEFRERL R ERRFEFFREEF R LR R EF TS LR R AR TR T T XA FF XS
38 I~~~ PLOTTING TOLERAWCES ONWTO DISPLACED AWD ROTATED AMES ~m~~

48 | ##% PROGRAM “"ROTDCA" PLOTS MLS PFE AWD CHMH TOLERANCES FOR RAZ ANMD EL
Sa | #%% FOR WASHIHWGTOW HATIONAL AIRPORT. *#*=%

6a I %% WRITTEN BY B, HENDRICK ON 1-28-82 #%%=x

rd"} | At A A bt A Al L A et AL e e A L A AL A R R A R L
8a ! :

o4 ! FILE "WASH" HOLDS DATA FOR DISTAWCES FROM AZ PHARSE CEWTER FDOR RADIALS
186 ! AND FILE "“DSTORE" HOLDS THE ROUTINE TO ALTER THIS DATAH

118 !

1206 I FILE "DIST2" HOLDS DATA FOR DISTAWCES FROM AZ PHASE CENTER FOR APPROACHE
s

138 ! AMD FILE "DSTOR" HOLDS THE ROUTINE TO ALTER THIS DATH

14@ !

158a !

168 OFTIONW BASE 1

178 DIM Psid3)

188 DIM DcC25>

198 PLOTTER IS ?7,5,"9872R"

298 PRINTER IS 16 ! ENARBLES THE CRT
21. PRINT "ENTER TYPE 0OF FLIGHT: RADIAL=1, APPROACH=2, ORBIT=3"
228 INPUT L

2306 PRINT LyLINC1]

248 IF L=2 THEN 298

238 IF L=3 THEN 328

260 ASSIGH #1 TO "WASH"

2va §=235

288 GOTO 361

29a ASSIGH #1 TO "DIST2"

308 S=1a

3le GOTO 368

326 PsiCl)=-18

336 Psic2)=8 | SET RZ TRACKER VYALUES FOR ORBIT OHLY
340 Psic3>=10

350 GOTO 390

368 FOR B=1 TO §

3768 READ #1;DCB>

388 HEXT B
398 IF L=2 THEN 448
488 PRINT "ENTER ALTITUDE <IN FEETX"

418 INPUT Altl

428 PRINT ATt1,LINCLD

430 Alt=R1t1-6876 ! CONVERTS FEET TO HNM
448 PRINT "ENTER 1 IF YOU DON’'T WANT ALL FOUR TYPES OF PLOTS"
450 INPUT Ho

468 PRINT Ho,LIHNC1)

478 IF L=1 THEN 328 ! RADIAL

488 IF L=3 THEN 3568 ! ORBIT

490 PRINT "ENTER ARPPROACH ELEVATION ANGLE (GLIDE PATH>"
500 INPUT Phi

Sle PRINT Phi,LINCL)

S5z2a PRINT "ENTER AZ RHGLE"

538 INPUT Psi

540 PRINT Psi,LINCL)

5568 GOTO 61@

1Y) PRINT "ENTER OQRBIT DIST FROM AZ PHASE CENTERC(HNM:"
S57e INPUT L1

o88 PRINT L1,LINCL)

598 IF L=3 THEN H=3

Ys 1) GOTO 638

618 IF L=1 THEN H=25

628 IF L=2 THEHN H=18

638 IF Ho=8 THEHN 689

640 PRINT "ENTER TYPE OF PLOT:1=AZ PFE, 2=AZ CMH, 2=EL PFE, 4=EL CHH,<ENTER 1
2 FOR BOTH AZ PFE AND CHMH, 34 FOR BOTH EL PFE RAHWD CHMHO"



65e INPUT K3
1-1) PRINT K34LIN¢1D

670 GOTO 698

€806 K3=1

690 PRINT "PAPER COPY? 1=YES"

700 INPUT K2

rle PRINT K2,LINC12

720 IF K2<>1 THEH 368

730 PRINTER IS ©

748 PRINT "ARZ2 PFE","RZ CMN","EL PFE","EL CMH",LINC3)
1=

I -1-

vre | TOLERANCE CALCULATIONS:
rg8e |

798 |

8600 Add=8

818 %=4954-6676 !DIST FROM AZ ANTENNA TO A POINT ON RWY OPPOSITE EL ANTENNA
820 X1=5212-6876 ! DIST FROM AZ ANTENNA TO THRESHOLD

830  ®2=.22

840  X3=.133

850  X4=,85

868  ®5=.1

870  X6=.5

880 DIM R(25,4>

890 DEG

980 !

916 | TRANSFER OF REFERENCE POINT FROM AZ ANTENNAR TO RUWY
9206 !

9308 FOR B=1 TO H

940 IF L=3 THEHN 986 ! SKIP IF ORBIT

956 ¥Y=DC(B)#SIN(PsiJ

968 K?=D(B)*#COS(Psil-X

970 GOTO 168

980 ¥Y=L1#SINC(PsiCB22

290 ®P=L1#COSC(Psi (B>

18606 2=Y /K7

1910 Theta=ATNCZ) ITHETA= AZ ANGLE FROM RWY REFERENCE DRTUM
18286 |

1836 | FE5555% AZ TOLERAHWCES $E55%55%
1646 !

18586 IF L=2 THEN 1138

1668 IF L=1 THEH 1890

1ev8 2Zi=R1t-L1

18806 GOTO 11688

18986 2Z21=RA1t~-DC(B

11686 Phil=ATHN(Z1> IPhil=EL ANGLE FROM AZ AHTENHA
1118 IF Phil<9 THEHN 1138

1126 GOTO 1140

11386 FPhil1=9

1148 IF FPhil>286 THEN 16708

1156 !}

1166 ! PFE CALCULATIONS

1176 |

1186 IF L=3 THEN 1218

11960 Dfeaz=1+(D(B)-¥1)>-28

1260 GOTO 1220

1218 Dfeaz=1+C(L1-K¥1)>-208

12280 Afeaz=1+ABS(.5%¥Thetar482

12386 Efeaz=1+(Phil-92-11

1240 Péeaz=¥2*sDfeaz*¥Afeaz*Efeaz | *%%#% AZ PFE #%#%=%
1256 |

12686 ! CMN CALCULATIONS

1276 !

12886 IF L=3 THEN 1319
1298 Dmnaz=1+.3%#(DC(B)-X1)~-10
1388 GOTO 13206



131@
1328
13308
13408
1358
1368
1378
1388
1398
14808
1418
1420
1430
1448
1450
14€8
1478
1480
1498
1500
1518
1520
1530
1540
1558
1560
1578
1588
1598
160806
16l@
1628
1630
1640
1658
1660
16708
16808
1698
17006
1718
1728
1730
1740
1750
1760
1770
1780
1798
18006
1818
1828
1830
18408
1858
1868
1878
1880
1898
19006
1918
1328
1938
1548
1958
1968

Dmnaz=1+.3%(L1-X1l>~18@
Amnaz=1+ABS(.3*Thetas48>
Cmnaz=XS*Dnnaz*Amnaxz | *%%% A2 CHMN =x%=%
|
! $55$55% EL TOLERAMCES $EE$E5¢
|
IF L=2 THEHN 1448
IF L=1 THEH 1418
Zi=A1t-C(L1-%>
GOTO 1438
E=D(Br-X
Z21=A1t+-E
Phi=ATNC(Z1>
IF Phi<é THEHW 1468 ! Phi=GLIDE PATH RAHGLE
GOTO 1478
Phi=6
1
! PFE CALCULATIOHNS
|
IF L=3 THEHN 1538
Dfeel=1+X6%(D(B)-X1)-208
GOTO 1549
Dfeel=1+X6%(L1-K1»/28
Efeel=1+(Phi~6>~9

Pfeel=¥3%Dfeel*Efee]l #¥Annaz ! *%¥% EL PFE =*##%=%

!
! CMH CALCULRTIONS
|

Cmhel=Xd4*Imnaz*Amnaz*Efeel ! *%%¥% EL CHMMH =#%%=%

]
A(B,1>=Pfeaz
AC(B,22=Cmnaz
AC(B,3>)=Pfeel
A(B,4>=Cmnel
]

FRINT ACB,1>,ACB,2>,A(B,3>,A(E, 4>
NEXT B
IF L=3 THEH 1728
PRINT "DIST VALUESCINPUT"
MAT PRINT D
GOTO 1758
PRINT "AZ ANGLE YALUESCINPUT>"
MAT PRINT Psi
|
! #%%%¥% SET UP PLOTTER *%%%%
i
SETGU
PRIMT "DIGITIZE TOP OF ¥ RAXIS"
POIMTER 11,188
DIGITIZE X1,Yl1
PRINT
PRINT "DIGITIZE BOTTOM OF Y RXIS"
POINTER 11,5
DIGITIZE X2,%Y2
PRINT
PRIMT "DIGITIZE EHMD OF X AXIS"
POIMTER 115,53
DIGITIZE X3,Y3
Rdis=K3-X2
Ydis=Y1-%¥2
IF L=3 THEN Xgupuu=Xdis- 28
IF L<>3 THEN Xgupuu=Xdis~-1l@
Ygupuu=¥Ydis~.98
DEG
Rot=RTNC(K1-K2)/(Y1-Y23)
IF L=3 THEH HO=(X1+X3)-2



1978
1980
1998
2880
2pl0
2820
z2e3e
2840
zese
2060
2870
2080
20908
2188
z211e
2128
2130
2140
2150
2160
21ve
2188
21906
2280
2z1e
2220
2238
2240
2250
2260
za2ve
2280
2298
2360
2310
2320
2338
2348
2350
2360
237ve
2388
2398
2408
2410
2420
2438
2448
24506
2460
2470
2480
24908
2500
2518
2520
2530
2540
2550
25¢8
2570
2588
2598
2600
2610
2628

IF L=3 THEN Y@=(Y1l+Y¥3)-2
IF L<>»3 THEN X@=(X1+r2)~-2
IF L<>»3 THEN YB=c(Yl+Y2)-2

LOCRTE ©,128,8, 1680
|
|

I #%#%%*PLOTTING OF TOLERRAMCES #%x¥%%%

!

!
FOR
FOR

IF

IF

W=z TO 3
B=1 TO H

L<>3 THEN Ker=D(B)#Xgupuu
L=3 THEH Xer=Psi (B)*Xgupuu

Yler=AC(B, 1 )#¥Ygupuu*(-12~}
Y2er=AC(B,2)*#Ygupuu®i—-11~H
¥3er=A(B,32#Ygupuusi-11~}
Y4er=A(B, 42*Ygupuus{~13~Hi
Rlr=¥er*COS{(Rot 2+Y1ler+#SIH(Rot )
¥2r=Ker#COS{Rot )+Y2er#SIN(Rot >
KIr=Xer*COS5CRot)+Y3er*SIHCRot
¥dr=Ker#C0O0SC(Rot +Y¥Y4er*SIHI(Rot
Yir=Yler+*COS(Rot)-Ker*SIN(Rot>
Y2r=Y2er#C0S(Rot>»-Ker*SIH(Rot >
Y3r=Y3er#COS{Rot>»-Ker*SIH(Rot >
Y4r=Y4er#COS¢(Rot »—-Ker*SIH(Rot >

Rlnew=x¥1r+xe
BZnew=xX2r+18
R3new=R3r+%06
Kdnew=X4r+X0
Yinew=Y1lr+Y0
YZ2hnew=Y2Zr+¥o
Y3new=Y3r+Ya
Y4new=Y4r+ya
IF K3=34 THEH 2438
IF K3=12 THEN 2348
IF K3>1 THEHN 2378
LINE TYPE 1
IF (ACE,12<{=.45> AND
GOTO 2488a
IF K3=12 THEN 2388
IF K3>2 THEH 2418
LIME TYPE S
IF C(ACB,22<=.43> AHD
GOTO 2488
IF K3=34 THEN 2438
IF K3>»3 THEN 24¢€8
LINE TYPE 1
IF CACE,32<=.45> AND
GOTO 2488
LIME TYPE S
IF ¢ACB,42<=,.45> AND
NEXT B
FEHUP
NEXT W
FEHUFP
IF K3=12 THEH 2638

IF K3=34 THEH 27Vé&0
!

CACB,1><>B2

CACB,22<>82

CACE,32< 7@

CRCB,42<{>8)

THEHN

THEN

THEHN

THEMN

FLOT

PLOT

PLOT

FLOT

! ®x%%%% CONTINUE PLOTTING WITH SAME DATH
! +++ ADVAMCE TO MEXT PLOT +++

!
IF
IF
IF
IF
IF

Ho=1 THEH 2820

(Ho=8) AND (K3=1>
(Ho=8> AND (K3=2J
(HNo=8> AHD (K3=3>
(Ho=8) AND (K3=4>

THEN 2638
THEH 27Ve@o
THEN 27VeB
THEN 2828

“lhew,Vlnew!

nZnew,YZnew!

®3neuw,Y3new!

Rdnew, Ydnew!

EEEEEEE

FLOTS

PLOTS

FLOTS

FLOTS

RZ

AZ

EL

EL

PFE



26380 FRINTER 1S5 1&

2640 FPRINT "IS PAPER READY FOR AZ CHMN PLOTCFILT 237 2=5TOP PROGRAM"
2658 BEEF

2668 IHPUT Conti

2678 IF Contl1=2 THEN 2828

2680 K3=2

2698 GOTO 1758

2vee FRINT "IS FAFER READY FOR EL PFE FLOTCFILT 137 2=3TOF PROGRAM”
2vle BEEF

2728 IHFUT Cont2

2730 IF Cont2=2 THEN 282Z®

2v4e K3=3

2758 GOTO 1758

2760 FRINT "IS FAFER READY FOR EL CHMHN FLOTCFILT 2>7 2=STOF FROGRAM"
2vre BEEF

2v88 IHFUT Cont3

2798 IF Cont3=2 THEHN 2Z8:z@

2800 K3=4

z281e GOTD 1¢5Sa

2820 FRINT "END OF PROGRAM"

2830 BEEFP

2848 STOP

2858 END



#%¥ QUESTIONS AKRD AWSWERS FOR A & DEGREE APPROACH ##

FLOTS OME THROUGH FOUR ARE THE RESULTS OF PLOTTING THE DATA BELOCW

EMTER TYFE OF FLIGHT: RADIAL=1, AFPROACH=2, ORBIT=3

ENTER 1 IF ¥YOU DOM’T WAWNT ALL FOUR TYPES OF FLOTS

ENTER AFFROACH ELEYATIOM AHGLE <GLIDE PATH?

ENTER RZ AHGLE

PAPER COPY? 1=YES

A2 PFE A2 CMH
222664186965 188726596443
232364186963 183426596443
. 243564186965 . 1D6426596445
« 2943564186963 189426596443
2633564136965 . 112426596445
276364136963 . 115426596443
. 2837364186963 « 113426596443
« 2983564136963 121426596445
« 3093641369635 » 124426596443
« 328364186963 127426596443

DIST YALUESCIHPUT?

1.1 2
] &
9 10
5] %]
5] 5]
5] 5]
8

DIGITIZE TOF OF ¥ RXIS
DIGITIZE EBOTTOM OF % RXIS

DIGITIZE EMD OF X RXIS

EL PFE

« 1338853110861
« 1367975311061
140122811051
« 143447311061
146772811861
. 1588978110861
. 1534225811861
.156747811861
16872811861
. 163397811861

Q000 W

EL CMHN

5.B36329582225E-02
5.17132982225E-82
5.321329%82225E-82
5.47132982225E-B2
5.62132982225E-bB2
S5.77132982225E-12
S.92132982225E-R2
6.87132982225E-R2
6.22132982225E-R2
6.37132982225E~-02

OO0 DA
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#%# GQUESTIONS AND ANSWERS FOR A 4808~

ORBIT #*%

FLOTS FIYE THROUGH EIGHT ARE THE RESULTS OF PLOTTING THE DHTH-BELON

ENTER TYFE OF FLIGHT: RADIAL=1, APPROACH=2, OREBIT=2

ENTER ALTITUDE <IN FEET)
4800 '

ENTER 1 IF ¥0OU DOH‘T WANT ALL FOUR TYPES OF PLOTS

ENTER OREBIT DIST FROM RZ PHRASE CEHTERCHM?

FPAPER COPY? 1=YES

ARZ FFE AZ CMH
. 3235897183326 .1273288591178
287564186965 112426596445
L 323593716336 . 1273885391178

AZ ANGLE YALUESCINPUTS

-10 5]

GIGITIZE TOP OF % RKIS
DISITIZE BOTTOM OF Y AXIS

BIGIVTIZE END OF X AXIS

EL PFE

» 166321983994
.15471812464¢
166321983994
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