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FOREWORD

This report was prepared by William Mikulski and James E. Barnes

of the Reference Systems Branch, Reconnaissance and Weapon Delivery

Division, Air Force Avionics Laboratory, Wright-Patterson Air Force

Base, Ohio.
The work was initiated under Project Work Unit Number 19270203.

The report covers effort during the period November 1975 to
November 1976.
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SECTION I
INTRODUCTION

In May 1973 AFAL/RWA-3 undertookutheﬂi;sk of converting the
Honeywell Gimballed Electrostatic Gyro Navigation System (GEANS)
computer Program program, which was hosted on the Honeywell HDC-601
computer, to run on the Singer/Kearfott SKC-2000 computer. Both
the original and converted programs were written in the assembly
language of the host computer. Thus, the conversion effort was an
assembly language to assembly language conversion, and was completed
in December 1975. This effort is described in Technical Report
AFAL-TR 77-8, Vol 1 & 2, Conversion of Computer Software for the
Gimballed Electrostatic Gyro Navigation System, November 1976.

GEANS is intended for a variety of applications using any of
several available computers. The required reprogramming will be
most rapidly done using Higher Order Languages (HOL), if a suitable
HOL is available. Good HOL's increase programmer productivity,
provide readable programs, and, for some languages, allow the same
HOL source program to be used on several computers.

The purpose of the investigation described in this report was
to evaluate the problems and penalties of using an avionics-oriented
HOL to reprogram the GEANS software. The available time and resources
limited the effort to applying a readily available HOL, J3B level 0,
to only the Alignment and Navigation protions of the GEANS Software.
These portions were converted and the resulting computer time and

memory required compared with those of the assembly language code.
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SECTION I1
BACKGROUND OF JOVIAL/J3B

The compiler used was the JOVIAL-3B/0 compiler written by Softech
Inc. and hosted on the IBM-370/155 at the WPAFB computer center.
Following is a short history of JOVIAL-3B:

When the Request for Proposal for the B-1 bomber system was
prepared at Aeronautical Systems Division (ASD), it was decided to
require the programming of the mission software to be done in a HOL.
In October 1971 JOVIAL-73 was selected as the language for the B-1.
However the JOVIAL-73 language was not ready in time so in June 1972
a reduced capability HOL of low implementation risks which would
satisfy the minimum needs of the B-1 until JOVIAL-73 became available
was designed. To achieve low implementation risk, this language was
a version of JOVIAL-5, which is a subset of JOVIAL-73. The language
was designed by Boeing and three members of the JOVIAL-73 committee,
namely RADC, ASD (the B-1 SP0), and ABACUS, Inc. Whenever possible
the language was made to conform with what was known of JOVIAL-73
at the time.

The contract for a JOVIAL-3B compiler was finally awarded to
a contractor (Softech) who did not use the JOVIAL-5 compiler as a
baseline. Thus the need for staying close to JOVIAL-5 was eliminated.
Since much more was known about the direction of JOVIAL-73 by the
time the JOVIAL-3B specification was finished in October 1972
(by Boeing and Softech), it was very similar to JOVIAL-73.
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Two compilers for JOVIAL-3B, one for the IBM-360 and one for the
SKC-2000 were written in the Automated Engineering Design (AED)
language and hosted on the 1BM-360. They were delivered to Boeing in
September 1973.

The original reduced capability version of JOVIAL-38 has since
come to be termed JOVIAL-3B/0 (J3B level 0). It has evolved into
JOVIAL-3B/1 and, later, JOVIAL-3B/2. The level 2 compiler
is the most current version, and can be targeted to the LC-4516D

and M362F computers as well as to the SKC-2000 and 1BM-370.
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SECTION III

INTEGRATION OF THE HOL GEANS PROGRAM WITH EXISTING
ASSEMBLY LANGUAGE PROGRAM

1.  APPROACH
Coding of the GEANS software in JOVIAL/J3B was separated into
three parts. These were functionally different and consisted of:

1) Navigation routines.

2) Alignment routines.

3) Matrix operation subroutines.

Since these were the only portions coded in J3B, it was necessary
to link with the existing software written in the SKC-2000 assembly
language (FOCAP). To minimize debugging time and effort, the
navigation routines were coded in J3B almost 1ine for line from

the hand-coded routines. The alignment routines were written

based on the flowcharts rather than on the FOCAP code itself. The
FOCAP code was checked with the flowcharts to verify the accuracy
of the details only. The matrix routines were written in J3B to
minimize linkage problems which would have been encountered if

the FOCAP written matrix routines were used.

The same labels were used in the J3B code as were used in the
FOCAP code, which allowed for greater ease in both timing and
debugging. The same data base was also used since the J3B written
programs had to 1ink with the hand-written FOCAP programs. Using
the same data base caused some probiems since the J3B generated code
does not use FOCAP "common." This problem was alleviated by modifying

the FOCAP-Coded data base to refer to the J3B defined data blocks.
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2.  PROBLEMS ENCOUNTERED

Since JOVIAL/J3B is target machine independent, it cannot generate
input/output code. Because of this, all I/0 must be done by handwritten
FOCAP routines. The required routines for 1/0 already existed in the
GEANS real-time executive. Therefore, to provent the additional
problem of debugging I/0 routines, the J3B code was written to look
like the hand-written FOCAP code as far as the executive (hand-written)
was concerned. This was done by maintaining the same names for all
routines which the executive referenced.

The executive code also had to be modified slightly since J3B
generates code using "Page 3", which allows short instructions to be
generated which access constants 0 and 1 from core. This required
adding code in the executive to set the status word to indicate
that a page 3 was in effect.

Another modification to the executive was required for the J3B
linkage mechanization. J3B uses a push-down stack arrangement using
registers 6 and 14 as stack pointers. The exist‘pg GEANS software
used register 6 only for the same purpose. Therefore the executive
had to be modified to initialize register 14 to the same as register
6 (i.e. to the top of the stack).

The existing math library written for the GEANS in the SKC-2000
had been previously proven to work properly and efficiently. Therefore,
it was decided to use this Tibrary of math functions rather than the

library supplied with the J3B compiler. The only drawback to this
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method was that the job linkage and the linkage used by the FOCAP coded
library were entirely different. This required additional code to
convert from one calling convention and 1inkage structure to the other.
The hand-written math library was written to be most efficient with the
hand-written GEANS program. Rather than modify this library, it was
decided to keep it intact and add a buffer stage of routines to convert
from one linkage convention to the other. The standard J3B 1inkage
convention passes addresses of all arguments in Reg A and Reg B, with
all others following the call to the subroutine. The hand-coded
library, however, passed the actual argument in the A-B registers in
some cases, used index register 4 in other cases and returned the
result in the A-B register, or a specified address. This inconsistency
in Tinkage procedures required separate intermediate linkage conversion
routines for each routine used in the math library. Standard JOVIAL/J3B
linkage convention requires saving index registers 1 thru §

(XR1-XR5) on the stack, obtaining proper arguments or addresses and
placing them at the appropriate location according to the routine

being called. Upon return from the subroutine, the results had to

be returned to the J3B caller where proscribed by the J3B linkage
convention. Also, the index registers (XR1-XRS) had to be restored
from the stack and the stack cleaned up to the state it was in when

called by the J3B program.
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SECTION IV
MEMORY AND TIME REQUIREMENTS

Memory requirements for both the J3B and FOCAP programs were

taken from the memory map produced by the Linkage Editor step of
the compilation or assembly. Table 1 gives a comparison of these

requirements.

TABLE 1
MEMORY REQUIREMENTS

(SKC 2000 32 Bit Words)

For routines converted directly from FOCAP to J3B:

NAV IGN INIT TOTAL
J38 885 1477 744 3106
FOCAP 1014 836 694 2544

Total memory requirements, including the executive (RTEXEC) and
math subroutine library (SUBLIB) plus linkage routines:

FOCAP 4524
J3B 6350
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Timing for these programs are listed in Table 2. A1l major
routines were timed using the following method: A Hewlett-Packard
1600S Logic State Analyzer, consisting of a H-P 1600A Logic State
Analyzer and a HP 1607 Logic State Analyzer was connected to the
address lines of the SKC-2000 at the Computer Control Unit (CCU).
The H-P 1600A address compare lines were set to the desired start
address of the GEANS program and the H-P 1607 address compare lines
were set to the desired stop address. When the address compare
lines matched the start address in the SKC-2000 the H-P 1600A
generated a trigger which was fed to an electronic counter. The
H-P 1607 generated a trigger for the stop address in 1ike manner.
The electronic counter recorded the time delay between the start
and stop triggers, thus giving the time of execution of the block
of code under test. The uncertainty in this method is 100
nanoseconds, the sensitivity of the electronic counter. The

accuracy of these measurements is +100 nancseconds.
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TABLE 2
COMPARISON OF GEANS TIMING IN J3B AND FOCAP

(Subroutine description in flowchart form are in the Appendix.)

SUBROUT INE TIME IN MICROSECONDS
FOcAP J38

IIC 1337 3000
11D 2620 '4500
1IE 1250 2750
183 8417 16975
116 3480 12204
1IH 3162 4670
11K 1183 1756
1IM 1636 2542
110 3642 6318
11P 13066 47345
RSET 347 730
1IR 45 39
FENT 6676 1151
DECD 2340 2440
IE 2460 3900
IF 977 1685
16 790 1685
IH 3883 5400
1 7254 7800




AFAL-TR-77-119

SECTION V
DISCUSSION OF RESULTS

For that portion of GEANS that was written in J3B (Alignment,
Navigation and Initialization) the memory requirement was approximately
20% greater for the J3B version than for the FOCAP version. The total
memory requirement for J3B was 29% greater than for FOCAP. The J3B
compiler produced approximately 80% short instructions (a short
instruction is 1/2 word, or 16 bits, long). The FOCAP version
produced approximately 15% short instructions.

The J3B version was found to run two to three times slower than
the FOCAP version. A number of things contributed to this:

1) The compiler was designed to create a high density of short
instructions. This it does, and actually produces more instructions
than necessary as a result. It reserves Index Register 5 (XR5) as a
base register and loads XRS5 with the address of one of several data
areas to create short instructions. As a result when some operations
are being performed, such as creation of a 3x3 matrix, the compiler
loads XRS5 once for each data item that is moved. So an index register
load is performed (which takes one full word of memory and 2.5
microseconds) to create two short instructions. This sequence is
repeated nine times, and is very inefficient both in time and memory
usage,

2) The compiler generates code which computes an address offset
each time it is used within a loop. For example, if the offset is
used four times within a loop it is computed four times, and it only

needs to be computed the first time.

10
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3) The special linkage subroutines, those that resolve the

J3B/FOCAP linkage differences, consumed 50 microseconds. Each

subroutine call in GEANS required 100 microseconds more to execute
because of this requirement.

The JOVIAL-3B level O compiler is poorly optimized to save
time of execution. It will produce a high density of instructions,
and with a.data base designed to take advantage of this ability
some optimization in time and memory is possible. For this effort
the FOCAP data base was used, so the shortcomings of the compiler

were accentuated. Later versions may be more efficient.

N
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SECTION VI

SUMMARY AND CONCLUSIONS

The GEANS software development effort consisted of reprogramming
the GEANS Alignment and Navigation algorithms in a High Order Language
(HOL), JOVIAL/J3B, Level 0. The GEANS program was hosted on the
Singer/Kearfott SKC-2000 computer and was written in the SKC-2000
assembly language, FOCAP. The purpose of the J3B effort was to
compare the memory and time requirements of GEANS as written in
FOCAP to GEANS written in J3B. Alignment, navigation and initialization
portions of GEANS were coded in J3B. The FOCAP data base, math subroutine
library, and real time executive were retained as part of the J3B version.

Final results showed that the J3B version required 29% more
memory and two to three times more time than the FOCAP version. The
memory requirement of 29% is somewhat misleading because additional
code had to be written to resolve linkage convention differences
between the FOCAP and J3B versions. In those routines that were
coded in J3B directly from FOCAP (i.e. Alignment and Navigation)
the J3B version required 20% more memory than FOCAP. A similar case
can be made for timing requirements. The particular compiler used
for this study (J3B Level 0) is a very inefficient compiler and is
very poorly optimized. If GEANS had been written from scratch in J3B,
with a properly designed data base and real time executive, a considerable
increase in timing and memory efficiency might have been realized

~ver the results of this study. s

12
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The results of this study were brought to the attention of
Softech, Inc. (designers of J3B), who explained that the latest
version of J38 (J3B Level 2) corrects most, if not all, of the
deficiencies of J3B level 0. A more efficient compiler would most
definitely show better results. The overhead for an efficient
compiler of any high order language would be close to 20% more
than assembly language.
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ALIGNMENT SUB-EXECUTIVE

NAVF = 0
ASCH=ASCH+1

| BACKGROUND |

<0 *
ol

Y

ASCH
=]\

B

NCCU = NCCUH1
NCCD = NCCD+1

IIF

1IC

11D

IIR I

NAVI

11K v J L 10 |
ool
T
BACKGROUND
17
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LOW PASS FILTER
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DO 4234
N=2,3

1105
r
VCnX VCnX ve(n-1)x| | venx
4 VCnY [=| VCnY | +FKC* VC(n-1)Y{-| VCnY
vCnZ VCnZ VC(n-1)Z VCnZ
1106 '
DVXI ¥C3X
ovYa  (={ vcay
DVZK VC3z
[ pHa=pHc |
1107
DVXI VF3X
ovYJ |=| vF3Y e
DVZK VF3z
[ pua=pur ”
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I11G = IM
=0 CHAY
#0
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116G
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IIH
IIH

ITH2

ITH3

IIN
IIN1

1IN2

IIN3

1ING

STHR = SIN (WDT * (NCCU - .5) - PHA)
CTHR = COS (WDT * (NCCU - .5) - PHA)

'

RDVX = (AK2T * CTHR) * DELT
ROVY = (AK2T * STHR) * DELT
ROVZ = (AK2T) * DELT

DPTO = VT/SQRT (DVX**2 + DVY**2 + DVZ**2)

TEMO DVX RDVX
TEM2 = DPTO * | DVY -| RDVY
TEM4 bvz RDVZ

[sra = sra + 1. - pp1o]

YAl = YAl + TEMO

YA2 = YA2 + TEMO*STHR

YC2 = YC2 + TEM4*STHR

YC1 = YC1 + TEM4*CTHR

YB1 = YBT + TEM2

YB2 = YB2 + TEM2*(NCCU/8.)*OMGA

)
RETURN
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I
[131

1192

[IL
I

SUMMING FOR E.P.A. SOLUTION

VAXI VAXI DVXI
VAYJ = | VAYJ + | DVYJ
VAZK VAZK DVZK
s Az ) N kel
- TEITEE R G
VAX VAX DVX
VAY = VAY + DVY
VAZ VAZ DvVZ
- bt W TR

SUMMING FOR LOCAL LEVEL SOLUTION

RETURN

VAX
VAY
VAZ

VAX DVX

VAY + DVY -

VAZ ovZ

ROVX
RDVY
RDVZ

RETURN
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11K
11K2

E.P.A. SOLUTION

TEM2 = VAX/AKIT
TEMO = VAY/AKIT

!

SWT
CWT

TEMO/SQRT (TEMO**2+TEM2**2)
TEM2/SQRT(TEMO**2+TEM2**2)

[ sx =sy=sz-=o0]
y

ACM
PHA

\
RETURN

0
0
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LOCAL LEVEL SOLUTION

IIM
1M
TEMO g VAX
TEM2 | = * | yay
TEM4 ViB VAZ
1IM2 1
SZ = TEM2*CGDL
SX = -TEM2*SGDL
SY = -SIGN(TEMA)*SQRT(TEMA**2+TEMO**2)
M
T SWT = SIN(WOPP*NCCU)
CWT = COS (WOPP*NCCU)
RETURN
27
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LEAST SQUARES SOLUTION

119
1101 1T = -
XA amcsI YA
2x1 * 2x1
— (- ol -
3
Fofp & Y
X8 _ | Pmest Y8
2x1 * 2x1 _f
— ey oy —
XC | Cmest Yc
2x1 * 2x1
; et o e
1192 l
SX = XC(2)/AKIT
SZ - XA(2)/AKIT
SY = -XC(1)/AKIT
ACM = SRA/NCCU
SX = SX+SGDL*(SZ*CGDL~XB(1)/VTC-SX*SGDL)
SZ = SZ-CGDL*(SZ*CGDL~XB(1)/VTC-SX*SGDL )
1104 = 1IM3 !

SWT
CWT

SIN(WOPP*NCCU)
COS(WOPP*NCCU)

28
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I1p
' 1IP]

11P2

COMPUTE AA MATRIX AND AAJ MATRIX

P

TEMO
TEM2
TEM4

SQRT(1-SX**2)
SQRT(1-SY**2)
SQRT(1-SZ**2)

]

TEM4 Sz O TEM2 0
-SZ TEM4 0 0
0 s O | SY

11P3

e

T

Y
[ caL 115 |

RETURN

29
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AFAL=IR=/7/"=}) 12
SUBROUTINE RESET
E
11Q1 '
SRA =
VAX 3
VAY |=0 ;
VAZ
YAT | [ yBl [ _f vct [_f xat {_{ x81 {_[xc1 |. 0 |
YA2 71 yB2 [T vc2 || xA2 |T]| xB2 |7} xc2
11qz [0 = wmo + 1 ]
| cALL awvo ]
11Q2A
FLGN = 0;INS NOT
ALIGN LITE OFF
‘ ]
NCCD = -64 SET UP COURSE SOL'N SAVT = TIME+BB1
SAMI = | SCALING SHIFTS s
;
SETUP FINE SOL'N
- 0 0 SCALING SHIFTS -
NCCD : 68 <49 > 49 FIDDLE WITH BITE
SAMI = BITS FOR IMU &
VAC & ROT UNR

NCCD

-1200

NCCD =

-1680

MCSI

MCSI =

1

NCCD= -7200
MCSI = 2

NCCD
MCS1

l

s

11Q3A

NCCU

30
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IIR
IIR1

11R2

1IR3

i G R RS IR i 020 PR

BACKGROUND

[
H

GO TO NAV DECISION

Lason=-1 |

Y
| opu proCESSING ]

BACKGROUND WILL BE
IN AIR ALIGNMENT

AJ SA

3x3 33 |

e

ac = OMEG*(TIME-SAVT)

1

SWT

SIN(OMEG*(TIME-SAVT))
CWT

COS(OMEG*(TIME-SAVT) )

31

BACKGROUND
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IIRS ;

D CWT SWT O

= 1-SWT CWT O

3x3 0 1

1IR6 T
o | |o AJ
3x3 3x3 3x3
AJ - D1
3x3 3x3

RETURN

32
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NAVI

NAVIGATION INITIALIZATION

ENTRY 04 OF VECT

= CALL NAV
TEMO = ATAN(SGDL/(CGDL*KGDL)
SGCL = SIN(TEMO)
S2GC = SGCL**2
CGCL = COS(TEMO)
C2GC = CGCL**2

)

DELR = ALT-(21385*S2GC*(1+.00503*C26GC))

RAD = DELR+RADE

1

X = RAD*CGCL
‘ Z = RAD*SGCL

Y = LATB = LONB
VX =VZ =0

VY = OMGA*X
RXYZ = RAD

LONG = LONL

LGO = LONL

T0 =

TLPO = TO

TIME - 3/32

=0

RETURN

33
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ALIGNMENT OUTPUT ROUTINE

ALNO

F DECFLG = DECFLG*! J

[ erime = Time |
BSX h SX d

BSY =] SY

BSZ Sz
- - -

*c

| |

T m i
BAJ

3x3 3x3

| BNMO = NMO|

\
RETURN

n
g

34
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IA [ NSCH = NSCH + 1 ]

NAVIGATION SUB-EXECUTIVE

CALL
Ic
I CALL
(0
CALL
i Y
CALL
Y CALL CALL IM
CALL IH NAVO
IE Rl
I CALL
CALL RTAL
1
CALL : ’
I ol

k1

35

C BACKGROUND )




AFAL-TR-77-119

ACCELEROMETER BIAS & SCALE FACTOR COMPUTATION
AND NON-ORTHOGONALITY COMPENSATION

IC PROFILE D> —w-{PROFILE GENERATOR]
NO e
1C ;
DVX1 ovx6 | | cooap
DvYJ | = |48 {1 ovve || coosp |
DVZK I3 ovze | | coosp

[ ovxe = ove - ovze =0 |

‘ RETURN ’
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ROTATION FROM PLATFORM FRAME TO NAVIGATION FRAME

ID
D)
pVX DVXI
vy |=|Ad DVYJ
(1174 3x3| | ovzk

RETURN

37




AFAL-TR-77-119

N3NL3Y

Zx (Sxxdx (392S-EVII+HYI9 ) ) IVI9 € xx dx0VIV+ (Zx2I92S %6 +I92S%0 L -GVID+9VID ) x2VID 1079
Ax(Sxxdw (292S-€¥29) ) LYID-€ xxdx0VID+(2x2I92Sx6+I925%9-5¥I9 ) »2VI9 10A9
X (Gxxdx (292S-EVI9) ) LVI9-Cxxdx0¥I9+(2%xID2Sx6+2925%9-5YI9 ) x2¥I9 1ax9

_ - (30VH797130) + (3aVH/4730) - L = d

1300W ALIAVYO

231

L3I
31
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IF
1F2

IF3

IF1

VERTICAL DAMPING COMPUTATION

[bELR=ALTf§21385*SZGij?+.00503xCZGClﬂ

| RAD=DELR + RADE

]

[ 046 DATA = ALT -(RAD-RXYZ)

1

LDVX
LOVY | = CD52*(RAD-RXYZ)
Lbvz

*

N <>

16
161

RETURN

DOUBLE INTEGRATION FOR VELOCITY AND DISTANCE

VX VX GXDT DVX
VY | =| VY | + DELT * | GYDT { + | DVY
vz vZ GZDT DVZ
o< il i - e
=y =
X X r.LDVX VX
Y =1 Y |+ DELT * [ | LDVY | +] vy
4 L I LbvZ vVZ
e §

RETURN

e gtk
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IH
IH1

IH2

IH3

LATITUDE AND LONGITUDE COMPUTATION

[

LAT = LATB+ATAN((Z*KGDL)/SQRT(X**2+Y**2))

P42DATA = MSH OF LAT
043DATA = LSH OF LAT

LONG = LONB+ATAN (Y/X)-((TIME-TO)*OMEG-LGO)

IH4

IH5

IH6

IH7

IH8

IH9

IH10

I

IH12

IH13

IH14

IH15

@44DATA
045DATA

MSH OF LONG
LSH OF LONG

1

[ sce

SIN( (LONB+ATAN (Y/X)) ]

CCLG = COS({LONB+ATAN (Y/X))

]

SWT

SIN((TIME-TO)*OMEG-LGO)

CWT = COS((TIME-TO)*OMEG-LGO)

RXYZ = SQRT(X**2+Y**247Z%*2)

| secL = z/Rxvz |

| s26c = sacLr*2 |

[ CGCL = SQRT(X**2+Y**2)/RXYZ )

C2GC = CGCL**2

| SGDL = SIN(LAT)]

| CGDL = COS(LAT)]

40
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LOCAL VERTICAL CO-ORODINATES AND GROUND SPEED 4

1)
N
W CGDL*CCLG CGDL*SCLG  SGDL VX+Y*OMGA
VE [ = -scLe CCLG 0 VY -X*OMGA
N -SGDL*CCLG  -SGDL*SCLG  CGDL : VZ
132 !
VXE CWT SWT 0 VX+Y*OMGA
WE | = |SWT cvT 0 VY - X*OMGA
VZE 0 0 1 74
-
1J3 ! -
B i g
P48 LSH OF VV
PaA |=| LSH OF VE
| 94c | LSH OF WA
- oy il 1
pa7 MSH OF VV
@a9 |=| MSH OF Ve
paB MSH OF VN
L sy AR L 3
1J4 !
w w
VEL2 = |ve || vE
VN WN
1J5 1
GS = SQRT (VEL2-VV**2) |
1J6 !
- CEDL*CCLG CGDL*SCLG SGDL
- -SCLG CCLG 0 AJ
3x3 -SGDL*CCLG  -SGDL*SCLG CGDL 3x3

RETURN




NAVIGATION OUTPUT ROUTINE

TIME-TLPO

> 6 MIN

| DECFLG = DECFLG+1 |
/

TIME |

[ TLPO

BTIME
BLAT
BLONG

TIME
LAT
LONG

nonon €y,

petlf—

FBVV 1 F W-
BVE VE

BVN VN

L
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DRIFT COMPENSATION

I
I
SDVI sovi | | ovxi
sovd [=| sovd |+ ovxy
SDVK sovk | | pvxk
12 1
DCON = DCON+1
YES
IL3 DCON < 0
IL4
DCON = DCSK
IL5
SRT1 = SRT1/0TOC
SRT2 = SRT2/DTDC
IL6 9
F1 = 1 ~ (SRT1/DC04)**2
F2 = 1 ~ (SRT2/DCO4)**2
L7 !
VI e SO SDVI
ow |=| V272 Y272 o SDVJ
DK | -vgp v272 o | ]SO
IL8 -- Y
IL13 D C
SEE NEXT PAGE
BT |
SRT1 = SRT2 = 0
RATP = RATM = 0
SDVI = SDVJ =SDVK=0
IL15
CHAJ = 0
RETURN

43
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=0
CHAJ
#0
CHAJ = 0
IM2
D =| AJ DCAR
3x3 3x3 3x3
r o
AJ =1 Ad D
3x3 B 3x3 = 3x3
M YES
2 FLGN = 0
0
IM4 .
- - ~ - - -
D .| SA DCAR
3x3 3x3 3x3
- — . - e -
= T P o o —
SA _| SA D
3Ix3 3Ix3 3Ix3
L - -l L -

RETURN
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RETURN TO ALIGN DECISION (RTAL)

IN
N1

>4

DPU PROCESSING
(NOT IMPLEMENTED)

<4

[ savt = To+3/32 |

3x3 3x3

I CALL FENT,

\

[ FLGN = Fzsuﬂ

R R
[ wave = mopE |
; K|

TURN OFF INS
NOT ALIGN LIGHT
(NOT IMPLEMENTED)

e

1
<' BACKGROUND)

46
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EXEC

EXECUTIVE INITIALIZATION

[gfatus Reg. = Q;J
Y

Clear Interrupt State

{ VECT = 'CALL DuMY'

| cALL cput

eset DMA Channels

Y

Set Interrupts 4, 5, and 10

[

EXNO
ERRCNT

0
o

Enable Memory
& Program Interrupts

1

Wait for first
32 Hz interrupt

47
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SKC-2000 Executive

et (om0 -1

< 1/4 sec

>1/4 sec

l, Reset Watchdog Timer;J

lGo to VECT I

|
Ex30A [ Disable Program Interrupt |

i
{Exno = cveLe |

|
[gnable Program Interrupt “f]

il EXNO

=20
Call DEC

Wait for next interrupt |

48
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VECT

VECT

Vector Table

During Alignment

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

UMy
DECD
Cbu
ALIGN (IIA)
SPIN (DUMY)
DUMY
BITE (DUMY)
DUMY
DUMY
DUMY
DUMY
DUMY
DUMY
GASC (DUMY)

GO TO Ex30A

During Navigation

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

DuMy

DECD

cou

NAV (IA)
SPIN (DUMY)
DUMY

BITE (DUMY)
ouMy

DUMY

DUMY

DUMY

DUMY

DUMY

GASC (DuMY)

GO TO Ex 30A




Syncronize SKC-2000 Alignment with Honeywell

Alignment.
cou #0
RETURN
r
RETURN
COUST = 1
CALL FENT
RETURN
SW 0 ON SW 1 ON SW 2 ON_I'MODE=3, NAV
OFF OFF OFF
BE = WODE = MODE MODE = 4,
Switch from SIOL | | From PDP-11 AL TGN {
| I 1

| |
RETURN

50
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Coul

CDU Initialization

CDUSI
cobus2’

f#ou
o

\

Set 3RD tntry
of VECT to
"CALL CDU'

51

\
< RETURN ’
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BDSI

Initialize Built-In

Test, Data Decode, & Auto

Sequencing.
BLP1 = BLP2 = BLP3 = 0
BCTR = BNBR = HCTR = 0
HOLD = MALF = MLFN = 0
CMD1 = CMD2 = CMD4 = 0
BER1 = BER2 = BER3 = BER4=0
BDSI(I) = BTIN(I) I =1, 4
BMK(I) = BTIN(I+4)I =1, 4
SRT1 = SRT2 = RATP = RATM = 0
ROT1 = ROT2 = 0
DVXG = DVYG = DVZG = O
DPVU = DPDV = DPHV = 0
GMT = 0
BTE1 = BTE2 = BTE3 = BTE4 = 0
RICT = R2CT = CIPM = RAT = RATL =
DVX = DVY = DVZ = 0
CYLE = VRTV = DRFV = HDGV = 0
\
CRT1 = CRT2 = CRT3 = 0
TIME = ITER = PHAS = 0
NAVF = DATA = PUSH = TEST =
LITE = kuIT |
P14 DATA = 0
925 DATA = 0

IMODE = MODE SWITCH FROM SIDL

J

52
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2nd Entry of VECT = 'CALL DECD'

Y

[5th Entry of VECT = 'CALL SPIN'
Y
7th Entry of VECT = 'CALL BITE'

Y

14th Entry of VECT = GASC

|
[SopL(1) = SODLIN(1) I =1, 64 |

RETURN
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FENT

Initialize for Alignment (First Entry)

T

SDVI
A =l SDVJ
3x3 SDVK

VAXI DVXI
=] VAYJ =] DVYJ
VAZK DVZK

DVXG
DVYG
DvVZG

0

t

SRTI = SR

T2 = PATP = RATM = (HAI = N

D19 CD20 cCD21
D25 -CD26 -CD27
D22 CD23 (D24

W N -
e
nnn
OO0
S83
W N —

AB
3x3

CD07

CD10 CD13

CDO8 CD11 CD14

CD09

CD12 CD15

3x3

LAT = LATL

SGDL
CGDL

SI'i (LAT)
COS (LAT)

nn

I

[AKTT
AK2T

CGDL *GL
SGDL *GL

Y

PHA = 0
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CDO4D
CDO5D
CDO6D

CD04
= DELT * |CDOS

CDO6
LAt RrseT |

C0S (CD51)
0
SIN (CD51)

-SIN (CD51) SIN (CD50) -SIN(CD51)COS(CDS50
COS (Cps0) ~SIN(CD50)
COS (CD51) SIN (CDS0)  C€OS(CD51)COS(CDSO
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-

LEntry 4 of VECT = ‘CALL ALIGN'

!
[36T7, 2) = 063, 1= 0

~SIN(HEAD
1.0

RETURN

DG(3, 2) =
DG(1, 1) =

56
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DECD

>1 min

Decode SIDL

BTE3 = BTE4 = 0

TEMPo= 0

[LpTk = LpTK *2 |

[LPTK = LPTK:1 |

tor : B3

]

LBIE3 =§T_E§

GSCT

1 min

[TEMP2 = GSCT + 1/32 |

{ascT = TEMP2

W —efore -1 ]

=p4F

57
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DO DOIS

I1=1,14

\

[B7E4 = BTEA *2 |

=UFC Field

of

SobL (1)

BTE4 = BTEA+] |

IéSD DATA = 0

\

Disable Program Interrupts _]

#0

[DMAERR = DMAERR. or. 16

<2

[BTE3 - BTE3. or. B1]

CYLE = 0

i
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Enable
Program
Interrupts

1

GMT = GMT+ 1/32

/80 Dat;i= MSH GMT
#41 Data = LSH GMT
TIME = szs + 1/32
ITER = Mo;%lo 1 Sec (TIME)
PAF Data =i ITER

@58 Data = CLU Switches

J

TEST = Press to TEST Bit
(psB)

59
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@

PUSH = Push Button Switchl

#19
ta Switch
ILITE = a.XOR.384.0R.LITE. XOR. 384 i
=MODE Mode
Switch
#MODE
25 / start o MODE sl
Switch Switch /
>6
=25 =]
LITE = OR.128
MODE =
MODE SWITCH
\

60
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% [@4E DATA = R.A.T. FIELD (177) & VERTICAL VEL FIELD (122)]

[paD DATA = ROTOR SPEED (177) 3

\

@5D DATA = R.A.T. BITE BIT (I77) & TEMPERATURE BITE (174) |
& IMU BITE (I73) & DOPPLER REL BIT (I21) ;

{ 925 DATA = BITE BITS (I121) & BARO ALTITUDE (@25) ] ]

\
{960 DATA = DRIFT & HEADING (i22) | i

i

@50 DATA = -DVX (176) & +DVX (175)
@51 DATA = -DVY (I76) & +DVY (175)
@52 DATA = -DVZ (176) & +DVZ (175)

BTE1 BITS OFFO1 = 05D DATA BITS OFF0y¢

61
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uTE4
BIT FOR
SIDL-08

[ BTE1 BITS 0001y¢ = 05D DATA BITS 000136 ]

'

[12 DATA = (914 DATA.AND.FFOF)g).OR. ((.NOT.BTET).AND.30y6) |

l'____FZZI RAT = R.A.T. FIELD OF P4E

(CONV TO FLOATING POINT)
A_= 04D DATA

| -

| ROTR = A




m—

LALNUA | St N S v

BARO = @25 DATA

q_ TEMP-BARO

(BTE3 = BTE3.OR.BI13 |

[TCALL coru

{(DUMY)

A = CD64

#0 ALT FLA
(C063
=

(LA = co61*(8ARo+c062) |

[Car-a]
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HDGY = HEADING VEL FIELD (@60)
DRFV = DRIFT VEL FIELD (@60)
VRTV = VERTICAL VEL FIELD (P4E)

RAT = 0
L
>0
L_RATL = 0 RATP = RATP + RAT RATM = RATM + RAT
@14 bit for RAT+ =1 @14 bit for RAT- =1
RATL = RATL + 1 RATL - RATL -1

64
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< 2048
>2048
| BTE3 = BTE3.0R.B5 |
e —————

\
I bits 000316 = ROTR bits C000,¢

=0 ,,/’;/1\\\\\\ =3
I

[BTE3 bits 00676 = 3
\4“ S 0067¢

[A=roT (D)}

ROT(1) = ROTR bits 3FFFyg

32
= RoT (1)}

< R MIN

RMIN < A <_RMAX

> RMAX

[r(i)cT = A - roT(1) ]

65
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BTE3 = BTE3.0R.B14 |

| BTE3 - BTE3.0R.B15 |

#0 )\ #16

ITER

SRT1 - SRT1 + ROT1 * 1/2 SEC
SRT2 = SRT2 + ROT2 * 1/2 SEC

e

P6C DATA = 124 DATA
@6D DATA = 128 DATA
@6E DATA = I2C DATA

LHED = HEDL




AFAL=IR=/ /=11

=0

["Lhep = pec DaTA |

[Lpcu = g6 pATA |

[LRoL = p6E DATA |

@

S 5 R e i
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POV(1)+ \y_=256

DV(I)

#256 P
BTE3 = BTE3.0R. B(J) TOVX(I) =
J=17,9 256 - MDV(I)-MDV(I)

BTE3 = BTE3.0R.B(J)
J = 10,12

| @ CONT INUE

Sl it M it
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@5(1)DATA = 17
1=3,6:;4

:

(9

) D
6,9

TEMP - 05(I)DATA + CD4(J) + 0.75
I =36;J=6,9

TEMP = RES(I)
1=1,4

TEMP - RES(I)
I=1,4

[_TEM2 = RES(1)

-

L Res(1) = Tewp |

. %1
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s

@P

ANY GIMBAL RATE
BIT OF BTE3 = 1

GIMBAL SPIN
BIT OF BTE3 = 1

L cipM - cipM + 1732 sec ]

CALL TKTH (DuMY)

RETURN

70
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INTERRUPT 10 ROUTINE [32 HZ]

@ &

| Reset Both DMA Channels | | Clear Carry Bit |

[ -Prog. Cont. scs Reset |

Increment
ERRCNT

*0EQT2 Is
Re-Accessed

Qn Each Loop] | pA PpcCl
DPA
* PEPT2 LDA PICCI
DPA 5

[ Reset DMA Output 41 Save S

Set’
Flag 1
Y
ppc2 Zero DMAERR
1]

Save S Reset Flag 1

Restore
A,B,S
=0
#0

CYLE= CYLE+2

" | DMAERR AND B |
=0

LAE EX30 STA RET10

n

o MR i . i i
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INTERRUPT 5 ROUTINE

* PICS Is Snap-Shot

Any=1

>
[—7Clear Carry Bit ]

N

INCREMENT
ERRCNT
DMAERR
Mod1 LPR 2
3 LDA PICC2 ,,,:u:’ T
D'A 5 Control
Word From PICS Construct

PICC For Error Reset

l DMAERR AND D I AALL
[ Reset Error Interrupt]

72
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INTERRUPT 4 ROUTINE

* POCS Is Snap-Shot

#0 =0
| clear carry Bit |
CYLE= LAE-EX10
CYLE+1 STA RET 04

!

From PACS Construct
PPCC For Error Reset

[ﬁeset Error Interruptg]

[ Increment ERRCNT |

DMAERR L@R 1

]

DMAERR AND 3

1

| OMAERR LPR 4 |

!

Increment ERRCNT
|

Reset DMA Channels

| save S Reset Flag 1 |

73
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