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1 .0 INTRODUCTION 

This report describes the features and use of the Validation 
Command Llanguage ( V C L )  computer program which has been developed to  

aid the automotive safety researcher in quantifying coniparisons between 
impact t e s t  resul ts  and predictions of mathematical simulations. A l -  

though these simulations have been instal led on various computers, b o t h  

within and outside the industry, extensive validations have been car- 
ried o u t  only within the industry. The proprietary nature of the auto- 
motive hardware used in the t e s t  programs necessitates tha t  the results  

be kept proprietar.y. This fac t  leads safety researchers and government 
standards writers  not havina access to  the data to  question the potential 
and applicabil i ty of models. The VCL will aid i n  publicizing models, 
many of which have been developed largely under MVMA funding, and demon- 
s t ra t ing t he i r  accuracy. 

1.1 Desc,ription of the Val idation Command Language 

Proc:edures have been developed by which the output from two-dimensional 
and three-dimensional mathematical model simulations of specif ic crashes 

can be quanti tat ively compared to  the resul ts  of experimentally staged 
simulations of the same crash. Since crash victim s i r~ula t ion deals w i t h  

the physical parameters of crash victim dynamics, i t  i s  desirable to com- 

pare output from the model with the same types of physical parameters 
gathered during experimental simulation. The compari son techniques 
accomodate variance between computed and experimentally measured 
variables which may d i f fe r  in amp1 i tude, phase, and frequency content. 

The procedure, which i s  general enough to  be used in comparisons of any 
two or more se ts  of simulated and/or physical data,  has been demonstrated 

ut i l iz ing the MVMA two-dimensional man model in the text  which follows. 

The VCL has been structured to provide: 
1 .  User ease; 
2 .  Sel f-contained analytical power; and 
3. Graphical output capabi 1 i t y .  

The technique of a command language has been chosen t o  provide user ease. 



I t  consists of simple English words which can be entered into the com- 

puter a t  a remote terminal or in a batch process. The words are designed 

for  use by a wide range of professionals whether they be an engineer or  

computer programmer -- a designer or  a manager. With these commands, 
the user can operate with the three basic elements of a validation pro- 

cedure : 

1.  Experimental and/or mathematically simulated d a t a  f i l e s ;  

2 .  Analytical tools with the capability of comparing data f i l e s ,  

computing s t a t i s t i c a l  parameters and injury indices, combining variables , 
e tc .  ; a n d ,  

3. O u t p u t  graphic displays showing validation, correlation and/or 

comparisons. 

Commands in VCL are described in Part 2 . 2  of the report. Examples of the i r  

use are given in Part 2 .4 .  

One of the primary features of VCL i s  t h a t  provision has been made 

for a large collection of analytical tools which can be used t o  operate 

on the subject data se ts :  

1 .  Simple f i l e  manipulation, 

2 .  Determination of Fourier coefficients  of a digitized time 

dependent signal ; 

3. Signal integration (HIC, severi ty index, area,  e tc .  ) ; 

4 .  S ta t i s t i ca l  measures (minimum, maximum, variance, median, 

confidence i nterval 1 ength, e tc .  ) ; 

5. Data f i l t e r i ng  with f i l t e r  defini t ion chosen by the user; 

6. Regression f i t t i n g  of d a t a ;  and, 

7 .  Implementation of user suppl ied formula combining physical 

data quanti t ies in a simple analytical expression (Formula Interpre ter) .  

The important f ac t  t o  note i s  that  the software associated with the 

various analytical procedures have been provided w i t h  the VCL thus making 

i t  a stand-alone package. 

Additional power i s  provided by the Formula Interpreter .  In those 

cases where a part icular  standard analytical tool i s  not available fo r  

operation on a d a t a  s e t ,  the user can write an analytical expression 

combining the pertinent data quanti t ies and inse r t  i t  as input data. 

The resulting formula will then be evaluated automatically. Therefore, 



the user can: 
1 .  supply his own performance indicators; 
2 .  c:ompute resultant accelerations, e tc .  ; and, 
3. perform complex data f i l e  combinations. 

After the user has operated on the subject data f i l e s  using the 
interactive commands of VCL, he i s  provided with additional commands 
for the purpose of producing useful and demonstrative graphic output. 
Labels, units,  and scales are a t  user option. The three types of standard 
plots available are: 

1 .  Cartesian ( x  vs. y for u p  to five variables); 
2 .  Phase plane; and, 
3. Deviation (x-y vs. time for u p  t o  five p lo ts ) .  

I n  additiion, a summary plot containing a l l  the discrete comparison or vali- 
dation indicators can be produced. This plot i s  in the form of a polar 
plot w i t h  the various quantities printed along the various radii . 
Example plots are shown in Part 2 .4  of the report. 

1 . 2  Wl ications of the Val idation Command Language 

In attempting t o  determine the "validity" of mathematical crash 
victim simulations and, for t h a t  matter, experimental simulations of 
crash events, the followins question always seems to ar ise:  "How does 
one compare the results of impact events?" I t  follows that the two 
problems which must be faced in establishing validity are: 1 .  the 
making of decisions on what performance indicators should be used and how 
good the comparisons should be on a quantitative basis; and, 2 .  the 
actual comparison of analytical and/or experimental data. A variety 
of performance indicators have been proposed for one application or 
another by industrial ,  governmental and other groups. Several of the 
more common of these are included among the computational tools of the 
V C L .  However, there i s  no real consensus within the hi,ghway safety com- 
muni t y  as t o  an ultimate performance indicator or definition of validation. 

The VCL has been developed t o  serve within the present scenario 
of safety and  restraint  system research and evaluation. In this  regard, 
the anticipated applications are summarized in the following 1 i s t :  



1 .  Man ipu la t i on ,  a n a l y s i s  and comparison o f  dynamic impact  data ;  

2. Graph ica l  p r e s e n t a t i o n  o f  dynamic impact  data ;  

3. Use as an o r g a n i z i n g  t o o l  t o  s i m p l i f y  q u a n t i t a t i v e  v a l i d a t i o n  

o f  mathemat ica l  models; and, 

4. Use as an o r g a n i z i n g  t o o l  t o  demonstrate c o r r e l a t i o n  o r  t h e  l a c k  

t h e r e o f  between exper iments and/or  t h e o r e t i c a l  es t ima tes .  

The Formula I n t e r p r e t e r  so f tware  c a r r i e s  t h e  m a n i p u l a t i o n  and a n a l y s i s  

capabi  1  i ty  a  b i t  f u r t h e r .  I f  a  new a n a l y t i c a l  l y -based performance c r i t e r i a  

i s  developed, t h e  use r  can i n s e r t  t h e  fo rmu la  as data  and r e t r i e v e  t h e  

r e s u l t s  w i t h o u t  f u r t h e r  post -process ing.  

I n  conc lus ion ,  t h e  VCL has been developed t o  p r o v i d e  t h e  u s e r  w i t h  

s o f t w a r e  necessary f o r  conduct ing  v a l i d a t i o n  o r  c o r r e l a t i o n  s t u d i e s  g i v e n  

exper imen ta l  o r  s i m u l a t e d  data.  I t  i s  n o t  capable o f  making a  d e c i s i o n  

f o r  h im as t o  whether a  model i s  v a l i d ,  b u t  r a t h e r ,  i s  i n t e n d e d  t o  pro-  

v i d e  h im w i t h  t h e  t o o l s  he needs t o  a i d  h im i n  making t h e  d e c i s i o n .  



2.0 USER'S GUIDE FOR THE VALIDATION COMMAND LANGUAGE 

2.1 - Val i d a t i o n  Command Lanquaqe S p e c i f i c a t i o n  

The purpose o f  t h e  Val i d a t i o n  Command Language i s  t o  p r o v i d e  

a i d  i n  da,ta r e d u c t i o n ,  da ta  p r e p a r a t i o n ,  da ta  p r e s e n t a t i o n ,  compari- 

son o f  model r e s u l t s  and exper imenta l  r e s u l t s ,  and t h e  p r e s e n t a t i o n  

of  such comparisons. These computat ional  s e r v i c e s  a r e  made ava i  1  a b l e  

i n  t h e  fo rm o f  a  command language i n  o r d e r  t o  p r o v i d e  naximum f l e x i -  

b i l i t y .  T h i s  Command Language i s  c u r r e n t l y  implemented o n l y  f o r  use 

on runs f o r  t h e  MVMA Two-Dimensional Man Model and exper imenta l  da ta .  

The Command Language i s  broken i n t o  t h e  f o l l o w i n g  ma jo r  d i v i s i o n s :  

Di v i  s i  on  Name - Explana t ion  
1  . I d e n t i f i c a t i o n  S p e c i f i c a t i o n  o f  model runs ,  exper imenta l  

da ta  and genera l  c o n t r o l  i n f o r m a t i o n  

2.  Assessment Checking t h e  data  f o r  f l aws  and general  

p r o p e r t i e s  

3. P rep i i ra t i on  C o r r e c t i n g  t h e  f l a w s  found, computa t ion  o f  

d e s i r e d  d i s c r e t e  q u a n t i t i e s  summarizing t ime-  

dependent q u a n t i t i e s  

4. Compilri son Var ious comparisons o f  d i s c r e t e  and t ime-  

dependent q u a n t i t i e s  

5 .  P r e s e n t a t i o n  Var ious o ~ t i o n s  f o r  p r e s e n t a t i o n  o f  quan- 

t i  t i e s  and comparisons. 

Tab le  1  c o n t a i n s  a  d e t a i l e d  d e s c r i p t i o n  of  each ctjmmand. The 

f i r s t  column o f  t h i s  t a b l e  shows a  f a c s i m i l e  of  t h e  sentence which i d e n t i -  

f i e s  t h e  command t o g e t h e r  w i t h  markings which i n d i c a t e  p o s s i b l e  abbre- 

v i a t i o n s .  The second column i n c l  udes t h e  s h o r t e s t  sentence abbre- 

v i a t i o n s .  The t h i r d  column i n c l u d e s  t h e  necessary d e s c r i p t i o n  f o r  

compi 1  i ng the  commands. 

Under l ined l e t t e r s  i n  t h e  f i r s t  column o f  each word a r e  those 

upon which t h e  i d e n t i f i c a t i o n  o f  t h e  c a r d  i s  made and must  be c o r r e c t .  

The i d e n t i f i c a t i o n  process i s  c o n f i n e d  t o  t h e  f i r s t  two words. These 

two words may be abbrev ia ted  by  these  two l e t t e r s  p laced  c o n t i g u o u s l y  

o r  separated by  one o r  more b lanks .  The commands can be used i n  any 



order  bu t  a l l  in format ion f o r  each command must be placed i n  the  o rder  

shown and i n  one contiguous s t r i n g  o f  up t o  t en  l i n e s  o r  cards.  

Many commands requi  r e  user-suppl i e d  names t o  i d e n t i  f y  data se ts  o r  

constants i n  o rder  t o  p rov ide  f o r  l a t e r  re ference o f  the  i n f o rma t i on  

generated by the  command. Such names are i nd i ca ted  i n  Table 1  by a  

phrase i n  t h e  command desc r i p t i on  beginning w i t h  a  c a p i t a l  l e t t e r  and con- 

t a i n i n g  the  word "name." User-suppl ied names cons i s t  o f  any sequence o f  

l e t t e r s  and numbers which i s  one t o  s i x  characters  long and begins w i t h  

a  l e t t e r .  

The term "data s e t "  always imp l i es  a  s e t  o f  values f o r  a  time-depen- 

dent v a r i a b l e  spec i f i ed  a t  l e a s t  a t  two t ime po in t s .  The term "constant"  

i s  used whenever the va r i ab l e  i s  t ime-independent o r  when o n l y  one t ime 

p o i n t  i s  spec i f i ed .  

Where brackets enclose a  number o f  choices separated by slashes 

i n  the  command desc r i p t i ons ,  one such choice must be made. Items 

enclosed i n  parentheses are op t i ona l .  I f  an i t em  i s  t o t a l l y  i n  

c a p i t a l s  i n  the Command desc r i p t i on ,  i t  i s  a  code word and must appear 

as shown i f  i t  i s  used a t  a l l .  Every command must end w i t h  a  per iod .  

Many commands con ta in  a  data sec t ion .  The standard format  f o r  

data sect ions i s  t h a t  a l l  numerical values a re  s p e c i f i e d  as f l o a t i n g  

p o i n t  numbers ( i n  the  For t ran  F o r  E-format) and separated by commas 

w i t h  the  end of data marked by an a s t e r i s k .  Data must s t a r t  on a  new 

card from the  card con ta in ing  the per iod ,  must have a t  l e a s t  one 

complete number s p e c i f i c a t i o n  per  card, and t he  l a s t  number must be 

fol lowed by an a s t e r i s k .  Table 1  conta ins a  d e s c r i p t i o n  o f  t he  data t o  

be inc luded  i n  the o rder  i n  which i t  i s  t o  appear. Column t h ree  con ta ins  

s p e c i f i c a t i o n  o f  any d i f f e r e n c e  from the  standard data format .  



TABLE 1  . VAL1 DATION COMMAND LANGUAGE FORMATS 

Sentence Contents  Sentence Notes 
A b b r e v i a t i o n  

- 

IDENTIFICATION DIVISION 

CONTROL PARAMEITERS. - - C P I f  t h i s  command i s  comp le te l y  
l e f t  o u t ,  t h e  t h r e e  va lues 

( a )  P r i n t  conLro1 = 0  no t e l e t y p e  d e f a u l t  t o  0, 300, and 1  
o u t p u t  r e s p e c t i v e l y  . 

= 1  r e g u l a r  t e l e -  
t y p e  o u t p u t  

= 2 r e g u l a r  p l u s  
supplementary 
t e l e t y p e  o u t -  
p u t  

( b )  D e f a u l t  f i n a l  t i m e  (msec) 

( c )  Output  u n i t  s w i t c h  = 1  m e t r i c  
u n i t s  

= 2  E n g l i s h  
u n i t s  

TEST RUN [Tapename/NONE] . - - TR Tape name o f  d i g i t i z e d  tape  o r  
NONE i f  i n f o r m a t i o n  i s  i n  p r e -  

( a )  L o g i c a l  d e v i c e  number t o  read  pared f i l e .  Tape r e a d i n g  i s  n o t  
t ape  o r  f i l e .  imp1 ement;ed i n  c u r r e n t  program. 

TEST QUANTITY Dataname ( F i  1  ename) . - - To Dataname i s  name by which t h i s  

( a )  Tape f i l e  number o r  f i l e  r e c o r d  
d a t a  i s  110 be re fe renced .  F i l e -  

number (? 1  ) 
name i s  needed o n l y  f o r  t ape  i n  
TR and used as doublecheck. T a ~ e  

( b )  Time increment  (msec) 

( c )  F i n a l  t i m e  (msec) 

f i l e  number i s  t ape  f i l e  wh ich  
c o n t a i n s  data .  F i l e  r e c o r d  number 
i s  s t a r t i n g  r e c o r d  o f  f i l e  wh ich  
c o n t a i n s  data.  See S e c t i o n  2.2.1 
f o r  d e t a i l s  . 

-- - 

MODEL RUN. - - 
( a )  L o g i c a l  d e v i c e  number 1  

( b )  L o g i c a l  dev i ce  number 2 

MR L o q i c a l  d e v i c e  numbers f o r  t h e  
t w o  MVMA c a t c h  f i l e s  w r i t t e n  
on NU and MV r e s p e c t i v e l y .  

MODEL QUANTITY Dataname (Name A - - MQ I d e n t i f y i n g  names Name A and 
(Name B)). Name B  must be supp l  i e d  t o  make . . 

( a )  MVMA o u t p u t  ca tegory  number c e r t a i n  d a t a  reques ts  s p e c i f i c .  
See S e c t i o n  2.2.2 f o r  d e t a i l s .  

( b )  MVMA o u t p u t  column number 

( c )  Time increment  (msec) 

( d )  F i n a l  t i m e  (msec) 



TABLE 1 . VAL1 DATION COMMAND LANGUAGE FORMATS (Cont i  nued ) 

Sentence Contents Sentence Notes 
Abbrev ia t ion 

ASSESSMENT DIVISION 

OUANTITY MEASURES Da taname . 
For a l l  t imes present  i n  data,  

QM 
t h i s  command p r i n t s  minimum, 
maximum, mean, var iance, mode, 
median and conf idence i n t e r v a l  
1  ength. 

QUANTITY - PHASE Dataname A Dataname QP Compares two da ta  se ts  and 
B.  ~ r i n t s  maximum c o r r e l a t i o n  and 

( a )  S t a r t i n g  s t a r t  t ime  f o r  curve A 
(msec) 

s t a r t i n g  t imes f o r  phase s h i f t  
r ecogn i t i on .  See sec t i on  2.2.3 
f o r  d e t a i  1  s. 

( b )  Increment o f  s t a r t  t ime  f o r  curve 
A (msec) 

( c )  F ina l  s t a r t  t ime f o r  curve A (msec) 

( d )  Time increment between po in t s  
c o r r e l a t e d  f o r  curve A (msec) 

( e )  S t a r t i n g  s t a r t  t ime  f o r  curve B 
(msec) 

( f )  Increment o f  s t a r t  t ime  f o r  curve 
B (msec) 

( g )  F ina l  s t a r t  t ime f o r  curve B (msec) 
(h )  Time increment between po in t s  co r -  

r e l a t e d  f o r  curve B (msec) 

( i )  Number o f  p o i n t s  used i n  c o r r e l a -  
t i o n  

- - 

QUANTITY - AMPLI FICATION Dataname A Q A Compares subsets o f  two da ta  
Dataname B. se ts  and m i n t s  maximum cor -  

( a )  S t a r t i n g  t ime f o r  p o i n t s  co r -  
r e l a t e d  on curve A (msec) 

( b )  Increment o f  t ime p o i n t s  co r -  
r e1  ated on curve A (msec) 

( c )  S t a r t i n g  t ime f o r  p o i n t s  co r -  
r e l a t e d  on curve B (msec) 

( d )  Increment o f  t ime p o i n t s  co r -  
r e l a t e d  on curve B (msec) 

( e )  Number o f  po i n t s  used i n  cor -  
r e l a t i o n  

( f )  S t a r t i n g  ampl i t u d e  f a c t o r  

( g )  Increment o f  ampl i tude f a c t o r  

( h )  F ina l  ampl i tude f a c t o r  

re1 a t  i o n  and ampl i tude f a c t o r  
f o r  r e c o g n i t i o n  o f  c a l i b r a t i o n  
problems. See Sec t ion  2.2.4 f o r  
d e t a i  1  s  . 



TABLE 1 . VAL1 DATION COMMAND LANGUAGE FORMATS ( Cont i nued) 

Sentence Contents  Sentence Notes 
Abbrevi  a t i o n  

- -  

FOURIER COEFFICIENTS Dataname. - - 
( a )  S t a r t  t i m e  o f  p e r i o d  (msec) 

( b )  Time inc remen t  between p o i n t s  
t o  be i nc 1 uded (msec) 

( c )  F i n a l  t i m e  o f  p e r i o d  (msec) 

( d )  Number o f  harmonics t o  be com- 
pu t e d  

PREPARATION DIVISION 

SHI FT ZERO Dataname Newdataname. - - 
( a )  S t a r t  t i m e  (msec) 

( b )  Time increment  (msec) 

( c )  F i n a l  t i m e  s t e p  (msec) 

F C P r i n t s  l e a s t  squares a p p r o x i  - 
mat ion  t o  F o u r i e r  c o e f f i c i e n t s .  
Presented subset  o f  da ta  con- 
s ide red  one p e r i o d .  The num- 
b e r  o f  c o e f f i c i e n t s  p r i n t e d  
i s  t w i c e  t h e  number o f  ha r -  
monics p l u s  one. See S e c t i o n  
2 . 2 . 5  f o r  d e t a i l s .  

S Z I f  0 I ( a )  <: ( c )  , p i c k s  a sub- 
s e t  o f  a d a t a  s e t  and s t o r e s  as 
a new da ta  s e t .  I f  ( a )  = ( c ) ,  
p i c k s  a s i n g l e  p o i n t  and s t o r e s  
as a new cons tan t .  I f  ( a )  < 0, 
] ( a )  1 c ( c )  , p i c k s  a subset ,  
s h i f t s  t i m e  t o  s t a r t  a t  zero ,  and 
s t o r e s  as a new d a t a s e t .  

FILTER GENERATION F i  1 tername. - - FG Invokes i n t e r a c t i v e  f i l t e r  
des ign  program. See S e c t i o n  
2.2.6 f o r  d e t a i l s .  

FILTER DATA Dataname Newdataname - - F D App l i es  f i l t e r  t o  da ta  s e t  t o  
F i  1 tername. produce a new d a t a  s e t .  F i l t e r  

e i t h e r  one produced by FG com- 
mand o r  one o f  p r e d e f i n e d  f i 1 t e r s  . 
See S e c t i o n  2 . 2 . 7  f o r  d e t a i l s .  

COMPUTE MEASURE - - 
( a )  S t a r t  t i m e  
( b )  F i n a l  t i m e  

'S Dataname. 

(ms ec ) 
(msec) 

C M Produces e i g h t  cons tan ts  w i t h  
names d e r i v e d  f rom o r i g i n a l  name. 
The e i g h t  c o n s t a n t s  cor respond t o  
t h e  minimum, maximum, mean, v a r i -  
ance, mode, median, conf idence 
i n t e r v a l  l e n g t h ,  and number o f  
p o i n t s  minus one. See S e c t i o n  
2 . 2 . 8  f o r  d e t a i l s .  

COMPUTE HIC Dataname Newdataname. - - C H Produces a c o n s t a n t  which i s  t h e  

( a )  Number of '  p o i n t s  t h e  T I  o f  a HIC HIC o f  d a t a  s e t  s u p p l i e d .  See 
d u r a t i o n  i s  indexed S e c t i o n  2 . 2 . 9  f o r  d e t a i l s .  

( b )  Number o f '  p o i n t s  t h e  T2 o f  a HIC 
d u r a t i o n  i s  indexed 

( c )  F r a c t i o n  o f  max HIC below which 
scanning i s  stopped 



TABLE 1 . VALIDATION COMMAND LANGUAGE FORMATS (Cont i  nued) 

Sentence Contents Sentence Notes 
Abbrev ia t ion  

-- - --- --- - 
COMPUTE SEVERITY Dataname Newdataname. CS -- - Produces a  cons tan t  which i s  the  
( a )  S t a r t  t ime (nsec) 

o r i g i n a l  S e v e r i t y  Index o f  the  
data s e t  supp l ied .  See Sect ion 

( b )  Time increment hsec )  2.2.9 f o r  d e t a i l s .  

( c )  F i na l  t ime s tep  h s e c )  

COMPUTE GMRSI  Dataname Newdataname. CG - - Produces a  cons tan t  which i s  t he  
( a )  S t a r t  t ime (msec) 

( b )  Time increment (msec) 

mod i f i ed  Sever i  ty Index o f  t h e  
da ta  s e t  supp l ied .  See Sect ion 
2.2.9 f o r  d e t a i l s .  

( c )  F i na l  t ime (msec) 

THREE MILLISECOND Dataname, - - TM Produces t h ree  constants which a re  
( a )  S t a r t  t ime (msec) peak va lue,  t h r e e  m i  11 isecond 

average, and t h e  l ead inq  t ime o f  
( b )  Time increment (msec) the th ree  m i  11 isecond i n t e r v a l  . 
( c )  F i na l  t ime (nlsec) See Sec t ion  2.2.9 f o r  d e t a i l s .  

COMPUTE LNTEGRATION Dataname - C I Produces a  cons tan t  which i s  
Newda taname. t h e  Simpson's r u l e  i n t e g r a l  o f  t he  

( a )  S t a r t  t ime data over  t h e  spec i f i ed  i n t e r v a l .  

( b )  F i na l  t ime 

COMPUTE FREQUENCY Dataname. - - C F Produces two constants  which a re  

( a )  S t a r t  t ime o f  pe r i od  (rnsec) 

( b )  I n t e r v a l  o f  t ime  f o r  p o i n t s  used 
(msec ) 

( c )  F i na l  t ime of .  pe r i od  (msec) 

( d )  Number o f  harmonics t o  be con- 
s  idered 

t he  maximum c o e f f i c i e n t  and t he  
corresponding frequency f o r  t h a t  
c o e f f i c i e n t .  See Sect ion 2.2.10 
f o r  d e t a i  1  s  . 

MOD1 FY AMPLITUDE Dataname Newdataname, MA - - Produces a  new da ta  s e t  which 
( a )  Factor  has been mu1 t i p l  i e d  p o i n t  by 

p o i n t  by t h e  g iven  f a c t o r .  
( b )  S t a r t  t ime (msec) 

( c )  Time increment of p o i n t s  used (msec) 

( d )  F ina l  t ime (msec) 





TABLE 1 . VAL1 DATION COMMAND LANGUAGE FORMATS (con t inued)  

Sentence Contents Sentence Notes 
Abbrev ia t ion  

REGRESSION FITTING Dataname A - - RF Computes and p r i n t s  regress ion  
(Dataname B )  . polynomials and f i t s  s p e c i f i e d .  

( a )  S t a r t  t ime  o f  data t o  be f i t  See Sect ion 2.2.12 f o r  d e t a i l s .  

h s e c )  
( b )  Time increment o f  data  t o  be 

f i t  (msec) 

( c )  F i n a l  t ime o f  data t o  be f i t  
(msec ) 

( d )  Minimum degree o f  polynomial  
t o  be f i t t e d  

( e )  Maximum degree o f  polynomial  
t o  be f i t t e d  

( f )  Number o f  decimal places t o  
p r i n t  i n  p r i n t o u t  

( g )  Swi tch = 1 i f  p r i n t o u t  on 
batch l d n  o n l y  

= 2 i f  p r i n t o u t  on 
bo th  batch and 
i n t e r a c t i v e  l d n ' s  

-- 
FORMULA NTERPRETER Newdataname. - F I For t ran  a r i t h m e t i c  statement 

combines v a r i a b l e s ,  constants ,  

( a )  S t a r t  t ime  (msec) 
and numeric va lues.  
Formula must s t a r t  on a  new 1 i ne .  

( b )  Time increment (msec) Any dataname may be a da tase t  

( c )  F i na l  t ime (msec) 
name, a  cons tan t  name o r  a numeric 
q u a n t i t y .  See Sec t ion  2.2.13 f o r  

[Formula o f  form: $U$U-dataname 1 0 . . . d e t a i l s .  
O$U$U -dataname N$E 
on up t o  t e n  l i n e s  

Note: $U stands f o r  unary operator ,  0  stands f o r  b i n a r y  opera to r .  



TABLE 1 . VAL1 DATION COMMAND LANGUAGE FORMATS (Cont inued) 

Sentence Contents Sentence Notes 
A b b r e v i a t i o n  

PRESENTATION DIVISION 1 

START PLOT [PRINT/OFF-LINE] [POLAR/ - SP Set up a p l o t ,  See Sec t ion  2.2.14 
P H A S E / ~ A R T / D E V ]  . f o r  d e t a i l s .  

A. For POLAR o n l y :  
(a )  F r a c t i o n a l  marg in  p o s i t i o n  
( b )  F r a c t i o n a l  minimum accep- 

tance c i r c l e  d isplacement 
f rom u n i t y  

( c )  F r a c t i o n a l  maximum accep- 
tance c i r c l e  d isplacement 
f rom u n i t y  

B. For PHASE o n l y :  
( a )  Maximum Y c o o r d i n a t e  f o r  

p l o t  a rea ( o p t i o n a l  ) 
( b )  Minimum Y c o o r d i n a t e  f o r  

p l o t  a rea ( o p t i o n a l  ) 
( c )  Minimum X c o o r d i n a t e  f o r  

p l o t  a rea ( o p t i o n a l  ) 
( d )  Maximum X c o o r d i n a t e  f o r  

p l o t  area ( I f  a  th rough c 
omi ttedl, square area 
centered about  zero  pro-  
duced) 

C. For b o t h  CART and DEV: 
( a )  Maximum t i m e  p l o t  on area 
( b )  Minimum Y c o o r d i n a t e  on 

p l o t  area 
( c )  Maximum Y c o o r d i n a t e  on 

p l o t  area 

PLOT QUANTITY Dataname A Dataname - p Q P l o t s  t h e  r a t i o  o f  cons tan t  A t o  
B .  c o n s t a n t  B on a  POLAR p l o t .  May 

( a )  Angle a t  which r a t i o  i s  t o  be n o t  be used f o r  o t h e r  p l o t  types.  

p l o t t e d  (deg) 

PLOT CURVE Dataname A (Dataname B ) .  - - PC For CART: P l o t s  Data s e t  A  as one 
o f  up  t o  5 curves.  

For PHASE: P l o t s  Data s e t  A  as 
Y versus Data s e t  B as 
X .  Only one c u r v e  p e r  
p l o t .  

For DEV: P l o t s  Data s e t  A minus 
Data s e t  B as Y and t i m e  
as X .  May have up t o  
5 cu rves .  



TABLE 1 . VALIDATION COMMAND LANGUAGE FORMATS ( C o n t i  nued) 

Sentence Contents Sentence Notes 
Abbrev ia t i ons  

PLOT PLOT- - - 

-- 

PP P l o t s  t h e  e x i s t i n g  p l o t  images. 

PRINT SINGLE Dataname. - - P S P r i n t s  t h e  v a l u e  o f  a c o n s t a n t .  
- - 

TIME PRINT Dataname. - TP P r i n t s  t h e  va lues  o f  a d a t a  s e t .  

( a )  S t a r t  t i m e  (msec) 

( b )  Time increment  (msec) 

( c )  Final t i m e  (msec) 



2.2 D e s c r i p t i o n  o f  Conuiiand Language Q u a n t i t i e s  

T h i s  s e c t i o n  o f  t h e  r e p o r t  i n c l u d e s  t e x t  m a t e r i a l  t o  supplement 

Tab le  1  o f  S e c t i o n  2.1. The i n t e n t  i s  t o  p r o v i d e  t h e  u s e r  w i t h  in fo rma-  

t i o n  so t h a t  he can use t h e  Command Language w i t h  t h e  a i d  o f  o n l y  Tab le  

1  and t h i s  s e c t i o n .  

2.2.1 - T e s t  Data S p e c i f i c a t i o n s  (TR and To) 

Exper imenta l  da ta  may be s u p p l i e d  t o  t h e  V a l i d a t i o n  Command Language 

i n  t h e  fo rm o f  tape and i n  t h e  fo rm o f  a  f i x e d  format f i l e .  Tape r e a d i n g  

i s  p r o v i d e d  f o r  by a  user-suppl  i e d  tape read ing  s u b r o u t i n e  (see , S e c t i o n  

3.3.2 f o r  d e t a i l s ) .  

The f i x e d  fo rma t  f i l e  read ing  s u b r o u t i n e  i s  s u p p l i e d  as p a r t  o f  t h e  

Command Language. T h i s  subprogram expects n  + 2  records  o f  i n p u t  where 

n  i s  t h e  number of t ime  p o i n t s  supp l i ed .  The f i r s t  r e c o r d  con ta ins  

f i v e  c o n t r o l  parameters.  The f o r m a t  o f  t h e  f i r s t  r e c o r d  i s  as f o l l o w s :  

( a )  S t a r t  t ime  ( i n  msec) i n  columns one th rough f i v e  w i t h  decimal ,  

( b )  Time increment  ( i n  msec) i n  columns s i x  throldgh t e n  w i t h  dec imal ,  

( c )  Number o f  t ime  p o i n t s  r i g h t  a d j u s t e d  i n  columns e leven th rough 

t h i r t e e n ,  

( d )  The dimension code index (see Tab le  2)  r i g h t  a d j u s t e d  i n  columns 

f o u r t e e n  th rough s i x t e e n ,  

and ( e )  a  s w i t c h  (wh ich  i s  one f o r  m e t r i c  system and two f o r  E n g l i s h  

system) r i g h t  ad jus ted  i n  columns seventeen th rough n ine teen .  

The second r e c o r d  con ta ins  t h e  F o r t r a n  fo rma t  o f  t h e  remain ing  

records  enclosed i n  parentheses,  anywhere i n  columns one th rough e i g h t y .  

The word "FORMAT" must n o t  appear i n  t h e  s p e c i f i e d  f c r m a t .  

The remain ing  records  c o n t a i n  t h e  o r d i n a t e  f o r  each o f  t h e  t imes 

i m p l i e d  by t h e  t h r e e  c o n t r o l  parameters i n  t h e  f i r s t  r eco rd .  M u l t i p l e  

TR's and T Q ' s  may be used i n  one r u n  o f  t h e  Command L.anguage, b u t  a l l  

T Q ' s  w i t h  re ference t o  one TR must appear b e f o r e  t h e  n e x t  TR. The tape 
o r  f i l e  o f  i n p u t  da ta  must be a t t a c h e d  t o  t h e  s p e c i f i e d  l o g i c a l  dev i ce  

number. The c o o r d i n a t e  system i s  assumed p o s i t i v e  upwards f o r  p o s i t i o n s  

and r e l a t e d  q u a n t i t i e s .  



TABLE 2. TEST DATA QUANTITY DIMENSION CODE I N D I C E S  

Qua n t i t y  Type 

d i s t ance  

veh ic le  ve loc i t y  

ve loc i t y  

f o r ce  

energy 

vel oci t y  

torque o r  moment 

pressure  

temperature 

vol ume 

mass 

mass flow 

acce le ra t ion  

angles 

angular  ve loc i t y  

angular a cce l e r a t i on  

Dimens ions 

cm o r  i n  

kph o r  mph 

m/s o r  f / s  

N o r  I b  

J o r  f t - l b  

cm/s o r  in/s 

N-m o r  lb - in  

N/sq cm o r  psi  

O K  o r  O R  

3 cm o r  in  3 

kg o r  lbm 

kg/s o r  1  bm/s 

Code - ---- Index - --- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

- 1 

- 2 

- 3 

- 4 



2.2.2 Model Data S p e c i f i c a t i o n s  (MR and MQ) 

Model r u n  data f rom a  r u n  o f  the  MVMA Two Dimensional Man Model 

may be s u p p l i e d  t o  the  Command Language us ing  MR and MQ. The model 

data  i s  s p e c i f i e d  by us ing  the MVMA ou tpu t  category nuniber, t he  MVMA 

o u t p u t  column number, and o p t i o n a l  i d e n t i f y i n g  names. Table 3 i s  

used t o  determine these two numbers. Table 3 conta ins  a  d e s c r i p t i v e  

a l p h a b e t i c a l  l i s t  of a l l  t he  model q u a n t i t i e s  which may be recorded by 

the  MVMA 2-D i n  the  catch f i l e s  a t tached t o  l o g i c a l  dev ice numbers NU 

and MV.  L i s t e d  w i t h  each d e s c r i p t i v e  t i t l e  i s  the  i d e n t i f y i n g  category  

and column number. 

If tihe category  number i s  two, th ree,  o r  f o u r ,  t h e  i d e n t i f y i n g  

names must be supp l ied  i n  o rde r  t o  make t h e  model q u a n t i t y  s p e c i f i c a -  

t i o n  unique. The names a re  s p e c i f i e d  i n  f i x e d  format  as f o l l o w s .  

The datarlame supp l ied  i s  fo l l owed  by one b lank,  then a  s i x t e e n  charac te r  

Name A, then a  blank,  then a  s i x t e e n  charac te r  Name By and then a  

p e r i o d .  I f  the  category number i s  two o r  th ree ,  Name A must be t h e  

name o f  a r e g i o n  s p e c i f i e d  i n  t h e  r u n  i n  ques t ion  and Name B must be 

b lank.  I f  t h e  category number i s  f o u r ,  t h r e e  cases e x i s t .  When t h e  

column number i s  i n  t h e  range one t o  ten,  Name A  must be an e l l i p s e  

name and Name B  must be a  l i n e  name. When t h e  column number i s  i n  the  

range e leven t o  twenty one, Name A and Name B must bo th  be e l l i p s e  

names. When t h e  column number i s  i n  t h e  range twenty two t o  twenty-  

n ine,  Name A must be a  be1 t name as shown i n  Table 4 and Name B  must 

be b lank.  

Mu l ' t i p le  MR's and MQ's may be used i n  one r u n  o f  the  Command 

Language, b u t  a1 1  MQ's w i t h  re fe rence  t o  one MR must appear be fo re  t h e  

n e x t  MR. The ca tch  f i l e s  w r i t t e n  w h i l e  a t tached  t o  t h e  l o g i c a l  dev ice  

numbers NU and MV d u r i n g  t h e  model r u n  must be a t tached  t o  t h e  two 

s p e c i f i e d  l o g i c a l  dev ice numbers supp l ied  r e s p e c t i v e l : ~ .  A1 1  model 

data  i s  a u t o m a t i c a l l y  converted t o  a coord ina te  sys te~n  p o s i t i v e  upwards 

i f  n o t  a l ready i n  t h i s  system. 



T A B L E  3. M V M A  2-D Data Quanti t ies Available (Page 1 of 9 )  

QUANTITY DESCRIPTION CATG.  N O .  

Airbag CG force components - head moment 2 0 
Airbag CG force components - head x 2 0 
Airbag CG force components - head z 2 0 
Airbag CG force components - lower torso moment 2 0 
Airbag CG force components - lower torso x 2 0 
Airbag CG force components - lower torso z 2 0 
Airbag CG force components - middle torso moment 20 
Airbag CG force components - middle torso x 2 0 
Airbag C G  force components - middle torso z 20 
Airbag CG force components - upper leg moment 2 0 
Airbag CG force components - upper leg x 2 0 
Airbag C G  force components - upper leg z 2 0 
Airbag CG force components - upper torso moment 2 0 
Airbag C G  force components - upper torso x 2 0 
Airbag CG force components - upper torso z 20 
Airbag contact forces - head pressure 19 
Airbag contact forces - head tension 19 
Airbag contact forces - lower torso pressure 19 
Airbag contact forces - lower torso tension 19 
Airbag contact forces - middle torso pressure 19 
Ai rbag contact forces - middle torso tension 19 
Airbag contact forces - upper leg pressure 19 
Airbag contact forces - upper leg tension 19 
Airbag contact forces - upper torso pressure 19 
Airbag contact forces - upper torso tension 19 
Airbag variables - bag gas mass 18 
Airbag variables - bag pressure 18 
Airbag variables - bag temperature 18 
Airbag variables - bag volume 18 
Airbag variables - mass flow in 18 
Airbag variables - mass flow out 18 
Airbag variables - supply temperature 18 
Be1 t angles - lap be1 t inboard 5 
Be1 t angles - lap be1 t outboard 5 
Be1 t angles - torso be1 t lower 5 
Be1 t angles - torso be l t  upper 5 
Body joint  coordinate - elbow x 13 
Body joint  coordinate - elbow z 13 
Body joint  coordinate - hip x 13 
Body joint  coordinate - h i p  z 13 
Body joint  coordinate - knee x 13 
Body joint  coordinate - knee z 13 
Body j o i n t  coordinate - lower spine x 13 
Body joint  coordinate - lower spine z 13 
Body joint  coordinate - upper spine x 13 
Body joint  coordinate - upper spine z 13 
Body joint  velocity - el bow x 14 
Body joint  velocity - elbow z 14 
Body joint  velocity - hip x 14 
Body joint  velocity - hip z 14 

C O L .  NO. 

3 
1 
2 

1 2  
10 
11 
9 
7 
8 

15 
13 
1 4  

6 
4 
5 
1 
2 
7 
8 
5 
6 
9 

10 
3 
4 
4 
1 
2 
3 
5 
6 
7 
1 
2 
4 
3 
9 

10 
5 
6 
7 
8 
3 
4 
1 
2 
9 

10 
5 
6 



TABLE 3. M V M A  2-D Data Quant i t ies  Available (Page 2 of  9 )  

QUANTITY DESCRIPTION CATG. N O .  C O L .  NO. 

Body j o i n t  ve loc i t y  - knee x 14 
Body j o i n t  ve loc i t y  - knee z 14 
Body j o i n t  ve loc i t y  - lower spine x 14 
Body j o i n t  ve loc i t y  - lower spine z 14 
Body j o i n t  ve loc i t y  - upper sp ine  x 14 
Body j o i n t  ve loc i t y  - upper spine z 14 
Body 1 ink angles  - head 10 
Body 1 i n k  angles  - lower arm 10 
Body l i n k  ang les  - lower leg 10 
Body l i nk  angles  - lower to r so  10 
Body l i nk  angles  - middle t o r so  10 
Body l i nk  angles  - neck 10 
Body l i nk  angles  - shoulder 10 
Body 1 i n k  angles  - upper arm 10 
Body 1 ink angles  - upper 1 eg 10 
Body 1 i n k  angles  - upper t o r so  10 
Body l i n k  angular  acce le ra t ion  - head 12 
Body 1 i n k  angular a cce l e r a t i on  - lower arm 12 
Body l i n k  angular acce le ra t ion  - lower l eg  12 
Body l i n k  angular  acce le ra t ion  - lower t o r s o  12 
Body l i n k  angular acce le ra t ion  - middle t o r s o  12 
Body l i n k  angular acce le ra t ion  - neck 12 
Body 1 i n k  angular  acce le ra t ion  - shoulder 12 
Body l i n k  angular acce le ra t ion  - upper arm 12 
Body 1 i n k  angular acce le ra t ion  - upper l eg  1 i 
Body l i n k  angular  acce le ra t ion  - upper t o r so  12 
Body 1 ink angular ve loc i ty  - head 11 
Body 1 ink angular ve loc i ty  - lower arm 11 
Body l i nk  angular ve loc i ty  - lower l eg  11 
Body 1 ink angular ve loc i ty  - lower t o r s o  11 
Body l i n k  angular ve loc i t y  - middle t o r s o  11 
Body l i n k  angular ve loc i t y  - neck 11 
Body l i n k  angular ve loc i ty  - shoulder 11 
Body l i n k  angular ve loc i t y  - upper arm 1 'I 
Body l i nk  angular ve loc i ty  - upper l eg  1 '1 
Body 1 i n k  angular ve loc i t y  - upper t o r s o  1 '1 
Center of  mass r e s u l t a n t  moment - head 3 ;! 
Center of mass r e s u l t a n t  moment - head app l ied  

fo r ce  component 32 
Center of mass r e s u l t a n t  moment - lower arm 3 2 
Center of  mass r e s u l t a n t  moment - lower l e g  3 2 
Center of mass r e s u l t a n t  moment - lower t o r s o  3 2 
Center of  mass r e s u l t a n t  moment - middle t o r s o  3 2 
Center of  mass r e s u l t a n t  moment - upper arm 3 2 
Center of mass r e s u l t a n t  moment - upper l e g  3 2 
Center of mass r e s u l t a n t  moment - upper t o r s o  3 2 
Center of mass x fo rce  component - head 3 0 
Center of mass x fo rce  component - head appl ied 

fo rce  component 33 
Center of mass x force  component - lower arm 3 0 
Center of mass x fo rce  component - lower l e g  3 0 



TABLE 3. MVMA 2-D Data Quanti t ies Available (Page 3 of 9 )  

QUANTITY DESCRIPTION C A T G .  NO COL. N O .  

Center of mass x force component - lower torso 3 0 
Center of mass x force component - middle torso 3 0 
Center of mass x force component - upper arm 30 
Center of mass x force component - upper leg 3 0 
Center of mass x force component - upper torso 30 
Center of mass z force component - head 3 1 
Center of mass z force component - head applied 

force component 31 
Center of mass z force component - lower arm 3 1 
Center of mass z force component - lower leg 31 
Center o f  mass z force component - lower torso 3 1 
Center of mass z force component - middle torso 3 1 
Center of mass z force component - upper arm 3 1 
Center of mass z force component - upper leg 3 1 
Center of  mass z force component - upper torso 31 
Contact belt  vs attachment - absorbed energy 4 
Contact be1 t vs attachment - deflection ra te  4 
Contact belt  vs attachment - deflection 4 
Contact bel t  vs attachment - normal force 4 
Contact be1 t vs attachment - resultant  force 4 
Contact belt  vs attachment - resultant  heading 

angle 4 
Contact be1 t vs attachment - tangential velocity 4 
Contact bel t  vs attachment - tangential force 4 
Contact e l l ipse  vs e l l ipse  - body segment x for  

e l l ipse  A 4 
Contact e l l ipse  vs e l l ipse  - body segment z for  

e l l i p se  A 4 
Contact e l l ipse  vs e l l ipse  - body segment x fo r  

e l l i p se  6 4 
Contact el 1 ipse vs el 1 ipse - body segment z for  

e l l ipse  B 4 
Contact e l l ipse  vs e l l i p se  - center point x for  

e l l ipse  A 4 
Contact e l l ipse  vs e l l ipse  - center p o i n t  z for  

e l l ipse  A 4 
Contact e l l ipse  vs e l l ipse  - center point x fo r  

e l l ipse  B 4 
Contact el 1 ipse vs el 1 ipse - center point z for  

e l l i p se  B 4 
Contact e l l ipse  vs e l l i p se  - deflection ra te  4 
Contact e l l ipse  vs e l l ipse  - deflection 4 
Contact e l l ipse  vs el 1 ipse - normal force 4 
Contact e l l ipse  vs l ine  - contact point x o n  body 

segment 4 
Contact e l l ipse  vs l ine  - contact point z on body 

segment 4 
Contact e l l ipse  vs l ine  - contact p o i n t  position 

on l ine  4 
Contact e l l ipse  vs l ine  - contact point velocity 

on l ine  4 



T A B L E  3. MVMA 2-D Data Quantities Available (Page 4 of 9 )  

QUANTITY DESCRl PT ION CATG.  NO. COL. NO. 
Contact e l l i p se  vs l ine - contact point x in 

iner t ia l  space 4 
Contact e l l i p se  vs 1 ine - contact point z in 

iner t ia l  space 4 
Contact e l l ipse  vs l ine  - deflection 4 
Contact e l l ipse  vs l ine - deflection ra te  4 
Contact e l l i p se  vs l ine  - normal force 4 
Contact e l l ipse  vs l ine  - tangential force 4 
Femur and t ib ia  loads - femur axial a t  knee 4 0 
Femur and t ib ia  loads - femur axial a t  sensor 40 
Femur and t ib ia  loads - femur shear a t  knee 40 
Femur and t ib ia  loads - t ib ia  axial a t  foot 40 
Femur and t ib ia  loads - t ib ia  axial a t  knee 40 
Filtered accelerations - chest A-P  7 
Fi 1 tered accelerations - chest resultant 7 
Filtered accelerations - chest S-I 7 
Filtered accelerations - head A-P 7' 
Fi 1 tered accelerations - head resul t a n t  5' 
Filtered accelerations - head S-I 7' 
Fi1 tered accelerations - hip resultant 1 

I 

Filtered accelerations - hip x 7 
Fi1 tered accelerations - hip z -7 

Filtered severity index - chest SI A-P 9 
Filtered severity index - chest SI resultant  !3 
F i  1 tered severity index - chest SI S-I !3 
Filtered severity index - chest mod SI A-P (3 
Filtered severity index - chest mod SI resultant  '3 
Filtered severity index - chest mod SI S-I '3 
Filtered severity index - head SI A-P 3 
Filtered severity index - head SI resultant 9 
Fi 1 tered severity index - head SI S- I 9 
Filtered severity index - head mod SI A-P  9 
Filtered severity index - head mod SI resultant  9 
Filtered severity index - head mod SI S-I 9 
Friction component joint  torque - elbow 25 
Friction component joint  torque - hip 2 5 
Friction component joint  torque - knee 2 5 
Friction component joint  torque - lower neck 2 5 
Friction component joint  torque - lower spine 2 5 
Friction component joint  torque - shoulder a t  arm 25 
Friction component joint  torque - upper neck S 5 
Friction component joint  torque - upper spine 25 
Joint absorbed energy - elbow 16 
Joint absorbed energy - hip 16 
Joint absorbed energy - knee 16 
Joint absorbed energy - lower neck 16 
Joint absorbed energy - lower spine 16 
Joint  absorbed energy - neck length 16  
Joint absorbed energy - shoulder a t  arm 16 



TABLE 3. MVMA 2-D Data Quantities Available (Page 5 of 9 ) 

QUANTITY DESCRI PTION CATG. NO. COL. NO. 
Joint  absorbed energy - shoulder a t  torso 
Joint  absorbed energy - shoulder length 
Joint  absorbed energy - upper neck 
Joint  absorbed energy - upper spine 
Joint  f r i c t ion  absorbed energy - elbow 
Joint  f r i c t ion  absorbed energy - h i p  
Joint  f r i c t ion  absorbed energy - knee 
Joint  f r i c t ion  absorbed energy - lower neck 
Joint  f r i c t ion  absorbed energy - lower spine 
Joint  f r i c t ion  absorbed energy - shoulder a t  arm 
Joint  f r i c t ion  absorbed energy - upper neck 
Joint  f r i c t ion  absorbed energy - upper spine 
Joint  muscle tension absorbed energy - elbow 
Joint  muscle tension absorbed energy - hip 
Joint  muscle tension absorbed energy - knee 
Joint  muscle tension absorbed energy - lower neck 
Joint  muscle tension absorbed energy - lower spine 
Joint  muscle tension absorbed energy - neck length 
Joint  muscle tension absorbed energy - shoulder a t  

arm 
Joint  muscle tension absorbed energy - shoulder a t  

torso 
Joint  muscle tension absorbed energy - shoulder 

length 
Joint  muscle tension absorbed energy - upper neck 
Joint  muscle tension absorbed energy - upper spine 
Joint  stop absorbed energy - el bow 
Joint  stop absorbed energy - h i p  
Joint  stop absorbed energy - knee 
Joint  stop absorbed energy - lower neck 
Joint  stop absorbed energy - lower spine 
Joint  stop absorbed energy - shoulder a t  arm 
Joint  stop absorbed energy - shoulder length 
Joint  stop absorbed energy - upper neck 
Joint  stop absorbed energy - upper spine 
Joint  torques - elbow 
Joint  torques - h i p  
Joint  torques - knee 
Joint  torques - lower neck 
Joint  torques - lower spine 
Joint  torques - shoulder a t  arm 
Joint  torques - shoulder a t  torso 
Joint  torques - upper neck 
Joint  torques - upper spine 
Jo in t  viscous absorbed energy - el bow 
Joint  viscous absorbed energy - hip 
Joint  viscous absorbed energy - knee 
Joint  viscous absorbefi energy - lower neck 
Joint  viscous absorbed energy - lower spine 
Joint  viscous absorbed energy - neck length 
Joint  viscous absorbed energy - shoulder a t  arm 
Joint  viscous absorbed energy - shoulder length 
Joint  viscous absorbed energy - upper neck 



TABLE 3. MVMA 2-D Data Quant i t ies  Avai 1 able (Page 6 of 9 ) 

QUANTITY DESCRIPTION CATG NO.  COL. NO.  
Jo int  viscous absorbed energy - upper spine 2 51 
Kinetic energy - arms 17' 
Kinetic energy - head 1 7 
Kinetic energy - head superior-i nferior 1 7 
Kinetic energy - torso 1 ;' 
Kinetic energy - to ta l  body 1 7 
Line movement of Point A x 3 
Line movement of Point A z :3 
Line movement of Point 1 x :3 
Line movement of Point 1 z :3 
Line movement of Point 2 x :3 
Line movement of Point 2 z 3 
Line movement of Point 3 x 3 
Line movement of Point 3 z 3 
Line movement of Point 4 x 3 
Line movement of Point 4 z 3 
Line movement of Point 5 x 3 
Line movement of Point 5 z 3 
Linear component of jo int  torque - elbow 2 3 
Linear c.omponent of jo int  torque - hip 23 
Linear component of jo int  torque - knee 2 3 
Linear c.omponent of jo int  torque - lower neck 2 3 
Linear c;omponent of jo in t  torque - lower spine 2 3 
Linear c:omponent of jo int  torque - shoulder a t  arm 23 
Linear c:omponent of jo int  torque - upper neck 2 3 
Linear component of jo in t  torque - upper spine 5 3 
Muscle tension forces - neck ?I 8 
Muscle tension forces - shoulder length 2; 8 
Muscle tension torque - elbow 3 8 
Muscle tension torque - h i p  2; 8 
Muscle tension torque - knee 3 8 
Muscle tension torque - lower neck ti8 
Muscle tension torque - lower spine 3 8 
Muscle itension torque - shoulder a t  arm 38 
Muscle tension torque - shoulder a t  torso 38 
Muscle tension torque - upper neck 3 8 
Muscle tension torque - upper spine 3 8 
Neck and shoulder forces - neck 1 inear :3 7 
Neck and shoulder forces - neck muscle :3 7 
Neck and shoulder forces - neck non-linear :3 7 
Neck and shoulder forces - neck to ta l  :3 7 
Neck and shoulder forces - neck viscous :3 7 
Neck and shoulder forces - shoulder 1 inear :3 7 
Neck and shoulder forces - shoulder muscle :3 7 
Neck and shoulder forces - shoulder non-1 inear :3 7 
Neck and  shoulder forces - shoulder to ta l  .3 7 
Neck and shoulder forces - shoulder viscous 37 
Neck jo in t  coordinates - lower neck x 2 1 
Neck jo in t  coordinates - lower neck z 2 1 



TABLE 3. MVMA 2-D Data Q u a n t i t i e s  A v a i l a b l e  (Page 7 o f  9 ) 

QUANTITY DESCRIPTION CATG. NO. COL. NO. 

Neck j o i n t  coord inates  - lower  neck x  v e l o c i t y  
Neck j o i n t  coord inates  - lower  neck z v e l o c i t y  
Neck j o i n t  coord inates  - neck l e n g t h  
Neck j o i n t  coord inates  - neck l e n g t h  r a t e  
Neck j o i n t  coord inates  - upper neck x  
Neck j o i n t  coord inates  - upper neck z 
Neck j o i n t  coord inates  - upper neck x v e l o c i t y  
Neck j o i n t  coord inates  - upper neck z v e l o c i t y  
Nonl i n e a r  component o f  j o i n t  to rque - e l  bow 
Non l inear  component o f  j o i n t  t o rque  - h i p  
Non l inear  component o f  j o i n t  to rque - knee 
Nonl inear  component o f  j o i n t  to rque - lower  neck 
Non l inear  component o f  j o i n t  to rque - lower  sp ine  
Non l inear  component o f  j o i n t  t o rque  - shou lder  a t  

arm 
Non l inear  component o f  j o i n t  to rque - upper neck 
Non l inear  component o f  j o i n t  t o rque  - upper sp ine  
Q u a n t i t y  f o r  r e g i o n  - average m i g r a t i o n  XR 
Q u a n t i t y  f o r  r e g i o n  - average m i g r a t i o n  ZR 
Q u a n t i t y  f o r  r e g i o n  - end p o i n t  movement A-X 
Q u a n t i t y  f o r  r e g i o n  - end p o i n t  movement A-Z 
Q u a n t i t y  f o r  r e g i o n  - end p o i n t  movement B-X 
Q u a n t i t y  f o r  r e g i o n  - end p o i n t  movement B-Z 
Q u a n t i t y  f o r  r e g i o n  - f o r c e  component XR 
Q u a n t i t y  f o r  r e g i o n  - f o r c e  component ZR 
Q u a n t i t y  f o r  r e g i o n  - number e l l i p s e  c o n t a c t i n g  
Shoulder j o i n t  coord inates  - shou lder  a t  arm x  
Shoulder j o i n t  coord inates  - shou lder  a t  arm z 
Shoulder j o i n t  coo rd ina tes  - shou lder  a t  arm x  

v e l o c i t y  
Shoulder j o i n t  coord inates  - shou lder  a t  arm z 

v e l o c i t y  
Shoulder j o i n t  coo rd ina tes  - shou lder  a t  t o r s o  x  
Shoulder j o i n t  coord inates  - shou lder  a t  t o r s o  z 
Shoulder j o i n t  coord inates  - shou lder  a t  t o r s o  x  

v e l  o c i  t y  
Shoulder j o i n t  coo rd ina tes  - shou lder  a t  t o r s o  z 

v e l o c i t y  
Shoulder j o i n t  coo rd ina tes  - shou lder  l e n g t h  
Shoulder j o i n t  coord inates  - shou lder  l e n g t h  r a t e  
S tee r ing  column coord inates  - gear box x  
S tee r ing  column coord ina tes  - gear box z 
S tee r ing  column coord ina tes  - wheel at tachment 

p o i n t  x  
S t e e r i n g  column coord ina tes  - wheel at tachment 

p o i n t  x 
S t e e r i n g  column coord ina tes  - wheel hub x  
S t e e r i n g  column coord inates  - wheel hub z 
S t e e r i n g  column coord inates  - wheel l ower  edge x  
S t e e r i n g  column coord inates  - wheel l ower  edge z 



TABLE 3. MVMA 2-D Data Quanti t ies Available (Page 8 of 9 ) 

QUANTITY DESCRIPTION CATG. NO.  C O L .  NO.  

Steering column coordinates - wheel middle edge x 33 
Steering column coordinates - wheel middle edge z 3?l 
Steering column coordinates - wheel upper edge x 32; 
Steering column coordinates - wheel upper edge z 33 
Steering column force components - head moment 3 Ei 
Steering column force components - head x 3Ei 
Steering column force components - head z 3 Ei 
Steering column force components - lower torso 

moment 3 6 
Steering column force components - lower torso x 36 
Steering column force components - lower torso z 36 
Steering column force components - middle torso 

moment 3 6 
Steering column force components - middle torso x 36 
Steering column force components - middle torso z 36 
Steering column force components - upper torso 

moment 3 fj 
Steering column force components - upper torso x 36 
Steering column force components - upper torso z 36 
Steering column forces - lower col umn extensional 

normal force 3 15 
Steering column forces - lower hinge moment 3 5 
Steering col umn forces - upper column extensional 

normal force 3 5 
Steering column forces - upper hinge moment 3 5 
Steering column forces - wheel h u b  normal force 3 5 
Steering column forces - wheel hub  tangential force 35 
Steering column forces - wheel lower edge normal 

force 3 5 
Steering column forces - wheel lower edge t a n -  

genti a1 force 35 
Steering column forces - wheel middle edge normal 

force 35 
Steering column forces - wheel middle edge t an -  

gential force 
Steering column forces - wheel upper edge normal 

force 
Steering column forces - wheel upper edge t a n -  

gential force 
Steering column kinematics - lower column exten- 

sional displacement 
Steering column kinematics - 1 ower column exten- 

sional vel oci ty 
Steering column kinematics - lower hinge angular 

di spl acement 
Steering column kinematics - lower hinge angular 

velocity 
Steering col umn kinematics - upper column exten- 

sional displacement 
Steering column kinematics - upper column exten- 

sional vel oci ty 



TABLE 3.  MVMA 2-D Data Q u a n t i t i e s  A v a i l a b l e  (Page 9 o f  9 ) 

QUANTITY DESCRIPTION CATG. NO. COL .  NO. 

S t e e r i n g  column k inemat i cs  - upper h inge  angu la r  
d isp lacement  3 4 5 

S t e e r i n g  column k inemat i cs  - upper h inge  angu la r  34 6 
v e l o c i t y  

U n f i  1  t e r e d  a c c e l e r a t i o n s  - ches t  A-P 6 
Unfi 1  t e r e d  a c c e l e r a t i o n s  - ches t  r e s u l t a n t  6 
U n f i  1  t e r e d  a c c e l e r a t i o n s  - ches t  S - I  6 
U n f i  1  t e r e d  a c c e l e r a t i o n s  - head A-P 6 
Unf i 1 t e r e d  a c c e l e r a t i o n s  - head r e s u l t a n t  6 
Unf i 1  t e r e d  acce l  e r a  t i  ons - head S- I 6 
U n f i  1  t e r e d  a c c e l e r a t i o n s  - h i p  r e s u l t a n t  6 
U n f i l t e r e d  a c c e l e r a t i o n s  - h i p  x  6 
U n f i l t e r e d  a c c e l e r a t i o n s  - h i p  z  6 
U n f i l t e r e d  s e v e r i t y  index - ches t  S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index - ches t  S I  r e s u l t a n t  8 
U n f i l t e r e d  s e v e r i t y  index - ches t  S I  S - I  8 
Unf i 1  t e r e d  s e v e r i t y  index - c h e s t  m o d i f i e d  S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index - ches t  m o d i f i e d  S I  r e s u l t -  

a n t  8 
U n f i l t e r e d  s e v e r i t y  index - c h e s t  m o d i f i e d  S I  S - I  8 
U n f i l t e r e d  s e v e r i t y  index - head S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index - head S I  r e s u l t a n t  8 
U n f i l t e r e d  s e v e r i t y  index - head S I  S- I 8 
U n f i l t e r e d  s e v e r i t y  index - head m o d i f i e d  S I  A-P 8 
U n f i l t e r e d  s e v e r i t y  index - head m o d i f i e d  S I  r e s u l t -  

a n t  8 
U n f i l t e r e d  s e v e r i t y  index - head m o d i f i e d  S I  S - I  8 
V e h i c l e  response - h o r i z o n t a l  a c c e l e r a t i o n  1 
Veh ic le  response - h o r i z o n t a l  d isp lacement  1  
Veh ic le  response - h o r i z o n t a l  t i m e  1  
V e h i c l e  response - h o r i z o n t a l  v e l o c i t y  1  
Veh ic le  response - p i t c h  a c c e l e r a t i o n  1  
Veh ic le  response - p i t c h  ang le  1  
Veh ic le  response - p i t c h  v e l o c i t y  1  
V e h i c l e  response - v e r t i c a l  a c c e l e r a t i o n  1  
Veh ic le  response - v e r t i c l e  d isp lacement  1  
V e h i c l e  response - v e r t i c l e  v e l o c i t y  1  
V i s c o s i t y  component j o i n t  t o r q u e  - elbow 2 6 
V i s c o s i t y  component j o i n t  t o r q u e  - h i p  26 
V i s c o s i t y  component j o i n t  t o rque  - knee 26 
V i s c o s i t y  component j o i n t  t o r q u e  - lower  neck 26 
V i s c o s i t y  component j o i n t  t o r q u e  - lower  s p i n e  26 
V i s c o s i t y  component j o i n t  t o r q u e  - s h o u l d e r  a t  arm 26 
V i s c o s i t y  component j o i n t  t o rque  - upper neck 2 6 
V i s c o s i t y  component j o i n t  t o rque  - upper s p i n e  26 



B e l t  Name 

A. Advanced E ie l ts  

0UTBOARDbl.APbBLT 

INBOARDbLAPbBELT 

UPPERbTORSObBELT 

LOWERbTORSObBELT 

LOWERbRINGbSTRAP 

UPPERbRINGbSTRAP 

TORSObBELTbEXT. b 

0 .  O l d B e l t s  

bbbbLAPbBELTbbbb 

UPPERbTORSObBELT 

LOWERbTORSObBELT 

TABLE 4 BELT IDENTIFIER NAMES 

Report  B e l t  Nunber I n t e r n a l  Be1 t Number 

NOTE: Each smal l  l e t t e r  "b"  s i g n i f i e s  a b l a n k  column. Thc! name must be 

s p e c i f i e d  e x a c t l y  as shown t o  be recogn ized.  



2.2.3 -- Data Phase Recognition &P) - -- - 

The Quantity Phase Command i s  provided to aid the user in recog- 

nizing a phase s h i f t  between two d a t a  se t s .  The technique employed i s  

to  make repeated correlations sl iding the interval for  correlat ion 

alona the two d a t a  s e t s .  If  the maximum correlation i s  near one, the 

d a t a  should be further examined for  phase s h i f t .  

The user indicates the s ta r t ing  times t o  be used on the two curves 

by specifying a s t a r t  s t a r t ing  time, an increment, and f inal  s t a r t ing  

time for each curve. All combinations of s tar t ing times are  correlated 

and the maximum correlation selected. 

2.2.4 Calibration Recognition ( Q A )  

The Quantity Amp1 i tude command uses a technique completely equiva- 

lent  t o  t h a t  discussed in Section 2.2.3 t o  aid in recognition of a 
cal ibrat ion problem. In th i s  case, the repeated correlat ions are over 

fixed s e t  of points on the time and  the multiplying factor i s  varied. 

Again, i f  the maximum correlation i s  near one, the d a t a  should be 

examined further for  cal i  bration problems. 

2.2.5 Fourier Analysis of Data ( F C )  

The Fourier Coefficients command i s  provided to aid in analyzing 

the frequency composition of an interval of d a t a .  The current version 

uses a leas t  squares algorithm t o  approximate the Fourier coeff ic ients .  

This technique assumes t h a t  the subset of time points i s  exactly 

one period and  computes harmonics based on t h a t .  The user wil l  find i t  

necessary t o  apply th i s  command repeatedly over re la t ively  small 

intervals  t o  gain an approximation t o  the frequency half of one less  

than the number of data points. 

2 . 2 . 6  Generation of Digital F i l t e r s  ( F G )  

The Validation Command Language incorporates an in teract ive  

f i l t e r  design program from other sources (see Section 3.3.4 for  d e t a i l s ) .  

This program i s  largely self-explanatory as f a r  as input data i s  con- 

cerned. Control information i s  expected as an integer f ive  wide 

except the response to  "Enter the number of the band with weight = 1" 



which i s  t o  be an'  i n t e g e r  two wide. I n t ege rs  must be r i g h t  adjusted. 

Frequency i n f o r m a t i o n  i s  expected w i t h  a  decimal p o i n t .  The response 

t o  "Freq. o f  upper edge, r i p p l e  ( g a i n ) "  o r  "Lower edge, r i p p l e  ( g a i n ) "  

a re  expected as f l o a t i n g  p o i n t  f i f t e e n  wide. The response t o  "Beg, 

End, Poimts?" i s  expected as f l o a t i n g  p o i n t  ten wide. 

The bas i c  technique i s  t o  descr ibe t he  f i l t e r  by desc r i b i ng  i t s  

f requenc,~ response i n  terms o f  up t o  t en  bands w i t h  s t a t e d  frequency 

beginnings, f requency endings, and gains g iven i n  dec ibe ls .  The 

frequenc.~ i n t e r v a l  between t he  ending o f  one band and t he  beginn ing 

of the  n e x t  one i s  where t he  t r a n s i t i o n  from one cons tan t  l e v e l  takes 

p l  ace. 

I n  t h e  case of  a  low pass f i l t e r ,  the  r e l a t i o n s h i p  between the  pass- 

band r i p p l e ,  the  stopband gain,  the f i l t e r  l eng th ,  and t h e  t r a n s i t i o n  

w id th  has been i nves t i ga ted  and the  emp i r i ca l  r e s u l t s  o f  t h a t  i n ves t i ga -  

t i o n  have been developed i n t o  a  s e t  o f  f i l t e r  design tab les .  Four 

o f  these t ab les  have been inc luded  as Table 5  o f  t h i s  r e p o r t .  The 

t ab les  a re  used as fo l lows, given a  passband r i p p l e  and a  stopband 

ga in  determine t he  minimum t r a n s i t i o n  w id th  and/or t he  minimum s i z e  

f i l t e r  f rom the  appropr ia te  column of t he  t ab le .  The t r a n s i t i o n  

wid ths are normal ized and may be app l i ed  t o  a  g iven  sampling r a t e  

by mu1 t i p l y i n g  the  t r a n s i t i o n  w id th  t imes t he  sampl ing r a t e  and 

d i v i d i n g  by a  thousand t o  o b t a i n  the  t r a n s i t i o n  w i d t h  f o r  t h a t  sampling 

r a t e .  

2 . 2 . 7  F i l t e r i n g  o f  Data (FD) 

F i l t e r i n g  o f  data i s  achieved by a  technique o f  f i l t e r i n g  tw ice ,  

once fo,rward and once backward. This i s  done t o  leave t he  

f i l t e r e d  data unbiased. The Table 5  compensates f o r  t h i s  two s tep 

f i l t e r i n g  i n  i t s  combined r i p p l e s  and gains.  

F i l t e r i n g  can be c a r r i e d  ou t  by use o f  f i l t e r s  c rea ted  by the  

command FG o r  by use of one o f  twenty p rede f ined  f i l t e r s .  The 
p rede f ined  f i l t e r s  a re  l i s t e d  i n  Table 6. The normal ized f requenc ies 

a re  app l i ed  t o  a  s p e c i f i c  case by mu1 t i p l y i n g  by the  sampl ing r a t e .  
The l a s t  two p rede f ined  f i l t e r s  a re  used t o  escape adding a l i a s  t o  

data t h a t  i s  go ing t o  be taken every  o t h e r  p o i n t  o r  every  f o u r t h  p o i n t  

i n  forming a  new data se t .  Note t h a t  t h e  p rede f i ned  f i l t e r s  can be used 

o n l y  w i t h  data se ts  o f  a t  l e a s t  150 p o i n t s .  





TABLE 5. FILTER DESIGN TABLES (2 o f  4) 

A P P R O X T I ~ A T E  L O w - P A S S  
F I L T E R  D E S I G N  T A B L E S  

P A S S U A N O  Z t R I P P L E t  OaB5fl9 08 
S T O P B A N D  Z * G h I N ;  -40 T O  m 1 2 8  OR 

T R A y S I T I 0 N - W I p T Ht. l f l r ! l ? * ( F S m F P )  
~ v m ~ n ~ m m m ~ m ~ m m m ~ o ~ ~ ~ - m m - c m ~ c ) z ~ m a ~ m o ~ ~ w m m m m a ~ w ~  FLTER 
4 5 -bg  7 8 9 n l 0 B  - 1 2 9  L E N T H  --- --- 0 - -  

- 9 -  
--- 
- 9 -  : z =  0 - 9  

.I..- zt: ::i ::= N 
t 0 3  

173,  186,  1981 21V. 222, 2 3 4 ,  245, 267,  9 
147,  1 5 8 ,  170 ,  181, 192 ,  262, 212, 232 ,  1 1  
1 7  1 7  1 4 8 ,  158,  l h 7 ,  177 ,  187,  2fl5, em 13 
1 1  1 2 1 ,  3 139,  148, 157,  166,  183, ~9 15 

9 9 ,  I M R ,  116,  124 ,  133,  141 ,  1 4 9 ,  1 b f i ~  1 7  
8 9 ,  97 ,  185,  112, 2 127,  1359 149, 19  
8 1 ,  88, 9 5 ,  102 ,  1 8 9 ,  116 ,  123,  $ 3 6 ,  q a  2 1 
74,  A!, 07,  94, 1 106,  113 ,  1 2 5 ,  m a  23  
6 8 ,  7Ue B B ,  8 6 ,  9 2 ,  981  104,  116,  * 25  
6 3 ,  691 7 5 ,  8s. 8 6 ,  9 1 ,  9 7 ,  1 Q R ,  ** 2'7 
5 9 ,  6 4 ,  7 7 5 ,  09 ,  85, 9fl. 1 0 1 "  29 
5 5 ,  h n ,  6 5 ,  7 75,  8 0 ,  8 5 ,  94, -* 31  
52, 5 7 ,  6 t ,  66 ,  79,  75 ,  8fl, 89, -* 33 
49, 53, 58,  62, 67,  7 1  75 ,  84, mq 35 
46, 5n, 5 5 ,  59, 6 3 ,  67,  7 1 ,  7 9 ,  =- 37 
4 4 ,  48, St?, 56, bfl, h 0 ,  6 8 ,  7 5 ,  39 
42 ,  4 6 ,  49, 53, 57, 6 1 ,  6 0 ,  72, 0 1  
Yfl ,  4.3, 47, 5 1 ,  5 4 ,  S f l ,  4 1 ,  6 9 ,  * 4 3  

, 3 8 9  41, 45, 48, 52, 5 5 ,  5 9 ,  66, -1 45 
3 6 ,  4O1 4 3 #  46 ,  5 ,  5 3 ,  5 6 ,  6 3 ,  -r 47 
3 5 ,  391 411 4 4 ,  48, 51 ,  5 4 ,  b f l ,  49 
3 4 ,  37, 4 8 ,  4 3 ,  46, 4 9 ,  5 2 ,  58 ,  w m  5 1 
3 2 ,  3 5 "  3 8 ,  41, 44,  47, 56, 561 5 3  
31 ,  3 4 ,  37 ,  40,  42, 4 5 ,  48, 5 4 ,  -n  5 5  
30 ,  3 3 ,  35 ,  38 ,  41, 44,  4h, 5 2 ,  1- 57  
29 ,  32, 3 4 @  3 7 ,  4 0 ,  4Ze 45, 5f14 *- 5 9  
28 ,  31,  3 3 ,  36,  3 8 ,  u t ,  4 3 ,  4 8 ,  6 1  
27,  3 g ,  3 2 ,  35,  371 39, 42, 47, -.l 6 3  
2 6 ,  29,  3 1 ,  33 ,  3 6 ,  3 8 ,  41,  45, ~9 4 5  
25, 2 3n, 3 2 ,  35,  3 7 ,  39, 4 U ,  6 7  
251  2 7 ,  2 9 ,  3 2 ,  3 4 ,  3 6 ,  3 0 ,  43, 6 9  
23, 25,  28, 30,  32,  3 4 ,  36 ,  YB ,  73  
22, 241 2 6 ,  2 5 ,  30, 32, 3 4 ,  3 8 ,  p *  77 
21,  23, 2 5 ,  2 7 ,  29 ,  3 1 ,  3 3 ,  36, 8 1  
20,  22 ,  24 ,  2 6 ,  2 7 ,  2 9 ,  31 ,  35,  ~4 85 
19, 1 2 3 ,  2 4 ,  2 6 ,  2 8 ,  39, 3 3 ,  1. 8 9  
18, 201 2 2 ,  23, 25, 2 7 ,  20 ,  32, m w  93  
18, 191 2 1 ,  22, 2 4 ,  2 6 ,  27, 38, *- 9 7  



TABLE 5.  FILTER DESIGN TABLES ( 3  o f  4) 

APPROXIMATE L O W - P A S S  
F I L T E R  DESIGN T A B L E S  

PASSBAND ? * R I P P L E !  p l , f m U C I I  DB 
STOPHAND ? * G A I N ;  -4Cl T O  -128  OH 

FLTER 
LENTH 

N 
- - 0  ..-- 

9 -- 
11 -I 
13 -- 
15 -- 
1 7  *- 
19 -- 
21 -a 
23  0- 
25 -- 
27 -- 
29 -- 
31 m- 

3 3  =- 
35 a- 
37 p- 

39 -- 
41 m a  

4 3  =- 
45 -- 
47 -a  

4 9  -- 
5 1  -- 
53 -- 
55 -- 
5 7  -- 
59 -- 
61 c =  
63 -- 
6 5  -* 
67 -1 

6 9  m- 

7 3  -0  

7 7  1- 

8 1  -- 
85 -0 
89 0- 
93 0.1 
97 -- 

I n /  o m  

l@5 -- 
1919 -.r 

113 -- 
117 *- 
1 2 1  I- 
125 a- 

FLTER 
LErJtH 

N 
s== - 9 

c- 1 1  
p m  13 
- 9  15 

17 
19 

** 2 1  - 23 
25 

1- 2 7  -- 29  
3 1  

P I  33 - 35 
e- 3 7  -- 39 
-* 141 
-a 4 3  
** 45 
-* 47 -- 49 

5 1  
-* 53  
*- 5 5  
* q  57 

59 - 61  
*- 63 

65  
1- 67 -- b 9  

1 3  
*.I 7 7  
*- 81 -- 85 
ru 8 9  -- 9 3  -- 9 7  
1 6  101 -- 105 -- 199 
- m  113 

117 .+ 1 2 1  
*- 125 



TABLE 5. F ILTER DESIGN TABLES ( 4  of 4 )  

T A R L E ~  7 - 1 3  

1 R A N S I T 1 O . N  W 1 0  T H I  lQl@fl*(FS-FP) 
~ - ~ r r r r m m - M r r m r r r r r ~ ~ w ~ m ~ ~ ~ ~ - ~ w ~ m ~ ~ m ~ - m m ~ - - m m - -  

a m  -5Q -6n  -764 -8n - 9 0  1 - 1 2 0  --- ---  :== :=: - I-- ,,, - 0-.. -..- -..- I-.. - -0.. 

FLTER 
LENTH 

N 
t z :  



TABLE 6. PREDEFINED FILTERS 

F i  1  t e r  No. 

1  

2 

3  

4  

5 

6 

7  

8 

9  

10 

11 

12  

1 3  

14 

1 5  

16 

17 

1 8  

19  

2 0  

Normal i zed Upper 
Fi  1  t e r  Name Passband Frequency 

Normal i zed Lower 
Stopband Frequency 

. I 2 5  ANTI-ALIAS 1 :4 

2 5  ANTI-ALIAS 1 : 2  



2.2.8 Constants Produced and A u t o m a t i c a l l y  Named by -- CM 

Var ious  Commands o f  t h e  Val i d a t i o n  Command Language produce v a r i o u s  

d i s c r e t e  q u a n t i t i e s  f rom t i m e - v a r y i n g  q u a n t i t i e s .  Tb~ese d i s c r e t e  

q u a n t i t i e s  a r e  c a l l e d  constants  and s t o r e d  w i t h  i d e n t i f y i n g  names 

i n  a  s i m i l a r  manner t o  t i m e - v a r y i n g  q u a n t i t i e s  which a r e  c a l l e d  

v a r i a b l e s .  I f  more than one c o n s t a n t  i s  produced by  a  command, t h e  

command 1  anguage au tomat i ca l  l y  generates and p r i n t s  o u t  names f o r  

t h e  cons tan ts .  

The g e n e r a t i o n  o f  names i s  c a r r i e d  o u t  by trunca1;ing t h e  Dataname 

t o  s i x  c h a r a c t e r s  i f  i t  i s  l o n g e r  than  t h a t  and s u f f ' i x i n g  a  f i x e d  

two c h a r a c t e r  code. Table 7 c o n t a i n s  t h e  two c h a r a c t e r  codes and 

a  d e s c r i p t i o n  o f  t h e  codes f o r  t h e  v a r i o u s  commands which  c r e a t e  

names. 

Of t h e  e i g h t  cons tan ts  produced by t h e  CM command, t h e  conf idence 

i n t e r v a l  deserves comment. When t h e  con f idence  i n t e r v a l  i s  smal l  

w i t h  r e s p e c t  t o  t h e  mean and va r iance ,  t h e  i m p l i c a t i l ~ n  i s  t h a t  t h e  

d a t a  s e t  i s  n o r m a l l y  d i s t r i b u t e d .  

Four Spec ia l  I n d i c e s  (CH, CS, CG, and TM) 

H I C ,  S e v e r i t y  Index,  M o d i f i e d  S e v e r i t y  Index,  and t h e  Three 

M i  11 isecond Average shou ld  n o r m a l l y  be app l  i e d  o n l y  t o  head acce le ra -  

t i o n s  a1 though some o f  these i n d i c e s  a r e  a p p l i e d  t o  c h e s t  acce le ra -  

t i o n s .  The computat ion o f  t h e  f o u r  i n d i c e s  i s  d iscussed i n  Sec t i on  

3.3.3. 

The names produced b y  TM a r e  presented i n  Tab le  7.  

2.2.10 Constants f o r  Compute Frequency (CF) 

The Compute Frequency command i s  v e r y  s i m i l a r  t o  t h e  F o u r i e r  Co- 

e f f i c i e n t s  command excep t  CF produces o n l y  two constpants wh ich  r e p r e s e n t  

t h e  ma)timum c o e f f i c i e n t  and i t s  co r respond ing  f requency.  T h i s  com- 

mand w - i l l  a i d  i n  m a n i p u l a t i n g  any dominate c o e f f i c i e n t s .  The names 

o f  t h e  two constants  can be c o n s t r u c t e d  u s i n g  Tab le  7.  

2.2.11 Constants f o r  P o i n t w i s e  Means (PM) 
. . . . 

The P o i n t w i s e  Means command i s  i n c l u d e d  t o  a i d e  i n  t h e  r e d u c t i o n  

o f  d a t a  f rom r e p l i c a t i o n s  o r  o b t a i n i n g  averages o f  k inemat i cs  o v e r  



TABLE 7 .  TWO CHARACTER SUFFIX NAME CODES 

Command S u f f i x  Name Code Constant Desc r ip t ion  

Maximum C o e f f i c i e n t  

Frequency f o r  maximum c o e f f i c i e n t  

Maximum 

Confidence I n t e r v a l  

Med i an 

Mean 

Minimum 

Number o f  p o i n t s  minus one 

Mode 

Variance 

Maxi mum 

Mean 

M i  n i mum 

Variance 

Three m i  11 i second average 

Leading t ime o f  i n t e r v a l  

Peak va lue 



body p a r t s .  Four cons tan ts  a r e  produced as w e l l  as t h e  mean cu rve  and 

these  a l ' l  r e f e r  t o  t h e  mean cu rve  The names o f  t h e  cclnstants can be 

c o n s t r u c t e d  u s i n g  Tab le  7. 

2.2.12 Regress ion F i t t i n g  (RF) 

The Regress ion F i t t i n g  command wi  11 compute coefl ' i  c i e n t s  f o r  more 

than  one degree po lynomia l .  Goodness-o f - f i  t s t a t i s t i c s ,  a  cova r iance  

m a t r i x ,  o r  a  r e g r e s s i o n  a n a l y s i s  on t h e  c o e f f i c i e n t s  i s  n o t  p r o v i d e d  

a t  t h i s  t ime .  However, t h e  "goodness-o f - f i  t" can be examined by  manua l l y  

compar ing t h e  p r i n t e d  va lues o f  t h e  computed polynomizi ls  w i t h  t h e  i n p u t  

va lues and a c c e p t i n g  o r  r e j e c t i n g  v a r i o u s  f i t t e d  po lynomia l s  on t h e  b a s i s  

of  t h e  apparen t  r e s i d u a l s .  A t  t h i s  t ime,  n e i t h e r  t h e  c o e f f i c i e n t  n o r  

t h e  computed va lues o f  t h e  f i t t e d  po lynomia l s  a r e  saved f o r  l a t e r  use. 

2.2.13 Formula I n t e r p r e t e r  ( F I )  

The F I  command c o n s i s t s  o f  a  Name f o r  t h e  new c o n s t a n t  o r  da ta  s e t *  

t o  be c rea ted ,  t h r e e  i n p u t  parameters ( s t a r t  t ime ,  t i rne increment ,  and 

f i n a l  t i m e ) ,  and a  fo rmu la  wh ich  i s  t o  be computed. The s t a r t  t i m e ,  t i m e  

increment,and f i n a l  t i m e  d e s c r i b e  b o t h  t h e  da ta  s e t  t o  be produced and 

t h e  subset  of  t i m e  p o i n t s  wh ich  must  be p r e s e n t  i n  an,y non-constant  d a t a  

s e t  named i n  t h e  fo rmu la .  I f  t h e  S t a r t  t i m e  equa ls  tl?e F i n a l  t ime ,  

a  c o n s t a n t  i s  c r e a t e d  and any non-constant  da ta  s e t  named i s  eva lua ted  

f o r  t h i s  t ime .  The fo rmu la  must  s t a r t  i n  column one o f  t h e  f i r s t  l i n e  

a f t e r  t h e  parameter s p e c i f i c a t i o n s  end. The f o r m u l a  must be con ta ined  

on n o t  more than  t e n  consecu t i ve  e i g h t y  c h a r a c t e r  l i n e s .  The fo rmu la  

c o n s i s t s  o f  a  s t r i n g  o f  subterms j o i n e d  by  b i n a r y  o p e r a t o r s  (see Tab le  9) 

and ends w i t h  an "$E" . Each subterm c o n s i s t s  o f  zero ,  one o r  two unary  

o p e r a t o r s  (see T a b l e  8) f o l l o w e d  b y  t h e  name o f  t h e  cons tan t ,  t h e  name o f  

a  d a t a  s e t ,  o r  a  numeric q u a n t i t y .  

Each unary  o p e r a t o r  a p p l i e s  t o  t h e  p o r t i o n  o f  t h e  subterm which 

f o l l o w s  i t .  Tab le  8 d e f i n e s  t h e  f i v e  unary  o p e r a t o r s .  

* "Constant "  i m p l i e s  a  t ime- independent  q u a n t i t y  o r  one t i m e  p o i n t .  
"Data s e t "  i m p l i e s  a  t ime-dependent q u a n t i t y  s p e c i f i e d  a t  l e a s t  a t  
two t i ~ m e  p o i n t s .  



TABLE 8. UNARY OPERATORS 

Operator Function Comments 

$A Take absolute value No restrictions 
$ C Take cosine of value Value assumed in degrees 
$ M Change sign of value No restrictions 

$Q Take square root o f  abso- No restrictions 
lute value 

$ s Take sine of value Value assumed in degrees 

If the last  unary operator of a subterm i s  followed by a sign, 
a number or a decimal point, a numerical quantity i s  expected and i s  

of the form ( S ) ( N  ... N ) ( . ) ( N  ... N), where "S" i s  "t" or "-", or "Nu i s  a decimal 
d ig i t ,  and "." i s  a decimal point. " (  ) "  may not be included in the 
specification b u t  indicates that what i s  enclosed i s  optional. If a 
l e t t e r  follows i n  this situation, a name of a constant or a data se t  
i s  expected. 

Table 9 defines the five binary operators. 

TABLE 9. BINARY OPERATORS 

Operator Function Comments 

t Addition No restriction 
- Subtraction No restriction 
~r Mu1 tiplication No restriction 

/ Division Subterm following must be non- 
zero 

Exponentiation Previous portion of term may 
need to be no ne ative for 
some values oFexjonent 

All evaluation of binary operators i s  from l e f t  t o  right. If the binary 
operator i s  addition or subtraction i t  marks the beginning of a new term. 
The other three operators always connect the part of the current term 
before the operator with the subterm which immediately follows the operator 



t o  c o n t i n u e  b u i l d i n g  t h e  c u r r e n t  term. E v a l u a t i o n  o f  b i n a r y  ope ra to rs  

i s  f rom r i g h t  t o  l e f t  w i t h  each subterm. The FI command may be used as 

many t imes  as  d e s i r e d  t o  b u i l d  up a  complex computa t ion .  

For example, c o n s i d e r  the  fo rmu la  ar = Ja: + a2  t,o be eva lua ted  
Y 

eve ry  t e n  msec. o v e r  a  200 msec r u n .  Assume t h a t  t h e  a,x va lues a r e  i n  

da ta  s e t  A X  s t o r e d  eve ry  msec and ay va lues a r e  i n  data  s e t  AY s t o r e d  

e v e r y  f i v e  msec. The f o l  l o w i n g  two- FI commands a r e  r e q u i r e d :  

F I  ARSQ. 

0,10,200* 

AX*AX+AY *AY$E 

F I  At?. 

0,10,200* 

$QARSQ$E 

The r e s u l  t a n t  i s  s t o r e d  i n  data  s e t  AR and ARSO contain!; t h e  sum o f  squares 

2.2.14 D o t s  (SP,  PQ, PC, P P )  

The f o u r  p l o t  commands a r e  used and reused t o  produce p r i n t e r  p l ~ t s  

of  f o u r  b a s i c  k i n d s .  The POLAR p l o t  shows r a t i o s  o f  c o n s t a n t s  w i t h  

r e s p e c t  tlo t h e  u n i t  c i r c l e  and two l i m i t i n g  c i r c l e s .  Up t o  26 p a i r s  

o f  q u a n t i t i e s  as a r e  d e s i r e d  may be presented on one p l o t .  

The CART p l o t  reproduces one o r  more q u a n t i t i e s  versus t i m e  

on a  r e c t a n g u l a r  g r i d .  The DEV p l o t  i s  t h e  d i f f e r e n c e  o f  two curves 

shown around zero .  The phase p l o t  i s  two r e l a t e d  v a r i a b l e s  p l o t t e d  

as a  f u n c t i o n  o f  each o t h e r  f o r  a l l  t h e  t i m e  p o i n t s  p r e s e n t  i n  t h e  

t i m e  subset .  



2.3 Description Of Command Language O u t p u t  

The Command Language produces four levels of output. O u t p u t  
directed t o  the interactive user which may be redirected t o  a batch 

printer  in a batch environment. O u t p u t  directed t o  a batch pr in ter  

even when interactive communication i s  going on. Diagnostics 
directed t o  the interactive user when error  conditions occur. 

Auxiliary output directed t o  the interactive user a t  his request 

t o  supplement the normal interactive printout. The next three sec- 

tions describe these four cateqories of output briefly.  

Interactive O u t p u t  a n d  Batch O u t p u t  

Interactive o u t p u t  consists of items which are useful to  see 

during an interactive session. These i tems include assigned names, 

verif icat ions that  w h a t  was supposed to  happen did happen, and 

reminders of the values of certain quanti t ies.  The Batch O u t p u t  

consists of items which the user will want t o  see b u t  n o t  during 

the interactive session. These items include the complete printout 

of the regression f i t t i n g  program a n d  the print  plots .  

' 2.3.2 Diagnostics 

Table10 l i s t s  the diagnostics printed by the Command Language, the 

routine which i s  involved in case debugging i s  necessary, the 

meaning of the diagnostic, and user action which i s  indicated. 

Table10 does no t  include diagnostics from the f i l t e r  design package. 

2.3.3 Auxiliary O u t p u t  

The Auxiliary O u t p u t  i s  a l l  interactive and could be described 

as more of the same with reference t o  the Interactive O u t p u t .  
The Auxiliary O u t p u t  essent ia l ly  makes most commands ac t  l ike  

Assessment Division Commands. Much of the information each command 

computes i s  printed out. 







2 . 4  Sample Input and O u t p u t  

Four example runs are presented in t h i s  section. All four runs are 

a r t i f i c i a l  fo r  the purpose of demonstrating most of the commands of the 

Command Language. 

The f i r s t  run i s  se t  up with: 1 .  the input stored in a data f i l e  

(see Table 12) ,  2 .  the t e s t  d a t a  f i l e  which was read, se t  u p  in an input 

f i l e  (see Ta e 11) ; 3. Interactive and Auxiliary O u t p u t  coming o u t  over 

the teletype (see Table 13 pp .  1-4) ,  and 4. the printer  plots coming 
o u t  t o  tlhe batch pr in ter  (see Table 13 pp .  5-14). The input quanti t ies 

are from two exercises of the M V M A  2-D model ( R u n  A and Run B )  and a com- 

pletely a r t i f i c i a l  saw t o o t h  wave presented as t e s t  d d t a .  This data i s  

run through a selection of commands more or less in the order presented 

in Table 1 .  The output i s  largely self-explanatory - -  the user i s  urged 

t o  follow i t  t h r o u g h .  

Table 14 page 1 i s  the command data s e t  for  the 

second example. This example defines two d a t a  se t s  HEADA and HEADB 

which are the head resultant accelerations from the two MVMA 2-D Model 

Runs. Even t h o u g h  there are 101 time points in each, twenty-one time 

points are  printed out. A new data s e t  i s  created ( H E A D C )  which has 

eleven time points based on the l a s t  one hundred milliseconds of the 

HEADA data s e t .  A constant i s  created ( H E A D D )  which i s  equal t o  the value 

of HEADA a t  time one hundred milliseconds. A new data s e t  (DIFF) 
of twent,y one points consists of the difference of a subset HEADA 

and HEADB. The formula in terpre ter  i s  used t o  create a new data s e t  

(ANSW) which i s  computed as follows: 

2 HEADA ANSW = 1 .5 ( - H E A D D )  t - HEADB - DIFF - 1 

Table 1 4  page 2 i s  the Interactive and Auxiliary O u t p u t  for  t h i s  example. 

The  third example designs a f i l t e r ,  checks i t ,  stores i t ,  and 
applies i t  on head acceleration data. One of the predefined f i l t e r s  i s  
applied to the same data. The original data and the two f i l  ter ings 
are printed. Then the two f i l t e r i ngs  are  subtracted and one of them 
against the input data. MTS Fortran 110 allows a conlma t o  be used as 
a f i e ld  termination character. I f  the use r ' s  Fortran 110 does not 
allow th i s  convenience, do not do as the example does (see example 4) 

because i t  i s  Fortran and not the Command Language which i s  doing i t .  



I n  t h i s  example, the i npu t  i s  t r u l y  i n t e r a c t i v e ,  bu t  the  ou tpu t  i s  

t r ea ted  the sallie way as the f i r s t  example. Table 15 conta ins t he  

Teletype Output fo l lowed by Batch Output f o r  the second example. 

Again the  output  i s  se l f -exp lana to ry .  

The f o u r t h  example i s  a  reworking o f  the f i r s t  th ree  examples 

and i s  run alone i n  a  batch environment. The batch i npu t ,  t h e  

batch output  from the auxi 1  i a r y  output  together  w i t h  the r e g u l a r  

batch ou tpu t  form Table 16. Note t h a t  the f i l t e r  generat ion i n p u t  

i s  p rope r l y  formatted. 



TABLE 11. SAMPLE F ILE TEST DATA 



C P, 
l/:?GQ. , I* 
i'R I rL'hL' .  
9 * 
T1.j ! L ~ ' L V .  
I /  lC.,*LL** 
3ii. 
I /  L* 
M3 t ,Ehl l&\ .  
6 , J t  L *  , :LO.* 
PlQ L ' l i K s i k .  
6 ,  b t  L C ;  * *  
N J  h * f  i \ e  

G,Y, ,* , ,CC** 
M u  kc11 r. C ~ : i . . ~ ' i i  IS@ 
[ s t  i f  L .  ,LCL.* 

dd u L ~ i ' k  L l Y f i . 3  LuhbU u ~ i ' i  
JtL3/L.,&CLe* 

PI 32 L O ul L ti il . 
1 1 t 4 f ~ . I ~ G L 8 *  

i'ld b£ '?LllA.  
~ I * A , L . , L J C *  * 
Md. 
3 , 4 *  
PIJ r , L k 3 1 ~ .  
~ t 3 1 L . , L c C * *  

14Q L L & b ' i L e  
b/C #L.,LCC.* 

H Q  t , i P u .  
~ / ~ , L . ! L L L . *  

dLj L C d u  L t . ~ > 1 ;  &St3 
4 / 3 , , . ,  LOC. * 
PIQ i E L l ' L  i ' t . i E l <  I ' I I R ~ O  E1hL5 
4 , , 5 , ~ .  ,:oc** 
K.a! ~ ~ ~ 1 k < . ~ b 8  . 
1 l t * , 2 . / * b L * *  
Mu Jte! 'Lb~. 
11/ 3 ,  6. / & G l *  * 
iir7 ' L L S L \ .  
c . /  I L * , L i b . ,  i , l c / L t i *  
$19 I 'ESiV. 
Q? E L L A  E L I ! > .  
IJO., IL., 1 i 0 . , L . , 1 3 C 8  I 10. I 150.,2. /ZG* 
V A  i C d A  l4C!.3 .  
I ~ ~ . , L . , ~ L L . , L . , L J , . I I , ~  II1.L* 
FC t i r t i O 6 .  
C.,L*/LC( .,:I* 
S l ,  t ~ i , d  L L !  A A .  
110. , ~ . ~ 2 C 0 . *  
Si r C ~ L  1 ~ i . d ~ .  
iio. / L * , ~ C L *  * 
C:i ~ I L A ~ J A  i 1 2 L b .  
5 / C t  -85" 
Cii ~ t ~ . i d b   hi;^'. 

5 , 3 ,  . dL*  
cs L I , L ~ ' A ~  bi!,. 
0. /;. , L C C  .* 
CL, ~ ~ I I I : S A L ,  :>L t'. 

0. /;. / ~ v L .  h. 

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 1)  



LC; ~ l l t ; S ' i n  h S i h .  
O . ) L . ) ~ C I . *  
CI; L'I;L'SAL t . S i d .  
O.,i.,iOO.* 
C?l i i i i ' h .  
C. ,2CO.* 
CY l i i i ' b .  
O., ,CC.* 
CI ELJIXCI i'Liih.4:. 
14u. ,290. * 
C Z  P ~ d d b  f i i i u l i .  
142. ,,JC.* 
CF i i t A U 9 .  
55. , L . ,  150. 4 4  
m u  A : ,  t lbAo&la 

O.,* . ,?CC.*  
T!? hEirDd. 
C. ,&.,2OC.* 
fliL ICS1F l 'E5TV2.  
2 .  ,0., 1 i .  ,&U0.* 
Cc 3 ~ L l h  G b i ' l b  Up;Lyc.  
0 . b ~ . 1 . 2 b t . , 6 . 1 ~ . 4  
CV i i l 1 ' i i  IiLL'u. 
P,', L b i L n n  Lii'i!i',IlA LOhZIiL UPL'ciiP VtL. 
Q. ,2.,LG(~.* 
$0  F P L N *  PULA[:. 
. 2 ,  .i) .L *  

PQ I I ~ C A  r:-Lij. 
1 . 3 . r  
P i  SiA . j i b .  
U0.P 

P u  k r S i \ A  I Lid. 
8 2  .* 
P9 . h i I J i i ; h  i i i P A A I .  
1 1 U . *  
PC! 1 ' 1 . t : A A -  c L i  dB,. 
l 5 4 . *  
PQ d S , i  5;A, 
1 9 0 . t  
PG LL:d b l u e  
L 2 t J .  'X 

I'Q t i ~ i r JhPh  i lLAL)oi't; .  
L3L.s 

PQ i ~ r  AiIlinV 111 A D i i A V .  
291i, * 
PQ vc-itx V C L L K .  
334. * 
P D .  

S!J i ' h l i u i  L'I .L>~SE.  
12;. , .>. ,0., 15903 . *  
I ' i  FLi iA L ~ I ~ S ' I ' A .  
PP. 
S P  t b l h l  i i u l .  
2 ? C .  , - f C i u . , b f i O . ~  
PC V I  I,. 
PC: UIi 'Li\i i .  
PP .  
SP P i . i h ' ,  lri,V. 
2 5 9 .  , -aCtU.  , b00C, *  
E'C d t  L ' t h  J L L ' i  D. 

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT ( P a g e  2 )  



12 0 PC FCdt iA kCribU. 
, I  2 'I PY. 
1 2 2  PS tlLL'2C. 
1 2 3  T? ' i .kL4TV*. 
1 L 4 ~.,IL.,LCG.* 

I ; N D  O F  FILE 

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 3) 



::$RUN ~ F F  s+DHTQ 6=&pRIHf* 7=+5:ItJI:.:+ $=CILTAE: '~=T[IRT 1-158 E::Gm3 :3=H:Z: 4=H33 
::F:Y:EC:IIT ION BEGIN'I 

[IEFRI.ILT FINRC. TIME 15 PESET TO 200.  0 M\::FC: 
(IIj TFl.17' Ol.IflNT I T IE'L FOR T H I S  PUN ARE I I4 YETR I i' ILIM I T'5 . 
LU!;II:.AL ~ ~ E ~ I I : : E  tll..lr~lt'EF' FOE TEST 1liiTH I S  '? 
,TE'.:T I ; J I - I ~ ~ ~ T I T ' ~  llAMED ?EST$,( FFflFl 11.0 TO ~~:ID.I, ' I  AT 1 0 . 0  lPlf.ElZ IbiTEP1,?HC5. 
H E ~ ( T  FOUR L INES CONTq I N  MODEL RUN DES:RIFT ION 

Plt~v'~1H 2-11 F19N MODEL ELIN A 

ral't/PlH 2-117 'P'ER. .:I 

-lI)L 89 1517F. ,S [I: 04: 23 
1;11Jf{liT 1 T 1 Ez, FFOCI TH 1:: RI-IP4 AF'E I METF'I 1:: l)I{ 1 TS. 
F I l l q L  T I M E :  F:EC.CjFDE[l I T  ~l:ll:l,l:l ta1IEl:: TIME IP~I:FENENT 1': 2.51 I'1:SEl: 
9CTI.IHL I.{I!MF:EP OF F'OIPiTZ 1:: 101.  !.illf'IBER OF ELLIP::E:S = OF LINE:: - 7 
UF REISIO~.~:~; = 1 i l l  OF 1PiTEkAl:'T IONS = 14 

I-lP{FIL.TEF'ED HCC:EL:I. YEHn F;'E:SI-ILTNT 
IICDEL I;~I-IANTIT'~' VfHPlED HEHDti FROPI I:!. O TO 2110. 111 AT 2 .  I:I Pl'T:EC II.47EF:!$HL;:. 

I,I~~FIL.TERED Gi!:l:ELS C: H E ':, T RE:?ILTNT 
ttlUIIEL 13I-iH1.iTIT'Y IIAPIED CHESTR FF.OP1 0. O TO ?0\;!. (1 HT 2 ,  0 t*lz:EC 1).+7ERl,,/kl'T., 

I.II{F 1 1 -TEED HC'1::EL:Z: HIF' E:E$lJLTIJ'r 
tlnDEL I,'I_IHFITIT'7' IJHPIED HIF'H FROI'1 0 .0  TO 21:10.1:1 AT Z:,~I f~l?E<: Ip{TEpl,jfi~,;, 
ELL-L I pi: C.~.IEZ.TZ i, 1: L :z p rib1 FORI::E 
:'tIIDEL l;rI>~HTIT'I' PiAI'IED F1:':HA FPUtl 111. 111 TO 21:10. (1 QT 2. I:I t-l';:EC II.{TEF.~,)~~L:T. 
E:LT-hTH: I-1f:'PEF: TOF:z:lJ BELT '8)';: +p 
llOtlEL QUFlblTITY FiilPlED BELTFi FROPI 0. I:! TO 2 0 0 .  U AT 2 .  !I t*l::.:E~: IMTEP!.!AL,::, 

B O T I ~ ~  LIFIC: H P ~ I  ?EL I4 I DDLE   or;: 313 
PIEDEL I~I I - IH~'~TIT '~ IiAtlE11 LOIJ.IEFH FROtl I'l. 0 7'0 201:1. 1:) 2 ,  IJ P1.2Er I ~ { ' r E ~ ~ , ! H L ' ~ .  

BUD'( LIPiP:: H N I  '#,!EL ILIPF'EE TflR:SO 
'InliEl- BI-lFiPiT IT'.!.' T'IAMEI:I UPPEPH FPOFl I 1 @ I .  l: 9 3. (1 I.l'!:Ei:: IIiTEi?irAL:S, 
tiE':::T Fnl-ip LII.iE5. COIiTFiIN PlflllEL PI.II.1 DF';:C.FIIPTIOP~ 

:31r.wq ?:-II MAP{ PI~JDEL PCIII E: 
i 

ttl',! ~ 1 %  ,2 - [I *,) 7 . 1;: 
J1.11. ;;:! ~ '~7<, i l l :~ : r17:11 
I : I IJ~~~TITIE,:  FF:Ot*l THIS' FIJI APE 11.4 t.lETF'.IC: l - l p i l ~ . ~ .  
FIPI+l- TIplE F:ECOFT,ETi 1 5  ~I:I?,I:I I'lyFC: T'ItolE lPli:FEP1EPiT 1.2 ,!:.I:I Pl'Z,El:,, 
t+l:.ll.lql*. P{UtlE:EF' lJF F'OIflT'z 15 li:11. I{l.lPlE:ER OF ELLIF"2E:I' = 15, [JF LINE:!, = 
'_1F F'El?IOf.{> = '39 OF Ip(TEC'Fli.TION5: = 1.i 

I JP~FILTEF 'E~~ HI"I:EL3 HEAL1 RE :..l-lL TP iT  
"1ODEL Ql!eplTJT'I" f{HI.lED I-iEfi[lt: FpIJpl O.I:I TO ~l : i i l . i I  YT  2.17 pli:EC: It.{TEP1aJHL..7. 

IJkiF 1 LTERED AI:'I::EL:? :::HE ST ?E Sl..lLTrJT 
tqlJ['lEL i:!l.IQNTIT',,' b{HblED 1::HESTB FF'uF1 1 1 1 : l  T 1:11:l,l:1 1 ;:.I:I I'1i'E.C 1IiTEF':)HL::. 

i j I tF 1 LTEG'Erl HI~:C:EL'~: Y I P  ?E.::l-il. TV{T 
r:lr_lDEL !:tlJ%t.i'TIT'.< HFil'lED H I  FF'OW . 1 T I T 3. [I ll.?EC 1T'jTEF:'::kL-3. 
ELL-LIIJ: CHEhT2 I,:' 2 L 5: B MPl FEPCE 
~*~;;DEL I~I..IF~~.~TIT'I" tiRr~1CD FC'WP FF:OI~I o.i:i Ta ~I:II:I.O e'r ,?.17 I'I:::EC I~IEF"O,JA!-~. 
~ I L T  -GTH: CIPF'EP TOR':O BELT v.:: h- p 
t8lZIlEL I,II.IFINTI:T'~ HAMED EiELTE: FRObl , I  T I T ,~.I:I M~:EI:: Jt{TcE1.)fiL-:. 

F ;~~I I (  ~ 1 r f t :  VEL 111 DDLE ioR9:o 
PlOTIEL l;!IjF!i.iTIT'II I.~)LIMEJI I-OlriEc'E FPlJpl I T : I I  T 2.1) Pl,z.EC. I I i~ER1~. !A~~; : .  

E:flr~'.( LL. 1 Nb HPil; vEL IJPF'EF: TUR:'C 
r,lODEL I!IIJFIIJT IT'I.' riliYE11 1,JPF'EF:E; FROr.1 111. 0 Tfl 2 0 0 .  0 HT 2 .  0 l'l:5:EC It.{TER1,JF.Ik'I.. 

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH 
OUTPUT (Page 1)  



I DEI~FEE 8 F I T  
1 5.1'3 
2 :3 , 8 '3 

2 , f, ,3 
4 1.74 

7 1.11 
: , 6#7 

'3 2 - 5 7  
1 I:! 3 . 5 7  
11 4.93 
12 <$, ;;z 
1.3 7 .  41 
14 ::: T1 S, - . ._I._* 

17 &3 . 1;l ;: 
16 13 . 2.;: 
17 i.2 . 9 7 
18 :3.24 
1 '3 ;. 16 
2 l:l 5.9:; 
2 1 5 . .(:I 1 

DEGPEE 5 FIT 
5.215 
3 . 3 0  
2 - 6 5  
1 607 
1 . I:I E 
[I , :3 7 
1 .10  
1.71 
2.63 
-:; 7 7 
:, . l:lz 
6 . 2 7  
7 .4 r l  
3 .  $0 
3 , ::! '3 
c3 , 1 [I 
:'! . '3 0 
.3 , 2.l 
7 - 2 2  
c, . 1 l:l 
4.80 

DEI~REE: 2 F I T  
1 . 7 5  
;''. 08 
2 . 4 n  
2 . 7.3 
.3. 05 
.:; . :s ;:; 
. 3 . 7 0  
4 . O.3 
4 .  .3g 
4 .  gg 
C 
.I . 0 0 
5.32 
5.65 
5.97 
6 , '3 l:l 
5, C,::' - L 
15.95 
7 - -  
i .ti< 
7 . 6, !:I 
7 ,  b3z 
:3.25 

DEGREE 6% F I T  
5 . 2 1  
.3 . ;;:<, 
2. 1,- (' 
1.75 
I .  15 
l:l , 03 1:: 

1 - 1 1  
1 . hi5 
,? , :;.I; 
3. it, 
4.93 
6, , 2 :: 
7.4.3 
a, 3'3 
'3. [I;? 
*-2 , 2 12 
El, '3 
5 . 2 2  
7 .  i e .  
5. ,3f, 
4 . 4 7  

ISEI5REE 3 F I T  
5 . 7 r:l 
:3. &A -* - z .  24 
1 '5 7 . ._.I , 
0 . '3 3 
1.02 
1.40 
2 .  I)*, 
2,832 

1 j  ' - *  I .. -7 

5 . Il [I 
e, . [I ; -. 
1.. . I:! 1:; 

7 .  '34 
:3 , 6, 111 
fi 'j c, - . - 8-9 

3. [I1 
8, &:3 - 3.- 
I . ! ? 8  

em, 34 
4 . '3 111 

DEITREE 7' F I T  
C 
-1. 22 
:3 , ::: f, 

;:. Sf, 
1 . 7 4  
1 . 1 5  
111 , ? 4 
1.12 
1. C,? 
2 - 5 4  
3. 66 
4 . 4? 2: 
6. ;:z 
;? . 4 ,? 
O 2'3 
'..I . _, .. 
'3 . 
-3.52 
:>, '3"; 
,.:; , 2 ;: 
7.15 
c jq 
-1 . _. - 
4 . 3 7  

UEGF'EE 

TABLE 13. SAMPLE INTERACTIVE AND AUXIL IARY OUTPUT FOLLOWED BY BATCH 
OUTPUT (Page  2)  



FOR I;II-IHI.{TI'~Y NHMED TES:TV VE%%UPES HHE: M I N  = I . 1 '  9 PlHK = 1 [I , 11 I) 111 I,:I 
b1EHI.i = f?. 0 [I 11 0 7 '8,'i4R 1 FII.{l::E = 8. l:19527 FlODE r -1.1:10009 I lEDI f IN = '5 , Q !:I [I I3 C 

FOP I:,I.IY~~T I 'r I E:;: N l i H E I  FCHR AND FCHB 
FeHH,?E ~:Opf?['LflT 1nt.i l:.OEFFIC:IErtT 1.5 0.4303 
"TYpT TIME FOR F I V S T  I?I-IHI.+TIT'I' 15: 131:l. I:! GlJD FUR :SEI::OND 1: 121:!. 0 n::EC. 
ITYRT TIME .yHIFTErl FP@N (I. (I T i l  14111. 111 E1SEC: 
TTHET TIFIE 'YHIFTED FROPI 0. 0 TO 14l:l. [:I N:?.EC 
FOR nI-iHI{TI'TIES: YtiPlED F1::HH HhD FCHB 
tiP1PL I T!!DE CUFIFELHTIOI.I IX~EFFI IZIENT I S  I:!. c*c ic ,C. I ITHFYC.TOF:OF ="-""" l 0 l B I ~ O  

I:II~HNTI T'F' t1HMEIl HEFiDFI FOUF'IEF' COEFF 1C:IENTS FIRE 5 7 .  7:SY 
- 5 ,  ,375 -14.8Z1:1 -:3,975 -3.45[1 O. 2 5 2  - 1 ,  , 12, 70.2 ,-,. , - 7 .  4f35-a .. 0 

-4. 4 7 4  -1  e,$,4 
?.Tgf?T TIpiE I ?  I:I.I:I TIFIE IP{TEF;:'.,'HL 1::. 2,l:l PEPIQ[l 1.5, ~ [ l l ~ l . i ; l  Pl<.El:. 
r!l!vBEp OF ~+cMOry II:.: I ?  5 E:ti?IC FF;:El??lENC'( 1 :: 5. I:IQOI:I !::Fa::. . 
;TfiFT T I Y E  2HIFTEI:l FF'OF1 I].[I TO 14Ci.0 P1.ZEC: 
1;1l_Ifit4TIT'f P49pfEl'I FC:HH r :?THRTII4S TIPIF 'THIF'TED FROM 0. 0 'TO 141:1. 0 t1:::EC. 
F'ENAPIED FI::HtiY 
:TQPT TIME >Y'IFTEIl FS@Pl I'l. 111 TO 140. l:l tsl'T.El:: 
':1lj8pITIT't I jAMFD FI::HE: , :?TRHTING TIPlE .SHIFTED FROM O. O TO 140.  [I Pl:TEl:' 
9EHqrqED FI:HF:F 
FOR clIjQI{T 1 'T'$ PNAPiED HEHDY H, I . 11:. I IITIEK = '?31.I.? ldITH T f ? T Z =  1:1.fi31:10 tj,,Z[rf!~:., 
F ~ F I ~ I . ! ~ ~ ~ . ~ T I ' T ' < I . { ~ ~ P I E D  HERDB H. I .C.  II.iIIEf.::= ~ . ~ ~ ~ . ~ C ! I T H T ~ F T E : =  il.li41:11:1 f l . z [~oo  
FOE I;II_IHP{T I T'T' NHPIED IIt4E:Z:TH Fe@Pl l:l. I:I Ti7 2 [I 111. 111 h T  15. (I t'1ZEC: 1 /,{TEF."+RL': 
:'c',!FF: I T$' 1 NDE::,:: HY'T. 'a)HLI.IE E::IIE,. 8613 111 
. . L !  - 
I 'UF 6!l-lrip{TIT0,( IiAblE11 II:HE'.ZTE: FPGrql O.l:'I TO ~l] l : l . i l  $IT 0 . 0  F1:ZEC: Ip4TER1:,HLk 
?E'$EFI T'( 1 I'{DE;,,: W l i ' ?  '\~HLI-IE 2 1:15. 3 7 % ;  
f ?  I 1 I:.HE,<:TH FF:OM 1:I.n TO 21:11:1.l:l HT 1:r.I.l F1,I.EC: IP{TEP8)HL/ 
P ~ U ~ I I F I E I I  '-:EIa,JEI;.IT'( IIJDE':,: HR'Z. VifLl-IE 445.11373 
FnR <II_IH~+TI T'f b{FiPlED I:HEPTB FRQN 111. I:( TC ,?l:lO. l:l i f T  O. I:I P1'5EC' Ipi'rEp!,'t?l-.:. 
P1uD:F I E D  :I.E1.)EF:'T'i.' II.{DE).:: H6:: VYLIjE 475. 4$,,22 
rlEI,.I tI4ClE'~ HRE: HIF'YH::.:: CIIF'H It.4 Y J F'FEFI HTPH1~,)F: Ci JF'HI::F: HIF'RED I41 PHE'D 
H J I-)Hl,rbl 

FO,C I*~UYI.{TI'TY 1 { 4 ~ 1 E \ ~  Y IPH I'IEfi.II>C'ES FIRE: F l I I J  = 0. 454c4! PlH)~:: = $,c, 11; 
'tlEeI.{ = I ,  ' 4 .  = 1.1:7.&,4249 IID~IE - l:I:.z'3ea7. t*lEDIfib{ = l'fi,,~~:'~:,~ 
I:OI.{F 1 IIEI.+~:.E I I . { T E ~ ~ , ~ A L  = c:z, 7 [11 ;:; 
P{Fld IiPPlE:; fifI'E: HIF'E$X HIPE: I I i  Y 1PEEI.i H1F'E:VF' H1PFC.F:' HIF'FOII HI F'T:ED 

Li I F'FFlPl 
FOF' I:>l.iHFfT I T'I' P+APIED I4 IF'E P1EP 5 l.lF'E7 iIFIE : M I  I.{ = 111 , :!; I-I~, 7. q 11 z ;+; 1 , 7 7 6, 1 
;qEPt{ = 16,. 71i5'3, '-)HRIAp4l:E = l 6F .  z:F:<,?, PiUDE = 1 [I. 4.31 3 ,  PIED JRr{ = 14 ,  j;;!:~!.: 
C:EPjF I DEI..II_:E 1 I.i'TEP1~)HI- = ,=.'$.. 7Cs64 
FOP I,IIJYI~TI T'l.' NHPlED FIZHHH FF'OP? 14l:l. 1:l To  21'1I:l. l:l 81' 2, (I t>lS.EC IbiTEF:'s,!Flit , 
IP{'~FI:FYI.. 1'2 148. 3 4 . 3  
FOR ~~I IJRI {T I  T' f  PNiiPlETr FI:'HE:F: FPQPl 1 4  11. 1:l TF ,?01:1. 0 k T  2. 0 t,l:z:El: JT.{TEF::JFIL:I , 
I :ITEITP@L I .!. 17'3. >;!;.I; I) 
r.4~1~1 rrptqE::: ARE: HEFIIIFFF YERD~C:~ I  
7THRT TIME ::HIFTErl FPOPl l:l.l:l 1'0 5Cl.l:l t~l':;ElI, 
~:llj#iTIT'i.' r.{fiblED HEPDE: FRUPl 5 0 .  1.1 Tn 15i1.  111 RT 2 .  !:I c'fl'.El:: I I . { T E C ' ~ ~ ~ L ~ <  
i+s'I: FFE6!l?EP+C.'f I . !  IJIITH I:'Ot.FFIl:.IEI.iT '3'j:.2561; 
t-'EP{liMED REZF'ECT Ib'ELY HEFIDBFF' YPir HEH~lE,C.P1 
PiEllI I iQtIEs hF:E: HEHDAF'k HEHTIFH',) HEFtDli 1 T 
F O R  iIII..IPI.4TIT'f Pi4VED HEHCIH "Eflb L'F1L.IJE I :? 671. 61:11 1 HT I:I, 1.7150 SEr. 
THPFE F1ILLI'"EClJIJD Y'tlEPRI?E 1:; e.7. 0 7 f l  
?iEl~.i IiHClE::. fiF'E: hEHtlBF'F HEHIlF:A'U' HEfiIlEl 1 T 
FnF" IyII.IGt{TI T'( NHMFll HEHrIEI F'EHI:' I;"HL.I.IE 1.5: '? I .  7i5e81 PT I), 1.7E:I:I .El:,, 
T H ~ E E  MILL I :~1:.ot.i13 HI~JERHISE 15 e:?. :5::;4:: 
IIJi.14t.4 T I T'$ rJqPlErl TEIT  li FE:QIl rl. l:I 1'0 1'0I:l. [I Y T  1 0. 0 PlZ'EC' 1 r4TEPr)HL:i. 
Yi4: BEE11 t-li,lLTIPL I E D  E!'f 2. l:101:1 YP{~I FiEI.{APlE[! TE.::T1s,JL) 
FOP I:!I.IF#4TI T IET P!HblED EELTR 6i.iJ) E:ELTE: 
!:'flF:@EL@S I C j l i  I_.OEFF 11: I EPlT 15 111. '?:1,1'2 F'EIJHI'lED PEL TC: 
PiEl~i ;1HtnlE3 RPE: YIPY'VR HIPRNPl 
I.iEl.11 p+HPlE:: I ~ D E :  H IPFllb'F' HIF'fiP4Pl 
FOP I,I!1(51I{T ITIE::: YFIE1ED HIF'H HHD H I P E  F FIIN~I F2  = l,nl;a~~l Z. ..I . c . - " -  - 1 t ~  II 1.1 
'!{SPI YIJC'ES 13~;:~' THE ::CplE. 
t.iE11I PlhpIF OPE: b,'ELii:.: '*iELII.i '%)ELEN 'VELf4P 
FCIP I;~I-IAI~TITIE::: PIYFlED ILOI?IEI;'R 7 I-IF'FEF'H 7 Lilij,iEF!E 9 CiF'F'ERI) 9 

I'1FFII.i C.UPI,E .STORETI Q:!: !,EL. 
F'O J:{Tl.IIISg VEH?I.IF'E: HF'E: I.1A::; '= 554. r:I.::*?:,, PI J P {  = -75s:. 5 2 1  0. UEHIJ = -.37. 201 4 
I ! - - ,  *, t ip  IHI.!CE = 1:3:3445. c7875 

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH 
OUTPUT (Page 3 )  



EllF' F'OLHE PLOT, REFERENCE LINET: HRE 11- BELUbl HND 17.300 HFUVE 1. 
;:I,HI-IPII:;PHRHMETEP:~AG:E: -1.41:11:111 1.4Ol:il:I 1.4[100 -1.40(11,) .3.2143 

.:, , 2 4 7 ,  I I I  -13,2ef;7 28.  C ~ S I I : ~ ~  0. 0156 [I. [!Z5'3 0.:3111 
FOR !;~l-lfiNT 1 T I E s  NF)PIED H I  CH FIND H I  CEi Id I TH Vl iL IIE:E: 99 6.8h:32 1.3?5, 92Za3 
POLAR POINT IS AT :..:.'f= i:l. 7.360 I]. 1 2 9 8  LF)FELED H 
FOR Qi_IHP.ITITIE:? NHPlED 8IQ eNl l  1 IF bl1TH ',!fiLUES 85&.E;&30 81115. ,3787 
F'gLfip POINT 1'2 AT 0.721s 0 . 7 4 7 5  i H P E L E I l  I?, 
FnF: I~ l - lH t iT IT IE :S  piHtqE11 P lZ Ik  RPiD Pl l . IB !.iIITHVRI-I_IES: 4 4 3 , 1 8 7 3  4 7 5 . 4 6  JCC.  - ,?  

r - ,OLeF'ooI r . i r  I'::#T':.'~= I:I.~.~I:I.:: !:I. 9 3 7 2  ~HPELED C: 
FUR I::'UYHT 1 TIE::, v i~ t * lEr l  H I  PA 1 I 4  AHII H I  PiiYf:.; 111 1 TH 'yh!-lj~~:: 0. 4fi415 grim k i . 13  
F'nCfiR POINT 1':. i4T ! . ( r '<=  l ! . l l l :  -O.i11)58 LHRELEII 11 
FGP l:?I_IAt{T 1 T 1E:Z: PiAI-!ErI FC:HHHI YND F i H B B  i 1 TH 't,HLI-IE:S 14:;:. ::;34,3 1, 7 #3 . 2:3 2: I,'! 
3flLfip ;'POINT 1: HT >.::,'f= -1:1,;436, 0.3627 LYBELED E 
FOF' GII.IHI.1TITIEF PiYt.1ED t*l.ISIH HND 1 I.rlITH i,'ALl.iE:z 445 .  187.3 !3 ':; f ,  , ;:;$,::; 111 

C c ( - j ~ # R  POINT 15: YT ,:L:? '\'= I -1:I. l i l ' 3~4  LHBELEB F 
cop  C!MHNTITIE,,;: piHMEr1 b1SIB HND S I F  IJ I  18tALIJE:S 475.415;:2 :;:I:I~, '37q3 
F'Oi-$fe POINT 1'2 A'T 'id(= -0 .41  01 -11. 4247 LABELEI1 1; 

FQP I:~I-I~~NTITIE;? PIHt'lED HEHDAPK HPIEI 6EHDBPK !IIITH r,JHL.lJE& 6,7 . 6 111 1 1 t3 1 , '7<,C, 1 
F'aLFjF POINT I S  HT ::.::? 'is= -0, 11:125 -I:!. 7395 LHRECED H 
FOR QI-iHMT 1 TIE::; PiHPlETr HFRDYHV HPID HERDFAlr' 1.11 I TH $)ALLIES 6,T , c1.3 7 I:! ~ ~ 8 ,  :3:34;' 

fiF POINT 1% 4 T  ',(= l:l. ,5543 -[I. &c46:3 L.HFELE~I 1 
FnF' \:II-lHNTIT I E S  I.itit.1F.D VELH:.: HND 'dELEPi POLHR POIPiT I S  OFF PfiIsE. 
PnIPiT h I L L  BE IPil?,Ec'TED HMD PLOTTED. 
FOR 8lJHrlTI TIE:: PiHMFD 'm,!ELEl4 HNII ',!ELF/:>:: l!lITH G'YLCIE:I; -1;7.  Z 11114 J54.1:1.3'?:3 
PqLHl;' POItqT I S  HT Y ? % f =  0. 0<,04 -{:I. l'JZ94 LHEEI_ED J 
FOR F'HFiI:E F'LRNE T'T'PE F'LCiT, 
-, - - :..I-.HLINI: PSPANETERS HRE: I .  I: 1SCi510. O O Q ( 5  lo [ ! .  ~ ( I U O  ill, (:I 

11 . I:! I:! ;:; 7 . I: 0 I: I - I,:I . 5 4 1') 11 5 . I: I I I 3 7 . 6 '32::; [I , 92 59 
FOP CHRTESIHM PLflT -. .. - , 1 ' -  .::.:,l'n~ 11.i~; PLPH~IETER .: HRE: I:! . 51 znn. I:I~OI:I 6oo. u00r.1-1 OI:ICI. O~ICIII  

111 . 5 I:! 0 Z . 111 111 l:l l:l - (I, tj:>:>? z1. 25Oi1 I), 7g,32 1 4 .  #!4g 
FOR DEVIRTION PLOT? 
: C'HL 1 PIG F'HFHMETEF:? HRE: I:! . 1,'i 2 I:I I:I . . (I !:I Q I:I :3 [I !:I 111 , I:! I:I 111 1'1 - 5 111 11 (I , 111 (I I:! [I 

I:I.~,~I-JI] I I I I I  - I I  ;?~.OI:II:IO ~.T.-Q.-, i b . . ~  14:; ,d,  l d , ? ~  , ,  

I::II.IA~JT I T'i PiHMEn BEL.TC: HHI: ':,%LUE 0 ,  ~~~~ 1 156. 
FDF' I ; I~~YI.{TIT'~ Nfir~lEIl TESTV2 FRGM 111. 11 TO Zl,'!o. 0 FIT 1 [:I. ;:I P1I:Er. IIJTEP1v'RL'5 
1 8 > ~ ~ ~ ~ ' :  APE 1 I:I . o I:I I:I I,) o CI ;3 . I:I o o o o I:I n 6 . o o {::I o I:I I:I I:I 

4 fi [I [I I:! [I [I <I . [I I:! [I I.! [! [I [I I:\ . 0 ;$ , [I [I 111 I! i! (:I il 

4 , 0 1'1 111 0 0 111 Ci 6, . 111 I:! 111 0 111 (I Ci ;; , [I 111 111 (I I:! I:! lil 1 1:) , 111 [I 1) [I I:! !:I 

1 , I:I I:! [I 1:1 11 0 1 4 . I:! [I 111 1:1 Ill 1:1 1 6 . !:I 111 [I [I 1:1 111 1 ::: , (1 111 111 111 1) rl 
z :0 .  O O I : I O O O  18. ~OI~I:II:IO 1 6, . 0 I:I 0 0 111 0 14. 1)tji)01)1:1 
1 Z . I:! I:I [! CI [I [I 1 [I . I:! D O I) U (I 

TABLE 13.  SAMPLE I N T E R A C T I V E  AND A U X I L I A R Y  OUTPUT FOLLOWED BY BATCH 
OUTPUT ( P a g e  4 )  



, . 
r- rn o 
r 3  0 G + + + 
IQ w rn 

t ' T i 7 0  
in r o 

II :.r n Y 
,.n 9 n 

rn \o , , I  3 
(n nl m 
I . .  

r- O 0 



Ci 
> + : u , q t n  ( q m t n w  
3 O Y ' h n ( r m m  

I . . . . . .  

L." .' a m  n m w u 7 a  
q r.1 



LL! -J 

4 
V) 



* b4 
4 t.4 

m * ?  
* : * E * * * * * * * * * * * * * * * * 4 * * * * * * * *  

x x 
. s o  m x n  

r'l n. x 7 * C1 

* 
* k  '3 



PHA:iE ?;APE YYPZ 
1LALU.j  L:i.zSL'i I t 5  x.  

i Y ZK3EX T I f i E  
i.i. 0 . 4 9 0 3  ~7 52-12 
C . 3  4.i23C 2 8  5 b . G  
i - c  1 - 9  5b.C 
C. ii -+.7d39 30  5 G . C  
i. l: 0.395E 3 1  6 C . C  
c.3 4 . Y i 3 ~ 1  3 2  62.5 
C. 0 2.7707 33 64.0 
C. 5 7.-506 3U 66.0 
C. i 7.4559 35  68.C 
C. 3 d.5b9C 30 7C.O 
C .  u 9.6271 37 72.C 
i. J 1C.3894 38 74.C 
u . G  11.7737 39 76.Q 
( . G  1 1 . ~ 4 b 5  4C 7b.O 
i. 5 1 2 . ~ 1 1 4  4 1  80.0 
G. I )  13.05C9 4i 82.0 
C . 0  1U.1304 43 84.C 
r . 3  15.1298 44 8 6 . C  
C. . C* 16.1653 4 5  8e.C 
0.3 17.2394 46 95.C 
C.3 18.23>7 47 q2.C 
C.6 14.3720 48 94.0 
0.; 15.1975 49  90.0 
C.C 16.95-t 50  98.C 
C . 3  19.2131 51 1JC-C 
C.0 21.2595 5 2  102.CI 
ti." 23.7441 53 134.6 

PLO i 

I N D E X  T I i l E  
53 1OU.C 
54 106.0 
55 108-0 
56 l l 0 . C  
57 112.0 
58 114.0 
59 116.0 
60 l l 8 .G  
61-120.0 
6 2  122.G 
b3 124.0 
64 126.0 
65 128.0 
b6 130.0 
67 132.G 
6 6  134.0 
69 136.0 
70 138.Q 
71  140.0 
7 2  142.0 
7 3  144.C 
74 146.0 
75 148.0 
76 150.0 
77 152.G 
78 154.0 
79 156.0 

IUDEX TIHE 
7 9  156.0 
80 158.0 
8 1  160.0 
8 2  162.0 
8 3  164.0 
84  16b.O 
85  168.0 
86  175.3 
87 172.0 
8 8  174.0 
89 176.5 
9 0  178.0 
9 1  180.0 
9 2  182.0 
93 184.0 
94  186.0 
9 5  188.0 
96  190.0 
97 192.0 
98  194.0 
99 196.0 

100 198.0 
1 0 1  200.0 

TABLE 13 .  SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH OUTPUT (Page 9) 







' l a  
er 

m a m  C * .c 







CP - . -  1 ~ l . i l J ,  5 I *  
TE riU1iE. 
'3 + 
TQ TESTY. 
1 2 1 [I. r zoo. + 
MF. 
1 2 2 4  

PlC! HEHDQ. - - . .  e, 9 ::; 7 :=' * 5 2 [I 111 , 4 

PlR . 
':: 9 4 + 
MG! HEHDB. - - c,, . : :y  2. 7 2l'JCl. 4 

TP HEHDH. 
i l  2 1 IYI : 2 [I I:! 4 

TP YEADB. 
111 , 1 [I 5 2 1:i [I * 
,Z:Z HEHDH IJEHIlI:. 

-1 0 0 1  1 o r  s(l[l+ 

TP YEHDC'. 
07 1 Si7 1 OTI* 

:2_7 HEHDH HEHDIi. 
1 I:{ 0 5 1 0 1 111 I? + 
PS i-lEADD. 
PIC HEHDH HEHDE DIFF. 
[I 9 1 I? 7 ,? 111 [I 4 

TP DIFF. 
[I . 1 111 7 2 [I [I * 
FI qrt~~, , t .  
1:l , 1 111 2 l:l [I + 
1 . ~ ~ : I M ~ E ~ ~ ~ ~ I ~ ! + $ Q H E H ~ I A . . . : ~ ; C ~ ! ~ ; H H E A ~ I ~ * ~ - I I  I FF- 1 !$f' 
TP HNziJj. 

1 o r  201:1+ 

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND A U X I L I A R Y  OUTPUT FOR AN 
ADDITIONAL EXAMPLE ( P a g e  1 ) 



> % b  

::%PIJN gFF ~ = ~ ~ E I I I T ~ H T  &=*PF'INT+ ;=*:INb* '3=FILTqE P=TDqT 1=152 Z=I;? !=I98 j = l j g  
::E :EI:l.ITION BEGIN l 

DEFHIjLT FlPiHI- TIPIF. 1'5: REPET TO ?Oil. 17 bl?EC: 
nl-lTPl-lT' C1UHI'iTITIEI' FEFl THI S PUN W E  IF{ I'lETPIC: I-IIiI T'?. 
LOGII:'HC DE'!IC:E r.iUt*lBEF. FOR TETT DHTH 1': 9 
TE::T I:II-IHUTITI.' IiHMELI TE'?TI,.' FFTW 13. l:l Tn ?ocl. 0 AT 10. O PtSEl', 1NTEPvHL'Z. 
IJE:*<T FOljP L INES 1I:UNTAIN MODEL PI.IFi rIEZ.I~EIPTIflN 

MC'PIR 2-u M H ~ {  piL1r1EL F'UPI FI 

t.l',>plA Z-D, ',>EF:. 2: 
..,ILIL 8.  . 1 g:c;1:11:1: 04: 29 
1;!1_1rii.{T 1 TIE'? FRO?! T H I  611N WE' I N  I1ETRII: IllJI T5:. 
c ' I P l i f ~ -  TIPIE PEC:UPKIEIl 15: 3 0 0 .  1:s r1:;El. T IME INI..F'EI4ENT I S  2. 111 M:'::EC: 
HC'TlJFii k{?IME;ER OF POIlrTP 11:. 1171. III..IFtBEP CF ELLIF"5:EP = 15. OF LII.(E,Z = 7 
OF E'EI;IO;.+.; = 11:1r OF IIiTERAI:TIOII5. = 1 1  

I.Ir4FILTEF:EIl ACt:ELC' HE4D REPiJL'TrJT 
IIOIIEL 6!1jHIJTlT'r' NHMED HEHDh FROM 111. Cl TO ,200. 0 t3T i1. 0 Pl:?EC IP{TEF\'HL:., 
liE).IT Fnl-IF L IPtEZ C.ONTHI N MODEL F'UII DESC:F:IF'T ION 

P~~IPIH 2-D MAP+ riaDEL F:UP~ E; 

P1VPlH 2-Dr VER. .3 
1 )  ;37 1'37E80il: 157: 11 
!:IIJH~.~TITIE'S FF:OPl THIS VUPi ARE I F i  PIETPII: IJNIT::. 
CIIJAC TIME F'EC.C]PDEIl 1:: 21:111. P1'L:EC 'TIPIE 1PiI::REMEPiT I:? 2. 111 VlSEC' 
HITTI~HL IiUPlBEF' OF POIt.{TT: 1'2 101. rJ!iPlE:ER DF ELL1PZ:ES = 153 UF LII.iE:5 = 6, 
UF PEGIONS = 33 UF IHTEF'HC'TIOFiE' = 14 

IjPiF ILTEPED ril,C:ELS HEHD F:E'TI.ILTf.i T 
r,iOrIEL QIJRIJTIT'~' r i ~ c i ~ ~  HEHDF: FF:OM D . ~ I  T O  201:1.0 Y T  2.11 I'ISEC. II.{TEP~.'HL';:. 
FOE I;II-IHI.{TIT',' P4HPlE[l HEHDh Fi7UPl tl.1:l TO E'l:ll:~,~l AT 1I~l.L~ P12EL I~ i?EF5"L '7  
'$'ALI)ES AF:E 1 . OI:II:i7s?ct 1. l:l1:371 1'3 5 .  I:I$ 35% j: 7 1 

Q. 5476,';1~,2 1 . ::!I? 7:;s 1 16. 09552il  21.4!;:54;4 
3 1.8 052,5,7 4%. $~(:II-I:;;? YE,. 44'7713<r :;I, 41  L.. z4-;f;1 I 

4 7 .  4.3 111 i1r;l4 .?4.80 0362 1 9 . 0 111 3 '3 5: 1; \ 
7. ;S':i14$,2 

t z .  'j9;7,?1:13 ;zc,, 25$,6,!;;3 4 c.. (-, il . r .$-tt8ks4 = .. .' <,5. 81.1514 
'TIC ,,,. 172714 3il. i:P71:14'3 

FOE QUAnTIT'.i.' FiHFlED HEFiTIE; FROI.1 O.I:I TO 20Q.Ci Fir 1~1.1~1 Pl!:El:, Ifi'TEf?'b'i'fl-'2 
V9L.UE'T, H(;'E 1 . I:I [I I:I 7 if: @ 7 1. li.:T'1$?J 1 . 7 l:l+,4 142 

4 .:,,:, (I -, : I? . ,LLS-?I I  4 1 1 , '344l:I47 1 ;$: . c, ,!; 7 1 1 *3 2.3, 456,772 
31.46:':?3:: 4 L. 4 ~ I ~ : ' J * s  - - 4 ,-s e -1 .3 -, . 1 4 '3 '1: 1 1 5'3. l:ijE:5;'4 
5 1 . CB83f,5 3'3 - - 

.:: tr. . 5 1 4 1) TI 8 7r.-,c,>.- . I ..! :,.-SO-Z b ,. , . en 111 1 $iL '7 rl .I: 
14 f " "  ' - - 7 -  

- t t a t f  i < 21,414'383 .3 i .  425592 S:C CB 4 . 1 1 . .  .I.. 
'7 3:s i :-,. 1354,214 29, !>1:39'3~ 

L:'THF:T TIME I'HIFTED FRDI'l 0. 1:I TO 100. U II'EEC 
1:1?11S1{TIT'i' HHP1EIl HERrjA 3 ,STdPTIPiG T I  HE ?HIFTED FPRP? 111. ? 'TO ll, Pii:ElI, 
PEV~APIE~I HEADIT 
FOP I.;ICI~~NTI T',' PffPlEr~ HEfiLlC FEOpI il. I:I TO 181:l. 1:l A T  1 l:l, 111 Pi'rElI: ItiTEf?v!~l-:? 
'm.!HL.UE':. AFE '51.412781 47.4501554 ..':dm ,?1')1:;2B;3 

1'3, [11],3'3~~:~! - j , .  -e.-,q i, -!;~,452 1 '5 , - a  ,343 7 I L  :, (1'3 26 .  2f56E4:>:t: 
4 ;j , E' C - '- 

-I -I ta i-. 4 55,1314514 2 8 . 1 7 ~ 7  14 .f: [:I , 8'3 7 1114" 
::TART TIplE .S.H!FTED FPOCl 0. 0 TO 1 l!h. I:I C15:El: 
01-lrril.iTITSi.' PiHPiED HEhDH %?ELEC:TED R T  TIPIF: 1 1110. 0 Cl:T:EI, fll.iD r'ENHMED HEHPD 
91-IPNT I T'y NAItlFfi HEAnD HH; 't+ALIjE =, 1 , 4 1 L ,:a TI:, I %.I 1 
~::!?Ifir.iTI T'I.' NYMED HEHKIA PI1 PiU.2 G!IjAI!TI T',' NHPIED HEFlUE FENRMED . DIFF 

QI>fiV{TIT'.( NRbIErI I l I FF  FROM , 0. 0 T r i  200.  r) R T  115. 0 M'ZEI:: III'I'ERMHLS 
:,? H L 1.1 E :x. H PE I:! . .QT;; :~g~4: j :~~-1:1~,  _ ._ _ I  -8 I -[I, 1$[11:11:[74;3 .:, , !! 7 7 1 c . i  :, :, 4q .. 

5 .  ~ : ~ , ~ f ; : > l ~ l 4  -1). ~ ~ ~ 6 , 1 ~ , 5 7 1 : 1  - 2 .  15'3:1:5 - 1 . 9 7 1 ~~~;~~ 
1:1 . .:, -., 7 .=a .:, .> .-3 1 ,-,-a 4 5 I? 4 'E' 7 E' -. , * G  .-1?4c, 3. 3[1$4575 -1  . . - . > r~ , -  

@ L . & C ,  3::y 
-4. 2 ~ , ~ , 4  7435; -1.'71:3?451 -{:I. 74*3$, i 1 : 3 ~ 7  - 111 . :_: 4 F: 5 3 4 I:! 9 
- 1.15'34744 4, 84  L. :' L ~ ' ~ 4 6  I I>. 6.3 1:11 1 17 -1::: - . L . . -  :qgtq7;2 
- 4 5 . *-, 1- ,:, ,d 1 5 111 I! 1 . na:,:,nr.:.: $L8 -, . -1 -,I-, 

PE 5:UL T OF FLlF'Cl?ILH I NTEFPFf TEE' 1 'Z: - ,:, il 1 ':' - 7 83 .- - *  
- 8  " . L ,t.,i. -:34.14 -!34.83 - 7 ,,z,.1.2 a-, -'7" , -1.46 -i,k,. - .. 54 - - Im  , , $ 1  -81  , '33 -:_:1, 7 1  -76,'7C, -74.1 ;; 

-7g,, 73  - 7 7  , .:>1 -7',?,92 --;7.47 -:f:3 , 44  -87.113 -~,I~I.I,-I~; -35: ,37 
- 7 9 r ri 

I . . -1" 

FUR I:~I-IP~{TIT',' I !~MEII  I Fpnt.1 I:I.U TO ,-'OD.CI HT 11:1,1:1 Cli.E~i:. If$TEe1*!%l-Z 
'v'HLI.IES AFE - *. ,:t 1 . . 1 1 a:, 03 ,:, -1 I - ,-E C, 

-7 ,a  6 "24;74 
I _. . _ '  I - ::; 4 . 1 2; ::; ;:: 7 

- .s 4 '5: F; 13 6 y, -70 ,:"'i1F' - 7 5 ,  ,35e, 34 \:I ' ,- , %-, . L $-. . -, , .- k,, :,.+ 2 i176, - - 
-(!:la 814E1'35 -,? 1 . G>& [I;' 1 -2: 1 7 [1:3,3 74 -76. 7~ .. '...-I 7-4~:~ L' 

- 
-3 ,; t, .. . ;.';?;1'3 f; 1 - 7 7 ,  ;;;I [113;;3 

.. -, 
-74. 11,3125 _ (.. . ,? 1 ;!: I'J e, 111 

-;-7, 4: r, -' ?,I! . 1.1 - (?  - ;;; i; . 4 .+ s? 7 - '2 ,.., - i, , 1 l.s~ 111 3 :: 7 -e, I:I, 1~1155'~?4 - .-8 ,-, c. 5 , .j: ;.":16 7 2 -7'3. 5751 [I4 

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND AUXILIARY OUTPUT FOR AN AD- 
DITIONAL EXAMPLE (Page  2)  
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CF. 
1 * 2 111 1:1 7 1 + 
DEFPI.ILT FlNHL TIME I S  RESET TO i'?I!. I! M:IEC' 
;?l.iTF'lJ'T CllJiiriT X TIEZ: FOP THI'T: RCItI #RE I N  PlETRl TJ IINITC.. 
tlF' . 
1.5, 
IfE?,:T FOI.IF' L IPiE:' COIITHIII I'tOliEL RIJN T!F.E:C:F.IIF'TION 

Pl't!PIFI ?-D PIPN MOIIEL Rl.lt.4 P 

F!VFlH 2-ny 't!ER, 1:: 
JI-IL ;31 l ' ~ ~ ~ ~ C I [ I : ~ l 7 : 1 1  
I;IIJ~P!T 1 TIE'S FF'O~I THIS RI-II~ HRE Irc METRIC' 1 ~ 4 1  TS., 
FIp!fil- Tj'PtE I?EC.ORPElj 75: i ' l z lO.  i! PjS.EC T Jr lE IN11:PEMErJT I:? 2 .  111 pt.:E~: 
;II:TI.IAI_ Pil.Il.lE'EF. gF POIFIT'? I! 101.  t'il.lr41pEF: aF ELLIP5:E's = 151 l2F LINE:! = 6, 
2F PESIiJH5: = '5. OF INTEPHC'TInll.! = 14  
nl,l HEAOA. 

- - 
y :: 7 2 7 2 [I tI+ 

IJP4FI LTERED HI::CEL:E: HEAD RESl-lLTri r 
blOrlEL I:)IJYNTITY PiHMED HEHDH FF'OM 0. O TO 2011. Cl FIT 2 .  0 M,Z:EI:' II.{TEBLB)AL;'. 
FG FII-TY. 

FILTE!? DES'1C.P.I PROGPHM 

. . . . . . . F I L T E R  DE.?IGPi ROILT INE . . . . . . . 

F ; H P ~ ~ I  :: 1 : I:I , 111 = LF d .  UF .:: Jot). 
FF'EQ. DF I.IPF'EP EDISE 1 PIPPLE (GAIN' . 
4I:l. 7 , [ l ; 3  

BHrJD :: 2:;  40.  I]DO .::' LF +:' I-lF = 400.[11:1 
LOi!JER EDI;EE RIPPLE (GH I N ?  
:?(I. 9 -5111. 

ENTER 

ENTEP 

EPiTEF' THE PiLlrlBEF' OF THE E:HPiIl 1811 TH I ~ I E I I ~ H T =  1 

TABLE 15. SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND 
(Page 1 ) 



...,... FILTER CHRBHCTERI:?TIC5 ....... 
F I Pi  I TE I MPI1LS:E PESPONSE 1::F I H::f 
FHN1tPH:S'S F.1 LTEV 

F ILTER LENGTH = 56 
I ~ R I D  DENSITY = ,315 
HB. I TEF IHT ION~ = 7 
TOT6L DEVIHT IOr{=. 0. IjZ!fi45929:> IIB 

BPND 1 RHHD 2 BAND 
LOI.t.iEF' EIII:E 1::HZ::l 11. U 80 .  0001:1 
IJPPEF' EDISE t::HZ:l 4 (I , Q I:I 0 0 400.ODO 
DE $ 1  {!HLUE 1 , [I [I 111 [I 0 . - 

11 . 1-l 

1.1.1 E I I? H T I 1.4 G 1.0131:IOO 0. 9 1  135,:3 
DEo I A T  I ON 0.25459:3E- 0 1 -44,8139 0 
DE:SIRED IIE1~/IATION 0.24'396#E-O1 -50.  0000 

FIGURE 15. SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND 
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2 [I . I] I? i:l 

21 , 
.. , - c d ,  $1 3 
4 .  .3h4 
26, l-li'l 
2 7 . '7 51 I:! 
39, &c:l:l 
3 1 . 6,':4E: 
,:: ,3 , :2 7 ':: 
35, 1 :;5 
3r:!.E,j.4 
41. 21\(1 
44. 0'14 
4 7 , rl :j q 
5 [I , c; 

5 3 .  E.54 
C ' .- 
J i . :: I:! 2 
f , l .  
6 5 .  3ij1 
& ,A .,. . :3 \:Is 
74 TI=,? 

-q "" 
i . . km~? 1 
:;;5. 0'36. 
3 [I , :3 1 ::: 
,?6,994 
103.589 
110,534 
115. 1!57 
126,. 1'31 
1 :3 4 " 7 '-8 

. I  I L  

14'3. 9':: 7 
1C:' 7'37 

-1 -8  . 1 1- .. 
164.17!3 
175. :':4; 
1'37, 266 
2 I:\ 0 . [I I] !:I 

I - U ~  ,;I:~LE'~ 
Pi  

TABLE 15.  SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND 
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' I = C I , 1 5 ' ? 4 ~ 8 ~ 1 E - l ) ~  = Hi :  5E>) 
4 1  2:1 = -1~1.,?:?41:1012:3E-[1~:-' = YC 5 5 )  
HI:, I = - l , l l l l - I  = Hi, 94) 
H I  4:1 = - 0 ,  1'34#JJIjJE-[l,? = H ( 5::::d 
H I  5:) = - I : I , ~ E : E , ~ : ~ ~ ~ ~ E - [ I ~  = H i  52'1 
HI:' c3, = -U . :~ : I - : ~$ ,~~? I : IE - ( I~  = 511 
Hi '  7 )  = -[l,s'34z1@12E-Q2 = HI: ";I) 

H < 8)  = -!:I, 14f,>a3057E-f12 = HI' Jh3> 
HI: '3) = 1:1,10:~41:>4'~~-[lz = H[ 48'1 
HI. fl:~) = 1:1,4,31':-:~~3;i$,~-cl;; = HC: 47) 
I 1 = l:l.T4E::t!,?,"84E-w = HI, 46,:n 
H i  li::, = I : I , * ~ G , . ? ~ ; ~ ~ " ~ E - I : ~ ~  = H i  4 5 )  
I I = 1'1,'575'34?,><.E-l;l = H ,  4 4 1  
H i  14.) = j i s ; 1 4 ~ , 9 ? 2 ~ E - [ ~  = hi' 4 3  
H I  15.:1 = [ I . ; ~ ' : ; ~ ~ ~ ~ I ~ ~ E - I : I ~  = Hi' 42) 
H i  1c,:1 = - l :~ .< , l~? i " l~ , ,~~OE-O;  = H (  411 

IT':! = - 1 . : l . l 4 ~ 1 ~ 1 ~ , 7 1 ~ , E - ~  = Hr 40:t 
H i  t8:1 = -0 .  ,)24.?71:1?7E-01 = H i  39') 
HI: ,  1)3:1 = - 1 : 1 , 2 ~ , 3 ~ 1 , ~ 1 ~ E - { 1 1  = H (  ::::2,:1 
H c' ~ O . : I  = -0,  2429f44PE-01 = r (  37) 
H i  21"1 = -1:1.1472fi3?1E-1:11 = HI: : j&)  

I = 0, 2:-7;3e,f ?E,BE-W = H ( ,::5) 
HI.' ?.::I = [ 1 , ~ 7 ~ , ~ 6 , j [ I e , E - ~  = HI: 34::1 
Hi.  24,:s = [1,5?14204hE-1:11 = HI: :3'3':, 
Hr ,??!':I = I : I ,E :SI : I~~~ '~ '?E-U~ = LJ( 3,3::1 
H t,' 26, '.I = 111. 1 iI314fa.1:'3 = H r' .3 1 ::I 
H C 27.1 = 0, 1375$,7O4 = H i: 13 [I ::I 

q i  ,?$::I = 1:1,14~31451*? = H i '  29':1 

. . . . . .. . F'?IL:;.E I3EliEfr:HT I ON POUT INE. . . . . . 
'2: I II-HAL He': F 1 i JE  j'1 l.{E-klH$'E CoMPflr{ENT r: 
EIJTEF HIGHE'5.T DE:$IPED FREQI-IE~~IZS.': (HZ'# ' 

:!: [I [I . 

TABLE 15.  SAMPLE INTERACTIVE SESSION WITH THE F ILTER DESIGN COMMAND 
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p1IriImIjtq .?FIF~F'L It413 A'T 400. O HZ 
EHTFF DE.5 I p E D  PATE r'HZ':f : 
Si1O. 

I S THE 1.01:1 HZ I::OMPOF1EFiT INTENDED TO FE F ILTEFED CILIT'? 
\ 

14 
1 5  THE ,?O. ClCl HZ C'OMPOP~ENT INTENDED 'TO BE FILTERED II l lT '? 
Pi 
I Z: THE :35. 0 0  HZ !::OtlF'OPiENT INTEPIDED .TO BE FJLTERED O?IT'y 
11 
1.5 THE :35. 0 0  cl7 C:flPIF'OI.iEP.IT INTENDED TO BE FILTEFiEI l  OCIT'T 
I" 
IS. THE 21:lD. ClEl HZ ~::flPlF'Lll.iEPiT IEiTEFDED TO BE FILTERED Oi.iT7 
. , 
Y 

IIT~{AI- I :P~T :T=  ::21.:1 HH? BEEP+ FILTERED. 

EPiTER TIBEIS- NENDr Plii:::P FOP UI.!TPUT. n6: FETUPP! TO E:,:;IT: 

FILTER F T L T H  HYT E:EEN ENTERED 
FD HEHDH H F I L H  F I L T H .  
F I L T E F  P4RtqED FTLTH b i ITH 56 I.dEIlyHTSr 2 RHPiD'T' 
, , l > ~ ~ j p  ',IF+PIPLINI:. FpEl;~I-lEt.iC'r' 1:: ~CII ! . I : I~IC' I I )  Hz. 
FF:Orl 0. I:I T O  25 .  1'1 C!ITH 13 1;HJN OF 1. 001:10 
FFOM 50. l! TO i : 5 0 .  111 I!II TH A GHIN OF 0. 0 
1; THI:? HI:I;EPTF(PL.ET ANSIIIE' 'fE:;. p4O. 
(..I 

TABLE 15. SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND 
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INPI-ILSE RESPONSE I S  0.15$4PBE-02 -1).  ~ Q ~ I ] I ] ~ E - U : : !  -I>. ' 3 $ . 3 2 0 0 ~ - ~ 3  - 0 . 1 9 4 $ 4 ~ ~ - 0 ~  
-0, 2!.?643?E-I:12 -[I. :3'32658F.-02 -0,  , ? '?J~ '~$E- I : I~  -0. 14$,31E-l],? 10, 1 0 8 4 1 3 ~ - 0 2  

13. 4131 ?8?E-62 I .  - 1  0, $6 T;'?27E-132 I:(, 9'7594:3E-(12 0, 71 4&8>E- 02 
111. 16.?12'?E-02 -(I. 618%i:~E.$E-~]i -I:!. f4''lCig;E-l)f -11, zi4271]E-D1 -[I, i'd3212E-01 

-0. 24%'?54E-01 -!:I. 1472';'::E-01 0. 28E:rj58E-i!z [I, 5762&::;E-1]1 11. 571gZOE-nl 
I . l 2 4 1 E - 1  ?.11614E.E+OI:1 0.13?5C.?E+0fl D.149149~+[1n 0,'149143F+Q1:1 
1). 1 i:75%~7E+!lil 0. 1 iE,14&E+l:Il:1 0. 13:3il241E-O1 0. 5716,zOE-01 0. 27$,2h:?E-01 
I]. 2e:365!?E-i1,? -[I. 14725:::E-l)l -111. > 42954E-1:1] -[I, 2fJ2:;2l2E-01 - u .  ;~ '>42;70~-( f l  

-I:I.14'?n67E-nl -0.61'51:169E-02 0.1Ea:312PE-0,? n.714693E-02 0,975943E-02 
0. '315.j'327E-0,? I 4 - 1 1  I]. 4313,53F:-D;: 51, 1 [ j : j4i 3E-03 -1:1, 

-51. 2'3421:3E-I:!2 -0 .  ':1:32658E-02 -IS. 296432E-l],? -0, 144$4 4E-[l2 -0, 9:3:32{10E-D3 
-0. 2:3400lE-r):3 0. 159J8?!':E-[l? 

QCIAI.1TIT'r' hYMFD HEATlH FROM 0. 0 T O  i?OCl. O HT 2. I:I MS:EI: INTEprlHL8 
We:: FEEI.4 FILTFPED B'T FILTH HND RENRMED HFILH 
FD HEBflEj HFILB LF'I:I~~!!:I!:I!:I. 
FILTER I.4Hi'lED LP050000 I!!ITH fiF. IJEIIFHTS, 2 RHND'. 
'.(gI-IP Z'HPlPLINI FREiJCIEMC:'f 1.2 ~OI~I.I:II:II:II:I HZ. 
FFOY 0 . 0 T G  2 5 . 0 I ~ j I T H R G F t I P i G F  1.01:11:10 
FF'OP1 50. 0 TT! 250. O l!.IITH H EH1I.I OF n . ' O  
I : ?  TPI:S YC!:'EPTHEtE'? eN'":(!EF 'y'E'S OF: 140. 
'1' 

IMPCIL '5:E RE?F'ONSE I F  11. 15'34BFjE-02 -!:I. 2F::33'38E-0:? -0 .  '?p:3199E-D'3 -0. 1~4:;14,5~- 
-0 .  2864'33F_-I:i? -!:I. .j:'32155~5E-tj2 -[I. 2'?421°3E- 02 -0.  14$,>90E-172 {I. 1 (1;$!41 SE-I;~? 
0. 431 :3'31E-O? Q. 74:38?5E-02 8 ,  9&3'.7Z8E-[j2 0. L375944E-0% I;!. 714(,Cj,-,-- ct !I,: 
I:\, l e n ' ? l ~ ! ~ ~ - l ~ l z  - [ l ~ ~ ~ ~ ~ l ~ l ~ l ~ - l ~ l ~  -lil, 14'%[1&7E-[ll - l ~ , ~ ~ s 4 2 7 l E - [ l 1  -1:l. 

-!:I. 242954E-I:ll -I]. 14725:3E-01 [I. 28:36&0E-1:!2 0, eT&ej'>E-O1 ' [I. "71delE-l;,l 
I:!. 3130242E-01 1.1. 116146E+00 0. 137567E+OO I]. 144g145E+[~[~ (:I. 143145~+1)0  
[I. f 3756.7E+00 0. 11c,146E+00 111. :3E:[l242E-nl 0. 'r;T1EIZlE-'Ol 1:l. 2',7g,2fis.?~-('l1 
0. ,=:8:3~,dOE-lI~ -0. 14"C'' , c.-t.:,E-!:ll -Q. ;42$54E-[ll -0. 26,'::;:"iZE-~:11 - - -  -I), 3%427 1 ~ - 0 1  

-I]. 1 4'30E87E-C11 -1:l. E 19O;oE-02 !:I. 1c.,z!12:3E-02 !:I. 714fzS32E-oP [I, '375"44E-!:lP 
1.1 , 0.748#-%')&7 .. . .. - - -'I- -' i cm,-lE-02 111. 4'31:1:9tE-02 0. 1 [!8415E-(12 -[I, 146'Z49 L . I. 'IF -- I]:? 

-1:1,~34,~1~3E-D2 -I). 2':"'" -3.-,Lb5'3E-I:!2 - !:I. 295,4:33E-02 - 0, 1945:4YE-1:12 -0, 8 ~ E : ?  19'3~-1:1.3 
- ij , . ! - I  :, ,:, 7 I- - - 11. 15'3434F-[ii' 

I?l-lAt.ITIT'I' irHt'lEI!\ HEitllH FRUM 0. 0 .To 200.  0 H'T 2. 1'1 1I:::El:: IpjTEP1,>HL:Z' 
HP.5 BEEN FILTERED B'v' LF'050001) HPiI) RENAMED HFILB 
TP HEtiDH. 
113 1 [ I 3  Z[!l]+ 
FgF IOlJQl.4TIT'T' PlRllED hEYrlH FEBM O.I:I TO ~I:I~.I:I AT ~I:I.I:I r~1;:El:' I l q T E R 1 r , ~ ~ ~ $  
'VHLI-IE::: HF:E 1 . 111 OCi7887 1. 1737194 1 . '71:1641 42 

4. 2E;OS 1:1:34 11 .'?44047 1%. 15871 14 23. je: .!Po -ST.:, t' i L. 

::I , 4$.:3rt:::: 4c4 ,... 4C.-34:?F; -I= 5:3. 14'3.::1 1 C -, .-. ,:a . 11 :3:3 5 7 4 
5 1 . $,9155::! :' .3&.514pQs 19. T'r;'35!;;6 s . 6, [I 1 7 1:l::: 
14.156677 21 .414:3$:3 :;:,3. 4 -.. z,ccc.z, .-I ..I -I ,.. $14. 1 1 i:19';2 
7 I-, 
( 0, I:I54?14 29. i: 13955 

TP HFILH. 
103 ~ I : I ( l +  

FOR 61URIITIT'f ViYMED HFILY FF'OP1 i!. [I TO 2 0 0 .  [I PT 1 I:I. 0 Pl.?EC. Tf{TEF'!,Hi-? 
'$fiLIJE'I HPE ij, 1 .33z.3748 1.3250761 1 . 5ljs(.OI=.:? 

4. 4 1246::: 0 11 . 5.::144[1 1 ;:: . ,:: 1 (I :j [I::! > '., 
L:l. i14J1=161 

::: I:\ , ,3 [I 7 7 44. 78!:1'314 54. 17'i::I 06, c -, 3341 71 
4 b? , g, [ l a %  1:: ;F 5, 5 7  -0 6 . CC-7.- .I -1 i d [I5 15.144989 '3, 5433743 
1 1 83&[f<.,,L':; - - .- 2 20.442841 48. 356.59::; 81. 714613 
70. <41:1775 4. 11E:1:3;O 

TF' HFILB. 
I:I, 10(2[l l j+ . . . 
FUR 61UHPITIT'T' P4Ht81ED HFILE: FROM O.0 TU F:[II:I.~ A'T 11'1.1:i MZEC: IriTEfI'VYL';: 
'.)Hi-l,.lE'? HRE - 

1.1. i:z::z;~,3e1s;3 I . ,7:,qrlT?z ._It_ _ _ 1 . 5r156.fi1311 
4 .4  12475.5 11.531422 1!3. 81 i)i157 L..,. 2, :, Ij44815 

4 4 7 3:* [I,-, ,:, ,:r ':; [I , 2 [I4 [I [I 1 . 9 0-8 . C, ,-a r-, 54.17'323 0 5::::. 384 1173 
43,4O935'? :::7, 55.71 29 1 g! -. 144,343 &?. 74'3554 1 
1 1 , '3<,(1$,42 2 I:!, 44,3935 4E:. 913f,J,:!7 !$ 1 , 7'1 444':: 
70. 54 l l r j l  El 4. 11:3180':: 

TABLE 15. SAMPLE I N T E R A C T I V E  SESSION WITH THE F I L T E R  DESIGN COMMAND 
( P a g e  6) 



MI: HFILR HFILE BIFFR. 
111 9 1 1.11 7 0 4 

I::!I_IFIP~ T I T'r' NAMEfl HF ILA MINIJS: r2!lJAWT I T'f EIHMED HF I LB REpiAwEn DIFFR 
'TP IIIFFH. 
(I9 l O , E O O +  

~;ll.lRl.iT 1 T'f P{HPIED 0 1 FFA FFlnM 0. [I TO 2 0 13. 0 i iT J. I:I. 0 Pf'SEl:: I tfTEf;'!,JHL:5: 
lo,'R~I-IEz. FFE I:I. 59<,[14Ct45E- l:r& [ I  ; 1 I -  I I:;. Z ~ E ,  1 0 2 ; ; " j ~ -  05 

0. 1 1 ~ ~ J I : I ~ ~ E - I : I ~  0. 181 1'?@1EE-04 0.4577c8:3157E-I:14 0, 45F7<,.3CD7E-134 
0. 7t529334'",- [i4 0. 7152'33'34!5E-04 0. 76293'345E- (14 0. 915f127:>JE- (34 
, J E T 9 , - I  .. .-, .- - 0. '7629 3945E- ll4 I:I. 4577ct:3I57E- 1114 0. 1 ?'-:C"T' IC.-I,? i <$ " r!E- l:lJ 

0. 209:::0:3:35E-[14 0. 4T77El:3C,7E-04 0. 4577tl3&7E-04 r ~ ,  - 1 L ,=1.:8 ,- 1( * 7 I:[:> 1 E - [I ::: 
1 <,;"!S:J<,C,aE- [I:> 0. 15(,757;2 OzE- 05 

HI:: HEHIlA HFILH DIFFB. 
(I 7 1 [I 9 2 [I [I 4 

I;!IJATJT I T'r' NAMIEKI YEHDH M I  Pklz. QIJRIiT I T'f PlqMED HF I LFI RENHPlEKr D I  FFI: 
TP IIIFFE:. 
111 9 1 51 . 2 51 1x1 + 
FOP II.II_IR~~TITY p i q t < ~ ~  DIFFB FFOPi [ I .  o a a r ~ .  c! n~ 1 (1. o pr:::~~:: I~{TER~,~AI,:~ 
'y'fiLIJE:': AF'E \ 0. $$,255 12 1 . -0. 15125C,7[1 [I. 2 o [IC: 1 1 .2:9 
*-[I. 1116795.3 0.41261:\714 -0.1231:34?0 (1. 41 191 1[11 

1 . 1 6.21'3fi57 - 2 - , :~;;;;z;J ye, [I - 1 . 0.359'357 - 111. 't:45'lp6:I; 1 
2.13871592 -1.0431'375 1 . f a  1335'3458 -0.'341'?04[17 
2 .  1236c~14-4 0 . 9 7  1542:::~~ -9. 54 1 0:3 I:V~ z , ::: ,? PC - .? ' I  7 7 I b  .- 
7 .41  34:349 25.6'35F 0 1 

TABLE  15. SAMPLE I N T E R A C T I V E  SESSION WITH F I L T E R  DESIGN COMMAND 
( P a g e  7 )  



********  CHECK C f  FILIERING ROCTINE 

N U N FIITEFEC F I L T E H E C  SHOULD B E  
SlGNllL SIGNAL 

TABLE 1 5 .  SAMPLE INTERACTIVE SESSION WITH F I L T E R  DESIGN COMMAND (Page 8)  



266 1.441247 -0.3983E1 -0.390112 
271 -1.994592 -1.081507 -1.071262 
2 76 0.?00'!24 0.315174 0.31 9363 
2 8 1 0.808513 1.809568 1. floe974 
286 3.€6€35€ 1.6E5326 1.687551 
291 -0- CE695E' 0.824296 0.836551 
2 96 0.517376 0.8E5561 C. 885836 
30 1 0.7064 17 1.430806 1.4 14225 
306 2. ! 5 E S C E  0.770465 0.803236 
311 -1.115400 -0.70866'3 -0.733175 
316 -1, E73014 -1,014369 -1.068838 
321 0.587C21 0.081084 0,587675 

fREQ3ENCIES NCRWAL l Z E D  TO SAMPLING OF 800.00 HZ. 
2 BANDS: Y 1 Y i  Y 

F F C l :  0.0 C. 7COO 
TO: 0.050C C.5COO 

GAIN: 1.OCOC C.C 
56-LENGTH OF FILTER. BELOW I S  ITS IKPULSE RESPONSE 
0.15949eE-02-0.2e4CoyE-03-0. YU320OE-C3-0.194844E-O2-0.2G64 22E-02-0.332658~-02 

- -C .29421eE-Ci -0 .1462f lE -02  0-10E41?E-02 0.431389E-02 0.748623E-02 0.963327E-0; 
0.975943E-02 0.7 14593F-02 0.163129E-02-0. b19068E-02-0. 149Cl67E-01-0.224270E-01 

-~0.26!212~-01-C~542S54E*C1-0.147253E-01 C,288658E-02 0.27b263E-01 0.57162CE-01 
0.880241E-01 0.116146E+00 0.137567E+00 0.149145E+00 0.149145E+00 0.137567Et00 
0.116146E+00 O.eEOiulE-01 0.571620E-01 0.276263L-01 0.28865EE-02-0.147253E-01 

-~0.242954E-01-0.263iliE-01-0.22~27CF-C1-0 4 9 0 7 - 0 1 - Y C 6 - 0  0.163129E-92 
0.714693E-02 C.975943E-02 0.963327E-02 0.5488233-02 O.431389E-02 0.1Ge413E-02 

-~0.146291E-02-C.ZS4~~eE-C2-0~3~2658E-C2-O.~86432E-O2-C.~9UE~44E-O2-O.~~32OO~-O3 
--0.284001E-03 0.1E949EE-02 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
STOP 

TABLE 15. SAMPLE I N T E R A C T I V E  SESSION W I T H  F I L T E R  DESIGN COMrlAFID ( P a g e  9 )  



C P l 
1 * 2 0 0 e r l *  
TR Nnh'c. 
9 * 
TB TESTV* 
1 ,10e r200 . *  
PF l 
1 * 2 *  
PO HEA9Ae 
6 , ? r 5 e  v2CO** 
M a  CHESTA* 
6,695. , 2 9 0 * *  
MO H I P A *  
6 1 9 ~ 5 .  tZ?Om* 
40 FCHA UFPtR TURSC S L{U 
4,2,5. *?CO**  
M Q  UELTA UPPER TORSO BELT 
4,259"  .12dOe* 
Y13 L i IhkRA.  
1 1 , 4 * 5 . * 2 9 0 * *  
M i J  UPPfPA*  
l l r 3 , 5 . 9 2 3 0 e *  
PF TCSTV. 
Oe.10. , 200* ,2 ,10 ,292*  
F G  F I L T A e  
D 
POOe 

2 
4 0  l 03 
R 3. -40 l 
1 

Y 
3 0 

N 
100 

Y 
Y 
n ~ l c ) .  

Y 
2 0. 2 0 0 r  36. 
h 
3 0. 180, 15 .  

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR 
BATCH OUTPUT (Page  1 )  

74 



S 
FL! HEAOA HFILA FILTA.  
Y 
TP HFADAm 
O * l O t 2 O O *  
T P  PFILAm 
0 * ! 0 * 2 3 0 *  
M C  HEADA HFILA HFILC. 
0 1 1 0 * ? 0 0 "  
T P  HCILC. 
0 * 1 0 * 2 3 0 "  
0" TESTV.  
OP HEADA CHESTA. 
? 0 0 m ~ 1 0 ~ 1 1 5 0 m 9 ~ m t 1 0 0 m v 1 0 m 9 1 5 0 m 9 5 ~ 1 1 0 *  
Qh HEADA CHSSTA. 
140m~5.1140m 95r tZO1~89m] .11mZ*  
FC HEAL.4. 
@*15. t200.15* 
SZ FCHA FCIiCAa 
!40m*5.*203.* 
CH HEACA HICAm 
595rmY5* 
C S  CHESTP S I A .  
0. 95092U3." 
L C  CHESTA Y S I A m  
0.*5m*200m* 
C M  HIPA, 
0. t293.*  
C I  FCblAd FCHAA I m  

140m t 2  IS.* 
C F  HEALlA. 
50.*5m 9150m14* 
T Y  IiFA[,A. 
0 .*5.1tCO** 
" A  T E S T V  TESTV.2. 
Z.rOmt13.t2QOm* 
C: T H F S T 4  H I P 4  C C C *  
0.9'5. 1 ZLJm iOm*S.* 
C V  H I P A  LHESTAm 
P M  LtIWFPA U P P E R A  VFL. 
O.t5m92CJ.* 
S L  HEAP4 HEADC. 
- 1 0 0 1 1  3 t 7 0 0 *  
TO t1EAI)C 
0 * 1 0 * 1 0 0 *  
SZ HEADA HFADOm 
100,10,!  00* 
PS HFAD'Jm 
M C  q E 9 D A  C H E S T 4  DIFF.  
0 9 1  1 * 2 3 0 *  
T P  DIFFm 
0 ~ 1 0 * " 2 0 +  
F I  AYSWm 
01  199 2'13* 
! S * S M H E A D D + b O H E A D A l d M B A I i F  ILC"2-DIFF-1BF 
T P  AYSW. 

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR 
BATCH OUTPUT (Page  2 )  



1 2 1  O , ~ O t 2 0 0 *  
1 2 2  SP PRINT POLAR* 
1 2  3 * 2 , * 2 t  * 2 *  
1 2 4  PQ H I C A  S I A *  
12 5 1 3 *  * 
1 2 6  PQ S I A  HEADAPK* 
1 2  7 46.q 
1 2 8  PO FISI A HE ADD* 
129 82." 
1 3 0  PO HIPAEN HIPAAX*  
1 3 1  118,s 
1 3 2  PO FCHAAI  S I A *  
133, 1 5 4 * *  
1 3 4  PO HEADAPK HEADD* 
1 3 5  2 h 2 * *  
1 3 6  PQ HEADAAV HEAGAPK* 
137  298.a 
E 8  P Q  V E L A X  VELEN. 
I? '3 3?4* *  
140 PP *  
141 S P  P R I N T  PHASE* 
IL2 1OO.rOe9Oe * 1 5 0 0 0 e *  
143 PC FCHA CHESTAe 
144 P P *  
145  S P  PRINT C A R T ,  
146 2 0 0 e  r - 1 0 0 0 .  * 6 0 0 * *  
147 PC V E L *  
148 PC I 1 P P E R A I  
149 P P *  
1 5 0  SP P R I N T  D E V o  
151 200~r-8500a,8000~* 
1 5 2  P C  RELTA  HEADA* 
1 5 3  PZ CHESTA HEADA* 
1 5 4  P P e  
15 5 PS CCC* 

END UF F I L E  

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR 
BATCH OUTPUT ( P a g e  3 )  

7 6 



D E F A l l L T  F I b ! A L  T I F ' I :  I S  k E S E T  TI! L C D - O  M S E C  
O U T P U T  O I . ) A N T I T l t S  FL'F T t i I S  'UN A R E  I N  M E T K I C  U N I T S .  
L C C l C A L  D r V l C E  N U M R E P  FOG T E S T  D A T A  I S  Q 

T F S T  ( 2 I I I A U T I T Y  PIAYI:r) T E S T V  'F'!??! d.0 T O  2 O O r O  4 T  10.0 M S E C  I r J T f H V A L S .  
V E X T  FI!(jQ 1 1NF.S C J N T L  I N  Y I ~ D E L  Ellh D c S C b . I P T I C N  

l l r i s  S A S E L I ? J c .  5 0 T H  M A L E .  L ( ! U S F  N E C K .  A P P H O X .  LILL) L O  I J O . 3 1 h  
5 0 M .  LCIUSE h E c K e  53P4 S T e t i 4 C K  S T *  B A C K  S E A T  S E A T  AND F L L I O U  
R E 4 P  30 FlPH L A P  R F L T  MVMA 2-09 V E R .  3 
7 C T  2 8 9  1 9 7 6 2 3 : 3 9 : 4 1  
Q [ j A N T I T I i S  F 7 0 M  T F I S  ROiY A R E  l h  M E T R I C  U N I T S .  
L I r J h L  T l F I C  h E C I ) R f ) E D  I S  2110.0 M S E C  T I N E  I N C R E M E N T  I S  Ci.0 M S E C  
A c T l r c L  N l j Y i i E F  OF P ! J I V T S  I S  4 : .  iV iJMBEP OF E L L I P S E S  - i ' r  OF L I N E S  = 4 
3 F  E1EI;Ii:lrS = 5 ,  :IF I I . I T E ' I A C T I C I \ I S  = i! 

OlqF l L T E 4 F D  4 C C E L S  HE AD I ? E S U L T N T  
V O D E L  ( J ! ! L . V T I T Y  lJA!!E,) tithC?A FkC" 1.U TI1  203.0 A T  5.1 M S L C  I h r T E k V A L S .  

I!NF I L T F P E ~  n c c F L s  C V E S T  P E S U L T N T  
' I C D E L  Q I J A V T I T Y  l\j4+iEr) Ct -1ESTA F - P i i M  0.0 T O  2 3 0 . 3  P T  5.0 P I S E L  I N T E h V k L S .  

IJkF I L 1 E E F D  A C C E l . S  t + l P  K E S O L T N T  
V C D E L  B l l A h l T I T Y  YAML'I  H I  PA FR13M 0.3 T O  2 0 U . d  A T  5.0 M S E C  I N T C R V A L S .  
ELL-L 1 N : I I P P E F :  T : l P S P  V S  SDt!  NM F O R C E  
MOOEL R I J A L \ I T I T Y  N4!4F! I  F C H A  F K O Y  0.5 T I J  Z G O e O  A T  5.0 M S E C  I N T L K V A L S a  

V A P ~ A R L F  C " F i : [ F I C b T I L j N  I L L C ( ; P L  I1P V . 4 H I A R L E  A B S E N T - - - C A l ' l ; r N O o = '  ** C h L e . \ U a =  25 
' I D E N T I F ' I E E S = U P P E R  T V S C  D E L T  

M O D E L  L I I J Z ~ ~ T ~ T Y  hiAt . 'E i l  R I L T A  F K 3 Y  0.3 T'3 20010 A T  5 . 0  P S t C  I b I T E 4 V A L S .  
H t l r Y  L 1°K Af.IC,  V C L  M I d n L E  T O R S I '  

Y O D E L  I I U k ' I T I T Y  'JAYET L C 4 * l t ? A  bhOR+ 0.3 T J  2 0 L . 0  A T  5.0 M 5 T C  I r I T E W V L S e  
%(ICY L  I 'blr 41,1(; V C L  O P P E P  TC iK jG  

Y O D E L  L ) l l A N T I T Y  N 4 M E r )  I J p P C R A  F 9 0 V  1.0 T G  2 3 0 . 0  AT 5.0 Y S t C  I I I T E X V A L S *  

D E G R E E  2 F ! : T  
1.75 
20 08 
2.4C 
2 . 7 5  
3 . 0 5 
3.JP 
3,:u 
4 .  J 3  
4 . 3 5  
4. h r  
5 . 3 i !  
5.3; 
5. or: 
5 .  $7 
6 -  30 
h e 6 2  
h .  95 
7 . 2 7  
7.61) 
7-5'; 
9 . 2 5  

D E C R E E  3 F I T  
5.7C 

I 1jEf;FEE L. F I T  D F G H E E  5 F I T  r )FSi l i i  b F I T  I 7 F I T  
1 5 • 6; 3 5.26 5 - 2 1  5.i2 
2 3.65 ?.3G 3 a 8 b  2 - 5 6  
?, 2.24 2.65 2 . 6 7  2.06 
4 1.39 1.67 1.75 1 .74  

TABLE 16. SAMPLE BATCH INPUT,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  4 )  



QEi ;PEF 9 F I T  
= . ! Q  
't.89 
2 .  bQ 

1 . 7 4  
1.13 
0. '!? 
l.'.l 
l e t 7  
2.55 
? e b 7  
4.93  
' J .?Z  
7 . ~ 1  
3.18 
9.132 
?.23 
R.97 
'7.2l. 
7 - 1 6  
F, 75 
5.3: 

U E G F E E  9 F I T  
Fm?! 
3 r  8 1  
2.57 
1 . b 7  
1.1+ 
3.09 
1 . 2 1  
1.76 
2.59 
3.65 
4 s  8 6  
6 s  i 2  
7.32 
e r  34  
" a 1 3 6  
? *  33 
9.04 
0 .  2 6  
7 s  0 7  
5.7:' 
5.19 

D E C P E k  1G F I T  
5 . 2 ~  
? . E l  
2.62 
1.73 
l.li! 
3 s  48 
1.15 
1 6 8  
2.53 
3 . 6 3  
4.89 
6.19 
' * L O  

H 4U 
'3.05 
9.25 
9.95 
8.23 
7.13 
5.91 
5 00 

HON M A N Y  f iP . i i I )S?  I 

B A N D  tt 2 :  h 3 .  1'1) < LF < l l F  = 40J.CO t N T E k  
LnWFP, E r m ,  ? I I ' P L ~ - . ( ~ ; A I N I  

ENTEF THC r ! l J ! h 5 i ' 9  :!F- T k l f  t3AP:I.l H I T I +  k E [ G H T = !  

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXIL IARY OUTPUT AND REGULAR BATCH OUTPUT (Paqe 5 )  



% > * L  
. F * +  
I ( * * *  
? ' ? . I *  
. * C U  
* b X *  
k + Q I  
* * ? + ) I  

O * * l  
t a n *  
U U U *  
Y * U U  
+ , % *  
O ' L * t  
+ , & *  
. * X - %  
u * * u  * * * *  
X f f  a *  
* I # *  
? t . r a s  .* u ,  
? l - + b *  
* X U *  
u * * *  
U * * b  
> * % i t  
+ E n - *  
* W E *  
> + C >  
S F * %  * * f  -X 

* & 5 %  
* * " f  
% + * *  
X X X *  
* I t *  
* * O X  
a * % *  
X * b i  
X t Z b  
X % E *  
X i " *  
X Z Q - f f  
* X X X  
+ * * f t  
* Y C L  
a * * *  
P C P ,  
* X I *  
i t * + +  
* * + ' i t  
* t t *  * + * *  
u * * *  
* * u u  
9 9 9 4  

O F .  
W i . 0  

W u 0 
c e o o  



76.!'2 
79 .621  
P F e O ? F  

I 9OeYlQ 
96eC0h 

!0?e5F' 
1 1 D e h 7 4  
I !Qr!57  
!?5. 191 
13L.772 
14? .Q37  
! 5 ? .  725 
l6L.I  78 
175 .142  
1 P 7 e 2 b h  
2Co.rJ00 

L O G  S C A L E ?  

R E G , F N n * P n I N T F '  
?0 .000  0 . 1 2  *****ao~u*n+*s**********$*~**********************~ 
35.0430 3 .18  + * * * * * * * * * * * * * * a * * * * * * = $ * ~ * * * * * * * f f ; * * * e * * * * * * * * * * *  
40.0n0 -0 .13  : * I * * * * * * * * * t * * * * * * *b* * *O9*4r t r ) r *O* *k~$* * * * * * *$ * * * * * *  

4 5 . 0 0 0  -0 .61  ****r*************$$*S*************O************** 

59*(700 - 1 - 4 4  * * * * * * * + * * * * * * * * * a c * * * ~ 4 $ * * * * * * * * * * * * * = * * * 4 ~ * * * * * *  
55 .000  . - 2 . 72  *s~%*t-t*ta~*a****t.a**~~*rrh*+t**iro***lr*~*lr**~.*~*r** 
~ c . 0 ~ ~  -6 .61  * w < * * n * * s * * * * * * * ~ * * * * + * * * * * ~ * * r b * * * $ * * * * * * ~ * * * ~ ~ * *  
6 5 . 0 0 0  - . ~ ~ 2 7  $**e*** *rv$*~~**nr .**** ic**~** l (r***t***+**+*~****~*  
70 .003  - 11.ob + * $ ~ * * * * * * * * * * * * * * a * * ~ * o ~ ~ * $ * ~ * * ~ l r * * i r * * * ~ * * * * * * *  
75 .003  - 1 6 - 7 2  **wa**n*j.*****C*l.tr* ***b*le%******$**k****f;** 

8 0 . 0 0 ~  - 2 7 . 1 4  a  t t * s * * * a + n * * s * a ~ * * r p ~ * ~ t ~ * f * * * * i t * * * * * * * *  
85 .390  - 3 ~ ~ 4 ~  * * n * * * ~ * c * a * * * c * * * a * ; 4 * f * * * * * a * 1 1 : i ~ t * *  
o()eOJO - 2 7 . 3 3  * $ * * * * h * * * * * * * * * * * * * k * * * f * * t C i  * * . i r * * I r ~ C * f  
Q5*@03 -2" 7 4  * * * * ' " Y k * ~ ~ " " * " * * * * * * * * * * * * * * * * t $ * * * * * * *  

10Oe0O0 -? f j*67  ******"*"***************4*9***t*R** 
L O G  S C A L E ?  

WANT T O  T R Y  F O R  B E T T E R  F E S U L T S ?  

Q U T P U T  I M P U L S E  RE. SP(?NSC? 

TABLE 16. SAMPLE BATCH INPUT,  BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT ( P a g e  7 )  



ENTE!R C O V M A ~ l D :  ( D E S  I G N t  G E N E R A T E  OR S A V E )  

SIGNAL 1442 F T V k  S I N E - W A V f  CrMP(1NFNTS:  
E N 1 t . R  H 1 f ; l f L c T  U E S  I P f O  F R C ~ J U E N L Y :  ( H L )  

C O Y F J ( l N F N T  f :VEO1JENCI  E S  A P E  : 
1 al' ft . 00 tiz 
2 nr sn.09 H Z  
3 A T  1 6 C e C O H L  
4 A T  4 0 9 e P 3 H Z  
5 AT 8 0 0 e 0 0  H Z  

P p  E T H E Y  b C C E P T 4 B C E 7  

HOW PANY C n M P O N E h T S  A P E  O E S  I H  E D ?  
C Q Y P C N E N T  # 1: h H A T  FHFO. ( H Z ) ?  
C f lMp f *? IENT # 2 :  W I I A T  F R E Q .  (ti?)? 
CCYPL, f i !ENT # 3:  W Y A T  F K E O .  ( H Z ) ?  
C O Y P P F ! F N T  if 4: W H A T  F P E O ,  ( H Z ) ?  
C O Y P l ' h E Y T  5 :  W H A T  F K E Q .  ( H 7 1 1  

M I N I M U Y  S C M P L I N G  A T  400.0 I i Z  
E N T E R  O E S I P E D  R A T E  { H Z ) :  

LCeNTDEST P F R I O D  = 1000.000 M S E C .  
E N T l R  O t S I F E n  S I C h A L  D U F A T I O N  ( M S E C I  

C O M P P S I T  S I G N A L  ( 3 2 1  P T S  G E N E S A T E D  F R O M  

m e . . . . .  F I L T E R I l d r ;  n F  S I G N A L  e s e e e e .  

N O T I C F :  ------ 
C O Y P C ' N F V l  S H A V E  F r L L O r ( 1 N b  F k C h ' l J E N C I  E S :  

I N  ( P E P T Z I :  1 - 0 9  2U.00 35.00 85. OII ? ~ 0 , 0 3  
Mf lRPALIZFD: 5 . ~ 3 1 2 5 0 0 1 0 5 0 0  0 . 0 4 3 7 5  0,10625 0.25000 
W I T H  S A V P L i N I ;  A T  3 3 3 . 0 0  HZ. 
I S  TFE 1.30 t i 2  CI '2YP8NEPIT I l i T E b d U E i )  TI) B E  F ! L T € R E D  O U T ?  
IS TP?  "3.93 H Z  C O F I P b h i E N T  I N T E N l l E C  T n  O i  F I L T E K C D  l lUT? 
I S  THE ? ? a 0 0  H L  C C I M D O I ~ E N T  Ib ITEf ,J i )EC T O  d E  F I L T E P E i )  I;L.IT? 
I S  THE Y5.CO Y L  C C t q P l i N E h T  1 U T I : N D F U  TI:] r3E F 1 L T t r : E D  (.iiJT? 
I S  T t i f  200.00 H L  CC:IPUEJtNT I h T E N D E D  T O  t3E F I L T E R E D  CIiJT? 

S I G N A L  ( N P T S =  3 2 1 )  H A S  B E C l J  F I L T E R E D .  

E N T E P  h i b E G * Y t N O r ' J S K P  F17P U U T D I I T ,  C G  R E T U R N  T 3  F X I T :  

E N T F K  Y R E G , N E N D * N S K P  FOR O U T P I I T ,  Ok R C T U R N  T J  E X I T :  

E N T E P  C f l M M A d l n :  ( D E S  I G N 1  G F N E P A T E  OR S A V E )  

TABLE 16. SAMPLE BATCH I N P U T ,  BATCH A U X I L I A R Y  OUTPUT AND REGLILAR BATCH OUTPUT (Page 8)  



F I L T F K  F I L T A  H A S  HEEN E N T Z H G D  
F I L T F F  M 4 Y E O  F I L T A  W I T H  ?O M E I G H T S *  2 HANDS 
YOLjF S A Y P L  IIIG F R E O t J F N C V  I S  ZOdr CUOO HZ. 
FROb' 3.0 i l l  10bO W I T H  A  b A I N  @I' 1.0000 
F R I ) Y  213.0 T O  l o o ~ n  h I T H  A G 4 I h  L l f  0.0 
I S  741s  A C C C P T A D L E ?  A N S W E R  Y E S  O$ hLm 
[ M P U L  S C  R E  5PI!NSE I S  0 * ? 3 3 5 3 9 t - 0 1  0.101198E-02 -0 .3398 lSF-02  - 0 * 1 1 3 9 4 b E - ~ l  

-0.1 o 2 1 7 5 E - 0 1  -0.247R18E-01 - 0 . 2 5 2 0 i b E - 0 1  -0.183624E-01 -0.210167F-02 
0 . 2 2 2 Q 5 3 t - 0 1  0.520321E-01 0.063425E-01 0 e 1 1 6 9 1 7 f + C 0  0.14079 l t + 0 0  
9 . 1 5 3 8 0 6 E t 0 0  0.153RObE+00 0. 1 4 0 7 9 1 € + 0 0  0. 1 1 6 9 1 7 t + 0 0  3.860425E-01 
0 .529321F-01  0.22L953C-01 -0m210167E-32 -0.180624E-01 - 0 . 2 5 2 0 1 6 t - 0 1  

-0 .2+7RlRE-91 - 0 m l Q 2 1 7 5 E - 0 1  -3m!1394bE-01 - 9 r 3 9 9 8 1 5 E - 0 2  O a l U 1 1 9 8 t - 3 2  
0. i ? 3 5 3 Q F - 0 1  

( J I j A t d T I T Y  hAYF0 H E A O A  f P L M  0.3 TO 200.3 A T  5.0 M S E C  I N T E K V A L S  
H A S  R F E V  F I L T E F E D  B Y  F I L T A  A N U  P E N A M E D  H F I L A  
C O P  Q t l A N T I T Y  N A Y E D  Y E P P A  F R C M  0.0 T 3  200.0 A T  13.0 WSEC l N T E K V 4 L S  
V A L U t  S  A P E  0 .99Q90928 0. 3 3 3 9 3 6 1 8  0.66945868 

2 * 6 7 ? 7 ? 5 ?  4.3 5 64796  7.9398336 5.7417002 
12.745187 9.3281813 30. 6 6 7 3 4 3  13 .937942  
33.141571 30.671356 77.183960 05.537796 
1,4951506 38.6 PO115 7.0939541 2 3 e j 4 0 2 7 1  
5,5462 5 7 0  7.7 6 7 4 6 7 5  

FOP Q U A N T I T Y  N A M E 9  H F I L A  F P U Y  0.0 T O  200.0 A T  10.0 M S E C  I N T E k V P L S  
V A L U E S  4 K E  0m?459t?293 0.58383924 10 24ilL'=03 

2.2'3968t 3.6843052 5.4825096 7.5 H 4 ? 4 8 5  
1 0 . 3 3 6 L 5 2  14.206765 lam 7 4 3 8 5 1  2 b r 0 1 4 5 4 7  
$3.912637 39.4313482 4 1  . 355795 633589 
? b e  h5000° 3 0 r d l l i ) 3 5  24. 1 0 3 S 7 3  17.002274 
Q.3238602  1.0950766 

O U A N T  I T Y  N A Y F P  Y E A O A  Y I N U S  O U A N T  I T Y  N A M E D  W I L A  R E I N A Y E D  HF I L L  
F O P  Q L J A N T I T Y  N A M C O  4 F I L C  F F C M  0.0 T U  200mJ A T  10.0 MSkC I N T E R V A L S  
V A L U F S  A R t  \ 0.85Q01630 -0. 2 4 9 3 0 1 0 6  - 0 0 5 7 9 0 3 9 5 9  

01  3'38866 6 5  0.672 17445  2.4573243 -1 ,8425494  
2.L089145 -4 .8785839 19.923492 - 1 2 . b f a b 0 5  

- O m 6 7 1 0 6 t Z Q  -8,7291250 35.228165 24.704208 
-35.154746 7. A690706  .-17.01001U 6.3379974 
-3 .7776931  6.  t772!Q09 

F O P  O I I A N T I T Y  NAIsIED T E S T V  P E A S U R E S  A R E :  M I N  = 0.0 9 P A X  = 10.!133r3 
Y E A N  = K.01C3e V A R I A N C F  = 8.09F7, YODF = 5.5000, Y E D L A N  = 5.0003 
F O k  I J I J A N T I T I F S  N A M E D  H E h C A  hND C I 4 E S T A  
P t i r Z S F  T , C l F R E L A T I O h  C O F F F I C  I i F I T  I S  0.7453 
S T A P T  T I V F  F 9 P  F I P . S T  R ? I O ; I T I T Y  I S  1?0.0 A N D  F O R  S E C U i v U  I S  140.0 MSEC.  
S T A Y 7  T I Y F  S t i I F T E U  FROM U.0 T t i  1sO.O YSEC 
F[ lF  U I I A I J T I T I  E-S r I 4 V E D  I i E A 3 A  A Y T ,  C I i E S T A  
A Y P L J T I 1 I ) F  C i l L P f L 4 T I C t J  C O E F F I L I E N T  I S  OmlP58 N I T H  F A C T d k  O F  1. 2L'ULl 
F T P  O U A b : T I T Y  Y A ' I E D  H E A U A  FDl lU I T i i  C O E F F I C I E N T S  A R E  l t l . 691  

- ~ ( - , H S &  2.55tI - ! .ZRZ - 3 . 5 P 3  3.392 - I O m j 2 t  -7.9J7 2 . 1 3 0  

V U V P C P  r lF t i A [ C i l O h i I C , S  I S  5 B A S I C  FRFOULNLY I S  5eO030 C P S e  
' j T A F T  T I M t  S H I F T E D  F P C M  0.3 T O  140.0 M S E C  
Q l l A h : T I T Y  HL'?TIJ C C H A  t S T A 2 T I l ' i l ,  T I P t  S H I F T E D  F Q G M  0.0 T C  143.0 M S t C  
R C P 4 " J h F f i  F C t I A 4  
Fr jp Q I J A ~ I T I T Y  r l A t 4 t L )  I iEAUh H.I.C. I N C E X  = 524.1 k I T t 1  T l r T L =  O m 1 ) 3 U  0.1753 
F C K  C J l J A h I T I T Y  Y I l I l t F I  C H t S T A  FRClV 0.0 T O  2UO.0 A T  0.0 M S E C  I N T E R V f \ L S  
S E V F P  I T Y  I r \ r n F X  H A S  V A L l l E  116 .0357  
F n Q  ( 3 l J A N T I T Y  i r l A M 5 O  C t I E S T b  FPC'M 0.3 T O  200.0 A T  (3.0 M S E C  I N T E P V A L S  
M O O I F  I F D  S F V F P  I T Y  1 Y l ) t F  H A S  V A L U E  5.5160 
N E M N A M E S  P h p :  t i I P h 4 X  I - I P A I b I  H I P A E N  H I P A V K  H I P A L F  H I P A D i l  H I P A L n  I I I P A N Y  
F O P  U l l A N T I T Y  N A M E 0  H I P A  M t A S U P C S  A R E :  M I P I  = 0.4001 t P A X  = 1t -3955 



M E A N  = P.2111, V A P I A N c f  = 2h*72CO, MGDE = 12.3534, M t D I A N  = 6.3276 
C O N F I U k N C t  I N T E R V A L  = 6.9498 
F ~ I R  Q I J b h J T I T Y  N A M E D  F C H A A  F R O M  I * U * S  T O  2CO.O A T  5.0 H S E C  I N T E K V A L S ,  
T N T F C P A L  I S  2070 0776  
NFw N 4 M C S  4Pt: H F A D I F P  Y E A D A L M  
S T A R T  T I M E  S H I F T E D  FPCY 0.0 T P  50.0 Y S C C  
Q U A h l T I T Y  N A u f - L '  H E A U A  F R O M  50.0 TO 150.0 A T  5.0 Y S E C  I P l T E k V A L S  
H A S  F P F O I J E N C Y  0.0 W I T H  C O E F F I C I E N T  25.1162 
R E N A h 4 E D  R F S P T C T I V E L Y  H E A D A F R  A N D  P E A D A C Y  
PiEW NAMES A p t :  H E A D 4 P K  H F h D A A V  H E A D A I T  
F O R  O U A N T I T Y  'JAMCL' H E A D 4  P F P K  V A L U E  I S  77.1860 A T  3 r 1 3 0 0  SEC. 
T H R !  T ~ I L L I S f C O Y D  A V E R A G E  I S  0 5 o b 0 2 6  
3 U A Y T I T Y  N A M E D  ' E S T V  F F J M  010  T (  200.3 A T  1U.O 15SFC I N T E R V A L S  
9 4 s  qtrai t , l I ILT 1 o L  I F D  P Y  2.900 A N D  k t h 4 M k D  T F S T V 2  
FOR O I J A N T I T I C C  NPMEU L P E S T A  Ah0 HIPA 
C @ P P t L C T ! S r N  COFFF I t  I F N T  I S  0.7240 P E N A M E D  C C C  
NErl h ~ A t a c S  AP'; : H I P A V W  H I P A N M  
NEW PlAiACS A?:: C H E S T A V P  C b E S T b h M  
( J U h N T I T Y  N4VEU C H F S T A V R  N O T  FOUhD I N  C C N T K O L  STORAGE A R R A Y .  
N F d h A M F S P R t :  V E L A X  V E L I N  V E L E N  V E L V R  
F O R  I J I I A N T I T I E S  N A V E O  L C W E R A  r U P P E R A  t 

M F h N  r b R V E  S T P P E D  A S  V E C  
P O I N T M I S E  M E A S U K E S  ARE:  Y A X  = 3Ebe23059  MIN = - 2 3 3 r 5 2 6 6 ,  M E A N  = -9.h670 
V A P I E ' d C E  = :9346.5938 
S T A R T  T I M E  S H I F T E D  F R O M  9.0 TD 100.0 M S E C  
R U A Q T I T Y  N A M E D  t i E A D A  r S T A R T I N G  T I M E  S H I F T E D  F R O M  0.3 T C  0.J t 4 b € C  
P E V A u  EP H C A O C  
F O R  Q U A N T I T Y  N A Y E D  H E A O C  FROM 0.b T D  100.0 A T  10.0 M S t C  I N T E R V A L S  
VAL!IFS A Q f  13. 937942  33.141571 3O.b71!56 

77.183Qh0 65.527796 1.4351506 38.6801 1 5  
74 '39395&!  23. 3 4 0 2 7 1  5.5402570 7. 7b746 '5  

S T I P T  T I Y k  S H I F T E Q  F P C M  0.0 Tn 100.0 M S E C  
3 1 1 4 b J T I T Y  h A M C n  ~ C C F ) A  S F L E C T E [ 1  AT T I M E  100.0 M S E C  PPJO REIVAMEI:  H E A D I )  
Q I I A b T  I T Y  N A t ' t D  H t  ADI) H A S  V A L l J E  1 3.937942 
0 t I A F l T  I T Y  N A M C D  + i E b D A  M I h l J S  Q U A N T I T Y  N A Y E I )  C H E S T A  l i C U A W C 7  ! ) I F F  
FOE u U A U T I T Y  NAqE3 DIFF F F q P  O q O  T3 20U.O AT l d r 0  K b F C  I r V T E h V A L b  
V A L U C S  A F C  ~J.E5025!"0 -0 .23963165 0 . 5 1 9 8 2 q i  J t - 0 1  

- & . ! 7 2 ; ? 8 3  -6065.12556 - 3.7969465 - 7 . 1 ~ 9 7 4 ' 3 1  
h e  6 Q 7 C 3 8 1  - 1 l m 2 6 4 2 1 1  12,59371Q -5 .5434171  
21.170212 26.9 9'3548 57. '291339 c tb r5375 t17  

- 3 . 5 f i l Q l h P  2 9 e l b i . 2 1 6  -7 .9992375 l B . l h 3 1 5 s  
-6 .1065454  a. 2552 504 

? t rS IJL  1 (1F F 3 ? M U L A  1  Y T E h P Q i T E F i  I S  -24.79 -269 29 - 2 4 .  7 k  -25. 23 
-21 .47  - 7 3 . 4 0  -17. ? 5  -31.57 - l l .R9 -35.51 -:b.35 - b 0 . ~ 3  
-E7.17 -79.50 -69.C7 -12.29 -52.65 - ! 4 . 2 ?  - 4 l . i Q  -13.05 
- 2  '3.31 

F O P  I ) U A F l T I T Y  r l A Y k D  A F F U Y  0.0 T O  200.0 A T  10.3 " S k i  I f i I T E F V A L S  
VALIIFS A Y E  - 2 4 . 7 ~ = j a 5  - 2 h . 2 7 2 ~ ~ 4  -:4.76?oc" 

- 2 ( l , C ? 2 ! 2 9  -2!  4659FR -73.403305 -17 ,349383  
-?1.567')0' -11. A94771 -35,514542 - l o .  747 3nR 
- ~ i j , ? 3 f k & 4 7  -53.165344 -79. 4 5 6 9 7 9  -69.16980Q 
- 1  ? . 3 " ' 4 5 3 9  - 5 2 a 6 4 5 d 1 1  -14.220d55 -L1.5715 5Y 
-1 9.947195 -2QaU05524  

F O P  P O L A P  P L J T *  K E F E P t N C E  L I N E S  AP,t 3 a 2 0 U  R E L O d  Ah[! 0.203 Ab0VE 1. 
S C h L I b J c  P A R A t q E T F F S  ARE:  -1.4000 l a 4 0 0 0  l r 4 O C O  -1,4COiI 3 a L 1 4 ?  

32.1L2" 67.3033 -1".2P57 2E.0000 0.015b 0.0259 0.3111 
F P R  Q l l A N T I T I E S  bl4'*ED H I C A  A N D  S I A  P O L A R  P O I Y T  I S  17Fk P A b F ,  
P O I N T  W I L L  H T  I Y V l F T f O  A N C  P L O T T ' D .  
F O R  O L J A F l T [ T I F S  N A V F O  S l A  PNCI H I C A  h I T H  V A L U E S  l l b , U 3 9 7  724 .3635  
p l JL4R P d I N T  I S  AT X v Y =  0 .2181  0 .0384  L A B E L E D  A 

TABLE 16. SAMPLE BATCH INPUT,  BATCH AUXIL IARY OUTPUT AND REGULAR BATCH OUTPUT ( P a q e  10) 



F n R  Q I J A N T I T I E S  NAMED S I A  AND HEADAPK W I T H  VALUES 116.0387 77. 1840 
P O L A R  P O I N T  1 5  AT X $ Y =  1 0444 1.0815 L A B E L E D  O 
F [ l Q  ( I U A N T I T I E S  NAMED M S I A  AND HEADD W I T H  VALUES 5.5160 13.9379 
POLA2  P O I N T  I S  AT X $ Y =  0.0551 0.3919 L A E E L E D  C 
F O P  O I J A N T I T I E S  NAMED H I P A E N  AND H I P A A X  W I T H  VALUES 8.2111 18.3956 
PflLAR P O I N T  I S  AT XIY= -0.2096 0.3941 L A B E L E D  D 
F O P  O I J A Y T I T I E S  NAMED F C H A A I  AND S I A  WITH VALUES 207.0776 116.0387 
POLAR P O I N T  I S  AT X * Y =  -1.6039 0.7823 L A B E L E D  E  
FOR D U A N T I T I F S  N A V E 9  HEADAPK PND HEARD PCLAR P O I N T  I S  OFF PALE. 
P O I N T  W I L L  B k  I N V E R T E D  AND PLOTTED. 
FOR 4 U A N T I T I E S  NAY91  HEADO AND HEADAPK W I T H  VALUES 13.9 3 7 9  77.1840 
POLAR P O I N T  I S  AT X t Y =  -0.0251 -0.1788 LARELED F 
F O R  U U A N T I T I E S  NAMEC H E A 3 4 A V  AND HEAOAPK W I T H  VALUES 65.6926 77.1843 ' 

POLAR P O I N T  I S  AT X p Y =  0.3990 -0.7505 L A B E L E D  G 
F O R  Q U A N T I T I E S  NAMED VELAX AND VELEY POLAR P O I N T  I S  Jf-F PAGE. 
P O I N T  k I L L  B E  I N V E R T E D  AND PLCTTED.  
F O R  ( J U A N T I T I E S  N4MED VELEN AN0 VELAX WITH VALUES -9. 6670  380.2335 
POLAR PflINT I S  AT X I Y =  0.0225 -0.0110 L A B E L E D  H 
F O R  PHASE PLANE TYPE P L O T *  
S C A L I N G  PARAYETERS ARE: 0.0 150G0.0000 100.0000 O 0 

O.IOP7 2.0000 -9.5400 55o0000 57.6923 0. 9259 
FOR C b F T F S  IAN P L O T *  
SCAL I NG PARAMFTEE S ARE: 0.0 200.0300 600~3@00-100U~CC"30 

3.h500 2.0000 -0.0337 21025'00 0.7692 14.6148 
FOR D E V I A T I C N  P L U T *  
S C A L I Q G  PAKAMETEXS 4PE: 0.0 200r000C 8000.0003-6300eOP00 

0.6500 2.  7000 -0.00?4 28.0000 0. 7692 1 4 8 . 1 4 d l  
QLJANT I T Y  VAMFD C C C  HAS VALUE 0.72398 794 

TABLE 16. SAMPLE BATCH INPUT,  BATCH A U X I L I A R Y  OUTPUT AND REGULAR BATCH OUTPUT (Page 11)  



- .  .... 
3 0 0 C 3  

I 
d m m m  
O O O U  + + + *  
YWWLY 

rnd.O+un 
n * m c O  

I1 '3 In * (3 
d O I N ( F  

z r n n d m  
Lnrlr-ru .... 
0 0 0 '3  

I l l  
. n Q O C ( D  
0 0 0 0 0  + + + + +  
'ULUWWW 
* I n o m r u  
* d o a d  
9 0 . V I m I n  
* N I n I n @  
Q . 4 r l O N  
N - Q ~ N O O  ....... 
0 0 ~ 0 1 0 0  

d m m n  
O O O ( 3  + + + .b 
WWWLU 

V @ N O ( P  
$ + Q K \  

II d Y d (F 
@ P O 9  

Z d N s r V '  
In * rq .... 
0 0 0 C J  

I I 
d n m n  
O O O ( 3  + + + +  
Y  Y  'Al LU 

r - m m m ~  
*++.a  

11 0 0 d rrl 
N 4 0 rll 

Z N *  h .- 
I n d N w  .... 
O y 3 C 3  0 0 0 0 0 0 0  

I I 
'0 s r- 
0 0 0  
+ + +  
WWW 
a * r m  
* N Y  
m m *  
m o m  
m * r -  
N Q N O ' J O O  . . ..... 
0 0 0 0 0 0 0  
I I 

* N 
N V I  
m r 0 0 0 0 0 a  ........ 
D O O O O 0 0  
I 





3 Q r l . O d  O r 4 Q d . n  
-1.4 N rJ ~1 m s .f m m 
N N N N N N N N N N  



U 
-1 W LL! W W U1 UJ LU UI 
0 3'333331)2 

4-1-11-1-1d-J 
C 4 6 4 4 4 U C i  

6 > > > > > > > >  







'Y 
3 
2 k 
f rj 
a J 

D 
lii 
3 ' I '  
r! C 

3 z 
.7 LL! 
-I P 

4 
D i 
Z S 
4 



d ' n r - 4 0 3 3  
U m h d r n m T 3 3  
~ d r n r n t n a  3 3  
i.. r .  e 3 3  
a m m r - a n a 7  
> U d  l N d 3 3  

4 1  1 1 2 3  
2 2 

0 0 0 3 0 0 0  0 0 0 0 0 0 0  
L U . . . . . . .  u.. ..... 
r o l n o m o ~ o  I o l n o r n o l n o  
- m m 9 9 r - I - m  - l n m . Q . a + r - m  
I -ddddddd l - d W . . 4 d . . l d , 4  

I T ,  
X 

I- 
u n o o ~ 2 ? o  o o o o o o o  
&' .................. 2 
3 E 3 m o u ~ o n o  x o m o w , o m o  
'J M V ' C - 0 0 4 d W  ' @ P O O d - N  
A +. d - 4 4 d d  I- d d d d 4  

5 
n 2 

b. 

- - .  * -4 1 1 1  I I  d I l l  

-3 
n n o O 9 o o a  9 0 0 , 3 3 C : o  

i u .  . . . . . .  .ILIIL.. . . . . .  
L Z  0 u ~ o l n 0 u ~ 0 n ~ 0 m 0 m o ~ 0  
> d d N N m D  6 3 ~ n l m  
t . >I- 



a 
m 

m m m  
m 'o a 

m d 9 a  







3.0 DETAILED PROGRAM INFORMATION 

3.1 General Program Description 

The following three sections describe the physical makeup of the 
Val idation Command Language. 

3 :I .  1 Organization and Flow 
The Validation Command Language i s  implemented by a to ta l  of 

ninety f i ve  subprograms. Table 17 contains a l i s t  of a l l  the sub- 
programs together w i t h  the routines each subprogram ca l l s  and a 
shor t  description of the function of the subprogram. 

3.1.2 Packing Techniques 

Two very simple packing systems have been developed fo r  use in 

the in terpre t ing of the i n p u t  commands and in the storage of constants 
and variables (data s e t s ) .  

Each input command i s  read character by character ,  analyzed and 
packed i n  f r ee  format storage array.  The information i s  then fed to  the 
appropriate subprogram which re-analyzes the packed information and 
carr ies  out the specified command. 

When a data s e t  or  a constant i s  entered in to  the storage system, 
a control entry of one of three types i s  entered in to  the control array,  
and the data i s  entered in a f ree  format storage array.  The three 
types of control en t r i es  are f o r  constants,  data s e t s ,  and for  f i l t e r  
weights. 

3.1.3 Print Plot Graphics 

The plott ing section of the Validation Cortimand Language i s  
currently implemented only fo r  producing p r in te r  plots .  The tech- 
nique employed i s  t o  s to re  a page image or ig inal ly  s e t  t o  blanks 
and p u t  i n  other characters as needed fo r  the par t icular  command. 
The page image i s  then printed by the P P  command. The plot  section 
a1 so produces printed output which contains the points plotted.  

The plott ing section would adapt w i t h  moderate d i f f i cu l t y  t o  
a1 ternative off-1 ine p lo t t e r  output. 

3.2 Program Instal la t ion 
The principal problem in ins ta l  1 ing the Val idation Command 

Language i s  the character hand1 i n g  subprograms involved in the 



TABLE 17. SUBPROGRAM TABLE 

Rout ine  Name Rout i nes C a l l  ed D e s c r i p t i c ~ n  
- 

(main)  

BLOCK DATA 

COMFRQ 

INMAI N  s e t  s t o r a g e  s i z e  l i m i t s  

d e f i n e s  cons tan ts  and tetbl es 

I NTMAK 
R I  NF 
GETEN 
SHIFT 
FOCOLS 
STOREN 

computes and s t o r e s  f requency w i t h  maximum 
F o u r i e r  c o e f f i c i e n t s  

s e l e c t  p roper  t ype  of  p l o t  and d e s t i n a t i o n  COMPAR 

COMPS c a l c u l a t e s  f a c t o r s  o f  N  + s t o p  f r e q .  needed 
f o r  o p t i m i z a t i o n  

compares va r iances  o f  two q u a n t i t i e s  by F- 
d i s t r i b u t i o n  and p o i n t s  

COMVAR GETEN, 
FDIST 

r e s e t s  d e f a u l t  f i n a l  t i rne, s p e c i f i e s  u n i t s  f o r  
o u t p u t ,  s e t s  t e r m i n a l  p r i n t e r  s w i t c h  

CONPAR I NTMAK , 
RINF 

ID IGIT  

RINF, GETEN, 
SHIFT , STOREN 

reads numbers f r o m  i n p u t  c a r d  CONVER 

CORREL computes, s t o r e s  and p r i n t s  c o r r e l a t i o n  coe f -  
f i c i e n t  between two q u a ~ i t i  t i e s  

c a l c u l a t e s  Lagrange i n t e r p o l  a t i o n  c o e f f i c i e n t s  
f o r  use i n  GEE 

DELI 

llEL2 

DRAW I T  

IFDI ST 

IFETCH 

c a l c u l a t e s  optimum passband r i p p l e  

c a l c u l a t e s  optimum stopband r i p p l e  

w r i t e s  p l o t  image and t i t l e  o n t o  LDNOUT 

computes F - d i s t r i  b u t i o n  f o r  COMVAR 

TITLE 

gets  a  p a r t i c u l a r  i tern o f  d a t a  o u t  o f  b i n a r y  
s t o r a g e :  f o r  model dat 'a 

[FIGURE KARDER, 
CONVER 

reads i n p u t  c a r d  f o r  numer i ca l  d a t a  and con- 
v e r t s  i t  

OPTIM, SAVAR, 
REMEZ, REOPT, 
IMPOUT 

des igns 1  i n e a r  phase f i  n i  t e  impu lse  response 
f i  1  t e r  u s i n g  REMEZ exchange a1 g o r i  thm 

FILDES 

c o n t r o l s  des ign,  check ing  and s a v i n g  o f  f i l t e r  IF1 LGEN FILDES, GENPUL , 
SAVCOF 

FILTER GETEN, F  I LTNG 
STOREN 

a p p l i e s  a  f i l t e r  t o  a  q u a n t i t y  and s t o r e s  t h e  
r e s u l t  

F I  LTNG computes f i 1  t e r e d  s i g n a l  



TABLE 17. SUBPROGRAM TABLE (cont inued)  

RoutineName Rout ines Cal led Desc r i p t i on  

FOCOF INTMAK, RINF, 
GETEN, SHIFT, 
FOCOLS 

computes and p r i n t s  Fou r i e r  c o e f f i c i e n t s ,  pe r i od  
and bas ic  frequency f o r  a  q u a n t i t y  

FOCOLS 

FORM 

computes Fou r i e r  coe f f i c i en t ' s  by 1  eas t  squares 
approximat i  on 

b u i l d s  up format  f o r  p r i n t i n g  o u t  r e s u l t s  o f  
reg ress ion  , f i t t i n g  

I DTFOP , I DTFNM, 
GETEN, KARDER, 
SHIFT, OPERTIN, 
IDTFSM, STOREN 

c o n t r o l s  formula i n t e r p r e t i  ng 

evaluates frequency response us i ng  Lagrange 
i n t e r p o l  a t i o n  formula i n  b a r y c e n t r i c  form 

GEE 

GENPUL F  I LTNG generates a  pu lse and appl i e s  a  designed f i  1  t e r  
t o  i t  t o  check t h e  f i l t e r  

GETEN 

GMRS I I 

gets q u a n t i t y  asked f o r  from i n t e r n a l  s to rage  

RINF, GETEN, 
SHI FT , STOREN 

computes and s to res  GMR mod i f i ed  s e v e r i t y  index 

produces p r i n t e r  p l o t  o f  frequency response 

computes t h e  H I C  index 

computes and s to res  t h e  H I C  index RINF, INTMAK, 
GETEN, HIC, 
STOREN 

I DENTF 

IDIGIT 

I DTFNM 

K K I  PER i d e n t i f i e s  i n p u t  ca rd  

conver ts  numeral i n t o  i n t e g e r  

i d e n t i f i e s  nex t  charac te rs  if data  s e t  name, 
constant  name, number q u a n t i t y  o r  b i n a r y  
opera t o r  

KARDER, CONVER, 
PACK 

i d e n t i f i e s  nex t  charac te rs  as unary ope ra to r  I DT FOP 

I DTFSM 

IMPOUT 

i d e n t i  f i e ~  nex t  charac te rs  as b i n a r y  opera to r  

p r i n t s  impulse response over  t e rm ina l  



TABLE 17 .  SUBPROGRAM TABLE (cont inued)  

Rout ine Name Rout ine Ca l led  Desc r i p t i on  
-- 

I NMAIN con t ro l s  i n p u t  TITLE KARDER 
I DENTF, FIGURE , 
CONPAR, MODRUN, 
SEEKNM , OLDNM 
MODAT TSTRUN , 
TSTDAT , QUEM , 
QUEPHA , QUAMP , 
FOCOF , SHFTZ , 
FILGEN, FILTER, 
HICC, S I I  , 
GMRSII NEWNM, 
I NTEG , COMFRQ 
THREM, MODAMP, 
CORREL , COMVAR 
PTMNS, REGFIT, 
FORMIN, PLOTIN, 
PLOTQT , PLOTCV 
PRINTS, DRAWIT, 
PRINTQ 

de f ines  parameters used i n  FETCH I NST 

I NTEG computes and s to res  i n t e g r a l  (by  Simpson ' s 
r u l e )  o f  q u a n t i t y  

RINF, GETEN, 
SHIFT , STOREN 

makes i n t e g e r  ou t  o f  data  i n  INFO INTMAK 

I N V E R  decides which data must have i t s  s i g n  changed 
( z  + down i n  model ; y + up on p l o t s )  

checks p l o t  image t o  see i f  b lank  (no t  used 
y e t )  

ISPACE 

de f ines  index f o r  p roper  model q u a n t i t y  
u n i t s  1 abel g iven category  and column numbers 

KARDER 

KKIPER 

KKTEST 

LABEL 

KKTEST 

KARDER 

reads i n p u t  card 

searches i n p u t  card 

checks f o r  prev ious e r r o r  r e t u r n  ---- 
LBLPUT, PUT gets  numerical  l a b e l s  f o r  p l o t s  o f f  i n p u t  

ca rd  and pu ts  them i n t o  t he  p l o t  image 

PUT 

SCALE, PUT 

pu ts  numerical  l a b e l s  i n t o  p l o t  image LBLPUT 

LINE puts  charac te r  i n t o  t he  p l o t  image a long a 
s p e c i f i e d  1 i n e  

LSQ FORM, SCAL, 
TITLE 

does l e a s t  squares r eg ress i on  f i t t i n g  o f  one 
s e t  o f  da ta  t o  another  

MFIU se ts  an index f o r  f i n d i n g  p roper  convers ion 
f a c t o r  (s tandard - m e t r i c  u n i t s )  g iven u n i t s  
index f o r  exper imenta l  da ta  



TABLE 17. SUBPROGRAM TABLE ( c o n t i n u e d )  

Rou t ine  Name Rout ines  Cal l e d  D e s c r i p t i o n  

M I  CON GETEN, SH I FT , computes a  new da ta  s e t  which i s  t h e  d i f -  
STOREN fe rence  between two da ta  s e t s  

MODAMP RINF, GETEN 
SHI FT , STOREN 

mu1 t i p 1  i e s  a  d a t a  s e t  by  a  c o n s t a n t  f a c t o r  
and s t o r e s  o r  s e l e c t s  a  p o i n t  f r o m  a  d a t a  
s e t ,  m u l t i p l i e s  i t  b y  a  c o n s t a n t  and s t o r e s  
i t  

g e t s  d a t a  s e t  o u t  o f  b i n a r y  s t o r a g e  and s t o r e s  RINF, INTMAK, 
INST, FETCH 
INVER, NFy 
IUN, STOREN 

MO DAT 

reads genera l  da ta  o u t  o f  b i n a r y  s t o r a g e  ITHMAK , 
PICKUP 

MODRUN 

c r e a t e s  new names as needed f o r  s to rage  PACK NEWNM 

N F  d e f i n e s  i ndex  f o r  u n i t s .  conve rs ion  f a c t o r  
g i v e n  c a t e g o r y  and column numbers 

reads s p e c i a l  names f o r  c o n t a c t s  ( c a t g .  2-4)  OL DNM 

OPERTN SQRT, SIN, COS computes e f f e c t s  o f  b o t h  unary  and b i n a r y  
opera t o r s  

COMPS OPT1 MN , 
STOP, DELI , 
DEL2 

OPTIM o p t i m i z e s  f i  1  t e r  d e s c r i p t i o n  under  c o n t r o l  

checks o p t i m i z a t i o n  o f  l o w  pass f i l t e r s  OPTIMN 

OUCH 

PACK 

PICKUP 

p r i n t s  c o m e n t s  about  f a i l u r e  t o  converge 

p u t s  names i n t o  INFO ---- 
SEARCH reads s p e c i a l  names f o r  c a t e g o r i e s  2-4 f rom 

b i n a r y  s t o r a g e  

PLOTCV GETEN, SHIFT, 
TITLE, LINE, 
UNITS 

g e t s  c u r v e  d a t a  s e t ( s )  f rom i n t e r n a l  s to rage ,  
p u t s  i t  (them) i n t o  p l o t  image a c c o r d i n g  t o  
t ype  o f  p l o t  s e l e c t e d  and l a b e l s  axes w i t h  
p r o p e r  u n i t s  and p r i n t s  summaries 

PLOTIN RINF, SETSCL y 

SCALE, PUT, 
LINE, LABEL, 
TITLE 

d e f i n e s  s i z e s  o f  p l o t s ,  computes s c a l e  f a c t o r s ,  
p u t s  axes, i n t e r v a l  markers and numer ica l  1  abe ls  
i n t o  p l o t  image 

PLOTQT 

PRINTQ 

RINF, GETEN, 
SCALE, PUT 

g e t s  p a i r  o f  s i n g l e  p o i n t s  f rom i n t e r n a l  
s t o r a g e  and p u t s  t h e i r  r a t i o  i n t o  p l o t  
image and p r i n t s  va lues  

RINFy GETEN, 
SHIFT 

g e t s  d a t a  s e t  f r o m  i n t e r n a l  s t o r a g e  and p r i n t s  
s e l e c t e d  p o r t i o n  o v e r  t e l e t y p e  



TABLE 17. SUBPROGRAM TABLE (cont inued)  

Rout ine Name Routines Ca l l  ed Desc r i p t i on  - -- -- -- 

PRINTS GETEN gets  s i n g l e  datum from i n t e r n a l  s torage as r e -  
quested and p r i n t s  i t  over te rm ina l  formula 
i n t e r p r e t e r  

PTMNS RINF, GETEN, computes max, min, mean, + var iance o f  mean curve 
SHIFT, STOREN o f  curves named and s to res  them and t he  mean 

curve 

PULOFF KKIPER, PACK i s o l a t e s  word on i n p u t  ca rd  and puts  i t  i n t o  
INFO 

PUT ---- i n s e r t s  charac te r  i n t o  p l o t  image g iven  mesh 
coord inates 

QUAMP RINF, INTMAK, computes and p r i n t s  amp1 i tude c o r r e l a t i o n  
GETEN, SHIFT c o e f f i c i e n t  o f  two data se ts  

QUEM GETEN, RINF, computes and p r i n t s  o r  s to res  max, min, 
SHIFT, TP, mean, var iance, mode, median and sometimes 
STOREN the  conf idence i n t e r v a l  f o r  data s e t  named 

QUEPHA RINF, INTMAK, computes and p r i n t s  phase c o r r e l a t i o n  coef -  
GETEN, SHIFT f i c i e n t  o f  two data se ts  

REGFIT RINF, INTMAK, gets two data se ts  f rom i n t e r n a l  s torage and 
GETEN, SHIFT, f i t s  one t o  t he  o the r  by l e a s t  squares 
LSQ 

REMEZ 

REOPT 

RINF 

SAVAR 

SAVCOF 

SCAL 

SCALE 

:SEARCH 

SEEKNM 

ljETSCL 

SHFTZ 

D, OUCH, GEE "weighted Chebychev approximat ion o f  a  con- 
t inuous f u n c t i o n  w i t h  a  sum o f  cos ines"  

GRAFG, SAVAR "re-es t imates parameters" 
- - - - makes r e a l  number o u t  o f  da ta  i n  INFO 

- - - - saves f i l t e r  weights f o r  f u t u r e  use 

STOREN puts  des ign f i l t e r  data i n t o  i n t e r n a l  s torage 
---- sca les da ta  f o r  LSQ 

---- computes mesh coord inates f o r  p l o t  image g i ven  
values 

---- determines l a s t  record  number o f  c u r r e n t  t a b l e  

PULOFF, KKIPER, ge ts  names o f f  i n p u t  card 
COMPAR 
---- computes sca le  f a c t o r s  f o r  POLAR p l o t s  

RINF, GETEN, gets a  data s e t  from i n t e r n a l  s torage 
SHIFT, STOREN 



TABLE 17. SUBPROGRAM TABLE (con t inued)  

Rou t ine  Name Rout i nes C a l l  ed D e s c r i p t i o n  

s e l e c t s  p a r t  o f  a d a t a  s e t  as asked f o r  

RINF, GETEN, 
SH I FT , STOREN 

computes and s t o r e s  s e v e r i t y  i ndex  f o r  a  da ta  
s e t  

c a l c u l a t e s  optimum lowpass f i  1  t e r  stopband 
f requenc ies  

STOP 

STOREN 

TAPRED 

THRAVG 

pu ts  da ta  o r  d a t a  s e t  i n t o  i n t e r n a l  s to rage  

l o c a t e s  peak v a l u e  and computes 3 m i l  1  isecond 
average o f  da ta  s e t  

RINF, GETEN, 
SHIFT, THRAVG, 
STOREN 

gets  d a t a  s e t  f rom i n t e r n a l  s to rage ,  computes 
and s t o r e s  3 msec av, peak v a l u e  and t i m e  o f  
s t a r t  o f  3 msec i n t e r v a l  

THREM 

p r i n t s  t i t l e s  f o r  p l o t s  and t h e i r  sumnaries 
and f o r  r e g r e s s i o n  f i t t i n g  o u t p u t  

TITLE 

computes s t u d e n t ' s  T - d i s t r i  b u t i o n  f o r  con- 
f i d e n c e  i n t e r v a l  

RINF, INTMAK, 
TAPRED, MFI U , 
SHIFT , STOREN 

reads exper imen ta l  da ta ,  c o n v e r t s  i t  i f  
necessary,  and p u t s  i t  i n t o  i n t e r n a l  s to rage  

TSTDAT 

d e f i n e s  1  o g i  c a l  d e v i c e  number f o r  exper imen ta l  
d a t a  

TSTRUN INTMAK 

PUT p u t s  u n i t s  l a b e l  i n t o  p l o t  image UNITS 



r e c o g n i t i o n  o f  i n p u t  commands. Th is  impending problem was planned 

f o r  i n  t h e  des ign  o f  the  Command Language by s e t t i n g  o f  a  number o f  

key parameters which as much as p o s s i b l e  c o n t r o l l e d  t h e  c h a r a c t e r  

hand1 i n g  . These parameters a r e  c a l l e d  Compi 1  a t i o n  Parameters and a r e  

def ined a t  t h e  end o f  t h e  B lock  Data Subprogram. The Compi la t ion  

Parameters a r e  shown i n  Tab le  18 t o g e t h e r  w i t h  a  d e s c r i p t i o n  o f  each 

one. 

3.3 a x i a l  i z e d  Subrout ines 

Tht:, V a l i d a t i o n  Command Language gathers  t o g e t h e r  many s p e c i a l  pu r -  

pose subprograms f rom many p laces.  The n e x t  f i v e  sec: t ions desc r ibe  some 

of  the  rnore prominent  o f  these r o u t i n e s .  

3.3.1 I n p u t  Conversions Subrout ines 

These r o u t i n e s  were developed f o r  t h e  Veh ic le  Crash S i m u l a t i o n  

Execu t i ve  System.* These r o u t i n e s  f e a t u r e  a  f r e e  forniat  p r e s e n t a t i o n  

o f  da ta  and a  more general  way o f  r e p r e s e n t i n g  t h e  number. The 

general  fo rm o f  numeric r e p r e s e n t a t i o n  i s  as f o l l o w s :  

" S "  s tands f o r  p l u s  o r  minus s ign ;  "N" stands f o r  numeric d i g i t ;  t h e  

s i n g l e  I . '  f o r  decimal p o i n t ,  " D I E "  s tands f o r  t h e  l e t t e r  "D" o r  t h e  

l e t t e r  "EM,  and pa ren thes is  means something t h a t  i s  o p t i o n a l .  Blanks 

a r e  ignored.  I f  n e i t h e r  "D" n o r  " E n  i s  p r e s e n t  and t h e r e  i s  an exponent, 

t h e  s i g n  must be p resen t .  I f  no number i s  presented b u t  a  p l a c e  f o r  

a  numbeir i s  presented,  (e.g., ",," o r  ",*"), t h e  va lue  i s  f i l l e d  

w i t h  t h e  d e f a u l t  va lue  code word which i s  a  huge p o s - i t i v e  number. 

Since t h e  c u r r e n t  program does n o t  i n s p e c t  t h e  conver ted va lues f o r  

t h i s  va lue  i n  any case excep t  f i n a l  t imes ,  t h e  u s e r  rnust n o t  d e f a u l t  

i n d i v i d u a l  q u a n t i t i e s  except  f i n a l  t imes.  

3.3.2 :Tape Reading Subrout ine 

Tape read ing  i s  n o t  implemented as p a r t  o f  t h e  c u r r e n t  Command 

Language. I f  t h e  use r  wishes t o  r e a d  tapes,  he must supp ly  a  tape  

r e a d i n g  r o u t i n e  named "TAPRED" which makes use o f  t h e  f o l l o w i n g  

f o u r  arguments 

( a )  an i n p u t t e d  i n t e g e r  which g i v e s  t h e  f i l e  o r  r e c o r d  number 

i f  u s e f u l  ; 

* Reports i n  p r e p a r a t i o n  under NHTSA c o n t r a c t .  



TABLE 1  8 COMPILATION PARAMETERS 

Parameter Desc r i p t i on  Current Val  ue 

I DFULT Numeric q u a n t i t y  d e f a u l t  code word (77777777) 

KCHPWD Number o f  characters  pe r  i n t e g e r  word 4 

KWDPNM Number o f  i n t e g e r  words per  name 2  

KWDPRL Number o f  i n t e g e r  words per  r e a l  word 1 

LDIGIT Maximum number o f  d i g i t s  i n  i n p u t  numeric 
q u a n t i t y  12 

LDNFLT Log ica l  dev ice number f o r  t a b l e  o f  p rede f ined  
f i 1 t e r s  8 

LDNIND Log ica l  dev ice number f o r  command i n p u t  5 

LDNOUT Log ica l  dev ice number f o r  batch ou tpu t  6 

LDNTTP Log ica l  dev ice  number f o r  i n t e r a c t i v e  , aux i  1 i ary 
and d i agnos t i c  ou tpu t  7  

MPOWER Maximum magnitude o f  power o f  t e n  i n  a  numeric 
i n p u t  q u a n t i t y  2 0 



( b )  an i n p u t t e d  i n t e g e r  which g i ves  the  l o g i c a l  dev ice number 

t o  which t h e  tape i s  a t tached  

( c )  an i n t e g e r  a r r a y  c o n t a i n i n g  t h e  Volume name i n  EBCD 

( d )  an i n t e g e r  a r r a y  c o n t a i n i n g  t h e  F i l e  name i n  EBCD 

A maximum o f  401 p o i n t s  can be accomodated and these must be read  i n t o  

t h e  a r r a y  P  i n  t h e  f o l l o w i n g  COMMON statement:  

The da ta  i s  en te red  i n t o  t h e  s to rage  system by t i l e  f o l l o w i n g  

c a l l  : 

CAL,L STOREN (IU,2,1, NP+2, NP, ST, T I )  

where 

I U  i s  t h e  u n i t s  d imension code index (See Tab le  2 )  

NP i s  t h e  number o f  p o i n t s  

ST i s  t h e  s t a r t i n g  t i m e  i n  msec 

T I  i s  t h e  t i m e  increment i n m s e c  

3.3.3 - Spec ia l  I n d i c e s  Subrout ines 

The f o u r  s p e c i a l  i n d i c e s  r o u t i n e s  where b rough t  over f rom t h e  

MVMA 2-D Crash V i c t i m  S i m u l a t i o n  r e p o r t .  Table 19 shows t h e  exponent 

f u n c t i o n a l  r e l a t i o n s h i p  i n  t h e  M o d i f i e d  S e v e r i t y  Index.  

3 .3 .4  - D i g i t a l  F i l t e r i n g  Subrout ines 

The f i l t e r  des ign  r o u t i n e s  and t h e  f i l t e r i n g  r o u t i n e s  were brought  

ove r  f rom D r .  Nabih M. Alem o f  t h e  HSRI s t a f f  who m o d i f i e d  a  program 

developed by McCle l l  an (See "Whole Body Response Research Program," 

Second F i n a l  Repor t ,  UM-HSRI-76-3). 

3.3.5 - Regression F i t t i n g  Subrou t ine  

The r e g r e s s i o n  f i t t i n g  s u b r o u t i n e  was b rough t  o v e r  f rom a  s t a n d -  

a lone package developed by Ray Gould a t  t h e  Wi l l ow  Run Labs o f  t h e  

U n i v e r s i t y  o f  Mich igan i n  1963 ( i n t e r n a l  memo e n t i t l e d ,  "Least -  

Squares Polynomial  F i t t i n g  Program; WR-57). 



TABLE 19 THE EXPONENT FUNCTIONAL RELATIONSHIP FOR THE GMR MODIFIED 

SEVERITY INDEX 

Exponent Re1 a t i o n s h i  p 
A c c e l e r a t i o n r a n g e  ( 9 ' s )  a n d c o e f f i c i e n t s  Exponent Range 

exp = c, 

C1 = - . 7  

cons tan t  - .7 

exp = c4 + c5*a 

exp = c 6  

c6 = 2.3 

cons tan t  2.3 


