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1.0 INTRODUCTION

This report describes the features and use of the Validation
Command Language (VCL) computer program which has been developed to
aid the automotive safety researcher in quantifying comparisons between
impact test results and predictions of mathematical simulations. Al-
though these simulations have been installed on various computers, both
within and outside the industry, extensive validations have been car-
ried out only within the industry. The proprietary nature of the auto-
motive hardware used in the test programs necessitates that the results
be kept proprietary. This fact leads safety researchers and government
standards writers not having access to the data to question the potential
and applicability of models. The VCL will aid in publicizing models,
many of which have been developed largely under MVMA funding, and demon-
strating their accuracy.

1.1 Description of the Validation Command Language

Procedures have been developed by which the output from two-dimensional
and three-dimensional mathematical model simulations of specific crashes
can be quantitatively compared to the results of experimentally staged
simulations of the same crash. Since crash victim simulation deals with
the physical parameters of crash victim dynamics, it is desirable to com-
pare output from the model with the same types of physical parameters
gathered during experimental simulation. The comparison techniques
accomodate variance between computed and experimentally measured
variables which may differ in amplitude, phase, and frequency content.

The procedure, which is general enough to be used in comparisons of any
two or more sets of simulated and/or physical data, has been demonstrated
utilizing the MVMA two-dimensional man model in the text which follows.

The VCL has been structured to provide:
1. User ease;

2. Self-contained analytical power; and
3. Graphical output capability.

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



It consists of simple English words which can be entered into the com-
puter at 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 data files;

2. Analytical tools with the capability of comparing data files,
computing statistical parameters and injury indices, combining variables,
etc.; and,

3. Output graphic displays showing validation, correlation and/or
comparisons.

Commands in VCL are described in Part 2.2 of the report. Examples of their
use are given in Part 2.4.

One of the primary features of VCL is that provision has been made
for a large collection of analytical tools which can be used to operate
on the subject data sets:

1. Simple file manipulation,

2. Determination of Fourier coefficients of a digitized time
dependent signal;

3. Signal integration (HIC, severity index, area, etc.);

4, Statistical measures (minimum, maximum, variance, median,
confidence interval length, etc.);

5. Data filtering with filter definition chosen by the user;

6. Regression fitting of data; and,

7. Implementation of user supplied formula combining physical
data quantities in a simple analytical expression (Formula Interpreter).

The important fact to note is that the software associated with the
various analytical procedures have been provided with the VCL thus making
it a stand-alone package.

Additional power is provided by the Formula Interpreter. In those
cases where a particular standard analytical tool is not available for
operation on a data set, the user can write an analytical expression
combining the pertinent data quantities and insert it as input data.
The resulting formula will then be evaluated automatically. Therefore,



the user can:
1. supply his own performance indicators;
2. compute resultant accelerations, etc.; and,
3. perform complex data file combinations.

After the user has operated on the subject data files using the
interactive commands of VCL, he is provided with additional commands
for the purpose of producing useful and demonstrative graphic output.
Labels, units, and scales are at user option. The three types of standard
plots available are: |

1. Cartesian (x vs. y for up to five variables);
2. Phase plane; and,
3. Deviation (x-y vs. time for up to five plots).

In addition, a summary plot containing all the discrete comparison or vali-
dation indicators can be produced. This plot is in the form of a polar
plot with the various quantities printed along the various radii.

Example plots are shown in Part 2.4 of the report.

1.2 Applications of the Validation Command Language

In attempting to determine the "validity" of mathematical crash
victim simulations and, for that matter, experimental simulations of
crash events, the following question always seems to arise: "How does
one compare the results of impact events?" It 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
VCL. However, there is no real consensus within the highway safety com-
munity as to an ultimate performance indicator or definition of validation.

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




1. Manipulation, analysis and comparison of dynamic impact data;

2. Graphical presentation of dynamic impact data;

3. Use as an organizing tool to simplify quantitative validation
of mathematical models; and,

4. Use as an organizing tool to demonstrate correlation or the lack
thereof between experiments and/or theoretical estimates.

The Formula Interpreter software carries.the manipulation and analysis
capability a bit further. If a new analytically-based performance criteria
is developed, the user can insert the formula as data and retrieve the
results without further post-processing.

In conclusion, the VCL has been developed to provide the user with
software necessary for conducting validation or correlation studies given
experimental or simulated data. It is not capable of making a decision
for him as to whether a model is valid, but rather, is intended to pro-

vide him with the tools he needs to aid him in making the decision.




2.0 USER'S GUIDE FOR THE VALIDATION COMMAND LANGUAGE

2.1 Validation Command |anquage Specification

The purpose of the Validation Command Language is to provide
aid in data reduction, data preparation, data presentation, compari-
son of model results and experimental results, and the presentation
of such comparisons. These computational services are made available
in the form of a command language in order to provide maximum flexi-
bility. This Command Language is currently implemented only for use
on runs for the MVMA Two-Dimensional Man Model and experimental data.

The Command Language is broken into the following major divisions:

Division Name Explanation
1. Identification Specification of model runs, experimental
data and general control information
2. Assessment Checking the data for flaws and general
properties
3. Preparation Correcting the flaws found, computation of

desired discrete quantities summarizing time-
dependent quantities

4. Comparison Various comparisons of discrete and time-
dependent quantities

5. Presentation Various options for presentation of quan-
tities and comparisons.

Table 1 contains a detailed description of each command. The
first column of this table shows a facsimile of the sentence which identi-
fies the command together with markings which indicate possible abbre-
viations. The second column includes the shortest sentence abbre-
viations. The third column includes the necessary description for
compiling the commands.

Underlined letters in the first column of each word are those
upon which the identification of the card is made and must be correct.
The identification process is confined to the first two words. These
two words may be abbreviated by these two letters placed contiguously
or separated by one or more blanks. The commands can be used in any



order but all information for each command must be placed in the order
shown and in one contiguous string of up to ten Tines or cards.

Many commands require user-supplied names to identify data sets or
constants in order to provide for later reference of the information
generated by the command. Such names are indicated in Table 1 by a
phrase in the command description beginning with a capital letter and con-
taining the word "name." User-supplied names consist of any sequence of
letters and numbers which is one to six characters long and begins with
a letter.

The term "data set" always implies a set of values for a time-depen-
dent variable specified at least at two time points. The term "constant"
is used whenever the variable is time-independent or when only one time
point is specified.

Where brackets enclose a number of choices separated by slashes
in the command descriptions, one such choice must be made. Items
enclosed in parentheses are optional. If an item is totai]y in
capitals in the Command description, it is a code word and must appear
as shown if it is used at all. Every command must end with a period.

Many commands contain a data section. The standard format for
data sections is that all numerical values are specified as floating
point numbers (in the Fortran F or E-format) and separated by commas
with the end of data marked by an asterisk. Data must start on a new
card from the card containing the period, must have at least one
complete number specification per card, and the last number must be
followed by an asterisk. Table 1 contains a description of the data to
be included in the order in which it is to appear. Column three contains
specification of any difference from the standard data format.



TABLE 1. VALIDATION

COMMAND LANGUAGE FORMATS

Sentence Contents Sentence Notes
Abbreviation
IDENTIFICATION DIVISION
CONTROL PARAMETERS. cP If this command is completely
- B left out, the three values
(a) Print control = 0 no teletype default to 0, 300, and 1
- output respectively.
= 1 reqular tele-
type output
= 2 regular plus
supplementary
teletype out-
put
(b) Default final time (msec)
(c) Output unit switch = 1 metric
units
= 2 English
units
TEST RUN [Tapename/NONE]. TR Tape name of digitized tape or
- NONE if information is in pre-
(a) Logical device number to read pared file. Tape reading is not
tape or file. implemented in current program.
TEST QUANTITY Dataname (Filename). TQ Dataname is name by which this
N f’ £ ber or file record data is to be referenced. File-
(a) apg 1(5 ?ym er or name is needed only for tape in
number = TR and used as doublecheck. Tape
(b) Time increment (msec) file number is tape file which
Final time (msec) contains data. File record number
(c) Final time is starting record of file which
contains data. See Section 2.2.1
for details.
MODEL RUN. MR Logical device numbers for the
N . . i two MVMA catch files written
(a) Logical device number 1 on NU and MV respectively.
(b) Logical device number 2
MODEL QUANTITY Dataname (Name A MQ Identifying names Name A and

(Name B)).
(a) MVMA output category number
(b) MVMA output column number
(c) Time increment (msec)
(d)

d) Final time (msec)

Name B must be supplied to make
certain data requests specific.
See Section 2.2.2 for details.




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence | Notes

Abbreviation
ASSESSMENT DIVISION Foy all times present in data,
QUANTITY MEASURES Dataname. QM this command prints minimum,

maximum, mean, variance, mode,
median and confidence interval

length.
QUANTITY PHASE Dataname A Dataname QP Compares two data sets and
B. prints maximum correlation and

starting times for phase shift
recognition. See section 2.2.3
for details.

(a) Starting start time for curve A
(msec)

(b) Increment of start time for curve
A (msec)

(c) Final start time for curve A (msec)

(d) Time increment between points
correlated for curve A (msec)

(e) Starting start time for curve B
(msec)

(f) Increment of start time for curve
B (msec)

(g) Final start time for curve B (msec)
(h) Time increment between points cor-
related for curve B (msec)

(i) Number of points used in correla-
tion

QUANTITY AMPLIFICATION Dataname A QA Compares subsets of two data
Dataname B. sets and prints maximum cor-
relation and amplitude factor
for recognition of calibration
problems. See Section 2.2.4 for
(b) Increment of time points cor- details.
related on curve A (msec)

(a) Starting time for points cor-
related on curve A (msec)

(c) Starting time for points cor-
related on curve B (msec)

(d) Increment of time points cor-
related on curve B (msec)

(e) Number of points used in cor-
relation

(f) Starting amplitude factor
(g) Increment of amplitude factor
h) Final amplitude factor




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)
Sentence Contents Sentence Notes
Abbreviation
FOURIER COEFFICIENTS Dataname. FC Prints least squares approxi-
N s . mation to Fourier coefficients.
(a) Start time of period (msec) Presented subset of data con-
(b) Time increment between points sidered one period. The num-
to be included (msec) / ber of coefficients printed
. . . is twice the number of har-
(c) Final time of period (msec) monics plus one. See Section
(d) Number of harmonics to be com- 2.2.5 for details.
puted
PREPARATION DIVISION
d e S7 If 0 < (a) <« (c), picks a sub-
SHIFT ZERO Dataname Newdatanam set of a data set and stores as
(a) Start time (msec) a new data set. If (a) = (c),
.. picks a single point and stores
(b) Time increment (msec) as a new constant. If (a) < 0,
(c) Final time step (msec) [(a)] < (c), picks a subset,
shifts time to start at zero, and
stores as a new dataset.
FILTER GENERATION Filtername. FG Invokes interactive filter
- design program. See Section
2.2.6 for details.
FILTER DATA Dataname Newdataname FD Applies filter to data set to
- Filtername. produce a new data set. Filter
either one produced by FG com-
mand or one of predefined filters.
See Section 2.2.7 for details.
COMPUTE MEASURES  Dataname, CM Produces eight constants with
_ names derived from original name.
(a) Start time (msec) The eight constants correspond to
(b) Final time (msec) the minimum, maximum, mean, vari-
ance, mode, median, confidence
interval length, and number of
points minus one. See Section
2.2.8 for details.
COMPUTE HIC Dataname Newdataname. CH Produces a constant which is the

(a) Number of points the T1 of a HIC
duration is indexed

(b) Number of points the T2 of a HIC
duration is indexed

(c) Fraction of max HIC below which
'scanning is stopped

HIC of data set supplied.
Section 2.2.9 for details.

See




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

entence Contents Sentenge .
> Abbreviation

Notes

COMPUTE SEVERITY Dataname Newdataname. CS
(a) Start time (msec)

(b) Time increment (nsec)

(c) Final time step (msec)

Produces a constant which is the
original Severity Index of the
data set supplied. See Section
2.2.9 for details.

COMPUTE GMRSI Dataname Newdataname. CG
(a) Start time (msec)

(b) Time increment (msec)

(c) Final time(msec)

Produces a constant which is the
modified Severity Index of the
data set supplied. See Section
2.2.9 for details.

THREE MILLISECOND Dataname. ™
) Start time (msec)

a
b) Time increment (msec)
c

Produces three constants which are
peak value, three millisecond
average, and the leading time of
the three millisecond interval.
See Section 2.2.9 for details.

(

(

(c) Final time (msec)

COMPUTE INTEGRATION Dataname Cl
Newdataname,

(a) Start time

(b) Final time

Produces a constant which is
the Simpson's rule integral of the
data over the specified interval.

COMPUTE FREQUENCY Dataname. CF
(a) Start time of period (msec)

(b) Interval of time for points used
(msec)

(c) Final time of period (msec)

(d) Number of harmonics to be con-
sidered

Produces two constants which are
the maximum coefficient and the
corresponding frequency for that
coefficient. See Section 2.2.10
for details.

MODIFY AMPLITUDE Dataname Newdataname, MA
(a) Factor

(b) Start time (msec)

(c) Time increment of points .used (msec)
(d) Final time (msec)

Produces a new data set which
has been multiplied point by
point by the given factor.

10




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence Notes
Abbreviation
CORRELATE CURVES Dataname A Dataname CC Produces a constant which is the
B Newdataname . correlation of data set A with
data set B.

(a) Start time for data set A (msec)

(b) Time increment for data set A
(msec)

(c) Final time for data set A (msec)
(d) Start time for data set B (msec)
(e) Time increment for data set B

(msec)
MINUS COMPUTATION Dataname A MC Produces a new data set which
Dataname B is Dataname A minus Dataname B
Newdataname for the specified time points.

(a) Start time (msec)
(b) Time increment (msec)
(c) Final time (msec)

COMPARISON DIVISION

COMPUTE VARIANCE Dataname A Data-. cv Computes and prints F-distribu-

- B name B, tion comparison of variances.
CM must have been previously
run for each given data set.

POINTWISE MEANS Dataname 1 .... PM Produces a new data set which is
- - Dataname N the mean of the given curves
Newdataname , point by point together with four

constants which are the minimum,

(a) Start time for new data set maximum, mean and variance of

(msec) the generated curve. See Section
(b) Time increment for new data 2.7 00 tor detarly

set (msec)
(c) Final time of the new data

set (msec)

1



TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (continued)

Sentence Contents Sentence Notes
Abbreviation
REGRESSION FITTING Dataname A RF Computes and prints regressioh
(Dataname B) . polynomials and fits specified.

(a) Start time of data to be fit See Section 2.2.12 for details.

(msec)

(b) Time increment of data to be
fit (msec)

(c) Final time of data to be fit
(msec)

(d) Minimum degree of polynomial
to be fitted

(e) Maximum degree of polynomial
to be fitted

(f) Number of decimal places to
print in printout

(g) Switch = 1 if printout on
batch 1dn only

= 2 if printout on
both batch and
interactive ldn's

FORMULA INTERPRETER  Newdataname. FI Fortran arithmetic statement
' combines variables, constants,
. and numeric values.
(a) Start time (msec) Formula must start on a new line.
(b) Time increment (msec) Any dataname may be a dataset
(c) Final time (msec) name, a constant name or a numeric
¢) quantity. See Section 2.2.13 for
[Formula of form: $U$U-dataname 10 ... details.

0$U$U -dataname N$E

on up to ten lines
Note: $U stands for unary operator, O stands for binary operator.

12




TABLE 1.

Sentence Contents

Sentence
Abbreviation

VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Notes

PRESENTATION DIVISION

START PLOT [PRINT/OFF-LINE] [POLAR/
PHASE/CART/DEV].

A. For POLAR only:

(a) Fractional margin position

(b) Fractional minimum accep-
tance circle displacement
from unity

(c) Fractional maximum accep-
tance circle displacement
from unity

B. For PHASE only:

a) Maximum Y coordinate for
plot area (optional)
Minimum Y coordinate for
plot area (optional)
Minimum X coordinate for
plot area (optional)
Maximum X coordinate for
plot area (If a through c
omitted, square area
centered about zero pro-
duced)

C. For both CART and DEV:
(a) Maximum time plot on area
(b) Minimum Y coordinate on
plot area
(c) Maximum Y coordinate on
plot area

(

(b)
(c)
(d)

\

SP

Set up a plot. See Section 2.2.14

for details.

PLOT QUANTITY Dataname A Dataname
B.

(a) Angle at which ratio is to be
plotted (deg)

PQ

Plots the ratio of constant A to
constant B on a POLAR plot. May
not be used for other plot types.

PLOT CURVE Dataname A

(Dataname B).

PC

For CART: Plots Data set A as one
of up to 5 curves.
Plots Data set A as
Y versus Data set B as
X. Only one curve per
plot.
Plots Data set A minus
Data set B as Y and time

as X. May have up to

For PHASE:

For DEV:

5 curves.




TABLE 1. VALIDATION

COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence Notes

Abbreviations
PLOT PLOT. PP Plots the existing plot images.
PRINT SINGLE Dataname, PS Prints the value of a constant.
TIME PRINT Dataname. TP Prints the values of a data set.
(a) Start time (msec)
(b) Time increment (msec)
(c) Final time (msec)

14




2.2 Description of Command Language Quantities

This section of the report includes text material to supplement
Table 1 of Section 2.1. The intent is to provide the user with informa-
tion so that he can use the Command Language with the aid of only Table
1 and this section.

2.2.1 Test Data Specifications (TR and TQ)

Experimental data may be supplied to the Validation Command Language
in the form of tape and in the form of a fixed format file. Tape reading
is provided for by a user-supplied tape reading subroutine (see:Section
3.3.2 for details).

The fixed format file reading subroutine is supplied as part of the
Command Language. This subprogram expects n + 2 records of input where
n is the number of time points supplied. The first record contains
five control parameters. The format of the first record is as follows:

(a) Start time (in msec) in columns one through five with decimal,

(b) Time increment (in msec) in columns six through ten with decimal,

(c) Number of time points right adjusted in columns eleven through

thirteen,

(d) The dimension code index (see Table 2) right adjusted in columns

fourteen through sixteen,
and (e) a switch (which is one for metric system and two for English
system) right adjusted in columns seventeen through nineteen..

The second record contains the Fortran format of the remaining
records enclosed in parentheses, anywhere in columns one through eighty.

The word "FORMAT" must not appear in the specified format.

The remaining records contain the ordinate for each of the times
implied by the three control parameters in the first record. Multiple
TR's and TQ's may be used in one run of the Command Language, but all
TQ's with reference to one TR must appear before the next TR. The tape
or file of input data must be attached to the specified logical device
number. The coordinate system is assumed positive upwards for positions
and related quantities.



TABLE 2.

Quantity Type

distance
vehicle velocity
velocity

force

energy

velocity

torque or moment
pressure
temperature
volume

mass

mass flow
acceleration
angles

angular velocity

angular acceleration

Dimensions
cm or in

kph or mph
m/s or f/s
Nor 1b

J or ft-1b
cm/s or in/s
N-m or 1b-in
N/sq cm or psi
°K or °R

cm3 or in3

kg or 1bm
kg/s or 1bm/s
g's

deg

deg/sec

deg/sec2

16

TEST DATA QUANTITY DIMENSION CODE INDICES

Code Index
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2.2.2 Model Data Specifications (MR and MQ)

Model run data from a run of the MVMA Two Dimensional Man Model
may be supplied to the Command Language using MR and M(. The model
data is specified by using the MVMA output category number, the MVMA
output column number, and optional identifying names. Table 3 is
used to determine these two numbers. Table 3 contains a descriptive
alphabetical Tist of all the model quantities which may be recorded by
the MVMA 2-D in the catch files attached to logical device numbers NU
and MV. Listed with each descriptive title is the identifying category
and column number.

If the category number is two, three, or four, the identifying
names must be supplied in order to make the model quantity specifica-
tion unique. The names are specified in fixed format as follows.

The dataname supplied is followed by one blank, then a sixteen character
Name A, then a blank, then a sixteen character Name B, and then a
period. If the category number is two or three, Name A must be the
name of a region specified in the run in question and Name B must be
blank. If the category number is four, three cases exist. When the
column number is in the range one to ten, Name A must be an ellipse
name and Name B must be a line name. When the column number is in the
range eleven to twenty one, Name A and Name B must both be ellipse
names. When the column number is in the range twenty two to twenty-
nine, Name A must be a belt name as shown in Table 4 and Name B must
be blank.

Multiple MR's and MQ's may be used in one run of the Command
Language, but al1MQ'swith reference to one MR must appear before the
next MR. The catch files written while attached to the logical device
numbers NU and MV during the model run must be attached to the two
specified logical device numbers supplied respectively. A1l model
data is automatically converted to a coordinate system positive upwards
if not already in this system.
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TABLE 3. MVMA 2-D Data Quantities Available (Page 1 of 9)

QUANTITY DESCRIPTION CATG. NO. COL. NO.
Airbag CG force components - head moment 20 3
Airbag CG force components - head x 20 1
Airbag CG force components - head z 20 2
Airbag CG force components - Tower torso moment 20 12
Airbag CG force components - Tower torso x 20 10
Airbag CG force components - lower torso z 20 11
Airbag CG force components - middle torso moment 20 9
Airbag CG force components - middle torso x 20 7
Airbag CG force components - middle torso z 20 8
Airbag CG force components - upper leg moment 20 15
Airbag CG force components - upper Tleg x 20 13
Airbag CG force components - upper leg z 20 14
Airbag CG force components - upper torso moment 20 6
Airbag CG force components - upper torso x 20 4
Airbag CG force components - upper torso z 20 5
Airbag contact forces - head pressure 19 1
Airbag contact forces - head tension 19 2
Airbag contact forces - lower torso pressure 19 7
Airbag contact forces - lower torso tension 19 8
Airbag contact forces - middle torso pressure 19 5
Airbag contact forces - middle torso tension 19 6
Airbag contact forces - upper leg pressure 19 9
Airbag contact forces - upper leg tension 19 10
Airbag contact forces - upper torso pressure 19 3
Airbag contact forces - upper torso tension 19 4
Airbag variables - bag gas mass 18 4
Airbag variables - bag pressure 18 1
Airbag variables - bag temperature 18 2
Airbag variables - bag volume 18 3
Airbag variables - mass flow in 18 5
Airbag variables - mass flow out 18 6
Airbag variables - supply temperature 18 7
Belt angles - lap belt inboard 5 1
Belt angles - Tap belt outboard 5 2
Belt angles - torso belt Tower 5 4
Belt angles - torso belt upper 5 3
Body joint coordinate - elbow x 13 9
Body joint coordinate - elbow z 13 10
Body joint coordinate - hip x 13 5
Body joint coordinate - hip z 13 6
Body joint coordinate - knee x 13 7
Body joint coordinate - knee z 13 8
Body joint coordinate - Tower spine x 13 3
Body joint coordinate - lower spine z 13 4
Body joint coordinate - upper spine x 13 1
Body joint coordinate - upper spine z 13 2
Body joint velocity - elbow x 14 9
Body joint velocity - elbow z 14 10
Body joint velocity - hip x 14 5
Body joint velocity - hip z 14 6
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TABLE 3. MVMA 2-D Data Quantities Available (Page 2 of 9)

QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Body joint velocity - knee x 14 7
Body joint velocity - knee z 14 8
Body joint velocity - lower spine x 14 3
Body joint velocity - lower spine z 14 4
Body joint velocity - upper spine x 14 1
Body joint velocity - upper spine z 14 2
Body 1ink angles - head 10 1
Body link angles - lower arm 10 10
Body Tink angles - Tower leg 10 7
Body link angles - lower torso 10 5
Body 1ink angles - middle torso 10 4
Body Tink angles - neck 10 2
Body link angles - shoulder 10 8
Body link angles - upper arm 10 9
Body 1ink angles - upper leg 10 6
Body 1ink angles - upper torso 10 3
Body 1ink angular acceleration - head 12 1
Body Tink angular acceleration - Tower arm 12 10
Body link angular acceleration - Tower leg 12 7
Body link angular acceleration - Tower torso 12 5
Body link angular acceleration - middle torso 12 4
Body Tink angular acceleration - neck 12 2
Body Tink angular acceleration - shoulder 12 8
Body Tink angular acceleration - upper arm 12 9
Body 1ink angular acceleration - upper leg 12 6
Body 1ink angular acceleration - upper torso 12 3
Body 1ink angular velocity - head 11 1
Body 1ink angular velocity - lower arm 11 10
Body 1ink angular velocity - lower leg 11 7
Body link angular velocity - lower torso 11 5
Body 1ink angular velocity - middle torso 11 4
Body link angular velocity - neck 11 2
Body Tink angular velocity - shoulder 1 8
Body 1ink angular velocity - upper arm 11 9
Body Tink angular velocity - upper leg 11 6
Body link angular velocity - upper torso 11 3
Center of mass resultant moment - head 32 1

Center of mass resultant moment - head applied

force component 32 9
Center of mass resultant moment - Tower arm 32 8
Center of mass resultant moment - Tower leg 32 6
Center of mass resultant moment - lower torso 32 4
Center of mass resultant moment - middle torso 32 3
Center of mass resultant moment - upper arm 32 7
Center of mass resultant moment - upper leg 32 5
Center of mass resultant moment - upper torso 32 2
Center of mass x force component - head 30 1
Center of mass x force component - head applied

force component 30 9
Center of mass x force component - Tower arm 30 8
Center of mass x force component - Tower leg 30 6
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TAB

LE 3.

QUANTITY DESCRIPTION

Center
Center
Center
Center
Center
Center
Center

Center
Center
Center
Center
Center
Center
Center
Contact
Contact
Contact
Contact
Contact
Contact

Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact

Contact

Contact

of mass
of mass
of mass
of mass
of mass
of mass
of mass

of mass
of mass
of mass
of mass
of mass
of mass
of mass
belt vs
belt vs
belt vs
belt vs
belt vs
belt vs

belt vs
belt vs
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse

ellipse

ellipse

x force component - lower torso
x force component - middle torso
x force component - upper arm
x force component - upper leg
x force component - upper torso
z force component - head
z force component - head applied
force component
z force component - lower arm
z force component - lower leg
z force component - Tower torso
z force component - middle torso
z force component - upper arm
z force component - upper leg
z force component - upper torso
attachment - absorbed energy
attachment - deflection rate
attachment - deflection
attachment - normal force
attachment - resultant force
attachment - resultant heading
angle
attachment - tangential velocity
attachment - tangential force
vs ellipse - body segment x for
ellipse A
vs ellipse - body segment z for
ellipse A
vs ellipse - body segment x for
ellipse B
vs ellipse - body segment z for
ellipse B
vs ellipse - center point x for
ellipse A
vs ellipse - center point z for
ellipse A
vs ellipse - center point x for
ellipse B
vs ellipse - center point z for
ellipse B
vs ellipse - deflection rate
vs ellipse - deflection
vs ellipse - normal force
vs line - contact point x on body
segment
vs line - contact point z on body
segment
vs 1ine - contact point position
on line
vs Tine - contact point velocity
on line
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TABLE 3. MVMA 2-D Data Quantities Available (Page 4 of 9)

QUANTITY DESCRIPTION CATG. NO.  COL. NO.

Contact ellipse vs line - contact point x in
inertial space 4
Contact ellipse vs line - contact point z in

~

inertial space 4 8
Contact ellipse vs line - deflection 4 1
Contact ellipse vs line - deflection rate 4 2
Contact ellipse vs line - normal force 4 3
Contact ellipse vs line - tangential force 4 4
Femur and tibia Toads - femur axial at knee 40 2
Femur and tibia loads - femur axial at sensor 40 1
Femur and tibia loads - femur shear at knee 40 3
Femur and tibia loads - tibia axial at foot 40 5
Femur and tibia loads - tibia axial at knee 40 4
Filtered accelerations - chest A-P 7 4
Filtered accelerations - chest resultant 7 6
Filtered accelerations - chest S-I 7 5
Filtered accelerations - head A-P 7 1
Filtered accelerations - head resultant 7 3
Filtered accelerations - head S-I 7 2
Filtered accelerations - hip resultant 7 9
Filtered accelerations - hip x 7 7
Filtered accelerations - hip z 7 8
Filtered severity index - chest SI A-P 9 7
Filtered severity index - chest SI resultant 9 9
Filtered severity index - chest SI S-I 9 8
Filtered severity index - chest mod SI A-P 9 10
Filtered severity index - chest mod SI resultant 9 12
Filtered severity index - chest mod SI S-1I 9 1
Filtered severity index - head SI A-P 9 1
Filtered severity index - head SI resultant 9 3
Filtered severity index - head SI S-I 9 2
Filtered severity index - head mod SI A-P 9 4
Filtered severity index - head mod SI resultant 9 6
Filtered severity index - head mod SI S-I -9 5
Friction component joint torque - elbow 25 8
Friction component joint torque - hip 25 5
Friction component joint torque - knee 25 6
Friction component joint torque - lower neck 25 2
Friction component joint torque - Tower spine 25 4
Friction component joint torque - shoulder at arm 25 7
Friction component joint torque - upper neck 25 1
Friction component joint torque - upper spine 25 3
Joint absorbed energy - elbow 16 11
Joint absorbed energy - hip 16 6
Joint absorbed energy - knee 16 7
Joint absorbed energy - lower neck 16 2
Joint absorbed energy - lower spine 16 5
Joint absorbed energy - neck length 16 3
Joint absorbed energy - shoulder at arm 16 9
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TABLE 3. MVMA 2-D Data Quantities Available (Page 5 of 9)

QUANTITY DESCRIPTION

Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint

Joint
Joint

Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint
Joint

absorbed energy -
absorbed energy -
absorbed energy -
absorbed energy -

friction absorbed energy - elbow

friction absorbed energy
friction absorbed energy
friction absorbed energy
friction absorbed energy
friction absorbed energy
friction absorbed energy

friction absorbed energy

muscle
muscle
muscle
muscle
muscle
muscle
muscle

muscle
muscle

muscle
muscle

tension absorbed
tension absorbed
tension absorbed
tension absorbed
tension absorbed
tension absorbed
tension absorbed

tension absorbed
tension absorbed

tension absorbed
tension absorbed

stop absorbed energy -

stop absorbed energy
stop absorbed energy
stop absorbed energy
stop absorbed energy
stop absorbed energy
stop absorbed energy
stop absorbed energy
stop absorbed energy

torques
torques
torques
torques
torques
torques
torques
torques
torques
viscous
viscous
viscous
viscous
viscous
viscous
viscous
viscous
viscous

- elbow

- hip

- knee

- Tower neck

- Tower spine

- shoulder at a
- shoulder at t
- upper neck

- upper spine
absorbed energy
absorbed energy
absorbed energy
absorbe:i energy
absorbed energy
absorbed energy
absorbed energy

absorbed energy.

absorbed energy

hip
knee
Tower
Tower

upper
upper
energy -
energy -
energy -
energy -
energy -
energy -
energy -

energy -
energy -

energy -
energy -
elbow
hip

knee

lTower neck

shoulder at torso
shoulder Tength

upper neck
upper spine

neck
spine

shoulder at arm

neck

spine

elbow

hip

knee

Tower neck
lower spine
neck Tength
shoulder at
arm
shoulder at
torso
shoulder
length
upper neck
upper spine

Tower spine
shoulder at arm
shoulder length

upper neck

upper spine

rm
orso

elbow
hip
knee

Tower neck
Tower spine

- neck length

- shoulder at arm
- shoulder Tength
- upper neck
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TABLE 3. MVMA 2-D Data Quantities Available (Page 6 of 9 )

QUANTITY DESCRIPTION CATG NO. COL. NO.
Joint viscous absorbed energy - upper spine 29 4
Kinetic energy - arms 17 5
Kinetic energy - head 17 2
Kinetic energy - head superior-inferior 17 4
Kinetic energy - torso 17 3
Kinetic energy - total body 17 1
Line movement of Point A x 3 1
Line movement of Point A z 3 2
Line movement of Point 1 X 3 3
Line movement of Point 1 z 3 4
Line movement of Point 2 x 3 5
Line movement of Point 2 z 3 6
Line movement of Point 3 x 3 7
Line movement of Point 3 z 3 8
Line movement of Point 4 x 3 9
Line movement of Point 4 2z 3 10
Line movement of Point 5 x 3 11
Line movement of Point 5 z 3 12
Linear component of joint torque - elbow 23 8
Linear component of joint torque - hip 23 5
Linear component of joint torque - knee 23 6
Linear component of joint torque - lower neck 23 2
Linear component of joint torque - lower spine 23 4
Linear component of joint torque - shoulder at arm 23 7
Linear component of joint torque - upper neck 23 1
Linear component of joint torque - upper spine 23 3
Muscle tension forces - neck 3 10
Muscle tension forces - shoulder length 3 11
Muscle tension torque - elbow 3 9
Muscle tension torque - hip 3 5
Muscle tension torque =~ knee 38 6
Muscle tension torque - Tower neck 38 2
Muscle tension torque - lower spine 38 4
Muscle tension torque - shoulder at arm 38 8
Muscle tension torque - shoulder at torso 38 7
Muscle tension torque - upper neck 38 1
Muscle tension torque - upper spine 38 3
Neck and shoulder forces - neck linear 37 1
Neck and shoulder forces - neck muscle 37 4
Neck and shoulder forces - neck non-linear 37 2
Neck and shoulder forces - neck total 37 5
Neck and shoulder forces - neck viscous 37 3
Neck and shoulder forces - shoulder Tlinear 37 6
Neck and shoulder forces - shoulder muscle 37 9
Neck and shoulder forces - shoulder non-1inear 37 7
Neck and shoulder forces - shoulder total 37 10
Neck and shoulder forces - shoulder viscous 37 8
Neck joint coordinates - lower neck x 21 5
Neck joint coordinates - Tower neck z 21 6
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TABLE 3. MVMA 2-D Data Quantities Available (Page 7 of 9 )
QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Neck joint coordinates - lower neck x velocity 21 7
Neck joint coordinates - lower neck z velocity 21 8
Neck joint coordinates - neck length 21 9
Neck joint coordinates - neck length rate 21 10
Neck joint coordinates - upper neck x 21 1
Neck joint coordinates - upper neck z 21 2
Neck joint coordinates - upper neck x velocity 21 3
Neck joint coordinates - upper neck z velocity 21 4
NonTinear component of joint torque - elbow 24 8
Nonlinear component of joint torque - hip 24 5
Nonlinear component of joint torque - knee 24 6
Nonlinear component of joint torque - lower neck 24 2
Nonlinear component of joint torque - Tower spine 24 4
Nonlinear component of joint torque - shoulder at

arm : 24 7
Nonlinear component of joint torque - upper neck 24 1
Nonlinear component of joint torque - upper spine 24 3
Quantity for region - average migration XR 2 3
Quantity for region - average migration ZR 2 4
Quantity for region - end point movement A-X 2 5
Quantity for region - end point movement A-Z 2 6
Quantity for region - end point movement B-X 2 7
Quantity for region - end point movement B-Z 2 8
Quantity for region - force component XR 2 1
Quantity for region - force component ZR 2 2
Quantity for region - number ellipse contacting 2 -9
Shoulder joint coordinates - shoulder at arm x 22 5
Shoulder joint coordinates - shoulder at arm z 22 6

Shoulder joint coordinates - shoulder at arm x
velocity 22 7

Shoulder joint coordinates - shoulder at arm z
velocity 22 8
Shoulder joint coordinates - shoulder at torso x 22 1
Shoulder joint coordinates - shoulder at torso z 22 2

Shoulder joint coordinates - shoulder at torso x
velocity 22 3
Shoulder joint coordinates - shoulder at torso z

' velocity ' 22 4
Shoulder joint coordinates - shoulder length 22 9
Shoulder joint coordinates - shoulder length rate 22 10
Steering column coordinates - gear box x 33 11
Steering column coordinates - gear box z 33 12

Steering column coordinates - wheel attachment
point X 33 9

Steering column coordinates - wheel attachment
point x 33 10
Steering column coordinates - wheel hub x 33 7
Steering column coordinates - wheel hub z 33 8
Steering column coordinates - wheel Tower edge x 33 1
Steering column coordinates - wheel Tower edge z 33 2
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- TABLE 3. MVMA 2-D Data Quantities Available (Page 8 of 9 )
QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Steering column coordinates - wheel middle edge x 33 3
Steering column coordinates - wheel middle edge z 33 4
Steering column coordinates - wheel upper edge x 33 5
Steering column coordinates - wheel upper edge z 3 6
Steering column force components - head moment 36 3
Steering column force components - head x 36 1
Steering column force components - head z 36 2
Steering column force components - Tower torso

moment 36 12
Steering column force components - lower torso x 36 10
Steering column force components - lower torso z 36 11
Steering column force components - middle torso
moment 36 9
Steering column force components - middie torso x 36 7
Steering column force components - middle torso z 36 8
Steering column force components - upper torso
, moment 36 6
Steering column force components - upper torso x 36 4
Steering column force components - upper torso z 36 5
Steering column forces - lower column extensional
normal force 35 10
Steering column forces - Tower hinge moment 35 12
Steering column forces - upper column extensional
normal force 35 9
Steering column forces - upper hinge moment 35 11
Steering column forces - wheel hub normal force 35 7
Steering column forces - wheel hub tangential force 35 8
Steering column forces - wheel lower edge normal
force 35 1
Steering column forces - wheel Tower edge tan-
gential force 35 2
Steering column forces - wheel middle edge normal
force 35 3
Steering column forces - wheel middle edge tan-
gential force 35 4
Steering column forces - wheel upper edge normal
force 35 5
Steering column forces - wheel upper edge tan-
gential force 35 6
Steering column kinematics - lower column exten-
sional displacement 34 3
Steering column kinematics - lower column exten-
sional velocity 34 4
Steering column kinematics - Tower hinge angular
displacement 34 7
Steering column kinematics - Tower hinge angular
velocity 34 8
Steering column kinematics - upper column exten-
g sional displacement 3 1
Steering column kinematics - upper column exten-
sional velocity 3 2
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TABLE 3.

QUANTITY DE

SCRIPTION

4

Steering column kinematics - upper hinge angular

displacement

Steering column kinematics - upper hinge angular

Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered

accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations

accelerations -

severity index

velocity

chest A-P

chest resultant
chest S-1I

head A-P

head resultant
head S-1I

hip resultant
hip x

hip z

- chest SI A-P

MVMA 2-D Data Quantities Available (Page 9 of 9 )
CATG. NO.

3

34

COL. NO.

(o))

Unfiltered severity index - chest SI resultant

Unfiltered severity index - chest SI S-I

Unfiltered severity index - chest modified SI A-P

Unfiltered severity index - chest modified SI result-
ant

Unfiltered severity index - chest modified SI S-I

Unfiltered severity index - head SI A-P

Unfiltered severity index - head SI resultant

Unfiltered severity index - head SI S-I

Unfiltered severity index - head modified SI A-P

Unfiltered severity index - head modified SI result-
ant

Unfiltered severity index - head modified SI S-I

Vehicle response - horizontal acceleration

Vehicle response - horizontal displacement

Vehicle response - horizontal time

Vehicle response - horizontal velocity

Vehicle response - pitch acceleration

Vehicle response - pitch angle

Vehicle response - pitch velocity

Vehicle response - vertical acceleration

Vehicle response - verticle displacement

Vehicle response - verticle velocity

Viscosity component joint torque - elbow

Viscosity component joint torque - hip

Viscosity component joint torque - knee

Viscosity component joint torque - lower neck

Viscosity component joint torque - lower spine

Viscosity component joint torque - shoulder at arm 26

Viscosity component joint torque - upper neck

Viscosity component joint torque - upper spine 26
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Belt Name

A.

Advanced Belts

OUTBOARDbLAPDBBLT
INBOARDDLAPBBELT
UPPERbTORSObBELT
LOWERbTORSObBELT
LOWERDRINGbSTRAP
UPPERDRINGDSTRAP
TORSObBELTbEXT.b

01d Belts

bbbbLAPbBELTbbbb
UPPERbTORSObBELT
LOWERbTORSObBELT

TABLE 4

BELT IDENTIFIER NAMES

Report Belt Number

Internal Belt thber

15

1
13
17
19
21

11
13

NOTE: Each small letter "b" signifies a blank column. The name must be

specified exactly as shown to be recognized.
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2.2.3 Data Phase Recognition (QP)

The Quantity Phase Command is provided to aid the user in recog-
nizing a phase shift between two data sets. The technique employed is
to make repeated correlations sliding the interval for correlation
along the two data sets. If the maximum correlation is near one, the
data should be further examined for phase shift.

The user indicates the starting times to be used on the two curves
by specifying a start starting time, an increment, and final starting
time for each curve. All combinations of starting times are correlated
and the maximum correlation selected.

2.2.4 Calibration Recognition (QA)

The Quantity Amplitude command uses a technique completely equiva-
‘Tent to that discussed in Section 2.2.3 to aid in recognition of a
calibration problem. In this case, the repeated correlations are over
fixed set of points on the time and the multiplying factor is varied.
Again, if the maximum correlation is near one, the data should be
examined further for calibration problems.

2.2.5 Fourier Analysis of Data (FC)

The Fourier Coefficients command is provided to aid in analyzing
the frequency composition of an interval of data. The current version
‘uses a least squares algorithm to approximate the Fourier coefficients.
This technique assumes that the subset of time points is exactly
one period and computes harmonics based on that. The user will find it
necessary to apply this command repeatedly over relatively small
intervals to gain an approximation to the frequency half of one Tess
than the number of data points.

2.2.6 Generation of Digital Filters (FG)

The Validation Command Language incorporates an interactive
filter design program from other sources (see Section 3.3.4 for details).
~ This program is largely self-explanatory as far as input data is con-
cerned. Control information is expected as an integer five wide
except the response to "Enter the number of the band with weight = 1"
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which is to be an integer two wide. Integers must be right adjusted.
Frequency information is expected with a decimal point. The response
to "Freq. of upper edge, ripple (gain)" or "Lower edge, ripple (gain)"
are expected as floating point fifteen wide. The response to "Beg,
End, Points?" is expected as floating point ten wide.

The basic technique is to describe the filter by describing its
frequency response in terms of up to ten bands with stated frequency
beginnings, frequency endings, and gains given in decibels. The
frequency interval between the ending of one band and the beginning
of the next one is where the transition from one constant Tevel takes
place.

_ In the case of a low pass filter, the relationship between the pass-
band ripple, the stopband gain, the filter length, and the transition
width has been investigated and the empirical results of that investiga-
tion have been developed into a set of filter design tables. Four
of these tables have been included as Table 5 of this report. The
tables are used as follows, given a passband ripple and a stopband
gain determine the minimum transition width and/or the minimum size
filter from the appropriate column of the table. The transition
widths are normalized and may be applied to a given sampling rate
by multiplying the transition width times the sampling rate and
dividing by a thousand to obtain the transition width for that sampling
rate.

2.2.7 Filtering of Data (FD)

Filtering of data is achieved by a technique of filtering twice,
once forward and once backward. This is done to leave the
filtered data unbiased. The Table 5 compensates for this two step
filtering in its combined ripples and gains.

Filtering can be carried out by use of filters created by the
command FG or by use of one of twenty predefined filters. The
predefined filters are listed in Table 6. The normalized frequencies

are applied to a specific case by multiplying by the sampling rate.
The last two predefined filters are used to escape adding alias to

data that is going to be taken every other point or every fourth point
in forming a new data set. Note that the predefined filters can be used
only with data sets of at least 150 points. |
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TABLE 5.

FILTER DESIGN TABLES

APPROXTIMATE LOW=PASS
FILTER DESIGN TABLES

TRANSITION

LX'1%

210,
180,

157,

138,
123,
111,
101,
93.
85.
79,
T4,
69.
65.
61,
58,
55,
52.
50,
48,
46,
44,
02.
4o,
39,
38,
36,
35,

- 34,

33,
32.
31,
29,
28,
26,
25.
2“.
23,
22.
et,
20,
20,
19,
18,
18,
17,

«50

223,
192,
167,
148,
132,
119,
108,
924
85'
79|
T4,
70,
LY
62,

59, .

S64
54,
51,
49.
47,
as,
44,
42,
49,
39,
38,
37,
35,
34,
33,
32,
in,
28,
27,
2b,
25,
24,
23,
22,
21,
e,
29,
19,
18,

=60

- e
- e

235,
203,
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157,
140,
127,
116,
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98,
91,
79,
75,
70,
67,
60,
57,
55,
53,
50,
48,
47,
45,
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42,
40,
39,
38,
37,
36,
34,
33,
29,
28,
27,
25,
24,
23,
23,
22,
21,
20,
20,

-70

248,
2l4d,
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123,
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97,
99,
84,
79,
75,4
71,
67,
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61,
58,
56,
54,
52,
5a,
146.
45,
43,
42,
49,
39,
38,
36,
34,
32,
31,
30,
2B,
27,
26,
25,
24,
23,
22,4
22,
21,

30

PASSBAND P#RIPPLE}

(1 of 4)

TABLEY Te |

' @,2100 DB
STOPBAND 24GAIN; =4@ TO =12@ DB

WIDTHS 1ABAx(FS=FP)

=80

259,
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197,
175,
157,
142,
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1102,
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96,
99,
84,
80,
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72,
68,
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62,
59,
57.
55,
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51,
49,
47,
46,
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42,
40,
38,
36,
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33,
31,
30,
29,
28,
27,
26,
25,
24,
e3,
22,
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89,
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80,
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T2,
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66,
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60,
58,
56,
54,
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50,
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47,
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43,
4,
38,
16,
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33,
32,
32,
29,
28,
27,
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25,
24,
24,
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33,
29,
28,
27,
26,
25,
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235,
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189,
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Filter No.

10
n
12
13
14
15
16
17
18
19
20

TABLE 6. PREDEFINED FILTERS

Normalized Upper

Filter Name Passband Frequency

LP050000 .05
LPO56123 056123
LPO62996 062996
LPO70711 070711
LP079370 07937
LP089090 08909
LP100000 1
LP112246 . .112246
LP125992 125992
LP141421] 141421
LP158740 15874
LP178180 17818
LP200000 2
LP224492 224492
LP251984 251984
LP282843 282843
LP317480 31748
LP356359 356359
LP00000 .09
P180000 .18

34

Normalized Lower
Stopband Frequency

.

. 10875
1175
. 12875
.14

. 1525
. 16625
.18125
L1975
.21625
.23625
. 25875
.2825
.31
.34
.37375
41125
.4525

125
25

ANTI-ALIAS 1:4
ANTI-ALIAS 1:2



2.2.8 Constants Produced and Automatically Named by CM

Various Commands of the Validation Command Language produce various
discrete quantities from time-varying quantities. These discrete
quantities are called constants and stored with identifying names
in a similar manner to time-varying quantities which are called
variables. If more than one constant is produced by a command, the
command language automatically generates and prints out names for
the constants.

The generation of names is carried out by truncating the Dataname
to six characters if it is longer than that and suffixing a fixed
two character code. Table 7 contains the two character codes and
a description of the codes for the various commands which create

names.

0f the eight constants produced by the CM command, the confidence
interval deserves comment. When the confidence interval is small
with respect to the mean and variance, the implication is that the
data set is normally distributed.

2.2.9 Four Special Indices (CH, CS, CG, and TM)

HIC, Severity Index, Modified Severity Index, and the Three
Millisecond Average should normally be applied only to head accelera-
tions although some of these indices are applied to chest accelera-
tions. The computation of the four indices is discussed in Section
3.3.3.

The names produced by TM are presented in Table 7.

2.2.10 Constants for Compute Frequency (CF)

The Compute Frequency command is very similar to the Fourier Co-
efficients command except CF produces only two constants which represent
the maximum coefficient and its corresponding frequency. This com-
mand will aid in manipulating any dominate coefficients. The names
of the two constants can be constructed using Table 7.

2.2.11 Constants for Pointwise Means (PM)

The Pointwise Means command is included to aide in the reduction
of data from replications or obtaining averages of kinematics over
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TABLE 7. TWO CHARACTER SUFFIX NAME CODES

Command Suffix Name Code Constant Description
CF CM Maximum Coefficient
FR Frequency for maximum coefficient
CM AX Max imum
CF Confidence Interval
ED Median
EN Mean
IN Minimum
NM | Number of points minus one
0D Mode
VR Variance
PM AX Max imum
EN Mean
IN Minimum
VR Variance
™ AV _ Three millisecond average
IT Leading time of interval
PK ' Peak value
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body parts. Four constants are produced as well as the mean curve and
these all refer to the mean curve The names of the constants can be
constructed using Table 7.

2.2.12 Regression Fitting (RF)

The Regression Fitting command will compute coefficients for more
than one degree polynomial. Goodness-of-fit statistics, a covariance
matrix, or a regression analysis on the coefficients is not provided
at this time. However, the "goodness-of-fit" can be examined by manually
comparing the printed values of the computed polynomials with the input
values and accepting or rejecting various fitted polynomials on the basis
of the apparent residuals. At this time, neither the coefficient nor
the computed values of the fitted polynomials are saved for Tater use.

2.2.13 Formula Interpreter (FI)

The FI command consists of a Name for the new constant or data set*
to be created, three input parameters (start time, time increment, and
final time), and a formula which is to be computed. The start time, time
increment,and final time describe both the data set to be produced and
the subset of time points which must be present in any non-constant data
set named in the formula. If the Start time equals the Final time,

a constant is created and any non-constant data set named is evaluated
for this time. The formula must start in column one of the first Tine
after the'parameter specifications end. The formula must be contained

on not more than ten consecutive eighty character lines. The formula
consists of a string of subterms joined by binary operators (see Table 9)
and ends with an "$E" . Each subterm consists of zero, one or two unary
operators (see Table 8) followed by the name of the constant, the name of
a data set, or a numeric quantity.

Each unary operator applies to the portion of the subterm which
follows it. Table 8 defines the five unary operators.

* "Constant" implies a time-independent quantity or one time point.
"Data set" implies a time-dependent quantity specified at least at
two time points.
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TABLE 8. UNARY OPERATORS

Operator Function Comments
$A Take absolute value Novrestrictions
$C Take cosine of value Value assumed in degrees
- $M Change sign of value No restrictions
$Q Take square root of abso- No restrictions
Tute value
$S Take sine of value Value assumed in degrees

If the last unary operator of a subterm is followed by a sign,
a number or a decimal point, a numerical quantity is expected and is
of the form (S)(N...N)(.)(N...N), where "S" is "+" or "-", or "N" is a decimal
digit, and "." is a decimal point. "( )" may not be included in the
specification but indicates that what is enclosed is optional. If a
letter follows in this situation, a name of a constant or a data set
is expected.

Table 9 defines the five binary operators.

TABLE 9. BINARY OPERATORS

Operator Function Comments
+ Addition No restriction
- Subtraction No restriction
* Multiplication No restriction
/ Division Subterm following must be non-
zero
*k Exponentiation Previous portion of term may

need to_be non-negative for
some values of exponent

A11 evaluation of binary operators is from left to right. If the binary
operator is addition or subtraction it 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
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to continue building the current term. Evaluation of binary operators
is from right to left with each subterm. The FI command may be used as
many times as desired to build up a complex computation.

For example, consider the formula a_ = /ai + a§ to be evaluated
every ten msec. over a 200 msec run. Assume that the 3 values are in
data set AX stored every msec and a, values are in data set AY stored

y
every five msec. The following two FI commands are required:

FI ARSQ.
0,10,200*
AX*AX+AY*AY$E
FI AR.
0,10,200*
$QARSQSE

The resultant is stored in data set AR and ARSQ contains the sum of squares.

2.2.14 Plots (SP, PQ, PC, PP)

The four plot commands are used and reused to produce printer plnts
of four basic kinds. The POLAR plot shows ratios of constants with
respect to the unit circle and two limiting circles. Up to 26 pairs
of quantities as are desired may be presented on one plot.

The CART plot reproduces one or more quantities versus time
on a rectangular grid. The DEV plot is the difference of two curves
shown around zero. The phase plot is two related variables plotted
as a function of each other for all the time points present in the
time subset.
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2.3 Description 0f Command Language Output

The Command Language produces four Tlevels of output. Output
directed to the interactive user which may be redirected to a batch
printer in a batch environment. OQutput directed to a batch printer
even when interactive communication is going on. Diagnostics
directed to the interactive user when error conditions occur.
Auxiliary output directed to the interactive user at his request
to supplement the normal interactive printout. The next three sec-
tions describe these four categories of output briefly. |

2.3.1 Interactive Output and Batch Output

Interactive output consists of items which are useful to see
during an interactive session. These items include assigned names,
verifications that what was supposed to happen did happen, and
reminders of the values of certain quantities. The Batch Output
consists of items which the user will want to see but not during
the interactive session. These items include the complete printout
of the regression fitting program and the print plots.

2.3.2 Diagnostics

Table10 T1ists the diagnostics printed by the Command Language, the
routine which is involved in case debugging is necessary, the
meaning of the diagnostic, and user action which is indicated.
Table10 does not include diagnostics from the filter design package.

2.3.3 Auxiliary Qutput

The Auxiliary Output is all interactive and could be described
as more of the same with reference to the Interactive Output.
The Auxiliary Output essentially makes most commands act like
Assessment Division Commands. Much of the informationeach command
computes is printed out.

40



Op pue | u93am}aq ¥q 3snu "¥93771 SI GIYILNIT YIGWNN AY0LILYD

1YAQOW s|qe[LeAe Jou SL e3ep 40 A40693eD SLY3  03QY0J3d LON SVM dIGWNN AY093ILYD ¥04 VLvYd
. = SYITJILIN3CI
lebaL st 40 3udsaud jou = "ON 702 = "ON "91vd ----
LSNI SL yoLym alqetder satjroads e3ep ndul INISEY IT9YI¥VA ¥0 Tv93TTI NOILYII4IJ3dS 3T9VIHVA
A3Q 40 1¥YD
A0} S9AUND 4O saied 40 S3ALND G ueyl aJdoul
$JSyHJ 404 SSA4NS jC J4ted | ueyy adsoul
NIVWNI “Yy10d 404 ejep O sdaited 9z ueyi adou "107d 404 SINIOd ANVW 00L
: = Y3INIOd LV = 3dAL
NIVWNI p4ed  3ndul UO UO0AUD 40oyy3 HLIM Q3ddINS N339 SvH "ON QyvY2
WIYHL abuae| 03040234 IWIL T¥YNI4 SA3IFIX3
991H 007 aWwL} 34R3}S 40 [|ewsS 003 3dwl} [Buly 3Y3IINT IWIL LYVLS Q3IWYN ALILNYNO ¥04
JIH 19S ©31Ep YILM JUD3ISLSUOD Jou elep 3ndut " TIYWS 00L NOILVING IWIL --- WVY90dd IIH NI ININIVM
" AVYYY I9VY0LS TOYLINOD
N3L39 uaALb se aweu Aq umouy jou A3Ljuenb 4 NI aNNO4 1ON Q3WYN ALILNVND
"SINIOd
$70204 404 payse sdLuowdey Auew 003 37dWYS 40 ¥3GWNN Y04 39¥Y1 00L SIINOWMYH 40 d¥IGWNN
X “uaALb se aweu
¥3Lid AS9puUn 9| L} UO 30U pue 33K paublsap J0U 4B | L4 "1SIX3 LON s30d Q3IWYN Y3114
(8 ueyy 4azesub si sarjLijuenbd
40 Jaqunu 4L SNILld 404 3d9ox3 uaddey jou "NOISNIWIQ
59 d pLNOYs) pa3oadxd ejep 404 [Lews 003 Aeaue OjuL ASYIYONI “Q3TTI4 AVddY  O4NI --- ¥ouy3d vivd
40 YIANOD elep [@OLASWNU 40j 4d3dedeyd [eB3||L  *y93I1TI SI = "ON "10J NI = YILIVYYHD
IWYN INILNOY NOILIGNOD JI1LSON9VIC

SJOILSON9VIQ "0l 314vl

a1



WS41a1 eNWUOJ UL ud3deueyd [eba|L "03ZIND0J3Y LON SI T09WAS
"d3WNSSY
d041d1I eNWAO4 ulL paLyLdads uozeuasado [ebaj|L aN3 N3IAID SY Q3II4ILINIATI LON 401vd3do
"NOISNIWIA 3SYIUONI “Q3IT1I4 Av¥¥Y NOIM
N3HO0LS 9beuols 404 e3ep YONW 003 "NOISNIWIA 3ISVIYONI Q31114 AVYY¥Y ¥OLS
" 3SYYHd
404 payse adA3 30(d ul J4ouud QIYINDIY Y04 HILVW ON “WNMN3IIS NI dO¥¥3 v.ivd
WNX33S v = JIdIl 4<wu44H ‘WNX33S NI ¥0ou¥3 TVLiv4
HOYY3S po49qqo|d und Q-¢ YWAW cm.EOL$ S9LL3 Yd1ed  -(¢|) @gv31 NI omuN TVOITTI --- HOY¥3 TvLlvd
403AYS 483 | L} 404 ejep JuaLldLjjnsul "13A G3INHIS3IA NIIF LON SYH ¥3L1Id
, ‘043z
SI W3HL 40_3NO SY 031101d 39 LONNY)
10101d ALuo jusuwwod any QIWYN SIILILINYND
"031107d OGNV Q3LY3ANI 39 T1IM INIOd
____"39¥d440 SI INIOd ¥vY10d
10101d ALuo Juswwod ANV G3IWYN SITLILINVNO ¥O4
: = 3NIT ¥NJ
JONVY ANI WA ¢ = dv3d "ON 23Y¥ 1SV1
= dd9 "ON = dy9/ 0N
= INIT/d¥9 "ON ¢ = JONVYY ON 234 ¥n)
9lqepead = 1S0d ® 3d4d IONVY HIY¥V3IS avii
436U0| Ou S4B pue pausqqo|d UIq dARY -~ INILSISNOONI S¥3LaW
dMidId una g-¢ YWAW U®e wody safl} yd3ed -yyyd NOILJ3S NOILISOd 319VIYVA --- ININUYM
JWYN 3INILNOY NOILIANOD JILSON9VYIA
(penuL3uo)) SIHILSONDYIA "OL 319Vl

42



2.4 Sample Input and Output

Four example runs are presented in this section. All four runs are
artificial for the purpose of demonstrating most of the commands of the

Command Language.

The first run is set up with: 1. the input stored in a data file
(see Table 12), 2. the test data file which was read, set up in an input
file (see Ta e 11); 3. Interactive and Auxiliary Output coming out over
the teletype (see Table 13 pp. 1-4), and 4. the printer plots coming
out to the batch printer (see Table 13 pp. 5-14). The input quantities
are from two exercises of the MVMA 2-D model (Run A and Run B) and a com-
pletely artificial saw tooth wave presented as test data. This data is
run through a selection of commands more or less in the order presented
in Table 1. The output is largely self-explanatory -- the user is urged
to follow it through.

Table 14 page 1 is the command data set for the
second example. This example defines two data sets HEADA and HEADB
which are the head resultant accelerations from the two MVMA 2-D Model
Runs. Even though there are 101 time points in each, twenty-one time
points are printed out. A new data set is created (HEADC) which has
eleven time points based on the last one hundred milliseconds of the
HEADA data set. A constant is created (HEADD) which is equal to the value
of HEADA at time one hundred milliseconds. A new data set (DIFF)
of twenty one points consists of the difference of a subset HEADA
and HEADB. The formula interpreter is used to create a new data set
(ANSW) which is computed as follows: '

2 HEADA

ANSW = 1.5 (-HEADD) + s - DIFF - 1

Table 14 page 2 is the Interactive and Auxiliary Output for this example.

The third example designs a filter, checks it, stores it, and
applies it on head acceleration data. One of the predefined filters is
applied to the same data. The original data and the two filterings
are printed. Then the two filterings are subtracted and one of them
against the input data. MTS Fortran I/0 allows a comma to be used as
a field termination character. If the user's Fortran I/0 does not
allow this convenience, do not do as the example does (see example 4)
because it is Fortran and not the Command Language which is doing it.
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In this example, the input is truly interactive, but the output is
treated the same way as the first example. Table 15 contains the
Teletype Output followed by Batch Output for the second example.
Again the output is self-explanatory.

The fourth example is a reworking of the first three examples
and is run alone in a batch environment. The batch inbut, the
batch output from the auxiliary output together with the regular
batch output form Table 16. Note that the filter generation input
is properly formatted.

44



TABLE 11. SAMPLE FILE TEST DATA

—
o

. 21 -1 1
E£10.0)

— et et )
NO O PHWND—-OWHO~NOYOLPWN

e K]

18

O NOWOW—OWoONOTUTPAPWN—O—~MNWPpPOUI—~O
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CP.
1,200.,1%
IB NUNE.

g %

Ty TE5uV.
1,10, 200, %

N O U E ) -

MK
8 1, 2%
9 My HEADA.
10 €,3,¢0,200.%
11 My CLHELLA.
12 6,06,20,600e%
1u 6,9, 00,5C0,.%
15 My todia ChkhoT2 TSE
" L, 3, ce élia¥
17 My viité UbPLER LURSU bLLT
13 $,69,000c(0,%
19 MY LOWohéh.
3 11,6 ,20,00,%
21 MY UPPELA
22 11,3,20,c00.%
23 K.
24 3,4%
25 M) nbADD.
25 f03,20,8C00%
27 MQ ChisSib.
23 0,0, 40,000 %
29 MO biPb.
3N 8,9,245eC0a%
31 M) FCHL CubslZ 158
32 4,3,00,200C.%
33 MQ EELIL URFER TJURS0 BELT
34 G,e0,20,2000%
3 ¥y 10ukiab,
) 1,4,2¢,c00.%
37 My UFDPEFL.
33 11,3,ce,c00 0%
34 Bf Toolv,
49 CuyiCe,20Ua, 2,10,2,0%
41 oM LESLV.
42 QP FCha FCud.
i3 100,10, 100.4,2,,100,,10.,150.,2.,20%
4y VA FCHA (Lo,
45 1400 20,600 ,24,24,08,s1,1.2%
46 FC HiodaDh.
o Cegio, 200, 5bx%
48 372 tCLA Ll Ab.
49 140¢ 420,200 *
5¢C 54 FCRL PCEBD.
51 1900 , 20,200 %
52 Cii ULAUA HZICH.
53 5,5, .85% '
514 CH HbADB EIlD.
55 5,5,.85%
50 CS CuLESTA Sik.
5 Ouylde, 200, *
51 Co ChpnSib Sib.
59 Quylu,2UCb

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 1)
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i)
R
W4

-

4

)

(1
67
38
59
73

72
73
74
75
1%
17
78
79
40
31
32
33
33
85
4o
37
598
KR
90
91
=Y
93
9y
95
ER)
97
98
99
130
11
102
1712
104
L)
138
17
193
199
10
111
112
113
114
115
116
117
118
119

Cu Lhubia bSJA.
0-,@.,2L(-*

Ci CLESIE o1,
0uyie, 00.%

CY hibPA,.
0.,200.%

CY nibb.
0.,:00,%

Ci FCHAA PCHAAIL,
140.,200,. %

CI Fudob Fliubl,
140, ,.00,%

CF HLEADB.
504, <oy 150, , Ux*
TY hbava.
Oupce,2iCax*

T4 LEaDd.
Coyea,200.%

MA TLu1V TEs1V2,
20,00, 100, 200,
CC siLlis WELTL BRLTC,
QejcarsldUle,Ve,i0%
CV {iiPa LKibo.

P4 LUdbow UPPERA LOWERD CPPLBR VEL.

0.,1.,200.*

5P FPIN: POLAE.
02,0l eck

PQ HiCA [HiCuy.

15.%

Py 51A 01b.

Up %

PU hLonA £513.

B2.%*

By HiPaLhk HIPAAA.
118, %

PO FUHAAL rlrBBl.
154, %

PQ BSLh SZIA,

19¢, *

PY 52d SIu.

226 %

'Y tibavAPN ubADuiPK.
202.%

PY i ADAAV 1L ADoAV,
PQ Vel_AX VELLIN.
334,

po,

5P PhaiNY PHASE.
100, e, 04, 15000, %
PC FLidd CHRSTA,
PP,

SP PBRLNT CAKRT.
20C.,-10L0.,060G0.%
PC V1l

PC UEPEnA.

PP,

SP PLLNY LRV,

Z20Ua =0(C0,.,0000.,%*
PC olLllh BLLid,.

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page
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120 PC FCHaA FCiibB.

121 PP,

122 PS BELTC,.

123 T2 TE3TV..

124 Deglie, 200, %
END OF PILE

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 3)
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#4RUN OFF SeDATA c=oFRINMTe F=eI[Hke
sENECUTION BERING

DEFALILT FINARL TIME 13 PESET TO 200.0 MIEC
QUTPUT QUANTITIES FOR THIS PUN ARE IN METRIC
LOSICAL DENICE NUMEER FOR TEXT DRTR 1T =2
TEST QUANTITY NRAMEL TESTY  FROM 0.0 TO 20000 AT
HE=T FOUR LIMES COMTHIN MODEL RUN DESCRIPTION

tWMA -0 MAN MODEL RUN R

UMIT:.

1.

MYMA 2-D

VER.
JUL S 197Fe0N: 0429
GURMTITIES FROM THIZ RUN ARE IN

METRIC UMITE.

FIMAL TIME RECORDED 1% gou,0 MIZEC TIME IMCREMEWT IS e
ACTURL MUMEER OF FPOIMTE IT 101. HUMEER OF ELLIPIET = 1S

0F REGIOME 10y OF INTERACTION:
UMFILTEFED ACCELE
HMODEL SUANTITY MHAMED
LUHFILTERED RCCELS
MODEL GUANTITY HAMED
UMFILTERED RCCELE
MODEL SUAMTITY HAMED
ZLL-LIM:CHEZTE % LIER
AODEL QUAMTITY HAMED FIHA FROM
BLT-HTH: UFFER TORZO BELT %2
MOTDEL QUAMTITY HAMED  BELTH
BEOLY L IME RAMG YEL
MCODEL RUAMTITY HAMED
EQDY LInk AMG WEL UFFER TOrR=0
MOLEL SURHTITY MAMED  UPFERA  FROM 0.0 TO go0.0 97
HEST FOUR LIMET COMTHIN WMODEL FUM DESCRIFTIAOM
MYME @=-T MAM MODEL RN B
\

14
HERD
FROM .0 7O

CHEZT

CHEZTR FROM 0,0
HIF

HIFA FROM n, 0

REZLULTHT
200, 0 AT
FESULTHT
Sn. 0 AT
REZULTHT
200, 0 AT
MM FORCE
200, 0 WY
H=F
con, 0 AT
TOR=0O
con. 0 AT

HERTIA
TO
Ta
0.0 TO
FrOM 0.1

MIDDLE
FrROM (1]

TO

LOwWeRA 10

MVYAR =Dy WER,
g 13vannanyit1l
OUAMTITIES FROM THIZ FUN RRE IH
FIMAL TIME RECORDED IZ o0, 0 MIEC
HOTUSL HUMEER OF POIMTI IZ 101,
F FERIOME Sy OF INMTERRCTIONE
UMFILTERED ACCELEZ
MOOEL GUANTITY MAMED
UMFILTERED HCCELE
MODEL QUAMTITY MAMED
UNFTLTERED RCCELE
MODEL CUIRMTITY MAMED
ELL-LINICHE:=TE VI OLEER
MTDEL OGUARMTITY HAMED FCHE FROM
ELT-ATH:UFFER TOFEZO BELT Y=

METRIC ULMITE.

TIME THOREMENT T2
HUMEER OF ELLIFZET

14

HERT
FROM n.
THEET
CHELZTE  FrROM i,

HIF
HIFE FrFOM i,

REIULTHT
S0n,n /T
FEZULTHT
aon, o AT
FEIULTHT
gan. o AT
M1 FORCE
200, 0 AT
FA—F

HERDE 0 Td
il
1]
.

0 7J

MODEL (UAMTITY MAMED  EELTE FeOm .0 73 cno.n AT
RO LIME AMG VEL MINDLE Tarz0
MODEL BUAMTITY HAMED  LOWERE  FROM D.0 70 200,00 /T

EDDY LINE
MODEL GURNHTITY

HME WEL
HAMED

LFPER
FrOM 0.0

TORE0

IIFFERE TO 00,0 AT

S=FILTAER 9=TOAT 1=R3 &:

1]

’

o i iy mna i s

o

ey Fia I

o

M

EC

2.0 MEED

INTERYALE,

OF LINEZ = 7

.0

.0

.

MIEC
MIED
MIED
MIELC
MEZET
MEEC

MEEL

a0 MEEL
1%, DF LIMER

M
MEEL
MZEC
MEEC
MEET
MEZEL

fMEELD

INTERVALE,
INTERVAL T,
INTERNALE.
INTERVALL,
IMTERYALET.
IMTERVALEL.

IMTERWHLE.

[

INTERYALZ,
IHTERVALE.
IHTERYRALLE,
IHTERVAL S,
THTERVAL S,
INTERVAL .

IMNTERMALE,

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH

OUTPUT (Page 1)
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[N I Sy I TR

RN YR B )

—
—_

1z
13
14
15
1
v
15
13

=0

LNl M0 o=~

y = T

— b b e b a b s
=3 T 0 fa G 1) -

Tit -
DungiLY & BN X1

D)

T

[ I R A% A ]

ST RN B BN 5

et et s e
o I SR | I RS T )

—
ir

1%
15
=

cl

N
o, 0
0.0
0.0

B R T
0,04
0, ns
0. DE
0. o7
0. 62
0, 0%
f.1n
0,11
0,12
0.1z
a.14
0. 1%
0,15
0,17
n. 1=
0,12

.
o, ot

DEGREE

— o) n

-
o 113
=R =]
e T
R
4,33
G 07
e el
e LN
- g
T
S.EL
g, a2
3,08
Seed
=
et
f. 34
4,23

DEGREE
S.19

[}

¥

o =
.
=1

gy
1.11
1LET

IS N U

0=y 00 200
.

TABLE 13.

& FIT [EGRE

A3
J

S.00
4,00
.00
c. 30
1.00
I}
1.0
=i
.00
4,00
.00
Bl 00
v nn
.00
Q.00
10,00
S, 00
S0 0n

B
. 0
S

4 FIT DEGREE

5.8

3,30

.
[ 3

DB 1]
= T

P | |;. =4 N

.
1 =g e 0 T

ot -

T .
. .

F oS RN B AR N KR N B IS SR | |

L m

n

R RN I e e e A T R
.

20 0

Lo

)

~j

o

SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH

OUTPUT (Page 2)
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¢ 0
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P BV RN} T

[RGB B U | I R GRS SN 4

« =
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V
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DEGREE 2 FIT

s

5.7l
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.09
1.37
.y
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FOR GUAMTITY NAMED TESTY MEHRIURESZ ARE: MIN = n,w v MAY = 10,0000 .
MEAN = s, 00uts YARIAMCE = 20953y MODE = S.0000s MEDIAM = S, 0nan
FOR GURMTITIES HAMED FCHA HHI FCHE
FHHZE CORRELATION COEFFICIENT IX 0.330%
ITART TIME FOR FIRST QUANTITY I: 120.0 AHD FOR SECOMD IS 120.0 MIELC.
ITART TIME ZHIFTED FROM 0.0 TA 140,00 MIED
ITART TIME =HIFTED FROM n.0 T3 140,10 MIEC
FOF QUAMTITIEEZ HAMED FLHA AMD FCHE
AMPLITUDE COFFELATION COEFFICIENT IX 0, 2a7e MITH FRCTOF OF 1.1000
FOR GLUANTITY HAMED  HERDA FOURIEFR tDEFFILIEr 5 ARE ar.r3s

-5, 375 -14.8220 -3,975 —3,450 .28 -10,228 128,783 -7, 498

-4, 473 -1.6584
ITHERT TIME 12 .0 TIME IMTERWAL T: g. 0 FERIOD IE 00,0 MIEC,
HUMEBER OF HRFMOMICE I3 S BATIC FREQUEMCY I SL GO0 CPI,
TTHFT TIME ZHIFTED FROM 0.0 TO 140,00 M2
QUANTITY MNAMET FCHR  » ETRARTING TIME _HIFTED FROM .0 TO 140.0 MIEC
FEMAMED  FCHRAR
ITART TIME IZHIFTED FROM .0 70 140, 0 MIED
AUAMTITY NAMED FCHE  « ZTRRTING TIME ZHIFTED FROM 0.0 70 140,00 MTED
SEMAMED  FCHEE ' .
FOR GUAMTITY MWAMED  HERDA H.I.C. INHDEX SIS WITH T1sT2= 0, 0300 u, 200,
FOR GLUARMTITY MAMED  HERDE H.I.C. IMDEX 1225.3 WITH T1sT&= 0, 0400 .hunu
FOR QUARMTITY HMAMED  CHEETH FFUH 0,0 TO 00,0 AT .0 MZEC IHMTERWALE
IEVERITY IMDEX HAZ VYALUE &2 31
FOR QUANTITY MAMED LHE-TE
- TEWERITY IMDE: HAZ VALLE
FOR DUAMTITY HAMET EHESTH FRDM 0.0 TO 00,0 AT o MEEC INTERWVALD
MODIFIED SEYERITY IMDEX HAL VWALLE 445,1873
FOR GURMTITY MAMED  CHEZTE  FROM o, T 200,00 AT 0.0 MZEC INTERWHLE
MODIFIED ZEVERITY IMDE: HARZ WHRLUE  47V3.48288
HEW HEMES /RE:  HIFPARX HIFRIH HIFREM HIFRYR HIFACE HIFAOD HIFRETD
HTFEAMM i
FOF GURMTITY nwnén HIFH MERIURES ARE: MIM = 4546y MAM = R T B
MERM = 18, 3318y WARIHMCE = ZT.e424y MODE = 12,8967y MEDIAN = 15,2338
COXFIDEHCE IHTEF”HL = SE v
MEW HRMEZ ARE:  HIFERS HIFEIN HIFEEN HIFEYE HIFECF HIFEROD HIFEED
HIFEMM
FOF DUANTITY MAMED HIFE NERSHPE’ HEE: MIH = 0.5
MERM = 16,7185 VWHRIAMCE = 1683 MOLDE = 10,431
COMFIDEMCE IHTERYAL = 26, TRES
FOR OLENTITY MAMED  FOHAR FrROM 140.0 TO oo, 0 AT Sl MEEC IMTERYALZ
IMTESRAL T3 148, 23432
FOR DUAMTITY MAMED FCHEE  FROM 1406.0 TO &00.0 AT L0OMEED IHTERWRALT .
IMTESRAL 1% 173.28Z0
HEW MRAMES ARE: HEADEFF  HEATECH
TTRET TIME SHIFTED FROM g.0u 7o S0.0 MIEC
GUAMTITY MAMED  HERDE FROM  So,0 7O 1S0.0 AT .0 MTEC IMTERVALS
HAL FREUUEMCY I, 0 WITH COEFFICIENT I R5ER
FEMAMED FEZFPECTIVELY HERDEFR  ANT HERTDECHM
MEW HAMEZ HRE: HERDRFE HEADRARY HERDRIT
FOR GUAMTITY MAMED  HEADA CERK WALLE IZ EFLEULL AT 0, 1T7e0 ZEC.
THREE MILLIZECOMD AWERARE I ET. 0570
HEW WAMEZ ARE: HERDEFE  HEADERY HERDEIT
FOR DURHTITY HAMED  HERDE FPERE WAHLLUE IZ H1.TeRl BT 0.1TEN EC,
THREE MILLIZECOMD AYERRGE I3 oE, e
CANTITY HeMeEDd  TE=TY FROM .0 TO 00,0 AT 10,0 MIEC IMTERVALS
HAZ BEEM MULTIFLIED EY SL 000 /MDD RENAMET TEZTW2
FOR QUANTITIES MAMED BtL1H AR BELTE
CORRELATIGCH COEFFICIEMT 1% 0.3522 FEMAMED  FELTC
HEW HAMEZ ARE:  HIFAYE HIFRMHM
MEW MAMEL ARE: HIFEYWFR HIFEMM
FOF QUAMTITIELS HWAMED HIFA AT HIFE F AHD F& = Lelvan .
VAR TAMCES ARE THE ZAME,
HEW HAMEL ARE:  YELHAX WELIH VELEM WELWVF
FOF DUAXTITIEEZ MAMED  LOWERA «»  LFFESAR o LOWERE »  UFFERE »
MEAM CURYE ZTORED AE YEL.
FOTHTWISE WMERTURES ARE: MAY =  S54, 5395, MIM = -7FS&,.5
YAFTAMCE = 132445, 6875

n:n

({1}

0.0 70 200,01 AT 0.0 MZEC IMTERVALE

Ve MRAE = Hl.57e1
te METLTRAM = 14, 330z

c‘l ]

_'l
'I

l
o0
My
m
H

=iv.and

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH
OUTPUT (Page 3)
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FrF POLAR FLOTs FEFERENCE LINES RRE 0,200 EELOW AND 0,200 AEOVE 1.
VCALING PARRAMETERE HARE: ~ -1.4000 14000 L.dpon ~1.4000 3.2

22,1483 a7 u00nn -13, 22857 2a. onon 0, 0158 0. 0259 D.3111
FOR QURNTITIES MAMED  HICA AND HICE WITH VYRLUES Q90,3822 1
FOLAR POINT IS AT Hsy= 0, 7ial 0.1292 LAEELED A
FOR GUAMTITIES HRAMED YIR AND LIR WITH YALLUES 838,8830 205, 3787
FOLAR FDOINT 12 AT == n.7ele 0. 7475 LARELED B
FOF QUANTITIES HAMEL MZ IR AND MIIE WITH YRILUEZ -445,1372 475, 40
FOLRF POIMT 12 AT %= 0,130z . 23278 LARELED C
FOR CUARMTITIES MAMED HIFAIN  AHD  HIFAAX  WITH YHLLED
FOLAR POINT IZ AT Hat= 0o, 00t =i, D053 LREBELED D
FOR GURMTITIES MAMED  FCHRARI  AMD FOHEBETD  WITH YALUES
FOLAF FOINT IS AT sab= -0, 7438 0. 2527 LABELED E
FOF CUAMTITIES HAMED MIIA AMD zIA WITH YWRLLES.
POLAR POINT I3 AT sa¥= -0, 5239 -0, 0324 LABELED F
FOF QUARANTITIES MAMED MZIE AMD IR WITH YRLUES 4754688 205, 37E7
FOLAR FOIMT I3 AT XY= ~0.4101 —-11, 4297 LABELED G
FOF DURAMTITIES MAMED HEADAFE  AWMD HEADERK  WITH YRALUES EV.entl Sl TER]
FOLAR FOIMT IS AT =a%= -0, 102% -0.7¢3% LAEELED H
FOR GUANTITIES HHMED HEATHRAY  AMD HEADEAY  WITH WAHLUES BT, 370 R, 8
FOLAR POINT IS AT Hay= 0, 3547 -0.BEes2 LARELED I
FOR QUAMTITIES MAMED  WELAX AHD YELEN FOLAR FOIMT I
FOINT WILL EE IMYERTED AMD FLOTTED.
FOR QUSMTITIES MRAMED MELEWM AMD WELAN WITH WARLLES -37.a014 S5d, 0393
FOLAR POINT IZ AT ¥s'v'= 0, os0d =0 0294 LREELED J
FOF FHRZE FLAME TYPE FLOTs
SCALIMG FARRMETERE ARE: 0.0 PSGO0, 0000 o0, 0000 0,0

0. onaEv . 0unon =0, 5400 SS.00nn ST LR . 9259
FOF CRRTESIAN PLOTs
SUAL IHG PREAMETER: REE: 0, 0

WLESHN - 2. nang -0, N3ET
FOF DEVISTION FPLOT
TCALING FRPAMETER: ARE: Y

0. &S00 S nnon -0, nosg
QUANTITY HAMEDL  EBELTLC HAZ WALLUE
FOR QUANMTITY MAMED  TESTVWE  FROM

OFF FRGE.

(5]

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH
OUTPUT (Page 4)
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LS

VALI0ALION COmMAND . LANGUAGE PROGRAMN FAGE 5

PEASE PLANE TYPE PLOT
FCda AS ¥ Viasts CLESVA  AS X.

INDEX TIWE X Y INCEX TIME X Y INDEX TIME X b4 INDEX TIME X b 4
1 ] C.G 0.4303 27 52.06 c.0 5. 7441 53 104.C 0.0 24,0981 79 156.0 1029.2327 10.2070
2 2.0 C.90 4.623C 28 54.0 0.0 25.8193 S4 106.0 0.0 . 21.9454 80 158.0 1552.5078 15.0924
3 4.2 C.C 5.2312 £9 50.0C 0.0 27.4693 55 108.0 0.0 19.753% 81 160.0 2505.3455 19.5€35
4 6.0 G. 0 w.7839 30 58.C 0.0 29.4659 56 110.C 0.0 17.6475 82 162.0 4053.1379 33.5560
5 8.9 C.C 6. 3935€ 31 &C.C C.0 30.9533 57 112.0 0.0 14.9579 83 164.0 6108.3711 46.0893
6 12.) ved 4.33:21 32 62.9 0.0 32.0579 58 114.0 0.9 11.416¢S 84 166.0 8273.2461 61.7612
7 12.0 .2 2.7707 23 64L.C C.0 33.3154L9 59 116.0 0.0 8.1227 85 168.0 9843.5(39 75.5641
8 14,9 (VPR 7.2506 34 66.0 0.2 34.6094 60 118.C 0.0 5.1593 86 170.0 10109.1484 80.0315
3 16.2 C.C 7.4559 35 68.C C.0 30.4383 61-120.0 0.0 5.7757 87 172.0 B8921.3477 60.8688
10 13.0 ¢.0 8.569C 36 7C.0 0.9 29.8415 62 122.0 0.0 9.3045 848 174.0 6538.5977 41.4099
11 2C.Q GG 9.6271 37 72.¢C 0.9 35.6653 03 124.0 0.0 10.0032 89 176.0 3313.7734 27.4307
12 22.9 G.0 1C. 3804 28 74.C 0.0 35. 3123 64 126.0 0.0 3.4641 90 178.0 1480.8242 15.7101
13 24%.9 [ 11.9757 39 76.0 0.9 35.4235 65 128.0 0.0 7.5518 91 180.0 1352.2383 10.6330
T4 2649 (.0 11,0465 4G T6.0 0.9 34.7423 66 130.0 0.9 7.1602 92 182.0 1217.0308 4.5510
1> 28.0 C.0 12,2114 «1 80.0 0.0 33.7080 67 132.C 0.0 6.7313 93 184.0 108C.3774 7.3792
16 3C.0 6.0 13.95C9 42 82z.0 0.0 3..3543 66 134.0 0.0 7.0419 94 185.0 946.0515 16.1921
17 32.0 C.0 14.1304 43 84,0 0.0 32.6856 69 136.0 0.0 8.5886 95 188.0 818.3242 22.5625
18 3u4.0 (oD 15.1298 44 86.C 0.0 32.8794 70 138.0 0.0 9.38¢€3 96 190.0 700.5403 25.8059
19 36.0 C.0 16. 1653 45 8e.C 0.0 32.5149 71 140.0 0.0 11.6105 97 192.0 594.1235 25.9751
20 38.0 6.9 17.2394 46 90.C 0.0 33.5293 72 142.0 69.0192 13.9412 98 194.0 499.3674 24.1450
21 40.0 G.0 18.2337 47 92.C 0.0 35.8933 73 144.0C 161.1398 10.3320 99 196.0 415.4136 22.8289
22 4z.9 C.0 14,0720 48 94.0 0.3 41.7513 74 146.0 254.6586 9.697:% 100 198.0 342.2168 24.1671
23 44,0 C.O 15.1915 49 9€.0 0.9 40.0335 75 148.0 357.99053 7.4119 101 200.0 280.7485 25.1228
24 u6.0 Cc.¢C 16.954¢ 50 98.0 0.0 3e. 1482 76 150.0 465.8789 7.0181
25 u48.) .2 19.2131 51 10C.C 0.0 39.1593 77 152.0 583.6179 7.1919
25 50.0 C.0 21,8298 52 10z.¢ 0.0 £29.09¢€4 78 154.0 746.2722 8.1855
27  S2.90 Gl 23.7441 53 104.0 0.0

z4.0981 79 156.0 1029.2327 10.2070

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH OUTPUT (Page 9)
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CF.
1o, e 1o

TR MOME.

«9.

TG TESTW.
1ol 200,
MF .

Isce

Mo HERDA,

Es e, o200,

ME.

R r B B SO ) I N I VR

[y
—

iz Tede
I {1 HERDE.
14 BySelorcill, ¢
15 TF HERDHA.
1/ e 1lie 200
17 TP HERDE.
1= Oalcc0le
12 22 HERDA HERDLC.
i 100« 10s200e

TF HERDLC.

Del0ci00e

=E HERDA HERDL.
1010100

FZ HERDD.

MC HERDR HERDE DIFF.
Oe e 200

TF DIFF.

He 10200

FI AN,

el 200
1.S+FMHEADD+SOHEADA - FMEAHERTDEeZ~-DIFF-13E
TF AMEZW,

Os 10200

[ ¢ I R R N

G L D0 L U i P PO 0 T Do Fo Do D)
Do IS W RN T N o

$a U [0

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND AUXILIARY OUTPUT FOR AN
ADDITIONAL EXAMPLE (Page 1)
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#ERUN OFF S=NEWDAT &=+PRINTe F=eIINKe Z=FILTAR 3=TDAT 1=33 2=G3 I=HZ $=HS
SEXECUTION BEBIN: ,

DEFAULT FIMPL TIME IS REIET TO 00,0 MIEC

OUTRUT DUARARTITIES FOR THIE PUNM AFE IN  METRIC UMITE,

LOGICAL DEWICE MUMEER FOR TEST DRTH I% 2

TELT GUAMTITY MAMED TEZTY FROM 0.0 7O 200.0 AT 10,0 MIEC INTERYALT.
HEXT FOUR LIMES CONTARIN MDDEL FLH HE:LPIFTIUH

MR 2-0 MAM MODEL FUM A

MYMA 2-[y VER. 3
JUL 2 197R00 04 29
PUAMTITIES FROM THIT RUM ARE TN METRIC UHITE.
FIMAL TIME RECORDED IS &00, 0" MIEC TIME IMCREMENT IE 2.0 MIEC
HCTUAL HUMEER OF POINMTE I5 101, HUMEER OF ELLIFSES = 15. OF LIMEZ = 7
OF RESIOME = 10y OF IMTERRCTIONS = 14
LIMFILTERED ACCELS HEAD REZULTNT
MODEL QUAMTITY MAMED  HEADH FROM o,0 TO 200,00 /T S MEESC IMTERYALE,
HEXT FOUR LIMES COMTAIN MODEL FUM DE-_FIFTIUH ‘
My'MA 2-0 MAM MODEL RUM F

MWMR 2=Ds YEF. 2

UL & 1ITEOGIOTING '
QUAMTITIES FROM THIZ RUM ARE IM  METRIC UMITE.
FIMAL TIME RECDRLED 1% 200.0 MIEC TIME IMCREMENT I 2.0 MIZEC
HCTUARL HUMBER OF FPOIMTS IS 101, HUMEBER DF ELLIFSEZ = 1S« OF LIMES = &
NF FRESIOME = Sy 0OF INTERFACTIONE = 14

UHF [LTERED ACCELS HERD FEZULTHT
MODEL GUANTITY MAMED HERDE  FROM 0.0 TO 200, 0 &T 2.0 MIED IHTERVALS,
FOR DUANTITY MAMED  HERDH FrROM 0.0 TQ 20000 AT 10,0 MYED IanPHHL-
WALUES ARE 1. 00G7ase 1.013711% d

3_44,n"“ 16, D9S520
56 44T

FOr ““HHT HEHﬂE FFDH 0.0 70 oo, AT 10,0 YRS INTERVALS
YALLES HFE 1. 0007ssy Lo 1.1737194 1_.u+414h
: 2 11.944047 =1 =4 =
4o, 52 53,14
SE.S1400 19,7
cl.414: 33,

P T 14 2R =
STRET TIME THIFTED FRDOM .0 TO 100,00 MIEC
CRAUANTITY HHNED HERDIR  +» EZTARTIHG TIME HIFTED FFOM 0.0 70 0,0 MEEC
FEMAMED  HERD
FOR QUAMTITY HAMED  HERDC FrROM DL 70 too.n AT
YHLUEL RRE Sl.412731 4..4 HH 4
19, 002983 F.TSE1488 =
3z, 0S5e6d 14514 ]
ITART TIME ZHIFTED FROM 0.0 TO tan, 0 MSEDC
CEAMTITY HAMED  HERDA ZELECTED RT TIME juu 0 mMEZEC PAHD REMAMED  HERDD
QUANTITY MAMETL HERDI HAZ YALLUE S1.412781
GQUAMTITY MAMED  HEADH MIMULS QUAMTITY HEMED  HERDE REMHRMETD ODIFF
Far UUHHTIT: HAMET DIFF FFDM .0 TO 00,0 AT 10,00 MIEC INTEPJHLE
”HLHF HPE 7 .LE—nr -1, 1hunu”4. ]
v s

D INTERYALE

-.¢654?95
~-1.15%d4744
-43, 3231500 It

RE*HLT OF FORMULA IHTEPPPETEP X

13 TSI —PE.S4 -7
P T = = 4
“:‘E-.I:’ —rT. 2 nn..“l. =T .37

-7a, 58
FOR GUANTITY MAMED  AHSM  FROM 0.0 TO 00,0
WALLES ARE B 11E378 3L 4TS

—E’,-rﬂrrc =7, 5751 04

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND AUXILIARY QUTPUT FOR AN AD-
DITIONAL EXAMPLE (page 2)
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P,
1¢200s1e
DEFAULT FINAL TIME IZ RESET TO 00,0 MIECD
QUTFUT DUANTITIES FOR THIS RUM RRE TN METRIC  UNITE,
M.
1e e
HEXT FOUR LIMES COMTAIN MODEL RUM DESCRIPTION
MYMA 2-D MAN MODEL RN B

MYMA =Ty YER.

qUb 2y 1RFennnFil
DURMTITIES FROM THIS RUM ARE IM  METRIC UNITE,
FIMAL TIME FRECOFTED T= 00,0 MIEC TIME IMCREMENT IS 2. MEZEC
ACTUARL HUMEBER OF FOINTT IZ 101, HUMEBER OF ELLIPSET = 15 OF LINET = &
OF REGIONET = P OF IHTERACTIOME = 14
M HERTA.
SedaZa2iine

UMFILTERED ACCELE HERTD FEZULTNT
MODEL OUAMTITY HAMEDL  HERDHA FrOM .0 70 00,0 AT 2.0 MEEC IMTERWHLE.
Fis FILTAH.

FILTER DEZIGN FROGRAM

- e St o o . o o S P e

ENTER COMMAMD: ‘LELIEMs GEMERRTE OF TAVYEY
I

veevese FILTER DEZISM ROUTINE ...,

TAMPL IMG RATET (HZD
200,

HOu MAMY BRANDEX

e

BAMD = 1: 0.0 = LF <« UF < 400, eo ENTEF
FRER. OF LPFEF EDRE « RIFPFLE (GRINY
40,y 025

EAMD & 28 40,000 < LF < UF = 400,00 EMTER
LOWER EDGEs FRIPFPLECGRINY

S0 e -50,

EMTEFR THE HUMEER OF THE ERHMD WITH WEIGHT=1
1

EILTER MAGHITUDE REIZFOMIE ZPECT:
EAMD I_OWER LFFER GRIN WETGHT

1 0.0 40, 000 1. Goan 1,000
a2 S0, 000 G000, un n.n 0,91137
1% THIE RCCEFTARELETY
v
FILTER LEMRTH® o2, ., <1380

oo ov0Ou WIEH 70 OFPTIMIZET
H
GRID DEMZITYT

100

TABLE 15. ?AMPLE %NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
Page 1
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ceeanns FILTER DHHRHCTERISTIfS Peaaeas

FIMITE IMPULSE REZPONIE C(FIRX
BAMDFREE FILTER ‘
FILTER LEHGTH = &5

GRID DENZITY = 38
MO. ITERATIOME
TOTRL DENIATION

-+ 0. 025453293 [E

BAMD 1 BAND & ERND
LOWER EDSRE CHZ n.n A0.0000
UPFER EDRE CHZ? G, 0non 400, 000
DEZIRED YWARLUE 1.00000 n.n
WMETEHTIHG 1.00000 f.211268
DEYIATION , 0.254593E-01 —43, 3391
DEZIRED DEYIATION 0. 2499623E~-01 =S 0

pe

non

OUTFUT EXTREMAL FREGQ.E 7

EXTREMAL FREQUEMCIES

G0 0.0172ell 0. 0338240 0. 0451387 O 0300000
Do1000Gno B 104303 0.116385% . 0, 1317459 D.1421149
. 0. 200e340 n.2190471 0. ezes304e
0.2547 1. a29n3v1s 0, 2032249 0. 3E87R7FFT
0.294553 0.3817449 O.da0nn N.41584511
gz 04548613 n.47251354 0.4902715

QUTPUT GRAFH OF FILTER?

ZAMFLIMG FRERT
S00.

LOR EZCRLET

¥

Soa 20, s 36,

FIGURE 15. ?AMPLE §NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
Page 2 ‘
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0.0
-0,
=0,
-0, 0z
(1

oD Mo Ne fo o
=g T fu M2 —- ¢

=10,
=1, 0
a,
0,1
(1Y)

L0l

0

Ao—=

goo, nau
.06
H

EEG»EMI POINT:
Tha 10015,

Do
non
non
o
Lo
non
oon
oo
non
oo
oo
oo

fu e =) T4

L RO R I X

WAMT TO TRY FOR
H
OQUTRUT TMPUL
y
TABLE 15.

EETTEF REZUL_TEY

'E RESIFOME

PRIPELPPPPPIPDL2200000009000000 000030000000 000% 00
0000000090000 00003 0308000000000 000000080000000000
POPPPPLPPPPP9293009000000000000 0200000000000 00000
PPEPPPPPPP220000200900000020009000000000000000000
G000 4000090000900 000000900000009900090000000000
FEPPPPPCL 0002000000003 33003000000950000000000 00900
PR320 0000 0000000000000 00000000300000000900
P20 08 8200300000000 000030050090000000000 000900
PLPP0003 0000003000000 0000 0209000008000 000000000000
SPP00000000000000000008000800000008000000000000000¢
FPPPPPPP000 0000000000000 0800000000909590000000009%¢
P00 800080800003000000000000080009040000000000
PP 2520800050000 09000000000090000000000000044
PLPPP00000000000000000 0000880000000 090000040000040
PP 0020000004000000000090000000050090%000900004
PPV PR320 800304000000000000300040090800000509
PLPPLPL 0000000008833 03000000058520000500080000»
PPOBPP00080209 0008080000000 0080809000000000004
0000000000000‘0000000000000000?000000000000000
PRPPPPPP00880020000908000000 8900900000000 0
(22222222 2 22 2222 d 2222222222222 2222222 2 % 2

CRPPPPPPP 2000000000009 090000

(22222222 22232222222 22222 X222 24

(222 22 2 222 22222 222222222222 22

(22X 2222222 2222222222222 2 22 2

P00 00000030000000500000

PLLPPP00 0082000530000 00000
22222222222 2222222 222222222 2 2 4

PEEPPPPPP00320 080000000
CEIPEP000000000000080000000000

(222222 22 S22 2222222222222 22 2 2

(22222222222 2222 2 24

CEIPLP0000000000000080000000

P20 045400000300409020004000

PEPPPP 0000000005000 0000000 000

PEPPPPP D000 003 0000000000000

PP 5008009000800 0 0000000005000 0 0040904000000 00
PP PHPPP 4000200005000 00000002 900000008000 0000009
PPPPPPLP P00 0200000000008 50 000000080000 900000000000
PPRPPPP 0200200800000 80000000000 000000000990 40000000
P24 0000000000000 00000000200000 9000000090000
PLIP00P50P20000020 0050000000030 00000009000 000009
CPLRP220000 0000080000008 40000 5000000909000 000004
PEPPPPEBPRAPP00000 00000809800 0000 000000000000
PEEPPLPP2000000000090805 0000000000000 90000»
PHLPLPP000000 0000500002090 004000900000

(22222 2222222222 22222222222 2 X 3

PP PPPH 0200050008 920040000
A2 2222222 222222222222 2

LA 2 A2 222222222 22222222 2 24

A4 A2 2222222222222 222 2 24

?QMPLE §NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
age 3
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eevseee IMPULEE FESFONSE .......

He 0, 15924982 1E-08 = HJ

13 SED
Hieoo 2 -1, i e3E=-iz Hi §%)
Ho o 2 =i, OO0dE-0% Hr 543
Hi 9 -0, 134344 D4E- 02 He S3En
He o S -0, 28R4 Z1ITOE-0O2 He 520

-0, IZERETRNE-02
-0, 2942181 ZE-02
=, 146290STE~-N2
0. 10241243 =02

He 511
My S
Hy ¢
Ho 430
Hy 472
Hi 480
Hi 45
Hi ddn
Hie 43
Hi 927
Hood
Hr
He 2
He
Moo
Hi 3¢

HO &)
He 72
Hio 3
He
Hi 103
He 112
Hi 10
He 13
Hr 145
H™ 15
Hi 1&0
Hi 17
Hi 130
Hi 190
Ho 2oy’
Hi &1

-0, 143 0ET16E-11

Hi 2 H&
Ho & Hr 2
Hi & H.S71ecndrE~-D1 Hi
Hie 2 0, 2202413%E-01 Ho

Hi
Ht
Hi

0.116148323
0. 13756704
0.14314513

H
Hi
H

L (T | (| | | [ £ S | { O T [ O T T A (Y T AN T (Y 1 B 14
L L | O | [ | O | O {1 A (O T R}

t:l:f "J IJ': on ,t. DO (1)

M Q0 s

o o o

EMTER COMMAND: JDEZIGHs GENERRTE OF ZAYED
5o,

) \
eoesen PULEE REHERRTION FOUTINE......

STEMAL HART FIVE iIHE—MHVE COMFONENTS:
EMTER HIGHEZT DEZIFED FRERZUEMCY:  dHI»

200,

COMFOMENT FEEDUEMCIE: ARE:
AT 4,00 HZ
AT 40, 00 H
AT 180,00 HE
AT 400, 00 HS
AT SO0, 00 HTE

N et [

HRE THEY RCCEFPTHELEY
&

HOW MAMY COMPOMEMTS ARE TEZIREDT
Sia

COMPOMEMT # 13 WHAT FRER. (HZY7F
1.

COMPOMEMT # 2t WHAT FRED, ©HZ: 7
20,

COMFOMENT % 32t WHST FREGR, (HZY 7T

v

COMFOMENT & 4t  WHRT FREG. ¢HIYT

COMPOMENT # 5@ WHAT FRER, THIM T

can,

TABLE 15. ?QMPLE4§NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
age
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MINIMUM ZAMPLING AT 400, 0 HE
ENTER DESIFED RATE HZh:

200,

LOMGEZT PERIOD = 1000, 000 MEEC.
EMTEF DESIFED SIGHAL DURRTION vMIECY
400,

COMPOSIT TIGHAL © 321 FTEY GEMERRTED FROM

1 AT 1.00 H?
& AT 20,00 HE
3 OAT IT.00 H
4 AT 25. 0 HE
5 RT 200,00 HE

eeessss FILTERING DF ZIGMAL ..v....

HOTICE:

COMPOMENTS HAVE FOLLDOWIMG FREQUENCIESR:

IM CHERTZ2: 1.00 gn. oo ]
MORMALIZED: 0. 001285 0, 02500 0, 4375
WITH ZAMPLING HT 200,00 HI.

I[% THE .00 UZ COMPONENMT INTENDED TO BE
H .
1% THE 20,00 HE COMFOMEWT IMTEMDED TO EE

13
1

I3 THE  3S.00 HZ COMPOMEMT INTEMDED 7O EE
M
1T THE  ©S.00 HZ COMPOMEMT IMTEMDED TO EE
v
15 THE 200,00 HZ COMPOMENT INTENDED TO BE

ZIGHAL ¢MPTT= 21> HAT BEEM FILTERED.

25,00 c i, 0o
0o 10EsS 0.asun

FILTERED OUTY
FILTERED OUTH
FILTERED DUT?
FILTERED QuUT?

FILTERED OLIT*

EHTER MEES HEMDsMIKF  FOR OUTFUT. OF RETURN TO ESITS

1232105

EMTER MEES«MEMDsMEKF  FOR CUTPUTS OF RETURM TO EXITE

EMTER COMMAMD: (TEZIGMs SEMERATE OF SAVEY

FILTER FILTH HAS EEEM ENTERED
FIl HEADR HFILA FILTHA.

FILTER MRMED FILTA WITH S& WEIGHTZs 2 EAMDT

YOUR TAMPLIMG FREDUEMCY I3 SO0, G000 HE.

FrOM 0.0 710 29.0 WITH A GARIN OQF 1, 0000

FFamM S0,0 70 250.0 WITH A GRIN OF 0.0
1% THIZ ACCEPTRELEY AMIMER YES OF HO.

TABLE 15. SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND

(Page 5)
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IMPLILS F PE PONSE IS 0, 159498E-02 -0.294008E-0 -ﬂ.éSSSGOE-US =00 194844E -0

=02 =0, 332RSERE-02 -0, 2R4TIRE-N2 -0, 148 291E-D2 0, 1 0S4 136~
i E-08 u.T4 2E-0Z 0, 9EIFATE-N2 NLSTS43E-02 0, T14RS2E-0
0. 1E3129E-02 -0, 819082E-08 -0, 143067E~-01 -0, 22437 0E-01 -0, 26321 2E-01
-0, 242954E-01 -0, 1472 2E-01 0, 238658E-02  0.ITEIRIE-01  D.ST1680E-01
0. S41E-01 Do 11814eE+00 0, 13FSEFE400 0, 149145FE+00 0. 149145E+00
i SEFE4ND D 11E14EE+00 O N241e-01 N SFIE20E-01  0,278863E-01
HRESPE-N2 -0, 147 2SEE-01 —H.L4hQR4E Nl ~-0,ceza12E-01 -U c4 FOE-111
=0, 149067E-01 =0, 81206 8E-02 0, 163129E~-02 LA IE-0E -94:5-02
N, 9E33ETE-02 0, 748322E-028 DL, 431323E-02 0, 10341 2E-08 —ﬂ 14& ME-0Z
=, 2342 IRE-02 -0, 33ET2E-02 -0 2ER432E-02 ~0, 194844E-02 -0, 9232N0E-D3
-0, 234001E-03 0.159492E-02
QUEHTITY MAMEL  HEADA  FROM .0 70 200.0 AT c. 0 MSEC INTERVALZ
HET BEEM FILTEFED EY FILTH AMD REMAMED  HFILA

FD HE®BB HFILE LFPOSO000, :
WEIBHTZ, &

FILTER HAMED LPOSOGO0 WITH S6 ERMD=

FOUR TAMFLIMG FREQUEMCY I3 S0, 00on HZ.

FROm 0.0 T0O 5.0 WITH A GARIM GF 1.0000

FROM SO.0 TO 290,00 WITH A GARIN OF 0.0

18 THIZ ACCEFTAEBLEY ANSWER YET DF HO.

¥

IMFULSE RE ww.E—Ua

SFHN“E I&
-0, 230433k E
0.431391E- UL
. 1ez128E-02
-0, 2423%4E-01
ned2E-01

—
n

-L!
B
"D
P
l'"!
l'.—

5E-ﬂ;
-{1. 81907 BE~-0S
-0, 147292E~-111
i, 116145E+00

'ﬁ.%flﬂ;1E i

D 14914SE+00 [0, 1431 4SE+0D

56?E+Dﬂ B 116148E+00 N.S7V1E21E-D1 0, 2FESR3E~-1
S -0, 147253E-01 -0, 2429 2EIZICE-N1 -0, 27V 1E-0t
=0 ELFOFRE~-02 0. 1e21E2E-02 H..14F3£F N N.97S9449E~-02

0, 74222%€~-02 0. 4’ ZME-DZ LNR4ITE-D2 -0, 14ESI0E- 02

2 -0,z QE-OZ -0, 22E43IE-NE —0.194045E—UC =0, PETL99E-03

1 HRSE -] 0. 15994 9eE -0
DUARTITY HAMED HERDA FrROM 0, 0. 70 ano.0 /T c. 0 MIEDC INTERVALSE
HAT BEEN FILTERED EBY LFOSOOQ00Q AMD REMNAMED HFILE
TF HEADA.
Nellscne
FOF QUANTITY HAMED  HERATDA FROM 0,0 TO 200,00 AT 1000 MEEC INTERWALS

“HLhE ARE

14 i lhf‘-f
TE.OS4214
TR HFILH.
N l0Z00
FOR 2ANTITY
WHLUES HFE
4,41 a43a1

HAMED

11
70.6407TE
TF HFILE,
Oal0s00e .
FOR QUAMTITY MAMED
YRLLIE: ARE
4.4124785
a0, I0400

11. ""'”"'41.
To.e40510

TABLE 15.

1. 0007887
11 444“4.

HF1LA FrOM

el

44, VRNV
47 SET

T b arad | bl
L.“ 44\_'“41
4.1181870

1.1737194
18.687119

i, 0 TD zon.n AT

n.o TO 200.0 AT

o e nTD
-.J.' || 4,__

10,

]

Cole

SE.

]

2,601

1.7 ”"*414:

1000 MEED

o MIEC

INTFFMHL

B1.714615

IMTERVALE

1.590%e000

U415

<
S3. 354073
2. 54355

21

?AMPLr INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND

Page 6)
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M HFILA HFILE BIFFA.
Defacnine ‘
GUANTITY MAMED HFILA MIMUE QUANTITY MAMEL WFILE FEMAMED  DIFFA
TF DIFFA. '
De10eZ0Ne
FOR SUAMTITY MAMED  DIFFH FrROM B.0 70 200.0 AT 10,0 MEEC IMTERWALS
WHLLIEZ RRE 0. 53046458~ 08 0. 2BE1 NE29E~NS G, 2EE1NE25E-05
0. 11444092-04 0.12119212E-04 0. 4577VEIATE~D49 0. 4577 267E~1g
M. 7ESIZ945E- 04 0, FES33I945E~-04 i, 7ea93345E-04 0.21552734E-04
0.45977 T - 0, FEZIZ945E~-04 0,457 7E207E-09 0152527 23E~04
= SE-N4 0.45776267E-04 0. 457 FR2EFE-NY 012207 021E-02
. 167 24esE-03 0. EE7FSFZU2E-0S
M HEADA HWFILA DIFFE.
Oelfsnie
QUARTITY HAMED  HERDR MIMUE QUANTITY HAMED HFILA FEHAMED DIFFE
- T# DIFFE. '
O 10a 200w
FOR QUAMTITY HAMED  DIFFE FrROM .0 TO D0, AT 1000 MIEC INTERVALE
VYALLUELZ RRE \ n, 28255121 =0 IS1ESETD G.onns11as
=0, 17167952 N.4icenyly -0, 12318420 n.d41191101
S99

1. 1833557 = E0EdT RN -1, 02599595 =1, 24559831
2. nEv1sse =1.043197% 1. e0Es3es =0, 34130407
2. 1960144 0.97154228 TeFL a4 0309 . IPEETTE
F.d134389 29,8590

TABLE 15. ?AMPLE gNTERACTIVE SESSION WITH FILTER DESIGN COMMAND
Page 7
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«saxsd3x CHECK CF FIITERING ROUTINE

72

N UNFIITERELD FILTERED SHOULD BE
SIGNAL SIGNAL

1 0.C 0.000C0C1 0.0
6 .£320€3 1.732u441 1.727151
" 1. E4382€ 1.463224 1.461144
16 -1.5623€7 =0.0115C2 -0.006822
1 0.15638¢ ~0.55527¢ -0.550673
26 0.212089 0.044981 0. 043551
31 1.CE1247 - 0.16032¢ 0.157327
36 -2.€11532 -0.633719 -C.630753
41 0.:089¢1 -0.698011 -0.690988
46 0.87733¢C 0.855479 - 0.858120
51 3.230515 2.309749 2.306559
56 -0.15€139 1.682221 1. 681349
61 0.453¢u1 -0.259412 -0.253099
66 -0.€C5557 -1.057489 -1. 049963
A 0.2€767¢ -0.096337 -0.094838
76 -0.3658€¢ 0.830843 0.829245
81 0.58772¢ 0.584434 0.587805
86 1.54C465 0.337094 0. 345412
91 O.EEY21E 1.261522 1.266744
96 1.77289¢ 2.218211 2.217366
101 01707021 1.4138%6 1.414245
106 1.3C212C =0.535801 -0.52€324
111 -2.C€71¢C -1.173214 -1.163482
116 0.25402z¢ 0.269417 0.273251
121 0.€0eeu41 1.8096C1 1.808993
126 3.71447¢ 1.730317 1.733675
131 0.CC204C 0.919553 C.92€773
136 0.€5552C 1.016470 1.024015
141 0.€6C791 1.596712 1.598122
146 2.5€8166€ 1.031344 1.032546
151 -C.E4121¢ -0.4666C3 -0.45877
156 -1.554561 -0.760626 ~0.749723
161 0.950726 0.945553 0.950993
166 3.4552¢2 2.650325 2.650314
171 2.737917 2.352034 Z.355084
176 -0.€9¢03¢ 0.846836 0.850468
181 €.987215 G.271221 0.280578
186 1.0100S¢C 0.8383¢80 0.841517
191 1. 845037 0.919445 0.520816
196 -1.8€2715 0.0€9¢%29 0.097053
201 C.©99637 =-0.017003 =0.000033
206 1.£3023€2 1.5047¢€9 1.511186
-2 3. €4497S 2.920467 2.920776
216 0.424277 2.2534C6 2.255801
221 . 987334 0.271280 0.280651
226 -0.113442 -0.568155 -0.5577%4
23 0.738223 0.350932 0.355008
236 0.Cu09z¢ 1.235370 1.23€6119
241 0.9507€2 0.9450286 0.951083
246 1. €5¢%4¢y 0.654351 0.664503
251 1. 15891¢ 1.534360 1. 541150
256 2.C0z1¢€9 2.446255 2.446712
261 0.8906CE 1.596799 1.59819%0
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266 1.4412¢7 -0.3983¢€1 -0.390112

27 -1.994592 -1.0815G7 -1.071262
276 0.200124 0.315174 0.319363
281 0.808513 1.809568 1.808974
286 J.E6E35E 1.6€5326 1.687551
291 -0.CE695¢ .0.824296 0.836551
296 0.71727¢€ © 0.885561 C.885836
301 0.706417 1.430806 1.414225
306 2.35€SCE 0.770465 0.803236
n -1.11540€ -0.708669 =0.733175
316 -1.€73614 -1.014369 -1.068838
321 .587021 0.081084 0.587675
FREQUENCIES NCRMAILIZED TO SAMPLING OF 800.00 HZ.

2 BANDS: # 1 42 *
FFECM: 0.0 C.1C00
T70: 0.050C C.SCOC
GAIN: 1.0CCC C.C
56=LENGTH OF FILTER. BELOW IS ITS IMPULSFE RESPONSE
0. 15949€E-02-C. 284C01E-03-0.983200E-03-0.194844E-02-0.286432E-02-0.332658E-02
-C.294218E-C2-0.146291F-02 0.10E413E-02 0.431389E-02 0.748E23FE-02 0.963327E-02
0.975943E-02 0.714€93F-02 0.163129E-02-0.619068E-02-0.149067E~01-0.224270E-01
~0.263212E-01-C. Z4Z2CS54F-C1-0.147253E-01 C.288658E-02 0.276263E-01 0.57162CE-01
0.880241E-01 0. 116 146E+00 0.137567E+00 0.149145E+00 C. 149145E+00 0.137567E+00
0. 116146E+00 C.€€0Z41E-01 0.571620E-01 0.276263E-01 0.288658E-02-0.147253E-01
~0.242954E-01-0.263212FE~01-0.22427CE-C1-0.149067L-01-C.619068E~02 0.163129E-02
0.714693E-02 C.975943E-02 0.963327E-02 0. 748823E-02 0.431389E-02 0. 108413E-02
-0.146291E-02-0.2S421€E~02-0.332658E~-C2-0. 286432E-02-0,194844E-02-0.983200E-03
-0.284001E-023 0.159U49EE-02

OO OODODOOLLODOO O

0P
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1 CP,

2 14200091 %
3 TR NONF,
4 9%

) T2 TESTV.

[>) 191044200e%
7 MR o
8 12%
Q MO -HEADA,
10 61345442006
11 MQ CHESTA,
12 6061509200.%
13 MQ HIPA,
1" 6'9'50'230.*
15 MO FCHA UPPER TORSC SBuy
16 49245442006 %
-17 MO BELTA UPPER TUORSO BELT
18 442595492006 %
19 MO LOWERA.
20 110415492006 %
21 M) UPPLRA,.
22 119315642006 %
23 © RF TESTV.
24 0eel06920049211092,2%
25 FG FILTA,.
26D
27 00,
28 2
29 404 «03
30 80- "40.
31 1
22 Y
33 39
34 N
35 100
36 Y
27 Y
28 R00,
39 Y
40 20, 200, 364
41 N
42 30, 160, 15.
43
44
45 N
L6 Y
47 G
L8 800,
49 N
50 5
51 1,
52 20
63 25,
56 RS,
55 200,
56 RND,
57 400,
58 N
9 M
60 N

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

61 M

62 Y

632 1 321 5

[ XS

€5 N

66 F HEADA HFILA FILTA,.

&7 Y

68 TP HEADA,

€9 0¢10,200%

70 TP HFILA,

71 0.,10,200%

72 MC HEADA HFILA HFILC.

73 0,110,200

74 TP HFILC.

75 0+10,200%

16 oM TESTV.

77 QP HEADA CHESTA, .

78 J00es106 91500 15¢91006910e91500956910%
79 QA HEADA CHESTA. :
80 140015401400 +500200e89alslel*
1 FC HEADA,

a? 0o v5e9200445*

832 SI FCHA FCHAA,

84 14041544200 %

85 CH HEALCA HICA,

86 Be58,485%

&7 CS CHESTA SIA,

ag Qe15e9200e*

89 CG CHESTA MSIA,

€0 - Oee5e9200e%

| Q] CM HIPA,

52 . Oe9200e%

93 ' (I FCHAA FCHAAIL,

a4 1406+2306%

°5 CF HEADA, .

Se 50095091506 s4*

Q7 “TM HEADA,

38 Oer54+2C0e*

99 MA TESTV TESTVZ2,

100 Ces0arlDes20046%

101 CC CHESTA HIPA CCC,

102 0.'5"200.'0.'5.*

103 CV HIPA CHESTA,

104 PM LOWERA UPPERA VFL.

105 Oss5e42C0e%

106 S1 HEADA HEADC.

107 -100,13,200%

108 TP HEADC,

10¢ 0.,10,100%

110 SZ HEARA HEADD.

111 1iC0,10,100%
112 PS HEADN,.

113 MC HE&DA CHESTA DIFF, . :

114 0,19,200% .

115 TP DIFF, :
116 0,10,200%
117 FI1 ANSW,

116 0,10,200%

110 1o S*SMHEADD+SQHEADA/ SMSAHF [LC*2-DIFF-1%E
120 TP ANSH,

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY QUTPUT AND REGULAR
BATCH OUTPUT (Page 2)
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121 0,10,200%
122 SP PRINT POLAR.
123 02092102%
124 PQ HICA SIA,
125 10 % .
126 PQ SIA HEADAPK,
127 Lo
128 PQ MSI A HEADD.,
129 824
130 PO HIPAEN HIPAAX.
131 118,%

132 PQ FCHAAI SIA,
133, 1544%
134 PO HEADAPK HEADD.
135 L 2624%
136 PQ HEADAAV HEADAPK.,
137 298, *
128 PO VELAX VELEN,
139 334,.% - '
140 PP,
141 SP PRINT PHASE,
142 100490690e¢915000,%
143 PC FCHA CHESTA,
144 PP, ,
145 SP PRINT CART,
146 200¢9=10004+6004*
147 PC VEL. ‘
148 PC UPPERA,
149 PP,
150 SP PRINT DEV,
151 2004+=8000448000,%
152 PC BELTA HEADA.
153 PC CHESTA HEADA.
154 PP,
155 PS CCC.

END OF FILE

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR
BATCH OUTPUT (Page 3) '
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DEFAULT FINAL TIME IS RESET TC 2C0.0 MSEC
QUTPUT QUANTITIES FTR THIS RUN ARE IN . METRIC UNITS,
LOGICAL DEVICE NUMRER FOR TEST DATA IS 9
TEST QUANTITY MAMED TESTV FROM Ue0 TO 20040 AT 10,0 MSEC INTERVALS,
NEXT FOUR LINFS CONTAIN MODEL RUN DeSCRIPTICN .
TIHS BASELING, SOTH MALE, LOUSE NECKs APPROXe ULD 2D NOG316
50M. LOUSE NECK. SOM ST.BACK ST« BACK SEAT SEAT AND FLOOR
REAF 30 MPH LAP BELT MVMA 2-D, VER, 3
ICT 28, 197623:09:69
QUANTITIES F220OM THIS RUN ARE IN METRIC UNITS,.
FINAL TIME KECORNDED IS 20040 MSEC TIME INCREMENT IS 5S¢V MSEC

ACTUAL NUMBER (F POINTS IS 4l. NUMBER OF EZLLIPSES = 7. OF LINES = 4

IF REGIONS = S4 OF INTERACTICNS = R
UNFTLTERED ACCELS HEAD PESULTNT

MODEL QUANTITY NAMSD HEACA FRCM 0.0 T 20040 AT Se0 MSEC INTEKVALS,.
UNFILTERED ACCELS CHEST PESULTNT

MODEL QUANTITY NAMEND CHESTA FPUM 0.0 TO 200e0 AT 5¢0 MSEC INTERVALS,
UNFILTERED ACCELS HIP RESULTNT :

MODEL QUANTITY NAMED HIPA FROM 0.0 TO 20040 AT 5e¢0 MSEC INTERVALS,

ELL=-LIN:UPPER TORSO vs spu ' NM FORCE

MODEL QUANTITY NAMED FCHA FROM 0.0 TO 200490 AT 540 MSEC INTERVALS.

VARIARLF SPECIFICATIUON ILLEGAL UR VAKIABLE ABSENT---CATGsNOe=" & COLeNUe= 25
IDENTIFIERS=UPPER TNPSC BELT :

MODEL QUANTITY NAMED BELTA FRUM 0.0 TJ 200,0 AT 560 MSEC INTERVALS.

BORY L IMK ANG VEL MIDDLE TORSU
MODEL QUANTITY NAMED  LOWERA  FROM 0e0 TO 200.0 AT 5¢0 MSFC INTERVALS.
BODY LINK ANG VEL UPPER TGRSO

MODEL QUANTITY NAMED UPPERA  FROM 060 TG 20040 AT 5,0 MSEC INTERVALS,

1 X Y DEGREE 2 FIT DEGREE 3 FIT
1 Gs0 ' 5400 1.7 567G
2 0.01 4¢ 00 2.08 J.60
2 N.02 3,00 24 4C 2e24
4 2,02 2.00 2475 1437
5 De0& 1,00 2,05 OeS9
% 9405 Ue0 3,38 1.02
7 Ue Qb 1.00 3.7 1le40
f 0607 2eCV 4403 2406
9 0407 3,00 4435 2682
10 JeU? 4o 00 40 b 3493
11 0.10 500 5400 S0
12 '.).11 500\) 5.34.. (‘007
14 2,13 Be V0 5467 Te94
14 U. 15 10.%9 hebe e
18 De17 B4 00 : Te27 Beb s
1= Del8 TeG0 7.60 Telt
20 Je1l9 ol T.%E feldb
21 De 20 5.00 «25 4430
I DEGPEE 4 FIT DEGREE 5 FIT NEGRel o FIT DEGREE 7 FIT
1 Seb? 5e 26 5.21 Sedd
2 2466 .90 380 186
2 Je2& 2465 i 2467 2ot
4 1.38 le 67 1.7% lo7a

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 4)
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5 9,90 1,06 1.15 1.15
6 1002 CCR? ) 0003 QQQ‘Q
7 1.40 119 lell lele
A 2,06 lo7} . l.66 leb?
Q 2492 2663 - 2453 2454

10 2.92 2,77 3.66 3,06
11 4.("9 50 ‘32 4093 : ".93
12 hedT 6627 6423 6622
12 . 7407 7440 Te43 . Tet2
14 Te9% 2,20 339 8439
15 Re 61 8489 9,02 3402
16 2,98 A, Q.2¢ S22
17 .02 . ’ de 30 ) 3¢94 8495
18 B84 8e27 Jedc 8423
16 777 Te32 Tel6 Te15
20 b3t 6410 596 : 5.95

21 Le29 . 4480 4457 e 97
[ DEGPEE R FIT DEGFEE 9 FIT DEGREE 10 FIT DEGKEE
1 felQ . Se21 . 526
? 2.89 3.81 2,0l
3 2669 2457 . 2662
4 la74 1.67 173
5 1.12 lels l.18
5 0e92 0.99 0e 68
7 le11 1.21 le15
8 le&7 ls 76 1.68
aQ 2+55 2459 2453

10 2,67 3465 3.63
bl be93 4636 4,89
12 Held bel2 6e19
13 Tesl T+32 7640
14 Je 358 R4 34 B8e4U
18 3402 C.06 9405
1+ %23 9,33 9e5
17 Re 7 9,03 Be 98
1“ B Ag24 D.Zd 8023
19 T.16 7.07 Te12
20 3% S5e7¢ 561
21 5401 5,09 5.00

FILTER DESIGN PRUGRAM

- - - —— . - - .- -

ENTFP COMMANDD (DESIGN, GEMERATE OR SAVE)
eeesans FILTEF DESIGN RGUTINE esveess
SAMPL ING RATE? (HZ;

HOW MANY RAMNDS?

BAND # 1: 0,0 = LF < UF < 400,G0 ENTEF
FREO. GF UPPEF EDGE o+ PIPPLE(GAIN)

BAND # 2: 40,90 < LF ¢ UF = 400,00 ENTER
LOWER ENGE, RIPPLE(GAIN)

ENTEF THED MUMHBER OF THE BAND WITH WEIGHT=1

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 5)
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FILTER MAGNITUDE RESPONSE SPECS:

BAND LOWFR UPPER GAIN WEIGHT
1 0,0 40,900 1.0000 1.9000
2 R), 000 400400 0.0 0434599

IS THIS ACCEPTABLE?
FILTER LENGTH? (2<s4e<128)

DO YOU WISH TO QPTIMIZE?
GRID DENSITY?

eesseea FILTER CHARACTERISTICS eceevece

FINITF IMPULSE RESPCMNSE (FIR)
AANDPASS FILTER

FILTER LENGTH .= 20

GRID NENSITY = 66

NO, ITEFATICNS = 7

TOTAL DEVIATION= 0.1311£1557 DB

BAND 1 BAND 2 BAND
LOWER EDGE (H7) 0.0 80,0000
UPPER ENGE(HZ) 40,0000 400,000
DESIREDN VALUE 1.00000 0,0
WEIGHTING 1.92J000 04345993
DEVIATION 0.13:182 -27.13¢1

DESIRED DEVIATION 0.305007E~01 -4040000

JUTPUT EXTREMAL FPEO.S ?
EXTREMAL FREOURNCIES
0.0 040363837  0.0500000 041680000 041141403
0.1424225  0,1752495  0,2085814  0,2424185 0.2767605
0.3111024 '0.3454446  0.3797867  0.4141287  0.4484708
0.4328128 : :

\

‘DUTPUT GFAPH OF FILTER?

SAMPLING FREQ?
LDG SCALFE?

REGWEND,POINTS?

20,000 Q0 Q) s doaksosicodoo ok oo s o o gk koo ok ok oR o ot oot ok ke ol ol o O R 0K Kok oK
21.360 () ¢ D2 Xt aan o e skt xR RN R g ook ok i 0K 2 R 360 R R O e K
22813 QD5 oo v e ok de R ok R ok e e sk o K ook ok R s o b K R ok o R %R Rk
26,364 Qa8 st oksk stk ool ook ook d ok ot oo o ke vk sk ook MR R R K KR
26,021 0o 17 o sirxmate e oot ot st Ok o siofe o e o 0 o o e o R ot e 3 e et ot o o S ek
27,750 0ol Heoomietodomsts Rt S ook o0k 3ok o0 ok ok e ok Ok ok 3ot ook o ot s ol ek
29.680 U 13 3 odeadorone s dodooioots bk s e ok o oo et ok ot o o o o ek e ook 3 e 3ok oo X o e o e e
314,698 (e 13 % odooteiene st et e s el e sl ot oo o oste A st o e o R 0 oK o R K ok o
32,853 Uad ] s okt sk ok o oo e ook o oo o it oot oo e ok oo ok o ol ok ag ol e afe i e o e et % ok e e
356,158 Mo 05 omhoes s oo pofefe gk R vear dotedore B0k g oAl R ol oK RO 38K K A A
IR 616 = Qg DS 2tk sk o v ok e et sk ok b Mt N sl Yok K ok et R ot o oot e ok
41,240 =0 e 22 WK A X R Rt v o R 3 KOO e ok o o ek ok o ok e KK KK K
44,064 -0e49 x*§§**amn*»%*}*kw**4*§ﬁ**kaaﬁ*»***»****»uﬁﬁ»**n*x*
47,033 =00 Q0 FE ARG F IR ot ok dK K K A KoKk kb ook ok Kok R K kR ok %

B0 e 2R =1 o4 Q ¥ koo ot ol Aoke veoate o o oot ok e oe o ookl ol e ok %ot o 34 e ok oK ofe e o ok e ek ook

H

53,654 ~ 20 37 Sedolodkolkots 3o Rk o ok ok R e gt 3ok o koot Ve e ok kool o oK K R 3 o K Rk koK
57.202 =251 dkdon i o sk ot ook oo ootk 2o sk e dle o3k o o o oK 3 kol i e e ok KO ok e ol Kok e e
O—o_.oo =5 el 6 e dsleokokokod s Ao vone o or ok ok oo oo e e kool ol ook ok ol e e e o TR X ol R ok e i ol o e
65 4251 =T o 5O % %3k oot ool e o e e 3k o o ook o ol sk e Ak sk o ol e ok e o i A 3 ik e ok e ok R O Kk e ok

604 B0G =Y (o BE  delstooed ko b ok ey e v o o o Xk e 3 ok o ok o ol a0k ok 9 o o ot e ek okt ok
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TG oB62 =10400 ¥ droxuodsk ot R ok gk ok ok o e e ok Ak 2k e ook o e ok 3K
70621  =2549%6 ook dokok kol ok ook ke ank kb ok ook deook ok ok
RR,02¢ =34 434 Mo RdcR % ok g dexsap ot Fealexe Ak ok ot ok o ok ok ok o ofe ok e ok ak ok
' 90,818 w2 Te 1T Fodedoook ook sk Kok oo ok o ok 1ok e dcofe steok e o e
06 6CG4  =31405 Rt deodedodesoson ook ok ek o ok o) s ok X fxe Xk o ok
102 ,5R0 1) g 43 oot dexts v ik o ok ok o ok sk ok o o ok ot ok ok ok K ok
J106A3G =27 o990 koot ok weak sl o vk o kool ok sdeate ok o o ok 2 ool o o o o 3
V18,157 =2R420 sk oo om ook sk xcod ok ook ok oK 30k ok sk ok o 0K ko ok o i
1264101  =6R,56 ddoxmiohs s konodor son b okack o Fokok kb kokokk
134,772 =286 QT etk v dok o ok 0% % e o vk a o e 3K o ok o ok ok 3ok ok KK e
142,937 =2 R 1) st aoeok otk s ook ok ok o %o ok o ok o ak ot ol ok e o e e e ok o o ok ok ok ok
163, 725 =554 95 s dtoskor sk kool o o e o ko ook ol ok e o
1666178  =2T¢58 ekl ook 3 ek s v 3ok otk ko 30k ok 3 o ok 3 3 o ke sk e ae e
17562342  =32420 deaosdsoksh domdoutak ook ok ok ko ok o ok ok ook o s ol ok
1870266  =3U¢ld % ASRm i o koo ok dor e 4% okt o ok e s &
200,000 =23¢33 s donimmbohoon sokaiok s dok kol ok ¥ordk R ok ok ook ok
LOG SCALE?

BEGyENN,POINTS?

20,000 013 Foomor b ma ok R ook R ok o ot 0l SR o oo R KK KR X
35,000 0e)B H ook domdorkdok oot foks ko okl ok ROk R KR B KKK ROk
606000  =0417 S ddmords ook ok o soloR Aok sorgolok R s ok fol e ok sk ok kol
48,000  —0w61 koo oo ok deo b otk s dolok ok ROKHK KSR R KRR KRR N K o R ok

50,000 =] o G& 3ok ookt ook sk e o Ao ok ol ko oz e o oo 3k e de e e ook e e ok ke o X e o ok e ok ke sk
554000 @ =26 72 #dxedook sk fomdok oot g e s o ool deak ok o fof ook sk ool ok X ok ek
60,000 —log ] Mot gtk ok e sk ak ok Yoot Xl ok e sk ol sk ol ol o ok ok o oF 90 ok ol ol ke o o e o R e o 3K e
ARLO00 =T 2T % edxork yex: sexe oz ook otk o ok s ot vie e ok ok e e ok e e Aok oo ek Ak ok R KR
T0.000 =11e06 ook sk feoskde ok vook o okl oo ok ok ok ook o ek o ok el sfeok o sk o ok e ook e e
TH6000 =16472 Fkxeomaskscerosotisodkok «okol e o e ok 3 ok s ok ok 3ol o e s sk ok ok
80,000 =2 Tol b oo oo s ok o oo 3 o o obe oo o e o o o oK 3k 7k oK Yook afele ek o ok X
BR.N00  =36,48 ko s sk dor ik o s ok ok 3 ok ok op b 8 Rk koK SR Kook
Q0,000 -37.30 ¥ 3 e 2 ok o o< o otk v ok ol ik ok ik o ok ok o8 o < ok 3k o o K ok o Xk 3k e Ko Xexk e Ok 3k
Q5,000 =2R, T4 dovasrroohookofouio okt ok ok o o s ol sk ok kol ok

1004000 =8,67 ook ko ool koo vkl o SOk R KR ROK ROk

LOG SCALE?
BEG.ENDPOINTS?

WANT TU TRY FOR BETTER PESULTS?
QUTPUT IMPULSE RESPUNSE?

eesN 0O IrdeLS‘: RESPUNSE LR BN

HU 1) = 042335387%E-01 = H{ 30)
H{ 2) = 0,10119826E-02 = H( 29)
H{ 3) = -0,20981455€E-02 = H( 28)
Ml 4) = -0,1139463%E-01 = H{ 27)
HE  S) = =0e19217461E-01 = H({ 26)
HU = 6) = =0,267818C3E-01 = H( 25)
H{U 7)) = =0,25201574E-01 = H{ 24)
HU B) = =-0.18062443E-01 = H( 23)
H({ 9) = =0421006747E-02 = H({ 22)
HO 10) = 042229F326E-01 = H{ 21)
Hi 110 = 0.52932054E-01 = H{ 20)
H{ 12) = Q0eB&042664E-01 = H{ 19)
H( 13) = 0.11691678 = H{ 19)
H( 14) = 0,1407913) = H( 1T)
HU 15) = « 15380645 = H( 16)

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH QUTPUT (Page 7)
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ENTER COMMAND: (DESIGN, GENERATE QR SAVE)
eosvevePULSE GENERATION RUUTINEseowses

SIGNAL HAS FIVE SINE-WAVE CCMPONENTS:
ENTER HIGHFST DESIRED FREWUENCY: (HZ)

COMPONENT FREQUENCIES ARE:
AT 4400 HZ
AT 40.00 HZ
AT 16C,C0 HZ
AT 400,00 HZ
AT 800.00 HZ

VY W

ARE THEY ACCEPTABLE?

HOW MANY CDWDUNENTS ARE DESIRED?
COMPONENT 1t WHAT FREQ. (HZ)?

COMPCNENT # 2:  WHAT FREQa. (HZ)?
COMPUMENT # 3: WHAT FREQ. (HZ2)?
COMPCNENT # 43 WHAT FREQ. (HZ2)?
CUMPONENT # 5:

WHAT FREQ. (HZ2)?

MINIMUM SAMPLING AT 40040 HZ
ENTER DESIRED RATE (HZ):

LONGEST PFRIND = 1000,000 MSEC,
ENTER DESIEEM SIGNAL DURATION (MSEC)

COMPRSIT SIGNAL U 321 PTS) GENERATED FROM

1 AT 1,00 HZ
2 AT 20,00 HZ
3 A7 35,00 HZ
4 AT 85,00 HIZ
5 AT 200400 H2

o900 000 FILTFRI’q{; OF SIGr\JAL 0009 000

NOTICF:

- -

COMPCGNENTS HAVE FCLLOWING FREWUENCIES:

IN [(FERTZ}: 1.00 20400 35.00 35,00 2u0, 00
NARMALIZED: J.0012¢ 0.02500 0.,04275  0,19625 0.25000
WITH SAMPLING AT 300.00 HZ.

IS TFE 1.00 HZ COMPONENT INTENDED TO BE FILTERED 0QUT?

IS THE 20400 HIZ CCMPUNENT INTENDED TO BE FILTERED OUT?

IS THE 22,00 HZ CCMPONENT INTENDECL TO BE FILTERED GUT?

IS THE 85,00 HZ CCMPONENT INTENDED TO 88 FILTERED GUT?

IS THE 200,00 HZ CCMPONENT INTENDED Td 3E FILTEKED QUT?
SIGNAL (NPTS= 321) HAS BEEN FILTERED.

ENTER NBEG.NENDNSKP  FOR UQUTPUT, CR RETURN TO EXIT:

ENTER NBEG,NENDsNSKP  FOR DUTPUT, 0Ok RETURN Tu EXIT:

ENTER COMMAND: (DESIGN, GFENERATE QR SAVE)

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 8)
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FILTER FILTA HAS BEEN ENTERED
FILTER NAMED FILTA WITH 20 WEIGHTS, 2 BANDS

YOUF SAMPLING FREQUENCY IS 200.C000 HZ,
FROM 0.0 TO 10.0 WITH A UGAIN OF 1,0000
FROM 2060 T 10040 WITH A GAIN OF 0,0
IS THIS ACCEPTARLE? ANSWER YES OR NC.
IMPUL SE RESPUNSE IS 04233539E-01 0.101198E-02 -043998156-02 -04113940E-~01
-0e1921755-01 =04247818E-01 ~04252016E-01 -04180624E-01 -0.210167E-02
062229530=01 0,529321E-01 04860425E-01 O04l1691TE+CD 04140791E+00
D¢153806E400 04153806E+00 0s140791E+00 06116917E+00 D.860425E~01
04529321F=01 0,222953c-01 =0.210167E-02 -0,180624E-01 -0.252016E-01
-0.247818E=01 ~0,192175E~01 -0,113946E-01 -0.399815€-02 0,101198E=02
0¢223539£-01 .
QUANTITY NAMED HEADA FRGM Oed TO 20040 AT 5.0 MSEC INTERVALS
HAS RFEN FILTERED - BY FILTA  AND PENAMED HFILA
FOP QUANTITY NAMED HEADA FRCM 0.0 TO 20040 AT 10.0 MSEC INTERVALS

VALUES ARE 049999928 0.33393618 0.66045868
246727352 443564796 7.9398336 57417002
12.745187 9.3281812 30.667343 13.937942
33,141571 30.671356 77.183960 654537796
1,4951506 38.680115 7.0939541 234340271
565462570 Te 7674675

FOR QUANTITY NAMED HFILA FROM 0.0 TO 200.0 AT 10,0 MSEC INTERVALS

VALUES ARE 0.14098292 0.58383924 1.24025%63
24273868¢ 3.6842052 544825C96 Te5B42485
10.336252 144206765 19,743851 26e016547
33,812637 39,400482 414955795 404833588
264650007 30.81103% 24,103673 17.002274
9,3238602 1,09507¢6

QUANT ITY NAMED HEADA MINUS QUANTITY NAMED HFILA RENAMED HFILC
FAR QUANTITY NAMED HFILC FROM 000 TO 20040 AT 1040 MSEC INTERVALS

VALUFS ARE \ 0.85901636 —-0424930106 -0,57583959
- 043988665 . 0667217445 244513240 -1,842548¢
2.4089345 -4,878583¢ 10.923492 ~12.678605
-0, €710662°7 -8, 72091260 354228165 244704208
~35.154346 7.86907°6 -=17,010010 643379974
-2,7776021 be 6723209 ,
FOR QUANTITY NAMED TESTV MEASURES ARE: MIN = 0.0 v MAX = 10,0900

MEAN = £.0200, VARIANCE = 840952, MUDE = 5.,0000, MEDIAN = 540000
FOK QUANTITIES NAMED HEACA  AND CHESTA
PHASF CORRELATION CCOREFFICIENT IS 067453 .
STAPT TIMF FOR FIRST QUANTITY IS 120,0 AND FOR SECOND IS 14040 MSEC,
STAKT TIME SHIFTED FROM Ue0 TU 140.0 MSEC
FOF QUANTITIES MAMED HEADA AND CHESTA
AMPLITUDE COMRELATICN COEFFICIENT IS 0.1856 WITH FACTUR OF 1le2000
FCP QUAMTITY NAMED HEACA FOURIER COEFFICIENTS ARE 18.691

-1t 850 24558 -1,282 -2,583 348992 =10.32¢& =24907 24136

’ll27n ’2.90‘]
STAPT TIMF 1S 0.0 TIME INTEKVAL IS 500 PERIOD IS ZD040 MSEC,
NUMBER NF HARMONICS IS 5 BASIC FREQUENCY IS 540000 CPS,
START TIME SHIFTED FRCM 0.0 TO 140.,0 MSEC
QUANTITY MNAMED FCHA » STARTING TIME SHIFTED FRUM 060 TG 14040 MSEC
RENAMED  FCHAA '
FOR QUANTITY MAMED HEADA HeleCe INDEX = 52441 WITH T1leT2= 041)30 041750
FOR QUANTITY MAMED CHESTA FROM 0.0 TQ 200.0 AT 0e0 MSEC INTERVALS
SEVERITY INDFX HAS VALUE 116.,0337
FOR QUANTITY NAMED CHESTA FRCM 0.0 TG 200.,0 AT 0.0 MSEC. INTERVALS
MODIFIED SFVERITY INDEX HAS VALUE Se5160 )
‘NEW NAMES ARF: HIPAAX FIPAIM HIPAEN HIPAVR HIPACF HIPADDH HIPALD 11 PANM
FOR QUANTITY NAMED  HIPA MEASURES ARE: MIN = 044001, MAX = 1643955

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 9)
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. MEAN = 8.2111, VARTANCE - 2647200, MGDE = 12.3534, MEDIAN = 6+.3276
CONFIDENCE INTERVAL = 646498

FOR QUANTITY NAMED FCHAA FROM 14040 TO 2C0.0 AT 540 MSEC INTERVALS,
INTEGRAL IS 207.0776

NEW NAMES ARE: HEADAFR HEADACM

START TIME SHIFTED FROM 060 TG 5040 MSCC

QUANTITY NAMED HEADA FRCM 50,0 TO 150.0 AT 5.0 MSEC INTEKVALS

HAS FREQUENCY 00 WITH COEFFICIENT 2541162

RENAMED RESPECTIVELY HEADAFR AND HEADACM

NEW NAMES ARE: HEADAPK HEADAAV  HEADAIT

FOR QUANTITY NAMED HEADA PEAK VALUE IS T7.1840 AT 241300 SEC,

THREE MILLISECOND AVERAGE 1S 55,6026

QUANTITY NAMED TESTV FROM 060 T 20040 AT 1040 MSEC INTERVALS

HAS QBTN MULTIPLIED RY 2.000 AND RENAMED TESTVZ2

FOR QUANTITIES NAMED CHESTA AND HIPA

COPPELATION TOEFFICIENT IS Qe 7240 RENAMED ccc

NEW MAMES ARC:  HIPAVR HIPANM

NEW MAMES ARF: CHESTAVR CHESTANM

QUANTITY NAMZD CHESTAVR NQT FOUND IN CONTROL STURAGE ARRAY,

NEW NAMES ARE: VELAX VELIN VELEN VELVR

FOR OUANTITIES NAMED LCWERA 4+ UPPERA

MEAN CURVE STORED AS VEL

POINTWISE MEASURES ARE: MAX = 38642305, MIN = =232,5266, MEAN = ~9,6670
VARTANCE = 19845.,58738 :

START TIME SHIFTED FROM 0.0 TO 10040 MSEC )

QUANTITY NAMED HEADA , STARTING TIME SHIFTED FROM 0.0 TG 0¢0 MSEC |
RENAMED HEADC

FOR QUANTITY NAMED HEADC FROM OeU TO 10040 AT 10,0 MSEC INTERVALS

VALUES ARE 13.937942 33.141571 30,671356
77.183¢60 654537796 l.4351506 38.680115
740930541 234340271 565482570 Te 7674675

START TIME SHIFTED FFQOM 0.0 TN 100.0 MSEC

QUANTITY NAMED  HEADA SELECTED AT TIME 100.0 MSEC AND RENAMED HEADD
QUANTITY NAMED HEADD HAS VALUE 134937942

QUANTITY NAMECD HEADA MINUS QUANTITY NAMED CHESTA KENAMED DIFF
FOR GUANTITY NAMED DIFF FROM 060 TO 20040 AT 10,0 MSEC INTEKVALS

VALUES AFRE Ue55025160 =0.23663165 0.5198¢2%870t-01
~4,41722383 -6.65125%6 -3,7569465 -7.1597431
. 697081 -11.264211 12.593719 =5,56434171
214170212 26,989548 57.C91399 46,507507
-5.5819168 29.162216 -7,.9%92075 18,1601586
-4,106545¢4 B 2532504
RESULT NF FIRMULA INTERPRETER IS ~24479 =26, 29 =244 TH =25493
'21.47 -?0040 -17.35 -31.57 '11089 "35051 "1‘)0:)5 -b0043
-80.17 =79,50 -69,07 =1242¢ ~52465 =14422 -41,59 -19,05
=23.01
FOR QUANTITY MNAMED ANSW FFROM 0.0 TO 20040 AT 1040 MSEC INTERVALS
VALUES ARE ~24,78%385 ~2642732084 -244762009
-25.022126 ~21.465588 -20.403305 ~174348033
=21,567202 " -11.894771 -35.514542 ~104747388
-40,236407 ~504165344 -79.466972 . =69,069809
-12,3%4539 -52.646811 -14,2203855 =41,591553
-19.047195% -29,00552¢4
FOR POLAP PLOT, REFCRENCE LINES ARE 2,200 BELOW AND 0,200 ABUOVE 1,
SCALING PARAMETERS ARE: -1.4000 1.,4009 1.40C0 =1440G00 3edla2

32,1429 67,2000 -19,.,2857 2840000 0.0156 0e0259 0.3111
FOR QUANTITIES MAMED HICA AND STA POLAR POINT IS OFF PAGE,
POINT WILL BE INVERTED AND PLOTTED.

FOR QUANTITIES NAMED = STA AND HICA WITH VALUES 1lo,0387 52440635
PULAR POINT IS5 AT X.Y= 0.2181 0.,0384 LABELED A

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 10)

83




AND HEADAPK

FOR QUANTITIES NAMED  SIA

POLAR POINT IS AT X,Y= 1. 0404 1,0815
FOR QUANTITIES NAMED MSTA AND HEADD
POLAR POINT IS AT X,Y= 0.,0551 063319
FOR QUANTITIES NAMED HIPAEN AND HIPAAX
POLAR POINT IS AT X,.Y= -0.2096 Ue3941
FOR QUANTITIES NAMED FCHAAI AND SIA
POLAR POINT IS AT X,Y= -1.6039 0.7823
FOR NUANTITIFES NAMED HEADAPK AND HEADD

POINT WILL BE INVERTED AND PLOTTED.

WITH VALUES 116.0387
LABELED B
WITH VALUES 55160
LABELED C
WITH VALUES 8.,2111
LABELED D
WITH VALUES 207,0776
LABELED E

PCLAR POINT IS OFF PAGE.

FOR QUANTITIES NAMED HEADD AND HEADAPK WITH VALUES 13,9379
POLAR POINT IS AT X,¥Y= -0.,0251 -0.1788 LABELED F
FOR WUANTITIES NAMEC HEADAAV AND HEADAPK WITH VALUES 65,6026
POLAR POINT IS AT X,Y= 0.3990 -0.7505 LABELED G
FOR QUANTITIES NAMED VELAX AND VELEN POLAR POINT IS OFF PAGE.
POINT wILL BE INVERTED AND PLOTTED.
FOR QUANTITIES NAMED VELEN AND VELAX WITH VALUES ~9.6670
POLAR POINT IS AT X.¥= 0.0225 -0,0110 LABELED H
FOR PHASE PLANE TYPE PLOT,
SCALING PARAMETERS ARE: 0.0 150C0.0000 100.0000 0.0
- 0,2087 2.0000 -0.5400 55,0000 57,6923 049259
FOR CAFTESIAN PLOT,
SCALING PARAMFTERS ARE: 0.0 200,0000 600.0000-1000,CC00
- 046500 2.0000 -0,0337 2142500 067692 14,8148
FOR DEVIATICN PLOT,
SCALING PARAMETERS ARE: 0.0 200,006C 8000,0000~-8000,0000
06500 2.7000 ~0.0034 28,0000 0.7692 148,14381
ccce HAS VALUE 0.72398794

QUANTITY MAMED

77,1840
13,9379

1843956

116,0387

77.1840

77.1840

38642305
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3.0 DETAILED PROGRAM INFORMATION

3.1 General Program Description

The following three sections describe the physical makeup of the
Validation Command Language.

3.1.1 Organization and Flow

The Validation Command Language is imp]emented by a total of
ninety five subprograms. Table 17 contains a list of all the sub-
programs together with the routines each subprogram calls and a
short description of the function of the subprogram.

3.1.2 Packing Techniques

Two very simple packing systems have been developed for use in
the interpreting of the input commands and in the storage of constants
and variables (data sets).

Each input command is read character by character, analyzed and
packed in free format storage array. The information is then fed to the
appropriate subprogram which re-analyzes the packed information and
carries out the specified command.

When a data set or a constant is entered into the storage system,
a control entry of one of three types is entered into the control array,
and the data is entered in a free format storage array. The three
types of control entries are for constants, data sets, and for filter
weights. |

3.1.3 Print Plot Graphics

The plotting section of the Validation Command Language is
currently implemented only for producing printer plots. The tech-
nique employed is to store a page image originally set to blanks
and put in other characters as needed for the particular command.
The page image is then printed by the PP command. The plot section
also produces printed output which contains the points plotted.

The plotting section would adapt with moderate difficulty to
alternative off-line plotter output. ‘

3.2 Program Installation
The principal problem in installing the Validation Command

Language is the character handling subprograms involved in the

o]



Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE

Description

(main)
BLOCK DATA
COMFRQ

COMPAR
COMPS

COMVAR
CONPAR

CONVER
CORREL

DEL1T
DEL2
DRAWIT
FDIST
FETCH

FIGURE

FILDES

FILGEN
FILTER

FILTNG

INMAIN

INTMAK
RINF
GETEN
SHIFT
FOCOLS
STOREN

GETEN,
FDIST

INTMAK,
RINF

IDIGIT

RINF, GETEN,
SHIFT, STOREN

TITLE

KARDER,
CONVER

OPTIM, SAVAR,
REMEZ, REOPT,
IMPOUT

FILDES, GENPUL,
SAVCOF

GETEN, FILTNG
STOREN

set storage size limits
defines constants and tables

computes and stores frequency with maximum
Fourier coefficients

select proper type of plot and destination

calculates factors of N + stop freq. needed
for optimization

compares variances of two quantities by F-
distribution and points

resets default final time, specifies units for
output, sets terminal printer switch

reads numbers from input card

computes, stores and prints correlation coef-
ficient between two quantities

calculates Lagrange interpolation coefficients
for use in GEE

calculates optimum passband ripple
calculates optimum .stopband ripple
writes plot image and title onto LDNOUT
computes F-distribution for COMVAR

gets a particular item of data out of binary
storage: for model data

reads input card for numerical data and con-
verts it

designs Tinear phase finite impulse response
filter using REMEZ exchange algorithm

controls design, checking and saving of filter
applies a fiTter to a quantity and stores the

result
computes filtered signal
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Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE (continued)

Description

FOCOF

FOCOLS

FORM

FORMIN

GEE
GENPUL

GETEN
GMRSII

GRAFG
HIC
HICC

IDENTF
IDIGIT

IDTFNM
IDTFOP
IDTFSM
IMPOUT

INTMAK, RINF,
GETEN, SHIFT,
FOCOLS

IDTFOP, IDTFNM,
GETEN, KARDER,

SHIFT, OPERTIN,

IDTFSM, STOREN

FILTNG

RINF, GETEN,
SHIFT, STOREN

RINF, INTMAK,
GETEN, HIC,
STOREN

KKIPER

KARDER, CONVER,
PACK

computes and prints Fourier coefficients, period
and basic frequency for a quantity

computes Fourier coefficients by least squares
approximation

builds up format for printing out results of
regression fitting

controls formula interpreting

evaluates frequency response using Lagrange
interpolation formula in barycentric form

generates a pulse and applies a designed filter
to it to check the filter

gets quantity asked for from internal storage
computes and stores GMR modified severity index

produces printer plot of frequency response
computes the HIC index
computes and stores the HIC index

identifies input card
converts numeral into integer

identifies next characters if data set name,
constant name, number quantity or binary
operator

identifies next characters as unary operator
identifies next characters as binary operator

prints impulse response over terminal
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Routine Name

TABLE 17. SUBPROGRAM TABLE (continued)

Routine Called

Description

INMAIN

INST
INTEG

INTMAK
INVER

ISPACE
IUN

KARDER
KKIPER
KKTEST
LABEL

LBLPUT
LINE

LSQ

MFIU

TITLE, KARDER,
IDENTF, FIGURE,
CONPAR, MODRUN,
SEEKNM, OLDNM,
MODAT, TSTRUN,
TSTDAT, QUEM,
QUEPHA, QUAMP,
FOCOF, SHFTZ,
FILGEN, FILTER,
HICC, SII,
GMRSII, NEWNM,
INTEG, COMFRQ,
THREM, MODAMP,
CORREL, COMVAR,
PTMNS, REGFIT,
FORMIN, PLOTIN,
PLOTQT, PLOTCV,
PRINTS, DRAWIT,
PRINTQ

RINF, GETEN,
SHIFT, STOREN

- -

KKTEST
KARDER

-

LBLPUT, PUT

PUT
SCALE, PUT

FORM, SCAL,
TITLE

controls input

defines parameters used in FETCH

computes and stores integral (by Simpson's
rule) of quantity

makes integer out of data in INFO

decides which data must have its sign changed
(z + down in model; y + up on plots)

chegks plot image to see if blank (not used
yet

defines index for proper model quantity
units label given category and column numbers

reads input card
searches input card
checks for previous error return

gets numerical labels for plots off input
card and puts them into the plot image

puts numerical labels into plot image

puts character into the plot image along a
specified line

does Teast squares regression fitting of one
set of data to another

sets an index for finding proper conversion
factor (standard - metric units) given units
index for experimental data
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TABLE 17. SUBPROGRAM TABLE (continued)

Routine Name Routines Called Description

MICON GETEN, SHIFT, computes a new data set which is the dif-
STOREN ference between two data sets
MODAMP RINF, GETEN multiplies a data set by a constant factor
SHIFT,STOREN and stores or selects a point from a data
set, multiplies it by a constant and stores
it :
MODAT RINF, INTMAK, gets data set out of binary storage and stores
INST, FETCH, it
INVER, NF,
IUN, STOREN ,
MODRUN ITHMAK, reads general data out of binary storage
PICKUP
NEWNM PACK creates new names as needed for storage
NF -—— defines index for units. conversion factor
given category and column numbers
OLDNM --—- reads special names for contacts (catg. 2-4)
OPERTN SQRT, SIN, COS computes effects of both unary and binary
operators ,
OPTIM COMPS, OPTIMN, optimizes filter description under cohtrb]
STOP, DELT,
DEL2
OPTIMN ---- checks optimization of Tow pass filters
OUCH -—-- prints comments about failure to converge
PACK ---- puts names into INFO
PICKUP SEARCH reads special names for categories 2-4 from
binary storage
PLOTCV GETEN, SHIFT, gets curve data set(s) from internal storage,
TITLE, LINE, puts it (them) into plot image according to
UNITS type of plot selected and Tabels axes with
proper units and prints summaries
PLOTIN RINF, SETSCL, defines sizes of plots, computes scale factors,
SCALE, PUT, puts axes, interval markers and numerical Tabels
LINE, LABEL, into plot image
TITLE
PLOTQT RINF, GETEN, gets pair of single points from internal
SCALE, PUT storage and puts their ratio into plot
image and prints values
PRINTQ RINF, GETEN, gets data set from internal storage and prints

SHIFT

selected portion over teletype
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Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE (continued)

Description

PRINTS

PTMNS

PULOFF
pUT
QUAMP

QUEM

QUEPHA

REGFIT

REMEZ

REOPT
RINF
SAVAR

SAVCOF
SCAL
SCALE

SEARCH
SEEKNM

SETSCL
SHFTZ

GETEN

RINF, GETEN,
SHIFT, STOREN

KKIPER, PACK

RINF, INTMAK,
GETEN, SHIFT

GETEN, RINF,
SHIFT, TP,
STOREN

RINF, INTMAK,
GETEN, SHIFT

RINF, INTMAK,
GETEN, SHIFT,
LSQ

D, OUCH, GEE

GRAFG, SAVAR

STOREN

PULOFF, KKIPER,
COMPAR

RINF, GETEN,
SHIFT, STOREN

gets single datum from internal storage as re-
quested and prints it over terminal formula
interpreter

computes max, min, mean, + variance of mean curve
of curves named and stores them and the mean
curve

isolates word on input card and puts it into
INFO

inserts character into plot image given mesh
coordinates

computes and prints amplitude correlation
coefficient of two data sets

computes and prints or stores max, min,
mean, variance, mode, median and sometimes
the confidence interval for data set named

computes and prints phase correlation coef-
ficient of two data sets .

gets two data sets from internal storage and
fits one to the other by Teast squares

"weighted Chebychev approximation of a con-
tinuous function with a sum of cosines"

"re-estimates parameters"
makes real number out of data in INFO
saves filter weights for future use

puts design filter data into internal storage
scales data for LSQ

computes mesh coordinates for plot image given
values

determines last record number of current table
gets names off input card

computes scale factors for POLAR plots

gets a data set from internal storage
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Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE (continued)

Description

SHIFT
STI

STOP

STOREN
TAPRED
THRAVG

THREM

TITLE

TP

TSTDAT

TSTRUN

UNITS

RINF, GETEN,
SHIFT, STOREN

RINF, GETEN,
SHIFT, THRAVG,
STOREN

RINF, INTMAK,
TAPRED, MFIU,
SHIFT, STOREN

INTMAK

PUT

selects part of a data set as asked for

computes and stores severity index. for a data
set

calculates optimum lowpass filter stopband
frequencies

puts data or data set into internal storage
dummy

locates peak value and computes 3 millisecond
average of data set

gets data set from internal storage, computes
and stores 3 msec av, peak value and time of
start of 3 msec interval

prints titles for plots and their summaries
and for regression fitting output

computes student's T-distribution for con-
fidence interval

reads experimental data, converts it if
necessary, and puts it into internal storage

defines logical device number for experimental

data
puts units label into plot image
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recognition of input commands. This impending problem was planned
for in the design of the Command Language by setting of a number of
key parameters which as much as possible controlled the character
handling. These parameters are called Compilation Parameters and are
defined at the end of the Block Data Subprogram. The Compilation
Parameters are shown in Table 18 together with a description of each
one.

3.3 Specialized Subroutines

The Validation Command Language gathers together many special pur-
pose subprograms from many places. The next five sections describe some
of the more prominent of these routines.

3.3.1 Input Conversions Subroutines

These routines were developed for the Vehicle Crash Simulation
Executive System* These routines feature a free format presentation
of data and a more general way of representing the number. The
general form of numeric representation is as follows:

(SN ... N)(.) (N ... N) ((D/E) (S) (N(N)))

"S" stands for plus or minus sign; "N" stands for numeric digit; the
single '.' for decimal point, "D/E" stands for the letter "D" or the
letter "E", and parenthesis means something that is optional. Blanks

are ignored. If neither "D" nor "E" is present and there is an exponent,
the sign must be present. If no number is presented but a place for

a number is presented, (e.g., ",," or ",*"), the value is filled

with the default value code word which is a huge positive number.

Since the current program does not inspect the converted values for

this value in any case except final times, the user must not default
individual quantities except final times.

3.3.2 Tape Reading Subroutine

Tape reading is not implemented as part of the current Command
Language. If the user wishes to read tapes, he must supply a tape
reading routine named "TAPRED" which makes use of the following
four arguments

(a) an inputted integer which gives the file or record number

if useful;

* Reports in preparation under NHTSA contract.
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TABLE 18  COMPILATION PARAMETERS

Parameter : Description Current Value
IDFULT Numeric quantity default code word (77777777)16
KCHPWD Number of characters per integer word 4
KWDPNM Number of integer words per name 2
KWDPRL Number of integer words per real word 1
LDIGIT Maximum number of digits in input numeric

quantity 12
LDNFLT Logical device number for table of predefined

filters 8
LDNIND Logical device number for command input 5
LDNOUT Logical device number for batch output 6
LDNTTP Logical device number for interactive, auxiliary

and diagnostic output 7
MPOWER Maximum magnitude of power of ten in a numeric

input quantity 20
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(b) an inputted integer which gives the logical device number
to which the tape is attached

(c) an integer array containing the Volume name in EBCD
(d) an integer array containing the File name in EBCD

A maximum of 401 points can be accomodated and these must be read into
the array P in the following COMMON statement:

COMMON/PQ/P(401),Q(401)

The data is entered into the storage system by the following
call:

CALL STOREN (IU,2,1, NP+2, NP, ST, TI)

where
IU is the units dimension code index (See Table 2)
NP is the number of points
ST is the starting time in msec
TI is the time increment in msec

3.3.3 Special Indices Subroutines

The four special indices routines where brought over from the
MVMA 2-D Crash Victim Simulation report. Table 19 shows the exponent
functional relationship in the Modified Severity Index.

3.3.4 Digital Filtering Subroutines

The filter design routines and the filtering routines were brought
over from Dr. Nabih M. Alem of the HSRI staff who modified a program
developed by McClellan (See "Whole Body Response Research Program,"
Second Final Report, UM-HSRI-76-3).

3.3.5 Regression Fitting Subroutine

The regression fitting subroutine was brought over from a stand-
alone package developed by Ray Gould at the Willow Run Labs of the
University of Michigan in 1963 (internal memo entitled, "Least-
Squares Polynomial Fitting Program; WR-57).
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TABLE 19 THE EXPONENT FUNCTIONAL RELATIONSHIP FOR THE GMR MODIFIED
SEVERITY INDEX

Exponent Relationship

Acceleration range (g's) and Coefficients Exponent Range
0<ac<7 exp = Cy constant -.7
C-I = -.7
7<ac<73 exp = ¢, ¥ c3/a -.7 to 2.53
c, = 2.87258
Cy = -25.00804

73 < a < 200 exp = ¢, *+ Cg*a 2.53 to 2.3
¢, = 2.66221
Cp = -.00181102

200 < a exp = Cg constant 2.3
Ce = 2.3
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