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ABSTRACT 

The purpose of t h i s  r e p o r t  i s  t o  d e s c r i b e  an experiment 
i n  which the  e f f e c t s  con t r ibu ted  by ana log  t a p e  r e c o r d e r s  
were i n v e s t i g a t e d .  A l s o ,  the  n o i s e  c o n t r i b u t e d  by the  wow 
and f l u t t e r  e f f e c t  of magnetic t a p e  was s t u d i e d  i n  r e l a t i o n  
t o  t h e  accuracy  o f  a t e l e m e t r y  system. 

S ince  the d a t a  c o l l e c t e d  for t h i s  experiment d i d  n o t  
conform t o  a normal d i s t r i b u t i o n ,  a non-parametr ic  t e s t  was 
employed i n  t e s t i n g  f o r  s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  t a p e  t r a c k s  and t a p e  r e c o r d e r s ,  i n  r ega rd  t o  t h e i r  

n o i s e  indexes .  

The r a t i o  of t h e  s tandard  d e v i a t i o n  over  t h e  range  was 
used as a r e l a t i v e  measure of t h e  e r r o r  o r  n o i s e  e f f e c t  i n  
t h e  system and provided the b e s t  i n fo rma t ion  f o r  r ank ing  
t a p e  r e c o r d e r s  and t a p e  t r a c k s  i n  terms of system n o i s e .  

A secondary experiment i n  n o i s e  a n a l y s i s  was performed 
i n  o r d e r  t o  c o r r o b o r a t e  the  r e s u l t s  ob ta ined  i n  t he  o r i g i n a l  
exper iment .  
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I 
I 
I .  

SECTION I. THE EXPERIMENT 

I n  l a t e  August, 1965, an experiment t o  determine t h e  
e f f e c t s  c o n t r i b u t e d  by analog t a p e  r e c o r d e r s  and by wow and 
f l u t t e r  o f  magnet ic  t a p e s  on t h e  accuracy  o f  a t e l e m e t r y  
system w a s  performed i n  t h e  Ground S t a t i o n  o f  t h e  Telemetry 
Branch, A s t r i o n i c s  Laboratory,  George C .  Marshall Space F l i g h t  
Center ,  H u n t s v i l l e ,  Alabama. The experiment was conducted by 
s e v e r a l  members of  the Systems Engineer ing  Group o f  t h e  
U n i v e r s i t y  o f  Alabama, a s s i s t e d  by t h e  Ground S t a t i o n  p e r s o n n e l .  

A.  PURPOSE 

The purpose of th i s  r e p o r t  i s  t o  d e s c r i b e  an experiment 
i n v o l v i n g  the i n v e s t i g a t i o n  of t h e  e f f e c t s  c o n t r i b u t e d  by 
ana log  t a p e  r e c o r d e r s  and by wow and f l u t t e r  o f  magnetic t a p e  
on t h e  accuracy  o f  a t e l e m e t r y  system. The s p e c i f i c  purpose 
o f  the experiment was t o  determine: 

(1) if t h e r e  are  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  
t a p e  t r a c k s  on t h e  14 - t r ack  Mincom Analog Tape 
Recorders;  

( 2 )  i f  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  between t h e  
t a p e  r e c o r d e r s  themselves;  

( 3 )  i f  t h e r e  i s  a s i g n i f i c a n t  n o i s e  o r  e r r o r  e f f e c t  
c o n t r i b u t e d  by t h e  t ape  r e c o r d e r s  as a l i n k  i n  a 
t e l e m e t r y  s ys t em. 

Only two Mincom Analog Tape u n i t s  were a v a i l a b l e ;  t h e r e -  
f o r e ,  two &- t r ack  magnetic tapes  were randomly s e l e c t e d  f o r  
t h e  experiment .  However, when t h e  two t a p e s  were recorded  
s imul t aneous ly ,  one o f  t h e  t apes  d i d  n o t  r eco rd  c o r r e c t l y  and 
o n l y  ga rb led  in fo rma t ion  could be d i s t i n g u i s h e d  on t h i s  t a p e .  
The remain ing  t a p e  was played back on bo th  r e c o r d e r s .  There- 
f o r e ,  purpose ( 2 )  may be d i f f i c u l t  t o  a s c e r t a i n  d i r e c t l y .  



However, purpose (1) and purpose ( 3 )  may s t i l l  be determined 
d i r e c t l y .  

B. SYSTEM UNDER TEST 

I 

i 

The system under t e s t  c o n s i s t e d  of t h e  ou tpu t  of a 
Boonton FM-AM S i g n a l  Generator  be ing  sequenced through an 
e l even- s t ep  c a l i b r a t i o n  sequence s imul t aneous ly  i n t o  t w o  
Mincom Analog Tape Recorders and through GFD-5 d i s c r i m i n a t o r s  
i n t o  the  SEL system f o r  comparative r e a l  t ime a n a l y s e s .  The 
ana log  t a p e s  were rep layed  by t r a c k s  a t  a l a t e r  t ime through 
t h e  d i s c r i m i n a t o r s  and i n t o  the  SEL system f o r  a n a l y s i s .  
(See F i g u r e  1 f o r  a r e p r e s e n t a t i o n  o f  t h e  sys tem.)  

Only 13 of t h e  t a p e  t r a c k s  were a v a i l a b l e  on each ana log  
t a p e  r e c o r d e r  due t o  a mal func t ion  i n  t h e  p r e a m p l i f i e r  a s so -  
c i a t e d  w i t h  Track 14 on Recorder 1. The d a t a  was recorded  on 
12 o f  the a v a i l a b l e  13 t r a c k s ,  s i n c e  one t r a c k  w a s  r e s e r v e d  f o r  
a vo ice  i d e n t i f i c a t i o n  of each i n p u t  l e v e l  on each r e c o r d e r .  

I R I G  FM/FM channel  1 2  was s e l e c t e d  a t  random t o  be t h e  
channel  under t e s t .  The i n p u t  l e v e l s  f o r  t h e  s i g n a l  g e n e r a t o r  
are  l i s t e d  below i n  Table 1. 

Table 1. Tes t  Input  Level 

I n p u t  Level Frequency 
( %  of f u l l  s c a l e )  ( CPS) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

9,712 
9,870 
10,027 
10,185 
10,344 
10,509 
10,658 
io, 815 
10,973 

11,288 
11,130 
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Figure  1. The System U n d e r  T e s t  
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C .  EXPERIMENTAL DESIGN 

1. I n p u t .  The t e s t  procedure w a s  t o  i n p u t  t h e  s i g n a l  
from t h e  s i g n a l  g e n e r a t o r  s imul taneous ly  t o  each  of t h e  two 
ana log  t a p e  r e c o r d e r s  and through t h e  d i s c r i m i n a t o r  t o  t h e  
SEL system f o r  r e a l  t ime a n a l y s i s .  The s i g n a l s  were randomly 
s tepped  through an e l even- s t ep  c a l i b r a t i o n  sequence.  Each 
t r a c k  on each o f  t h e  analog t a p e s  was t o  be played back through 
the  d i s c r i m i n a t o r  t o  t h e  SEL system; however, a s  has a l r e a d y  
been no ted ,  t a p e  2 on Recorder 2 recorded o n l y  u n i n t e l l i g i b l e  
in fo rma t ion .  The re fo re ,  on ly  t ape  1 was a v a i l a b l e  f o r  ana ly-  
s i s .  Each o f  t h e  two  SEL programs used i n  t h e  experiment ,  
i . e . ,  (1) t h e  Quick Look Program, and ( 2 )  t h e  Mean, D i f f e r e n c e ,  
and Variance Program, can process  up t o  20  in fo rma t ion  channe l s  
from t h e  SEL d i g i t i z e r .  S ince  o n l y  two channel  12 d i s c r i m i n a -  
t o r  u n i t s  were a v a i l a b l e ,  on ly  two t r a c k s  were processed  a t  
one t ime ,  and t h u s  only  t w o  i n fo rma t ion  channe l s  were used 
f o r  da ta .  

2 .  Sample Rate .  Only one i n f o r m a t i o n  channel  can be - 
d i g i t i z e d  a t  each  i n s t a n t ;  t h e r e f o r e ,  t h e  sampling r a t e  f o r  
each  channel  w a s  equa l  t o  t h e  word r a t e  d iv ided  by t h e  number 
of channe l s  used .  The word r a t e  was s e t  a t  1 . 2 5  KC. Thus, 
t h e  sampling r a t e  f o r  each channel  w a s  1250/2 = 625 samples 
p e r  second. The sampling t i m e  w a s  se t  a t  about 8 seconds;  
t h e r e f o r e ,  approximate ly  5000 samples were ob ta ined  f o r  each 
t a p e  t r a c k  on each r e c o r d e r  and f o r  r e a l  t ime a n a l y s i s .  

3. Randomization. S ince  one t r a c k  was t o  be r e se rved  
f o r  a v o i c e  i n d e n t i f i c a t i o n  of t h e  input  l e v e l ,  t h e  s e l e c t i o n  
of which t r a c k  t o  p l a c e  t h e  voice  I . D .  on w a s  randomized. I n  
a d d i t i o n ,  t h e  c a l i b r a t i o n  sequence w a s  randomized. Each 
r e c o r d e r  r e c e i v e d  i d e n t i c a l  vo ice  i d e n t i f i c a t i o n  p a t t e r n s .  
The c a l i b r a t i o n  sequence and voice i d e n t i f i c a t i o n  p a t t e r n  f o r  
each  r e c o r d e r  a r e  l i s t e d  i n  Table 2. 

4 



Table 2 .  C a l i b r a t i o n  Sequence and Voice I d e n t i f i c a t i o n  
P a t t e r n :  Recorder I and Recorder I1 

TAPE TRACK 

4. Output .  I n  a d d i t i o n  t o  o b t a i n i n g  t h e  i n d i v i d u a l  
v a l u e s  v i a  t h e  Quick Look Program, means and v a r i a n c e s  were 
ob ta ined  from u s e  of t h e  SEL Mean, Variance,  and D i f f e r e n c e  
program f o r  a l l  t r a c k s  of bo th  r e c o r d e r s  and r e a l  t ime.  
sample s i z e  of 128 w a s  used f o r  this program. 

A 

D .  ORGANIZATION OF REPORT 

S e c t i o n  I o f  t h i s  r e p o r t  d e s c r i b e s  the experiment  t h a t  
was conducted t o  i n v e s t i g a t e  the d e s i r e d  c h a r a c t e r i s t i c s .  
S e c t i o n  I1 i s  concerned w i t h  a d e s c r i p t i o n  of t h e  s t a t i s t i c a l  
a n a l y s e s  performed on the d a t a .  S e c t i o n  I11 d e a l s  wi th  an 

5 



i n v e s t i g a t i o n  of t h e  n o i s e  e f f e c t s  o f  the  t a p e  r e c o r d e r s .  

S e c t i o n  I V  c o n t a i n s  a secondary experiment  i n  n o i s e  a n a l y s i s .  
S e c t i o n  V p r e s e n t s  a summary of t h e  conc lus ions  and recom- 
mendat ions.  

6 



SECTION 11. THE ANALYSIS 

I n  i n v e s t i g a t i n g  t h e  n o i s e  e f f e c t s  c o n t r i b u t e d  by t h e  
t a p e  r e c o r d e r s  and by t h e  wow and f l u t t e r  of t h e  magnet ic  t a p e ,  
t h e  q u e s t i o n s  of  pr imary i n t e r e s t  a r e :  (1) a r e  t h e r e  s i g n i -  
f i c a n t  d i f f e r e n c e s  among t h e  t ape  t r a c k s  due t o  t h e  amount of 

n o i s e  c o n t r i b u t e d  by wow and f l u t t e r ?  ( 2 )  i s  t h e r e  a s i g n i f i -  
c a n t  d i f f e r e n c e  between t h e  tape  r e c o r d e r s ?  ( 3 )  i s  t h e r e  a 
s i g n i f i c a n t  d i f f e r e n c e  between t h e  t a p e  r e c o r d e r s  and r e a l  
t ime a n a l y s i s  due t o  t h e  n o i s e  e f f e c t  of t h e  t a p e  r e c o r d e r s ?  

S e v e r a l  s t a t i s t i c a l  t e s t s  which might be used t o  answer 
t h e  above q u e s t i o n s  r e q u i r e  the  t e s t i n g  of two impor tan t  
assumptions.  These assumptions a r e  (1) t h e  v a l u e s  which a r e  
be ing  t e s t e d  a r e  d i s t r i b u t e d  normally,  and ( 2 )  t h e  v a r i a n c e s  
of t h e s e  d i s t r i b u t i o n s  a r e  homogeneous ( t h e y  come from t h e  
same u n i v e r s e ) .  The v a l i d i t y  o f  t h e s e  assumptions must be 
t e s t e d  p r i o r  t o  d e c i d i n g  which t e s t  w i l l  be used t o  examine 
t h e  d i f f e r e n c e  between t ape  t r a c k s  and r e c o r d e r s .  

A .  PRESENTATION OF DATA 

Table 3 c o n t a i n s  t h e  summary of means and v a r i a n c e s  
f o r  th is  experiment .  F i g u r e s  2 and 3 r e p r e s e n t  sample d i s -  

t r i b u t i o n s  from randomly s e l e c t e d  i n p u t  l e v e l s ,  r e c o r d e r s  
and t r a c k .  The data  conta ined  i n  t h e s e  f i g u r e s  and t a b l e s  
a r e  a r e p r e s e n t a t i v e  sample of t h e  d a t a  c o l l e c t e d  from t h i s  
exper iment .  They w i l l  be used t o  i l l u s t r a t e  t h e  t e s t i n g  of  
t h e  assumptions of no rma l i ty  and homogeneity of v a r i a n c e s .  

B. TEST FOR NORMALITY 

The method employed t o  t e s t  t h e  n o r m a l i t y  of  t h e  e x p e r i -  
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Table 3. ( c o n t ’ d )  Means and Variances,  A l l  L e v e l s ,  All Tracks 

Inpu t  Tape Tracks 
Levels  6 7 8 9 10 

Recorder  1 x 59.486 64.351 60.375 66.109 62.235 
.2 3.186 3.701 4- 095 4.208 4.808 
X 78.133 76.766 76.859 79.726 78.554 

3 *435 3.710 3 685 3 125 2 653 
X ,/ 156.125 150.516 155.796 151.500 

4.021 2 972 3.203 3 500 

0% 
Recorder 2 .2 

Recorder 1 .2 

Recorder 2 .2 

Recorder 1 .2 

Recorder  2 02 

Recorder  1 

Recorder  2 o2 

X 419.829 424. 07 42l.OOO 425.540 423.477 
Recorder  1 02 4.672 4387 3.992 3 9718 3.486 

Recorder 2 

Recorder  1 

- 
10% x 167.219 166.968 170.524 168.258 

4.601 3.561 4.045 4.916 
X 239.571 243.968 240.485 254.516 241.922 

x 257.226 257.30 257.383 261.355 259.500 
2.730 3.483 3 187 3 9847 4.674 

20% I - 
4.132 4-19 k 4.427 4.399 3 078 -- 

330.976 335.594 333.218 
\ 4.167 2 587 4.842 X 333.968 l, \ 

3.714 

3.930 ,/ 5.060 3.533 4.717 

-- 3 0% 
X 348.664 347 0367 351 015 348.024 

40% - 
X 437.726 439-085 436.859 440.859 436.516 4.421 3 9395 4.638 4.185 3.988 
X 510.593 515.086 511.812 515.680 514.531 
02 -- 5.209 4.819 5.621 6.183 3.342 50% , 

9 

Recorder  2 

Recorder  1 

Recorder  2 

Recorder  1 

Recorder  2 

Recorder  1 

Recorder  2 

Recorder  1 

Recorder  2 

Recorder  1 

Recorder  2 

60% 

7 0% 

80% 

90% 

100% 

X 

x 607.399 605.187 606.579 605.2 

x 622.141 620.421 622.125 62 
a2 3 358 4.3 08 3.468 
W 694.782 696.601 697.507 696.625 698.936 
02 4.967 3 853 4.109 6.140 4.386 
X 712.500 713.008 713.781 712.157 713.852 

3.906 6.361 5.702 6.140 5.435 .2 

X 785.976 786.820 787.093 785.296 785.976 
.2 

Ti 801.188 801.954 803.735 800.796 802.796 
.2 4.579 3 526 4.582 4.132 4.320 
TI 878.093 877.617 877.796 876.718 877.804 

3 803 4.767 5.351 7.624 6.688 02 
X 890.695 892.219 893.883 891.313 893.079 

5.149 5.054 5.146 5.389 5.801 a2 
X 966.140 967.656 967.016 967.461 969.789 

4.826 4.600 6.371 5.499 7.420 02 
Ti 982.266 983.820 983.257 986.758 984.773 

4.859 4.256 5.332 4.212 5.117 02 

529.086 1529.477 528.430 532.485 529.875 
02 3.475 1 3.376 3 074 4.328 4.203 - 
.2 6.428 4.730 5.012 - 

3 9324 5.788 6 569 8.382 7 199 



Table 3 .  ( c o n t ' d )  Means and Variances,  All L e v e l s ,  All Tracks 

10 



20 1 
i 
! 
i 

i 
i 
i 
! 
I 

I 

I - 
scs 509 9 0  511 9 2  5-13 5-14 515 - 

Digitized Units 

- x = 514.180 

o2 = 4.917 

9 7  518 519 520 

Figure 2. Graph of the Frequency Distribution of the 
Individual Values f o r  Recorder 1, T r a c k  

2, 50% Input Level. 
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mental data was a X 2  test of goodness of fit. 

The theory underlying a X2 test is as follows: Let 
F1, F2, ..., F be sample frequencies of k classes, and let 
fl, f2, ..., fk be the theoretical frequencies of a normal 
distribution. 

k 

If the sample in question follows a normal distribution, 
then sample values of the quantity 

k 

i=l 
2 will follow a X distribution with d degrees of freedom. The 

degrees of freedom, d, equals the number of classes, k, minus 
the number of relations between the Fi and the fi, that are 
used to determine the fi. Inthisparticular case, when the 
normality of the data in question is being tested, the fitting 
process involves three restrictions: 

I 

- 1 
- N 1 Fixi ( 2 )  8’ 

These three restrictions cause a l o s s  of three degrees of 
freedom. Consequently, the degrees of freedom, d ,  are equal 
to the number of classes minus three: 

d = k - 3  

For the test of normality of the experimental data, the fol- 
lowing terms are defined: 



x =  
z =  
F(Z) 
R.F. 

- Fi - 
- fi - 

Cell upper limit. 
(Xi - ?)/a 

= area under the normal curve from -- to 2. 

Cell = relative frequency of  cell. 
actual cell frequency. 
theoretical absolute frequency o f  the normal 
distribution. 

The assumption that the individual values were normally 
2 distributed was tested by the x test. Sample tests and 

corresponding results are reported in Tables 4 and 5. Note 
that frequencies are grouped when the theoretical absolute 
frequency is less than five. 

Fifty samples were randomly selected as to input level, 
recorder number, and tape track number. The data was then 
grouped and the tests performed. At the . O s  confidence level, 
only 6% of the fifty samples tested were accepted as normal. 
Increasing the confidence level to .01, only 18% of the samples 
were accepted as normal. We cannot, therefore, conclude that 
the data is normally distributed. Table 6 shows a summary of 
all of  the x2 tests performed. 

C. TEST FOR HOMOGENEITY OF VARIANCES 

To determine whether a set of variances could all have 
come from the same universe, "Bartlettts Test" is employed. 
In this test the ratio M/C is computed from the following 
f ormulae: 

M = 2.3026 [mlog ( ZniVi) - Z(mi l o g  Vi)] 
n 
1 1  rn ni n 

[ z  - - -1 1 C = l +  

g = number of  variances 



rl 
a, * 
a, 
I4 
c, 
5 a 
c 
H 

w 
0 
u\ 

cy 
.z 
0 
cd 
k 
B 

rl 
n 

3 k  
a, 

0 5  
r l k  
P O  
a i 0  
m a ,  

P; 

c) 

-Q 
m 
a, 
E-l 

h 
c, 
4 
rl 
ai 

0 
2 
a, 
k 
ai 
5 
CT' m 
I 
4 

E 

e I I  
N 

sc cy "I 

3 I 

( r m m m m  m a  + c y  + c u r -  

C U c y r l r l o o o o o r l r l c y  

I b P - m c o d m m O m a c y r - ~  * . . . . . . . . . . .  
I I l l l l l  

I 

0 0  
0 0  
0 0  x * -  c o m  
0 0  m m  

r? 

6 m 
0 
0 

3 m 
cy 
0 

2 
F 
0 

a 3 0 
0 
0 
0 

rl 

0 0 0 0 0 0 0 0 0 0 0 0  

8 

0 
0 
0 

0 
rl m 

0 
0 
0 

d 
rl m 

0 
0 
0 

cu 
d m 

0 0  
0 0  
0 0  

r l r l  m m  
4 2  

0 0  
0 0  
0 0  

m a  
r l r l  m m  

. .  
0 0 0  
0 0 0  
0 0 0  

8 

m d  
0 0  

N * c y *  v 
k 

5 
a 

II 

r? 

I 

m 
I 1  

5 

k 
0 
k 



0 
cy 
0 

CI- 
cy - 

cy a * c y  rl 
rl 

a O Q  P - m O  N Q )  
a N Q )  N c o  cy o a  

n 

k 
r- I 

k-l 
v 

. . . . . .  
m d o o F  ;A 

r l d r l  

cd 0 a 6  
C*d  3 

r l :  I 10 5CU E: 
a n x d  

cy 
0 
cy 
0 
rl 

Q) 
m 
rl 

Q) 
rl 

. . . . . .  

0 
cy 
0 

+ 
CU 

d r l  II 

r l m  a 
r l r l  Q) 

Q 
II It 5 

3 
. . . . . .  

mCU m m  
s2 . .  

a 
3 
rl 
0 

(r 
0 

(r- 
a3 
cy a 

a 0  
0 0  m o  m o  + 

CU m r l  2 
0 0  0 

. .  
rl 

C U * C U *  cy0 
X 

k 
a m 

II 

0 
0 
0 

0 
0 
0 

0 0 0 0  
0 0 0 0  
0 0 0 0  

0 0  
0 0  
0 0  ~~ . . . .  8 . .  

m A m 
I 

16 



t 

Table 6. Summary of Normali ty  T e s t s  

Sample Recorder Level  
1 

2 

3 

4 
5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15 
16 

17 

18 

19 

20 

2 1  

22 

23 

24  

25 

1 

2 

2 

2 

2 

1 

1 

1 

2 

2 

2 

2 

2 

1 

1 

1 

2 

1 

2 

1 

2 

2 

1 

2 

1 

80% 

50% 
80% 

60% 

10% 

10% 

100% 

3 0% 

20% 

50% 
7 0% 

50% 
10% 

0% 

20% 

40% 

100% 

20% 

7 0% 

2 0% 

100% 

90% 

80% 

9 0% 

8 0% 

Track 
10 

2 

1 

9 

2 

10 

7 
2 

9 

4 
10 

11 

13 

2 

9 

12 

6 

8 

3 

7 
5 
4 
5 
2 

5 

2 2 2 
Xcomp. X .05 X .01 Conclusion 
20.94 15.51 20.09 Bimodal 

20.07 9.49 13.28 High K u r t o s i s  

23.20 5.99 9.21 B i m o d a l  

37.81 12.59 16.81 Bimodal 

18-99 9.49 13.28 Skewed 

19.10 12.59 16.81 High K u r t o s i s  

25.73 12.59 16.81 Skewed 

20.81 12.59 16.81 B i m o d a l  

18.28 11.07 15.09 Bimodal 

30.91 11.07 15.09 Bimodal 

30.78 11.07 15.09 Bimodal 

25.41 12.59 16.81 High Kur tos i s  

25.09 12.59 16.81 Multi-Modal 

5.65 9.49 13.28 Accept a t  .05 

21.73 12.59 16.81 Bimodal 

37.40 9.49 13.28 High K u r t o s i s  

36.13 11.07 15.09 B i m o d a l  

29.87 9.49 13.28 Bimodal 

17.65 12.59 16.81 B i m o d a l  

20.29 11.07 15.09 Skewed 

24.10 11.07 15.09 High K u r t o s i s  

7.97 11.07 15.09 Accept a t  .05 

29.01 11.07 15.09 Skewed 

17.78 14.07 18.48 Accept a t  .01 

37.85 0.49 13.28 High K u r t o s i s  



Sample 

26 

27 

28 

29 

30 

31 

32 

33 

34 
35 

36 

37 

38 

39 

40 
41 
42 
43 
44 
45 
46 

47 

48 

49 

50 

Table 6. ( C o n t ' d )  Summary o f  Normali ty  Tes t s  

Recorder 

1 

2 

2 

1 

1 

1 

2 

1 

2 

1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

2 

2 

1 

1 

1 

1 

Level  

6 0% 

6 0% 

50% 
7 0% 

3 0% 

2 0% 

100% 

100% 

80% 

9 0% 

0% 

90% 

7 0% 

40% 
50% 
3 0% 

10% 

10% 

0% 

6 0% 

9 0% 

8 0% 

7 0% 

20% 

7 0% 

Track 

9 
11 

1 

3 

9 

4 
9 

8 

13 

7 
6 

4 
1 

2 

2 

5 
1 

5 
11 

9 

5 
2 

9 

3 
8 

2 
Xcomp. 

24.93 

33 *44 
19 87 

15 89 
26.11 

18.14 

41 94 
12.43 

29 99 

24.76 
12.25 

16.15 

27.22 

19 85 

27.99 

27.02 

14 41 
13 -49 

25 64 

23 87 

24-15 

35.86 
11.26 

25 52 

29 13 

2 
.05 

9.49 

12 59 

5.99 

11.07 

11.07 

12 59 

9.49 

14.07 
12.59 

12 59 

11.07 

14.07 
11.07 

11.07 

12.59 

11.07 

12 59 

11.07 

11.07 

11.07 

12 -59 

11.07 

7.82 

7.82 

11.07 

2 
.01 

13.28 

16.81 

9.21 

15.09 

15.09 

16.81 

13.28 

18.48 

16.81 

16.81 

15.09 

18.48 

15.09 

15.09 

16.81 

15.09 

16.81 

15 09 

15.09 

15.09 

16.81 

15.09 

11 34 
11-34 

15.09 

Conclusion 

Bimodal 

High K u r t o s i s  

Skewed 

Bimod a1 

High K u r t o s i s  

Skewed 

Skewed 

Accept a t  .05 

Bimod a1 

Skewed 

Accept a t  .01 

Accept a t  .01 

Bimod a1 

High K u r t o s i s  

Bimod a1 

Skewed 

Accept a t  .01 

Accept a t  .01 

High K u r t o s i s  

High K u r t o s i s  

Bimodal 

Bimodal 

Accept a t  .01 

Skewed 

Skewed 
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Vi = an individual variance 

ni 
n = Eni 

= sample size of an individual variance minus one 

It can be shown that the ratio M / C  is approximated by a 
x2 distribution with g - 1 degrees of freedom. 
hypofJ:iesiu that the variances are all homogeneous, we need 
only to calculate the quantity M / C  and compare it with the 
value of the theoretical x for g - 1 degrees of freedom from 
a table of values of the xL distribution. 

To test the 

2 
3 

The assumption was made that the variances computed for 
each calibration level were homogeneous. It was tested by 
applying Bartlett's test at each level. 

Sample calculations of the results of the Bartlett's 
Test for homogeneity of variances at the O%, 50% and 100% 
levels are presented in tables 7, 8, and 9, respectively. 
A l s o ,  table 10 contains a general summary of the results of 
Bartlett's tests for homogeneity of variances at each input 
level. 

It can be inferred from the results of these tests that 
in general the variances of the various input levels are not 
homogeneous, and therefore the assumption of homogeneity f o r  
the performance of the analysis of variance is not satisfied. 

It must be remembered, however, that Bartlett's test is 
based on the assumption that the random variation within each 
of the groups follows the normal law. If this is not true, 
the ratio M/C may indicate departure from normality rather 
than heterogeneity of variance. Consequently, even if the 
variances are homogeneous, the assumption of normality is not 
met, and other methods of analysis need to be investigated. 

1 9  



Recorder 

I 

- 

II 

Track 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Table 7 
Bartlett's Test, 0% Level 

'i 

5.216 
5.628 
3 099 
3 153 
3.186 
3.701 
4.095 
4.208 

2 893 
k: :;: 
4.089 

4- 256 
3 156 
2 509 
3.435 
3.710 
3 9 685 
3 125 
2 653 
3 683 
3 264 
2 974 

~~ 

l o g  vi 
~~ 

0.71734 
0.75035 
0.49122 
0.49872 
0 50325 
0.56820 
0.61225 
0.62408 
0.68196 
0.83847 
0 46135 
0.61162 

0.62900 
0.49914 
0.39950 
0.53593 

0.494 5 
0.42374 

0 51375 
0 47334 

::gp 
0.56620 

n i l o g  Vi 

91.102 
95.294 
62.385 
63 -337 
63 913 
72.161 
77 9 756 
79.258 
86.609 
106.486 
58 591 
77 675 

79 883 
63.908 
50.737 
68.063 
72.310 
71.938 
62.846 
53 815 
65.246 
60.114 

71.907 

L 9 655.334 

M = 2.3026 [ 2921 l o g  ( 11y102*340 2921 ) - 1,655.334 J 

= 1 + .01515 [ 0.1811 - .0003 3 = 1.003 

88*102 = 87.838 
1.003 M/C = 

2 
'( . 0 5 )  (d=22) 33 924 

20 

niVi 

662.432 
714.756 
393 573 
400 43 1 
404.622 
470.027 
520.065 
534.416 
610.616 
875.538 
367 9411 
519.303 

540.512 
400.812 
318 643 
43 6 245 
471.170 
467 995 
396 875 
336.931 
467 741 
414.528 
377 698 

11 , 102.340 

The hypothesis that the 
variances for the 0% level 
are homogeneous is- rejected. 



Tab le  8 
Bartlett’s Test, 50% Level 

I 

log vi 

0 77895 
0.69170 
0.70303 
0.68815 
0.71675 
0.68296 
0 74981 
0.79120 
0.52401 
0.67274 

0 63548 
0 55919 

0.63438 
0 58917 
0 46404 
0.59846 
0 .  $4096 

0.63629 
0.62356 
0.6L088 

0.52840 
0 4877 0 

0.63524 
0.71759 

59.352 = 59.174 M’C = 1.003 

w/23df‘ = 35.2 

log vi ni I 
87 89.2 8k6 5 

98 927 

87 395 
91.027 
86.736 
95.226 
100.482 
66 549 
85.438 
80.706 
71.017 

80.566 

5 *933 
76.004 
68.702 
67.107 
61.938 
80.809 

81.392 
83.215 

1 9 944 451 

78- 825 

79 192 

91.134 

n. V. 
1 1  

763 0397 
624.459 
640 969 
619 -379 
661 543 
612.01 3 

424.434 
597.789 
460.248 
548 640 

547 243 
493 141 
369 697 
503.809 
4-41.325 
428.752 
390.398 
549 656 
533 -781 
555 498 
574.167 
662.813 

Reject hypothesis; variances are not homogeneous. 
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l -  
Table 9 

Bartlett's Test, 100% Level 

I 

M = 7018.325 log - 5,171.658 

60.784 = 60.602 1.003 M/C = 

w/23df = 35.2 X.05 

Reject hypothesis; variances are not homogeneous.. 
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Table 10 
A General Summary of the Results of Bartlett's Test 

Input 
Level  

0% 

10% 

2 0% 

3 0% 

40% 
50% 

7 0% 

60% 

80% 

90% 

100% 
r 

Are Variances 
Homogeneous ? 

No 

Ye s 

No 

No 

No 

No 

No 

No 

No 

No 

No 
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D. ALTERNATIVES FOR FURTHER A N A L Y S I S  

i 

From the preceding tests we may conclude: 

(1) Individual values for various recorder-input level- 
tape track distributions are not normally distributed. 

( 2 )  Variances for the various input levels are hetero- 
geneous. 

Since the two basic assumptions (normality and homogeneity) 
for the analysis of variance are not satisfied, there are only 
two alternatives for further analysis. The first is a trans- 
formation of the data in an attempt to meet the assumptions. 
The second is the use o f  some non-parametric method o f  analysis 
that does not depend on the assumptions o f  normality and 
homogeneity . 

After trying several transformations without success, the 
second alternative for analysis was chosen. 

E. TRE FRIEDMAN NON-PARAMETRIC TWO-WAY A N A L Y S I S  OF VARIANCE 
BY RANKS 

2 'lkis test, usually called the Friedman xT tsst, is usaf'ul 
when the measurement of the variable is at least on an ordinal 
scale. 

The Friedman x:  test is utilized in testing the null 
hypothesis that the k samples have been drawn from the same 
population. 

In this particular experiment we have an ordinal scale, 
which consists of the level of input, from 0% to loo%, and 
with increments o f  10%. A l s o ,  two recorders were used at each 
input level, as well as 13 tracks (one track was used for 



vo ice  i d e n t i f i c a t i o n ) .  

The t h e o r y  upon which t h i s  t e s t  i s  based i s  as f o l l o w s :  

The d a t a  a r e  c a s t  i n  a two-way t a b l e  having  N rows 
and k columns. The rows r e p r e s e n t  t h e  r e sponses  and 
t h e  columns r e p r e s e n t  the v a r i o u s  c o n d i t i o n s .  The 
r e sponses  w i t h i n  each  group a r e  ranked i n  each  row. 
Then, t h e  t o t a l s  f o r  each column a r e  ob ta ined  R j ' s .  
Now i f  t h e  n u l l  hypo thes i s  ( that  a l l  t h e  samples - 
columns - came from t h e  same p o p u l a t i o n )  i s  i n  f a c t  
t r u e ,  t h e n  t h e  d i s t r i b u t i o n  o f  r anks  i n  each column 
would be a m a t t e r  of chance.1 

The Friedman t e s t  determineswhether  t h e  rank  t o t a l s  ( R . )  
d i f f e r  s i g n i f i c a n t l y .  The value o f  t h e  s t a t i s t i c  &, s u b j e c t  t o  
t h e  d . f .  = k - 1, w i l l  approximate a X 2  d i s t r i b u t i o n ,  when 

2 J 

k 

where N = number of rows 
k = number of  columns 

= sum o f  ranks  i n  j th column 
Rj 

i n d i c a t e s  a t o t a l  summation of t h e  squa re  of t h e  
sums of  r a n k s  over a l l  k c o n d i t i o n s .  j=1 

Cons ider ing  t h e  conse rva t iveness  of t h i s  t e s t ,  and a l s o  
t h e  f a c t  that t h e  Friedman X i  t e s t  i s  one o f  t h e  few t o o l s  
a v a i l a b l e  t o  ana lyze  non-normal d a t a ,  t h e  f o l l o w i n g  i n f e r e n c e s  
can be  drawn: a )  There seems t o  be no s i g n i f i c a n t  d i f f e r e n c e  
between t ape  t r a c k s  a t  each  i n p u t  l e v e l ,  and b )  t h e r e  a r e  
r e a s o n s  t o  s u s p e c t  that t h e r e  m i g h t  be a d i f f e r e n c e  between 

S i e g e l ,  Sidney,  Non-Parametric S t a t i s t i c s  f o r  t h e  1 
Behav io ra l  Sc iences ,  New York, N .  Y.: McGraw-Hill Book Co . ,  I n c . ,  

956, PP. 166 -172 

25 



r e c o r d e r s  a t  each i n p u t  l e v e l .  

io 

Sample c a l c u l a t i o n s  of t h e  r e s u l t s  of  t h e  Fr iedman 's  
non-parametr ic  t e s t s  of s i g n i f i c a n t  d i f f e r e n c e  a r e  p re sen ted  
i n  t h e  nex t  pages.  Tables  11, 13, and 15 p r e s e n t  t e s t s  f o r  
d i f f e r e n c e  between t a p e  t r a c k s  a t  t h e  O%, SO%, and 100% i n p u t  
l e v e l s ,  r e s p e c t i v e l y .  Tables  12 ,  14, and 16 p r e s e n t  t e s t s  
f o r  d i f f e r e n c e  between t a p e  r e c o r d e r s  a t  t h e  O%, 50%, and 100% 
i n p u t  l e v e l s ,  r e s p e c t i v e l y .  A l s o ,  Table  17 c o n t a i n s  a g e n e r a l  
summary of  t h e  r e s u l t s  of Fr iedman's  t e s t  a t  each  l e v e l  o f  
i n p u t  cons idered  i n  this experiment .  

2 3 4 5 7 8 9 11 1 6  

1 1 5 1 6 1 0 9 4 2 8 7 3  

Table 11 
Friedman's  Tes t  f o r  Tape Tracks ,  0% Level  

Re c o r d e r  I 

Recorde r11  

j 
R 

R j 2  

N 
C 

2 1  7 4 io 15 16  12 11 19 8 9 

4.41 49 16 100 225 256 I& 121 361 6 4  81  

= 2  
= 11 

k 1 R; = 1858 
j=l 

- - 2 
' d f= lO 

= .os 

Accept h y p o t h e s i s :  there 
t r a c k s  due t o  t h e i r  n o i s e  

18.307 

i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t a p e  
e f f e c t s  a t  t h e  0% l e v e l .  
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Table 1 2  

Recorder I j j  1 2  1 2  2 1 1  1 1  2 1 1 5  18 

N = 11 
c = 2  

Recorder I1 2 1 2 1 1 2 2 2 2 1 2 

2 xR = 0.82 - 

225 324 

= 3.841 2 
'df = 1 
4 = .os 

Accept h y p o t h e s i s :  
due t o  t he i r  n o i s e  e f f e c t s  a t  t h e  0% l e v e l .  

t h e r e  i s  no d i f f e r e n c e  i n  t a p e  r e c o r d e r s  
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Table 13 

Recorder I 

Recorder I1 

Friedman's Test for Tape Tracks, 50% Level 

11 7 8 6 9 5 10 12 1 4 2 3 

8 5 1 6 4 3 2 9 7 10 11 12 

Tracks 
8 9 10 11 12 1 2 3 4 5 6 7  

19 12 9 12 13 8 12 21 8 14 13 15 
j 

R 

N =  2 
K = 12 

78.00  2 -  22 02 x R - - -  
26 

X; = 84.69 - 78.00 = - 6.69 

2 
= 19.675 xd. f . =11 

4 = .os 

Accept hypothesis: 
tape tracks due to their noise effects at the 50% level. 

there is no significant difference in 
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Table 14 

Fr iedman 's  Tes t  f o r  Tape Recorders ,  50% Level  

Tracks 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

(256 + 400) - 108.00 2 -  XR - - 
6 

I 

= 3.81 x d . f  .=l - 2 

Accept h y p o t h e s i s :  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  
t a p e  r e c o r d e r s  due t o  t h e i r  n o i s e  e f f e c t s  a t  t h e  50% l e v e l .  

29 



Table 15 

Friedman's Test for Tape Tracks, 100% Level 

I Recorder 

Re corder 

9 io 5 4 2 1 7  3 11 1 2  6 8 

1 1 1 0 1 2 1 1 2  6 4 9 3 8 1 7 5  

j 
R 

R 2  
j 

Tracks 
1 2 3 4 5 6 7 8 9  1 0  11 12 

19 22 16  6 8 5 16 6 19 13 13 13 

N = 2  
K = 12 

I 

361 484 256 36 64  25 256 36 361 169 169 169 

f 

78.00 +- -  2386 
26 

2 XR = 91.77 - 78.00 

3 

Xi = 13.77 

= 19.675 2 
x.05 

d.f. =11 

Accept hypothesis: there is no significant difference in 
tape tracks due to their noise effects at the 100% level. 

3 0  
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, Table 16 
1 

Recorder I 

Recorder I1 

Friedman’s Test for Tape Recorders, 100% Level 

Tracks 

. 13 169 
1 1 1 1 2 1 1 1 1 1 1 1 

2 2 2 2 1 2 2 2 2 2 2 2 23 529 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 ~ ~  2 

I 

K =  2 
N = 12 

2 XR = 116.33 - 108.00 

L 
= 3.81 Xd.f .=1 - 

Reject hypothesis: there is a significant difference in 
tape recorders due to their noise effects at the 100% 
level. 



I 

Is t h e r e  a s i g n i f i c a n t  

Table 17 

A Genera l  Summary of t h e  R e s u l t s  of Friedman's  Tes t  

t r a c k s ?  No 

0% 

r e c o r d e r s ?  

10% 

20% 
No 

3 0% 

Is t h e r e  a s i g n i f i c a n t  40% t r a c k s ?  No 

50% 
Is  t h e r e  a s i g n i f i c a n t  

60% 

t r a c k s ?  No 

70% 

I s  t h e r e  a s i g n i f i c a n t  

80% 

t r a c k s ?  No 

90% 

I s  t h e r e  a s i g n i f i c a n t  

100% 

t r a c k s ?  No 

- 
Is t h e r e  a s i g n i f i c a n t  t r a c k s ?  No 

r e c o r d e r s  ? 

d i f f e r e n c e  i n  

No 

I r e c o r d e r s ?  No 
I 

I s  t h e r e  a s i g n i f i c a n t  t r a c k s ?  No 

d i f f e r e n c e  i n  

Is t h e r e  a s i g n i f i c a n t  

I r e c o r d e r s ?  No 
I 

t r a c k s  ? No 

I I 

I s  t h e r e  a s i g n i f i c a n t  t r a c k s ?  No 

r e  c o r d e r s  ? 

d i f f e r e n c e  i n  

Ye s 

I I 

Is  t h e r e  a s i g n i f i c a n t  t r a c k s ?  No 
d i f f e r e n c e  i n  1 r e c o r d e r s ?  I No 

d i f f e r e n c e  i n  I r e c o r d e r s ?  No 
I 

d i f f e r e n c e  i n  I r e c o r d e r s ?  No 
I 

d i f f e r e n c e  i n  I r e c o r d e r s ? T r  Yes 

d i f f e r e n c e  i n  

d i f f e r e n c e  i n  r e c o r d e r s ?  Ye s 
~~ 

Is t h e r e  a s i g n i f i c a n t  I t r a c k s ?  - 1  No 

d i f f e r e n c e  i n  
I 

r e c o r d e r s ?  No 

d i f f e r e n c e  i n  
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F. 'TiE PAIRED OBSERVATIONS TEST 

S i n c e  t h e  Friedman's  x2 i s  v e r y  c o n s e r v a t i v e ,  t h e r e  a r e  
r easons  t o  s u s p e c t  that s i g n i f i c a n t  d i f f e r e n c e s  between t a p e  
r e c o r d e r s  went unde tec t ed .  Therefore ,  a l e s s  c o n s e r v a t i v e  
t e s t  w i l l  be used i n  t h i s  a n a l y s i s :  The pai2ed o b s a r v a t i o n s  
t e s t .  

R 

1 "lie t h e o r y  upon which t h e  t e s t  i s  based i s  as f o l l o w s :  

If X i  and Y i  are two p a i r e d  o b s e r v a t i o n s  f r o m  a s e t  
o f  sampled d a t a  and d i  i s  t h e i r  d i f f e r e n c e  ( X i  - Y i > y  
then  t h e  d i s t r i b u t i o n  o f  d i r s  i s  g iven  by t h e  "t" d i s -  
t r i b u t i o n ,  u = 0, w i t h  N - 1 degrees  o f  freedom. Thus, 
i f  we wish t o  t e s t  the hypo thes i s  tha t  u 
u n i v e r s e  means o f  t h e  two s e t s  o f  samplea d a t a  a r e  
equa l ,  we may t e s t  t o  see if 3, t h e  ave rage  d i f f e r e n c e  
between X i  and Y i ,  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
ze ro .  We may do  t h i s  by per forming  a t t e s t  w i t h  t h e  
s t a t i s t i c  

= u2,  t h e  

Z d i  

N 
where = , S = unbiased s t a n d a r d  d e v i a t i o n  of  

d i ' s ,  and N = t h e  number o f  p a i r s  o f  o b s e r v a t i o n s .  If 
t h i s  s t a t i s t i c ,  t ,  exceeds t h e  v a l u e  o f  t, w i t h  N - 1  
degrees  of  freedom from a t a b l e  o f  the t d i s t r i b u t i o n ,  
t hen  we r e j e c t  t h e  hypo thes i s  tLat u1  = u2 . 
I n  this  p a r t i c u l a r  a n a l y s i s  t h e  p a i r e d  o b s e r v a t i o n s  t e s t  

was used t o  t e s t  two d i f f e r e n c e s :  (1) ths d i f f e r e n c e  between 
t a p e  r e c o r d e r s  I a n d  11, and ( 2 )  t h e  d i f f e r e n c e  between i n -  
d i v i d u a l  t a p e  r e c o r d e r s  a n d  the  r e a l  time v a l u e s .  

Tables 18, 19, and 20 c o n t a i n  r e p r e s e n t a t i v e  examples o f  
t h e  t e s t  c a l c u l a t i o n s  f o r  d i f f e r e n c e  between r e c o r d e r s  a t  O%, 
SO%, and 100% i n p u t  l e v e l s ,  r e s p e c t i v e l y .  Table  2 1  shows t h e  
r e s u l t s  o f  t h e  t e s t  between r e c o r d e r  1 and r e a l  t ime. Simi-  
l a r l y ,  T a b l e  22 exposes t h e  t e s t  between r e c o r d e r  2 and r e a l  
t i m e .  Tables 23 and 24 con ta in  g e n e r a l  summaries o f  t h e  
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Table 18 

P a i r e d  Observa t ions  Tes t  Between Recorders ,  0% Level  

Tape Tracks  
2 

4 
5 
6 
7 
8 
9 
10 
11 
12 

13 

Recorder I 

65.476 
59.383 
64.407 
59 -486 
64.351 
60.375 

62.235 
66.109 

66.469 
62.539 
68.023 

Re c o r d e r  I1 
76.086 
76.375 
78.398 
78.133 
76.766 
76.859 
79.726 
78.554 
77 -757 

78.383 
76.961 

d i (  1-11) 

-10.610 
-16.992 
-13 991 
-18.647 
-12.415 
-16.484 
-13.617 
-16.319 
-11.288 
-14.422 
-10.360 

112.572 
288.728 
195.748 
347.711 
154.132 

185.423 
271.722 

266.309 
127 419 
207 -994 
107 -330 

-155.145 

11 

2 
di 

10 U n - 1  

S: = 226.5043 - 24,069 971 
110 

s; = 226.5043 - 218.8179 = 7.6864 

Sd = 2.7724 

t.O1 (N = 10) =+3.169 - 
(N = 10) =+2.228 - t 05 

-16.873 - - ( -14.104) (3 4 6 6 )  - - 
2.7724 

2265.043 

R e j e c t  h y p o t h e s i s :  t h e r e  i s  a 
d e f i n i t e  d i f f e r e n c e  between re- 
c o r d e r s  a t  the  0% level. 
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Table 19 

Pa i red  Observa t ions  Test  Between Recorders ,  50% Leve l  

Tape Track 
1 
2 

3 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Recorder  I 

509.571 
514.180 
509 804 
513 929 
510.593 
515.086 
511.812 

514.531 
516 742 
513.711 
517 696 

515.680 

Recorder  I1 
528.438 
527 664 
527 907 
53 1 024 

529 * 477 
528.430 
532 485 
529 9 875 
530.204 
529 125 
532 195 

529.086 

d, (1-11) 

-18.867 
-13 =484 
-18.103 
-17 095 
-18.493 
-14.391 

-16.805 
-16.618 

45.344 
-13.462 
-15.414 
-14.499 

2 
di 

355.964 
181.818 
327.719 
292.239 
341 -991 
207.101 
276.158 
282.408 
23 5 43 8 
181.225 
237 391 
210.221 

-192,575 3129.873 

11 

Sd = 1.894 

= +3.106 t . O l ( N  = 11) - ’  

t .05(N = 11) - = +2.201 

R e j e c t  h y p o t h e s i s :  t h e r e  i s  a 
s i g n i f i c a n t  d i f f e r e n c e  between 
r e c o r d e r s  a t  50% l e v e l .  
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Table 20 

Pa i red  Observa t ions  T e s t  Between Recorders ,  100% Leve l  

Tape Tracks  
1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 

Recorder I 

963.766 
965.313 
964.211 
966.008 
966.140 
967.656 
967.016 
967.461 
969.789 
968.625 
968.796 
969.563 

Recorder I1 
981 179 

981.109 
983 585 
982.266 
983.820 
983 257 
986.758 
984.773 

981.968 

985.601 
982.687 
985.531 

d i (  1-11) 

-17 413 
-16.655 
-16.898 
-17 9577 
-16.126 
-16.804 
-15 -796 
-19 297 
-14.984 

-13.891 
-16.976 

-15.968 

2 
di 

303.213 
277.389 
285 542 
308 951 
260.048 
282 0374 
249 514 
372 *374 
224.520 
288.185 
192.960 
254.977 

-198.385 3300.047 

t . O l ( N  = 11) = 3.106 
Rejec t  h y p o t h e s i s :  there  i s  a d e f i n i t e  

= 2.201 s i g n i f i c a n t  d i f f e r e n c e  between r e -  
t .05(N = 11) c o r d e r s  a t  t h e  100% l e v e l .  
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Table 21 
Paired Observations Test Between Recorder 1 and Real Time 

I n p u t  Level % 
0 
10 
20 

30 
40 
50 
60 
70 
80 
90 
100 

Rec. I f 
63 456 
152 9 974 
242.520 

424 545 

605.496 

785.459 

332.620 

513.611 

695.661 

87 6 350 
967.029 

2 
di di Real Time x' 

65.973 -2.517 6.335 
155.606 -2.632 6.927 
244.766 -2.246 5.045 
334.613 -1 9 993 3-972 
424- 040 +0.505 0.255 
513.602 +O. 009 0.008 
602.712 +2-784 7-751 
692.836 +2.825 7.981 
783 075 +2.384 5.683 
873 a383 +2.967 8.803 
963 117 +3.912 15.304 

+5.998 68.064 

- 
= 6.479 - - 64.796 s; = 68.064 

10 10 

T = -& -5 5 = 0.710 

1- v 

There is no difference between Recorder I r e a d i n g s  and  

Real Time. 
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Table 22 

Pai red  Observa t ions  T e s t  Between Recorder 2 and Real  Time 

Inpu t  Level  % 
0 
10 
20 

30 
40 
50 
60 
70 
80 
90 
100 

Rec. I1 7 
77.636 
167 -784 
257 -717 
348 ' 447 
438.944 
529 659 
621.198 
712.261 
800.598 
891 259 
983 545 

Real  Time 3 
65 973 
155.606 
244.766 
334- 613 
424*040* 

602.712 
692.83 6 
783 075 
873 383 
963 117 

513.602 

di 
11.663 
12.178 

13 834 

16.057 
18.486 
19 4-25 
17 523 
17.876 
20.428 
175.325 

12.951 

14.904 

Sd = 3.032 

t .05(N = 1 0 )  = 2.228 

2 
di 

136.026 
148 3 04 
167.728 
191.380 

257 827 
341.732 
377.331 
307 056 
319.551 
417 9 303 
2886.367 

222.129 

There i s  a s i g n i f i c a n t  d i f f e r e n c e  between Recorder I1 
r e a d i n g s  and r e a l  t i m e .  
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I 

Inpu t  Leve l  

Table  23 

A Genera l  Summary o f  t h e  R e s u l t s  of Pai red  
Observa t ions  T e s t  Between Recorders  

I s  t h e r e  a d i f f e r e n c e  
between r e c o r d e r s  

~~~ ~~~~ ~ - 
3 0% Yes 
40% Yes 
50% Ye s 

60% Ye s 

7 0% Ye s 

8 0% Ye s 

90% Ye s 

100% Ye s 

I 0% Ye s 
I 10% I Ye s 

I 2 0% I Yes 

Table 24 
A Genera l  Summary of t h e  R e s u l t s  of 

Pa i red  Observa t ions  Tes t  
Between Recorders and Real  Time 

Hypo. t e s t e d :  t h e r e  i s  a 

tween r e c o r d e r s  and r e a l  t ime 
(.OS ) s i g n i f i c a n t  d i f f e r e n c e  be- t T 

Rec. I/ RT 0 . 7 1  2.23 No 

Rec. I I / R T  17.44 2.23 Ye s 
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r e s u l t s  of t h e  p a i r e d  obse rva t ion  t e s t s  between r e c o r d e r s ,  
and between r e c o r d e r s  and r e a l  t ime,  r e s p e c t i v e l y .  

From t h e  r e s u l t s  o f  t hese  t e s t s ,  t h e  f o l l o w i n g  o b s e r -  
v a t i o n s  can be i n f e r r e d :  

(1) I t  can be concluded t ha t  t h e r e  i s  a s i g n i f i c a n t  
d i f f e r e n c e  between r e c o r d e r  one and r e c o r d e r  two 
s i n c e  t h i s  was shown t o  be t r u e  a t  eve ry  l e v e l  i n  
t h e  p a i r e d  o b s e r v a t i o n s  t e s t .  

( 2 )  The p a i r e d  obse rva t ions  t e s t  shows no s i g n i f i c a n t  
d i f f e r e n c e  between t a p e  r e c o r d e r  one and r e a l  t ime,  
wh i l e  i t  shows a s i g n i f i c a n t  d i f f e r e n c e  between t a p e  
r e c o r d e r  t w o  and r e a l  t ime. 
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SECTION 111. THE NOISE ANALYSIS 

Now that the difference between tape recorders has 
been statistically established, the next step is to in- 
vestigate the difference within tape recorders, i.e., tape 
tracks. Also, one of the purposes of this experiment was 
to determine what noise or error effect is contributed by 
the tape recorders as a link in the system. With these 
aims in mind, the section on Noise Analysis is hereby pre- 
sented. 

A. APPLICATION OF THE TEST 

It has been noted in similar investigations that a 
convenient way to represent the error effect is to express 
the standard deviation as a percentage of the average range. 
This is expressed as follows: 

% Error = JF(response) 
mean range 

B. RESULTS OF THE TEST 

In this experiment it was decided to construct an index 
using the above model to express the noise as a percentage 
o f  range, by recorders and by tape tracks. This noise index 
follows in Table 25 .  

Since there appeared to be some difference in noise 
values for the two recorders, it was decided to perform a 
paired observations test to investigate this difference. 



H 
H 
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I 

0 
0 

F i g u r e  4 
Graph o f  t h e  

Noise Index  by Tape 
Tracks f o r  Recorders  I and I1 

Recorder  I 0 

Recorder  I1 0 

a 
c 

40 

3c  

2c 

1C 

c 
I 

c 

I 1 1 
1 1 I I I 

I I 
1 I I I I 

I I I I 

1 2  3 4 5 6 7  8 9 1 0 1 1 1 2 1 3  

Tape Tracks 

43 



I 

I 

The actual test and its results are shown in Table 26. 
This test shows a significant statistical difference between 
the noise attributed to the two recorders. 

The researchers feel that the actual magnitude of  the 
differences in noise level is of no practical concern. How- 
ever, since total noise in the system amounts to approxi- 
mately 1% of  full range, it was decided to exhaust all 
possible means of testing these differences. 

If the noise index values are plotted on a scale covering 
only the range o f  values, by tape tracks, there appears to 
be a slight quadratic tendency (correlation coefficient = 0 .57)  
with the outer tracks having more noise than the inner tracks. 
However, considering the entire system, as in Figure 4, it 
can be seen that the values are essentially linear and any 
differences, either in tape recorders or tape tracks, appear 
rather insignificant. 

A question of paramount importance to be answered in 
this report is: what proportion of noise is contributed by 
the tape recorders? The following results were obtained by 
comparing the values sequenced through the tape recorders with 
the values obtained when by-passing the recorders: 

a) When signals traveled through Recorder I alone, 
approximately 28% of the sub-system noise may be 
attributed to this Recorder (see Figure 1). The 
total sub-system noise was .242%. 

b) When signals traveled through Recorder I1 alone, 
approximately 24.5% of the sub-system noise may be 
attributed to Recorder 11. The total sub-system 
noise was .229%. 

c) An extension o f  these results shows that on an 
average telemetry system with 1% total noise, the 
recorders alone would contribute 6 or 7 percent of  
the total noise. Whereas, the sub-system shown in 
Figure 1 contributes about 24% of  total noise. 
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Table 26 

P a i r e d  Observa t ions  Test  Be tween 
Noise L e v e l s  of Recorders I and I1 

Tape Tracks  

1 
2 

; 
& 
5 
6 

9 
10 
11 
12 
13 

Recorder  I 

9 2473 
2317 

*2397 
.2380 
02339 
2245 
2305' 

*2330 
2419 
2419 
2485 
2299 
2499 

Re c ord e r  I I - 
2332 

9 2332 
2245 - 2277 

.2181 

.2231 
'2285 

.225 228i!i 

.22 1 

.2292 

2247 
.2251 

di 
2 

di 

.0141 -. 0015 

.0152 

.0103 

.0158 
,0014 
.0060 
0049 

.0127 
0135 

.0227 

.0050 

.0248 

.00019900 

,00023104 
.00010609 
.00024964 

.00000225 

.00000196 

.00003600 

.00002401 

.00016129 
,00018225 
.00051529 
.00002500 
.00061504 

14-49 ,00234886 

*000733 = .00006108 = 61.08 X =12 

'd 7.815 x 10-3 .007815 - 

t (  .Ol) = 3.055 

t (  -05) = 2.681 
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SECTION I V .  A SECONDARY EXPERIMENT I N  NOISE ANALYSIS 

I n  S e c t i o n  111, it  was i n f e r r e d  that  t h e r e  could be a 
d i f f e r e n c e  w i t h i n  t a p e  r e c o r d e r s .  For  i n s t a n c e ,  by ave rag ing  
t h e  f o u r  extreme o u t e r  v a l u e s  and t h e  5 i n n e r  va lues  of ('1 100 

given i n  Table 25, a conceptua l  p l o t  of t h e  average  n o i s e  
indexes would l o o k  as shown i n  F i g u r e  5. 
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F i g u r e  5. Average Noise Indexes 



Figure 6 .  Block  D i a g r a m  of  T a p e  T r a c k ,  
E x p e r i m e n t  N u m b e r  2 
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This means that if it were possible to store information 
in the inner tracks, for instance, and if recorder 1 were 
used, 

.2426 - .2328 - - ( m 9 8 )  (100) 
.2426 .2426 

4% - .98 ; - - 
.2426 

an improvement of 4% could be obtained. 
decided to perform a refined version of the original ex- 
periment. The purpose of this secondary experiment is, then, 
to gather more information from which m3re valid conclusions 
can be ascertained. 

This is why it was 

A. EXPERIMENTAL DESIGN 

This experiment was performed in April 1966, using the 
same equipment that was used in the original experiment. 
Care was exercised to eliminate all possible internal biases 
such as differences in the pre-amplifiers for the tape tracks. 
Since differences in tape tracks were the primary concern in 
this experiment, wily one tape recorder was used and only 
two levels (50% and 100%) of input were recorded. 

The output of a Century Telemetry calibrator was re- 
corded simultaneously on all 14 tape tracks of the Mincon 
Tape Recorder (No. 2). The recorder information was then 
stripped of f  the analog tape by tracks and fed through the 
DCS GFD-5 discriminator (channel lo), into an AID converter 
and onto digital tape for analysis by the SEL Telemetry 
Data Analysis System. A Quick Look and a Mean, Difference, 
Variance program were printed out. (See Figure 6 for a 
block diagram of the experiment.) 



B. ANALYSIS OF EXPERIMENT 

Table 27 contains a summary o f  the means and standard 
deviations by levels and tape tracks for Experiment Number 2. 
An average standard deviation and a noise index is also com- 
puted for each tape track. By observing the noise indexes 
it can be seen that there is slightly more noise on the 
outer tracks. In this experiment, the average noise for the 
six inner tracks compared to the average noise for the eight 
outer tracks represents a reduction in noise of about 6%. 

C. RESULTS OF EXPERIMENT 

The first question to be answered at this time is: is 
there a practical difference in tape tracks? Although it has 
been shown that if by some means the most critical information 
could be stored in the inner tape tracks, some reduction o f  

noise could be obtained, the researchers feel that the small 
magnitude o f  the gain does not warrant such a careful pre- 
programming. True, a reduction of 6%, or 4% of any unwanted 
element is always welcomed, In this case the unwanted element 
constitutes approximately 1% of full range. Therefore, it is 
very unlikely that this difference is large enough to be of 
any practical concern. 

Figure 7 is a plot of the noise levels as a function of 
the fourteen tape tracks. By thinking of  this plot as a 
representation of the system as a whole, it can be inferred 
that differences in tape tracks are immaterial in regard to 
a telemetry system. 
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SECTION V. CONCLUSIONS AND RECOMMENDATIONS 

I n  t h e  e a r l y  p a r t  o f  S e c t i o n  I1 of t h i s  r e p o r t ,  i t  has 
been shown that  t h e  d a t a  c o l l e c t e d  f o r  t h i s  experiment 
f a i l e d  t o  meet w i t h  two important  p r o p e r t i e s  which a r e  e s -  
s e n t i a l  f o r  most s t a t i s t i c a l  t e s t i n g ;  i . e . ,  no rma l i ty  and 
homogeneity of  v a r i a n c e s .  On account  o f  t h i s  f a c t ,  non- 
p a r a m e t r i c  t e s t s  were used t o  compare b o t h  t h e  t a p e  r e -  
c o r d e r s  and t h e  t a p e  t r a c k s .  I t  should be r e a l i z e d  t ha t  
t h e s e  non-parametr ic  methods a r e  much more c o n s e r v a t i v e  
t h a n  p a r a m e t r i c  t e s t s .  

However, some impor tan t  conc lus ions  can be drawn f r o m  

th i s  s tudy .  Among t h e s e  conclus ions  a r e :  

1. There i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
between t h e  n o i s e  c h a r a c t e r i s t i c s  o f  t h e  two 
r e c o r d e r s  t e s t e d .  

2. Recorder  I produces s i g n i f i c a n t l y  more n o i s e  than  
does Recorder  11. 

3. Recorder  I1 d i f f e r s  s i g n i f i c a n t l y  f rom r e a l  t ime 
v a l u e s  wh i l e  Recorder I does n o t .  

4. Although t h e  n o i s e  a n a l y s i s  seems t o  i n d i c a t e  t h a t  
t h e r e  i s  some s t a t i s t i c a l  d i f f e r e n c e  between t a p e  
t r a c k s ,  i t  i s  ve ry  d o u b t f u l  that  t h i s  d i f f e r e n c e  
w i t h i n  r e c o r d e r s  i s  l a r g e  enough t o  be t r u l y  s i g -  
n i f i c a n t  i n  a p r a c t i c a l  s ense .  I n  l i g h t  o f  t h i s ,  
i t  may be concluded t h a t  t h e  n o i s e  e f f e c t  i n  t a p e  
t r a c k s  produced by t h e  wow and f l u t t e r  w i t h i n  t h e  
r e c o r d e r  does n o t  warran t  pre-programming r e g a r d i n g  

t h e  importance o f  t h e  in fo rma t ion .  



5'. It has been shown that about one-fourth of  the 
sub-system noise could be attributed to the tape 
recorders. Therefore, it may be concluded that a 
reduction of the noise of the tape recorders will 
significantly diminish the noise in the sub- 
system as well as total noise o f  a telemetry 
system. 

As a result of this study, it is recommended that 
additional research be performed in the area of  noise analysis 
in a telemetry system. This could be accomplished by designing 
experiments similar to this, in which other parts of  the 
system are isolated and the outcome is analyzed. This will 
indicate where the largest portion of the noise is generated 
and, consequently, correcting efforts can be directed in 
the right direction. 

An area of particular interest is the study of  the 
quality characteristics of magnetic tape. The researchers 
feel that a large portion of the noise generated in the 
tape recorders may be attributed to surface defects in the 
tape. 
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