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ABSTRACT 

D u r i n g A p r i l and May 1978, t h e David W. T a y l o r 
N a val Ship Research and Development Center (DTNSRDC) 
p a r t i c i p a t e d i n a un i q u e s e t o-f c o m p a r a t i v e s h i p 
p e rformance t r i a l s conducted j o i n t l y by t h e U n i t e d 
S t a t e s Navy and t h e U n i t e d S t a t e s Coast Guard. 
These t r i a l s c o n s i s t e d o f t h e s i d e - b y - s i d e 
o p e r a t i o n o f t h e 3 7 8 - f o o t Coast Guard C u t t e r MELLON, 
t h e 9 5 - f o o t Coast Guard C u t t e r CAPE CORWIN, and t h e 
8 9 - f o o t U n i t e d S t a t e s Navy (USN) s m a l l w a t e r p l a n e 
a r e a t w i n h u l l (SWATH) s h i p KAIMALINO i n seas o f 
o p p o r t u n i t y f o r t h r e e 8-hour p e r i o d s a t d i f f e r e n t 
r e l a t i v e headings t o t h e sea, w i t h an a d d i t i o n a l 
c o n t i n u o u s 36-hour t r i a l p e r i o d i n v o l v i n g o n l y t h e 
CAPE CORWIN and t h e KAIMALINO. W i t h i n t h i s t r i a l 
p e r i o d were f i v e 8-hour p e r i o d s w h e r e i n s i x t e s t 
s u b j e c t s per v e s s e l were m o n i t o r e d f o r p h y s i o l o g y 
and a f f e c t i v e s t a t e w h i l e u n d e r g o i n g a s e r i e s o f 
human f a c t o r s e x p e r i m e n t s designed t o e v a l u a t e t h e 
e f f e c t s o f v e s s e l h a b i t a b i l i t y and s h i p - m o t i o n -
r e l a t e d d e g r a d a t i o n on t h e t a s k performance of ex­
p e r i e n c e d s a i l o r s . The s u i t a b i l i t y o f t h e SWATH f o r 
t y p i c a l Coast Guard m i s s i o n s c u r r e n t l y p e r f o r m e d by 
c o n v e n t i o n a l s u r f a c e s h i p s can be addressed t h r o u g h 
t h e i n t e r p r e t a t i o n o f these t r i a l r e s u l t s . 

T h i s r e p o r t documents t h e t r i a l d e t a i l s and 
r e c o r d i n g p r o c e d u r e s , i d e n t i f i e s t h e measurements 
r e c o r d e d by DTNSRDC, b r i e f l y d e s c r i b e s t h e a n a l y s i s 
t e c h n i q u e s employed, p r e s e n t s t h e r e s u l t s of th o s e 
a n a l y s e s , and comments on these r e s u l t s , d r a w i n g 
c o n c l u s i o n s as a p p r o p r i a t e . T h i s m a t e r i a l i s i n ­
tended t o complement a d d i t i o n a l r e p o r t s c u r r e n t l y 
under p r e p a r a t i o n by t h e U.S. Coast Guard w h i c h 
p r i m a r i l y address t h e human f a c t o r s a s p e cts o f t h i s 
t r i a l . 

ADMINISTRATIVE INFORMATION 

T h i s i n v e s t i g a t i o n , conducted under t h e o v e r a l l management o f t h e 

U n i t e d S t a t e s Coast Guard (USCG), was funded under MIPR Z7099-9-91A126A. 

Both USCG and U.S. Navy funds c o n t r i b u t e d t o t h e p r o j e c t . U.S. Navy f u n d ­

i n g s u p p o r t was p r o v i d e d f r o m f o u r E x p l o r a t o r y Development p r o j e c t s , 

namely: (1) t h e SWATH Ship Program (SF 43-411-211), (2) t h e Ship 

F e a s i b i l i t y I n v e s t i g a t i o n s Program (SF 43-411-291), (3) t h e Ship Per­

formance and Hydrodynamics Program (ZF 43-421-001), and (4) t h e Advanced 

Naval V e h i c l e s Concept E v a l u a t i o n Program. 
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At DTNSRDC t h e i n v e s t i g a t i o n i s i d e n t i f i e d under Work U n i t s 1568-029, 

1568-030, 1568-031, and 1170-119. 

INTRODUCTION 

A t h r e e s h i p c o m p a r a t i v e seakeeping t r i a l v/as conducted a few m i l e s 

o f f s h o r e o f H o n o l u l u , H a w a i i . The U n i t e d S t a t e s Coast Guard f l e e t a s s e t s 

i n c l u d e d two s h i p s , two b o a t s , and a p h o t o g r a p h i c h e l i c o p t e r w h i l e t h e U.S, 

Navy f l e e t a s s e t c o n s i s t e d o f one s h i p . 

T h i s t r i a l , w h i c h had a l o n g p l a n n i n g and development s t a g e , had two 

d i s t i n c t l y d i f f e r e n t o b j e c t i v e s . The o b j e c t i v e s were t o : 

1. Measure t h e s h i p - m o t i o n - r e l a t e d d e g r a d a t i o n i n t h e t a s k p e r ­

formance o f e x p e r i e n c e d s a i l o r s , i . e . , measure t h e e f f e c t o f m o t i o n on 

human performance. 

2. E v a l u a t e t h e s u i t a b i l i t y o f a s m a l l w a t e r p l a n e a rea t w i n h u l l 

(SWATH) s h i p f o r t y p i c a l Coast Guard m i s s i o n s c u r r e n t l y p e r f o r m e d by 

c o n v e n t i o n a l c u t t e r s such as t h e 2 1 0 - f o o t medium endurance c u t t e r s and t h e 

9 5 - f o o t p a t r o l b o a t s . 

The MELLON, a 3 7 8 - f o o t , 3000-ton., high-endurance c u t t e r (WHEC) (seen 

i n t h e background o f F i g u r e 1) was t h e l e a d s h i p and l a r g e s t i n t h e t r i a l . 

The CAPE CORWIN, a 9 5 - f o o t , 100-ton p a t r o l b o at (WPB) (seen i n t h e f o r e ­

ground o f F i g u r e 1) r e p r e s e n t e d t h e s m a l l e s t ocean-going c o n v e n t i o n a l 

v e s s e l employed by t h e Coast Guard. T h i s v e s s e l , o f c o u r s e , i s l i m i t e d i n 

i t s c a p a b i l i t i e s by i t s seakeeping and arrangement c h a r a c t e r i s t i c s and 

thus r e p r e s e n t s an extreme w o r k i n g environment f o r i t s crew when deployed 

a t sea. The Navy's 8 9 - f o o t 200-ton SWATH s h i p KAIMALINO (seen as t h e 

c e n t r a l v e s s e l i n F i g u r e 1) was t h e v e s s e l t o be e v a l u a t e d by comparison 

of s h i p m o t i o n s and human f a c t o r s t r i a l r e s u l t s o b t a i n e d f r o m t h e s i d e - b y -

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

The t r i a l p r o c e d u r e f o r t h e human f a c t o r s t e s t i n g c o n s i s t e d o f 

steaming f o r e i g h t c o n t i n u o u s hours i n a s t a n d a r d seakeeping octagon 

p a t t e r n . T h i s t r i a l c o n s i s t e d o f t h r e e days a t sea w i t h t h r e e s h i p s and 

t h r e e s e p a r a t e groups o f human f a c t o r s t e s t s u b j e c t s . Each group o f 

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

and crew o f MELLON. 

2 



Dockside human f a c t o r s t u d i e s were conducted on 29 and 30 A p r i l 

1978, and a g a i n on 4 May 1978 f o l l o w i n g t h e a t - s e a octagon t r i a l p e r i o d . 

T h i s d o c k s i d e t e s t i n g was used t o e s t a b l i s h b a s e l i n e d a t a f o r the human 

f a c t o r s e x p e r i m e n t s . 

On a l l t e s t days, human f a c t o r s e x p e r i m e n t s were planned t o b e g i n 

a t 0800 hours and cease a t 1600 hours. I t was agreed t h a t each d i s t i n c t 

human f a c t o r s t e s t p e r i o d would occupy 20 minutes o f t e s t i n g , f o l l o w e d by 

a 10-minute n o n t e s t i n g b u t m o n i t o r e d p e r i o d , f o l l o w e d by a 20-minute t e s t 

p e r i o d and a n o t h e r 10-minute n o n t e s t , b u t m o n i t o r e d p e r i o d . T h i s sequence 

was r e p e a t e d e i g h t t i m e s each day. D u r i n g a t - s e a t r i a l days t h e p a r a l l e l 

steaming o f each oct a g o n l e g was planned t o occur d u r i n g t h e 20-minute 

human f a c t o r s t e s t p e r i o d , w h i l e t h e c o n s e c u t i v e 45-degree course changes 

t o s t a r b o a r d and r e a l i g n m e n t f o r c o n t i n u e d s i d e - b y - s i d e steaming would 

occur d u r i n g t h e 10-mlnute n o n t e s t p e r i o d . T h i s p r o c e d u r e a l l o w e d s t e a d y 

s t a t e s h i p m o t i o n v a l u e s t o be d i r e c t l y r e l a t e d t o t h e human f a c t o r s t e s t 

d a t a . 

P r o v i d e d i n F i g u r e 2 i s a s k e t c h o f t h e octagon c i r c u i t and i t s 

r e l a t i v e l o c a t i o n w i t h r e s p e c t t o t h e i s l a n d o f Oahu, H a w a i i . Two 

complete c l o c k w i s e t r a n s i t s , b e g i n n i n g w i t h Leg 1 o f t h i s p a t t e r n , were 

made on 2 May 1978 and a g a i n on 3 May 1978. However, on 1 May 1978, a 

l a t e s t a r t d e l a y e d t r a n s i t o f t h e f i r s t l e g by 1.5 h o u r s . Since human 

f a c t o r s t e s t i n g had begun a t 0800 h o u r s , t h e octagon p a t t e r n c o u l d n o t be 

completed t w i c e by 1600 hours and was m o d i f i e d on t h e second c i r c u i t as 

shown i n Legs A, B, and C. Human f a c t o r s t e s t i n g ceased a t 1600 hours 

w h i c h corresponded w i t h t h e c o m p l e t i o n o f Leg B. 

A l t h o u g h i t was planned t h a t v e s s e l speeds would be m a i n t a i n e d a t 10 

kn o t s w h i l e t r a n s i t i n g t h e octa g o n l e g s , m e c h a n i c a l f a i l u r e s f i r s t t o 

MELLON and t h e n KAIMALINO caused t r a n s i t speeds t o be reduced t o between 

7 and 7.5 k n o t s on s e v e r a l o c c a s i o n s . These speed changes, as o b t a i n e d 

f r o m USCG l o g s , a r e g i v e n i n t h e e n c l o s e d d a t a . 

A second t r i a l phase c o n s i s t e d o f t h e s i d e - b y - s i d e o p e r a t i o n o f t h e 

CAPE CORWIN and t h e KAIMALINO f o r a d d i t i o n a l p e r i o d s o f human f a c t o r s 

t e s t i n g on 7 and 8 May 1978 w i t h t h e v e s s e l s r e m a i n i n g a t - s e a o v e r n i g h t . 
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These t e s t p e r i o d s were i d e n t i c a l t o t h e p r e v i o u s p e r i o d s w i t h t h e 

e x c e p t i o n t h a t i n s t e a d o f t r a n s i t i n g t h e o c t a g o n , they steamed w i t h i n 

t h e area shown i n F i g u r e 3. The g e n e r a l t r a c k o f t h e v e s s e l s i s shown; 

however, s i g n i f i c a n t p e r t u r b a t i o n s w h i c h o c c u r r e d i n t h e a c t u a l t r a n s i t s 

a r e n o t i n d i c a t e d . 

Two v e s s e l s , MELLON and KAIMALINO, were equipped w i t h m o t i o n s t a b i l i z ­

e r s . The r u d d e r r o l l s t a b i l i z a t i o n system aboard MELLON was n o t a c t i v a t e d 

d u r i n g t h e se t r i a l s , s i n c e i t i s a p r o t o t y p e system n o t found aboard t h e 

e n t i r e c l a s s . However, t h e a u t o m a t i c c o n t r o l system aboard KAIMALINO, 

c o n s i s t i n g of canards and f l a p s , was a c t i v a t e d and f u n c t i o n a l d u r i n g a l l 

t r i a l p e r i o d s except f r o m 0800 t o 1223 hours on 7 May 1978. 

Ship m o t i o n measurements aboard each v e s s e l were r e c o r d e d c o n t i n u o u s l y 

w h i l e underway and a l s o d u r i n g t h e d o c k s i d e human f a c t o r s t e s t p e r i o d s . 

D e t a i l s r e g a r d i n g t h e se measurements a r e c o n t a i n e d i n t h e f o l l o w i n g 

s e c t i o n . 

INSTRUMENTATION AND MEASUREMENTS 

MELLON, CAPE CORWIN, and KAIMALINO were I n s t r u m e n t e d t o r e c o r d r o l l , 

p i t c h , heave a c c e l e r a t i o n , and t h e t h r e e s h i p system c o o r d i n a t e a x i s 

a c c e l e r a t i o n s ( i . e . , l a t e r a l , l o n g i t u d i n a l and v e r t i c a l ) . The t h r e e 

c o o r d i n a t e a x i s a c c e l e r a t i o n s measured i n t h e human f a c t o r s room o f each 

s h i p were r e f e r e n c e d t o t h e s h i p a x i s system, t h a t i s , p a r a l l e l t o t h e deck 

i n a l o n g i t u d i n a l d i r e c t i o n and p e r p e n d i c u l a r t o t h e deck i n a v e r t i c a l 

d i r e c t i o n . A d d i t i o n a l l y , equipment t o measure and r e c o r d t h e e l e c t r o ­

c a r diograms (EKG) o f t h e s i x t e s t s u b j e c t s per v e s s e l , w i t h one event 

box per s u b j e c t , was a l s o I n s t a l l e d . An event box c o n s i s t e d o f a s m a l l 

box w i t h t h r e e d i f f e r e n t c o l o r e d , n o r m a l l y c l o s e d , push a c t i v a t e d 

s w i t c h e s . These boxes were used t o r e c o r d e l e c t r o n i c a l l y t h e responses 

of t h e t e s t s u b j e c t s d u r i n g t h e tone t e s t and t h e t i m e e s t i m a t i o n t e s t — 

human f a c t o r s t e s t s g i v e n once each hour d u r i n g t h e t e s t p e r i o d s . D e t a i l s 

p e r t a i n i n g t o t h e d e s i g n o f these boxes, as w e l l as o p e r a t i o n a l c h a r a c t e r ­

i s t i c s , a r e g i v e n i n Appendix A. P r e c o n d i t i o n i n g and r e c o r d i n g equipment 

was l o c a t e d n e a r , b u t n o t w i t h i n , t h e c o n f i n e s d e s i g n a t e d as t h e " t e s t 

4 



a r e a " by t h e human f a c t o r s e x p e r i m e n t e r , as shown i n F i g u r e s 4, 5, and 6. 

A DTNSRDC t e c h n i c i a n m o n i t o r e d t h i s equipment on each v e s s e l d u r i n g a l l 

t e s t p e r i o d s as w e l l as d u r i n g t r a n s i t p e r i o d s . An e i g h t - c h a n n e l s t r i p 

c h a r t r e c o r d e r w h i c h m o n i t o r e d each t e s t s u b j e c t ' s EKG t r a c e , t h e master 

event box (power on and o f f c o n d i t i o n o n l y ) and a human f a c t o r s a n a l o g 

tape r e c o r d e r on and o f f i n d i c a t o r was p l a c e d w i t h i n t h e t e s t a r ea f o r t h e 

use o f the e x p e r i m e n t e r . 

F i g u r e s 7, 8, and 9 p r e s e n t schematics o f the i n s t r u m e n t a t i o n as 

i n s t a l l e d p r i o r t o t h e t r i a l . Tables 1 t h r o u g h 6 p r o v i d e c hannel des­

i g n a t i o n s f o r t h e s i x t a p e r e c o r d e r s as w e l l as t r a n s d u c e r s and c o n d i t i o n ­

i n g e l e c t r o n i c s by m a n u f a c t u r e r , model, and t y p e . M o d i f i c a t i o n s neces­

s i t a t e d by s c h e d u l i n g changes, a d d i t i o n a l t r i a l s , and/or equipment f a i l ­

u r e s a r e a l s o i n d i c a t e d i n these t a b l e s . Transducer l o c a t i o n s and tape 

r e c o r d e r v o l t a g e p o l a r i t i e s f o r a l l v e s s e l m o t i o n s a r e p r o v i d e d i n Tables 

7, 8, and 9. 

Wave h e i g h t d a t a t r a n s m i t t e d by the wave buoy were m o n i t o r e d on t h e 

MELLON and on t h e KAIMALINO c o n t i n u o u s l y d u r i n g t h e 8-hour octagon t r a n s i t s 

o f 1 , 2, and 3 May 1978. Waveheight was n o t m o n i t o r e d d u r i n g t h e 7-8 May 

t r i a l s . 

Human f a c t o r s measurements r e c o r d e d by DTNSRDC were m o n i t o r e d by t h e 

i n d i v i d u a l e x p e r i m e n t e r s w i t h t h e s t r i p c h a r t r e c o r d e r p r o v i d e d them, as 

mentioned e a r l i e r . The a p p l i c a t i o n o f t h e t h r e e EKG e l e c t r o d e s per 

s u b j e c t , t h e a d m i n i s t r a t i o n o f a l l human f a c t o r s t e s t s , and a l l communi­

c a t i o n s w i t h DTNSRDC r e p r e s e n t a t i v e s d u r i n g t h e human f a c t o r s t e s t 

p e r i o d s were p e r f o r m e d by t h e e x p e r i m e n t e r or h i s a i d e . I n d i c a t i o n s as 

t o f a u l t y o r weak s i g n a l s f r o m a t e s t s u b j e c t ' s EKG e l e c t r o d e s , b u t t o n 

box v a l u e s , e t c . , were made known t o t h e e x p e r i m e n t e r or h i s a i d e d u r i n g 

t h e 10-minute i n t e r v a l s between t e s t p e r i o d s and th e n o n l y i n as un­

o b t r u s i v e a manner as p o s s i b l e . 

Data were r e c o r d e d on t h e a n a l o g tape r e c o r d e r s w i t h i n a n o m i n a l 

+1.4 v o l t s range. To m a i n t a i n a r e c o r d i n g v o l t a g e l e v e l t h a t was w i t h i n 

t h i s range, y e t n o t so low as t o i m p a i r r e s o l u t i o n , t h e p r e c o n d i t i o n i n g 

e l e c t r o n i c s , as l i s t e d i n Tables 1 t h r o u g h 6, were a d j u s t e d as necessary 

t o p r o v i d e t h e p r o p e r g a i n o r a t t e n u a t i o n r e q u i r e d . These changes were 
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made d u r i n g t h e 10-minute p e r i o d s between human f a c t o r s t e s t p e r i o d s . 

Removal and replacement o f r e c o r d i n g tape was a l s o accomplished d u r i n g 

t h e s e p e r i o d s . 

These a d j u s t m e n t v a l u e s were r e c o r d e d by t h e r e c o r d i n g t e c h n i c i a n 

i n h i s l o g book. The c o m b i n a t i o n o f these g a i n and a t t e n u a t i o n v a l u e s 

and t h e t r a n s d u c e r c a l i b r a t i o n s (when a p p l i c a b l e ) enable t h e a n a l y s i s 

p r o c e d u r e t o a p p l y p h y s i c a l u n i t s t o t h e v a r i o u s parameters. 

The r e c o r d i n g t e c h n i q u e used f o r t h e EKG channels v a r i e d somewhat 

f r o m t h a t used f o r t h e s h i p m o t i o n c h a n n e l s , s i n c e t h e EKG a n a l y s i s 

r o u t i n e was p r i m a r i l y f r e q u e n c y o r i e n t e d r a t h e r t h a n a m p l i t u d e o r i e n t e d , 

i . e . , b e a t s per m i n u t e . The r e c o r d i n g t e c h n i c i a n s aboard MELLON and CAPE 

CORWIN s e l e c t e d an a m p l i f i e r g a i n w h i c h would y i e l d a maximum e x c u r s i o n o f 

a p p r o x i m a t e l y 0,5 v o l t s a t t h e analog tape r e c o r d e r i n p u t s . The dynamic 

range o f t h i s I ncoming EKG s i g n a l was t h e n r e f e r e n c e ( u s i n g t h e zero a d j u s t 

on t h e p r e c o n d i t i o n i n g a m p l i f i e r ) t o a p p r o x i m a t e l y 0,0 v o l t s p l a c i n g i t near 

t h e c e n t e r o f t h e r e c o r d i n g range c a p a b i l i t y . T h i s t e c h n i q u e p e r m i t t e d a 

r e l a t i v e l y l a r g e s i g n a l t o be r e c o r d e d and s t i l l a l l o w e d f o r s i z a b l e v o l t ­

age f l u c t u a t i o n s b o t h w i t h i n t h e t r a c e i t s e l f and a l s o t h e d i r e c t c u r r e n t 

l e v e l upon wh i c h i t was superimposed. A m p l i f i c a t i o n f a c t o r s ( g a i n s ) o f 

200 t o 1 were p r e d o m i n a t e l y used f o r t h e EKG t r a c e s upon these two v e s s e l s . 

Aboard KAIMALINO, t h e p r e c o n d i t i o n i n g a m p l i f i e r s a s s o c i a t e d w i t h t h e 

EKG channels d i d n o t have a r e f e r e n c i n g ( z e r o i n g ) c a p a b i l i t y and, t h e r e ­

f o r e , c o u l d n o t be a d j u s t e d t o t h e c e n t e r o f t h e r e c o r d i n g range. To 

assure t h a t t h e EKG s i g n a l remained w i t h i n r e c o r d i n g range, a s m a l l e r 

a m p l i f i c a t i o n f a c t o r ( g a i n ) was chosen, t y p i c a l l y , a v a l u e o f 100 t o 1 was 

used. T h i s v a r i a t i o n r e s u l t e d i n EKG r e c o r d i n g l e v e l s aboard KAIMALINO t o 

be a p p r o x i m a t e l y o n e - h a l f t h o se aboard t h e o t h e r two v e s s e l s . 

A l l d a t a r e c o r d e d upon t h e tape r e c o r d e r s a r e u n f i l t e r e d as may be 

seen i n F i g u r e s 7, 8, and 9. Recorded d a t a a r e t i m e r e f e r e n c e d by t h e 

p a r a l l e l r e c o r d i n g o f a t i m e code s i g n a l w h i c h was s e t t o co r r e s p o n d t o 

l o c a l t i m e and was s y n c h r o n i z e d (+ a p p r o x i m a t e l y 2 seconds) between t h e 

t h r e e v e s s e l s . The m a j o r i t y o f t h e c o l l e c t e d d a t a was a n a l y z e d u s i n g t h i s 
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t i m e code r e f e r e n c e . An a d d i t i o n a l r e f e r e n c e c h a n n e l d e s i g n a t e d "mode" 

c o n s i s t e d o f t h e presence o f a o n e - h a l f v o l t s i g n a l , I n d i c a t i n g a human 

f a c t o r s t e s t I s b e i n g conducted; absence o f t h e s i g n a l i n d i c a t e s a p e r i o d 

d u r i n g w h i c h course changes were made and no human f a c t o r s t e s t s were 

conducted. T h i s a u x i l i a r y r e f e r e n c e channel was used when t h e t i m e code 

s i g n a l was d i s a b l e d or u n r e c o v e r a b l e . 

Wave h e i g h t t r a n s m i s s i o n s f r o m t h e wave r i d e r buoy were m o n i t o r e d 

c o n t i n u o u s l y w h i l e t h e buoy was deployed. W h i l e i t was o r i g i n a l l y I n t e n d e d 

t o d e p l o y t h e buoy i n t h e c e n t e r o f t h e octa g o n , s c h e d u l i n g changes 

n e c e s s i t a t e d t h a t i t be deployed a t t h e b e g i n n i n g o f t h e f i r s t l e g as 

i n d i c a t e d i n F i g u r e 2. Wh i l e t h e c e n t e r l o c a t i o n would have been 

p r e f e r a b l e , t h e t r i a l l o c a t i o n was chosen t o m i n i m i z e wave h e i g h t 

v a r i a t i o n s w h i c h c o u l d occur w i t h i n t h e l i m i t s o f t h e octagon t r a n s i t . 

To t h i s end, no s i g n i f i c a n t v i s u a l changes c o u l d be d i s c e r n e d f r o m l e g t o 

l e g d u r i n g t h e t r a n s i t s and t h e wave h e i g h t s r e c o r d e d a r e c o n s i d e r e d t o be 

r e p r e s e n t a t i v e f o r t h e octagon t r a n s i t . 

I n f o r m a t i o n r e c e i v e d f r o m t h e event boxes was encoded, r e c o r d e d , and 

decoded as d e s c r i b e d i n Appendix A. 

DATA ANALYSIS, PRESENTATION, AND DISCUSSION 

A l l d a t a c o l l e c t e d by DTNSRDC were r e c o r d e d on 14 channel FM ana l o g 

tape r e c o r d e r s as d i s c u s s e d p r e v i o u s l y . Ship m o t i o n s and a c c e l e r a t i o n s 

were a n a l y z e d i n one o f two b a s i c s t a g e s , as d i r e c t e d by t h e Coast Guard. 

The f i r s t s t a g e produces average and s t a n d a r d d e v i a t i o n v a l u e s f o r t h e 

parameters a n a l y z e d as d e r i v e d f r o m t h e da t a p o i n t samples. The second 

stage p r o v i d e s s e v e r a l a d d i t i o n a l s t a t i s t i c a l measures, i n f o r m a t i o n on t h e 

maxima and minima o f t h e t i m e h i s t o r y , t a b u l a r and g r a p h i c r e p r e s e n t a t i o n s 

of t h e s p e c t r a l c o n t e n t , and a m p l i t u d e d i s t r i b u t i o n s o f t h e d a t a . E x i s t i n g 

DTNSRDC a n a l y s i s programs employing accepted s t a t i s t i c a l p rocedures were 

m o d i f i e d t o p r o v i d e t h e i n f o r m a t i o n r e q u e s t e d by t h e Coast Guard t r i a l 

c o o r d i n a t o r . 

Appendix A p r o v i d e s a d e s c r i p t i o n and d i s c u s s i o n o f t h e human f a c t o r s 

d a t a c o l l e c t i o n and a n a l y s i s w i t h schematics o f i n s t r u m e n t a t i o n designed 
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s p e c i f i c a l l y f o r t h i s t r i a l by DTNSRDC. Appendix B g i v e s a b r i e f 

d i s c u s s i o n on d a t a c o l l e c t i o n and a n a l y s i s i n g e n e r a l and addresses t h e 

meaning o f s e v e r a l s t a t i s t i c a l measures. Appendixes C t h r o u g h E d e t a i l 

t h e d a t a f o r m a t f o r t h e r e s u l t s o f t h e s h i p m o t i o n a n a l y s i s and human 

f a c t o r s a n a l y s i s w h i c h DTNSRDC was t a s k e d t o p r o v i d e . The a n a l y s i s r e s u l t s 

a r e p r o v i d e d on m i c r o f i c h e accompanying t h i s r e p o r t as d e t a i l e d i n Appendix 

F. The remainder o f t h i s s e c t i o n d i s c u s s e s s e l e c t e d r e s u l t s t a k e n f r o m 

t h e d o c k s i d e and octagon t r i a l p e r i o d s . 

To f a c i l i t a t e d a t a a n a l y s i s and f o r m a t t i n g , a r u n number c o d i n g 

system, as shown i n Table 10, was Implemented. Note t h a t t h e s h i p t y p e , 

c a l e n d a r d a t e , and l o c a l c l o c k t i m e a r e e a s i l y d e r i v e d f r o m t h e r u n numbers 

and t h a t even numbered run s c o i n c i d e w i t h human f a c t o r s t e s t p e r i o d s . The 

odd numbered runs c o i n c i d e w i t h t r a n s i t s t o and f r o m t h e t e s t area and 

w i t h t h e t i m e s a l l o t t e d t o change headings. 

P r e s e n t e d i n F i g u r e 10 a r e t h e r e l a t i v e s h i p headings a s s o c i a t e d w i t h 

each o c t a g o n l e g . I t must be emphasized t h a t no permanent r e l a t i o n s h i p 

e x i s t s between r u n numbers and s h i p headings. 

Ship m o t i o n d a t a r e c o r d e d d u r i n g t h e do c k s i d e p e r i o d s were a n a l y z e d 

f o r r o o t mean square (RMS) and mean v a l u e s f o r t h e t h r e e s h i p r e f e r e n c e d 

a c c e l e r a t i o n s f o r CAPE CORWIN o n l y . T h i s t e c h n i q u e a l l o w e d t h e human 

f a c t o r s e x p e r i m e n t e r s t o assess t h e magnitude of these a c c e l e r a t i o n s f o r 

th e v e s s e l most l i k e l y t o y i e l d t h e h i g h e s t v a l u e s . I f i t appeared t h a t 

t h e s e r e s u l t s w a r r a n t e d a d d i t i o n a l a n a l y s i s of do c k s i d e m o t i o n d a t a , t h a t 

a n a l y s i s c o u l d t h e n be pe r f o r m e d . I t was de t e r m i n e d t h a t CAPE CORWIN 

a c c e l e r a t i o n magnitudes d i d n o t i n d i c a t e t h a t t h e a d d i t i o n a l a n a l y s i s f o r 

th e o t h e r v e s s e l s would be r e q u i r e d . 

V e s s e l m o t i o n s f o r t h e oc t a g o n t r a n s i t s o f 1 t h r o u g h 3 May a r e 

p r e s e n t e d i n F i g u r e s 11 t h r o u g h 14. F i g u r e 11 p r e s e n t s s i g n i f i c a n t d o uble 

a m p l i t u d e r o l l and p i t c h a n g l e s v e r s u s s h i p r e l a t i v e h e a d i n g f o r a l l t h r e e 

v e s s e l s d u r i n g t h e morning and a f t e r n o o n octagon t r a n s i t s . A heading o f 

180 degrees I n d i c a t e s head seas. S e v e r a l p o i n t s a r e t o be n o t e d : f i r s t , 

i t i s o b v i o u s t h a t CAPE CORWIN e x p e r i e n c e s s i g n i f i c a n t l y more r o l l i n g and 

p i t c h i n g m o t i o n t h a n t h e o t h e r v e s s e l s ; second, t h e moti o n s e x p e r i e n c e d 
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d u r i n g t h e morning ( s o l i d l i n e ) t r a n s i t s a r e g e n e r a l l y l a r g e r t h a n those o f 

the a f t e r n o o n ; and t h i r d , w h i l e t h e p i t c h i n g m o t i o n s o f MELLON and 

KAIMALINO are comparable, MELLON ( l i k e CAPE CORWIN) tends t o e x p e r i e n c e 

g r e a t e r r o l l a n g l e s — e s p e c i a l l y i n f o l l o w i n g seas. 

Heave a c c e l e r a t i o n s and v e r t i c a l a c c e l e r a t i o n s a r e p r e s e n t e d i n 

F i g u r e 12 i n a f o r m a t i d e n t i c a l t o t h a t o f t h e l a s t f i g u r e . Once a g a i n we 

f i n d t h a t CAPE CORWIN e x p e r i e n c e s l a r g e r m o t i o n s t h a n do MELLON or 

KAIMALINO w h i c h a r e comparable. No heave d a t a a r e shown f o r MELLON on 

3 May and no v e r t i c a l a c c e l e r a t i o n i s shown f o r KAIMALINO on t h e same day. 

Due t o t h e r e l a t i v e p r o x i m i t y o f t h e heave and v e r t i c a l a c c e l e r o m e t e r s on 

these v e s s e l s , and s i n c e r o l l and p i t c h angles a r e r e l a t i v e l y s m a l l , 

s u b s t i t u t i o n o f heave a c c e l e r a t i o n f o r v e r t i c a l a c c e l e r a t i o n , or v i c e 

v e r s a , may be made t o app r o x i m a t e these r e s u l t s . 

P r esented i n F i g u r e 13 a r e l o n g i t u d i n a l and l a t e r a l a c c e l e r a t i o n s i n 

a s i m i l a r f o r m a t . Note t h a t t h e o r d i n a t e used i s i d e n t i c a l t o t h a t o f 

F i g u r e 12 a l l o w i n g one t o p e r c e i v e t h e r e l a t i v e magnitudes o f these 

t r a n s l a t i o n a l m o t i o n s w i t h t h o se i n t h e v e r t i c a l d i r e c t i o n . I t i s seen 

t h a t l o n g i t u d i n a l a c c e l e r a t i o n s a r e comparable f o r a l l v e s s e l s and remain 

near or below 0.08 g. Values o f l a t e r a l a c c e l e r a t i o n show t h a t CAPE CORWIN 

ex p e r i e n c e s t h e h i g h e s t v a l u e s , KAIMALINO t h e l o w e s t , and MELLON i s i n 

between. Note t h a t MELLON e x p e r i e n c e s l a t e r a l a c c e l e r a t i o n v a l u e s xi/hich 

exceed her v e r t i c a l a c c e l e r a t i o n v a l u e s — e s p e c i a l l y i n f o l l o w i n g seas. 

The average o f t h e v a l u e s shown i n F i g u r e s 11 t h r o u g h 13 a r e p r e s e n t e d 

i n F i g u r e 14. These average v a l u e s r e p r e s e n t t h e average v a l u e f o r each 

parameter f o r a g i v e n r e l a t i v e s h i p heading f o r 1 , 2, and 3 May 1978. 

While one must remember t h a t sea c o n d i t i o n s changed over t h e course o f 

the t r i a l and t h a t s h i p speeds v a r i e d f r o m 7 t o 10 k n o t s . F i g u r e 14, 

n e v e r t h e l e s s , p r e s e n t s d a t a w h i c h show r e l a t i v e t r e n d s between t h e c l a s s e s . 

T h i s i s one o f t h e p r i m a r y reasons t h a t c o m p a r a t i v e seakeeping d a t a s h o u l d 

be o b t a i n e d by c o n d u c t i n g s i d e - b y - s i d e t r i a l s . We see t h a t f o r a l l 

m o t i o n s except l o n g i t u d i n a l a c c e l e r a t i o n , CAPE CORWIN c l e a r l y e x p e r i e n c e s 

the g r e a t e s t m o t i o n s . KAIMALINO appears t o e x p e r i e n c e g e n e r a l l y l e s s 

m o t i o n t h a n MELLON. 
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Seaway d a t a c o l l e c t e d d u r i n g t h e octagon t r a n s i t s a re p r e s e n t e d I n 

F i g u r e 15 as s i g n i f i c a n t wave h e i g h t . The s i g n i f i c a n t v a l u e i s t h e 

average o f t h e o n e - t h i r d h i g h e s t d ouble a m p l i t u d e s w i t h i n t h e sample 

s t u d i e d and corresponds c l o s e l y t o t h e v a l u e a t r a i n e d o b s e r v e r would 

a s c r i b e t o t h e wave h e i g h t w i t h i n a seaway. Wh i l e wave h e i g h t s remained 

r e l a t i v e l y c o n s t a n t , w i t h v a l u e s r a n g i n g f r o m 1.2 t o 1.6 m e t e r s , t h e 

n a t u r e o f t h e seaway changed markedly over t h e t h r e e days as shown by t h e 

s p e c t r a i n F i g u r e 16. 

D u r i n g t h e morning o f 1 May, t h e seaway c o n s i s t e d o f a p r i m a r y s w e l l 

system a p p r o x i m a t e l y 1.0 t o 1.5 meters i n h e i g h t f r o m 090 degrees w i t h a 

secondary s w e l l f r o m 135 degrees a p p r o x i m a t e l y 0.50 meters i n h e i g h t . 

The s h i p course f o r t h e f i r s t o c t a g o n l e g was always chosen t o be i n t o 

t h e p r i m a r y waves. As may be seen i n t h e s p e c t r a f o r 1030 and 1300 hours 

on 1 May, t h e seaway a l s o c o n t a i n e d a s m a l l amount o f wi n d waves as 

evidenced by t h e r e l a t i v e l y broad s p e c t r a l shape. The morning o f 2 May 

was s i m i l a r t o t h a t o f 1 May, t h e wave h e i g h t b e i n g s l i g h t l y h i g h e r as 

shown by t h e l a r g e r area under t h e s p e c t r a l shape, and c o n t a i n i n g more 

wind waves. However, t h e a f t e r n o o n s p e c t r a (1300 h o u r s ) i n d i c a t e s t h a t 

t h e sea c o n s i s t e d o f two s w e l l systems o f almost t h e same f r e q u e n c y and 

l i t t l e o r no s i g n i f i c a n t w i n d waves. By t h e morning o f 3 May, these two 

s w e l l system.s have s e p a r a t e d i n f r e q u e n c y somewhat, as shown by t h e two 

d i s t i n c t peaks i n t h e 1030 hour s p e c t r a . The l o w e r f r e q u e n c y peak 

r e p r e s e n t s a l o n g e r s w e l l o f a p p r o x i m a t e l y 500 meters w a v e l e n g t h and about 

0.5 meter i n h e i g h t . The r e m a i n i n g seaway c o n s i s t s o f a s h o r t e r s w e l l 

(100 meters w a v e l e n g t h ) and w i n d waves b r i n g i n g t h e t o t a l s i g n i f i c a n t 

h e i g h t up t o 1.5 m e t e r s . 

A l l o f t h e s p e c t r a shown i n F i g u r e 16 are r e p r e s e n t a t i v e o f a S t a t e 3 

sea. W h i l e r e l a t i v e l y good d i v e r s i t y i s i n d i c a t e d w i t h i n and among t h e 

v a r i o u s days, one must n o t a r b i t r a r i l y e x t e nd t h e l i m i t e d r e s u l t s o f t hese 

t r i a l s t o o t h e r seaways. 
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CONCLUSIONS 

The f o l l o w i n g c o n c l u s i o n s may be e x t r a c t e d f r o m t h e t r i a l s : 

1. The wave h e i g h t e n c o u n t e r e d d u r i n g t h e t r i a l s i s r e p r e s e n t a t i v e 

o f low t o average c o n d i t i o n s t h r o u g h o u t t h e w o r l d ' s oceans a t any g i v e n 

t i m e . 

2. The narrow range o f sea c o n d i t i o n s e n c o u n t e r e d p r e c l u d e s any 

c o n c l u s i o n s r e l a t i n g t o o v e r a l l s e a w o r t h i n e s s c h a r a c t e r i s t i c comparisons 

between t h e t h r e e c r a f t . I t may, however, be s t a t e d t h a t up u n t i l t h e 

i n c e p t i o n o f c r o s s s t r u c t u r e slamming o f KAIMALINO, t h e KAIMALINO s h o u l d 

p r o v i d e a much more s t a b l e p l a t f o r m t h a n CAPE CORWIN. 

3. None o f t h e v e s s e l s were seaway l i m i t e d i n t h e i r a b i l i t y t o 

m a i n t a i n course and speed; however, t h e main deck o f CAPE CORWIN d i d 

o c c a s i o n a l l y e x p e r i e n c e wetness due t o spray w h i l e KAIMALINO and MELLON 

remained d r y t h r o u g h o u t t h e t r i a l s . 

4. M o t i o n comparisons a c r o s s t r i a l days i n d i c a t e t h a t KAIMALINO was 

l e a s t a f f e c t e d by seaway changes w h i l e CAPE CORWIN was most a f f e c t e d . 

5. KAIMALINO was t h e most s t a b l e o f t h e t h r e e v e s s e l s , b e i n g s u p e r i o r 

t o MELLON i n r o l l and l a t e r a l a c c e l e r a t i o n , and s u p e r i o r t o CAPE CORWIN i n 

r o l l , p i t c h , heave, v e r t i c a l a c c e l e r a t i o n , and l a t e r a l a c c e l e r a t i o n . 

6. I t i s f e a s i b l e t o conduct m u l t l s h i p s i d e - b y - s l d e t r i a l s o f a 

c o m p l i c a t e d n a t u r e . 
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F i p u r e 1 - KAIMALINO, CAPE CORWIN, and MELLON d u r i n g Side-by-Side T r i a l s 
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F i g u r e 3 - Extended M i s s i o n Geometry L o c a t i o n 



FORWARD 
(OCEANOGRAPHIC OFF. ) 

RECORDING 
A R E A 

(WINCH ROOM) 

B A L L O O N 
S H E L T E R 

'/ T E S T A R E A A 
^ ( A E R O L O G I C A L OFF. ) ^ > 

wmm/z/m/mm 
TURBINE I N T A K E / E X H A U S T 

HUMAN F A C T O R S 
CABIN A C C E L E R O M E T E R S 

LOCATION 

01 D E C K L E V E L 

F i g u r e 4 - L o c a t i o n o f Test Area and R e c o r d i n g Area on MELLON 



A F T 

B B 
E E 
R R 
T T 
H H 

BEiMCIl 

T A B L E 

BKIMCII 

BEWGil 

T A B L E 

BENCH 

T E S T A R E A 
(MESS DECK) 

FORWARD 

G A L L E Y 

i g u r e 5 - L o c a t i o n o f Test Area and Rec o r d i n g Area on CAPE CORWIN 
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H.F. CABIN A C C E L E R A T I O N S 
SENSORS, R O L L , PITCH, AND 
V E R T I C A L A C C E L E R A T I O N S 

MESS D E C K 

HUMAN F A C T O R S 
T E S T A R E A 

PILOTHOUSE 

NSRDC 
RECORDING E L E C T R O N I C S 

DOWN 

- DOWN 

PLAN VIEW OF SECOND D E C K 
AND PILOTHOUSE DECK 

{1 1/2 L E V E L ) 

F i g u r e 6 - L o c a t i o n o f Test Area and R e c o r d i n g Area on KAIMALINO 



Subj. 
D 

E V E N T S I E V E N T S | E V E N T S 
Subjects I Subjects • Subjects 

EBiF j C & D ] A&B 

HUMAN F A C T O R S A R E A 

M E L L O N 

G U L T O N T R -
Strip Chart 

Recorder 

H O N 
122 1 
E K G 

H O N 
122 1 
E K G 

H O N 
122-1 
E K G 

H O N 
122-1 
E K G 

H O N 
122-1 
E K G 

HON 
122-1 
E K G 

C A B I N C A B I N C A B I N 
L A T . V E R T . L O N G . 
A C C . A C C . A C C , 

A C C . 
C H I 

C O N T . U N I T 

A C C . 
C O N T . 

U N I T 

C H 9 

C H 1 0 

CH11 

C H 1 2 

C H 1 3 

H U M A N F A C T O R S 

T A P E R E C O R D E R 

C H 4 

cm 

CI12 

C H I 

T I M E 
C O D E 

C H 9 

C H I O 

C H 8 C H 4 

C l i 3 

C H 9 

C H I O 

C H 4 

C l i 3 

CH11 

C H 1 2 

M O T I O N S 
C H 2 

C H I 

CH11 

C H 1 2 

T A P E R E C O R D E R 
C H 2 

C H I 

CH11 

C H 1 2 

C H 1 4 C H 1 - 1 4 P / B 

C H 2 

C H I 

D A N A 
2828 

W A V E 
R I D E R 

R E C . 
INSTRUMENTATION ROOM 

G U L T O N TH-88B 
Strip Chart 

7 
Recorder 

G 
5 " N O T E " 

4 See trial note& 
3 for channels 
2 during test. 

D A N A D A N A 
2820 2820 

R O L L I P I T C H 

R.M.S. U N I T 
B R I D G E 

F i g u r e 7 - I n s t r u m e n t a t i o n on MELLON 

20 



Sübi, 

Subj . 

I Subj . 
E 

E V E N T S I E V E N T S | E V E N T S 
Subjocts I Subjects , Subjects 

E & F I C 6 . 0 I fl&B 

H O N 
122-1 
E K G 

H O N 
122 1 
E K G 

H O N 
122-1 
E K G 

C H 9 

C H I O 

T H I 1 

HUMAN F A C T O R S A R E A 

CAPE CORWIN 

HOW 
122-1 
E K G 

G U L T O N T R - 8 8 8 
Strip Chart 

H O N 
122-1 
E K G 

HON 
122-1 
E K G 

C H 1 2 

C H 1 3 CH14 

H U M A N F A C T O R S 

T A P E R E C O R D E R 

C H 4 

C H 3 

C H 2 

C H I 

T I M E 
C O D E 

P O T . 
C H I 

U N I T 
C H 2 

R O L L 
G Y R O 

P I T C H 
G Y R O 

C H 7 C H 6 C H 5 

M O T I O N S 

T A P E R E C O R D E R 
CH2 

C H I 

C A B I N ( C A B I N C A B I N 
L A T . . V E R T . L O N G . 
A C C . A C C . A C C . 

A C C . 
C H t 

C O N T . 
C H 2 

U N I T 
C H 3 

A C C . 
C O N T . 
U N I T 

INSTRUMENTATION ROOM 

G U L T O N T R 8i 
_ Strip Chart 
y Recortter 

5 " N O T E -
4 See trial notr 
3 for channels 
2 during test. 

P O T . U N I T 
C H I ^ C H 2 

R O L L I P I T C H I H E A V E 

1 I 

S T A B L E T A B L E 

E N G I N E R O O M A I R 
I N T A K E C H A M B E R 

F i g u r e 8 - I n s t r u m e n t a t i o n on CAPE CORWIN 
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SU.. 

Subj. 

Subj . 

SUN. 

E V E N T S I E V E N T S | E V E N T S 
Subjects I Subjects , Sub jecU 

E & F C & D I A & B 

D A N A 
2820 
E K G 

F 

D A N A 
2820 
E K G 

D A N A 
2820 
E K G 

D A N A 
2820 
E K G 
C 

D A N A 
2 8 2 0 
E K G 

HUMAN F A C T O R S A R E A 

KAIMALINO 

G U L T O N T R - S a S 
Strip Chert 

Recorder 

D A N A 
2820 
E K G 

C H 9 

C H I O 

CH11 

C H 1 2 

C H I 3 

H U M A N F A C T O R S 

T A P E R E C O R D E R 

C H 4 

C I I 3 

C H 2 

CH1 

D A N A 
2 8 2 8 

C H 4 

C H 3 

M O T I O N S 

T A P E R E C O R D E R 

W A V E 
R I D E R 

R E C . 
INSTRUMENTATION ROOM 

C A B I N C A B I N C A B I N 
L A T . V E R T . L O N G . 
A C C . A C C . A C C . 

H E A V E 
A C C . 

A C C . ! c O N T . U N I T 
CH1 ] C H 2 C H 3 

G U L T O N T R - 8 B 8 
Strip Chart 

7 Recorder 

5 " N O T E " 
4 Sea trial notes 
3 for channel 
^ during test. 

P I T C H R O L L 

Ships Stable 
Table 

P I L O T H O U S E 

F i g u r e 9 - I n s t r u m e n t a t i o n on KAIMALINO 
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L E G NUMBER R E L A T I V E SHIP HEADING 

1 180 Degrees (HEAD SEAS) 

2 225 Degrees 

3 270 Degrees (PORT BEAM) 

4 315 Degrees 

360/000 Degrees (FOLLOWING) 

45 Degrees 

90 Degrees (STBD BEAM) 

135 Degrees 

TRANSIT POINT 
DIRECTION 

F i g u r e 10 - Octagon C i r c u i t w i t h C orresponding R e l a t i v e 

Ship Headings 
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F i g u r e 11 - S i g n i f i c a n t Double A m p l i t u d e R o l l and P i t c h An^ 

v e r s u s Heading Ex p e r i e n c e d by MELLON, CAPE CORWIN, and 

KAIMALINO d u r i n g Morning and A f t e r n o o n Octagon 

T r a n s i t s on 1 t h r o u g h 3 May 1978 
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F i g u r e 12 - S i g n i f i c a n t Double A m p l i t u d e Heave and V e r t i c a l 
A c c e l e r a t i o n v e r s u s Heading Experienced by MELLON 

CAPE CORWIN, and KAIMALINO d u r i n g Morning and ' 
A f t e r n o o n Octagon T r a n s i t s on 1 t h r o u g h 3 

May 1978 
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F i g u r e 13 - S i g n i f i c a n t Double A m p l i t u d e L o n g i t u d i n a l and L a t e r a l 

A c c e l e r a t i o n v e r s u s Heading Exp e r i e n c e d by MELLON, CAPE CORWIN, 

and KAIMALINO d u r i n g M o r n i n g and A f t e r n o o n Octagon 

T r a n s i t s on 1 t h r o u g h 3 May 1978 
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F i g u r e 14 - Averaged S i g n i f i c a n t Double A m p l i t u d e R o l l , P i t c h , 
Heave, V e r t i c a l A c c e l e r a t i o n , L a t e r a l A c c e l e r a t i o n , and 

L o n g i t u d i n a l A c c e l e r a t i o n v e r s u s Heading f o r 1 
t h r o u g h 3 May 1978 f o r MELLON, CAPE CORWIN, 

and KAIMALINO 
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F i g u r e 15 - S i g n i f i c a n t Wave H e i g h t Measured d u r i n g T r i a l s of 

1 t h r o u g h 3 May 1978 
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F i g u r e 16 - R e p r e s e n t a t i v e Wave Sp e c t r a Obtained d u r i n g 

T r i a l s o f 1 t h r o u g h 3 May 1978 
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TABLE 1 - MELLON SHIP MOTION RECORDER 

Manufacturer: Hone5rwell Model: 101 Tape Speed: 1-7/8 Inches per Second 

Channel Measurement Type 
Transducer 

Manufacturer 
Model Type 

Preconditioner 
Manufacturer 

Model 

1 R o l l Angle Gyro Sperry Mk 19 Mod 3C Synchro/DC Conv Astro Sys. 3000 

2 P i t c h Angle Gyro Sperry Mk 19 Mod 3C Synchro/DC Conv Astro Sys. 3000 

3* Heave A c c e l e r a t i o n Accelerometer Bonner 4310 (0.5 g) Driv e r 
A m p l i f i e r 

Endevco 
Dana 

4470 
2820 

4 

5 

Wave Height Buoy Datawell Wave Rider Receiver 
A m p l i f i e r 

Datawell 
Dana 

WAREP 
2820 

D 

7 

8 Du p l i c a t i o n of Channel 1 

- - - - -

9 Du p l i c a t i o n of Channel 2 

10* D u p l i c a t i o n of Channel 3 

11 D u p l i c a t i o n of Channel 4 

12 - - - - - - -

13 Mode Power Supply Trygon HR 40-750 - None -

14 Time Code IRIG-B Systron-Donner 8152 - None -

*Deleted a f t e r t e s t period completed f o r 2 May 1978. 



TABLE 2 - MELLON HUMAN FACTORS RECORDER 

Manufacturer: Honeywell Model: 101 Tape Speed: 1-7/8 Inches per Second 

Channel Measurement Type 
Transducer 

Manufacturer 
Model Type 

Preconditioner 
Manufacturer 

Model 

1* L a t e r a l A c c e l e r a t i o n Accelerometer Donner 4310 (0.5 g) D r i v e r 
A m p l i f i e r 

Endevco 
Dana 

4470 
2820 

2 * V e r t i c a l A c c e l e r a t i o n Accelerometer Donner 4310 (0.5 g) Dr i v e r 
A m p l i f i e r 

Endevco 
Dana 

4470 
2820 

3* L o n g i t u d i n a l 
A c c e l e r a t i o n 

Accelerometer Donner 4310 (0.5 g) Dr i v e r 
A m p l i f i e r 

Endevco 
Dana 

4470 
2820 

4 EKG-A Electrode Beekman A m p l i f i e r Honejrwell 122-1 

5 EKG-B Electrode Beekman A m p l i f i e r Honeywell 122-1 

6 Mode Power Supply Trygon HR 40-750 - None -

7 EKG-D Electrode Beekman A m p l i f i e r Honeywell 122-1 

8 EKG-E Electrode Beekman A m p l i f i e r Honeywell 122-1 

9 EKG-F Electrode Beekman A m p l i f i e r Honeywell 122-1 

10 Events A and B See Appendix A 

11 Events C and D See Appendix A 

12 Events E and F See Appendix A 

13 EKG-C Electrode Beekman A m p l i f i e r Honeywell 122-1 

14 Time Code IRIG-B Systron-Donner 8152 - None -

^Deleted a f t e r t e s t p e r i o d completed f o r 3 May 1978. 



TABLE 3 - CAPE CORWIN SHIP MOTION RECORDER 

Manufacturer: Honeywell Model: 101 Tape Speed: 1 -7/8 Inches per Second 

Channel Measurement Type 
Transducer 

Manufacturer 
Model Type 

Preconditioner 
Manufacturer 

Model 

1 R o l l Angle Stable P l a t f o r m BUSHIPS Mk I , Mod 0 Potentiometer DTNSRDC 419-lA 

2 

3 

4* 

P i t c h Angle Stable P l a t f o r m BUSHIPS Mk I , Mod 0 Potentiometer DTNSRDC 419-lA 2 

3 

4* R o l l Angle Gyro Honeywell JG-7044A56 Potentiometer DTNSRDC 419-lA 

5* P i t c h Angle Gyro Honeywell JG-7044A56 Potentiometer DTNSRDC 419-lA 

6 Mode Cal. Box DTNSRDC - None -

7 Heave A c c e l e r a t i o n Accelerometer Donner 4310 (0.5 g) Accelerometer DTNSRDC 415-lA 

L a t e r a l A c c e l e r a t i o n Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 

9** V e r t i c a l A c c e l e r a t i o n Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 

10** L o n g i t u d i n a l 
A c c e l e r a t i o n 

Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 

11 - - - - - - -

12 - - - - - - -

13 - - - - - - -

14 Time Code IRIG-B Systron-Donner 8152 - None -

*Removed on 5 May 1 9 7 8 — r e i n s t a l l e d 6 May 1978. 

**Recorded on 5 May 1978 only. 



TABLE 4 - CAPE CORWIN HUMAN FACTORS RECORDER 

Manufacturer: Honeywell Model: 101 Tape Speed: I -7/8 Inches per Second 

Channel Measurement Type 
Transducer 

Model Type 
Preconditioner 

Model Type 
Manufacturer 

Type 
Manufacturer 

Model 

1 L a t e r a l A c c e l e r a t i o n Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 

2 V e r t i c a l A c c e l e r a t i o n Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-IA 

3 Lo n g i t u d i n a l Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 
A c c e l e r a t i o n 

4 EKG-A Electrode Beekman A m p l i f i e r Honeywell 122-1 

5 EKG-B Electrode Beekman A m p l i f i e r Honeywell 122-1 

6 EKG-C Electrode Beekman A m p l i f i e r Honeywell 122-1 

7 EKG-D Electrode Beekman A m p l i f i e r Honeywell 122-1 

8 EKG-E Electrode Beekman A m p l i f i e r Hone5rwell 122-1 

9 EKG-F Electrode Beekman A m p l i f i e r Honeywell 122-1 

10 Events A and B See Appendix A 

11 Events C and D See Appendix A 

12 Events E and F See Appendix A 

13 Mode Cal. Box DTNSRDC - None -

14 Time Code IRIG-B Systron-Donner 8152 - None -



TABLE 5 - KAIMALINO SHIP MOTION RECORDER 

Manufacturer: Ampex Model: 1300 Tape Speed: 1 -7/8 Inches per Second 

Type 
Transducer 

Model Type 
Preconditioner 

Model Channel Measurement Type 
Manufacturer 

Model Type 
Manufacturer 

Model 

1 

2 P i t c h Angle 

- - - - - -

3* Heave A c c e l e r a t i o n Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 

4 Mode Cal. Box DTNSRDC - None -

5 

£ 

R o l l Angle 

0 

7 Wave Height Buoy Datawell Wave Rider Receiver O.S.I. 4523 

8 _ _ _ _ 

A m p l i f i e r Dana 2820 

9 

10 Port Canard Angle Potentiometer 

— — 

A m p l i f i e r Dana 2820 

11 Starboard Canard Angle Potentiometer A m p l i f i e r Dana 2820 

12 Port Flap Angle Potentiometer A m p l i f i e r Dana 2820 

13 Starboard Flap Angle Potentiometer A m p l i f i e r Dana 2820 

14 Time Code IRIG-B Systron-Donner 8350 - None -

*Replaced w i t h v e r t i c a l a c c e l e r a t i o n f o r a l l runs a f t e r 2 May 1978. 



TABLE 6 - KAIMALINO HUMAN FACTORS RECORDER 

Manufacturer: Honeywell Model: 101 Tape Speed: 1 -7/8 Inches per Second 

Channel Measurement Type 
Transducer 

Model Type 
Preconditioner 

Model Type 
Manufacturer 

Type 
Manufacturer 

Model 

I L a t e r a l A c c e l e r a t i o n Accelerometer Donner 4310 (0.5 g) Accelerometer DTNSRDC 415-lA 

2* V e r t i c a l A c c e l e r a t i o n Accelerometer Donner 4310 (1 g) Accelerometer DTNSRDC 415-lA 

3 L o n g i t u d i n a l Accelerometer Donner 4310 (0.5 g) Accelerometer DTNSRDC 415-lA 
A c c e l e r a t i o n 

4 EKG-A Electrode Beekman A m p l i f i e r Dana 2820 

5 EKG-B Electrode Beekman A m p l i f i e r Dana 2820 

6 EKG-C Electrode Beekman A m p l i f i e r Dana 2820 

7 EKG-D Electrode Beekman A m p l i f i e r Dana 2820 

8 EKG-E Electrode Beekman A m p l i f i e r Dana 2820 

9 EKG-F Electrode Beekman A m p l i f i e r Dana 2820 

10 Events A and B See Appendix A 

11 Events C and D See Appendix A 

12 Events E and F See Appendix A 

13 Mode Cal. Box DTNSRDC - None -

14 Time Code IRIG-B Systron-Donner 8350 - None -

*Deleted from 3 May 1978 to 6 May 1978 i n c l u s i v e . 



TABLE 7 - TRANSDUCER LOCATION AND POLARITIES 

ABOARD MELLON 

1, Cabin L a t . Acc. Human F a c t o r Room Acc. t o P o r t (+) 

2. Cabin V e r t . Acc. Human F a c t o r Room Acc. Up (+) 

3. Cabin Long. Acc. Human F a c t o r Room Acc. A f t (+) 

4. Heave Acc. Oceanographic Winch Acc. Dn. (+) 

5. R o l l Ship's Gyro. Room Stb. Dn. (+) 

6. P i t c h Ship's Gyro. Room Bow Up (+) 

NOTE 

Main i n s t r u m e n t l o c a t i o n i n w i n c h room. 

TABLE 8 - TRANSDUCER LOCATION AND POLARITIES ABOARD CAPE CORWIN 

1. Cabin L a t . Acc. Human F a c t o r Room Acc. t o P o r t (+) 

2. Cabin Ver. Acc. Human F a c t o r Room Acc. Up (+) 

3. Cabin Long. Acc. Human F a c t o r Room Acc. A f t (+) 

4. Heave Acc. Engine Room, A i r I n t a k e Chamber Acc. Up (+) 

5. R o l l S t a b l e Table Engine Room, A i r I n t a k e Chamber Stb Up (+) 

6. P i t c h S t a b l e Table Engine Room, A i r I n t a k e Chamber Bow Dn. (+) 

7. R o l l Gyro. Forward Crew B e r t h i n g Area Stb Up (+) 

8. P i t c h Gyro. Forward Crew B e r t h i n g Area Bow Dn. (+) 

NOTE: 
Main I n s t r u m e n t l o c a t i o n i n crew's b e r t h i n g a r e a . 

36 



TABLE 9 = TRANSDUCER LOCATIONS AND POLARITIES 
ABOARD ICAIMALINO 

1. Cabin Lat. Acc. Human Factor Ro om Acc. to Port (+) 

2. Cabin Vert. Acc. Human Factor Room Acc. Up (+) 

3. Cabin Long. Acc. Human Factor Room Acc. Fwd. (+) 

4. Heave Acc. Human Factor Room Acc. Up (+) 

5. R o l l Stable Table Pilothouse Stb. Dn. (+) 

6. P i t c h Stable Table Pilothouse Bow Up (+) 

NOTE: 
Main instrument l o c a t i o n starboard passageway forward 

of machine shop. 

TABLE 10 - RUN NUMBER CODING SYSTEM 

Ship Motions and Human Factors Data 

Run Number 

Wave Height 

Run Number 

08 

" L . Run S t a r t Time 

Calendar Date 

Ship Type 

Run S t a r t Time 

Calendar Date 

Ship Type 

1 - MELLON 

2 - CAPE CORWIN 

3 - KAIMALINO 

Calendar Date 

9 - 29 A p r i l 197 

0 - 30 A p r i l 197 

1 - 1 May 1978 

2 - 2 May 1978 

3 - 3 May 1978 

4 - 4 May 1978 

7 - 7 May 1978 

8 - 8 May 1978 

Run S t a r t Time 

02 - 0800 Hours 
04 - 0830 Hours 
06 - 0900 Hours 
08 - 0930 Hours 
10 - IOOO Hours 
12 - 1030 Hours 
14 „ 1100 Hours 
16 - 1130 Hours 
18 - 1200 Hours 
20 - 1230 Hours 
22 - 1300 Hours 
24 - 1330 Hours 
26 - 1400 Hours 
28 - 1430 Hours 
30 - 1500 Hours 
32 - 1530 Hours 
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APPENDIX A 

HUMAN FACTORS DATA COLLECTION 

by 

Steven H. McGuigan 

TIME AND TONE TESTS 

For t h e human f a c t o r s t i m e t e s t and tone t e s t , i t was necessary t o 

r e c o r d t h e s t a t e o f t h r e e push b u t t o n s on each o f t h e s i x s u b j e c t s event 

boxes on each v e s s e l . To r e c o r d each as a s e p a r a t e a n a l o g channel would 

have r e q u i r e d a d d i t i o n a l tape decks w h i c h were n o t r e a d i l y a v a i l a b l e . For 

t h i s reason i t was decided t o encode t h e b u t t o n s f r o m two s u b j e c t s i n t o a 

s i n g l e c h a n n e l . T h i s would a l l o w t h e 18 b u t t o n s f r o m t h e s i x s u b j e c t s o f 

each v e s s e l t o be encoded i n t o t h r e e channels. 

The encoding was done i n a d i g i t a l f a s h i o n so t h a t t h e data were no 

l o n g e r c o n t i n u o u s b u t sampled a t d i s c r e t e p o i n t s i n t i m e . The encoded 

o u t p u t c o n s i s t e d o f a number o f p u l s e s every sample p e r i o d . T h i s number 

of p u l s e s was a r r i v e d a t by t r e a t i n g t h e d a t a f r o m t h e s i x b u t t o n s as a 

b i n a r y number and adding one. Thus, w i t h no b u t t o n pushed one p u l s e o c c u r s 

every sample p e r i o d and w i t h a l l s i x b u t t o n s pushed t h e r e a r e (2^-1) + 1 

= 64 p u l s e s every sample p e r i o d . The a d d i t i o n a l p u l s e i s t o ensure t h a t a t 

l e a s t one p u l s e i s always r e c o r d e d t o f a c i l i t a t e decoding t h e no b u t t o n 

pushed c o n d i t i o n . 

For d e c o d i n g , a method o f s y n c h r o n i z i n g on t h e sample p e r i o d must be 

p r o v i d e d . T h i s was done by l e a v i n g a gap between sample p e r i o d s where no 

pu l s e s c o u l d be produced. By making t h e sample p e r i o d t h e e q u i v a l e n t of 

80 p u l s e s l o n g , a p e r i o d o f no p u l s e o u t p u t o f a t l e a s t 16 p u l s e l e n g t h s 

i s g u aranteed s i n c e t h e l o n g e s t number o f o u t p u t p u l s e s i s 64. The end o f 

a sample p e r i o d i s t h e n i n d i c a t e d by t h e end o f a p u l s e t r a i n , t h e n e x t 

dummy p u l s e , e x p l a i n e d above. I n d i c a t i n g t h e s t a r t o f t h e n e x t sample 

p e r i o d . 

The p u l s e r a t e chosen f o r encoding was 100 h e r t z , making t h e sample 

p e r i o d 80/100 = 0 . 8 seconds. T h i s r a t e ensured r e l i a b l e r e c o r d i n g o f t h e 
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o u t p u t on a n a l o g t a p e . Data were p l a y e d back d u r i n g a n a l y s i s a t 16 t i m e s 

r e a l t i m e t o s h o r t e n t h e a n a l y s i s t i m e ; t h e r e f o r e , v a l u e s of components i n 

decode c i r c u i t r y r e f l e c t t h e h i g h e r r a t e . 

DETAILS OF CIRCUIT OPERATION 

Each v e s s e l had one encoder box w i t h s i x W i n c h e s t e r c o n n e c t o r s on i t , 

one f o r each s u b j e c t ' s b u t t o n box, and t h r e e BNC co n n e c t o r o u t p u t s . 

Housed i n t h e encoder box were f o u r c i r c u i t b o a r d s , a c l o c k board, and 

t h r e e encoder boards. The c l o c k board p r o v i d e d a common c l o c k and s y n c h r o ­

n i z i n g s i g n a l s t o t h e t h r e e encoder boards. Each of t h e t h r e e encoder 

boards t o o k d a t a f r o m s i x b u t t o n s f r o m two s u b j e c t s and encoded i t o n t o a 

s i n g l e o u t p u t . 

The c l o c k board i s shown i n F i g u r e A.1. The I C I i s a 555 t i m e r IC 

set up as an a d j u s t a b l e m u l t i v i b r a t o r w i t h a f r e q u e n c y o f 100 h e r t z , ad­

j u s t a b l e w i t h P l . The o u t p u t i s a v a i l a b l e t o t h e encoder boards as CLK 

and a l s o goes t o a c o u n t e r composed o f I C l and IC2. The c o u n t e r i s loaded 

w i t h 80 and coun t s down on every c l o c k p u l s e . Upon r e a c h i n g 0, borrow i s 

generated o u t o f IC3. Both R2 and C2 d e l a y t h i s p u l s e s l i g h t l y and t h e 

o u t p u t of IC4b t h e n s e t s t h e l o a d - e n a b l e f l i p f l o p composed of lC6a and 

IC6b and a l s o p r o v i d e s an o u t p u t on l o a d l i n e s 1 t o 3. Three o u t p u t s a r e 

used here t o i n c r e a s e t h e o u t p u t d r i v e c a p a c i t y f o r use on t h e encoder 

boards. The lC4b o u t p u t i s a l s o r o u t e d back t o t h e c o u n t e r w h i c h r e l o a d s 

i t w i t h 80 f o r t h e n e x t sample p e r i o d . As t h e c l o c k goes h i g h f o r t h e n e x t 

p u l s e an o u t p u t i s now produced a t t h e LRST 1 t o 3 l i n e s s i n c e t h e l o a d -

enable f l i p f l o p i s s e t . The o u t p u t o f lC7d i s used t o c l e a r t h e f l i p f l o p 

d i s a b l i n g LRST u n t i l t h e n e x t sample p e r i o d . The f i l t e r composed of R3 and 

C3 i s used t o l e n g t h e n t h e p u l s e a p p e a r i n g on t h e LRST l i n e s . 

F i g u r e A.2 shows one of t h e t h r e e encoder boards and t h e two b u t t o n 

boxes t h a t i t encodes. L o g i c gates IC4, IC5, and IC6 a r e s e t up as s i x 

s e t - c l e a r f l i p f l o p s , one f o r each b u t t o n i n p u t . The n o r m a l l y c l o s e d push 

b u t t o n s h o l d t h e s e t i n p u t s of each f l i p f l o p i n t h e h i g h s t a t e . When a 

b u t t o n i s depressed, one o f t h e r e s i s t o r s R2, R3, R4, R5, R6, or R7 p u l l s 

t h e a s s o c i a t e d f l i p f l o p s e t i n p u t t o ground, s e t t i n g t h e f l i p f l o p . At 

t h e end o f a sample p e r i o d t h e c l o c k board f i r s t g e n e r a t e s a p u l s e on Load 

40 



w h i c h causes t h e s t a t e o f t h e s i x f l i p f l o p s t o be loaded i n t o t h e c o u n t e r 

composed o f 1C2 and IC3. The c l o c k board then g e n e r a t e s a p u l s e on LRST 0 

whi c h r e s e t s a l l t h e f l i p f l o p s . 

The c o u n t e r s l o a d e d w i t h d a t a f r o m t h e f l i p f l o p s decrement one count 

d u r i n g each c l o c k p u l s e on CLK. I n a d d i t i o n t o de c r e m e n t i n g t h e c o u n t e r , 

each p u l s e i s a l s o f e d t o t h e o u t p u t t h r o u g h T l and T2. P o t e n t i o m e t e r P l 

p r o v i d e s f o r a d j u s t i n g t h e o u t p u t l e v e l , and T l and T2 p r e v e n t l o a d i n g o f 

P l and p r o v i d e good d r i v e c a p a b i l i t y on t h e o u t p u t . Upon d e c r e m e n t i n g t o 

zero t h e c o u n t e r g e n e r a t e s borrow, c l e a r i n g t h e enable f l i p f l o p t h r o u g h 

I C l a , and p r e v e n t i n g anymore c l o c k p u l s e s p a s s i n g t h r o u g h I C l d and a p p e a r i n g 

on t h e o u t p u t . As t h e sample p e r i o d ends, t h e c l o c k board a g a i n g e n e r a t e s 

Load f o l l o w e d by LRST i n p r e p a r a t i o n f o r t h e n e x t sample p e r i o d . 

The decoder b o a r d i s shorn i n F i g u r e A.3. T h i s board was used t o 

decode t h e b u t t o n box d a t a f r o m tape f o r d a t a a n a l y s i s . A p l a y b a c k speed 

of 16 ti m e s r e a l t i m e was used d u r i n g a n a l y s i s and component v a l u e s r e f l e c t 

the i n c r e a s e d d a t a r a t e . 

The i n p u t f r o m t a p e i s a p p l i e d t o a m p l i f i e d I C l ; P l i s used t o a d j u s t 

th e l e v e l t o a p p r o x i m a t e l y 5 v o l t s ; and IC2 i s a low pass f i l t e r t o a t t e n u ­

a t e t ape n o i s e . The o u t p u t o f t h e f i l t e r i s f e d t o a h y s t e r e s i s comparator 

composed o f 1C3, IC4, and 1C5. Then P2 and P3 a r e used t o s e t t h e t r i p 

p o i n t s f o r t h e comparator. The o u t p u t o f IC5b i s a t r a n s i s t o r - t r a n s i s t o r 

l o g i c (TTL) v e r s i o n o f t h e i n p u t p u l s e s and i s a p p l i e d t o t h e countup i n p u t 

o f a c o u n t e r composed o f IC8 and IC9. The c o u n t e r i s s t a r t e d a t an I n i t i a l 

v a l u e o f - 1 so t h a t t h e a d d i t i o n a l p u l s e t h a t was added d u r i n g encoding i s , 

i n essence, s u b t r a c t e d . D u r i n g t h e sample p e r i o d , t h e c o u n t e r I n c r e m e n t s 

a t each p u l s e . As t h e p u l s e s s t o p , t h e o u t p u t o f IC5b i s l e f t i n a h i g h 

s t a t e . The o u t p u t o f lC5d t h e n i s low and t r a n s i s t o r T l i s i n t h e o f f 

s t a t e a l l o w i n g C3 t o change t h r o u g h P4. When t h e v o l t a g e on C3 reaches 

a p p r o x i m a t e l y 3.3 v o l t s , IC6 i s t r i g g e r e d and produces a n e g a t i v e g o i n g 

o u t p u t on p i n 3. T h i s i s f e d t o IC7, a 74123 d u a l monostable m u l t i v i b r a t o r 

w h i c h produces two o u t p u t s , L o a d l and L a t c h l . L a t c h l o c c u r s f i r s t and i s 

used t o l a t c h t h e o u t p u t o f t h e c o u n t e r i n l a t c h e s ICIO and I C l l . L o a d l 

t h e n r e s e t s t h e c o u n t e r s back t o - 1 i n p r e p a r a t i o n f o r t h e n e x t sample. 
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The f i r s t p u l s e of t h e n e x t sample w i l l t u r n T l on and d i s c h a r g e C3 r e ­

s e t t i n g t h e o u t p u t o f 1C6. As l o n g as p u l s e s c o n t i n u e , C3 does n o t have 

s u f f i c i e n t t i m e t o change t o 3.3 v o l t s and no o u t p u t i s produced a t p i n 3 

of IC6. 

ELECTROCARDIOGRAM DETECTOR (EKG) 

F i g u r e A.4 shows t h e EKG d e t e c t o r used t o t a k e t h e a n a l o g EKG s i g n a l s 

f r o m t a p e and c o n v e r t them t o d i g i t a l f o r m , c o m p a t i b l e w i t h d i g i t a l com­

p u t e r i n p u t s . A g a i n a p l a y b a c k speed 16 tim e s r e a l t i m e was used so 

c i r c u i t v a l u e s r e f l e c t t h i s . Both C l and R l fo r m a high-pass f i l t e r t h a t 

p r e v e n t s preamp I C l f r o m s a t u r a t i n g due t o d i r e c t c u r r e n t o f f s e t s i n t h e 

s i g n a l . Low f r e q u e n c y components i n th e EKG s i g n a l i n c l u d i n g t h e P and 

the T waves a re a t t e n u a t e d by a Chebyshev high - p a s s f i l t e r 1C2 and IC3. 

Frequency components o f t h e R wave a r e h i g h enough t o pass t h r o u g h t h e 

f i l t e r . I t i s th e s e R waves w h i c h were used i n th e p r o c e s s i n g o f t h e EKG 

d a t a ; t h e remainder o f t h e s i g n a l b e i n g n e g l e c t e d . H i g h f r e q u e n c y n o i s e , 

sometimes found on t h e s i g n a l , i s a t t e n u a t e d i n R8 and C6 b u t t h e c u t o f f 

f r e q u e n c y here i s h i g h enough t o a l l o w t h e R wave t o pass. P o t e n t i o m e t e r 

P l , i n c o n j u n c t i o n w i t h IC4, i s used t o a d j u s t t h e s i g n a l l e v e l f o r optimum 

d e t e c t i o n . The EKG s i g n a l s f r o m d i f f e r e n t s u b j e c t s were seen t o have d i f ­

f e r e n t p o l a r i t i e s and i n some i n s t a n c e s p o l a r i t i e s changed on a g i v e n sub­

j e c t a f t e r a break p e r i o d . These r e v e r s a l s were caused by a r e v e r s a l of 

two o f t h e t h r e e c o l o r coded EKG sensor l e a d s upon r e c o n n e c t i o n a f t e r t h e 

bre a k p e r i o d . T h i s p o l a r i t y r e v e r s a l i s , t h u s , i n d i c a t i v e o f an e r r o r on 

the s u b j e c t s b e h a l f w h i l e p e r f o r m i n g t h i s t a s k . To contend w i t h t h i s , IC5 

and IC6 fo r m an a b s o l u t e v a l u e c i r c u i t . The o u t p u t o f IC6 s h o u l d c o n t a i n 

p o s i t i v e g o i n g R waves. C a p a c i t o r C8 d e t e c t s t h e n o i s e envelope o f t h e 

s i g n a l whereas C7 d e t e c t s t h e envelope o f t h e R wave. Diode D5 p r e v e n t s 

C8 f r o m r e s p o n d i n g t o t h e R wave p o r t i o n o f t h e s i g n a l . A m p l i f i e r IC9 

ta k e s t h e d i f f e r e n c e o f th e s e s i g n a l s so t h a t t h e c i r c u i t now responds 

o n l y t o R wave s i g n a l s exceeding t h e n o i s e envelope by s e t amounts. T h i s 

improves d e t e c t i o n i n n o i s y areas and a l s o p r e v e n t s (when a d j u s t e d c o r r e c t ­

l y ) t h e c i r c u i t f r o m t r i g g e r i n g on t r a n s m i t t e r i nduced n o i s e found on some 
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t a p e s . A m p l i f i e r s ICIO, I C l l , and IC12 f o r m an a d j u s t a b l e h y s t e r e s i s 

comparator w i t h P2 and P3 used t o a d j u s t upper and l o w e r t r i p p o i n t s . 

T h i s f a c i l i t a t e s a d j u s t i n g t h e amount t h e R wave must exceed t h e n o i s e 

envelope t o c o n s t i t u t e a p u l s e d e t e c t i o n . L a t c h IC13 i s a one s h o t , s 

f o r a p u l s e w i d t h e q u i v a l e n t t o a p u l s e r a t e o f 200 beats per m i n u t i . 

The one shot p r e v e n t s double peaks I n t h e R wave (caused by f i l t e r and 

a b s o l u t e v a l u e c i r c u i t s ) f r o m p r o d u c i n g more t h a n one o u t p u t per p u l s e 
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APPENDIX B 

GENERAL DISCUSSION OF DATA COLLECTION 

Data f o r a p a r t i c u l a r measurement a r e g e n e r a l l y r e c o r d e d on a 

fr e q u e n c y modulated (FM) magnetic tape r e c o r d e r . T h i s r e c o r d o f t h e d a t a 

s i g n a l i s analogous t o a c o n t i n u o u s t r a c i n g o f t h e s i g n a l i n t i m e ; hence, 

i t i s o f t e n c a l l e d an analog r e c o r d i n g . Recorded d a t a a r e u s u a l l y 

processed w i t h t h e a i d o f a d i g i t a l computer wh i c h a l l o w s more s o p h i s t i ­

c a t e d a n a l y s e s t o be performed i n l e s s t i m e than i f t h e a n a l y s i s were done 

by hand. U n f o r t u n a t e l y , t h e d i g i t a l computer cannot accept a c o n t i n u o u s 

s i g n a l f o r p r o c e s s i n g b u t r e q u i r e s d i s c r e t e v a l u e s , or d i g i t s ; hence t h e 

name " d i g i t a l " computer. I n o r d e r t o p r o v i d e these d i s c r e t e v a l u e s ; t h e 

o r i g i n a l a n a l o g r e c o r d i n g i s sampled a t v a r i o u s t i m e s and t h e v a l u e o f t h e 

s i g n a l a t each p o i n t i n t i m e i s r e c o r d e d as a d i s c r e t e number. F i g u r e B.1 

p r e s e n t s an ana l o g s i g n a l which has been sampled every ' t ' u n i t s o f t i m e . 

The v a l u e o f t h e s i g n a l a t each sample, shorn as a b l a c k d o t , i s now 

re c o r d e d on a n o t h e r magnetic tape w h i c h i s c a l l e d a d i g i t a l t a p e . T h i s 

process o f sam p l i n g an ana l o g tape t o o b t a i n d i g i t a l v a l u e s i s kno^m as 

d i g i t i z i n g o r g o i n g A t o D ( a n a l o g t o d i g i t a l ) . I t i s s i m i l a r t o r e c o r d ­

i n g a c o n t i n u o u s m o t i o n on movie f i l m and, l i k e t h e movie, t h e q u a l i t y o f 

the r e c o r d i n g i s dependent on t h e number o f samples, or frames, t a k e n i n a 

g i v e n u n i t o f t i m e . F i g u r e B.1 has a sample r a t e w h i c h p r o v i d e s a p p r o x i ­

m a t e l y 10 sample p o i n t s f o r each c y c l e o f t h e da t a s i g n a l . The sample 

r a t e w h i c h i s used f o r any g i v e n s i g n a l i s a f u n c t i o n o f s e v e r a l 

v a r i a b l e s such as s i g n a l f r e q u e n c y , n o i s e f r e q u e n c y , l e n g t h o f a n a l y s i s 

t i m e , A t o D speed or memory r e s t r i c t i o n s , e t c . Once t h i s d i g i t i z i n g 

process has been completed t h e d i g i t a l tape c o n t a i n s a l i s t i n g o r t a b l e 

of d a t a v a l u e s w h i c h a r e r e f e r e n c e d t o some a r b i t r a r y v a l u e . F i g u r e B.1 

d e p i c t s such a r e f e r e n c e l i n e and a t t e n d a n t d a t a p o i n t v a l u e s i n t h e low e r 

r i g h t - h a n d c o r n e r . I n t h e case o f s h i p m o t i o n s , t h i s r e f e r e n c e v a l u e may 

be t r u e v e r t i c a l o r h o r i z o n t a l , t r u e c o u r s e , d e s i r e d speed, e t c . or i t 

may have no p h y s i c a l meaning as we s h a l l see. 
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G e n e r a l l y t h e f i r s t s t e p I n any a n a l y s i s scheme i s t o d e t e r m i n e t h e 

mean or average v a l u e ( y ) o f t h e d a t a s i g n a l . T h i s i s done by add i n g a l l 

o f t h e sample v a l u e s t o g e t h e r and d i v i d i n g by t h e number o f t o t a l samples. 

The outcome o f t h i s p r o c e d u r e i s t h e mean v a l u e w h i c h i s shown i n F i g u r e 

B.1 as t h e h o r i z o n t a l l i n e r u n n i n g t h r o u g h t h e d a t a s i g n a l . Now, t o 

somewhat s i m p l i f y f u r t h e r c a l c u l a t i o n s , t h e mean v a l u e i s s u b t r a c t e d f r o m 

each o f t h e sample p o i n t v a l u e s . I n t h i s manner t h e v a l u e now a t t a c h e d t o 

each sample p o i n t r e p r e s e n t s i t s d i s t a n c e f r o m t h e mean. By n o t i n g t h e 

a c t u a l mean v a l u e we can now t r e a t t h e s i g n a l as i f t h e mean were z e r o , 

or perhaps a more u s e f u l e x p r e s s i o n o f t h e same i d e a i s t h a t we now assume 

t h a t t h e mean v a l u e f a l l s d i r e c t l y upon t h e r e f e r e n c e v a l u e . N a t u r a l l y , 

we can a t any t i m e add t h e a c t u a l mean v a l u e back i n s h o u l d we w i s h t o 

s i n c e t h i s a d d i n g and s u b t r a c t i n g o f t h e mean v a l u e i s m e r e l y a s h i f t i n g 

of t h e s i g n a l w i t h r e s p e c t t o t h e r e f e r e n c e v a l u e . 

B e f o r e p r o c e e d i n g t o a d i s c u s s i o n o f t h e a m p l i t u d e v a l u e s , i t i s 

i n s t r u c t i v e t o d e f i n e t h e r o o t mean square (RMS) o f t h e d a t a sample v a l u e s 

and l o o k a t some o f i t s p r o p e r t i e s . The RMS i s found by t a k i n g t h e square 

r o o t o f t h e sum o f t h e squares d i v i d e d by t h e number o f samples o f a l l t h e 

sample p o i n t s . T h i s v a l u e i s v e r y u s e f u l i n s t a t i s t i c s and i s g e n e r a l l y 

g i v e n t h e symbol G. Since most p h y s i c a l phenomenon f o l l o w b a s i c l a w s , 

e x h i b i t c e r t a i n s i m i l a r i t i e s , and r e p e a t v a r i o u s p a t t e r n s ; s t a t i s t i c i a n s 

group s i m i l a r phenomena i n t o s p e c i f i c t y p e s c a l l e d p rocesses. Most s h i p 

m o t i o n s have d a t a p o i n t d i s t r i b u t i o n s w h i c h obey t h e normal or Gaussian 

proce s s . F i g u r e B.2 p r e s e n t s a s k e t c h o f t h e p r o b a b i l i t y d e n s i t y f o r t h e 

Gaussian p r o c e s s . Note t h a t t h e c u r v e i s c e n t e r e d on t h e mean v a l u e , y, 

and i s symmetric about i t . Note a l s o t h a t t h e c u r v e i s d e f i n e d c o m p l e t e l y 

by t h e v a l u e s o f y and O; t h e mean and RMS. L e t us l o o k a t what F i g u r e 

B.2 shows us about our d a t a . The c u r v e peaks a t t h e mean v a l u e y i n d i ­

c a t i n g t h a t t h e sample v a l u e s t e n d t o c l u s t e r about t h e mean v a l u e . The 

curve i s symmetric about y, i n d i c a t i n g t h a t as many v a l u e s f a l l above y as 

below. For t h i s reason t h e mean o r average i s i d e n t i c a l t o t h e median 

w h i c h i s d e f i n e d as t h a t v a l u e h a v i n g as many samples above i t as below i t , 

By c o n s u l t i n g t a b l e s c o m p i l e d f o r t h e Gaussian d i s t r i b u t i o n , we l e a r n 
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t h a t a p p r o x i m a t e l y 68 p e r c e n t o f a l l sample v a l u e s w i l l be w i t h i n a o f 

the mean w h i l e fewer t h a n 5 p e r c e n t w i l l be more t h a n 2a away f r o m t h e 

mean. We a l s o see t h a t i f a i s v e r y s m a l l , t h e sample v a l u e s w i l l be 

v e r y c l o s e t o y w h i l e i f a i s v e r y l a r g e t h e samples w i l l t e n d t o be more 

spread o u t . 

W h i l e t h e sample v a l u e s a r e o f i n t e r e s t , i t i s g e n e r a l l y more u s e f u l 

t o d e f i n e t h e e x c u r s i o n s and double a m p l i t u d e s w h i c h occur w i t h i n t h e 

d a t a . E x c u r s i o n s , or s i n g l e a m p l i t u d e s , a r e l a b e l e d A - l , A-2, e t c . i n 

F i g u r e B.1 w h i l e double a m p l i t u d e s a r e l a b e l e d D-1, D-2, e t c . As may be 

seen i n F i g u r e B.1, e x c u r s i o n s a r e g e n e r a l l y measured f r o m t h e mean v a l u e 

and may l i e above or below i t . For convenience, a p o s i t i v e v a l u e i s 

g e n e r a l l y a s s i g n e d t o e x c u r s i o n s i n one d i r e c t i o n w h i l e e x c u r s i o n s t o t h e 

o t h e r s i d e a r e r e f e r r e d t o as n e g a t i v e . I n p r a c t i c e , t h e v a l u e s o f t h e 

e x c u r s i o n s a r e I d e n t i f i e d by a d i g i t a l computer u s i n g t h e l i s t i n g o f 

sample v a l u e s found on t h e d i g i t a l t ape. The f a i t h f u l n e s s w i t h w h i c h t h e 

sample p o i n t r e p r e s e n t s t h e a c t u a l s i g n a l e x c u r s i o n i s dependent upon t h e 

sample r a t e . The more samples t a k e n t h e b e t t e r t h e a c t u a l s i g n a l i s 

d e f i n e d . I n t h e example o f F i g u r e B.1, u s i n g a sample r a t e w h i c h y i e l d s 

o n l y 10 p o i n t s per d a t a c y c l e , we see t h a t o n l y a m p l i t u d e A-8 misses b e i n g 

r e p r e s e n t a t i v e o f t h e a c t u a l e x c u r s i o n v a l u e o f t h e s i g n a l . O b v i o u s l y , a 

sample r a t e 10 ti m e s h i g h e r , y i e l d i n g 100 samples per c y c l e , would 

r e p r e s e n t t h e wave fo r m shown more c o m p l e t e l y . 

Double a m p l i t u d e s a r e found by p a i r i n g c o n s e c u t i v e s i n g l e a m p l i t u d e s 

and a d d i n g them a l g e b r a i c a l l y . Thus, i n F i g u r e B.1, we f i n d t h a t D-1 i s 

th e sum o f A-2 and A-3. We may n o t e t h a t w h i l e t h e v a l u e s we o b t a i n f o r 

th e e x c u r s i o n s a r e n o t dependent on t h e o r d e r i n whic h we e v a l u a t e them, 

t h e v a l u e s o b t a i n e d f o r t h e double a m p l i t u d e s a r e . That i s , i f we d e f i n e 

D-1 as b e i n g t h e sum o f A - l and A-2, i n s t e a d o f A-2 and A-3, we n o t o n l y 

change i t s v a l u e b u t t h e v a l u e s o f a l l f o l l o w i n g double a m p l i t u d e s s i n c e 

D-2 i s now t h e sum o f A-3 and A-4, e t c . How do we r e c t i f y t h i s a p p a r e n t 

disagreement i n valu e s ? The answer l i e s i n t h e s t a t i s t i c a l p r o p e r t i e s o f 

th e d a t a . When we speak o f t h e s i g n a l f r o m a s t a t i s t i c a l v i e w p o i n t , i t i s 

i m m a t e r i a l how we s t a r t e d d e f i n i n g t h e double a m p l i t u d e v a l u e s because, i n 
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t i m e , a l l s t a t i s t i c a l v a l u e s such as t h e mean and RMS w i l l n o t depend on 

how t h e c o n s e c u t i v e e x c u r s i o n s were p a i r e d . The key word here i s " t i m e . " 

For s h o r t s i g n a l l e n g t h s , t h e o r d e r of t h e p a i r i n g w i l l make a d i f f e r e n c e 

w h i c h c o r r e c t l y i m p l i e s t h a t t h e q u a l i t y o f t h e s t a t i s t i c a l parameters 

o b t a i n e d f r o m a g i v e n d a t a s i g n a l sample i s dependent on t h e l e n g t h of 

t h a t sample. Hence, i t I s i m p o r t a n t t o know what t h e n a t u r e o f t h e d a t a 

b e i n g t a k e n i s b e f o r e a c t u a l l y r e c o r d i n g i t so t h a t an adequate sample 

t i m e can be d e f i n e d . 

I n p r a c t i c e , most a n a l y s i s schemes d e f i n e a c y c l e as t h a t amount o f 

d a t a l y i n g w i t h i n t h r e e c o n s e c u t i v e mean c r o s s i n g s ; t h e two e x c u r s i o n s 

w h i c h occur I n t h a t c y c l e a r e d e f i n e d as t h e most p o s i t i v e and most 

n e g a t i v e sample d a t a v a l u e s w i t h i n t h e c y c l e , and t h e double a m p l i t u d e 

v a l u e i s t h e sum o f t h e e x c u r s i o n s . The a n a l y s i s r o u t i n e may always use 

the f i r s t p o s i t i v e t o n e g a t i v e c r o s s i n g as a s t a r t i n g p o i n t , or i t may 

j u s t use t h e f i r s t c r o s s i n g i t e n c o u n t e r s . J u s t as average and RMS 

v a l u e s were c a l c u l a t e d f o r t h e sample d a t a p o i n t s , so t o o a r e th e s e v a l u e s 

computed f o r t h e e x c u r s i o n or do u b l e a m p l i t u d e v a l u e s . 

A m p l i t u d e v a l u e s f o r most s h i p m o t i o n s and a l s o f o r wave h e i g h t a r e 

n o t , however, d e f i n e d by a normal or Gaussian process as was t h e case f o r 

th e d a t a sample p o i n t v a l u e s . The p r o b a b i l i t y d e n s i t y f u n c t i o n f o r s i n g l e 

a m p l i t u d e v a l u e s i s shown i n F i g u r e B.3 and i s known a l t e r n a t e l y as t h e 

c i r c u l a r m u l t i v a r i a t e normal d i s t r i b u t i o n o r as t h e R a y l e i g h d i s t r i b u t i o n . 

Since p o s i t i v e and n e g a t i v e e x c u r s i o n s a r e e q u a l l y p r o b a b l e . F i g u r e B.3 i s 

based on t h e magnitudes of t h e e x c u r s i o n s and does n o t c o n s i d e r t h e i r 

s i g n s . The p r o b a b i l i t y d i s t r i b u t i o n f u n c t i o n f o r double a m p l i t u d e s would 

be i d e n t i c a l i n shape and c o u l d be c o n s t r u c t e d by d o u b l i n g t h e v a l u e s 

found on t h e h o r i z o n t a l a x i s . Thus, t h e p r o b a b i l i t y o f r e a l i z i n g any 

g i v e n double a m p l i t u d e v a l u e i s e x a c t l y t h e same as t h e p r o b a b i l i t y o f 

r e a l i z i n g a s i n g l e a m p l i t u d e v a l u e o n e - h a l f as l a r g e . 

Note t h a t t h i s d i s t r i b u t i o n f u n c t i o n i s n o t s y m m e t r i c a l and t h a t t h e 

mean and median are n o t e q u i v a l e n t . By c o n s u l t i n g s t a t i s t i c a l t a b l e s 

w h i c h a p p l y t o t h i s f u n c t i o n , we f i n d t h a t a p p r o x i m a t e l y 60 p e r c e n t o f a l l 

s i n g l e a m p l i t u d e v a l u e s a r e l a r g e r t h a n a, 15 p e r c e n t a r e l a r g e r t h a n 2a, 
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and 1 p e r c e n t a r e l a r g e r t h a n 3a. The average, or median, v a l u e i s about 

1.25a, as seen i n F i g u r e B.3. We may a l s o n o t e t h a t t h e d i s t r i b u t i o n peak 

occ u r s a t a v a l u e e q u a l t o a i n d i c a t i n g t h a t a i s t h e most p r o b a b l e , o r 

mode, v a l u e . 

Now t h a t we have seen how a t y p i c a l a n a l y s i s r o u t i n e works and what an 

RMS and mean v a l u e i n d i c a t e , l e t us b r i e f l y r e v i e w what a l l t h i s means t o 

the u s e r . 

F i r s t , we have t a k e n r e a l w o r l d a c t u a l d a t a and d e f i n e d t h e d a t a 

sample p o i n t v a l u e s f o r average, maximum, and RMS. These v a l u e s a r e 

t r u e l y i n d i c a t i v e o f t h e a c t u a l d a t a r e c o r d e d . We have a l s o d e f i n e d 

e i t h e r s i n g l e a m p l i t u d e or double a m p l i t u d e v a l u e s , a g a i n based on t h e 

a c t u a l d a t a sample. The c h o i c e as t o whether one p r e s e n t s s i n g l e or do u b l e 

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

a r e e q u i v a l e n t . However, f r o m t h e a c t u a l v i e w p o i n t , each has i t s own i n ­

f o r m a t i o n t o i m p a r t . S i n g l e a m p l i t u d e a n a l y s i s w i l l p r o v i d e t h e v a l u e s o f 

th e f i v e ( a r b i t r a r i l y ) l a r g e s t e x c u r s i o n s found w i t h i n t h e d a t a sample. 

W h i l e t h e sense, or s i g n , o f t h e s e v a l u e s w i l l be g i v e n , t h e i r l o c a t i o n 

i n t i m e i s g e n e r a l l y n o t g i v e n . Hence, one cannot add t h e l a r g e s t p o s i t i v e 

t o t h e l a r g e s t n e g a t i v e and assume t h a t t h e r e s u l t i s t h e l a r g e s t d o uble 

a m p l i t u d e w i t h i n t h e sample. S i m i l a r comments a p p l y t o double a m p l i t u d e 

a n a l y s i s . The f i v e l a r g e s t d o u b l e a m p l i t u d e s a r e p r e s e n t e d ; however, i n ­

f o r m a t i o n about t h e e x c u r s i o n s w h i c h t h e y c o n s i s t o f i s l o s t . 
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SIGNAL SAMPLED 
E V E R Y t UNITS 

LU 

R E F E R E N C E 

F i g u r e B.1 - Sample Wave Form 

At -4o n-3a n-2a ix-a ii li+o M + 2a 

DATA POINT V A L U E S 

F i g u r e B.2 - Gaussian D i s t r i b u t i o n 
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2a 3(7 

SINGLE AMPLITUDE V A L U E S 

F i g u r e B.3 - R a y l e i g h D i s t r i b u t i o n 
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APPENDIX C 

SHIP MOTIONS, ACCELERATIONS, AND WAVE HEIGHT 

ANALYSIS FORMAT 

T h i s appendix d e s c r i b e s t h e f o r m a t and d e f i n e s t h e terms used on t h e 

a n a l y s i s o u t p u t c o n t a i n e d on mlcrofiche>'< numbers 1 t h r o u g h 1 1 , The i n ­

f o r m a t i o n on f i c h e number 7 (wave h e i g h t ) i s indexed u s i n g o n l y a t h r e e 

d i g i t r u n number r a t h e r t han f o u r — t h e f i r s t d i g i t , w h i c h r e p r e s e n t s s h i p 

t y p e , b e i n g d e l e t e d . For those d a t a w h i c h were n o t an a l y z e d f u l l y (phase 

a n a l y s i s o n l y ) , t h e d e f i n i t i o n s a r e a l s o as g i v e n below; however, t h e 

o u t p u t c o n t a i n s o n l y t h e f i r s t page. Data r e g a r d i n g t u r n s a r e c o n t a i n e d 

a f t e r t h e main d a t a . 

T a b u l a r d a t a c o n s i s t i n g o f an i n i t i a l summary s h e e t , a s p e c t r a l 

summary s h e e t , a l i s t i n g o f s p e c t r a l d a t a p o i n t s , a h i s t o g r a m summary 

s h e e t , t a b u l a r h i s t o g r a m s , and s p e c t r a l and h i s t o g r a m g r a p h i c s a r e 

p r e s e n t e d f o r each parameter. 

The i n i t i a l summary sheet c o n t a i n s , i n o r d e r l e f t t o r i g h t , t o p t o 

bot t o m , t h e f o l l o w i n g i t e m s , (MELLON s h i p m o t i o n s f o r 0800 hours on 3 

May 1978 a r e used as t h e example.) 

1. AVG & STDV RUNS 1302-1302: Average and s t a n d a r d d e v i a t i o n f o r 

th e g r o u p i n g o f runs f r o m Run 1302 

t h r o u g h 1302, i . e . . Run 1302 o n l y 

2. PRELIMINARY DATA: Na t u r e o f d a t a 

3. MELLON: Ve s s e l name 

4. USCG SIDE-BY-SIDE SHIP TRIALS - HAWAII: T r i a l name 

5. 3 MAY 1978: Date d a t a r e c o r d e d 

6. SHIP MOTION MEASUREMENTS: Data t y p e 

7. OCTAGONAL CIRCUIT: Proposed t r i a l l o c a t i o n 

8. RUDDER ROLL STABILIZER SYSTEM SECURED: S p e c i a l s h i p 

c o n d i t i o n , i f any 

9. HEADING = 180.0 DEG: Ship r e l a t i v e h eading i n degrees 

10. NOMIN SPEED = 7 . 0 0 KNOTS: Ship n o m i n a l speed i n k n o t s 

^Enclosed i s a s e t o f 13 m i c r o f i c h e a t 48X m a g n i f i c a t i o n . A v a i l a b l e 
upon r e q u e s t i s a s e t o f m i c r o f i c h e ( f o r b e t t e r q u a l i t y p r i n t i n g ) a t 24X 
m a g n i f i c a t i o n . 
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1 1 . RUNS: 1302: Run Nuinber 

12. 0.000-1184.0: A n a l y s i s s t a r t s a t 0.0 seconds and ends a t 

1184.0 seconds i n t o t h e r u n 

13. TOTAL TIME:1184.0 SEC: T o t a l r u n t i m e i n seconds 

14. CHAN: Column l i s t i n g t h e parameter names 

15. MEAN: Column l i s t i n g a l g e b r a i c mean o f a l l d a t a p o i n t s 

16. STD DEV: Column l i s t i n g t h e s t a n d a r d d e v i a t i o n . (The r o o t o f 

t h e average o f t h e squares o f t h e d i f f e r e n c e s f r o m 

t h e i r mean o f t h e d a t a p o i n t s ) 

17. MINIMUM: The most n e g a t i v e d a t a p o i n t v a l u e 

18. MAXIMUM: The most p o s i t i v e d a t a p o i n t v a l u e 

19. 1 ROLL: F i r s t parameter - r o l l a n g l e 

20. DEG: R o l l m o t i o n has u n i t s of degrees 

21. 3.179E-02: R o l l mean i n 0.03179 degrees 

22. 1.851E+00: R o l l s t a n d a r d d e v i a t i o n i s 1.851 degrees 

23. -6.058E+00: Most n e g a t i v e r o l l e x c u r s i o n i s 6.058 degrees 

24. 6.332E+00: Most p o s i t i v e r o l l e x c u r s i o n i s 6.332 degrees 

I d e n t i c a l i n f o r m a t i o n i s t h e n l i s t e d f o r a d d i t i o n a l p a r a m e t e r s . 

The s p e c t r a l summary sheet i s s i m i l a r i n n a t u r e and o n l y t h o se i t e m s 

w h i c h need comment w i l l be addressed. 

1. SCAN RATE: 7.500/7.50: T h i s d a t a was sampled a t 7.5 samples 

per second and 7.5 samples per second were used i n 

th e a n a l y s i s 

2. 64.4 DOF: T h i s d a t a has a degrees o f freedom v a l u e o f 64.4 

3. /iMP. MAX: Maximum power s p e c t r a l v a l u e 

4. FREQ. MAX: Frequency a t w h i c h amp. max, occu r s 

5. MOMENTO: 0̂ *̂  s p e c t r a l moment 

F i r s t t h r o u g h f o u r t h moments f o l l o w : 

6. ROOTMO: The square r o o t o f t h e 0 s p e c t r a l moment. T h i s v a l u e 

s h o u l d a p p r o x i m a t e t h e s t a n d a r d d e v i a t i o n 

7. STD, DEV: As e a r l i e r 

8. RATIO: R a t i o o f ite m s 6 and 7. T h i s v a l u e s h o u l d be near u n i t y 
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9. R00TM0x4: Four t i m e s i t e m 6 ( d e r i v e d s i g n i f i c a n t double 

a m p l i t u d e v a l u e ) 

10. AVE. PERIOD: Average p e r i o d (2TTM0/M1) 

1 1 . 0-CR PERIOD: Zero c r o s s i n g p e r i o d (27Ti4lO/M2) 

12. BROADNESS: S p e c t r a l broadness 

13. 1/2 PWR B.W.: The h a l f power b a n d w i d t h i n r a d i a n s per second 

14. STAT. ERROR: S t a t i s t i c a l e r r o r a s s o c i a t e d w i t h power s p e c t r a 

i n p e r c e n t . The l i s t i n g o f s p e c t r a l d a t a p o i n t s 

i s s t r a i g h t f o r w a r d . Note t h a t t h e d i m e n s i o n a l 

u n i t s do n o t i n d i c a t e a denominator w i t h u n i t s 

o f r a d i a n s w h i c h i s un d e r s t o o d . 

The h i s t o g r a m summary sheet i s a l s o s t r a i g h t f o r w a r d w i t h t h e f o l l o w i n g 

a d d i t i o n s : 

1. //OF CYCLES: Number o f d a t a c y c l e s w i t h i n t h e d a t a a n a l y z e d 

2. //OF DATA PTS: Number o f d a t a p o i n t s w i t h i n t h e d a t a a n a l y z e d 

3. PEAK AVG: The average peak a m p l i t u d e ( r e f e r e n c e d t o t h e mean) 

4. M2: Second moment 

5. SKEW: Skewness 

6. KURT: K u r t o s i s 

7. HIGHEST: The l a r g e s t peak v a l u e 

8. 2ND: The second l a r g e s t peak v a l u e 

9. 1/3 RD: The e s t i m a t e d average o f t h e o n e - t h i r d h i g h e s t peaks 

10. 1/lOTH: The e s t i m a t e d average o f t h e 1/10*^^ h i g h e s t peaks 

S i m i l a r i n f o r m a t i o n f o r t h e t r o u g h s f o l l o w s on th e same p r i n t o u t . 

The t a b u l a r h i s t o g r a m s p r e s e n t t h e peak and t r o u g h a n a l y s i s i n a 

h i s t o g r a m f o r m a t . As may be seen, t h e v a l u e s r e c o r d e d d u r i n g t h e a n a l y s i s 

f o r t h e peaks and t r o u g h s have been c o l l e c t e d i n t o groups by a m p l i t u d e . 

L o o k i n g a t r o l l i n Run 1302, go down t h e column u n t i l you f i n d t h e v a l u e 

2.50E-01. T h i s v a l u e r e p r e s e n t s t h e c e n t e r o f t h e f i r s t g r o u p i n g (shown 

as a bar on t h e g r a p h i c h i s t o g r a m ) . That i s , we e s t a b l i s h a g r o u p i n g w i t h 

a c e n t e r v a l u e o f 0.25 degrees; l a r g e s t v a l u e o f t w i c e t h i s , o r 0.50 

degrees, and minimum v a l u e 0.0 degrees. Since t h e v a l u e s a r e p o s i t i v e , we 

are d e a l i n g w i t h peaks. A d d i t i o n a l groups o f v a l u e s a r e c e n t e r e d a t t h e 
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o t h e r a m p l i t u d e s shown i n t h i s column, i . e . , a t 0.75, 1.25, 1.75, e t c . 

A l l groups a r e 0.5 degrees wide. The "0-R" shown a t t h e extreme end o f 

t h e peak and/or t r o u g h c e n t e r a m p l i t u d e l i s t i n g i n d i c a t e s v a l u e s " o u t - o f -

range"; t h a t i s , v a l u e s n u m e r i c a l l y l a r g e r t h a n t h o s e c o n t a i n e d i n any o f 

t h e o t h e r groups. 

The "NO OF ENCR" column I n d i c a t e s t h e number of peak or t r o u g h 

v a l u e s f o u n d w i t h i n a g i v e n g r o u p i n g . We see t h a t t h e group c e n t e r e d a t 

0.25 degrees has 9 v a l u e s i n i t . T h i s i n d i c a t e s t h a t n i n e peaks were 

found t o have v a l u e s l y i n g between 0 and 0.5 degrees. S i m i l a r l y , 12 

t r o u g h s were found t o l i e between 0 and -0.5 degrees. The "LESS THAN" and 

"MORE THAN" columns i n d i c a t e t h a t a g i v e n number o f peaks or t r o u g h s w i t h 

v a l u e s more t h a n or l e s s t h a n those of a g i v e n group were fo u n d . For 

example: f o r t h e same r u n (1302 Ship M o t i o n s ) l o o k a t t h e p i t c h d a t a , 

we see t h e f i r s t g r o u p i n g i s c e n t e r e d a t 0.15 degrees. Hence each group i s 

0.30 degrees wide. Look a t t h e g r o u p i n g o f t r o u g h s c e n t e r e d a t -1.35 

degrees. T h i s group has v a l u e s f r o m -1.20 degrees t o -1.50 degrees and 

we see t h a t 20 t r o u g h v a l u e s i n t h i s range were found. A d d i t i o n a l l y , 112 

t r o u g h s o f l e s s t h a n -1.20 degrees were found and 29 o f more t h a n -1.50 

degrees were fo u n d . 

The g r a p h i c d a t a a r e s t r a i g h t f o r w a r d and need no e x p l a n a t i o n except 

t h a t t h e a b s c i s s a w h i c h ds l a b e l e d "OMEGAE" r e p r e s e n t s t h e encounter f r e ­

quency between waves and v e s s e l . 

On t h e e v e n i n g of 2 May 1978 t h e t r a n s d u c e r s w h i c h measured v e r t i c a l 

a c c e l e r a t i o n on KAIMALINO and heave on MELLON were t r a n s f e r r e d t o a n o t h e r 

v e s s e l . Hence t h e v a l u e s g i v e n i n t h e d a t a f o r these measurements on 

3 May a r e n o t t o be used. S u b s t i t u t i o n o f v e r t i c a l a c c e l e r a t i o n f o r heave 

on MELLON i s recommended t o a p p r o x i m a t e t h e heave. S i m i l a r s u b s t i t u t i o n 

o f heave f o r v e r t i c a l a c c e l e r a t i o n on KAIMALINO i s a l s o recommended t o 

a p p r o x i m a t e t h e v e r t i c a l a c c e l e r a t i o n . 
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APPENDIX D 

ELECTROCARDIOGRAM ANALYSIS FORMAT 

The f o r m a t used here w i l l be e x p l a i n e d u s i n g Run 1410, w h i c h can be 

foun d on f i c h e number 12, as an example. The heading i s s e l f - e x p l a n a t o r y 

g i v i n g s h i p name, t r i a l name and t r i a l d a t e . The r u n code i s t h e same as 

t h a t g i v e n i n Table 10 w i t h one e x c e p t i o n ; these d a t a were a n a l y z e d on an 

h o u r l y b a s i s except where a tape change o c c u r r e d on t h e h a l f - h o u r d u r i n g 

t h e t r i a l . Hence, i t i s g e n e r a l l y found t h a t r u n numbers g i v e n w i l l 

i n c r e m e n t by 4, thus c o v e r i n g one hour o f c l o c k t i m e . Where a tape change 

was made on t h e h a l f h o u r , t h i s a n a l y s i s w i l l show two r u n i n c r e m e n t s o f 2, 

each c o v e r i n g o n e - h a l f hour o f c l o c k t i m e . T h i s s h o u l d n o t p r e s e n t 

d i f f i c u l t i e s s i n c e c l o c k t i m e f o r a l l d a t a i s g i v e n and may be c o r r e l a t e d 

w i t h p r e v i o u s d a t a . 

The "Time Code" column g i v e s l o c a l c l o c k t i m e a t t h e end o f t h e t i m e 

p e r i o d used t o o b t a i n t h e EKG counts w h i c h a r e g i v e n under t h e headings 

"Sub A" t h r o u g h "Sub F." E l e c t r o c a r d i o g r a m d a t a a r e always p r e s e n t e d as 

be a t s per m i n u t e . The "Time I n t e r v a l " column g i v e s t h e i n t e r v a l t i m e 

over w h i c h t h e g i v e n row o f EKG's were based. The "EKG Scans" column 

p r o v i d e s a c o r r e l a t i o n between t h i s d a t a and t h e a c t u a l s t r i p c h a r t 

r e c o r d i n g s o f t h e d a t a . 

Hence, t h e f i r s t row shows t h a t a t 10 h o u r s , zero m i n u t e s , and 3 

seconds s u b j e c t A was found t o have had a p u l s e r a t e o f 88 be a t s per mi n u t e 

based on t h e l a s t 60 seconds o f t i m e . T h i s m i n u t e - b y - m i n u t e p r o c e s s i n g 

c o n t i n u e s u n t i l 10:14:15, a t w h i c h t i m e t h e code was e i t h e r n o t a v a i l a b l e 

o r n o t r e a d a b l e as i n d i c a t e d by t h e a s t e r i s k . When t h i s o c c u r s , t h e 

a n a l y s i s r o u t i n e uses a backup c l o c k based on p u l s e s o b t a i n e d f r o m t h e 

event boxes, i f t h e y a r e t u r n e d on. Thus when a time code e n t r y i s 

f o l l o w e d by an a s t e r i s k , t h e t i m e code e n t r y i s n o t d e r i v e d f r o m t h e t i m e 

code ch a n n e l b u t f r o m an a l t e r n a t e source. 

The EKG d a t a a r e now processed u s i n g a t i m e i n t e r v a l based on t h i s 

a l t e r n a t e t i m e s o u r c e . T h i s i s i n d i c a t e d by a s h i f t o f t h e d a t a o u t p u t t o 
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t h e r i g h t , t h a t i s , f o l l o w i n g t h e s l a s h . The t i m e i n t e r v a l g i v e n i s 

based on t h i s a l t e r n a t e source and i s a l s o s h i f t e d t o t h e r i g h t . No d a t a 

are p r e s e n t e d i n t h e n o r m a l l o c a t i o n s i n c e no t i m e code t i m e I n t e r v a l can 

be d e t e r m i n e d . A s i m i l a r I n s t a n c e o f f a u l t y t i m e code d a t a f o l l o w s 

i m m e d i a t e l y and i s a l s o i n d i c a t e d by an a s t e r i s k . At 10:17:03 t h e t i m e 

code ch a n n e l i s f l a g g e d by a p l u s (+) s i g n . T h i s I n d i c a t e s t h a t t h e t i m e 

code j u s t p r i n t e d i s t a k e n f r o m t h e t i m e code ch a n n e l b u t t h a t something 

"abnormal" has o c c u r r e d w i t h i n t h e t i m e I n t e r v a l b e i n g p r o c e s s e d . For 

t h e s e cases, d a t a based on b o t h t h e t i m e code ch a n n e l t i m e i n t e r v a l and on 

t h e a l t e r n a t e l y based t i m e i n t e r v a l a r e p r e s e n t e d . Those v a l u e s based on 

t h e a l t e r n a t e t i m e base a r e a g a i n s h i f t e d t o t h e r i g h t . A s i m i l a r 

s i t u a t i o n o c c u r s a t 10:42:51. Note t h a t f o r t h e t i m e p e r i o d e n d i n g a t 

10:17:03 t h e p u l s e r a t e s based on t h e a l t e r n a t e source appear t o be 

c o r r e c t , w h i l e f o r t h e t i m e p e r i o d e n d i n g a t 10:42:51 t h e p u l s e r a t e s 

based on t h e t i m e code channel appear t o be c o r r e c t . I t must be emphasized 

t h a t b o t h v a l u e s may be i n c o r r e c t . Only by r e t u r n i n g t o t h e s t r i p c h a r t 

can one a s c e r t a i n t h e c o r r e c t p u l s e r a t e w i t h s u r e t y . 

Some guidance can be g i v e n , however, based on our e x p e r i e n c e i n 

debugging t h e a n a l y s i s r o u t i n e . A " n o r m a l " scan, t h a t i s , one w h i c h i s 

u n f l a g g e d , s h o u l d cover a t i m e i n t e r v a l o f 60 seconds and r e s u l t s i n d a t a 

w h i c h were f o u n d t o be q u i t e r e l i a b l e . However, some i s o l a t e d cases 

were fo u n d where t h e p u l s e r a t e g i v e n d i d n o t agree w i t h t h e s t r i p c h a r t . 

One such case i s t h e 105 beats per m i n u t e g i v e n f o r s u b j e c t F f o r t h e 

i n t e r v a l e n d i n g a t 10:10:03. The c o r r e c t r a t e i s a p p r o x i m a t e l y 73 b e a t s 

per m i n u t e . 

A " n o r m a l " scan based on t h e event box p u l s e s , as i n d i c a t e d by an 

a s t e r i s k , s h o u l d cover 72 seconds and was a l s o found t o be q u i t e r e l i a b l e . 

Where t h e t i m e code i s f l a g g e d w i t h a p l u s s i g n , and/or where t h e t i m e 

I n t e r v a l s a r e n e i t h e r 60 nor 72 seconds, t h e d a t a are suspect s i n c e a 

p r o b l em w i t h t h e r e c o r d i n g i t s e l f i s i n d i c a t e d . 
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APPENDIX E 

TONE TEST AND TIME ESTIMATION ANALYSIS FORMAT 

The tone t e s t and t i m e e s t i m a t i o n d a t a r e p r e s e n t t h e unchecked o u t p u t 

o f t h e a n a l y s i s program used t o e x t r a c t t h e t i m e i n t e r v a l s between 

s u c c e s s i v e responses o f the i n d i v i d u a l s u b j e c t s d u r i n g t h e t o n e t e s t and 

ti m e e s t i m a t i o n t e s t . To a i d i n t h e e x p l a n a t i o n o f t h e o u t p u t f o r m a t , 

Run 3002 and F i g u r e E.1, w h i c h i s appended, w i l l be used. 

R e f e r r i n g t o t h e tone t e s t a n a l y s i s f o r Run 3002, wh i c h I s on f i c h e 

number 13, we f i n d t h e s t a n d a r d t i t l e i n f o r m a t i o n , " r u n number," " s t a r t 

t i m e , " and columns o f f i g u r e s l a b e l e d " h i g h , " "med.," and "low" f o r 

s u b j e c t s A t h r o u g h F. The r u n numbering system i s t h e same as t h a t used 

f o r t h e EKG a n a l y s i s . The " s t a r t t i m e " i n d i c a t e s t h e l o c a l c l o c k t i m e a t 

th e s t a r t o f th e d a t a a n a l y s i s f o r t h e r u n — i n t h i s case, i t i s 8 ho u r s , 

35 m i n u t e s , and 2 seconds. As w i l l become c l e a r l a t e r , t h i s t i m e does n o t 

cor r e s p o n d t o t h e s t a r t o f t h e a c t u a l t e s t p e r i o d b u t s h o u l d precede i t by 

a p p r o x i m a t e l y 5 m i n u t e s . The columnar f i g u r e s i n d i c a t e t h e i n t e r v a l s o f 

s u c c e s s i v e responses f o r t h e i n d i v i d u a l b u t t o n s . L o o k i n g a t t h e " h i g h " 

b u t t o n column f o r s u b j e c t A, we have t h e f o l l o w i n g i n t e r p r e t a t i o n : 

1. The s u b j e c t depresses t h e " h i g h " b u t t o n 354 seconds a f t e r t h e 

" s t a r t t i m e . " 

2. The " h i g h " b u t t o n i s a g a i n depressed 49 seconds l a t e r . 

3. Three more b u t t o n d e p r e s s i o n s a t i n t e r v a l s o f 114, 166, and 

90 seconds a r e r e c o r d e d . 

4. No f u r t h e r d e p r e s s i o n s o f t h i s b u t t o n a r e r e c o r d e d d u r i n g 

t h i s t e s t . 

5. The t o t a l number of d e p r e s s i o n s (5) i s r e c o r d e d a t t h e b o t t o m 

j u s t beneath t h e dashed l i n e . 

The a s t e r i s k f o l l o w i n g t h e f i f t h , s e v e n t h , and n i n t h i n t e r v a l s f o r t h e 

"low" b u t t o n f o r s u b j e c t A i n d i c a t e s t h a t t h e b u t t o n was depressed and 

h e l d down ( o r v e r y r a p i d l y a c t i v a t e d ) f o r a p e r i o d o f g r e a t e r t h a n 

a p p r o x i m a t e l y 2 seconds a t t h e s t a r t o f t h e i n t e r v a l . 

F i g u r e E.1 p r e s e n t s a s k e t c h o f a t y p i c a l p u l s e sequence. Note t h a t 

each i n t e r v a l s t a r t s a t t h e f r o n t o f a p u l s e and ends a t t h e f r o n t o f t h e 
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n e x t p u l s e . I n t h i s manner, t h e i n t e r v a l b e i n g measured i s n o t dependent 

on t h e d u r a t i o n o f t h e a c t u a l p u l s e w h i c h s t a r t s or ends i t . I f t h e 

p u l s e d u r a t i o n i s g r e a t e r t h a n a p p r o x i m a t e l y 2 seconds, t h e a s t e r i s k i s 

a s s i g n e d t o t h e i n t e r v a l w h i c h c o n t a i n s t h a t p u l s e ( i . e . , t h e s t a r t p u l s e ) . 

R e l a t i n g t h e r e s u l t s shoxm i n t h e " h i g h " column f o r s u b j e c t A d u r i n g 

Run 3002 t o F i g u r e E.1 we would have, 

1-1 = 354 seconds 

1-2 = 49 seconds 

e t c . 

I f p u l s e P-2 were g r e a t e r t h a n 2 seconds, an a s t e r i s k would appear a f t e r 

th e 49 g i v e n as t h e d u r a t i o n o f I n t e r v a l 1-2, e t c . 

I t s h o u l d be n o t e d t h a t t h e i n t e r v a l f r o m t h e s t a r t o f t h e a c t u a l 

tone t e s t ( i . e . , t a p e r e c o r d i n g o f tones t u r n e d on) t o t h e f i r s t p u l s e i s 

n o t r e c o v e r e d by t h e a n a l y s i s . T h i s I n t e r v a l i s i n d i c a t e d i n F i g u r e E.1 

by an "X." 

The t i m e e s t i m a t i o n f o r m a t i s v e r y s i m i l a r t o t h a t found i n t h e Tone 

Test A n a l y s i s , w i t h t h e t a b u l a r numbers i n d i c a t i n g t h e s u b j e c t ' s t i m e 

e s t i m a t e s i n seconds. The s t a r t t i m e i s a g a i n t h e l o c a l t i m e a t w h i c h 

a n a l y s i s s t a r t e d and does n o t c o r r e s p o n d t o t h e a c t u a l s t a r t o f t h e t e s t . 

Those run s w h i c h do n o t g i v e s t a r t t i m e s were r e c o v e r e d f r o m d a t a areas 

w i t h i n w h i c h t h e t i m e code d a t a were n o t r e a d a b l e . These runs w i l l r e q u i r e 

some i n t e r p r e t a t i o n by t h e s c o r e r as t h e y may c o n t a i n an a b n o r m a l l y l o n g 

f i r s t v a l u e . The f i r s t a c t u a l t i m e e s t i m a t e by t h e s u b j e c t may or may n o t 

be c o n t a i n e d w i t h i n t h i s f i r s t v a l u e . Some runs i n d i c a t e t h a t t h e 

s u b j e c t has completed t h e t e s t (shown by a l l z e r o s ) f o l l o w e d by numerous 

l i s t i n g o f a 224-second v a l u e . These v a l u e s are t o be i g n o r e d . 
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APPENDIX F 

TRIAL ANALYSIS OUTPUT 

T r i a l r e s u l t s a r e c o n t a i n e d on t h e 13 m i c r o f i c h e ( a t 48X m a g n i f i c a t i o n ) 

e nclosed i n t h e packet a t t a c h e d i n s i d e t h e back cover o f t h i s r e p o r t . 

Table F.1 p r o v i d e s an i n d e x t o a i d i n l o c a t i n g s p e c i f i c d a t a . The d a t a 

w i t h i n a major s e c t i o n a r e a r r a n g e d by r u n numbers w i t h m i s s i n g r u n 

numbers I n d i c a t i n g t h a t d a t a f o r t h a t r u n a r e n o t a v a i l a b l e . For purposes 

of b e t t e r r e s o l u t i o n i n p r i n t i n g , m i c r o f i c h e o f 24X m a g n i f i c a t i o n a r e 

a v a i l a b l e upon r e q u e s t . 

TABLE F.1 - MICROFICHE INDEX 

F i c h e Number Contents 

1 MELLON Ship M o t i o n s - Octagon 

2 CAPE CORWIN Ship M o t i o n s - Octagon 

3 KAIMALINO Ship M o t i o n - Octagon 

4 MELLON A c c e l e r a t i o n s - Octagon 

5 CAPE CORWIN A c c e l e r a t i o n s - Octagon and Dockside 

6 KAIMALINO A c c e l e r a t i o n s - Octagon 

7 Wave H e i g h t - Octagon 

8 CAPE CORWIN Ship M o t i o n s - 7 and 8 May 1978 

9 KAIMALINO Ship M o t i o n s - 7 and 8 May 1978 

10 CAPE CORWIN A c c e l e r a t i o n s - 7 and 8 May 1978 

11 KAIMALINO A c c e l e r a t i o n s - 7 and 8 May 1978 

12 EKG A n a l y s i s 

13 Tone Test and Time E s t i m a t i o n 
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