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A MICROCOMPUTER-CONTROLLED DIGITAL ACOUISITIOM AND ANALYSIS SYSTEM 
FOR THE EXPENDABLE BATHYTFERMOGRAPH 

Rrian Wannamaker, Roberto Rossi , Phi1 i o  Nesfiel d and Paolo Saia 

ABSTRACT 

For a number o f  years the expendable bathythermograph (XBT) has been an 
important too l  f o r  basic and appl ied oceanographic survey work. This has 
l e d  t o  a s i g n i f i c a n t  body o f  work being done on the accuracy o f  the XBT 
system as a whole. One o f  the most important l i m i t a t i o n s  has been the 
analogue recording and manual d i g i t i s a t i o n  o f  the p ro f i l e s .  A d i g i t a l  
i n te r face  i s  described t ha t  replaces the standard deck u n i t  and removes 
t h i  S problem. The in te r face  i S control  l e d  through an IEEE-488 in ter face 
bus by a microcomputer or a minicomputer. The data i s  stored w i t h  12 b i t  
prec is ion 10 times a second. As many as 115 p ro f i l e s ,  each recording t o  
450 m i n  depth, may be stored on a s ing le  cassette. The microcomputer and 
p l o t t e r  may be used f o r  a number o f  ana ly t i ca l  tasks inc lud ing isotherm 
fol lowing,  contour p l o t t i ng ,  and sound speed or density calculat ions.  The 
p r o f i  1 es may a1 so be automat ical ly  compressed by a "most revers i  b l e w  
algor i thm and coded t o  standard format f o r  rad io  transmission. The 
bib l iography contains present ly ava i lab le  research reports on the XBT. 

INTRODUCTION 

The expendable bathythermograph (XBT) was i n i t i a l l y  developed t o  qu ick ly  
determine the thermal s t ruc tu re  o f  the upper ocean from a ship wi thout  
hampering normal operations. It replaced the mechanical bathythermograph 
(BT) which, l i k e  present sal i n i  ty-temperature-depth (STD) and conduct iv i ty -  
temperature-depth (CTD) p r o f i  l e r s ,  required the ship t o  heave t o  during 
lowering or r a i s i n g  o f  the XBT. The resu l t i ng  thermal p r o f i l e  was used f o r  
sonar performance predict ions.  

As oceanographers became increasingly aware o f  the hor izonta l  and temporal 
v a r i a b i l i t y  i n  the oceans from scattered STD casts, they rea l i zed  the value 
of the XBT f o r  quick, dense p r o f i l i n g  t o  record t h i s  v a r i a b i l i t y .  Thus the 
XBT was used t o  f i l l  i n  the gaps i n  STD surveys. The acoustic community 
a lso rea l i zed  the possible s ign i f icance o f  oceanic v a r i a b i l i t y  on sound 
propagation. A t  the same time the ava i l  abi  l i t y  o f  increased computing 
power and sophis t ica t ion o f  acoustic model S meant t h a t  high reso lu t ion  
range dependent data could be used i f  avai lable.  For these reasons there 
was an increasing number o f  studies of the accuracy and r e l i a b i l i t y  o f  the 
XBT system, espec ia l ly  as the MODE (Mid Ocean Dynamics Experiment) and 
POLYMODE experiments i n  the ear l y  70's. 
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These s tud ies  compared BT r e s u l t s  o f  near ly  simultaneous STD and CTD casts. 
Because the  experimenters were i n t e r e s t e d  i n  r e t r i e v i n g  dynamic he igh ts  
from the  data the  intercomparison r e s u l t s  were usua l l y  processed as 
d i f f e rences  i n  the  depth o f  the  appearance o f  s p e c i f i c  isotherms. 

'The BTs themselves have no pressure sensors; depth i s  ca l cu la ted  as a 
f u n c t i o n  o f  the t ime s ince the  BT entered the  water. The c o e f f i c i e n t s  o f  
t h i s  f unc t i on  are suppl ied by the  manufacturer. Any e r r o r  i n  temperature 
measurement o r  i n  these c o e f f i c i e n t s  w i l l  change the  apparent depth o f  an 
i sotherm. 

Georgi e t  a1 [l], using d i r e c t  c a l i b r a t i o n s  o f  f ou r  hundred BTs, suggested 
t h a t  the XBT probe-to-probe v a r i a b i l i t y  would be l e s s  than 2 0.06OC a t  the  
95% conf idence l e v e l  i f  the  Sippican analogue recorder  i s  no t  used. The 
standard dev ia t i on  i s  l e s s  than 0.03OC a t  O°C and decreases t o  l ess  than 
O.Ol°C i n  the reg ion  o f  25 t o  30°C. Th is  decrease w i t h  temperature i s  
a t t r i b u t a b l e  t o  matching o f  the  i n d i v i d u a l  thermi s t o r s  a t  25OC dur ing  
manufacture. Thus temperature e r r o r s  i n  the XBTs are we l l  behaved and can 
be t rans la ted  i n t o  an e r r o r  i n  isotherm depth by cons ider ing  the  l o c a l  
temperature gradient .  

MODE and POLYMODE researchers genera l l y  used the  deep T5 (1800 m) and T7 
(750 m) probes. References [2,3,41 suppl ied evidence o f  e r r o r s  i n  the  
depth c o e f f i c i e n t s  suggested by the  manufacturer. Seaver and Kuleshov 151 
were reasonably successful  i n  model1 i n g  t h i s  e r r o r  and ascr ibed i t  t o  the  
inverse  r e l a t i o n s h i p  between k inemat ic  v i s c o s i t y  and temperature and the  
r e l a t e d  changes i n  pressure drag on the  fa1 l i n g  probe. They suggested t h a t  
weight  v a r i a t i o n s  between probes due t o  a i r  entrapped w i t h  the w i re  should 
r e s u l t  ,in depth e r r o r s  w i t h  a standard dev ia t i on  o f  on ly  1.6 m a t  750111. On 
the  o ther  hand changes i n  sur face roughness on the  BT nose sec t ion  
s u f f i c i e n t  t o  vary the  p o i n t  o f  t r a n s i t i o n  o f  laminar  t u r b u l e n t  f l o w  from 
the  nose o f  the  probe t o  the p o i n t  o f  maximum cross-sect ional  area would 
c rea te  a standard dev ia t i on  i n  apparent isotherm depth o f  6.2 m a t  750 m. 

A s t a t i s t i c a l  ana lys i s  o f  near ly  two thousand T4 XBTs launched and recorded 
by U.S. Navy ships has been repor ted  by Anderson 161. Only 80% o f  the  - 
temperature p r o f i l e s  from these casts were v i s u a l l y  acceptable and 40% o f  a 
subset o f  518 cas ts  met the  accuracy c r i t e r i a  he set.  I n  commenting on 
Anderson ' S  repor t ,  the manufacturer, Si ppican, suggested t h a t  many o f  the  
f a i l u r e s  may have been due t o  aging o f  the  probes beyond the  two year  . 
warranty period. This  per iod  i s  set  by the t ime needed t o  degrade the  
i n s u l a t i o n  on the w i re  and thermis tor .  A Netherlands Navy study repor ted  
t h a t  the s ignal  w i re  becomes s t i c k y  because o f  age and h igh temperatures. 
Th is  s t i c k i n e s s  leads t o  increased tension w i re  s t re t ch ,  depth e r r o r s  and 
spikes on the temperature depth record dur ing  deployment ( r e p o r t  o f  the 9 th  
MILOC meeting) . Si ppican s ta tes  t h a t  they w i  l l provide rep1 acement u n i t s  
i f  there  i s  an abnormally high f a i l u r e  r a t e  beyond 10%. A review o f  the  
e r r o r s  commonly found w i t h  the  standard XBT system i s  given by Kronen and 
B1 umenthal [7]. 

It became c l e a r  t o  many researchers t h a t  much o f  the  e r r o r  i n  XBT records 
were the r e s u l t  o f  the  standard deck u n i t  and analogue recorder  and the  
manual d i g i  t i s a t i o n .  A study o f  two US Navy exerc ises showed t h a t  more 
than 60% o f  the BTs c o l l e c t e d  were improper ly  encoded 181. Th is  de f i c i ency  
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could be avoided by d i g i t a l l y  recording the data. The manufacturer has f o r  
some years o f fe red  a d i g i t a l  s h a f t  encoder o r  retransmi tti ng potent iometer 
mounted on the analogue recorder temperature servoassembly . A system a t  
SACLANTCEN used the encoder f o r  i t s  f i r s t  d i g i t a l  i n t e r f a c e  [g]. This was 
successful i n  a1 1 e v i  a t i  ng time consumi ng and e r r o r  prone pre-analys i  S 
procedures bu t  was l i m i t e d  i n  p rec i s ion  t o  0.05' because o f  the encoding 
system. The potent iometer was used as p a r t  o f  a system by McDowell and 
Dorson C31 along w i t h  a 12 b i t  analogue-to-d ig i ta l  converter  and casset te 
recorder. This was the basis of a commercial system by Bathy Systems Inc. 

Both systems were constrained by the l i m i t s  o f  the s ignal  processing before 
the  d i g i t i s a t i o n .  Other systems were b u i l t  t o  completely replace the  
standard on-deck e l e c t r o n i c s  (e.g. [10]) and some were c o n t r o l l e d  by 
microprocessors [Ill. I n  1985 Sippican has .a lso  announced a d i g i t a l  
i n te r face  (MK-9) w i t h  attached microcomputer (HP-85) a1 though t h i s  system 
records only one XBT p r o f i l e  per cassette. 

A s p e c i f i c  system t o  c o l l e c t  temperature grad ient  measurements along w i t h  
temperature measurements has been developed by Lange and Johnson [121. It 
replaces the XBT w i t h  a recoverable instrument package f o r  r a p i d  p r o f i l i n g  
t h a t  i s  being developed a t  the Un ive rs i t y  o f  Washington [131. 

This memorandum discusses a microcomputer c o n t r o l l e d  deck u n i t  system 
developed a t  SACLANTCEN. As y e t  i t  has not  been compared t o  o the r  systems 
of the same concept. From the ava i l ab le  l i t e r a t u r e  i t  appears t h a t  t he  
SACLANTCEN system o f f e r s  greater  data storage than some, easier  one-person 
use and more complete i n t e r n a l  sel f-checking and f l e x i b i l i t y  than others. 

The f i r s t  sect ion o f  t h i s  r e p o r t  w i l l  o u t l i n e  the use o f  t h i s  system as a 
complete u n i t .  This w i l l  be fo l lowed by more d e t a i l  about the  hardware and 
software. References concerning XBTs have been ex t rac ted  from a 
computerized b i  b l  iography accessible on the SACLANTCEN main frame computer 
and i s  provided a t  the end o f  t h i s  memorandum. 

1 OPERATION AS A SYSTEM. 

'The components of the XBT a c q u i s i t i o n  and ana lys is  system are shown i n  
Fig.  1. 

The con t ro l  l e r  i n t e r f a c e  (C/ I )  completely replaces the normal deck u n i t ;  
the  cable from the launcher t o  the normal u n i t  i s  simply disconnected and 
reconnected t o  the new c o n t r o l l e r  i n t e r f a c e  (C/ I )  by the same type of 
amphenol connector. (Thi  S i s  especial  l y  important  t o  take advantage of 
ships o f  opportuni ty .  One o f  the u n i t s  has already been used aboard the  
I t a l i a n  Navy hydrographic ship MAGNAGHI ( I T )  i n  1984.) Hand launchers may 
be connected v i a  a rear  terminal  s t r i p .  The C / I  i s  i n  t u r n  c o n t r o l l e d  by a 
micro- o r  m i  n i  -computer. 

One person can use the  system i f  necessary; communication w i t h  an ass i s tan t  
a t  the launcher i s  no t  needed. When the a c q u i s i t i o n  program runs, the  
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OPTIONAL FLOPPY DISC 

DIGITAL NAVIGATION SYSTEM - 
INTERFACE 

CASSETTE 

l 
i F I G .  1 EXPENDABLE BATHYTHERMOGRAPH ( X B T )  

A C Q U I S I T I O N  AND A N A L Y S I S  SYSTEM g X., 

operator, when asked, reads the rea l  t ime t o  form p a r t  o f  the header record 
o f  each data f i l e .  

The labe ls  o f  the  e i g h t  specia l  f unc t i on  keys are d isplayed along the  
bottom o f  the computer moni tor  as shown i n  Fig. 2. These keys, always 
ac t ive ,  are programmable t o  t r a n s f e r  program execution t o  numbered 
subrout ines. For example "UNIT" i n i t i a l  i ses the  output  p1 o t  parameters. 
The operator  i s  a lso  asked f o r  the BT type since the f a l l  r a t e  o f  the probe 
and data f i l e  s i ze  requ i red  are type-dependent. These values are then 
ava i l ab le  f o r  use i n  the rou t ines  u n t i l  the program i s  ha1 ted. When the 
parameters have been i n i t i a l i z e d  the operator  presses "GO" and the  CRT 
prompts "PLEASE RELOAD" ( t h e  XBT launcher).  

I f  working alone the operator  can now go t o  the launcher and load and 
launch the BT; i n t e r n a l  checks and data measurement are automatic. The 
system could be se t  i n  a loop t o  prepare immediately f o r  another BT whi le  
the  operator  remained a t  the launcher. The data i s  p l o t t e d  on the computer 
moni tor  du r i  ng acqui s i  ti on. The conversion from probe-thermistor 
res is tance t o  temperature i s  through the polynomial. 

_____---___----_-------_-------- 
TEST R 12 PK MESG 
INIT G6 PLOT REP1 fi'f 

F I G .  2 COMPUTER MONITOR SHOWING THE 
EIGHT S P E C I A L  FUNCTION KEYS 
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T = 63.2204 - 11.9493R + 1.10525 - 0.0552171 + 0.0010914 R~ 

which was f i t t e d  t o  the c a l i b r a t i o n  data suppl ied by the  manufacturer. 

Temperature i s  i n  degrees Cels ius ("C) and res is tance i s  i n  kn. The depth 
c a l c ~ ~ l a t i o n  i s  done w i t h  the formula: 

f o r  T4, T7 and T2 type XBT's and 

D = (6.828 - 0.00182 * J/ lO) * J/10 

fo r  T5 u n i t s  

w i t h  D the  depth i n  metres and J the  sample number ( 1  sample i s  equ iva len t  
t o  0.1 S)  s ince en te r i ng  the sea. 

Wire breakage dur ing  the a c q u i s i t i o n  i s  repor ted  by the C l1  s ta tus  word. 

'The data from for ty - two T4 BTs w i l l  f i t  on one DC l O O A  data cassette. This  
i s  a computer opera t ing  system l i m i t  and cou ld  increase w i t h  software 
changes t o  115 p r o f i l e s .  

2 HARDWARE 

The C o n t r o l l e r  I n t e r f a c e  (C/ I )  replaces the standard Sippican desk u n i t  and 
i s  t ransportable,  weighing on ly  about 9 kg. The case can be mounted i n  a 
rack. 

The standard deck launcher o r  hand launcher may be connected e i t h e r  v i a  a 
8 p i n  amphenol connector o r  a terminal  s t r i p .  

The microcomputer and XBT Cl1 are l i n k e d  by an IEEE-488 o r  GP-IB (General 
Purpose I n t e r f a c e  Bus) a l s o  r e f e r r e d  t o  as HP-IB. A wide range of micro 
and min i  computers can thus be used. However, SACLANTCEN uses an HP-85 
micro-computer o r  HP 21MX ser ies  min i  -computer. 

The computer sends con t ro l  words t o  the  C l1  v i a  t h i s  l i n k  and can request  
s ta tus  repo r t s  from i t  as we l l  as data. The C l1  a l s o  d i sp lays  i t s  own 
s ta tus  and t h a t  o f  the HP-IB as we l l  as the probe type i n  use v i a  f r o n t  
panel l i g h t  e m i t t i n g  diodes (LEDs) . 
A s i m p l i f i e d  block diagram o f  the  C l1  c i r c u i t  i s  shown i n  F ig.  3. 

2.1 The Se l f  Test C i r c u i t  

This  c i r c u i t  checks the  launcher, probe and launcher- to-Cl1 cable each t ime 
the  breach of the launcher i s  opened and closed. 

The c i r c u i t  t e s t s  f o r  c e r t a i n  v01 tage thresh01 ds above which the  probe and 
connections are i n d i c a t e d  t o  be good. I f  t h i s  t e s t  i s  completed the  i n p u t  
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RESISTANCE l SELF TEST rn 
ANeAOG 1 

CIRCUIT I VOLTAG'E-CONV. I 

I 

CONTROL 
LOGIC 

I 

SEQUENCER PROCESSOR 

r G q " " '  
FEATURE 

FIG.  3 BLOCK DIAGRAM OF THE XBT CONTROLLER INTERFACE 

terminals o f  the C l1  are connected across a 10 ksl prec i s ion  r e s i s t o r .  Data 
are sent t o  the host  f o r  1 second, enough t ime f o r  100 samples,and are 
checked f o r  a temperature o f  9.92 + O.Ol°C. (Th is  temperature i nd i ca tes  
t h a t  the analogue i n t e r f a c e  i s  working proper ly .  Any d i f f e rence  from t h i s  
value represents a b ias  t h a t  i s  cor rec tab le  l a t e r  dur ing  the  data 
ana lys is ) .  The host computer can then send a con t ro l  word t o  enable the  
l aunch . 
2.2 Resi stance t o  Vol tage Converter 

A f t e r  the  completion o f  the  check and the r e c e i p t  o f  an "ENABLE" command 
t h e  probe i s  connected t o  the ' i n p u t  o f  the resistance-to-v01 tage converter  
shown i n  Fig. 4. 

This p o r t i o n  o f  the C / I  i s  as described i n  Stegen e t  a1 [10]. The probe 
thermis tor  forms one l e g  of a se l f -ba lanc ing br idge c i r c u i t .  The br idge i s  
formed by the thermis tor ,  two p rec i s ion  r e s i s t o r s  and J-FET T1. The 
res is tance o f  T1 i s  constra ined t o  equal the thermis tor  res is tance by the 
feed back o f  operat ional  ampl i f i e r  A l .  D i f f e r e n t i a l  ampl i f i e r  A2 provides 
an output  voltage d i r e c t l y  p ropor t iona l  t o  the res is tance o f  T1 and thus o f  
t he  probe thermi s t o r  . 

1 PRECISION I I I 
CURRENT PRECISION RESISTORS I 

PROBE 
CONNECTIONS 

FIG.  4 EQUIVALENT MEASUREMENT (RESISTANCE- 
TO-VOLTAGE CONVERTER) CIRCUIT OF 

SEA RETURN THE INTERFACE 
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2.3 Analogue t o  D i  g i  t a l  Conversion 

The analogue output  o f  A2 i s  fed t o  the i n p u t  o f  a 14 b i t  analogue t o  
d i g i t a l  conver ter .  The most s i g n i f i c a n t  12 b i t s  abut the ou tput  of a 
c y c l i c  4 b i t  counter thus c r e a t i n g  the 16 b i t  data word t h a t  i s  sent t o  the 
computer. The data conversion i s  completed i n  100 ms t o  an accuracy of 

0.005%. 

The counter i s  t r i g g e r e d  t o  zero by the c l o s i n g  o f  the sensor c i r c u i t  by 
the  sea path when the probe enters  the  water. This  counter  i s  used as a 
d iagnost ic  t o o l  t o  determine t h a t  no data samples are be ing  l o s t  between 
the  C l 1  and hos t  computer. 

2.4 HP- IB  Processor and Contro l  ' Loaic 

The HP-IB processor i s  a s i n g l e  LSI mono l i t h i c  ch ip  hand1 i n g  a1 l the data 
f l o w  i n  both d i r e c t i o n s  between the hos t  computer and the  XBT Cl1  us ing  the 
standard IEEE-488 (HP- 10) p ro toco l  . 'The associated c o n t r o l  l o g i c  insures  
t h a t  a1 l handshaking s igna l  S from and t o  the HP-IB processor are handled 
proper ly .  

2.5 S a m ~ l  e Seauencer 

The sample sequencer suppl ies the  analogue t o  d i g i t a l  t r i g g e r  s igna l  S a t  a 
frequency of 10 Hz der ived by e l e c t r o n i c a l l y  d i v i d i n g  the  ou tput  of a 
p r e c i s i o n  1 mHz c r y s t a l  o s c i l l a t o r .  This  c i r c u i t  a l s o  c o n t r o l s  t he  
generat ion of the  s e l f  t e s t  d i g i t a l  data and the  fou r  b i t  counter. 
Eventual ly ,  the system w i l l  incorpora te  the a b i l i t y  t o  change sampling r a t e  
under hos t  con t ro l .  

2.6 Test  Feature 

The t e s t  fea ture  a l lows a check t o  be made o f  the C l 1  i t s e l f  and a l s o  
generates data f o r  the checking o f  the computer a c q u i s i t i o n  and processing. 

There are th ree  d i f f e r e n t  t es t s :  

a )  P r o f i l e  s imu la t ion :  t h i s  t e s t  generates 256 samples t h a t  s imulate a 
res is tance change ( rang ing  from 3261.7 t o  18090.8 ohms o r  34.211°C to 
-1.253OC). The r e s u l t i n g  p r o f i l e  i s  shown i n  F ig.  5. 

Minimum res is tance value: 
(34.211'1. 

t h i  S t e s t  produces an output  o f  3261.7 ohms 

c )  Maximum res is tance value: t h i s  t e s t  produces an output  of 18090.8 0 

I n  each case the  t e s t  i s  programned by the  hos t  computer and i n i t i a t e d  by 
depressing the  'TEST' push bottom on the f r o n t  panel. 
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F I G .  5 
SIMULATED T E S T  
P R O F I L E  

2.7 Accuracy 

F igure  6 i s  a p l o t  of the  output  res is tance value of the  c o n t r o l l e r /  
i n te r face  measured by the  micro-computer vs the v01 tage output  o f  a m p l i f i e r  
A2 (see Fig. 4 ) .  This l i n e  i s  l i n e a r  w i t h  a v a r i a t i o n  equal t o  * 1 b i t  o f  
t h e  analogue/di g i  t a l  (A/D) conver ter .  

F igure  7 i s  the r e s u l t  of an attempt t o  measure the  absolute accuracy o f  
t h e  C/I. The XBT probe was replaced w i t h  a r e s i s t o r  decade box (which has 
a p rec i s ion  o f  0.5%). The d i f f e r e n c e  between the output  res is tance value 
and the  decade value i s  p l o t t e d  over the f u l l  range o f  the output  o f  
a m p l i f i e r  A2. However, a t  the bottom of the  scale the  ' e r r o r '  i s  l e s s  than 
the  unce r ta in t y  i n  the  i n p u t  value. 

F I G .  6 
OUTPUT R E S I S T A N C E  
OF CONTROLLER 
INTERFACE V S  
VOLTAGE OUTPUT OF 
MEASUREMENT 
A M P L I F I E R  

VOLTAGE (V) 
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T h e  abso lu t e  a c c u r a c y  o f  the controller in ter -  
f a c e  i s  g r e a t e r  t h a n  t h a t  o f  the s t a n d a r d  

2.8 Navigat ion S a t e l l i t e  In te r face  

SACLANTCEN SM-183 

The SACLANTCEN research ship M A R I A  PAOLINA G. i s  equipped f o r  s a t e l l i t e  and 
Loran-C navigat ion. The computer con t ro l1  i n g  t h i s  can be l i n k e d  t o  the  
HP-85 through an i n t e r f a c e  b u i l t  a t  the Centre. Thus the accurate t ime and 
geographical' coordinates can be inc luded i n  each XBT data f i l e .  This 
i n t e r f a c e  w i l  l be d i  scussed e l  sewhere i n  connection w i t h  a microcomputer 
system t h a t  co l  l e c t s  meteor01 og ica l  data. 

-. 

3  SOFTWARE 

1 " " l " " l " "  

- 

The f l e x i b i l i t y  o f  the HP-IB i n t e r f a c e  bus and o f  the HP-85 microcomputer 
has made the  programming o f  the data a c q u i s i t i o n  r e l a t i v e l y  easy. 
Acqu is i t i on  rout ines  f o r  the HP21-MX mini  computer se r ies  have a l s o  been 
w r i t t e n  t o  incorpora te  the XBT data i n t o  the In tegra ted Oceanographic 
System (10s). The microcomputer a l lows a more general use of the 
advantages of the new i n t e r f a c e  s ince it i s  independent of the  l l O V  
generators and o ther  computer processing aboard ship. 

- XBT range (35%) 

- 

The basic HP85 inc ludes 16Kbytes (14 576 are ava i l ab le )  o f  read/wr i te  
memory w i t h  an i n t e r n a l  opera t ing  system running on an expanded vers ion of 
ANSI  BASIC, an i n t e g r a l  casset te dr ive,  a CRT screen and a thermal p r i n t e r .  
The HP85 used i n  the XBT system has been expanded w i t h  p lug- in  u n i t s  fo r  an 
add i t i ona l  16K o f  memory and f o r  ex terna l  p r i n t i n g  and p l o t t i n g ,  
input /output ,  ma t r i x  func t ions  and mass storage. However the ma t r i x  and 
mass storage func t ions  are not  p resent ly  requ i red  f o r  the data a c q u i s i t i o n  
o r  analys i  S. 

Two separate rou t ines  have been developed; the  f i r s t  i s  used f o r  data 
a c q u i s i t i o n  and s ing le  p r o f i l e s  and the second i s  concerned w i t h  stored 
data . 
The f i r s t ,  besides acqu i r ing  the p r o f i l e ,  can run i n t e r f a c e  checks, p l o t  
the p r o f i l e  (as acquired o r  from tape), compress the data and p r i n t  the 
p r o f i l e  i n  a standard format, as determined by the operator.  
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Flags ( va r iab les  w i t h  value 1 o r  0) c o n t r o l  op t i ona l  program branching t h a t  
i s  genera l l y  he ld  constant  f o r  a run. This inc ludes  such th ings  as 
automatic hardcopy o f  p r o f i l e ,  type of sur face co r rec t i ons  etc.  These 
values are read from data statements; i n  B A S I C  they can be q u i c k l y  changed 
by the  operator.  

Because o f  the  small s i z e  o f  the  computer, e f f o r t s  were made t o  save 
storage space which was shared by proqram and data. The memory 
requirements f o r  a r ray  var iab les  i n  the HP85 are shown below i n  Table 1. 

TABLE 1 
Memorv Reaui rements. HP-85 

Depth i n fo rma t ion  i s  no t  stored. It depends on ly  on BT type and sample 
number. The BT type i s  kep t  as p a r t  o f  the  f i l e  name and used t o  branch t o  
the  appropr ia te  depth c a l c u l a t i o n  dur ing  analys is .  Although no t  a problem 
so fa r ,  l o s s  o f  data by d e f i c i e n c i e s  i n  the  system can be determined by 
f o l l o w i n g  the  consecut ive counter. The data a r r i v e  a t  the  microcomputer as 
16 b i t  i n t e g e r  values t h a t  represent  an unscaled res is tance.  Without any 
l o s s  o f  accuracy t h i s  can be converted t o  a p a i r  o f  characters,  8 b i t s  a t  a 
time. 

Type o f  Array Var iable 

Fu l  l Preci  s i  on 
Short  Prec is ion  
In tege r  
S t r i n g  

Tape f i l e s  are c rea ted j u s t  be fore  data a c q u i s i t i o n  because there  i s  no 
quick way t o  determine i f  an e x i s t i n g  data f i l e  i s  f u l l  o r  empty. S t o r i n g  
res is tance val ues r a t h e r  than ca l cu la ted  temperatures i s  cons i s ten t  w i t h  
the  p o l i c y  o f  the SACLANTCEN Appl ied Oceanographic Group t o  keep raw data, 
o r  data t h a t  can be unambiguously reconverted t o  t h a t  form. I n  t h i s  case 
the  r e s i  stance t o  temperature conversion i s  non-l i near. However, i f  t h i  S 
r e l a t i o n s h i p  was l a t e r  found t o  be i n  e r r o r  or i f  an improved expression 
was determi ned, temperatures a1 ready converted cou ld  n o t  be cor rec ted  
whereas the raw data would s t i l l  be a v a i l a b l e  f o r  conversion. 

Bytes o f  Memory 

8 + 8/element 
8 + 4/element 
8 + 3/element 
8 + l /e lement  

Once the  program i s  running the  HP-85 becomes a dedicated computer. To 
prevent  i nadve r ten t  program h a l t s  the keyboard becomes i n a c t i v e  except f o r  
c e r t a i n  s p e c i f i c  keys. 

The f l e x i b i l i t y  o f  the  software con t ro l  and HP-IB a l lows the  c o r r e c t i o n  o f  
o ther  poss ib le  e r ro rs .  These e r r o r s  i n c l  ude i n i t i a t i n g  acqui s i t i o n  w i t h  
"GO" tw ice  o r  opening the  launcher breach between load ing  and p u l l i n g  the  
re leas ing  p i n  of the probe. 
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The data t r a n s f e r  i s  done i n  pieces and i n t e r r u p t s  other  execut ing tasks. 
However no data are l o s t  i f  incoming in format ion  i s  converted and p l o t t e d  
as a temperature vs depth p r o f i l e  dur ing acqu is i t i on .  The i n t e r n a l  screen 
has a h o r i z o n t a l / v e r t i c a l  r e s o l u t i o n  o f  256 X 192 dots and the data are 
scaled between the l i m i t s  se t  dur ing  the i n i t i a l i s a t i o n  ( INIT)  phase. A 
p o r t i o n  of a p r o f i l e  may be shown a t  f u l l  r e s o l u t i o n  o r  a piece of i t  may 
be displayed on an ex terna l  p l o t t e r ,  a lso  connected through an HP- IB l i n k .  

A T-4 BT operat ing f o r  90 S suppl ies about 900 temperature data points.  
Many o f  these data are redundant, espec ia l l y  those i n  the  surface mixed 
l a y e r  and i n  the general ly  isothermal deep layers.  The SACLANTCEN data 
base has a system l i m i t  o f  125 temperature depth pa i rs ;  ships r e p o r t i n g  
temperature p r o f i l e s  t o  fo recast  centres by r a d i o  are l i m i t e d  t o  20 data 
p a i r s .  i n  a spec i f i ed  format. Obviously some way t o  compress the data i s  
necessary. 

Th is  may be done by someone reading selected values from the t race  o r  
through the use o f  a d i g i t i s i n g  table,  both procedures are tedious and thus 
error-prone. Also the  d i g i  t i n g  must p roper ly  take i n t o  account the  non- 
l i n e a r i  ty o f  the cha r t  scal ing.  I n  any case the ,manufacturer a t t r i b u t e s  
h a l f  of the l i m i t  o f  the system uncer ta in ty  o f  0.2 t o  the analogue char t .  

The system described here uses a method developed by R. Winterburn and 
Wannamaker 1141. Th is  a lgor i thm aims t o  determine a reduced se t  o f  
temperature, depth p a i r s  t h a t  when jo ined  w i t h  s t r a i g h t  l i n e s  w i l l  
reconst ruc t  the i n p u t  p r o f i l e  w i t h i n  a known l i m i t .  

Bas i ca l l y  the a lgor i thm chooses as s i g n i f i c a n t  po in ts  those a t  which the 
change , i n  temperature grad ient  i s  above a se t  threshold. If so the p o i n t  
i s  kept  as a s i g n i f i c a n t  p o i n t  f o r  the reconst ruc t ion  of the p r o f i l e ;  if 
not  i t  i s  subjected to the fo l l ow ing  t e s t :  the  t r u e  value a t  the midpoint  
between t h i s  p o i n t  and the l a s t  s i g n i f i c a n t  p o i n t  i s  checked t o  determine 
if i t  i s  w i t h i n  a preset  l i m i t  o f  the  s t r a i g h t  l i n e  j o i n i n g  these 
s i g n i f i c a n t  points. I f  not, the midpoint  becomes s i g n i f i c a n t  as we l l .  The 
i n t e r n a t i o n a l  standard f o r  the exchange o f  oceanographic data I O C  1151 
s ta tes  t h a t  f o r  XBT data: 

" ... f lexure  po in ts  (should be) determined i n  such a way t h a t  l i n e a r  
i n t e r p r e t a t i o n s  f a l l  w i t h i n  2 0.2OC o f  the o r i g i n a l  record" 

Winterburn and Wannamaker 1141 discussed t h i s  method f o r  200 p r o f i l e s  from 
the Alboran Sea and Gul f  o f  Cadiz i n  f r o n t a l  regions. I n  the  Gulf of 
Cadiz region the p r o f i l e s  show a sudden increase i n  temperature w i t h  depth 
when the probe entered the  Mediterranean outf low. He found t h a t  a 
th resho ld  value o f  0.035°C/m f o r  the grad ient  change reduced the o r i g i n a l  
number o f  po in ts  o f  the p r o f i l e s  by 85%. A check aga ins t  the o r i g i n a l  data 
a t  each o r i g i n a l  depth value showed an average standard dev ia t i on  o f  
0.022OC and maximum e r r o r  o f  0.17OC. 

Although a th resho ld  value o f  0.3' c/m was requ i red  t o  reduce each of 15 
A'lboran Sea p r o f i l e s  to less  than 20 po in ts  on the HP 85, the e r ro r ,  when 
compared w i t h  the o r i g i n a l  p r o f i l e ,  was genera l ly  l e s s  than 0.2OC. 

Surface temperature measurements present another aspect of t he  XBT. 
Results ca l cu la ted  from model1 i n g  the  t ime response of the  sensor have 
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shown t h a t  an XBT cannot g ive an accurate temperature reading u n t i l  about 
4 m depth [16]. Stegen e t  a1 [ l 0 1  suggest i g n o r i n g  the  data dur ing  the  
f i r s t  f ou r  t ime constants. However, some researchers have found good 
comparisons w i t h  simultaneous measurements by o ther  inst ruments [171. I n  
t he  present  system the user may opt  through f l a g  s e t t i n g  t o  ignore  the 
upper 3.7 m repor ted  by the XBT o r  t o  ex t rapo la te  back up t o  the  surface 
us ing  the slope between 6 and 4 m [161. 

The resu l  ti ng reduced p r o f  i l e may then be automatical  l y  coded i n t o  standard 
r a d i o  message format described by F isher  [18]. The depth values are 
rounded o f f  t o  the nearest metre and the temperature t o  ten ths  o f  a degree 
as p a r t  o f  the coding. 

An example p r o f i l e ,  packed p r o f i l e  and message are shown i n  Fig. 8. A t  
l e a s t  one o ther  compression a lgo r i t hm i s  i n  use f o r  XBT data [see Mesecar 
and Wagner, [Ill. Other data compression schemes e x i s t  and research i s  
con t i nu ing  t o  determine the  one most s u i t a b l e  f o r  t h i s  app l i ca t i on .  

A reduced data base o f  T-S diagrams, al though n o t  implemented i n  the 
system, i s  suggested f o r  f u t u r e  development. Mean, median o r  some o ther  
representa t ion  o f  the T-S r e l a t i o n s h i p  i n  a geographical area a t  a given 
t ime o f  year  cou ld  be s to red on a f loppy  d i sk  w i t h  the appropr ia te  hardware 
expansion. F1 i e r l  and Robinson [ l 9 1  have suggested an i n t e r p o l a t i o n  scheme 
w i t h  a number o f  T-S curves r a t h e r  than one representa t ive  curve. Over 
l imi  t e d  regions o r  w i t h i n  l i m i  t ed  per iods o r  i f  polynomial approximations 
f o r  the  r e l a t i o n s  were used the T-S curves might  f i t  i n  the computer memory 
along w i t h  the program. These data bases would a l l ow  more accurate 
est imates o f  the s a l i n i t y  p r o f i l e  and thus densi ty ,  sound v e l o c i t y  and 
geostrophic currents.  A data s e t  o f  mean T-S diagrams has been developed 
f o r  5' l a t i  tude/ l  ongi  tude squares f o r  the N. At1 a n t i c  and P a c i f i c  [201. 
One f o r  the Mediterranean could be determined from the  SMODS data base a t  
SACLANTCEN [211. A non-regular g r i d  i s  suggested so t h a t  separate f i l e s  
would e x i s t  f o r  i ns ide /ou ts ide  the  Alboran Sea gyre f o r  example. Such 
processing has been done w i t h  BT data bu t  usua l l y  on ly  a f t e r  the c ru i se .  

Temperature (Co) RADIO MESS 

JJXX 11083 2315/ 13626 00425 

88888 00193 04192 14190 21186 ......................... 
25183 27179 31169 34165 46167 ......................... 
56165 69157 76152 82154 85155 ......................... 
93146 99901 32136 72132 99904 ......................... 
50132 ......................... 

AcFT b> 
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Q, 
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FIG. 8  XBT PLOTS AND RADIO MESSAGE FORMAT 

400 - a )  O r i g i n a l  t r a c e  and i t s  1 8  p o i n t  c o m p r e s s i o n  
( s h i f t e d  1°C t o  the r i g h t )  

b) S t a n d a r d  r a d i o  message  format  o f  the 1 8  
p o i n t  com,?ression p r o f i l e  
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Once a ser ies  o f  XBT p r o f i l e s  are on tape they may be processed q u i c k l y  i n  
sequence. Assuming they are a l l  from the same BT type a depth ar ray  can be 
f i l l e d  once and re ta ined  f o r  use i n  the  second basic  software rou t ine .  
Corresponding temperatures are ca l cu la ted  f o r  each data f i l e  upon reading 
and stored as sho r t  p rec i  s i  on values (See Table 1).  

One type o f  sequent ia l  processing i s  sequential  p l o t t i n g  (see Fig. 9). 
Another i s  contour p l o t t i n g ;  however, t h i s  process may be too complex t o  be 
e f f i c i e n t  on a machine o f  t h i s  size. The basic  problem i s  the dec is ion  
process requ i red  t o  j o i n  contours through temperature invers ions  where the 
same isotherm occurs more than once on some b u t  n o t  a l l  sequent ia l  
p r o f i l e s .  For the present  system t h i s  i s  l e f t  t o  human decision. The 
system p l o t s  the depth o f  each isotherm w i t h  s p e c i f i c  symbols. The user 
need enter  only  the contour i n t e r v a l ,  D. Isotherm determinat ion i s  made 
eas ie r  w i t h  the i n t r i n s i c  in teger ,  s ign  and l o g i c a l  eva lua t i on  rou t i nes  
i nhe ren t  i n  the HP85. I f  two sequential  data p o i n t s  are (T l ,  P I )  and 
(T2, P2) then the number o f  isotherms between them i s  

T1 T2 INT ( 1  - INT (D) (E+ 4 )  

13 15 17 19 21 Temperature ('C) 

F I G .  9 SEQUENTIAL PLOTS OF XBT P R O F I L E S  
(offset by Z°C) 

The isotherms can be determined by l i n e a r  i n t e r p o l a t i o n  through a loop. 

The f i r s t  isotherm o f  the loop i s  

INT ( ( T l  - B l /C l  + ( (T2  - T1)> 0) *Cl) 

The under l ined expression i s  1 when t r u e  and 0 when fa l se .  B1 i s  a b ias  
used t o  reduce the number o f  symbol S requi red.  For the  Mediterranean i t  i s  
s e t  equal t o  13OC. The d i r e c t i o n  o f  the loop i s  se t  by the s ign  o f  
(T2-T1) . 
Each isotherm has i t s  own d i s t i n c t i v e  symbol t h a t  i s  s to red  i n  a charac ter  
s t r i n g  and can be t rea ted  as a one-dimensional array.  The c o r r e c t  symbol 
can then be r e t r i e v e d  f o r  p l o t t i n g  by determin ing the appropr ia te  index. 
The symbols used are l i m i t e d  t o  those i n  the character  s e t  i n s t a l l e d  i n  the  
ex terna l  p l o t t e r .  A sample p l o t  i s  shown i n  Fig. 10a, w i t h  the  manually 
contoured vers ion  i n  F ig.  lob. Obviously the software described i s  on ly  a 
small subset o f  what cou ld  be implemented depending upon the research need. 
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i CONTOUR INTERVAL= l0 C 

FIG. 1 0  SAMPLE PLOTS OF TEMPERATURE PROFILES 
a )  O r i g i n a l  p l o t  w i t h  s y m b o l i c  d e l i n e a t i o n  o f  isotherms 
b) Manual l y c o n t o u r e d  isotherms ( f r o m  F i g .  1 0 a )  . 
The  s c a l e  a t  the t o p  r e p r e s e n t s  the number ing  o f  the XBT's 
t h a t  were  d e p l o y e d  a t  r e g u l a r  intervals.  
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