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ABSTRACT

A Cubic Model DM-40 Autotape provided horizontal control for the 
hydrograph ic  survey of an approxim ately  one mile square  a rea  of P o r t  
Royal Bay, Bermuda. A U.S. Navy LCM 6 w ith  an over-the-side m ounted  
tran sd u cer  served as the survey platform .

Survey lines were ru n  east and w est writh nor th -sou th  cross-check 
lines. Course corrections were obtained from  a real-time plot of Autotape 
data.

The survey required  approxim ate ly  65 miles of survey line and was 
completed in six survey days.

INTRODUCTION

The U.S. Naval Oceanographic Office (NAVOCEANO) is frequen tly  
required  to conduct hydrographic  operations in small ha rb o rs  or along 
isolated coastal areas. Specialized h yd ro grap h ic  ships or boats are usually  
not available for such operations, and it is necessary  to use local boats or 
m ili tary  craft. Since installation of survey equipm en t aboard  such p la t
form s m u s t  be accomplished quickly and  with no dam age to the boat, a 
portable positioning system is required.

The Cubic Autotape has now replaced the sextant, hyd rodis t  and  
az im uth  in s t ru m en ts  in m any  NAVOCEANO harbo r  survey operations. 
Autotape requires fewer operators, simplifies com m unications, produces 
data  w hich  are easy to plot, and  usually  requires fewer geodetic sta tions 
than  the m ore traditional control systems.

Port Royal Bay, B erm uda (figure 1) is typical of small h a rbo r  areas 
to he encountered  th roughout the world and presented  a good operational 
test for the Autotape system.



AUTOTAPE SYSTEM DESCRIPTION

The Cubic Model DM-40 Autotape gives positions by the m easurem ent 
of ranges from  an in terrogato r  unit  to two responder stations. Range 
(distance) m easu rem ent capability  is based on the principle tha t radio 
frequency  m odula tion  applied to an electromagnetic wave propagated 
th rough  space exhibits a phase delay proportional to the  distance traveled 
and the m odula tion  frequency  T he Autotape computes range by 
m easu ring  the phase delay between the in stan taneous ou tpu t of the m odula
tion signal genera tor  and  a signal which has traveled from  the in terrogator 
to the responder and  back. Ranging frequencies of approxim ate ly  1 500 kHz, 
150 kHz and  15 kHz are m odula ted  on a 3 000 MHz carrier.

The m an u fac tu re r  repo rts  a m ax im um  range of 100 kilometres, and 
an accuracy  of abou t i  m etre  ( ±  0.5 m etre  ±  10 ppm x  range when 
index of re frac tion  corrections are applied). Known distance range checks 
by NAVOCEANO indicate  th a t  ±  1 m etre  for individual readings is 
probably to be expected under  m ost circumstances.

The Autotape m easures  slope distances and m u s t  have line-of-sight 
between the in te rroga to r  and each responder. The m an u fac tu re r  reports 
tha t the m ax im um  range  of the system will be reduced by half  for each

(*) O p era t in g  M anua l  fo r  Cubic Model DM 40 A u to tap e  : Cubic C o rpo ra t io n ,  San Diego, C a l ifo rn ia .
(**) ppm  =  p u lses  per  m in u te .



10 m etres of semi-dense foliage in the path . The system is no t significantly 
affected by fog or rain.

The two ranges are displayed in m etres on the in terrogator panel and 
can be recorded on a num ber  of peripheral devices. The range display 
reads to 9999.9 metres and updates each second d uring  n o rm a l operations. 
There are optional settings which give 10 cm resolution and a 2-second 
update, or a coarse setting which gives 1 m etre  resolution.

T he in terrogator is norm ally  a ttached  to an om ni-an tenna  giving 
360 degrees of horizontal and 10 degrees of vertical coverage. The respon
ders have h o rn  antennas providing 60 degrees horizontal and 10 degrees 
vertical coverage.

Two-way voice com munication between the  in terrogator and responder 
is built into the  system. Power requ irem ents  are 8 am ps a t  12 volts DC 
for the in terrogator  and 6.5 am ps at 12 volts DC for the responders. 
Adequate power sources are critical for successful operation  of the Auto
tape. NAVOCEANO has found it p ruden t to obtain new  heavy-duty 
batteries for each operation and to recharge the batteries after  not more 
than  8 hours operation.

The in terrogator, which is the heaviest system component, weighs 
25 kilograms. Each responder weighs 10 kilograms and each responder 
an tenna  12 kilograms. Responder an tennas are m ounted  on tripods and 
are easily p lum bed over geodetic stations. The entire system can be 
assembled in fifteen to twenty minutes. An additional 15 m inu te  w arm -up  
period is required  prior to the s ta rt  of survey operations.

FIELD OPERATIONS

Fo u r  responder stations (fig. 1) were selected near the  shoreline of 
Port Royal Bay. These were kept at low elevations to avoid the need for 
slope corrections. Since the ranges involved were short, no curvature  
induced line-of-sight problems were encountered. Stations 1 and 2 were 
used for surveying the north  side of the bay, and stations 3 and  4 were 
used to complete the south side.

The in terrogator was carried aboard  a U.S. Navy LCM 6 which served 
as the survey platform. The om ni-an tenna was m ounted  directly  over the 
transducer  as shown in figure 2.

An optional digital p rin ter  was connected to the in terrogator to provide 
a perm anen t record of the m easured  ranges. Since this p rin te r  required 
120 volt 60 cycles power source it was connected to a separate  12 volt 
battery  and  converter.

Navigational plotting sheets were constructed  a t  a scale of 1/5 000 
using the geodetic positions of the responder stations. Although the sheets 
for the Port Royal Bay survey were laid out by use of a PDP-9 com puter 
program, they  can be field constructed. The plotting sheet lines (figure 3) 
are simple concentric circles centered on the responder s ta tion  locations.



Fie. —  E q u ip m en t  in s ta l la t ion .

3. — P lo t t in g  sheet segment.



K ig . 4. —  P o r t io n  of  t r a c k  sheet.
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Two men were required to hand le  the plotting, recording, and an no ta t
ing  o f  the Autotape output. One m an  m arked  the time fixes on the p rin ter  
tap e  and  recorded the ranges in a sounding journal.  Another individual 
p lo tted  the positions on the navigation plotting sheet. The m ajo r  part  
of the  boa t’s course was laid out on parallel east-west lines with approx 
im ate ly  0.5 cm between lines.

The speed of the LCM was m aintained at approximately 4 knots. 
T h is  slow speed allowed the p lotter to keep up with the boat’s progress 
and  m ain ta in  a reasonable spacing of position fixes. Fixes were recorded 
a n d  plotted every m inute  (figure 4). Soundings were later added to the 
t r a c k  at 15 second intervals (figure 5)

Once the responders are positioned and activated, it is not necessary 
to keep an operator on the station. During the Port Royal survey, an 
o pera to r  was kept at each station to provide security and to tu rn  the 
a n ten n as  in the event that the 60° horizontal limit of the responder an tenna 
w as exceeded.

The positions of five mooring buoys in Port Royal Ray were d e te rm in 
ed using the Autotape. This operation was quickly accomplished by 
bring ing  the in terrogator an tenna next to the buoys on the w indw ard  side 
an d  recording the ranges.

RESULTS

Six survey days were required to obtain the 65 miles of survey data. 
T here  were no m alfunctions of the Autotape during  the survey. The 
equivalent of one day’s survey d a ta  was discarded due to navigation 
p roblem s unrelated  to Autotape operation. As the boatswain became familiar 
w ith  the survey procedure, the t ra ck  lines became straighter and most of 
the  survey proceeded very smoothly.

Autotape represents a significant improvement over previous harbor 
survey control methods. It is easy to install and operate and can be used 
w ith  a wide variety of survey platform s. The voice communication feature 
e lim inated the need for radios during  the Port Royal survey.

A limitation of the system, n o t  encountered at Rermuda, is caused by 
the  presence of reflective objects in the m easurem ent area. Reflections 
f rom  such objects as steel bridges and  large buildings will show up as 
varia tions about the correct value of Autotape readings. Although the 
geom etry of the responder locations can sometimes be adjusted  to avoid 
reflections, it is sometimes impossible to cover certain areas of a p lanned 
survey due to the reflection problem. Interference from transm itte rs  on 
frequencies near  the Autotape frequency can also cause failure of survey 
operations.

(*) S ound ings  show n  are  u ned i ted  a n d  have been m od if ied  to faci l i ta te  inc lus ion  in 
t h i s  repor t .  F o r  corrected  hy d ro g rap h ic  in fo rm a t io n ,  see th e  la tes t  H.O. ch a r ts  (published  
by  th e  U.S. Defense M apping Agency).


