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Introduction
D uring  the  p ast decade the  o u ts tan d ing  success of the Decca 6f  system  

for position ing  offshore hyd rog rap h ic  surveys has em phasized the  need 
for an  even m ore accu rate  system  w hich  could be used in sho re  with 
sm aller vessels. T he ideal equ ipm en t w ould be capable of providing 
positions accu ra te  to  about ±  6.5 feet ( ±  2 m etres), and  g rea ter accuracy 
th a n  th is  w ould h ard ly  be needed a t th e  charting  scales used. T he desirable 
range  for C anadian  w aters is about 25 nau tica l m iles (46 kilom etres), 
a ltho ugh  g rea ter ranges w ould of course be acceptable. L ig h te r w eight 
equ ip m en t for po rtab ility  is also an  objective.

To m eet th is  need the Decca Com pany has produced  th e  H i-Fix 
system , and  two sets of th is  equ ip m en t w ere pu rch ased  in  1961 by the  
C anadian  G overnm ent to assis t ou r hy drog rap h ic  survey operations. One 
w as used successfully  in  the  C anadian  A rctic by the  P o la r C ontinental 
Shelf P ro jec t; the  o ther w as sen t in  1962 to B edford In s titu te  of O ceano
g raph y  for evaluation  and  subsequen t use on s tan d ard  hy drog rap h ic  surveys 
along the  Nova Scotia coast or elsew here in  the  region.

T his is a  rep o rt of the tr ia ls  m ade w ith  the la tte r  set in  1962 by the 
C anadian  Survey L aunch  P a rty  A nderson  in  charge of M r. L. P. M u r d o c k , 
H ydrographer. It includes only brief descrip tions of th e  system  and  of 
th e  technical problem s concern ing operation  and  m ain tenance. F or these 
details, reference is m ade to a  rep o rt (890-1052/TR, Ju ly  1962) published  
by C om puting Devices of C anada L im ited, P. O. Box 508, O ttaw a, Canada.

T he system  used  w as a H i-F ix D uplex, L ane Identifica tion  Chain.

(*> T his rep o rt w as issued  by th e  B edford  In s titu te  of O ceanography, D artm o u th , 
Nova Scotia, C anada, an d  has received only  lim ited  c ircu la tio n .



“ D uplex ” in  the  nam e refers to the  dup lica tion  of equ ipm en t in  order 
th a t lane id en tifica tion  m ay be achieved, as w ill app ear la ter.

T he H i-F ix frequencies are  in  th e  tw o m egacycle range, in  our case 
specifically 1 900 k c /s  and  1 710 k c /s , and  it is no ted  th a t these frequencies 
are  considerab ly  h igher th a n  th e  70 to 130 k c /s  range w hich is used for 
the  Decca 6f  and  L am bda 12f  system s.

T he equ ip m en t is well designed an d  constructed , an d  the en tire  assem 
bly for one slave sta tion  can  be ca rried  in  a  sm all tru c k  or van.

Measuring by Hi-Fix

It is well know n th a t rad io  w aves in  the  low er frequencies tend to 
follow the  e a r th ’s surface, and  the range  a t w hich they  m ay be used is not 
lim ited  to  th e  in terv isib le  d istance betw een sta tions. At the o ther end of 
the  spectrum , very  h igh  frequency  w aves travel in  nearly  s tra ig h t lines 
and  th e ir  effective range is line-of-sight. W aves of in term ed ia te  frequency  
have in  th is  regard  in term ed ia te  charac te ris tics . T his explains w hy the 
effective range of H i-Fix is sh o rte r th a n  th a t  of th e  Decca 6f  or 12f  system s.

H i-F ix is a  h igh  precision  rad io  location  system  using th e  phase 
com parison  of m aste r and  slave signals to  m easure  th e  d istance betw een 
them . T hus, concentric  circles abo u t th e  slave rep resen t con stan t phase 
differences betw een the  tw o signals. U nlike s im ilar rad io  location  system s, 
H i-Fix basically  requ ires  only one op era tin g  frequency  since successive 
slaves are in te rro g a ted  on a tim e-sharin g  basis. T he second frequency  in 
the  D uplex system  is used for lane iden tification  as described la ter, b u t it 
can  also be used if necessary  for m easuring .

A nother innovation  is the  use of an  au tom atic  phase  com parison process 
for the  tw o tran sm issio n s th ro u g h  the  action  of low -inertia  servo-gonio- 
m eters capable of generating  sufficient to rque, and  of m easuring  w ith ou t 
e rro r  of lin ea rity  a phase difference of abou t one degree. The readou t, or 
m easure  of phase  difference, app ears  on a d ig ita l coun ter w here  un ity  is 
equ ivalen t to h a lf  a  w avelength or, as it  is called, a  lane. The sm allest 
division of the  coun ter (0.01 lanes) is equ ivalen t to about 2.5 feet (0.76 
m etres).

If m ax im um  accuracy is to be secured from  th e  system , corrections 
have to be app lied  for the  non-un ifo rm  speed of p ropagation  of rad io  waves 
in  the  groundw ave m ode, and  for fixed ph ase  shifts. T he fu ll expression 
for m easu rem en t of th e  d istance betw een the  ship and  a slave s ta tio n  
therefo re  becom es:

w here d  is the  d istance from  the electrical cen tre  of the  ship to the  m id 
po in t betw een the receiving and  tra n sm ittin g  aerials a t the  slave station , 
X cf / 2  is the lan ew id th  in  m etres for the  ap p ro p ria te  p a tte rn , assum ing  free 
space velocity, cp is the observed H i-F ix read ing  (whole lane num ber plus 
fraction ), a  is the  locking con stan t an d  cp is a correction  to the free-space



value of the speed of propagation  depending upon the phase lag w ith  
distance, w hich resu lts from  absorption  of energy by an im perfectly  
conducting earth .

T he locking constan t is the nam e given to the  overall phase sh ift due 
to the close proxim ity  of the receiver to the m aster tran sm itte r (placing 
the form er in  the induction  field) and, at the slave station, a possible fixed 
displacem ent from  the nom inal zero phase-difference condition th a t is 
assum ed to exist between the received m aster signal and the outgoing 
slave transm ission . The value of the locking constan t for each p a tte rn  is 
found a t the s ta rt of a survey by observations at know n distances from  
the slave, and is thereafte r sub tracted  from  all observed Hi-Fix readings.

The sum  of experience so far points to a m ean  wave velocity close to 
299 650 k m /s  over sea w ater transm ission  paths, but th is m ay fall as low 
as 298 400 k m /s  over land of low conductivity. In w hat follows we have 
used for distance m easurem ents the expression :

d = a n  /72) (cp — a) 
w here (A E  / /2 )  is a close approxim ation of the m ean wave speed in the 
area under study  and the o ther symbols are the sam e as above.

Lane identification
As noted before, two frequencies, 1 900 k c /s  and 1 710 k c /s , are used 

in  the Hi-Fix Type B Duplex for obtaining Lane Identification. The 
1710 k c /s  frequency is 10 percent less th an  1 900 k c /s  and th is provides 
the lane identification by way of a com puter in the following m anner.

Consider a distance of one lane on the h igher frequency. This distance 
equals 0.9 lane on the lower frequency. Sim ilarly, 5 lanes a t 1 900 k c /s  
equals 4.5 lanes at 1 710 k c /s , and 10 lanes at 1 900 k c /s  equals 9 lanes 
at 1 710 k c /s , etc. Thus, for any given distance, sub tracting  the 1 710 k c /s  
readou t from  the 1 900 k c /s  readout gives a value of one ten th  of the 
h igher frequency reading. In this answ er by moving the decim al one place 
to the right the lane reading of the h igher frequency pa tte rn  is obtained. 
This in fact is w hat the Lane Identification C om puter does and the answ er 
appears on the d igital readou t of the Lane Identification unit.

B ut the com puter is only concerned w ith  lane fractions, as th is is the 
only in form ation  recorded autom atically  by the receiver. Thus the resolution  
of am biguity  is restric ted  to 10 lanes (2 587 feet - 0.79 k ilom etres). In other 
w ords, should a failure occur, it is necessary to know the vessel’s position 
w ith in  half a mile, or else obtain a fix by visual or o ther m eans before the 
correct num ber of in tegral lanes can again be set in to the counters.

Area of operations
The place chosen for the w ork lies on the sou thw estern  p a rt of Nova 

Scotia between Y arm outh and Cape Sable Island (figure 1). Here rocks



and shoals abound, dangerous tide rips prevail and, during sum m er m onths, 
fog is the order of the day. A m ajo r survey ship could not safely operate 
inshore from  Seal Island but, since it lies about 15 nautical m iles (28 k ilo
m etres) off the m ainland, th is island afforded good survey control for the 
evaluation trials.

F ig . 1. —  A re a  o f  O p e r a t io n s

Survey vessel

The C. S. L. Anderson, a 45-foot (13.7 m etres) launch, was used for the 
w ork (figure 2). This shallow d ra ft vessel encountered no difficulties other 
th an  bad weather, and could operate safely in these shallow  w aters. Powered 
by tw in diesel engines she m akes about 9 knots in good w eather.

Configuration

It was decided to test the H i-Fix in the two-range mode as th is produces 
som ewhat better accuracy th an  the hyperbolic form . The tw o-range mode 
is also som ewhat easier for the hydrographer to use as the position lines 
are concentric circles centred on the slaves and a simple diagram  can be 
used for plotting positions.



F ig . 2

A com parison of the accuracy of repeatab ility  in  the two modes, as 
com puted from  theoretical considerations, is shown by figures 3 and 4.

However, an tic ipating  the fu ture  need for using the system in hyper
bolic form  in order to operate m ultiple survey vessels, a th ird  slave site 
w as positioned a t Point St. Ann (figure 4) and is available when needed.

Slave stations

A first consideration  for any survey using electronic positioning 
m ethods is the choice of good slave sites. They should be close to the 
shore to m inim ize the w avepath over land and, so fa r as possible, there 
should be clear w avepaths over w ater from  the slaves to all parts  of the 
survey area. The sites should have good grounding qualities to avoid 
fluctuations in  signal strength  during wet or dry  w eather, and power lines 
w hich m ay cause electrical in terference m ust be avoided. Easy access to 
the slaves by road is of course an advantage.

Good sites, w hich m et these requ irem ents as wTell as possible, were 
located and occupied at Chebogue Poin t (Slave 1) and W esl Head (Slave 2), 
in grassy fields w here the soil would reta in  some m oisture and not dry out 
too quickly. Slave 1 was about 75 feet (23 m etres) and Slave 2 about 25 feet 
(7.7 m etres) above sea level (figure 3).

The slave stations could have been left unattended  for several hours



Area of Coverage
F ig . 3. —  Two Range Operation F ig . 4 . —  Hyperbolic Operation

at a tim e but it w as found more practical to have a m an at each to charge 
batteries, sw itch equipm ent on and off as required , and report m eter 
readings or failures to the surveyor by radio telephone.

The layout of a typical slave station is illustra ted  in figure 5.

Master station

In the two-range mode the m aster is placed aboard the survey vessel. 
On our small wooden vessel this involved a certa in  am ount of experim enting 
and electronic ad ju stm en t before adequate signal strength  could be 
obtained.

A high tran sm itte r aerial was required  and th is 32-foot (9.8 m etres) 
m ast had to be stiffened by using an outboard spreader. The m atter of 
properly  grounding the wooden hull was eventually overcome by fixing a 
copper plate, 4 feet by 8 feet (1.2 m etres X 2.4 m etres) in size, to the hull 
directly under the tran sm itte r aerial.

These problem s were considered norm al, however, as it was the first 
tim e the Hi-Fix Duplex system  had  ever been used in tw o-range form  and 
the set was made operational w ithout m uch delay.

The placem ent of equipm ent aboard the vessel is shown in figure 6 
and it is noted th a t the electrical centre was assum ed to be a point slightly 
forw ard of the m id-point between receiving and tran sm itting  aerials. This 
coincided w ith the position of the vessel’s sounding tanks. The choice of



F ig . 5

th is  po in t is a rb itra ry  as its true  location is difficult to determ ine, and an 
allow ance of ±  1 foot (±  0.3 m etres) has been m ade in  the resu lts  for 
possible inaccuracy.

Survey control
The electrical centre a t slave sta tions is tak en  to be the m id-point 

betw een tran sm ittin g  and receiving aerials, and upon the  positions of these 
po in ts w ith  re la tion  to the o ther survey control in  the area  would depend 
the value of all ou r determ inations.

T he trian g u la tio n  net here is based on a coastal te llu rom eter traverse 
w hich sta rted  and ended a t stations previously established by the Canadian 
Geodetic Service. T his traverse was subsequently  balanced, closure was 
good and it proved to be of Second O rder accuracy (errors not exceeding
1 p a rt in  20 000). The supplem entary  trian gu la tion  in terconnecting  the



slave sta tions and  the survey sta tions on Seal Island  satisfies T h ird  O rder 
requ irem en ts (errors no t exceeding 1 p a r t in  10 000).

As a fu rth e r  safeguard, all th e  survey d a ta  were subm itted  for 
assessm ent to  th e  N autical Geodesy Section of C anadian H ydrographic 
Service. F rom  th is review  it w as concluded th a t the  probable e rro r in  
the  distances as surveyed betw een the  boat, w hen off Seal Island , and 
the  slave sta tions is about ±  3 feet (±  0.91 m etres), b u t it w as no ted  th a t 
the  m axim um  e rro r m ight be th ree  tim es th is  am ount. In  cases w here 
the  boat was relatively  close to the  slaves, th e  probable e rro r in  th e  surveyed 
distances w as estim ated to be in  the  o rder of ±  2 feet (±  0.61 m etres), 
w ith  possible m axim um  erro rs  again  th ree  tim es th is  am ount.

Procedure
F irs t the  survey control for slave sites w as com pleted. Then, while 

the slaves w ere being erected, and  electronic equ ipm ent installed , th e  field



sheet w as plotted and the position circles d raw n in p repara tion  for the 
work w hich was to follow evaluation trials.

The installation , ad justm en t, im provem ent and final testing  of the 
H i-Fix requ ired  about two weeks. W hen it was finally ready and declared 
operational by the technicians, it perform ed extrem ely well and was alm ost 
en tirely  trouble-free until the  conclusion of the work.

Range of Hi-Fix
In August, 1963, a  distance run  to test the equipm ent was finally 

m anaged. D uring a period of good w eather Mr. T. B. S m i t h , H ydrographer, 
proceeded offshore until the launch was 65 nautical m iles (120 kilom etres) 
equ id istan t from  the slaves. At th is distance the signal s treng th  wras still 
fa ir and no loss of lock was experienced.

Plotting
For a half wave or lane we m ay w rite :

W avespeed Lane w id th  = ----------------------- .2 X  frequency
F or p lo tting  purposes the use of wavespeed 299 650 k m /s  is satisfactory  

and this, together w ith  frequency 1 900 k c /s , gives a lane w idth  of 258.711 
feet (78.855 m etres).

The p lan  w as plotted at n a tu ra l scale 1/36 000 and circles in  m ultip les 
of 30 lanes radii were scribed around  the  slave stations. F o r plotting 
in term ediate  positions a sm all astrafo il d iagram  was used. On th is was 
scribed a circle equal to 30 lanes and th is in tu rn  was subdivided into single 
lanes. T hus a plo tting  accuracy of about 1/20 of a lane was achieved, which 
was considered adequate for the work.

A study  of the resu lts w hich follow shows clearly th a t no plo tting  
erro rs of significance at th is scale were in troduced by using these values, 
and  no changes or corrections to the plotting sheet were necessary.

Only two survey officers are required  to conduct sounding operations, 
one to p lot and the other to read the counters and record notes. A seam an 
opejates the sounding m achine.

Distance m easurem ents and computations
D uring May and June as w eather allowed, nine observation series were 

com pleted (figure 7). W ith  the vessel at anchor, the distance from  its 
electrical centre to the m id-point between slave aerials w as m easured by 
tellurom eter. These m easurem ents were checked by theodolite angles from  
a shore base and, sim ultaneously, the Hi-Fix readings were recorded for 
com parison. Each series consisted of ten tria ls  w hich were m eaned, and 
the resu lts  are  shown in Table 1.



F ig . 7. — Ship Station Locations

Hi-Fix distances w ith  respect to each slave depend on two values, the 
lane w idth and the locking constant. The la tte r is different for each slave, 
w hereas the form er m ay be assum ed to be the sam e for both slaves and 
looked upon as constan t w hen no landpath  is involved. If the distances 
being m easured are small, a slight erro r in the assum ed wavespeed will not 
be significant. This is not the case, however, for very long distances. For 
our purposes a wavespeed of 299 650 k m /s , which is know n to be a fair 
approxim ation, was assum ed for determ ination  of the locking constants, 
and the wavespeed was com puted from  available observations. Then, 
using the new value of wavespeed, the lane w idth  was re-com puted and 
th is m ore exact value applied to the original Hi-Fix m easurem ents. The 
Hi-Fix and survey m easurem ents were then com pared.

Details of these com putations appear in Tables 2, 3 and 4. It is 
notew orthy th a t the locking constants, derived from  ship stations close 
to the slaves, were slightly greater than  the values obtained from  more 
d istan t points, and the form er were adopted. Also, the wavespeed, com puted 
from  four short lines and nine fairly  long lines w here no landpath  was



involved, w as rem arkab ly  consisten t and  differed only slightly  from  the  
value orig inally  assum ed.

T he d a ta  are, adm itted ly, not extensive enough and, since the  probable 
m easu rem en t e rro rs  from  survey an d  from  H i-Fix are  of th e  sam e order, 
com parison  is difficult. However, th e  various possible e rro rs  are  listed 
below  and  they  are  all charged to th e  H i-Fix system . By th is  device it is 
believed th a t an  estim ate of the g rea test possible e rro r of the  electronic 
system  has been stated  w hich m akes due allow ance for all contingencies.

Probable error M axim um  error

Survey m e a s u re m e n ts ........... d= 3 feet ±  9 feet
H i-F ix m easurem ents ............ ± 2.2 feet ±  6.6 feet
P osition  of M aster E /C  

( e s t im a te d ) .............................. ±  1.0 feet ±  2.0 feet
Inadequacy  of observations 

(estim ated) ............................. ±  3.0 feet ±  9.0 feet
Root m ean s q u a r e ..................... ±  4.9 feet ±  14.5 feet

(1.5 m etres) (4.4 m etres)

Conclusions
In  tw o-range mode, un d er carefu lly  controlled conditions w here the 

w avepaths are over sea w ater and  free  from  land, it appears th a t the 
H i-F ix w ill deliver the suggested accuracy  of ±  6.5 feet (±  2 m etres) over 
d istances up to 15 nau tical m iles (28 k ilom etres). U nder less w ell-controlled 
conditions, as w hen sounding, it is estim ated  th a t e rro rs  should seldom  
exceed 20 feet (6.1 m etres).

T he range of th is equ ipm ent is certa in ly  adequate for in shore  w ork. 
As show n by the  test run , it is effective up to a t least 65 nau tica l m iles 
(120 kilom etres), and  the ind ications are th a t it m ay be even b e tte r th an  
th is.

F o r relatively  sho rt distances, over sea w ater pa th s a t H i-Fix freq u en 
cies, th e  w avespeed is very close to 299 650 k m /s  and, it is noted th a t th is  
is th e  value w hich has been used th ro u g h o u t our C anadian w ork. More 
m easu rem en ts  of th e  w avespeed over long sea w ater p a th s  are needed so 
th a t a  b e tte r assessm ent of phase lag w ith  d istance can be m ade and  a 
su itable  w avespeed value determ ined  fo r such conditions.

More study  could well be given to  the  effect on m easurem ents of 
various percentages of land  in  the  w avepaths. The position  of such land, 
relative to m aster and slave, m ay also be significant.

T he H i-Fix equ ipm ent is rugged, well designed and  reasonably  p o r
table. E lectrica l sto rm s affected operations, b u t ra in  an d  salt sp ray  in



m odera te  am ounts had  no appreciab le  effect. T he resu lts  w ere considered 
even m ore accu rate  th a n  those w h ich  are ob tainable w ith  th e  Decca 6f  and 
12f  system s a lthough the  m ax im um  range  is less. In  general, H i-F ix is 
considered  to be an  excellent aid  fo r hyd rog rap h ic  surveys, p a rticu la rly  
in  areas w here th e  h ighest possible accu racy  is required .

T a b l e  1 
The m easurements

Ship station Surveyed Distances (Feet) Hi-Fix Readings (Lanes)
Slave 1 Slave 2 Slave 1 Slave 2

Chebogue Pt. (June 23) .. 16 221.00 167 775.46 62.917 648.754 (*)
Chebogue Pt. (June 23) .. 11 191.09 150 687.82 43.443 582.791 <*)
West Head (June 21) 155 288.11 7 458.46 600.509 <*) 28.998
West Head (June 27) . . 156 414.32 8 738.59 604.823 <*) 33.958
Seal I. (West) (May 28) .. 122 499.30 104 189.61 473.670 402.935 <*)
Seal I. (East) (May 28) .. 122 867.54 92 272.57 475.098 356.817
Seal I. (East) (June 19) . . 124 352.46 92 195.52 480.846 356.532
Seal I. (East) (June 28) .. 123 000.25 92 079.68 475.628 356.093
Seal I. (East) (June 28) .. 123 373.51 92 621.76 477.044 358.184

Note Î  :
(*) L ines w ith  some lan d p a th  involved.

Note 2 :
H i-F ix  w as referenced  to zero. No lock ing  co n stan ts  w ere applied . 

Note 3 :
E ach v alue  here is th e  m ean  of a  sh ip  s ta tio n  series of ten  tr ia ls . 

Note k :
H i-F ix  frequency , 1 900 k c /s .
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T a b l e  3 
Wavespeed computations

2 x Frequency (kc/s) x distance (metres)Wavespeed (km/s) =  -------------------------------------------------------------Lanes
Wave 

To Slave 1 (km/s)
speed 

To Slave 2 (km/s) Remarks

299 574.5 
299 761.1

299 668.8 
299 665.9 
299 660.5 
299 655.1 
299 671.9

299 715.1 
299 600.0
299 666.8 
299 656.1 
299 648.7 
299 652.3

Locking Constants used were :Slave 1, 0.202 Slave 2, 0.175
Frequency 1900 kc/s
Wavepaths obstructed by land were not used.

Note 1 :
Mean of 13 values by  least sq u are  m ethod  is : 299 661 k m /s . 

Note 2 :
L ane w id th  a t th is  w avespeed is  : 258.7209 feet (78.8582 m etres).



T a b l e  4  
Distance comparison

Locking constants ............................... Slave 1, 0.202; Slave 2, 0.175Wavespeed ......................................... .....299 661 km /sF req u en cy ........................................... .... 1 900 kc/sLane w idth ....................................... .....258.7209 feet (78.8582 metres).
Ship to Chebogue Point Ship to West Head(Slave 1) (Slave 2)

Distance by Survey (feet)
Distance by Hi-Fix (feet) DifF. Distance by Survey (feet)

Distance by Hi-Fix (feet) Diff.

16 221.00 16 225.68 +  4.68
11 191.09 11 187.35 — 3.74

7 458.46
8 738.59

7 457.11
8 740.37

— 1.35 
+  1.78

122 499.30 122 496.05 — 3.25
122 867.54 122 865.51 — 2.03 92 272.57 92 270.73 — 1.84
124 352.46 124 352.64 +  0.18 92 195.52 92 196.99 +  1.47
123 000.25 123 002.63 +  2.38 92 079.68 92 083.42 +  3.74
123 373.51 123 368.98 — 4.53 92 621.76 92 624.40 +  2.64

Note 1 :
L ines in vo lv ing  la n d p a th  w ere n o t used.

Note  2 :
108.286

M ean sq u are  e r ro r  ^ / ----------------  =  ±  3.3 feet (1.0 m e tre s );
13 —  3

P ro b ab le  e r ro r  .67 X MSE =  ±  2.2 feet (0.7 m etres).


