The following article was developed from a presentation at the Geomatics Picnic in September 2011

lain Martin asked me to talk about how we achieve
integrated surveys in Northern Ontario and to help
illustrate the varied methods that surveyors are
using across this vast province to meet the new regulatory

established in two different traverses, (there are two
different years associated with these HCP’). Although I’'m
sure both went through some sort of least squares adjust-
ment, I don’t think the data from both networks was

requirements. Since [ don’t practise in the built-
up areas of Southern Ontario, and I haven’t
done any work south of Parry Sound for 32
years, I don’t have a full picture of how
surveyors in these regions operate under normal
circumstances. From talking to surveyors in the |
south, I gather that network RTK is in regular
use, with UTM co-ordinates readily available
through one of the service providers. I also
understand that canyons exist in the bigger
cities where no GPS signal is available due to
the number of tall buildings which block out
reliable GPS signals. Except for the Sudbury —
Parry Sound — Huntsville area, the network
GPS option isn’t available in the north. Outside
of this area, there isn’t sufficient demand and |
cell coverage is spotty and in many places non-
existent. On the other hand, the physical
obstructions to satellite signals are mostly trees
for us, and they can be dealt with using chain-
saws. Bringing in co-ordinates from existing
control is often a problem, as well, because in many areas
much of the control is old or has been destroyed.

When I opened my business in 2004, one of my planned
expenses was the purchase of three single frequency GPS
receivers. Within six months I purchased two more, because
I found I couldn’t be competitive without them, despite the
up-front cost. When retracing existing survey fabric for
bush lots, we often need to make connections to survey bars
we know are in place, but might be five to eight km apart,
and using GPS is the only practical way to do so.

In Espanola where my office is located, there was an
Ontario Base Mapping (OBM) project done in the early
1980’. Of the 10 or so benchmarks, 2 that are in building
walls and 1 in a vertical rock face beside the highway are all
that remain. Very few of the horizontal control points
(HCPs) remain, and those that still exist are in poor loca-
tions for use by GPS.

Along the Highway 6 corridor between Espanola and
Little Current (approximately 50km), most of the control is
still in place. Unfortunately, it seems that the control was

included in a common adjustment of all points. When
stations from the different traverses are occupied at the same
time, the relative positions differ by about 10cm, whereas if
we observe points from within the same network, we consis-
tently get good results. I don’t like the idea of holding
inconsistent points fixed and forcing the difference into my
work, since the stand-alone results are much better than that.

Six years ago, a government client started issuing
contracts on First Nations’ lands with the requirement that
the plans be fully geo-referenced, and in NAD83-CSRS. I
quickly decided that since I wanted to participate in some of
this work I would need to be able to comply. I also had the
experience of doing some work for this same client the
previous year. We wasted a lot of time because nearly all of
the control in Blind River had been destroyed by highway
reconstruction. We ended up spending a day looking for
points that no longer existed.

I made some inquiries about the Precise Point Positioning
(PPP) Service which I had heard about at the AOLS AGM.
I found out what I needed and bought a dual frequency
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receiver from Sokkia. With a three hour observation session
we normally get statistical values of 5 to 10cm absolute
accuracy at the 95% confidence level. Our normal proce-
dure when we are starting a survey in an area where we
haven’t already got a network is to include one dual
frequency observation in a session which also includes a
few single frequency receivers, to establish a local network.
On another day a second dual frequency session is usually
observed, strictly as verification. We could weight the PPP
results differently in a least squares adjustment, but I don’t
think we really prove much that way, and an explanation of
what we did would just be confusing ten years from now.
Once we have the network in place we reference our RTK
system (base and rovers) to the values we have determined
for the network.

In the report (see Figure 1) the PPP results show that the
duration of the observation session

least squares report is where there is a statement reading
‘standard deviations appear to be too pessimistic’, meaning
that the results are much better than the expected default
standard deviation. Further in the report is a listing of the
final adjusted latitudes and longitudes as well as UTM co-
ordinates, scale factor and convergence from the meridian.
This report gives you everything you need to prove the accu-
racy level of the survey work you have done to provide an
integrated survey.

Last fall we received a contract to resurvey part of the
northerly boundary of the Whitefish River Indian Reserve.
The boundary is about Skm long with good access near the
SW end but then only by water or by foot everywhere else.
The project required us to provide a fully geo-referenced
digital plan showing all existing bars, replace any that were
disturbed or missing and increase density so that there was

was 2 hours 42 minutes. The height
of instrument is also shown
(Antenna Reference Point to
marker) for verification of the
input data. On the bottom half of
the report, the geographic and
UTM co-ordinates are given, along
with ellipsoidal and orthometric
heights. Make sure you understand
the difference between the ellip-
soidal and orthometric heights and
use the correct value — in my area
there is a difference of about 37m.
I have confirmed the vertical relia-
bility several times by observing a
PPP session on a published bench-
mark and have often agreed with
the published value within .01m

A report is generated as part of
the GPS processing, which show
the shape of the network, the
processing results for the indi-
vidual vectors and various reports
from the least squares adjustment.
All are important: the vector
processing page indicates that all
vectors worked satisfactorily. If
some of them are described as
‘float’ then there is a problem with
some of the data and you will need
to vary some of the processing
parameters, or possibly even elimi-
nate one or more vectors. In a worst
case situation you might need to
completely reject one station (there
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never more than 300m between the survey monuments.
The Skm of line also needed to be cut out and blazed.

Since most of the area is difficult to access, and since
I was going to establish the initial control network by
myself, I started with a long narrow network somewhat
parallel with the highway, and with two new monu-
ments far enough away from the highway that we could
leave our RTK base unit set up for the day without fear
of someone tampering with it or stealing it. The old |
plans were co-ordinated before going to the field and
once one point was found the calculated points could be
shifted to be consistent with their measured values. Our
standard field procedure is to set the base in a random
location where it has clear sky and is fairly safe, and |
then to ‘localize’ to one of the control points. We then = - -

. .. . . Bob Halliday (left) taking an RTK measurement with crew member Murray Dawson

stake that point out again, just to be sure everything is

AR i

properly saved. Then we stake out a second point in the
network, again to make sure the whole system is working
properly.

The 600m west of the highway was flagged by RTK then
cut out and the fifteen or so existing bars tied in on the
first day, not bad production for a start-up day. The same
procedure was followed for several days, until we got to
the NE corner of the project. That monument is in a low
area behind a high hill and radio reception was weak.
.| Rather than risk a poor tie we set another control point
high on a hill, so the RTK base could be moved into the
| northerly area to finish these ties. We also observed a
# second static session that included two points along the
north line and two of the original control points. Holding
one point fixed during the adjustment resulted in a

pl s ol B 5 = ’ comparison within Smm for the second previously
A survey monument (rock post) along the southerly Reserve boundary surveyed point, and agreement better than 10mm between
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the static values and RTK values. Check ties
were made on another day for the found bars.
New bars were planted to meet the 300m
requirement and tied in as we proceeded one
way, then confirmed by re-localizing to a
second point after planting was finished for
the day and all planted bars re-tied as we
made our way out.

As you will see in the photographs, time
was critical since we started in early
November, and finished at the end of
November. There was some snow on the
ground and we had to use the boat to break
ice in the morning. Efficiency was greatly
enhanced using this approach, and I have far
greater confidence in the results we are
producing. Sceptics tell me that they have
often found discrepancies of .04m when re-
measuring RTK work using a Total Station,
but when relying on long angles and
distances for making these comparisons I
suspect that the values generated by older
technology have their own problems,
which just aren’t coming to light. @
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