ACCURACY OF WALL STATION SURVEYS
ABSTRACT

Strengths and weaknesses of the wall station surveys are discussed and the
advantages of using least squares methodology to process underground control
surveys detailed.

Different relationships of theodolite (temporary station) location to wall stations
are analysed to assess the effect both upon coordinate precision and forward
bearings.

Calibration and typical pointing errors are introduced into wall station
observations and the effect upon forward bearings noted.

A network is developed in three configurations, pure two point resection wall
station, wall station plus traverse and wall station plus gyroscopic measurements
and compliance and precisions noted.

INTRODUCTION
Advantages of wall stations

The wall station method of underground surveying is well established in
metalliferous mining. Factors influencing the level of adoption include the
following:-

¢ Rapid and accessible establishment of wall stations in secure and
relatively stable locations.

e Control may be sited away from areas of heavy traffic.

e Quick establishment of an arbitrary instrument position for on-going
control or pick up survey.

¢ Real time resection observations to wall stations permit immediate
coordination of local detail with some level of verification of the reliability of
the theodolite location.

e Zero heights are carried, eliminating a major source of height error.

e Roof plumbing, with attendant height errors, accessibility issues, time
delays and interruption of mine traffic, is eliminated.

e Using three or more existing wall stations at survey commencement, gross
(maijor) errors are largely controlled and mark movement since initial
establishment may, with appropriate least squares analysis, be identified
and eliminated.



Disadvantages of wall stations

There are, however, disadvantages associated with the extension of mine control
by means of a simple wall station system where theodolite location is often
established by a two or at maximum three point, three dimension distance and
angle resection.

e The number of wall stations that may be observed and the geometric
relationship of the instrument location to these stations is usually dictated
by the configuration of the mine and vehicular traffic within the work area.

e If two point resections are the norm, an error in observation to a wall
station, or movement of one or both wall stations will render a survey
invalid or create major and perhaps critical azimuth distortions in the on-
going traverse.

e If general mark stability is in issue or prism and instrument calibration
errors are present in observations, resections to two or more wall station
may result in significant forward azimuth errors; regular instrument
calibration and careful attention to adopted prism constants is particularly
important with wall station control.

e Through lack of detailed analysis, on-board real time resection processing
often “hides” calibration, prism and pointing errors.

e The spatial location of a wall station is not a location at the wall but rather
a point in space determined by the fit of a metal stem and Leica round
prism into a hole in the wall; general poor fit or a change in the dimensions
of the stem or type of prism renders the wall station coordinate obsolete,
an issue that becomes potentially more serious in older surveys.

The general thrust of the above is to make wall stations strong in height but, with
poor azimuth control, weak horizontally. Means to strengthen azimuth, such as a
combination of resection and direct traverse and/or gyroscopic measurements
will be tested using least squares analysis provided by CompNet software.

Processing wall station surveys

Least squares is the accepted processing methodology for the adjustment and
analysis of surveys. This is particularly relevant to wall station control since poor
geometry and other factors described above mean relatively small (less than
5mm) errors to control stations may cause major forward azimuth errors. The
capacity, first, to weight every line to accurately reflect pointing and plumbing
errors and then to identify angular, distance and vertical angle errors consequent
to an adjustment allows, with experience and multiple wall stations, problem
observations and wall stations to be identified. This cannot be done when
carrying coordinates forward in real time or using approximate adjustment
methods.



Least squares uses all observations, increasing network redundancy and
improving quality, generates horizontal and vertical positional precision
estimates relative to the surface baseline and permits closure estimates prior to
underground break-through. In a package such as CompNet, gyroscopic
measurements may simply be inserted in the mine network adjustment.

In addition, the Survey and Drafting Directions for Mine Surveyors in NSW
require that the quality of all underground mine surveys be assessed relative to
Class D of the SP1 standards published by the Interdepartmental Committee on
Surveying & Mapping (ICSM). Adjustment by the method of least squares is
demanded by these standards; producing the necessary statistics to carry out the
evaluation also requires the use of this technique.



WALL STATION LOCATION

The accuracy of wall station surveys is dictated in part by the geometric
relationship of the instrument station to the wall stations used for fixation. This
relationship is in some measure out of the control of the surveyor (refer above)
but it is nevertheless instructive to assess the likely impact upon forward
bearings with different figure shapes. Several two dimensional adjustments were
developed, differing from the three dimensional case universally employed in
practice, but adequately describing horizontal accuracy.

Two point resection

Figure 1

An arbitrary baseline distance of 25 metres was adopted. As indicated by Figure
1, six resection stations (TP1 to TP6) were established in varying relationships to
the wall stations, each observing a forward station some 80 metres distant from
the closer wall station. Global instrumental precisions, typical of those used to
achieve variance factors approaching unity in actual mine surveys, are displayed
in Table 1.



Horizontal pointing: 2’

Distance ppm: 2

Distance constant: 2mm

Theodolite plumbing: 0.7mm

Wall station plumbing: 0.7mm
Table 1

Individual line, both direction and distance, standard deviations were derived by
an RMS combination of the above.

TP semi-major semi-minor Bearing sd” Distance sd
1 2.2 0.9 20 2.4
2 1.7 1.2 13 2.4
3 1.6 1.5 12 2.4
4 2.2 0.9 20 2.4
5 1.6 0.7 13 2.4
6 3.4 1.6 33 2.3
Table 2

Table 2 indicates, in units of millimetres and seconds of arc, the absolute error
ellipse semi-major and semi-minor axes for instrument locations in Figure 1,
together with the bearing and distance standard deviations to the foresight
location. It is apparent that while the geometry of the resection has a minor effect
upon the station precision and a negligible effect upon that of the distance to the
foresight, it has a major impact upon the forward bearing precision and thus
azimuth control. It is clear that the vertical offset of the instrument from the
baseline is the determining factor when considering degradation of azimuth (TPs
1, 4 and 6) while those stand points more in line with the baseline (TPs 2, 3 and
5) provide better bearing control.

While these results are contingent upon the global precisions of Table 1, it is
apparent that azimuth errors are largely generated by uncertainty in the resection
distance measurement.

All bearing precisions in Table 2 should be compared to a pure traverse - direct
observation between TPs rather than resection - analysis of the bearing standard
deviation from TP4 to the foresight of 4”. This represents an azimuth degradation
of between 3 and 8 times when carrying bearings by two point resection.



Three point resection

An additional wall station W3 was then added to the two point resection and the
statistics of Table 2 reproduced for this case. Refer to Figure 2.

Figure 2

TP semi-major semi-minor Bearing sd” Distance sd

1 1.0 0.7 7 24

2 14 0.6 8 24

3 1.4 0.7 8 24

4 0.9 0.7 7 24

5 1.2 0.7 7 24

6 1.3 0.7 8 24
Table 3

Table 3 indicates a significant improvement in both station precision (semi-major
and semi-minor axes of absolute ellipses) and forward bearing precision in a
comparison with Table 2. Forward bearing strength is improved by a factor of
between 2 and 3. Unsurprisingly, distance strength is similar.



While not as effective as direct traverse in maintaining azimuth integrity,
observing to more than two resection stations with sound geometry results in a
significant improvement in azimuth control. In addition, the additional redundancy
permits, using least squares techniques, a reliable estimate of station stability
when revisiting existing control.

When starting a new check or control survey from existing underground wall
station control, it is recommended that at least three existing stations be
observed in as sound a geometrical configuration as mine layout permits. On-
going survey should then combine traverse — direct measurement between
instrument stations — with resections to multiple wall stations.

INSTRUMENT CALIBRATION

The precision estimates thus described assume the global instrumental
accuracies under Figure 1. Such accuracies are assumed to be random, rather
than systematic, compounding in an RMS manner. The addition of systematic
errors, such as those caused by a failure to determine EDM distance corrections
or prism constant errors, will introduce further azimuth biases into results, biases
that may not be modelled by the least squares process, designed as it is to
adjust random survey errors.

To assess a typical effect upon forward bearings of a fixed error in distance, the
two point resection adjustment (Figure 2) was modified by adding an arbitrary
5mm to each distance measurement. Refer to Table 4 in which the original
bearings to the foresight station are compared to those with the added distance
distortion.

TP Original bearing Calib error bearing Error”
1 269 25 03 269 24 23 -40

2 269 23 03 269 22 53 -10

3 267 52 09 267 52 18 +9

4 27519 43 2751940 -3

5 269 29 03 269 29 03 0

6 282 30 50 282 30 49 -1

Table 4

As would be expected, the major azimuth distortion occurs when the instrument

station is close and square to the closest wall station (TP1, refer Figure 1),
suggesting conversely that that skewing observations to wall stations, by



increasing the effect of angles at the expense of distances, will minimise azimuth
errors from an instrument calibration or prism error.

The results above are unique to the geometric configuration tested. However, it is
clear that significant azimuth errors may occur. It is therefore recommended that
equipment be subject to regular calibration checks to eliminate what is an
avoidable source of error.

If calibration errors are present, some degradation of the least squares
adjustment, as measured by the network variance factor, will be apparent. Often,
an adjustment that would, in CompNet, otherwise pass the standard Fisher test,
may be found to have failed. If a network does narrowly fail (Fisher test <
variance factor < 5), the cause may be due to distance calibration offset,
confirmed by investigation of individual distance residuals to the wall stations.
Detailed investigation of such distance residuals, especially to fixed (known) wall
stations, reflecting as they may either the calibration errors discussed or
mark/prism connection instability, should be a standard element in any wall
station adjustment analysis.

The discussion above further emphasises the need to go beyond real time or on-
board resection measurement to a detailed line by line analysis using least
squares. Errors hidden by the former processes are usually revealed by rigorous
adjustment. Such errors may have major implications for azimuth integrity over
the full underground survey.

RESECTION STATION STABILITY

As mentioned in the introduction, an observation to a wall station is in fact one to
a stem and prism assembly, themselves inserted into a sleeve, or, less
satisfactorily a sleeveless hole, in the wall. Errors in the fit to the wall hole,
caused either by wear or poor installation, effectively change the position of the
wall station with magnifying, generally azimuth, effect upon the underground
survey.

As the errors caused by loose wall station stem fit are random, they may be
simulated by increasing the global plumbing error (refer Table 1). In the next test
the two point resection example was used with the tripod plumbing increased
from 0.7mm to 2mm, an amount that may well be conservative if the assembly is
very loose. Refer to Table 5 for the modified forward bearing precision results at
one standard deviation, compared to the original plumbing.



Standard deviation of bearing to foresight”

TP 0.7mm plumbing 2.0mm plumbing Factor
1 20 31 1.5
2 13 27 2.1
3 12 27 2.2
4 20 31 1.5
5 13 27 21
6 33 34 1.0

Table 5

The degradation of forward bearing, as indicated by Factor, varies from nil to
more than two and, as expected, becomes more significant the shorter the
distance from the instrument point to the wall station.

Local movement of the mine wall also has an effect similar to that of a loose
connection, but may well be of a larger magnitude. If the residuals in a least
squares analysis imply that the fixed (known) wall station location may be subject
to movement, a free net adjustment will often reveal which station is unstable.
For this analysis to be possible, more than two control stations must be observed
(refer Introduction).

In summary, while recognising that the results are for a particular geometry, an
RMS combination for the two point resection case that represents a combination
of pointing, calibration errors and wall station slack may result in a forward
bearing error (at one standard deviation level) of over 50” assuming an angular
precision of 2” (Table 1).



MINE NETWORK

Using as a base a small but actual wall station underground survey, an
optimisation was developed to measure bearing precision changes as measured
between the last two wall stations, absolute ellipses and the compliance with the
NSW Mines Class D standard in three cases.

e Two point resections

e Two point resections with one gyroscopic measurement

e Two point resections combined with traversing between instrument
stations
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Refer to Figure 3, The survey commenced at two surface baseline stations and
included a surface network connecting to the underground instrument
(temporary) and wall stations. There were a total of 90 variable stations in the
optimisation, of which 50 were wall stations. Global precisions are as per Table
6.

Horizontal pointing: 27
Distance ppm: 2
Distance constant: 2mm

Theodolite horizontal plumbing: 0.7mm
Wall station horizontal plumbing: 0.7mm
Vertical angle pointing 4”

Theodolite vertical plumbing: 0.7mm
Wall station vertical plumbing:  0.7mm

Table 6

In the original survey, two point resections were observed from temporary points
to previously fixed wall stations and a single new wall station location then
created from each TP. The maximum compliance failure with the NSW Mines
Class D limit of 60mm, absolute ellipse semi-major axis and height precision at
the last wall station and the line (bearing, distance and height) precision at one
standard deviation between this last wall station and that immediately preceding
are tabulated under Table 7. Distances are in millimetres, the bearing in seconds.
Compliance Semi-major Height Bearing Distance Height

22 62 4 76 4 0.6

Table 7

The survey fails the NSW standards by a maximum extent of 22mm.

A single gyroscopic measurement with an assumed pointing precision of 4” was
then added between the last two wall stations. The key results are repeated in
Table 8.

Compliance Semi-major Height Bearing Distance Height

0 40 4 4 4 0.6

Table 8



The survey now complies with NSW Mines Class D. Significant improvement
may be seen in the absolute ellipse semi-major axis at WD50 and the bearing
precision from WD49 to WD50, as expected, is now similar to the precision of the
gyroscopic measurement between these stations.

Instead of adding a gyroscopic observation, the network was modified in the third
case to include traverse (TP to TP) observations as well as two point resections.
Refer to Table 9.

Compliance Semi-major Height Bearing Distance Height
0 32 4 36 2 0.6

Table 9

The added traverse causes the survey to comply with the NSW standards, with
superior absolute position and improved bearing strength compared to the pure
two point resection case.

A number of conclusions may be drawn from the three cases of this network:-

e Wall station survey is considerably stronger in height than horizontally, as
reflected in the absolute horizontal and vertical precision at WD50 (for
example, Table 7, 62mm v 4mm).

¢ In this case, both gyroscopic and traverse observations cause the survey
to comply with the NSW Mines Class D standard.

e The azimuth strength close to the site of the gyroscopic measurement in
the gyroscopic case is very strong and also considerably improved in the
traverse case.

e The absolute precision relative to the surface baseline is superior in the
traverse case, but, compared to a pure resection survey, improved with a
single gyroscopic measurement.

GYROSCOPIC EXAMPLE

Table 8 indicates that gyroscopic azimuths at appropriate locations within a mine
are capable, using the NSW compliance legislation as a measure, of
transforming a non-compliant into a compliant survey. It is an effective way of
improving azimuth quality and uncovering inadequate angular control.

While the effect of gyroscopic measurements is unique to each underground
network, it is instructive to analyse a major wall station network both with and



without gyroscopic measurements. Table 10 describes the key results of a least
squares analysis of such a network including gyroscopic measurements

No stations No gyo lines Gyro resid max” VF Redundancy Max r
1535 17 4 0.96 6543 45mm

Table 10

This snap shot suggests a very large, high quality network into which numerous
gyroscopic measurements fit well (note 4” maximum gyro residual). It could
therefore be inferred that here, more than other identified networks where
gyroscopic residuals may be as high as 64”, removing such measurements will
not greatly affect the network. Table 11, showing the maximum variation in key
indicators, suggests otherwise. Unless indicated, all measurements are in
metres.

East North Height Bearing” Ellipse wg  Ellipse ng
-2.02 -0.28 0.0 162 0.19 0.49
Table 11

These maximum differences, including the bearing variation of 162" to an
adjacent station, all occur at the one station, that with the maximum confidence
(95%) error ellipse in the network; refer to Ellipse wg (with gyro) and Ellipse ng
(no gyro) for semi-major axes with and without gyros. This reinforces the value of
least squares methodology as a means of identifying station quality.

It can be seen that the easterly ordinate difference is some four times the
magnitude of the confidence ellipse semi-major axis, rather than of the order of
or less than the latter. This suggests that there are systematic angular errors
(distortions) in the network, not modeled by the least squares process. A further
advantage of gyroscopic observations is thus revealed, the ability to quarantine
angular errors and correct bearings forward of the measurement site.

Table 11 certainly reinforces the need for gyroscopic measurements in large
scale underground wall station surveys.



CONCLUSION

It should be emphasised that all analysis is unique to the networks tested.
However, it is recommended that traverse always accompany wall station
resections when developing a control network. Generally there is little additional
overhead in so doing.

Multiple (more than two) control wall stations both improves quality and allows
mark movement to be monitored. The geometry of the wall station/instrument
point has significant impact on precision.

Regular calibration of EDMs and care in the establishment of wall stations
through use of sleeves and ensuring firm contact with the prism assembly will
improve survey quality.

Gyroscopic measurements become necessary if compliance cannot be achieved
by traverse/resection survey alone. Gyroscopic measurements are also an
effective way of empirically monitoring azimuth quality and therefore will be
needed in larger and more diverse networks.

A complex observational network cannot be processed in a piecemeal, individual
station basis, carrying coordinates forward from isolated resections. Rather, to
allow all observations — resections, direct traverse and gyroscopic measurements
- to be fully used requires that wall station surveys be rigorously adjusted by the
method of least squares. It is an effective means of revealing network errors,
inadequacies and precisions. Adoption of this methodology represents a major
step forward in the capacity of mine surveyors to rigorously analyse and report
on wall station and other surveys and thus advance their own professional
standards.



