
EDM ZERO CORRECTION CALIRRATION
When an electromagnetic distance 

measurement (EDM) device is manu
factured, it is difficult to place the elec
tronic center of the instrument exactly 
on the standing axis of the instrument; 
therefore, most EDM devices measure 
all distances too long or too short by a 
constant amount, usually a few milli
metres in magnitude. It is also possible 
for this so-called zero correction to 
drift a small amount over long periods 
of time. Each EDM device has a differ
ent zero correction that must be estimated 
periodically.

This article discusses the survey pro
cedure, derives the least squares mathe
matical model and describes a computer 
program for performing an EDM zero 
correction calibration.
INTRODUCTION

“For some time both government 
and private survey organizations have 
recognized the need to ensure that a uni
form scale is applied to all EDM mea
surements. In 1972 the Second National Control Survey Conference, held in 
Ottawa, recommended that precise cali
bration base lines be constructed across 
Canada. It was agreed at that conference 
that provincial governments construct 
the base lines and the federal government 
measure them.

The base lines installed by the Min
istry of Natural Resources are being 
measured by the Geodetic Survey of Canada using a Kern ME-3000 MEKO- 
METER which is calibrated at regular 
intervals on the National EDM Precise 
Calibration Line in Ottawa”. [Code, 
1979]
PROCEDURE

All possible distances are measured 
between a series of points situated along 
a straight line, see Code [1979]. Each 
measured distance, reduced to the hori
zontal, represents the sum of:

1. The true distance;
2. The zero correction of the device 

(at the time of calibration);
3. A random error;
4. A proportional error (wrt distance, 

function of EDM device);
5. A proportional error (wrt distance, 

function of error in the estimated 
refractive index).

The contributions of 4 and 5 cannot 
be separated in a field test; 4 is mini
mized through laboratory calibration; 5 
can be minimized by obtaining accurate
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meteorological readings along the path of 
the electromagnetic radiation.
THE ADJUSTMENT

Figure 1 depicts a precise calibra
tion base line consisting of 4 points (in 
practice, the minimum number of pillars 
should be 6) situated along a straight 
line. Let =  0.000 (held fixed) and 

x 2i  x 3 be the unknown chainages 
of the pillars with respect to xQ.
The Mathematical Model

Adjusted Value - Zero Correction - 
Observed Value - Residual =  0. For the
example,

i H o I > 1 1 = 0

x 2 -  Xq -  LI  -  Jl2 -  V2 = 0

*3 -  Xq -  L i  -  £ 3 -  i; 3 = 0

x 2 -  X\  -  L i  -  i^  - = 0

*3 -  Xi -  L i  -  i 5 -  U5 = 0

*3 -  X2 -  L i  -  i 6 -  Ve = 0

Replacing the unknown chainages 
by approximate values and a smaller un
known, dx , to estimate and replacing 

by 0.000 we have,

d x \ -  LI + x l -  *1  ” Vi = 0

d x 2 -  LI + X2 -  i 2 ~ v 2 = 0

d x  3 -  LI + *3 -  i 3 -  V3 = 0

dx 2 -  d x  1 -  LI + X7. -  x \  -  I l+ -  Vi+ = 0

CO

-8 -  d x  1 -  L i + *3 -  Xi  -  i 5 -  v 5 = 0

d x 3 -  d x  2 -  LI + *3 -  X2 -  ^6 -  VS = 0

Rewriting in matrix notation,

1 0  0 - 1 " x \ I ! ’ y f
0 1 0 - 1 dx 1 X °2 i2 v2

0 0 1 - 1 dx2 *3 *3 U3+ -
- 1  1 0 - 1 dx 3 a;-! -  -  2.!+ vh

- 1  0  1 - 1 Ad « f  -  -  £5 V5
0 - 1  1 - 1 *3 ~ *2 “ *6 ”6

The Least Squares Unbiased Estimator for A
The least squares criterion states 

that the “best” estimator A of A is the 
estimator which will minimize the sum 
of the squares of the weighted residuals,
that is Vt E^1V —* minimum

where V is the least squares estimator 
of the residual vector.
Extremal Problems

Minimizeunder the constraint ba + f° - v - o 
Using the method of Lagrange 

[Mikhail, 1976] we obtain:
The least squares estimates

A =

dxi 
dx 2 

dx 3 
A I

Estimated chainages
Xi dx 1
x 2 = x$ + CM

<41

*3

----
1

CO

<■3
1

Residuals

= BA +  F°

or, BA +  F° - V

V i

v2

Vi+

^ 5

Variance of unit weight
a ° 2 =

where d f  =  number of observations - 
number of unknowns

=  variance - covariance matrix of 
the observations (a diagonal matrix con
sisting of estimated variances for the ob
servations)
THE APPLE II MICRO COMPUTER PROGRAM

An interactive system has been de
veloped and coded in A pplesoft^  Basic
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•----------o----------------o----------------------- ofor the least squares estimation of the 
zero correction for electromagnetic dis
tance measurement devices.

The system and the operator con
verse interactively by means of menus 
displayed on a cathode ray tube (CRT). 
The main menu has three options:

a. Enter data;
b. Edit data;
c. Execute the program.

When the operator declares which 
mode to be used, the computer directs 
the operator by means of several secondary menus.

With our configuration of micro 
computer, disk drive and printer, 1 min
ute and 43 seconds of time is required to 
execute the program and print out the 
results.

Figures 2 to 13 depict CRT displays 
at several stages of the input and data 
editing modes.
REMARKS

The estimated chainages from the 
least squares solution can be compared 
to the precise Mekometer chainages 
[Code, 1979]; if large proportional differ
ences (wrt distance) are apparent, the

EDM device should be sent to the manufacturer for servicing.
Micro computers are now available 

to small surveying companies at moderate 
prices. Commercial software is avail
able for processing accounts receivable, 
payrolls, etc. Several commercial coordinate geometry programs are available 
and several scientific surveying programs will be available from Survey Science, 
The University of Toronto in the near future.
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Note: A listing and documentation 

of the zero correction calibration pro
gram, coded in Applesoft TM Basic, can be obtained from:

P. A. Steeves, P. Eng.
Department of Survey Science
University of Toronto
Mississauga, Ontario L5L 1C6CANADA
Please include $5.00 for copying, 

shipping and handling charges. To re
ceive the program on diskette, please include a 5%" diskette. •



ENTER) ENTER DATA ON KEYBOARD 
MODIFY) MODIFY A DATA RECORD 

EXECUTE) EXECUTE PROGRAM US INL, DATA 
PRESENTLY ON F I L E  

STOP) STOP

WHICH DO YOU WISH ? ENTER!

Figure 2. The Program Menu.
Operator chose The Enter Program.

CHAINAGE OF POINT NO. 1 

ELEUATI ON OF POINT NO. 1

Figure 3. Request for Number of Pillars Used.

Figure 4. Request for Chainage and Elevation of Pillar 1 Figure 5. Request for Chainage
and Elevation of Pillar 2.

Figure 6. Request for Adjustment Constants.
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Figure 7. Request for Observations.
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CHAINAGE OF POINT NO 

ELEUAT I ON OF POINT NO

ENTER CHAINAGES AND ELEUATIONS OF 

P ILLA R S  ALONG BASELINE

MEASUREDNUMBER OF DISTANCE

CENTERING ERROR IN MM

INPUT CONSTANTS



THE FOLLOWING OPTIONS ARE AVAILABLE^

ENTER) ENTER DATA ON KEYBOARD 
MODIFY) MODIFY A DATA RECORD 

EXECUTE) EXECUTE PROGRAM USING DATA 
PRESENTLY ON F I L E  

STOP) STOP

ENTER OBSERVATIONS

DISTANCE NO. 1 
EDM STATION NUMBER 

PRISM STATION NUMBER 

SLOPE DISTANCE 

HEIGHT OF EDM ABOUE P ILL A R  

HEIGHT OF PRISM ABOUE P IL L A R

?137  747

Figure 8. Request for Observations. Figure 9. The Program Menu.
Operator chose The Modify Program.

Figure 10. Is the Number of Pillars Correct?

EDM STATION NUMBER _n?
PRISM STATION NUMBER 0?
SLOPE DISTANCE IK H K f i

V

HEIGHT OF EDM ABOUE P IL L A R  _WR

Figure 12. Are the Observations Correct?

Figure 11. Are the Adjustment Constants Correct?

EDM STATION NUMBER _H
"7*

PRISM STATION NUMBER . 0?
SLOPE DISTANCE EKBWiKIL

?49 6  010P

Figure 13. Are the Observations Correct?
The Operator Corrected error in Distance.
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