
THE K & E 

YECTRON ELECTRONIC 

SURVEYING SYSTEM
BY KENT E. ERICKSON

Dr. Erickson is Supervisor of the 
Physics Laboratory of Keuffel and  Esser 
C om pany, 20 W hippany Road, Morristown, 
N.J.

The K. & E. Electronic Surveying 
System consists of three basic modules 
(plus battery) —

a) Electronic Surveying Instrument with 
numeric keyboard,
b) AutoRanger E.D.M.,
c) Field Computer (with alphanumeric 
display)

These modules may be interconnect
ed to meet a variety of needs, or any one 
can be used alone.

The AutoRanger E.D.M. mounts 
atop the standards of the Electronic Sur
veying Instrument, and is connected elec
trically to it. The surveying instrument 
and the E.D.M. have an eight digit gas 
discharge display, the computer has an 
L.E.D.

When range information is fed to 
the surveying instrument, a panel switch 
can select the display of any of the seven 
quantities (e.g. horizontal range) shown 
in Figure 1. For stand-alone use, range 
information may be entered through the 
keyboard.

Mechanically the Electronic Survey
ing Instrument is designed to plunge and 
reverse in the manner of a conventional 
surveying instrument. Resolution is .001 
grad (both horizontally and vertically) 
with display in decimal degrees, degrees/ 
minutes/seconds, grads or mills, select
able by switch. Vertical angles are auto
matically referenced to gravity. Resolu
tion of the AutoRanger E.D.M. is 1 mm. 
Display in metres or feet is selectable by 
a panel switch. Normal operating range 
(with three reflectors) is one and a quart
er miles.

The Field Computer is a powerful 
attachment permitting storage and recall 
of alphanumeric information and a var
iety of computational and control func
tions (e.g. traverse closure). When not 
in use, it mav be hung on the tripod. 
With its own battery, it may be used as 
an independent computer.

The versatility of the complete sys
tem comes from the fact that the Auto
Ranger E.D.M., the Surveying Instru
ment and the Field Computer each 
contain microprocessors which communi
cate with one another as shown in Figure
2. Communication between modules is 
serialized to keep the cables flexible and 
the connectors simple and reliable.

The system operates from -25 °C to 
54 °C. Power is supplied from 12V re
chargeable batteries. A two amp-hr. 
battery drives the AutoRanger E.D.M. 
for two hours or the Electronic Survey
ing Instrument (plus Field Computer) 
for up to three hours. Alternatively, a 
seven amp-hr battery (mounted on the 
tripod) drives the complete Electronic 
Surveying System for up to three and a 
half hours.

Electronic Surveying Instrument
The Electronic Surveying Instru

ment integrates precision optics and 
mechanics with electronic sensors and a 
microprocessor. Operationally, the Elec
tronic Surveying Instrument has been 
made as similar to a conventional theodo
lite as possible. It plunges and reverses 
in the usual manner. Tangent and lock 
knobs are concentric for both axes and 
conveniently located at the right of the 
instrument. There is in addition an orien
tation clamp for the horizontal circle. 
The centre is of extremely high precision 
with ball bearings for both centering and 
thrust. The stub is standard. The alidade 
is a one-piece casing for increased stabil
ity; the plumb-line adjustment is external- 
lv accessible. The instrument is sealed 
against rain and dust.

Telescope optics of the highest 
quality provide a 30X erect image in a 
1.4° field of view. The field is flat to 
the edge with no visible secondary colour. 
Minimum focus is 1.8m. Stadia addition 
constant is negligible down to 2.25m. 
Eye relief is a comfortable 8mm. Reticle 
illumination is an integral part of the 
instrument.

The front panel of the Electronic 
Surveying Instrument has an 8-character 
gas discharge display. The horizontal 
angle may be zeroed at any orientation 
simply by touching a panel button. Ver
tical angles are referenced automatically

to gravity, with 90° as horizontal. Angle 
information is generated internally, but 
range information must be supplied ex
ternally either by direct connection to 
an AutoRanger E.D.M., or by manual 
entry through a keyboard attachment. 
When range information is provided, a 
panel switch can select for display any 
of the quantities shown in Figure 1.
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The weatherproof hand-held numer
ic keyboard enhances the versatility of 
the Electronic Surveying Instrument by 
providing a link between the operator 
and the microprocessor. The keyboard 
allows:—

manual entry of range from a source 
not directly connected to the system;

presetting of horizontal angle values; 
arithmetic operations;

selection between two horizontal angle 
systems:

directional system with 360° as the 
maximum angle additive system

summation and averaging of horizontal 
angles;
averaging of vertical angles;

averaging of range readings.

The directional angle system is sim
ilar to that of a conventional theodolite 
which reads from 0° through 360°, in

creasing in the clockwise direction; how
ever, with the Electronic Surveying 
Instrument the direction can be reversed 
and zero may be precisely set at any 
orientation.

The additive angle system reads 
from zero, increasing in either direction 
up to 9999°. A front panel switch selects 
the positive direction. Thus when angles 
are measured by repetition, the total 
repeated angle is displayed even when 
it exceeds 360°.

Field Computer
The Field Computer is a powerful 

accessory complete with a 40-key alpha
numeric keyboard (including shift), a 
9-character alphanumeric display, and 
random access storage for up to a day’s 
surveying data. This module may be 
hand-held when operated and may be 
hung on the tripod when not in use. 
The display is a liquid crystal with highly 
visible characters 8mm in height plus 
the symbols °, ” , g.
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FIGURE 2.

The Field Computer can perform 
the same functions as the numeric key
board plus many more. Of particular 
importance are the abilities to record 
without human transcription error, and 
to compute traverses in the field.

For recording and reviewing meas
urements, the concept is very simple: 
the Field Computer is a notebook with 
numbered lines. Each line may include:

Line No. _____ assigned by computer
(event counter)

any of these data can be recorded.

The format is easily specified 
via the keyboard.
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Alphanumeric —  entered via the key
board, and may include B.S. No., 
information Target No., H.I., etc, and 
descriptive notes.

Any of the stored data can be re
called via the keyboard for display.

For traverse computations (open or 
closed), the concept is also simple: in 
addition to the X, Y, Z system with its 
origin at the Surveying Instrument, there 
is an X ’, Y \ Z ’ system which can be 
located wherever the operator wishes by 
specifying the coordinates of the starting 
point and the beginning azimuth. The 
X’, Y’, Z ’ coordinates of any point can 
be called up for display. The coordinates 
will appear if the point has been tied 
to the origin by the traverse.

By closing on the starting point or 
a point of known coordinates, the error 
of closure can be computed by the Field 
Recorder before the surveyor leaves the 
field. The Field Computer may then be 
disconnected and transported to the of
fice. Alternatively, the contents may be 
dumped onto magnetic tape or trans
mitted to the office by telephone.

Angle encoders
The patented angle encoders are 

optical and employ a doubling principle 
that yields two electrical cycles for each 
one-division movement of the circle. The 
use of optical doubling permits the circle 
to be coarse enough so that tolerances 
on the sensor assembly are very reason
able. Depth of focus exceeds .05mm; 
clearance is .9mm. The sensor assembly 
includes the light source, and it faces 
the circle from one side only. Rated life 
of the source exceeds 10,000 hours. 
Wide variation in light intensity is toler
able.

THE ONTARIO LAND SURVEYOR, SPRING 1978 7



The encoders are incremental in 
.020 grad increments; interpolation to 
.001 grad is absolute. This combination 
allows direct verification of performance: 
the interpolar can be checked by turning 
the tangent screw slowly through any 
.020 grad interval; the incremental sys
tem can be checked by repetition.

An incremental encoder was chosen 
rather than an absolute encoder for two 
principal reasons. Firstly, in an increm
ental system repeatability is a very strong 
indication of proper performance, where
as in an absolute system errors frequently 
repeat. Secondly, far fewer sensors are 
required in an incremental encoder thus 
enhancing reliability. The fact that an 
absolute encoder has no limitation on 
slewing speed was not a consideration 
since the slew speed of the incremental 
encoders exceeds 5 rev/sec.

Being basically incremental, the ver
tical encoder requires an absolute refer
ence to the vertical axis of the theodolite.

Professionals
BY PETER T. GEORGE, D.D.S.

President, Hawaii Dental Association

Allowing doctors, lawyers, and 
other professionals to advertise will not 
be in the consumer’s best interest.

The authors of the research paper 
“Advertising by Professionals” (Jan. 6) 
possess impressive credentials. Yet, their 
conclusion that advertising by profession
als would be good for the American 
people is unwarranted.

Advertising works well in sale of 
consumer goods but not in marketing of 
professional services, Dr. George says.

The basis for the authors’ faulty 
conclusions appears to be their failure 
to appreciate a basic difference between 
the rendering of a professional service 
and the production of a consumer good. 
This is apparent when they indicate their 
belief that CPA’s should use the same 
marketing tactics employed by auto
mobile manufacturers.

What is so different about profes
sional services? Why is it that profession
al organizations attempt to prohibit ad
vertising by their members? Among the 
reasons is the fact that, unlike a manu
facturer, a professional’s capacity is in
elastic.

A professional has nothing to sell 
but his/her time. The professional must 
personally oversee and be responsible 
for all services provided by his/her office. 
When one becomes too busy or too 
careless to do this, he/she is no longer 
performing as a professional and expul

This reference need only be precise 
enough to reliably identify one particular 
.020 grad interval, not a tight require
ment. Once the telescope has been passed 
through a horizontal position to pick 
up this reference, the vertical angle is 
automatically referred to gravity with the 
addition of information from the tilt sen
sor described below.

Tilt sensor
To eliminate the need for precise 

leveling of the theodolite under most 
circumstances, a tilt sensor is incorpora
ted into the alidade. Vertical angles are 
autcm at’cally corrected for tilt of the 
alidade up to plus or minus 200 arc 
seconds.

Mechanically, the tlit sensor con
sists of an air-damped pendulum well 
caged against shock. The pendulum was 
chosen over the alternative liquid system 
as being a well-proven technology with 
better assurance of long-term stability

sion from a professional society is jus
tified.

I am not arguing against advertis
ing per se. In fact, I believe advertising 
has been one of the dynamic forces that 
has made our gross national product the 
world’s greatest and our standard of 
living the highest.

But there can be no mass produc
tion of services that demand professional 
skill or judgement. Many of the services 
of professionals are irreversible and, if 
improperly performed, can result in great 
financial loss, severe bodily harm, or 
death.

The professions have made tremen
dous progress in the U.S.A. Many of 
them had their origin among charlatans 
and incompetents who, in order to create 
a demand for their services, made claims 
that were anything from misleading to 
outrageous. Through the years profes
sionals have gradually raised their stand
ard of ethics to the high plane that exists 
today. To reverse this trend would be a 
great loss to the American public.

The authors of the study seem to 
be particularly unclear about the dis
tinction between manufactured products 
and professional services when they dis
cuss drugs and eyeglasses.

Drugs are manufactured to strict 
government specifications and are sold 
under brand or generic names. Com
parisons are easy and the wise consumer 
would check advertisements so that he 
may have his prescription filled with 
the lowest priced drug. However, infer
ences drawn from the sale of drugs

and more reliable performance over a 
wide range of temperature.

Electrically, the tilt sensor is com
pletely solid-state. The design, although 
simple, was chosen primarily for its sta
bility. The null point is immune to drifts 
in all electrical components except two 
solid-state switches which have excellent 
long-term stability.

Sensitivity of the tilt sensor is better 
than .0001°. Preliminary results indicate 
that overall accuracy over the full temp
erature range (-25 °C to 54 °C) and over 
the full tilt range (4-— 200 arc sec) will 
be better than .001°.

Tilt compensation can, of course, be 
checked directly by tilting the alidade; 
the vertical angle to a fixed point should 
not change. Reference to gravity can be 
checked in the conventional manner by 
sighting at a fixed target with the tele
scope direct and reversed; the two verti
cal angles should total 360°.

cannot be applied to the marketing of 
all professional services.

The example given concerning the 
price of eyeglasses and the fee for eye 
examinations refutes rather than supports 
the authors’ thesis. They point out that 
in states where advertising is not permit
ted the price of glasses was 25 percent 
more than in states where advertising 
is permitted.

They further point out that in the 
same non-advertising states the cost of 
glasses plus eye examinations is 10 per
cent more than in the advertising states. 
Unless my algebra has failed me, the 
cost of eye examinations is more in those 
advertising states than in the non-ad- 
vertising states.

The point, again, is advertising 
works well in the sale of consumer goods. 
It does not work well in the marketing 
of professional services. Eyeglasses are 
manufactured by opticians who are 
tradesmen.

Eye examinations are performed by 
ophthalmologists and optometrists who 
are professionals. If the study proves 
anything, it proves that professional fees 
were raised as a result of advertising.

The authors contend that they could 
find no studies to support the view that 
advertising by professionals raises prices. 
They unwittingly presented at least two 
in their own paper. However, they did 
not show any studies that support the 
contrary view that advertising reduces 
the fees for professional services.

Neither economics nor ethics can 
justify advertising by professionals.

Shouldn’t Advertise
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