
Something New 
Under the Sun!

MM
y introduction to total stations was the Hewlett Packard
3820 in the 1970s. We quickly learned that even though
we used its electronic leveling capabilities to level the
instrument, as soon as the instrument was leveled, it start-
ed drifting out of level. We also learned that because most
of our topography shots were Face 1 only, the more the

instrument drifted out of level—especially for steeply inclined sights—the more
error we incurred in each shot. To combat this, we stacked a back sight, and
the instrument operator would periodically reacquire the back sight and 
re-level the instrument. We were able to achieve fantastic vertical accuracies by
following this procedure.

As surveyors, we’ve watched technology advance so far so quickly that it
sometimes seems that, at least as far as instruments are concerned, nothing
new is possible. Not so, as evidenced by the recent introduction of the new 
S6 total station from Trimble. This exciting new instrument incorporates two
significant technologies—magnetic drive and improved vertical-sensing—and has
thereby eliminated one of the oldest difficulties known to surveyors: the ability
to automatically keep an instrument pointed where you want it, and the use of
an instrument to easily establish true vertical or
horizontal lines.

For quite some time, total stations have used
dual-axis compensators to correct angles for
mislevelment in the plumb axis. But because
dual-axis compensators do not correct aiming
errors, Trimble has invented SurePoint tech-
nology that uses superior level-sensing
information, coupled with extremely fine
control of the servos, to keep the instrument
correctly pointed. In a resurrection of tech-
nology that was used in the 1970s on the
HP3820 total station, the level-sensing
mechanism of the S6 uses a light beam
that reflects off a liquid surface in the
instrument. The theory here is that the
surface of the liquid will always be level. The
position of a light reflected off this surface can
be detected electronically. The 3820 used 
liquid mercury, but because mercury is a haz-
ardous substance, the S6 uses liquid silicon.

Anybody who has run an instrument
has noticed that horizontal angles
change as you incline the telescope.
The greater the inclination, the
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more the deviation. The S6 solves this
problem with SurePoint by automati-
cally re-aiming the telescope and
eliminating the error in Face 1-only
measurements. This will allow the user
to easily “strike” a truly vertical or

horizontal line. Previously, if you want-
ed to extend a straight line through the
instrument, you had to turn 180º in
Face 1, plunge the telescope and repeat
for Face 2, and then physically split the
difference on the ground to set the true

180º point. Likewise, to extend a verti-
cal line, all you need to do is sight the
point from which you want the line
extended and move the telescope up or
down. Throughout the motion of the
telescope, the crosshairs will be truly
vertical above or below the reference
point. 

Here’s how it works: Essentially, the
new servo drive consists of a circular
magnet holder (see illustration) that
is separated from another concentric
structure by an air gap. Through the
use of motor windings, current is
applied and interacts with the magnets
to cause the magnet holder to move.
Depending on how much current is
applied and what the polarity is, the
magnet holder can be caused to speed
up, slow down, hold or change direc-
tion. The instrument user can finely
control the direction and speed of
servo movement through a knob on
the side of the instrument. Another
benefit of MagDrive is dramatically
reduced time to transit the instrument:
3 seconds as opposed to 9 seconds.

The new servo and level-sensing
approach is only part of the story,
however. While many total stations
use either an absolute or an incremen-
tal method of reading the glass circles,
the S6 uses both. An absolute angle
encoder is analogous to a direction
instrument, for example an optome-
chanical instrument like a T-2. It
simply electronically subtracts the
beginning from the ending circle read-
ings to determine the angle. An
incremental encoder electronically sets
zero on the circle and then counts up
or down from there as the instrument
is turned. To the user, however, both
types display angles in the same man-
ner. The S6 glass circles have two sets
of bar codes etched onto them,
through which a laser shines and is
read by digital circuitry. (see circle
mechanism illustration).

Another innovation for the S6 is its
MultiTrack prism technology. The
instrument will work with convention-
al passive prisms as well as active
Target ID prisms. Target ID can han-
dle up to eight different prisms. What
this means is that you can have up to
eight different total stations on a job
site, and all can operate without confu-
sion because each “knows” the identity
of the various prisms. 

According to Trimble, MagDrive servo

technology is based on a direct drive

and frictionless electromagnetic drive

technique. The direct drive system

allows the servo motors to be mount-

ed directly on the horizontal and

vertical axis, removing the need for

additional mechanical gearing.

The integration with the angle

sensor enhances the speed of

the servo motors by providing fast

angle values to be used by the servo

processor. MagDrive servo technology

provides high accuracy, high speed

turning servo capabilities with low

power consumption. The frictionless

motion also removes servo noise and

reduces instrument wear.

Center cutaway
views show parts
that make up
servo drives for
horizontal and
vertical angles. 
Bottom cutaway
shows circle
mechanism with
dual encoders.

continued on page 73
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As with many of the new electronic
instruments, a user can get onboard
by purchasing an entry-level setup,
and then adding all the increased
capabilities as needed. The entry

price for the servo-only S6 is under
$14,000. By the time all the bells and
whistles are added, such as AutoLock
and full robotic operation, the price
climbs to around $38,000. This price
includes the full kit: poles, prisms,

robotic holder with integrated 2.4
Ghz radio and a Trimble CU 
controller.

With the introduction of the S6,
Trimble has demonstrated that there
truly is something new under the sun.
Through a marvelous combination of
electronics and the laws of physics,
they’ve succeeded in building a better
mousetrap. The S6 dramatically 
increases accuracy for something that
surveyors do a lot of: Face 1-only
measurements. The servos are 
quieter, faster, and by constantly
applying superior level information
are able to automatically keep the
instrument pointed at the same point.
This technology also allows the 
establishment of truly vertical or 
horizontal lines in only one face,
something we surveyors have needed
for centuries. 

Marc Cheves is Editor of the 
magazine.
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