
ROBOTIC
COMPUTER-AIDED
TUNING

COM DEV Ltd. uses a RoboCAT (Ro-
botic Computer-aided Tuning) automa-
tion system to achieve scaleable capaci-

ty, increased product consistency, in-line qual-
ity assurance, and reduced schedule and cost.
Figure 1 shows a RoboCAT system at work at
COM DEV. The company is the world’s lead-
ing supplier of filters, multiplexers and switch-
es for communications satellites (see Figure
2). For more than twenty years, the company
has made significant investments in its soft-
ware design tools and RF performance simu-
lation capability. These tools have been vali-
dated on satellite hardware and have proven
to be so precise that extremely demanding de-
vices can now be machined directly for space
flight production without the need for a costly,

time-consuming breadboard
stage. Still, final tuning is re-
quired to remove the effects of
machining tolerance and, to a
smaller extent, simulation inac-
curacies. RoboCAT addresses
this challenge with a combina-
tion of advanced automated
tuning algorithms and clever
automation tools.

The final tuning stage has
traditionally been an unpre-

dictable bottleneck in the production of high
frequency precision filters and multiplexers.
RF filter tuning is a learned skill, and new
hires require many months or years to become
proficient at tuning even the simplest devices.
Among experienced tuners there is a wide
variation in the speed at which they are able to
produce finely tuned hardware, as well as in
their ability to tackle sensitive hardware.
Therefore, device tuning is a potential source
of schedule and cost risk, as well as an impedi-
ment to rapid changes in production capacity.

Computer-aided tuning (CAT) software
was first deployed on the COM DEV produc-
tion floor in 1995, and was used to augment
manual tuning of satellite multiplexers. With
CAT, the technician was guided through the
tuning process with instructions on which
screws to adjust and how far to turn to achieve
optimal filter performance. CAT quickly be-
came the tuning standard for the multiplexer
product line and had an immediate impact on
reducing cost and cycle time. The original
software has been enhanced and refined since
then, and is still being used on many product
lines today.
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Fig. 1  RoboCAT system 
at COM DEV. ▼
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The introduction of CAT enabled
the company to decrease the skill lev-
el needed for tuning its most complex
subsystems and allows multiple tech-
nicians to be involved with tuning a
single device. Previously, a single
technician was assigned to the task as
the techniques employed by each
tuner may be incompatible with those
of the others. With CAT guiding the
tuning process, technicians are able
to hand-off a tuning task at any time,
running multiple shifts if required to
meet accelerated delivery require-
ments (see Figure 3). Computer-aid-
ed tuning replaces the “black art” of
filter tuning with a systematic ap-
proach for improved operational effi-
ciency and productivity.

While the CAT system vastly im-
proves the predictability of tuning, it
is still a manual process that is not
well suited to the higher volume pro-

duction requirements of the wireless
marketplace. To deal with it’s higher
volume product lines, COM DEV has
developed a custom tuning robot ca-
pable of enacting fine tuning screw
adjustments.

The company employs a develop-
ment strategy based on Design For
Manufacturing, Assembly, Integra-
tion and Test (DFMAIT). In this
philosophy, both the product and rel-
evant processes are developed con-
currently to maximize product unifor-
mity, production rate and perfor-
mance. However, some product lines
have been in production for many
years, and it is costly to modify them
near the end of their life cycle.
Therefore, when the idea of produc-
ing a tuning robot was introduced, it
was decided that RoboCAT should be
designed to interface with existing
product lines without any modifica-
tions, but should be capable of taking
advantage of automation friendly en-
hancements to new products as they
are introduced.

A replaceable coaxial screw/nut
driver head was created, as shown in
Figure 4, allowing simultaneous in-
dependent servo driven control of a
tuning screw and its lock nut. This ca-
pability is crucial in allowing the ro-
bot to perform the final tuning screw
lockdown on sensitive products
where the lockdown procedure can
affect the device performance. The
system is able to predict the effect of

tightening the nut, and make micro
adjustments to the tuning screw posi-
tion to counteract the associated de-
tuning. The screw/nut driver can be
easily swapped to handle different
screw/nut combinations, and has
been used on screws ranging in size
from a #2 hex to an M6 Torx. By
making the tool heads customizable
and interchangeable, the company
was able to prove its technology on
existing products while ensuring that
the machine can take advantage of
future product enhancements.

The system is fully compatible with
self-locking screws and other nutless
screw designs; however, these design
elements often have poor passive inter-
modulation (PIM) performance and
are often incompatible with the strin-
gent product specifications of the space
and aerospace market. If design specifi-
cations allow the use of self-locking
screws, the nut driver can be disabled
for faster tuning time without changing
the tuning procedure.

With the introduction of the auto-
mated tuning robot, it was soon dis-
covered that the original CAT tuning
strategy was not well suited to ma-
chine tuning. There were no checks
and balances to allow the algorithm
to determine when it had settled on
an invalid solution, and tuning runs
would sometimes get caught in a loop
searching for the best solution. The
deficiencies were being masked by
the intelligence of manual CAT oper-
ators who were unconsciously helping
avoid these issues, but became
painfully obvious when a machine
was blindly following the instructions
dictated by the CAT engine.

Working closely with COM DEV
technicians on the floor and RF engi-
neers, RoboCAT developers were able
to characterize the manual tuning
process, and incorporate some of that
knowledge into a comprehensive, mul-
tifaceted tuning strategy (see Figure
5). New tuning algorithms based on
manual techniques were added, and
several experimental tuning strategies
were made available to the CAT soft-
ware. An adaptive control algorithm
that intelligently selects from the myri-
ad algorithms was employed in an ef-
fort to minimize tuning time while
maximizing device consistency. The
adaptive approach allows the system to
tune devices that would be impossible
to tune using a single algorithm ap-
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▲ Fig. 3  A tuner uses CAT to tune a six
channel MUX.

▲ Fig. 4  Coaxial screw/nut driver to handle
standard tuning screws and lock nuts.

▲ Fig. 2  COM DEV hardware for space-
and ground-based applications.



proach, and increases the allowable
physical variation from unit to unit.
The resulting CAT methodology com-
bines real-time parameter extraction,
sensitivity analysis, automated error
vector generation and advanced opti-
mization techniques. The final result is
a CAT algorithm suitable for use in a
fully automated system that is able to
avoid many of the pitfalls of earlier au-
tomation attempts.

At each stage in the tuning
process, RoboCAT selects from the

available tuning strategies based on
the results of the previous stage as
well as embedded knowledge of the
device being tuned. A script-driven
decision process controls the actual
tuning sequence. Standard generic
scripts are used for new products;
however, statistical analysis of tuning
cycle times can be used to tweak the
script to favor the optimal sequence
for each product. 

RoboCAT replaces a tedious and
unpredictable process with control
and repeatability in production.
While the adaptive tuning strategy
employed by the RoboCAT system is
flexible enough to deal with wide de-
vice variation, there is a time penalty
as additional tuning strategies are en-
gaged to deal with increased devia-
tion from the design “gold standard”
unit on which the tuning template
was based. By monitoring tuning se-
quences and times for departures
from the norm, production line build
issues can be identified for investiga-
tion. If tuning times change, a flag is
raised indicating that there is a prob-
lem upstream in the production line.
In this way, the automated tuning sta-
tion serves as an in-line QA check-
point. By identifying assembly devia-
tions and bringing build parameters
closer to the design template, tuning
time is reduced whether robotic or
manual tuning is employed. Imple-
menting automation and reducing the
human factor from this critical
process has increased uniformity and

enhanced product quality, as shown
in Figure 6.

The RoboCAT system has been
found to be faster than an average
manual CAT tuner, but the greatest
throughput advances are being real-
ized by maximizing machine uptime,
minimizing setup and retooling costs,
and ensuring that additional parallel
machines could be easily added to
scale production capacity as needed.
Therefore, reliability, consistency, sim-
plicity of use and flexibility were the
main design objectives of the Robo-
CAT team. By operating the machine
20 hours a day, actual throughput per
machine easily outpaces several human
tuners, and the results are consistently
closer to the design template of the de-
vice being tuned.

RoboCAT is a highly reliable, low
maintenance solution that can be easily
scaled as production increases. Be-
cause the number of custom hardware
components has been minimized, ad-
ditional machines can be added with
very short lead times, thus eliminating
tuning capacity as a roadblock to in-
creased production capacity. 

Focusing on what they do best,
COM DEV relied on internal RF and
software expertise to complement a
mostly off the shelf mechanical sys-
tem thus minimizing development
time and increasing reliability and
flexibility of the whole system. By us-
ing off the shelf hardware along with
custom software components and
proprietary RF analysis tools, the
company created a flexible tuning
system capable of tuning complex
precision filters and multiplexers for
aerospace, space and wireless appli-
cations. A modularized solution
means that the system can be updat-
ed with more processing power and
faster, more accurate measurement
equipment with minimal changes to
the system software and hardware.
COM DEV has successfully imple-
mented its RoboCAT system for its
highest volume products with dra-
matic improvements in cost, cycle
time and product quality. Additional
information may be obtained via 
e-mail at ming.yu@comdev.ca.

COM DEV Ltd., 
Cambridge, Ontario, Canada
(519) 622-2300,
www.comdev.ca/codeone.
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▲ Fig. 6  Overlay of 50 insertion loss
measurements for a diplexer tuned using
RoboCAT (12-3 and 10-3 filter functions).

▲ Fig. 5  An onscreen display shows the status of the current tuning run.


