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ABSTRACT

One of the variables to be quantified when making antenna measurements is
position. Without accurate and timely position information, the spatially

dependent data cannot be correctly interpreted.

Scientific Atlanta's 1885 Position Indicator and 1886 Position Data Processor
offer several improvements in providing position information which can enhance
an antenna measurement system. New position indicating techniques have been
implemented to allow a higher degree of accuracy and speed than previously
attainable. These have been combined with advanced features for automatic
system flexibility to create a high performance instrument for many appli-
cations. This paper describes the capabilities of these two instruments and

how they can be used to improve system performance.

INTRODUCTION

Several problems exist with the positioning subsystem in many antenna measure-
ment systems. Among these are insufficient accuracy and resolution, inability
to perform remote position control, and slow data acquisition due to the lack
of timely position information. Solutions to these problems often require
expensive special interfacing to instrumentation designed for some other

application.

The Series 1880 Position Indicator offers solutions to these problems in a
standard product especially designed for antenna measurement systems. The
Model 1885 Position Indicator provides timely position information through its

two high speed position outputs. The Model 1886 Position Data Processor




multiplexes position information over a serial digital link to the 1885, pro-
viding remote position inputs. Both units accept encoder inputs to give high

accuracy, high resolution position information.

In addition, these instruments contain the flexibility required to adapt to
many different configurations. They accept several types of inputs from
various sources. Front panel controls allow specification of a separate range
and offset angle for each axis. Each of the two front panel displays and the
two rear panel outputs may be independently programmed to provide information
about any axis. The 1885 provides position information and receives operating
commands over the IEEE-488 bus. These are key features to increasing the per-

formance of antenna measurement systems.

ACCURACY

The 1885 Position Indicator and 1886 Position Data Processor each accept up to
three axes of synchro and/or encoder input data. These units receive analog
synchro information through rear panel connectors for processing into digital
angle information. Axes with encoders require that an Encoder Processor
assembly be installed in the positioner as part of the encoder package. This
Encoder Processor converts the low level analog encoder signals to serial
digital data and transmits it to the proper input on the 1885 or 1886. By
converting the encoder output to digital form inside the positioner, noise
induced into external cables is not critical and an external unit mounted at

the positioner is not required (except for remote ranges).

The encoder package provides highly accurate position information at a 256:1
speed ratio. A 1:1 synchro on the same axis provides coarse position data.
The information from these two sources is combined to provide precise absolute
position information. The angular resolution of this configuration is 0.0001
degrees with an expected typical static accuracy of 0.0005 degrees. Static
accuracy is the absolute maximum error over temperature induced by the indi-
cator itself when the positiomer axis is stationary. System accuracy depends

on positioner accuracy as well. Dynamic accuracy, specified at constant



velocity and constant acceleration, is determined by static accuracy, group

delay, and positioner speed.

Synchro inputs can be dual-speed 1:1 and 36:1 or single-speed 1:1 only for
each axis. Single-speed axes have a resolution of 0.1 degrees and an expected
typical static accuracy of 0.5 degrees. Dual-speed axes have a resolution of

0.001 degrees and an expected typical static accuracy of 0.01 degrees.

SPEED

Two digital BCD outputs are provided on the rear panel of the 1885. Each may
be configured for parallel (32-bit), word-wide (16-bit), or byte-wide (8-bit)
operation. Each output can be independently configured for internal or
external triggering. Internal triggering is performed every 400 ns and
external triggering may be performed as often as every 200 ns. Whenever an
external trigger is applied to the unit, the output data is updated and valid
within 200 ns. Other indicators may have outputs which require 10 ms or
longer to update the position information after an external trigger is

applied.

The 1885 generates high speed outputs by simulating positioner motion using a
tracking algorithm. Position simulation is performed by taking position
samples over a specific interval of time and predicting the position change
over the next interval. At the end of the next interval, the unit compares
predicted position with the new position sample and corrects for any errors.
At constant velocity, the error between simulated and actual position

diminishes to zero.

The tracking function is implemented partially in hardware and partially in
software. The software accepts position information from the input circuit
every 15 to 20 ms, predicts the velocity over the interval between the current
position sample and the next sample, and adds any necessary error correction.
This velocity 1s then output to the hardware portion of the function. The
hardware consists of a counter chain whose value can be captured in a set of

output latches. The counter chain is driven by a variable rate clock which,




under microprocessor control, changes the value of the counter chain to
correspond with the actual position of the axis. When the positioner is
moving at a constant speed (such as during data acquisition), the counter
chain data "moves" at the same speed, providing a real-time update to the

position information.

Since positioner motion 1s simulated, fast output update rates are obtained
which are 1independent of conversion time and processor speed. However, the
output information is still under microprocessor control which allows the
flexibility of adding offsets to the angle, switching the axis to be output or

displayed, changing the range of an axis, and remote inputs.

TRACKING ALGORITHM

The 1885 implements the tracking algorithm by using difference equations. The
actual change 1in position 1is calculated by subtracting the last position
sample from the newest position sample. The position error of the simulator
is calculated by subtracting the position feedback from the newest sample.
Adding these two terms and multiplying them by a constant determines the value
of the velocity to be output to the hardware. The simulation circuit in hard-
ware integrates the velocity to provide a position output. The simulator
position output and the periodic position input are sampled at the same
instant in time to determine the position error of the simulator. At constant
positioner velocity, this error is reduced to zero. The equation for calcu-

lating the new velocity to be applied to the circuit at time n 1is:

vo=x *[(p -2 )+ (p -P )] /A,
n n-1 n n

where:
Vn = the new velocity for time n to ntl
Ka = a constant determined by the hardware



P = the newest actual sample taken at time n

a
n

P = the last actual sample taken at time n-1
qn-1

Pf = the feedback sample at time n
n

Atn_1 = the length of time from n-1 to n

The hardware provides the feedback term as follows:

where:
Pf = the feedback sample at time n-1
n-1
Vn—l = the velocity applied from time n-1 to n
Kb = a constant determined by the hardware

In addition, the hardware provides a position output which is available at any

time (within 200 ns) between sample points described by the following

equation:
= * * -
P(t) = P + [ * Vv (£ -t )]
n n

where:

Po (t) = the position output as a function of time for the period from

n time n to ntl
t -t = the time elapsed since time n (in 200 ns increments)




To better understand this process, consider a hypothetical example where the
initial position and velocity are zero and a step change in velocity occurs.
Assume that the velocity is such that a change in position of one unit occurs
over an interval of At, and that samples are taken at constant time intervals.
Furthermore, assume that Ka = Kb = 1., Applying the above equations to this
situation yields a response as shown in Figure 1. Calculate the velocity

applied to the circuit over interval B as follows:

vp = [(Pal - Pao) + (Pal - Pfl)] / At

[(1-0)] +(1-0)] /ac

2/At

The error at time n 1s defined as Pf - Pa . Notice that the maximum error
occurs one time interval after the ste% change in velocity, and that the error
is reduced to zero at two time intervals after the step change. After two

time intervals, the error remains zero as long as the velocity is constant.

CALCULATIONS FOR EXAMPLE 1

n P, Pe P, - P, P, - P v,
_ _n _n n n-1 n n .
0 0 0 0 0 0
1 1 0 1 1 2
2 2 2 1 0 1
3 3 3 1 0 1
4 4 4 1 0 1
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Now consider another case where a period of constant acceleration is followed
by a period of constant velocity (see Figure 2). Once again, assume that
initial position, velocity, and acceleration are zero. Then a step change in
acceleration occurs which causes a linear change in velocity. The accele-
ration is such that the velocity changes by 2 position units per At every At
interval. This constant acceleration period is followed by a period of zero
acceleration resulting in a constant velocity of 10 units/At. Notice that
during constant acceleration, the difference between actual position and simu-
lated position 1s nearly a constant offset. Also notice that after two
periods of constant velocity, the error due to the tracking algorithm

diminishes to zero.

CALCULATIONS FOR EXAMPLE 2
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0 0 0 0 0 0
1 1 0 1 1 2
2 4 2 3 2 5
3 9 7 5 2 7
4 16 14 7 2 9
5 25 23 9 2 11
6 35 34 10 1 11
7 45 45 10 0 10
8 55 55 10 0 10

The error during acceleration is proportional to the magnitude of the peak
acceleration. Other position indicators used for antenna measurements also
have an error under these conditions, however, it is usually not specified.
Other indicators also have an error offset (which may be variable) during
periods of constant velocity due to group delay. The 1885 removes the
additional error during perlods of constant velocity by compensating for the
group delay. Since data acquisition for antenna measurements is performed
during periods of constant positioner velocity, errors are minimized during

the time when highly accurate and timely position information is needed most.
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There is some small constant group delay in the measurement process which can-
not be eliminated. This group delay 1s on the order of several microseconds
for encoder inputs and several tens of microseconds for synchro inputs, which

causes an error offset equal to the resolution of the instrument at 3 RPM.

This algorithm also operates when the 1885 is used with an 1886. Therefore,
remote position inputs are maintained without the normal group delay and up-
date rate problems one would expect. The only additional problem in the case
of remote inputs is to insure that the group delay through the communications
equipment 1is acceptable for your application, since this delay 1is not elimi-
nated by the algorithm.

SYSTEM TIMING CONSIDERATIONS

Generally, antenna data is acquired by varying position, the independent
variable, and measuring the dependent variables at defined position intervals.
Many systems use record increments generated by constantly examining the
output of a position indicator to determine when the dependent variables are
to be measured. The system controller must recognlize the record increment,
trigger the instruments, wait on the instruments to settle, gather the data,
and acknowledge the record increment to the generating device. An overspeed
condition exists when this sequence is not completed before the next record

increment occurs.

To minimize system data acquisition time, the time between record increments
must be minimized. The time between record increments may be varied by
changing positioner speed, however, positioner speed 1is not wusually the
limiting factor. TFor a single frequency scan, the time between record incre-
ments is limited by system controller processing time and record increment
detection time. Record increment detection time is the time between the last
record increment acknowledge and the next record increment and is affected by
the position indicator's digital output update rate and group delay character-
istics. The maximum variation in group delay plus the time until the next
output update 1is the minimum record increment detection time. A typical

position indicator might have 8 ms group delay variation and a 10 ms update
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rate. For such a case, the minimum record increment detection time is 8 to
18 ms. If this record increment detection time could be eliminated, it could
be subtracted from the time required between record increments, increasing

data acquisition speed.

The 1885 Position Indicator outputs are designed to eliminate record increment
detection time. Not only does the tracking algorithm provide high speed out-
put update rates, but it also compensates for processing delays to give zero
group delay variation at constant positioner velocity. With an output update
rate of 200 ns and a group delay variation of zero during a constant velocity
scan, total record increment detection time is 200 ns. This feature will
considerably decrease data acquisition time in many systems. The degree of
improvement in a given system depends on the way the position information is

being used and on system timing.

REMOTE INPUTS

The 1886 Position Data Processor multiplexes three axes of input data and
transmits serial data to the 1885 Position Indicator. The serial interface,
selectable as either RS-232C or RS—-449, may be connected to any communications
device which can accept one of these formats. Fiber optic 1links, modems,
microwave links, and direct cable connection are all examples of how the 1885
and 1886 might communicate with each other. This provides a means for ob-

taining position information from a remote site.

The 1886 also has an auxilliary serial port which can be configured to provide
ASCII position information suitable for input to a portable terminal. The
terminal might be carried to a remote positioner by service personnel to give

an on-site readout of position.

High speed tracking outputs are maintained even with remote inputs over a
serial link. However, group delay of the communications device and speed of
the link must be considered. When using a cable as the communications device,

the group delay is essentially the propagation delay through the cable. For
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best performance, the 1link should operate at 9600 baud. Various communi-
cations devices may be used at lower baud rates and with significant group
delays, but transient response characteristics will be degraded, and the

effects on the overall system must be considered.

FLEXIBILITY

In addition to fulfilling the need for high accuracy and high speed in a
position indicator, the 1885/1886 provide the features and flexibility needed
to apply to a broad range of needs. Each input to either unit is indepen-
dently selectable to accept information from Scientific-Atlanta'’s encoder
package with a 1:1 synchro input or to accept synchro information alone. The
synchro information may be 1:1 and 36:1 or 1:1 only inputs and each axis may

be independently configured for size 15 or size 23 synchros.

Many different system configurations are possible. The 1885 may be used as a
stand-alone unit for systems with up to three local axes. A Model 2013
Synchro Select Unit may be used to expand synchro input capabilities. An 1886
may be used with an 1885 to expand synchro or encoder inputs up to 6 axes.
Two 1886's may be used in a system where there are more than 3 remote inputs,
or where remote inputs are needed from two different sites. The diagrams at

the end of this paper show some of these configurations.

The 1885 Position Indicator has two front panel position displays and two rear
panel position outputs. Each display and each output may be independently
programmed to provide position information about any axis which is input to
the 1885 or 1886. Each may also be programmed to provide information about
the axls determined by the axis select input. In addition, if the input comes
through a Scientific-Atlanta 2013 Axis Select unit, the 1885 remembers its
last value (if it 1is not the currently selected axis) and can provide this

information if desired.
Each front panel position display also has a corresponding axis identification

display below it. This display contains a user-defined label of up to eight

alphanumeric characters corresponding with each axis in the system. Whenever
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a given axis is being displayed in the position display, the label for that
axis 1is also displayed. Thus there can be no confusion about what axis is
being displayed even if the display is set up to be controlled by the axis

select input.

The 1885 has an IEEE-488 interface as a standard feature. All front panel
functions may be controlled over the bus, and data is available for any
axis. The tracking hardware has an extra set of latches dedicated to the
interface bus. These latches are triggered by a group execute trigger over
the bus, and the position data is sampled within 200 ns. The microprocessor
then reads this data, formats it, and sends it over the bus at the proper

time.

An additional feature, only available when using the GPIB interface, is the
generation of record increments. Inherent in the 1885 tracking hardware is
the ability to determine incremental changes in position. The 1885 uses this
ability to determine record iacrements. The controller must specify the
beginning angle and the incremental angle. The 1885 issues a service request
or sets a parallel poll bit to indicate to the controller when a record incre-

ment occurs.

CONCLUSION

The 1885 Position Indicator and 1886 Position Data Processor offer significant
improvements in performance and features over existing similar products. The
improvements made in accuracy and speed set a new performance standard for
position indicators used in antenna measurement systems. Existing systems can
{immediately benefit from high speed outputs by simply upgrading the current
display to an 1885. New systems will not only take advantage of increased
performance, but also will use the enhanced features and flexibility of the

instruments.
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