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Abstract

Conventional electro-optical sensors use spatial

information for recognition and

identification (R&I) of targets. This paper describes an alternative sensor technology which
analyses time domain emissions or reflections from moving components in a target and uses
these for R&I. As temporal sensors do not need to spatially resolve the target R&I ranges can
be increased by a factor of 8§ and 13 respectively. Combining both conventional and temporal
in-pixel detection in a single readout integrated circuit (ROIC) offers advantages of increased
detection/identification ranges and economy. This paper describes a combined visible band
conventional and temporal focal plane array design.

Keywords: Conventional and Temporal Imagery, Sub Pixel Recognition and

Identification.
Introduction

The ability of weapon systems to engage
targets at ever-increasing ranges has
introduced greater demand upon sensors in
surveillance and target acquisition (STA)
systems. Recent conflicts have
demonstrated that weapon delivery can now
extend beyond the range at which current
sensors can recognise and identify targets,
resulting in an increase in friendly fire
incidents. There have been approximately
19 known or suspected incidents involving
95 deaths in Iraq since 2003[1].

Conventional imaging sensors use spatial
information in order to recognise and
identify(R&I) an object in a scene (see
Figure 1). For this R&I process, a minimum
number of pixels is required; recognition —
8 pixels and identification — 13 pixels. As
the number of pixels approaches the
minimum number required, the confidence
level decreases.

Figure 1: The effect of increasing distance
on array output.

At long range this requires the use of high
pixel count staring arrays, e.g. greater than
IM pixels, in order to place enough picture
points onto the target whilst maintaining a
wide field of regard. In addition, when
these sensors are used for Infrared Search
and Track (IRST) or air defence tasks the
high-data rates required in order to detect,
recognise and identify incoming targets are
difficult to achieve.
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Many objects (i.e. helicopter blades) within
a scene exhibit regular time varying
signatures that could be used for temporal
identification purposes. By comparing an
acquired temporal signature with those in a
database a potential target can be
successfully recognised and identified.

As temporal sensors do not rely on spatial
information R&I can be achieved even
when the target is sub pixel. Sub-pixel
identification also allows partially obscured
objects within a scene to be identified.
Previous work has shown that the
fundamental frequency and up to the 4"
harmonic are required for a high confidence
level in the output from an R&I system [2].

Conventional Imagers

Conventional imagers have a two phase
operating cycle; staring, i.e. collecting of
incoming signals, and readout i.e. collected
data is synchronously encoded / displayed.

Typical pixel designs operate by integrating
the incident signal i(t) on a capacitor (C)
and reading out the data as a voltage v(t)
(see Figure 2).

Wt)=1/Cx ]i(r)dz

0
This results in the suppression of signals

which vary in a time frame less than the
integration time.
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Figure 2 — Conventional Pixel.

Design Issues

The major design issues which impact on
the design of a hybrid conventional /
temporal ROIC are;

e Signal reproduction and isolation
between conventional and temporal
elements in-pixel.

e Production of conventional and
temporal information from the

pixel.
e Array readout scheme and
interconnect.

e Array pixel count and pixel size.
e Power budget.

All these issues need to be addressed in
parallel due to their interrelationship.

Readout Schemes
In a conventional 2D array the signal at

each pixel is sequentially raster scanned out
as shown in Figure 3.
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Figure 3: Conventional Raster Scam
System, readout order 1,2,3,4,5,6,7,8.9.

Conventional raster scan techniques
allocate a fixed time interval to readout
each pixel based on frame rate, stare time
and number of pixels in the array. This has
several drawbacks, to correctly identify
frequencies within a signal it must be
sampled at a rate such that it can be
successfully reconstructed i.e. at least twice
the highest frequency of interest. For
frequencies above a few 100 Hz this is a
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problem as it requires high speed readout
and powerful off chip computational power.

To resolve these issues an alternative
readout technology known as “event
addressing” [3,4,5,6] has been investigated
by this project. With this readout system
when a pixel detects a time varying signal
the pixel address is output to off focal plane
electronics (see Figure 4). Each triggered
pixel can then be interrogated to determine
the frequency content of the signal.
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Figure 4: Event addressing.

As only the addresses of the triggered
pixels are output from the array the data
rate and processing are significantly
simplified. The disadvantages are increased
complexity of the pixel design and the
asynchronous nature of the system.

Pixel Design

The signal from the detector is copied to
both a conventional imaging channel and a
temporal detection channel (see Figure 5).
The conventional channel produces an
image of the scene to provide situational
awareness. The temporal channel examines
changes in the incoming signal and a pixel
flag is set if this is detected.

Diode

l

Standard X .
Integrating Slgn.al Filter /
Pixel Copier Comparator
Output Output
Standard Temporal 4 Way 'l
Summation ——»
—

Figure 5: Pixel Design.

Signal Copier

The signal copying is implemented using a
current mirror circuit [7]. The current
mirror also acts as a self biasing circuit for
a photodiode (see Figure 6).
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Figure 6: Current Mirror. Diode connected
(blue) MOSFET.

Comparator / Filter

The conventional signal integration circuit
shown in Figure 2 is used to generate
imagery using one of the copied currents.
The temporal detection is achieved by
comparing the low pass filtered signal
[8,9,10] with the original signal, producing
a pulsed waveform at the output of a
comparator as shown in Figure 7.
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Figure 7: Temporal Detection.

The pulsed waveform sets a voltage on a
capacitor (see Figure 8) which is used to
flag the presence of an AC signal to the off
focal plane electronics. A current leakage
path from the capacitor to ground resets the
flag when the temporal activity ceases.

2" EMRS DTC Technical Conference — Edinburgh 2005 B10



Input From T=mporsl 1

—

Figure 8: Leaky Memory Element.

Four Way Summation

A more compact version of the event
addressing described earlier has been
implemented in the first array iteration.
This circuit, known as four way summation
is based on current summing on
interconnecting tracks which cross the pixel
array.

The 4 way summation algorithm is
implemented by each pixel placing a known
current on each of the four output lines
when a pixel flag is triggered (see Figure
9). At the edge of the array resistors convert
summed currents into voltages for readout.

=g

Figure 9: Location and Checksum
Example 1. Single network split into
vertical / horizontal and diagonal
components with current generated
voltages at edge.

These voltages provide checksums for each
line thereby reducing false alarms (see
Figure 9 and 10). Monitoring these voltage
levels will allow the location of an event to
be determined within the array space. The 4
way summation circuit is easy to implement
and compact in area.
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Figure 10: Location and Checksum
Example 2.

Under certain circumstances 4 way
summation can generate ‘“false” targets,
however the use of checksums will enable
these false targets to be ignored. An
enhancement to the circuit would be to
access the output from the memory unit and
use this as an additional checksum. This has
not been implemented on this chip due to
the extra space required.

Addressing Scheme

Conventional arrays usually have only two
shift registers i.e. row and column. This
design has two sets of shift registers;

e Flag readout shift registers, three
32 bit shift register read out all
flag outputs in 32 clock cycles.
These shift register continually
cycle the flag outputs, so that the
maximum detection latency is
32 clocks.

e Random access decoder shift
registers (RADS) for row and
column addresses. These
registers can access any location
within the array space within
one clock cycle.

The RADS are also used to address a
temporally active pixel; the address of the
pixel to be investigated is loaded into the
RADS, and then a bank of d-type flip-flops
are clocked to store the relevant address.
The RADS are then reset for continued
reading out of the conventional image data.
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Chip Layout

The chip layout was constructed using a
CMOS 0.6pm geometry tripe metal, double
poly, hres poly process (see Figure 12).

Figure 12: Chip Layout

Conclusions

It is recommended that the completed
design is fabricated at a silicon foundry and
assessed under laboratory conditions. In
addition, more space efficient event
addressing circuits should be investigated.
Whilst the four way summation circuit is
simple and compact, certain combinations
of simultaneous events can generate
additional false pixel positions. With event
addressing, where an activated pixel
supplies its address to systems electronics,
false alarms are not generated and the time
overhead associated with flag checking is
removed. It is recommended that further
research be undertaken to develop a more
compact version of event addressing.
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