The total noisc of a laser amplifier consists of signal-
spontaneous beat noise, spontaneous—spontaneous beat noise,
amplified-signal shot noise and spontaneous-emission shot
noise. The beat noise components are dominant, so that from
Reference 10, the variance of the photon number o2 at the
amplifier output may be given as

P
6% = 2G(G — Dng, x E +(G — 1Y*m, Af,nk, (1)

where G is the peak cavity gain, n,, is the population inversion
parameter, y is the excess noise factor, P is the mean input
power, E is the photon energy, m, is the number of effective
transverse modes and Af, is the normalised beat noise band-
width.

For amplifiers such as those studied, where the anti-
reflection coating is broadband, the noise is only slightly
wavelength dependent and varies with n,, such that, from Ref-
erence 11

N g(N, »)
N =Ny g(N, ) — a(w)

n

@

where N is the carrier density, N, is the transparency density,
g(N, ) and ofw) are the material gain and loss coefficients per
unit length, respectively, and w is defined as the ratio of veloc-
ity of light to wavelength.

_ contrast
- gain

(€]

sp

The ratio of contrast to gain in our measurements varies by a
factor of 3, principally at short wavelengths. F (noise
figure) = 2n,,, thus F only varies by 8dB. The wavelength
variation of noise is not important for semiconductor ampli-
fier switches operated at the gain peak and longer wave-
lengths.

Conclusion: The switching speed and the wavelength depen-
dence of contrast and noise in MQW and bulk PBH amplifier
switches have been compared. The measurements suggest that
to simultaneously minimise noise and maximise contrast, the
switches should be operated at the gain peak of the amplifier.
High contrast was obtained with both structures. The MQW
device was found to have a contrast of 41dB and a speed of
1-2GHz at 1-51 um, whereas the bulk device was found to
have a contrast of 58dB and a speed of 400 MHz. We thus
conclude that MQW devices are more suitable for use as fast
switches.

B. P. CAVANAGH
1. W. MARSHALL
G. SHERLOCK
H. WICKES
British Telecommunications Research Laboratories
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TRACKING A MANOEUVRING TARGET
WITH CORRELATED MEASUREMENT
NOISES BY MANOEUVRE DETECTION
METHOD

Indexing terms: Radar, Noise

The tracking problem for a manoeuvring target with corre-
lated measurement noises is considered in this letter. A modi-
fied manoeuvre detection method with the decorrelation
process is employed for tracking the manoeuvring target.
From computer simulation, it can be seen that the system
performance can be improved significantly if the effect of
noise-correlation is considered.

Introduction: The measurement noise of noisy radar data is
usually assumed to be white and a conventional Kalman filter
is often used for tracking nonmanocuvring targets. If the
target is manoeuvring, the conventional Kalman filter must be
modified to keep the tracking performance. There have been
several approaches to this problem.!

In practical measurement, noises are not white. Noises are
autocorrelated within a bandwidth of typically a few Hertz. In
many modern radar systems, the measurement frequency is
usually high so that the correlation cannot be ignored. Treat-
ing the correlation noise as a first order Markov process, the
noise can be decorrelated in such a way that the (modified)
Kalman filter is effective after decorrelation.>—

In this Letter, a modified manoeuvre detection method with
the decorrelation process is employed for tracking the
manoeuvring target. This method is simple and has moderate
tracking performance. It has an extra advantage over other
approaches>* in that, even if some of the parameters about
noise-correlation are unknown, these unknown parameters
can be easily estimated.’

System model: Modelling the manoeuvre variable
(acceleration) as a first order autoregressive process and treat-
ing the acceleration as part of the state vector, Singer® derived
the target motion and radar measurement models for the
manoeuvring target as

Xiv1 = ¢X, + Gw, 1)

Z,=HX, +, 2
where X;, Z,, w, and v, are target state, measurement data,
process noise and measurement noise, respectively. The coeffi-

cient matrices ¢, G, H, and Q(= E{w,wj}) were shown in
Reference 6.
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If the measurement noise v, is white, the system governed
by eqns. 1 and 2 can be processed by the conventional
Kalman filter. When the measurement frequency is high, the
measurement noise is correlated. Assume that the measure-
ment noise can be modelled as a first-order Markov process.?

U= Av_q + v 3

where the noise coefficient 1 = e #7, § is the noise coefficient
in continuous form. The noise v, is a zero-mean white Gauss-
ian noise.

To decorrelate the correlated noise v,, new measurement
data Y(= Z, — 1Z,_,) can be generated as follows®* so that
the conventional Kalman filter can be applied:

Y, = H*X, + v} (C)]
where

H*=H —JH¢ !
B=iH¢™' = (H — H¥
vE=Bw,_; + v

R* = E{vfv}} = BQB" + (1 — A%)R )

Manoeuvre detection: Tracking the manoeuvring target in this
way assumes the target is always manoeuvring. When the
target is in a nonmanocuvring condition, some noises will be
treated as if the target is manoeuvring. The estimation errors
for both position and velocity are increased when this occurs.
To enhance the performance in the nonmanoeuvring period,
the manoeuvre detection method’ is frequently used. In
general, the tracking system works well in the non-
manoeuvring mode. A manoeuvre detector operates simulta-
neously to monitor the occurrence of a manoeuvre, When a
manoeuvre is detected, the system switches to manoeuvring
mode until the manoeuvre is observed to disappear. The
system then reverts to nonmanoeuvring mode.

When the measurement noise is white, the innovation g(=
Z, — HX,, ) is the most commonly used data in detecting a
manoeuvre. Let o, = ¢ M, 'ef, where My(= HP,,_ H" + R)
is the variance of ¢,. Then a fading memory scheme detection
rule may be defined as follows:’

s >t manoeuvring
« .
< nonmanoeuvring
where
8 =pdi_, + oy (M

The detection threshold ¢, is selected according to the prob-
ability of a tolerable false manoeuvre declaration activated by
noise.

When the system works in manoeuvring mode, the acceler-
ation is being monitored. If the acceleration is statistically
insignificant, the manoeuvre is considered to disappear and
the system reverts to nonmanoeuvring mode. Let &) =
a, M3, " G, where My, is the variance of &, activated by the
noise. Then, the following detection rule is used:’

* .
o <, nonmanoe'uvrmg @®
j=kopat1 = 1la manoeuvring
The threshold ¢, is selected according to the probability of
tolerable false acceleration activated by noise.

The detection rule (eqn. 6) is good when the measurement
noise is white. When the measurement noise is correlated, the
noise can be decorrelated by the decorrelation process men-
tioned in preceding section and the innovation &f(= Y,
~ H*X, ).} is produced in the decorrelated system. It can be
found that &f is not a sensitive parameter for manoeuvre
detection because the data Y(= 2, — AZ,_,) will lose some
manoeuvring information in the subtraction process. To over-
come this problem, a new innovation E(=Z, — H}?m_l)
with (approximate) variance M,(= HPH,(_‘HT + R) can be
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generated to replace &f. In g, the data Y,‘l,,_l, Py, are
estimated in the decorrelated system, and Z,, H and R are the
measurement data and system parameters before decorrela-
tion. This mixed structure may have good manoeuvre detec-
tion capability in the presence of correlated measurement
noise. On the other hand, to detect the target reverting from
manoeuvring to nonmanoeuvring state by the detection rule
(eqn. 8), the decorrelated system works well.

Simulation results: A Monte Carlo simulation with 100 runs
was performed to demonstrate the tracking performance. The
target is generated according to the system model (eqns. 1-3)
and is measured every 0-1s. The coefficient matrices ¢, G, H
and the computation of @ are the same as in Reference 6 with
the coefficient a = 1/20 (s !). The target is in nonmanoeuvring
state initially. Within the time interval k = [400, 700], a white
process w, corresponding to a manoeuvre standard deviation
6, = 100 (ft/s®) appears. At time instant k = 700, w, disap-
pears and the acceleration is decremented toward zero grad-
ually. The system returns to a nonmanoeuvring state at time
instant k = 900 and stays in that state to the end.

This target is tracked by the (modified) manoeuvre detec-
tion method with and without the decorrelation process,

140

® > B
S S o

@
<
T

position error, ft

N
o

~
o

N " . L L
200 400 600 800 1000 1200 1400
k,x 01s
a

o

~
a
(=}

N
o
S

I
<)

o
l=]

velocity error, ft/s

S0H

0 R L L . N L
0 200 400 600 80C 1000 1200 1400
k,x01s

b

70

@
(=
T

50

40F

30F

20

acceleration error, H/sz

600 800 1000 1200 1400
k,x0-1s
c [z

Fig. 1 Performance (RMS error) of decorrelated and undecorrelated
systems in the ing detection method

0 200 400

— — — — undecorrelated
decorrelated

a Position error

b Velocity error

¢ Acceleration error

ELECTRONICS LETTERS 31st January 1991 Vol. 27 No. 3




respectively. The parameters p = 0-967, t; = 60, p, = 50, ¢, =
15 are used in the simulation. The manoeuvre parameter a,, is
preset to 100 (ft/s?) when the system works in manoeuvring
mode. Figs. 1la—c show the results obtained from this simula-
tion. Initially, both the decorrelated and undecorrelated
systems work well in the nonmanoeuvring mode. The decor-
related system has better performance than the undecorrelated
system.

When the target is manouevring, both the decorrelated and
undecorrelated systems can detect the manoeuvre well and the
systems are switched to the manoeuvring mode. A large peak
error appears in the short transient period and the decorrelat-
ed system may have worse performance than the unde-
correlated system in the transient period. Until the steady
state is reached, the decorrelation process gives a certain
improvement in the error performance.

Up to time instant k = 700, the source of manoeuvre varia-
tion disappears but the acceleration still exists. The decorrel-
ated system has significantly better performance, particularly
in acceleration and velocity estimations, than the unde-
correlated system. After time instant k =900, the target
reverts to the nonmanoeuvring state. The decorrelation
system can detect the nonmanoeuvring state quickly but the
undecorrelated system finds it difficult to accomplish the
detection. Thus a large error will exist in the undecorrelated
system, whereas tremendous improvements in acceleration,
velocity, and position performances will be provided by the
decorrelation process.

Conclusion: Correlation phenomena in the measurement noise
cannot be ignored if the measurement frequency is high
enough in many modern radar systems. A modified manoeu-
vre detection method with the decorrelation process is
employed for tracking the manoeuvring target. As shown in

Reference S, this approach has an advantage that the
unknown parameters about noise correlation can be easily
estimated. From computer simulation, it can be seen that the
system performance can be improved significantly if the effect
of noise correlation is considered. The situation where the
target reverts from the manoeuvring to nonmanoeuvring state
is difficult to detect in the undecorrelated system, whereas it is
no problem to make this detection in the decorrelated system.

J-A. GUU
C.-H. WEI
Institute of Electronics

National Chiao Tung University
Hsin Chu, Taiwan, Republic of China
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HIGH PERFORMANCE HYBRID CIRCUIT
MODULES FOR LIGHTWAVE SYSTEMS
OPERATING AT DATA RATES OF 10Gbit/s
AND HIGHER

Indexing terms: Hybrid integrated circuits, Multiplexers,
Bipolar devices, Optical communication

Two hybrid circuit modules, an 11 Gbit/s 1 : 2 demultiplexer
and a 12Gbit/s 2 : 1 multiplexer, are described. The modules
use silicon bipolar integrated circuits and feature multiple
input/output connectors, excellent insertion and return
losses, and flat group delays.

Introduction: Recently, there has been considerable interest in
integrated circuits (ICs) and IC technologies for lightwave
communication systems operating at next generation SONET
rates of 10Gbit/s and beyond.'> For example, multiplexer
ICs have been reported for gallium arsenide heterojunction
bipolar transistors (HBTs),* high electron mobility tran-
sistors, and silicon bipolar technologies, operating at 15, 12,
and 11-4Gbit/s, respectively. Generally, wafer probes have
been used to characterise these advanced ICs. However, wafer
probing is impractical for prototyping systems requiring
multiple ICs. In addition, wafer probe characterisation does
not address practical system considerations such as the need
for electromagnetic interference (EMI) shielding, the inability
to couple light effectively into optoelectronic ICs (OEICs),
restrictions in the number and characteristic impedance of
signal lines, and the difficulties encountered when intercon-
necting ICs on a single substrate. These issues can be over-
come with hybrid ICs (HICs).

We describe two hybrid circuit modules, a high input sensi-
tivity 11 Gbit/s 1 : 2 demultiplexer and a 12 Gbit/s 2 : 1 multi-
plexer, which overcomes these limitations. The modules use
previously reported silicon bipolar 1Cs,*’ mounted inside a
high performance coplanar universal mount test fixture. Both
circuit modules achieve comparable or superior performance
to previous wafer-probed results. The performance of the
coplanar fixture is characterised up to 30 GHz.
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Coplanar fixture design: The coplanar fixture is a universal
2-5cm x S5cm x 1cm structure that allows for a maximum of
12 input/output signal lines, with an additional four power
supply connections (Fig. 1). Mounted inside the fixture is a

Fig. 1 Photograph of coplanar universal mount test fixture

0-64mm thick ceramic (¢, = 9-9) substrate with coplanar
waveguides etched on the 5 um gold plated top surface (there
is no metallisation on the lower surface). Thin-film resistors
are etched on a 50Q/[] TaN layer. Around the circumference
of the fixture, Wiltron K connectors on a 1-:25cm centre-to-
centre pitch launch onto the substrate. The substrate is solder-
ed or conductive epoxied to the walls of the fixture, creating a
uniform and low inductance ground. Periodically bridged
over the coplanar waveguides’ centre conductor, wire bonds
aid in suppressing moding between sections of the ground.
Bypass chip capacitors are epoxied to ground as close as pos-
sible to the power supply bond pads of the ICs to suppress
undesirable noise. Larger surface-mount ceramic capacitors,
mounted on internal power supply lines, also aid noise sup-
pression.
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