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Abstract: To overcome with large size noise source distribu-
tion network design difficulty in interferometric radiometer
system, especially for sub-Y-type array, a new on-board cali-
bration technique using noise re-radiation is proposed in this
paper. The suggested calibration technique is using noise re-
radiation effect of center antenna after noise source injection
from matched load. This approach is especially proper to sub-
Y-type array interferometric synthetic aperture radiometer in
mm-wave frequency band. Compared with noise injection net-
work of a conventional synthetic aperture radiometer, the sys-
tem mass, volume, and hardware complexity is reduced and
cost-effective. Only one internal noise source, matched load, is
used for injection using noise re-radiation technique a small set
of sub-Y receiver channels is calibrated. Detailed calibration
scenario is discussed and simulation results about noise re-
radiation effect are presented.
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1. Introduction

In passive millimeter-wave imaging technology, re-
mote sensing using interferometric aperture synthesis is
becoming preferred concept for meteorology, earth ob-
servation like atmosphere or ocean monitoring applica-
tions. This interferometric synthetic aperture radiometer
(hereafter ISARad) has been suggested as a valuable,
practical alternative through aperture synthesis to realize
required large aperture size of the antenna [1],[2],[3]. In
addition, no mechanical scanning is required to form
high resolution image map.

However, calibration method, which is one of impor-
tant design considerations of an interferometric radiome-
ter, is very complicated and difficult to be implemented
in an interferometric structure. To get receiver error pa-
rameters through receiver calibration, originally a large
number of noise source injections has been necessary. It
increases system mass, volume, and hardware complex-

1ty.

To overcome with these design difficulty, a new on-
board calibration technique using noise re-radiation is
proposed in this paper. The suggested hardware calibra-
tion technique is proper to calibration methodology in
ISARad system in millimeter-wave frequency band.
With this proposed hardware calibration technique, we
have developed 4 channel sub-Y-type array ISARad
which is available at 35 GHz. This ISARad having sub-
Y- type array antenna configuration has been proved that
it has a highly improved angular resolution with a less
number of antennas compared with the resolution of Y-
type [4]. Design key features in calibration technique are
as follows: the proposed calibration technique has re-
quired only one internal correlated noise source. The
noise source signal injected to center antenna is re-
radiated, and then it is received into all channels to be
calibrated. With keeping proposed noise re-radiation
injection technique, it is expected that developed 4 chan-
nel interferometric radiometer is able to be expanded to a
large number of channels radiometer such as 40 channel
RF receivers in future.

Using proposed technique very simple hardware cali-
bration process has achieved. Large number of intemnal
noise source input is reduced due to one correlated noise
source which is re-radiated around.

In this paper, we will describe detailed hardware cali-
bration structure scheme, proposed calibration scenario,
and simulation results in 4 channe] ISARad.

2. Proposed noise re-radiation calibration
technique in sub-Y-array ISARad

A calibration method becomes very complicated prob-
lem in interferometric radiometer compared with a sim-
ple total power radiometer. A typical ISARad such as
MIRAS has big noise source distribution network for
calibrating receiver [3]. They have used a correlated
noise source to each small set of adjacent antennas.
Many sets of antennas are overlapped in order to
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Fig. 1. Simplified Block diagram of 4-channel ISARad system — 4
receivers and digital correlator
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Fig. 2. Sub-Y-array configuration using circular patch antenna and
noise re-radiation picture

maintain phase and modulus track along the array by
switching adjacent correlated noise source ON and OFF.
But MIRAS developed from ESA is limited to low fre-
quency band such as L-Band. Because of large size of
noise source distribution network, that noise source
switching calibration technique is not proper to interfer-
ometric radiometer system in millimeter-wave band.

Here, simple calibration hardware configuration using
re-radiation effect of noise signal, which is induced at
Ka-band, has introduced. We have only one correlated
noise source and injected it into 4 channel ISARad re-
ceivers for calibration.

1) Basic receiver scheme of 4-channel sub-Y- type ar-
ray ISARad system

Fig.1 shows simple 4-channel Ka-band interferometric
radiometer system block diagram. Developed 4 channel
ISARad is consisted of 4 RF front-end receivers, IF sec-
tion, A/D converter, I/Q demodulator and digital com-
plex correlator. RF bandwidth is set from 34.95 GHz to
35.05 GHz. Each channel RF front-end module includes

two LNA, bandpass filter (optional), and mixer. Local
power is pumped about 2 dBm by external signal source
at 33.05 GHz. IF frequency is 1.95 GHz and LF center
frequency is 80 MHz. After IF and LF part, A/D con-
verter, and I/Q demodulator, each in-phase and quadra-
ture outputs, I(t) and Q(t), are sent into digital complex
correlator. Through complex correlation process that
outputs of two receivers are correlated, all visibility
function are obtained and those are going to be image-
reconstructed later by inverse algorithm.

All Antennas of basic cell are placed on duroid 5880
substrate and these are all circular patch type following
sub-Y-type array configuration.

2) Noise re-radiation calibration technique in noise
injection network

To get calibration of receiver a technique using noise
re-radiation effect from patch antenna is proposed. As it
is shown in Fig.2, noise source (matched load) is con-
nected into sub-Y- type antenna array module by noise
distribution network. To remove impedance mismatch
effect between noise source feeding network and antenna
followed by receiver module, microstrip line based im-
pedance matching network is designed.

Simply noise source is injected into a patch antenna of
center by electromagnetic gap-coupling. Which makes
possible feeding to patch antenna at the center of sub-Y
configuration. Now, the noise source power fed into an-
tenna is re-radiated. We have focused on the noise power
re-radiated from patch antenna at center. Radiated noise
power is finally absorbed into all antennas around, which
are Al, A2, A3, and A4 in Fig.2.

Here, re-radiated noise source power is mainly consid-
ered as one correlated noise source for radiometer cali-
bration. Proposed idea is to change the injection method
of correlated noise source. It does not require another
external calibration source existing outside of system.
That is, suggested calibration hardware scheme actively
generates correlated noise source itself as if an external
calibration source is settled into the circuit. This gives
more compact hardware scheme reducing mass, volume
of hardware for calibration network.

Also, while other interferometric radiometers have fo-
cused on only receiver calibration fed by noise source,
this noise re-radiation technique has brought calibration
result including both of antenna calibration and receiver
calibration together. Therefore, more accurate calibration
result than the case of only receiver calibration is also
expected. Simulation results about noise re-radiation
effect are shown Fig.3 and 4.

3) Calibration procedure
Calibration procedure is summarized as following : (1)

Without RF switching mechanism connecting receiver
and noise source, noise source is directly injected into a

~578 -



-10-1 LATE B v ~¥--v LESE SR B S A B Sl R Sl SR A A\ -

-20 1

-30 o

bos o ke ke & aree ek cae aeetein aes
ANT1 to ANT2, ANT1 to ANT3
-40

-50 4
v Noise source to ANT1

60 4 —e— ANT1 to ANT2
= ANT1to ANT3
704 «  ANT1to ANT4

Noise injection amplitude level [dB]

-80 -

T T T
35.00 3502 3504

Frequency [GHz]

T T
34.96 34 98

Fig. 3. Simulation result about noise injection amplitude level to
Sub-Y-type antenna array by noise re-radiation calibration tech-
nique
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Fig. 4. Simulation result about noise injection phase level to Sub-Y-
type antenna array by noise re-radiation calibration technique

patch antenna located at the center of sub-Y- array.
(2) Noise source is injected and fed into the center by
electromagnetic gap-coupling.
(3) Noise power is re-radiated from the center antenna,
this power is absorbed into around antennas.
(4) The re-radiated noise power is considered as a cali-
bration source and absorbed noise power is used for
solving receiver parameters in the on-board calibration
process.
(5) In phase and amplitude calibration between baseline,
a pair of receivers which are complex correlated, antenna
Al becomes a reference for baseline calibration.
(6) By re-radiated noise injection, a set of the correlation
distribution to measure nominal correlation coefficient
M. 4. (or redundant correlation coefficient g, 4., ) is
obtained [5],[6].
7" =P 0
In Eq. (1), the matrix Py, which is a set of the cor-

relation distribution, gives us error included (measured)
visibility function value from originally ideal visibility
function.

To correct offsets between baseline, manual hard-

ware calibration technique such as using phase shifter
and attenuator is also proceeded.

3. Receiver calibration using noise re- radia-
tion effect

Proposed calibration technique using noise re-
radiation is basically following on-board calibration pro-
cedure. While on-ground calibration technique has sug-
gested external calibration source for measuring the
brightness temperature about observed target source, on-
board calibration technique allows us to solve receiver
parameters which is originally included in developed
receiver. On-board calibration procedure is consisting of
correlation offset correction, phase error correction and
obtaining gain factors. In this case of proposed calibra-
tion idea with noise re-radiation effects, the antenna error
stemming from antenna geometry, pattern, and mutual
coupling effect is calibrated together with receiver chain.

1) On-board calibration analysis

On-board calibration using suggested noise re-radiation
includes mainly phase error correction, offset terms and
gain factors. Especially, in-phase error which is existing
as a phase deviation from zero for each baseline and
quadrature errors how much angle is deviated from the
expected 90 degree for each receiver’s I and Q outputs is
very important to get receiver parameter [51,[6].

cos(@+—6. + 6. _0. sin(@. - 6. + 9 _ &)
2 2 2 2
e ‘ . 6.
—sin(&‘—04+0—“+gi) cos(G‘—a,.+g-—+9—
M| 2 2 2 2| (m
- &g 6. o 0. o, |
Ho cos(@u-0. ~ 22421y singg.—g — Lo Ly | \H
e 2 2 2 2
. 6. 6. 0. 0.
0.-0.-22-2)  cos(@.-0.-22-L
| sl 2 ) o 2 2]
2)

Eq. (2) shows about phase error correction. g; and g
are modulus terms and the matrix contains all phase er-
rors. 4., u is each showing part of complex correla-
tion. Based on this equation, if correlated noise source
power is fed, ideally x4 becomes zero. Only the real

part of the complex correlation is remained as the unity.
Therefore, we have finally derived two sets of equation
below,

8. 6, 9. 0,

-y -Sin(f. -8 +—+=)=u,- 9.-0 +2=2_2%

4. -sin( > 2) 1. -cos( > 2)
4. 8, 4. 6,

wesin(@. -6 ——=—-"y= g4, cos(f. -0 ——+),
H ( > 2) 1t. -cos{ > 2)

€))
The unknowns are the in-phase errors and the quadrature
errors for receivers j and k. For the case of having 4 re-
ceivers, to solve the unknowns a required amount of
baselines must be measured. There are all 8 unknowns,
while 6 baselines giving overall 12 equations can be
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formed.

Correlation offset can be figured out as injecting un-
correlated noise source into each receiver channel.
Modulus term products presented in the calibration pro-
cedure are defined as the ratio between the correlated
noise T, and total noise Ty, as shown in Eq. (4).

o Lo 11
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The noise source temperature T,, is measured and with
iterative method to determine the receiver noise tempera-
ture is determined [6]. Gain factors are computed from
antenna measurement.

Finally, the result we have interested in is summarized
as Eq. (5) below.

H=Pu", )

With calibration matrix embodying all error, offset terms
and measured visibility function values, we are able to

derive ideal visibility function values by inverse matrix
method.

2) Simulation result for noise re-radiation injection

For the simulation about noise injection using noise
re-radiation effect on the antenna plate, we have used
momentum method. We assumed that a noise source, 50
ohm matched load, is stable. And re-radiated noise
power from center diverges in omni-direction and it is
absorbed around all antennas including radiator antenna
1.

Fig. 3 shows us the noise injection amplitude level to
each receiver channel including its antenna. There some
noise power difference between antennas absorbing re-
radiated noise source power. The difference represents
that sub-Y-type antenna array geometry has affected to
the degree of absorbing calibration source power even
though we assumed that re-radiated power from center
patch antenna always gives out in omni-direction. As it
is also shown in Fig. 4, its effect is confirmed in injected
noise phase level either. With noise re-radiation tech-
nique using existing radiator structure itself, correlated
noise source power from center antenna has experienced
antenna and receiver error factors together. Therefore, it
can be explained that this noise re-radiation calibration
technique embodying all antennas and receiver structure
gives us on-board calibration data for calibrating both
sub-Y-type antenna array and receiver error parameters
simultaneously.

Additionally, with this calibration technique using
noise re-radiation effect, a number of modifications for
the antenna feeding structure are able to be suggested for
more stable noise distribution.

3. Conclusions

In this paper, a new suggestion for noise injection
method of ISARad receiver calibration is presented. This
calibration technique has applied to sub-Y-type array

interferometric radiometer receiver. The idea of pro-
posed method is based on using noise re-radiation effect
from center antenna of sub-Y antenna array configura-
tion. It is expected that suggested calibration technique
brings simple noise distribution scheme for ISARad re-
ceiver calibration, especially working at millimeter-wave
frequency band. It is going to effectively reduce the
number of a set of correlated noise source input. So, the
burden for injecting calibration source to ISARad having
a large number of receivers is able to be relaxed.

Hardware calibration scenario and fundamental on-
board calibration equations have been described. Simula-
tion results are showing the noise power distribution to
each antenna. And, with now simulation result we are
waiting for actual implementation for receiver and field
measurement for calibration.
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