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Abstract. Up to which integration time does integration still improve the signal of ARGOS?

Key words. ALLEN variance

1. Theory

The variance σ2 of a number of measurements is defined
by

σ2 =
1

n− 1

∑
(xi − x)2 (1)

where x is the arithmetic mean value.
Integration is the process of averaging a certain num-

ber of measurement points to a single point. Integration
can be done for example in time: Over time intervals of
a certain length, called integration time, all measurement
points are replaced by one single point.

With increasing integration time, the variance of a plot
should, according to the radiometer equation decrease:

σ =
F√

∆ν ∗∆t
(2)

where ∆ν is the bandwidth and F is the intensity of
the signal. σ2, the variance, is therefore proportional to
1/∆t with ∆t as the integration time. If this prediction
is true, the result will become more and more precise the
longer we integrate. But in reality, systematic errors cause
the variance to increase again after a certain integration
time. There is therefore an ideal integration time.

2. The instruments

ARGOS is a double-heterodyne-FFT-radio-spectrometer
and has successfully been used as a receiver for the 5m
and the 7m antennas in Bleien for measurements of the
sun. Whether or not it also can be used together with the
3m Cassegrain on Gornergrat will partly be subject of this
work. We first measure T0 which is a resistor connected to
the FOCUSPACK. In a second step, we will only look at
the Argos receiver without FOCUSPACK. A noise source
will be connected directly to the receiver.

Why do systematic errors, after all, occur in these mea-
surements? Changes in temperature and in voltage affect
the results as well as disturbance by mobile phones, radar
and other radio signals. An air conditioning system and
protection from signals from outside can never fully com-
pensate for these kinds of disturbance. The air condition-
ing can even cause a regular fluctuation of the signal over
several minutes.

3. Data output and data processing for ARGOS
together with FOCUSPACK

The data we obtain from ARGOS are spectrograms over
a time period of 5 minutes. Over 500 channels, from a fre-
quency of 1290 MHz up to a frequency of 1540 MHz, the
intensity of the signal is measured. In 5 minutes, a mea-
surement is made approximately every 25 msec. Via VNC,
the data is then transmitted to the computer system. We
look at it with IDL, where it is possible to see the whole
spectrogram, but also to look at single light curves in one
specific frequency and to plot histograms of a frequency.

4. Initial problems with data

The data as well from the sun as from the T0 showed an
unexpected pattern. The value 15 and its multiples were
clearly favoured above all other values, which resulted in
a obviously non-Gaussian distribution. This can be seen
in the light-curve in figure 1 and the histogram in Fig. 2
and Fig. 3 from the T0, and also clearly in the histogram in
Fig. 4 obtained from a measurement of the sun. This had
to result from a mistake in the data processing program,
probably from the conversion of floating to integer type
numbers before a multiplication. After a factor 15 was
removed in the data processing programm, the data finally
looked as it should, as it can be seen in the light-curve and
the histogram in Fig. 5.
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Fig. 1. Measurement of T0 on channel 400, 02/08/12, 13.10.
The value 15 clearly appears too often.

Fig. 2. Histogram obtained from Fig. 1.

5. Integration

To measure the variance as a function of the integration
time, two IDL programs had to be written. For each inte-
gration time, the standard deviation of the first 10 points
of the lightcurve (intensity dependent on time) is calcu-
lated. Then, the integration of the whole data takes place:
two points are averaged into one. In the next run of the
loop, the first 10 points of course are within a longer time
interval. Their standard deviation is again measured, and
so on. This happens until there are not more than 10
points in the whole plot which ends the loop. This whole
process takes place for 10 different, overlapping intervals
in the first program (from 0 to 10, from 1 till 11.. until
from 10 to 20). The mean of the resulting plots, including
the error bars, can be seen in Fig. 6. The variance which
is the square of the standard deviation is plotted with a
logarithmic scale both in integration time and variance.
According to equation 2, we would expect a linearly de-
creasing line. But the minimum for the variance is reached
already after 25.6 sec integration time. In the second pro-

Fig. 3. Histogram obtained from Fig. 1, value 15 suppressed.

Fig. 4. Histogram of the sun: it can be seen clearly that the
value 15 and its multiples appear too often.

Fig. 5. Plot and histogram of T0 after a factor of 15 had
been removed from the data processing programme, 02/08/15,
05:45, channel 350: The histogram finally has a Gaussian shape,
as it should.
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gram, the interval is always from point 0 to 10, but 4
different frequencies are measured and again their mean
results in a plot (Fig 7). This means that four different
light curves have to be fed into the program, here the fre-
quencies 150, 200, 250 and 300. I tried to include higher
frequencies (i.e. 350, 400, 450 and 500) also, but there
the different frequencies seemed to differ too much for a
reasonable result. The minimum for the mean variance of
the different frequencies is reached even earlier, after an
integration time of only 12.8 seconds.

The program could also be carried out if we take all
120’000 points for the first calculation of the standard de-
viation, 60’000 for the next one and so on. The resulting
plot (Fig. 8.) looks a lot smoother and the variance of
the first points is obviously higher. This can be explained
by the fact that there is a greater systematic error if we
take all points from the entire time period instead of only
the first 10, which correspond to a time of only 250 msec,
where there is probably nearly no systematic error.

We decided to take the first of those two methods,
which results in Fig. 6 and Fig. 7 Why? Let’s assume we
would take the second method and start with 120’000 in-
tegration points. If there is a big systematic error (for ex-
ample a strong fluctuation in the plot over 5 minutes), we
would already see a very high variance in the first integra-
tion step, because all points are included. This could lead
to the (wrong) assumption, that already the first integra-
tion step is useless. But in reality, it could be the case that
the first integration step makes the plot in a small scale
look better, i.e. smoother. Only if we reach an integration
time of over 5 minutes, integration doesn’t improve the
result any more. The first method makes the variance of
the first integration steps under a time of 5 minutes look
worse than it actually is. Therefore, it is useful to make
the section where we determine the variance as small as
possible.

There is, however, a problem with the method we
chose, because the time intervals get larger with increasing
integration time. If the plot shows long-time fluctuations,
the standard deviation will appear to be lower in sections
where the whole plot is on a lower level. To compensate for
this error, we divide the standard deviation by the mean
value of the plot in the section we look at.

6. Calibration

We want to calibrate our standard deviations into solar
flux units sfu. sfu is a unit used by solar radio astronomy.

1sfu = 10−22 W

m2 ∗Hz
(3)

The difference ∆ in intensity measured by ARGOS
between the cold sky and the sun is approximately
4.7 of the units that we use in our light curves.
The calibration lightcurve can be seen in Fig 9.
In sfu, we obtain the difference from the webpage
http://www.sec.noaa.gov/today.html, where we can see
the worldwide measurements of the solar flux each day.

Fig. 6. Variance as a function of integration time for Argos,
channel 250, sample time 25 msec. T0 measured 02/08/15, 5:45-
6:30. Mean over different frames, errorbars ±σ.

Fig. 7. Variance as a function of integration time,sample time
25 msec. T0 measured 02/08/15, 5:45-6:30. Mean over channels
150, 200, 250, 300 and 350, errorbars ±σ.

Fig. 8. Same data as used as in Fig.7, number of points that
were integrated not constant, but decreasing.
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Fig. 9. Lightcurve used for calibration, 02/08/15, 11:30. We
change from T0 to a noise source, then to the sun, then to the
cold sky and then to T0 again

Extreme results shouldn’t be considered. On the day of
the measurements, the sun had an intensity of 135 sfu on
a frequency of 1400 MHz . We assume that this intensity
is the same for all channels. For calibration, we also have
to take into account that we divided our results by the
mean value of the intensity over an interval x. To account
for that, we multiply the result by the mean value over
the whole curve X.

σcalibrated =
σinitial ∗X ∗ S

x ∗∆
(4)

7. Data output and data processing for the
ARGOS receiver only

In a second step, we only look at the ARGOS receiver
which is directly connected to a noise source without
FOCUSPACK. It is expected that the ideal integration
time should be much higher here. The sample time is now
20 msec and the bandwidth is again 500 MHz.

8. Integration for the ARGOS receiver only

In order to look at higher integration times, we have to
connect much more files. In a first step, 41 files are con-
nected, which means that we have an observation time of 3
hours and 25 minutes and approximately 615000 measure-
ments. All measurements have been made on the 02/08/21
and are nearly consecutive, with interruptions of maximal
10 minutes. We look at the channel 400, which corresponds
to a 200 MHz base frequency and a 1490 MHz receiving
frequency. There should be no bigger disturbances in this
channel, which is confirmed on the histogram in Fig. 10,
because it looks perfectely Gaussian. The program for the
data processing is rewritten to obtain a longer integration
time. The number of consecutive points to be averaged is
set to 7. That means that we take frames of 0 to 6 till 10 to
16, but this time only if there are enough pixels left after

Fig. 10. Histogram from the measurements on the 02/08/21,
between 13:55 and 17:55, over a total time of 3 h 25 min on
channel 400, which corresponds to 1340 MHz receiving fre-
quency.

the integration. If there are not enough elements left, the
program will stop and instead of returning an error mes-
sage it will just take the mean value up to the point where
the frame of 7 could travel. That means that we can also
obtain a value if there are at least 6 pixels left, which is of
course less exact. One integration step still means that 2
points are averaged into one. With that method, we reach
an integration time of 21 minutes and 50 seconds, and the
curve still seems to decrease, which can be seen in the
plot in figure 11. But we have to take into account that
the last point is very insecure and has actually an infinite
error bar. However, it seems that we were able to enlarge
the integration time by a factor of 60 if we only look at
the ARGOS receiver. So the largest part of the systematic
error must occur before the signal reaches the receiver. In
a second step, we take 75 files. This corresponds to an
observation time of 6 hours and 15 minutes. This time,
the observations are made on two different days. This of
course will affect the result, because there will be a big-
ger systematic error. We can see that in the plot in fig.
12. The curve already increases again after an integration
time of 10 minutes and 25 seconds. The programme that
has been used for this process can be seen in appendix 2.

9. Calibration

For the ARGOS-receiver only, the intensity of the signal
should be calibrated in Kelvin. A signal with a maximal
intensity of 68 dBm is fed into the receiver and can be
seen on channel 249. (Fig 13) This corresponds to 32767
units on our scale.

68DBm ≡ mW ∗ 10−6.8 ≡ 1.585 ∗ 10−10W (5)

According to the Rayleigh-Jeans law we know that

Tσ =
Pσ

k ∗B
(6)
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Fig. 11. Variance against integration time for the Argos re-
ceiver only, from the measurements on the 02/08/21, between
13:55 and 17:55, over a total time of 3 h 25 min on channel
400. Mean from different integration frames, errorbars ±σ

Fig. 12. Variance against integration time for the Argos re-
ceiver only, from the measurements on the 02/08/21, between
13:55 and 17:55 and the 02/08/22, between 10:30 and 13:50,
over a total time of 6 h 15 min on channel 400. Mean from
different integration frames, errorbars ±σ

where Tσ is the temperature, Pσ the intensity, k the
Kevin-Boltzmann constant and B the bandwidth which is
500 KHz. Therefore, we get the calibration

T 2
σ = (

1.585 ∗ 1013

32767 ∗ 500 ∗ 103 ∗ 1.38 ∗ 10−23
)2 ∗ σ2 ∗X2 (7)

10. ARGOS receiver connected to COSMA
telescope

After the promising result obtained from the ARGOS re-
ceiver alone, we could expect that the ARGOS receiver
would be able to produce good data material if connected
to a radio telescope which was far away from the usual

Fig. 13. Lightcurve used for calibration, external pulse signal
fed in on channel 249.

radar and mobile phones disturbances which occur in
Bleien. Therefore, ARGOS was connected to the COSMA
telescope on Gornergrat, on an altitude of 3100 meters
above sea level. But while the COSMA receiver was able
to see different sources on the sky clearly, ARGOS only
showed noise without any distinctive peaks. The noise
level was even that big that the signal would probably have
disappeared in it anyway. On the other hand, ARGOS was
able to detect a strong artificial source as clear as COSMA.
The ALLEN-variance of the ARGOS receiver connected
to the COSMA-telescope was determined for ”hot load”
and ”cold load”. ”Hot load” means that the telescope is
measuring the background at room temperature, which
was appoximately 10 degrees Celsius. For ”cold load”, the
telescope looks at liquid nitrogen. The ALLEN-variance
for data material from ”hot load” for the channel 250, can
be seen on Fig. 14, for cold load on Fig. 15. Both results
seem good and don’t explain the problems that occur with
the preceding measurements of sources in the sky.

11. Explanation of the results from COSMA

Obviously, artificial sources that send out a coherent sig-
nal can be seen very well, in contrast to cosmic sources
which show a greater variance in those parameters. The
reason for this is that part of the ARGOS instrument was
designed to detect radar signals. To improve the sensibil-
ity for artificial signals, ARGOS only measures during a
very small percentage of a each time interval. The rest of
the time, nothing at all is detected. Thus, only very few
photons are actually caught by ARGOS. This is useful for
measuring a constant artificial signal, but not for a nat-
ural signal which consists of much more noise. Most of
the information is therefore lost, and there had to be a
extremely long integration time to get the same signal as
COSMA gets in a few seconds - in such a long integration
time, the signal would of course vary that much that the
result would become useless.
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Fig. 14. Variance against integration time for the Argos re-
ceiver connected to the Cosma telescope, hot load, from the
measurements on the 02/08/28, between 23:33 and 05:38 on
channel 250. Mean from different integration frames.

Fig. 15. Variance against integration time for the Argos re-
ceiver connected to the Cosma telescope, cold load, from the
measurements on the 02/08/29, between 11:56 and 12:11 on
channel 250. Mean from different integration frames.

12. Comparison between ARGOS and PHOENIX

To investigate if the assumption of the preceding section
was really true, we are going to calculate backwards from
the signal to noise to the actual measurement time. This
is done by using the radiometer equation:

σ =
Fs + Fsys√

∆ν ∗∆t
(8)

Here, Fs is the intensity of the sun, and Fsys is the in-
tensity of the background. ∆t is the time interval where
photons are actually collected by the receiver. We look at
a solar flare, where we can approximate Fsys by 0. The
difference between the peak and the background is Fs and
σ is the standard deviation which is calculated on part of

the peak where the intensity looks more or less constant.
The radiometer equation can be rewritten as:

∆t =
F 2

s

σ
∗ 1

∆ν
(9)

With the values measured in an example of a solar flare
and ∆ν = 0.5MHz,∆t is calculated to equal approxi-
mately 12 µsec. For the PHOENIX receiver which gives
better results for sources on the sky, ∆t is known to be
0.5 msec. This explains the difference between the two
instruments: ARGOS collects approx. 40 times less data
material than PHOENIX in one of its measurement inter-
vals.
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