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Abstract : In this post we continue the description of our diy microwave radio telescope. In the first part:

A simple 11.2 GHz RadioTelescope (HW Part) we have described the hardware part of the instrument,

including the parabolic reflector antenna, the LNB block and the receiver. Now we take care of the

software that does the measurement of the signal strength and its integration over time.
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Abstract: in this article, we
continue the presentation of
the new KC761B device. In
the previous post, we
described the apparatus in
general terms. Now we
mainly focus on the gamma
spectrometer functionality.

FE: TR, HIVGRENBIHR
KC761B 284, TEL—mXESR, FHiIHE
A TIZIRE. MERMNEEXT v 86EN
BIThEE.

117



2024/10/4 22:35 A simple 11.2 GHz RadioTelescope (SW part) — PhysicsOpenLab

As it is clear, the detection of the signal strength and the subsequent temporal integration do not preserve
the spectral characteristics of the signal: the signal is averaged over time and within the pass-band of the
instrument to obtain the average power. The sensitivity of the radiometer increases as the bandwidth
increases (more signal is collected as the band increases) and as the integration time increases (the
incidence of noise of null mean value decreases). For long integration times it is necessary the stability of
the amplification parameters and that the physical process under study is stationary.
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Equivalent Noise Temperature
FRRERE
The signal strength measured by the radiometer is usually expressed as a temperature and is called the
equivalent noise temperature. This temperature and power are related by the following relationship:
ETNRNESESERTTNEE, ASHESEE, IEEIREIU FRRER:

W = k*B*Tn
Where k is Boltzmann's constant, B is the frequency band, W is the power and Tn the equivalent noise
temperature. Naturally Tn includes the contributions due to the internal noise of the receiver and the
contributions of the signal picked up by the antenna. In turn, the signal picked up by the antenna will be
given by the signal coming from the source we are studying, also expressed in terms of brightness

temperature, added to the background noise (cosmic noise, atmospheric noise, radiation from the

&
ground). 0
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We can theoretically determine the sensitivity of a radiometer using an equiz
equation, which provides the minimum variation AT of the equivalent noise -
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Abstract: in this article, we
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the new KC761B device. In
the previous post, we
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described the apparatus in
general terms. Now we
mainly focus on the gamma
spectrometer functionality.
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In the previous post A simple 11.2 GHz RadioTelescope (HW Part) we descril F9

receiver, consisting of the LNB, a band-pass filter and a wideband ampirtier. 1ne signai, arter tne
intermediate amplification stage, is sent to an SDR device (Airspy) which acquires and digitizes the signal.
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The data stream is then processed via software (with the GNURadio framework) in order to create the
radiometer functionality.
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GNURadio is a free and open source software development toolkit that provides signal processing blocks
for implementing radio software projects. It can be used with external RF hardware to create software
defined radio (SDR) or even without hardware in a simulation environment. It is widely used in hobby,
academic and commercial environments to support both wireless communications research and real
world radio systems.

GNURadio 2—MaZNFRRHFATERES, EALMELEREGIEREESHIER, CRLIS/MGHREA—REER, MEEBRMENTLR (SDR) , EEA
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We have already used and described GNURadio in the project on receiving the emission at 21 cm of
neutral hydrogen. We refer to this post for more details: GNURadio Software for 21cm Neutral-
Hydrogen Line.

HNBEERI 21 cm HESRSIRIE P ERT#EAT GNURadio, BXBEZHMES., BEHXKNE: BT 21cm PHEEELKAI GNURadio 214,

The GNURadio application we need now is basically a radiometer. The signal picked up by the antenna and
subsequently amplified and filtered by the RF components is sent to the SDR receiver which acquires it in
digital format. At this point the signal must be processed in order to calculate its total power in the

reception band and subsequently integrated over time (filtered) and recorded on file.
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Our radiometer is depicted in the following diagram.
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Abstract: in this article, we
continue the presentation of
- the new KC761B device. In

« the previous post, we
described the apparatus in
general terms. Now we

The osmocomm source block is the interface with the Airspy R2 SDR hardwal  mainly focus on the gamma
spectrometer functionality.
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the bias-T option so in the argument string we have put “airspy = 0, bias = 0,
parameter can be set to 2.5 MHz or 10 MHz, these values correspond to a use
the first case and 10 MHz in the second. The Frequency parameter is set at 1

frequency of our HW band pass filter. The RF gain is set to 0, while the IF and BB gains are set to 10 dB. We
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have found that this gain configuration, with our RF hardware, allows for good system utilization. With
different amplification chains, these parameters can, of course, be varied in order to optimize
performance.

osmocomm JRIRES Airspy R2 SDR BE(HRIEEO. EFRAINGIFH, FAIAEER bias-TIEIR, BMAESEFRHBEPRHINEANT “airspy =0, bias=0, pack=0",
Sample Rate SHETLIZES 2.5 MHz 8; 10 MHz, IXEAERINFHE—FPIER FL/ 2.5 MHz BB RSAER, TS FIER F45 10 MHz, Frequency 22U8E 7 1420

MHz, XEHAIM HW FEIEIKRAIFOSMEE. RFIBEIRE 0, M IF 7 BB IBEIRE Y 10 dB. FHATRIM, XFUEHACE SHAIM RF EH—E, TLIRFNRSR
FIFEE, WTAERIMANE, XESHEATLBERLICIERE.

The complex data coming from the SDR device (airspy R2) are sent to the block that determines the
instantaneous signal strength in a way similar to a square-law detector:

kB SDRig#E (airspy R2) HISREUEHIRIEZIR, ZRUKITFFESEQNRSRERIES2E:
P=P+Q?r-12+02

where I and Q are the components in phase (real component) and in quadrature (imaginary component).
The signal is then filtered (integrated) with a single-pole IIR filter. There are actually two filters,
alternative to each other, which provide two different time constants, one short and one long, which can
be configured in the respective variables and selected from the radiometer GUI. The short time constant
could be 0.5 s while the long one 2 s. The Alpha coefficient of the filter is calculated with the formula:

HeP 10 Q 2R (SLHB) FER (258) RIS R, REMRRA IR IBREMESHTIN () . SREERMNIESE, RIS, SIRERNMFERER
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Alpha ZEEFRLATAE:

Alpha = 1/samp_rate*IntegrationTime

Alpha = 1/samp_rate*£=}AdE)

Where samp_rate is the sampling frequency (2.5 MHz or 10 MHz) and the integrationTime is the filter

integration time constant. The flowchart is shown in the following image. CHECKALSO )i 4 75
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by: int(sample_rate/intermediate_rate). Where intermediate_rate is the ir #r

samples, configured at 1 KHz. After decimation, the data is “amplified” by ~Abstract:in this article, we
the new KC761B device. In
the previous post, we
described the apparatus in
general terms. Now we

configurable from the GUI: DC Gain. Downstream of this block there is the
GUI, the calibration can be “enabled” or “disabled” using the selector block. C
next paragraph. . .
paragrap spectrometer functionality.
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In the last part of the flowchart the average (moving average) of the last 1000 samples is calculated, in
order to have a further integration in order to improve the signal/noise ratio. Before recording the data on
a file in csv format, the stream is decimated again with the decimation constant determined by:
int(intermediate_rate/file_rate). Where file_rate is the frequency of writing data to file. The
csv_file_writer block is a custom block made in python that records the input data and the timestamp in
csv format.
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Calibration %6
The calibration of the radio telescope has the aim of calibrating the signal measured by the instrument

with emitters with a known brightness temperature. As described in the first paragraph, the signal
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obtained at the receiver output is the sum of the useful signal with the antenna and receiver noise. To use
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our radio telescope efficiently and to obtain accurate measurements, howevemn-nmd-tn-mmmtn—'n&faa
CHECK ALSO 7} 75 6 £

®

as possible, the contribution of the signal from the noise: this is done with the

If we assume that the behavior of the system is linear then it is sufficient -
known temperatures and sufficiently distant from each other. The measureme

cold point, for example by pointing the antenna to the zenith, in the absence
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Abstract: in this article, we

antenna. For further details on the calibration procedure, please refer to GN continue the presentation of
the new KC761B device. In

Neutral-Hydrogen Line. the previous post, we
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example the ground, for which a brightness temperature of about 300 °K is as
The values obtained are entered directly into the GUI and then the systen

selected. In this way the system output is directly the equivalent noise -
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The simplest observations for an amateur system like ours are the transit registrations. In practice, the
radio telescope is pointed towards a predetermined direction and waits for the radio source to pass within
the antenna beam, while recording the strength of the received signal. This technique is especially
applicable to “point” radio sources such as the sun and the moon.

The sun has an apparent diameter of 0.31°, while our antenna has a beam of 1.45°. The result obtained
will be the spatial convolution between the radio-source distribution and the beam diagram of our
antenna: in practice the spatial distribution of the radio-source is “diluted” by the antenna over a greater
space. In the image below we show the recording of the transit of the sun made with our 1.2 m antenna
on a 2.5 MHz band.
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Using the same transit registration technique, we measured the radio emiss
has an apparent diameter equal to that of the sun: 0.31° and therefore the

the image below we show the recording of the transit of the moon made witt

MHz band.

ERERRAERERAR, HNNETBROLLBLT. ASNNEERSTAHEIOMER: 0.31°,

£ 2.5 MHz $RER E#HTRIREKEHICR.

https://physicsopenlab.org/2020/10/16/a-simple-11-2-ghz-radiotelescope-sw-part/

GAMMA SPECTROSCOPY WITH KC761B

{5 FH KCT61B 3£ 4T 10N 25 B 1% 43
Mt

Abstract: in this article, we
continue the presentation of
the new KC761B device. In
the previous post, we
described the apparatus in
general terms. Now we
mainly focus on the gamma
spectrometer functionality.
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Conclusions Z5i¢

At 11.2 GHz the main radio sources (excluding sun and moon) are quite weak and difficult to receive with a

1.2 m parabolic reflector. The distributed emission of the Milky Way should be within our reach, but

radio-sources such as Cassiopeia A, Taurus A and Cygnus A are at the limit of the possibilities of our

instrument, but an attempt can be made! It could be useful to increase the reception band: 10 MHz still

with airspy or using a broadband HW RF power detector. In this last case we would have the whole band

of our system available: the 80 MHz determined by the band-pass filter. But this will be the subject of

another post on our Blog.
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