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Putting noise to work

Signal, noise, SNR ... speaking the same language

In radio communication, signal and noise are fundamental

concepts that determine whether information can be successfully
transmitted and received.

SNR ( Signal to Noise Ratio ) tells you how strong the signal is
compared to the noise and is defined as the ratio of the average
power of the desired signal to the average power of the noise,

measured at the same point in the system and within the same
bandwidth.

We often state that the signal is “below the noise”...
==« IS this correct ?..... Oooooh well .... not exactly !

We should say that the signal is below the noise only on short
time scales and over wide bandwidths.
By controlling the bandwidth and applying coherent (or folded)

integration, the effective noise power is reduced, allowing reliable
signal detection.



Putting noise to work

Noise in communication systems

The NOISE is any unwanted signals, random or deterministic,
which interfere with the signal of interest and degrades its

characteristics.
. Quantization noise
Internal noise Intermodulation noise
Phase noise
. Thermal noise
Noise

External noise

The thermal noise is due
to the thermal agitation
of the electrons which, at
a temperature T> 0 K,
have a chaotic (Brownian)
motion.

Artificial noise ( man made )
Environmental noise
Cosmic noise

The thermal noise voltage has
zero mean with Gaussian
amplitude distribution.

The effective value is

v, =VAKTBR

k = Boltzmann constant (1.38 -10-23 J/K)
T = Temperature in Kelvin
B = Bandwidth ( Hz )

R = Resitance ( Ohm )



Putting noise to work

Noise in communication systems

Uy <=\ 4KTBR ° °

Equivalent circuit of a
real resistor R: R , > R1

generator £ with value v
in series with an Jideal/ E
resistor R

o
o

The condition for maximum power transfer occurs when R = R1 (matched load)

In matched conditions, we obtain maximum power transfer from the source to the load

2
Jf = S —) vrms @
R+R1 4R (*) The voltage @ R1 is vﬂ;s

A direct proportionality can therefore be observed between P (noise power) and T (temperature )

To quantify noise, we can therefore use the so-called
equivalent noise temperature T (expressed in Kelvin)




Putting noise to work

Noise in communication systems

If we want to evaluate the performance ( i.e. the
sensitivity ) of a receiving system, we must rely on a
source of reference noise and compare the measured

values ( Y-factor method ) :

— Phot
I
Pnoc = Noise power pointing antenna to the source
P C 0 l d P.,1a = Noise power pointing the antenna to reference source

Focusing on a specific receiving system and using the
“equivalent temperature” concept the above equation
can be expressed in terms of temperature and

represented in dB ( Y-factor method ) :

Tant = antenna temperature when pointing to the source
Tref = reference (“cold sky”) temperature

TS yS + Tant ) Y = measured power ratio in dB

Tsys = receiver/system noise temperature
T S y S + Tr e f

Y=10 log10 (
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Noise in communication systems

As T,.ris much smaller compared to T,,; we can write :

Y =10 loglo (1 + Tant)

Tsys

Since we also know that (*)

A A
e — F e
2 K, 2760

22 1 D? A.= Dish effective area
where Ae =G— =k — k = Dish efficiency ( usually between 0.5 and 0.7 )
41 1 G = Antenna Gain
D = Dish Diameter

K, = Boltzman constant 1.38066210-%% | /K
(*) J.D.Kraus, radio Astronomy , 2° edition, Cygnus-Quasar Books, 1986, chapter 6 F = Flux of the source in Jy

Tone = F

If the flux density I of a source is known, the antenna efficiency
is specified, and the system temperature T, is known, the Y-factor
can be calculated by measuring the antenna temperature T,,; -

Naturally, the stronger the radio source, the easier and more
accurate the measurement becomes.

For this reason, the Sun is typically the preferred source.

> How to measure equivalent antenna temperature ?
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TotalPower : a cheap solution fo measure noise
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TotalPower

T S
v The interface with PstRotator (https:/www.pstrotator.com/), implemented using the
UDP protocol, provides control over virtually all commercially available antenna
rotators.
v

TotalPower is available for free download from my website: https://iOnaa.altervista.org/
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TotalPower : a cheap solution fo measure noise

CHOOSE A GENUINE RTL-SDR BLOG V4

RTLE RTI.SOR
B §ki RTL-SDR.COM

5
TTTTTT : RTL-SDR.COM/QSE
TR

e THERMAL PAD COOLING
: (REMOVES HEAT FROM PCB AND
TRANSFERS ITT0 THE METAL CASE)

FULL TWO YEAR WARRANTY AGAINST MANUFACTURING FAULTS GENUINE GUARANTEE: L B
FREE EMAIL & FORUM SUPPORT BEWARY OF INFERIOR 0
SUPPORTS THE BLOG FOR NEW CONTENT, TUTORIALS AND PRODUCTS! RTL-SDR BLOG COUNTERFEITS! s D R

o] TOUGH BLACK CONDUCTIVE
X METAL ENCLOSURE
(REDUCES INTERFERENCE)

v The RTL-SDR samples the incoming
signal data and stores it in a 65,536-
byte buffer containing a sequence of 1/Q
samples, which are then made available
to the application for further
processing.

> Frequency range : =24 - 1766 MHz
> ADC : 8 bit ( 7+1)
> Sampling up to 3.2MSPS -> 3.2 Mhz of BW

The main limitations associated with this low-cost dongle

are :

> Performance instability caused by thermal drift.

> Intermodulation.
> Aliasing.
> Overload.
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TotalPower : Thermal stabilization

TOTAL POWER Freq=354Mhz, gain=45dB, MSPS=2.4 Run TOTAL POWER Freq=354Mhz, gain=45dB, MSP5=2.4

RTL-SDR #1
With heat

dissipation

RTL-SDR #1

Real time trace

Reset

pppppppp

2 hours recording without heat 2 hours recording with heat Heat dissipation system
dissipation system dissipation system powered by USB

v Tests performed using a commercially available
heat dissipation system sourced from the Etsy
platform (https:/www.etsy.com/ ) showed that
stable operating conditions and consistent
receiver performance were achieved after only
approximately 20 minutes of warm-up time.




Putting noise to work

TotalPower : Thermal stabilization

Heating blocks

Thermally insulated enclosure l\

Smoothed race

——— =

1er1s © nocaeanerc susnTa.

v Excellent results were also achieved by Victor UA9FAD

heating the RTL-SDR and stabilizing its operating
temperature inside a thermally insulated enclosure using a

dedicated temperature controller.
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Putting noise to work

TotalPower : noise measure

+

Scale 40dB -

Noise "up”

-30.0 N . @ 30.0 Nosse "down”
Reset
~-40.0 40.0
. . S Hide meter
Real time /.07 dB Real time Min hold 17.37 dB
Smoothed -16.80 dB Smoothed Min hold 16.95 dB

Save settings

TotalPower also displays
the measured values with
an analog meter.

Above plot shows Sun noise measurement using the Y-factor method
by first pointing the antenna toward the Sun and then establishing
the cold-sky reference by off-pointing the antenna by approximately
15° (~5x HPBW) while maintaining the same elevation angle.
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-+ Tone Generator

(u]

Start tone Lowest tone frequency 100Hz ~ Hz

X

)

TotalPower : main functions
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Flux density data for major cosmicradio sources

Putting noise to work
Sun noise

Due to the significant
temporal variability of
solar radio emissions,
accurate prediction
require almost real-time
evaluation of the solar
flux density interpolating
observational data
acquired from NOAA
solar flux monitoring
observatories operating
at multiple reference
frequencies.

> How to predict expected noise?
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Murmur : the prediction program

Sun flux and sun Y-factor noise
Sun flux data downloaded from : ftp://ftp.swpc.noaa.gov/pub/lists/radio/rad.txt ( -1 stands for data not available )
2026 Feb 11
Learmonth  San Vito Sag Hill Penticton Penticton Palehua Penticton Best set
Mhz 0500 UTC 1200 UTC 1700 UTC 1700 UTC 2000 UTC 2300 UTC 2300 UTC Frequency 1303 Shz
Murmur 23.00 8 May 2026 mario.natali@gmail.com http://iOnaa.altery 245 50 35 25 -1 -1 -1 -1 35 Sun flux ( calculated ) 962632 Jy
410 54 37 43 -1 -1 -1 -1 37 -
Pulsar mode 610 50 59 53 = = 1 = 59 I Sun noise Y-factor 19.71 dB I
Location Latitude Longitude oad i 28 85 £ e o . 9 Measured noise dB Plot
: 2695 -1 128 137 =1 -1 -1 -1 128 ’
Enter Location 43.0922 12.5772 800 : T 1 1 1 1 1 1
i B B N B = “ i . Comment
Current Time Zone Name : ora legale Europa ocodentale (DST) 4005 1 102 175 - 3 1 q 102
K E E r r Sun flux is calculated by quadratic spline interpolation
System evaluation mode SET Observation location 8800 1 279 299 1 1 1 1 279
15400 -1 562 561 -1 -1 -1 -1 562
Pulsar mode SAVE current set as default
Download latest sun flow data and calculate sun noise Use solar flux data from the previous day | Show Y-factor for all noise sources
Opishantenna () Other antenna Wave length 0.23 m TBTOT getectabie PULSARS Check ATHF C, ue version
m— PULSARS extracted with S400 fow >0: 734
N ) Effective ant. aperture 9.8 m~2 || PULSARS extracted with 51400 fow >0 : 2250
Dish diameter 5 m = PULSARS extracted with 3000 flow >0 1 411 SN 20
Dish area 19.63 m~2 : -
Dish efficdency 50 % ATNF Pulsar catalogue Version : 270
Far field 217 m i Sorted by S/N Right Ascension]2000 (RAJD deg
Frequency 1303 Mhz
e = i Antenna gain 33.66  dBi i Above horizon Declination (DECID! deg
Line ore LNA 0. 2
HPBW 11592 2 322 oy - B0329+54 Pulse with @ 50% of peak (W50 msec. i
LNA NF 158 K 023 dB sec. i
I System noise temp. 37.0 K I i
LNA gain 38 dB cam”™-3 pc i
System noise figure 0.52 dB i
Line loss after LNA -5 ds ol i TR mly -
ra 17.98 i .
Receiver NF 438.4 K 4 dB Flux @1400 Mhz (S1400) mly i
Noi -96.0 dBm "
Tsky 4 K i oise floor i Flux @3000 Mhz (S3000) mly i
10406 i Distance (Dist ki i
T spillover 10 K i SEED W : (L) o 24
Age (age) years i
16.38 i
MDS mly : Max Int. BW (no de-dispersion) kHz i
ntegration n r 4 -
PLAN Observation Azimuth deg
S T s SEFD Analysis Select object to track FElevation deg

The predicted solar Y-factor is calculated by taking into account the
receiving system parameters together with a spline interpolation of
the latest solar flux measurements downloaded from the NOAA
solar observatories FTP server.
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Murmur : the prediction program

Sun flux and sun Y-factor noise
Sun flux data downloaded from : ftp://ftp.swpc.noaa.gov/pub/lists/radio/rad.txt ( -1 stands for data not available )
2026 Feb 11
Learmonth  San Vito Sag Hill Penticton Penticton Palehua Penticton Best set

Mhz 0500 UTC 1200 UTC 1700 UTC 1700 UTC 2000 UTC 2300 UTC 2300 UTC Frequency 1303 Mhz

245 50 35 25 -1 -1 -1 -1 35 Sun flux ( calculated ) 962632 Jy

410 54 37 43 =1 -1 -1 -1 37

610 59 59 53 = -1 =3 -1 59 Sun noise Y-factor 19.71 dB

1415 =3 98 86 -1 =] =1 =1 98 -

2695 -1 128 137 1 -1 -1 1 128 Measured nolse d8  Sav Ek
2800 -1 =1 -1 =] -1 =1 =1 -1 Comment

4995 = 192 175 =1 -1 =3 =1 192

8800 e 279 299 1 4 1 1 279 Sun flux is calculated by quadratic spline interpolation
15400 -1 562 561 =1 =1 -1 -1 562

Download latest sun flow data and calculate sun noise Use solar flux data from the previous day [ Show Y-factor for all noise sources

|{-Factor noise
Cassiopeia A Cygnus A Taurus A Sagittarius A Virgo A 3C273
Flux (Jy) 1947 1748 912 520 223 42
Noise Y-Factor (dB) 0.75 0.67 0.37 0.21 0.09 0.02
Moon distance (Km) 403747.7 New Moon Full Moon New Moon
hd o) .
Moon age (days) 21.34 e 0
Moon estimated surface temperature (K) 242 ODays =weewws 7 Days =eeeeess 14 Days =21 Days ~—==- 295 Days

Murmur also calculates the expected Y-factor noise of he major cosmic radio sources.
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Murmur : main functions

Pulsar mode Rew. History  Help —
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ser oo + 280 P
e A i
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Dish diameter m i = o 10 it o relete reaits Delta (d8)
Dish efficiency 69 % e
Far field 217 m 1 Right Ascension2000 (RAID) deg
Moo xR el e e a0 Sun Nose expected vs measured (48 )
Line loss before LKA 8.1 8 (T e ey 0 BO32G+54 Pulse with @ 50% of peak (W50) T L)
AN 52 Koz e ST e it Barycentric period (PD) . Noiseleasurements.tt DATA
Wagain 38 a8 s PO Dispersion Measure (M) an~ape 1 Lo
System nose figure 052 48 | Bty . Date 06/10/2
ek afternn 55 a8 e x & 400 bz (5400) wy i 1804
Receives WF 4384 K4 dn GTrato 1036 e/ |1 §| waisiiee Flux 61400 iz (S1400) wy Sangle = 302
Teky 4 K Boeflocr |- u0 R L1 [ ] acexss 28 B::oam:nm rszm:m mly ; | CrossHair value 14.38 &
S o = nce (Dist] i
Tspllover 10 K ik J e2111446 o M!m:; :m : Frequency 1303 Mhz
HD%;: 751 mhaLl Max Int. BW (no de-dispersion) khiz 1 o olin 3506 &
Integration time 18000  sec. — Bepectia S/ o - 2 |
Integration bandwidth 56000  kiz ShousprmIN - - System Noise temp,  35.98 (3 |
3gz se 1 sa b t abject ta trac IPLAN Observation Sun Noise measured 19,40 & 16041
- S/N calculated at 1303 Mhz Tracking valid fo for 2/15/2026 lod vl ‘v'.
System performance analysis | | comment 789 50 455 WL
Object Detecton SM 00 01 02 03 04 05 06 07 08 R
i e (1S Close 200 300 a0
Sun
Cygnus-A 5422 6231 69:41 7552 8263 2
ANTENNA LNA RECEIVER i : : “ Sun noise data base plot
TawrusA 266:37 276126
Cassiopeia 30:24 36:30  40:37 S ———— s o
¢ ! _D_ Sagittariss-A 150:12 163:16 177:18 190:17 204114
X273 12333 13341 15847 18149 203:47 22241 23832 250:3 100:13 111:24
Line loss Line loss FRE 202209124 25 5234 43 6253 6462 6NT2 452 32663 29874 2565 297:55 W45 W6 3122
01 dB 05 de VIRGO A 11441 131550 15257 180:59 207457 229:50 29141 258:30 9120 10231
Tsky LNA Noise figure RX Noise figure FRE 202011244 275:35 6511 7422 8332 9343 10654 12464 15572 199:72 23%66 25256 26545
e K l 023 dB 158 K I 8 dB 4384 K SGR 193542154 T4 8225 9336 10447 120:57 14365 17869 214166 238158 25438 266137 2726
— — — B0833-45 835
T spillover 10 K LNA Gain 38 ds Bandwidth 3£+3 Hz B1641-45 18
= = = 80329454 o 77 316:34 32027 WX WA WH R 520 52 467 575 325:75 31167 08:59 08:50 31142
04374715 80
80350408 ok 45 17054 196:54 218:40 236:41 250:31 26220 SU13 10224 11434 125:43 14851
B0835-41 S
System noise temperature 37.0 K
Reset to X += 8174028 ok ) 196:12 161:16 175:19 189:18 202115
i“ilﬁﬂl System noise figure 0.52 dB
values
Noise r -96.0 dBm Detection details Radio Horizon
floor -96.
Aziguth 0 3 30 60 60 9 S0 10 10 150 150 180 180 210 210 240 240 20 20 300 300 330 30 %0
Misknum. Elevation %0 2 I 10 1 1 10 » 2 = 5 0
- - Exit
Interactive system evaluation
| Re<akulate Save Horizon
S/N with entered in the first screen . Hourly data indicate Azimuth and Flevation and are based on above radio horizon
Plan observations

v" Murmur began as a pulsar detectability predictor and has evolved into a full-stack EME
performance analyzer, delivering quantitative RX-chain modelling, noise-budget
evaluation, and cosmic source noise prediction.

v' Murmur is available for free download from my website: https://iOnaa.altervista.org/ .
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CAVEAT - 3D Plot

p—
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> When measuring very weak radio sources, ground noise
must be carefully taken into account. High-resolution 3D
plots are an excellent tool for visualizing and
understanding its impact on the measurements.
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CAVEAT - Noise horizon
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Contour AutoScale Azimuth (deg.)
Reset Delete file
Save Raw data Exit
Scale Visible OHofeme Sealex — s || = Color scale =
DMira Frama ScaleYy |4 - Angle Z == Zoom —
Mesh visible © Cube Faces Scale 2 —

> A high-resolution noise horizon map helps identify the
coldest sky regions for accurate measurements.

> Even the Milky Way, visible in this map, can affect the
results.
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Putting noise to work
CAVEAT - Noise horizon

Iu Noise Herizon contour plot

Mouse control
© pPan
(_) Zoom to window
_)Zoom by dragging
() Drag crosshair
Color
() Gray
© Rainbow
() Spectrum

Pivot resolution

(10 () 200
O20 ) 500
)50 © 1000
(100 () 2000
Mode

() Dots

(_) Mono dots

© color surface

Isohypse color high
Isohypse color low

Isohypse spacing

Close

= X

> The dynamic contour map complements the 3D plot by
helping visualize and interpret the underlying noise

patterns.



Putting noise to work
CAVEAT - Noise horizon

> ... anyway, be very careful when setting Azimuth and
Elevation limits before generating 3D plots or Noise Horizon
maps... =
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Putting noise to work
SEFD : System Equivalent Flux Density

v We have seen the classical methodology for system
optimization.

v A large number of parameters must be measured and
analyzed in order to properly characterize and define a
system.

v When comparing different systems, or when monitoring
system performance over time, all of these parameters
must be continuously tracked.

v However, there is a single well-established parameter (
very common in radio astronomy ) that efficiently
combines all of them:

SEFD (System Equivalent Flux Density)



Putting noise to work
SEFD : System Equivalent Flux Density

System Equivalent Flux Density (SEFD) is the flux density of
a hypothetical radio source that produces, at the output of
a radio telescope, a signal-to-noise ratio of unity (S/N = 1)

for a given system noise temperature, per unit handwidth
and per unit integration time.

2 k T k = Boltzmann constant (1.38 -10-23 J/K)
Sys T sys = Temperature (in Kelvin)
Aeff = Effective collecting area of the antenna

SEFD =

Aerr
The SEFD is expressed in jansky (Jy), 1Jy =1072° Wm™? Hz!

> A lower SEFD corresponds to higher system sensitivity.
> SEFD accounts for the combined effects of the antenna,

receiver, losses, sky noise, atmospheric contribution, and
environment.

» Two systems with the same SEFD are equivalent in
sensitivity, regardless of their individual design details.
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SEFD : System Equivalent Flux Density

Considering the radiometer equation, which defines the sensitivity
of a radio telescope as the RMS noise fluctuation of the system :

ATsys =

Tsys

%[tny, Af

Tsys = Trec + Tspin + Tagm + Tsky (in Kelvin)
Trec = Teceiver noise temperature
Tspin = spillover contribution from the ground
Tatm = atmosphere emissions (important @ > 5 Ghz)
Tsk = Sky background radiation
t = integration time (sec)
n, = 1 for single polarization observations
Af = observing bandwidth (Hz)

And considering that to a source with flux density F
corresponds an antenna temperature 7, :

F
Ta =Tsys Sppp
We can rewrite SNR as:
SNR = "SED) - _F 2 f
— Tsys ~ SEFD p

2

H

(If F =SEFD then Ty = T, )

Knowing the system SEFD and the
flux density of a radio source F, it is
possible to calculate the required
receiver bandwidth and integration
time needed to achieve a specified
signal-to-noise ratio (S/N).
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SEFD : Field measurements

We have seen that :

F Tant F
YS SEFD : Tsys SEFD

Tant = Ts
Measuring Pon and Poff we obtain the Y factor of source :

Prot Tone + T T
Ysource = Toold |:> PxT |:> Yeource = antT ffOff =1+ Ta:;
0 0

S = flux of source (Jy)
Thot = Antenna temperature when pointig the source(K)
Teo1a = Antenna temperature when pointig cold sky(K)

Combining the two equations we have:

SEFD =

Ysource —1

The measurement of noise (Y, .. ) from a known cosmic source

(F ) allows SEFD estimation without knowing T, .
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SEFD : Theoretical estimation with Murmur

Murmur not only allows the calculation of the system SEFD with
the Y-method, but also enables the estimation of the expected

SNR of a source as a function of bandwidth and integration time.

Pulsar mode
Vicaiios Latimde Longitude U Enable S/N prediction Enable SEFD calculation
bev 43.0938 12.5792 S s
SEFD 7541 Jy 541
Current Time Zone Name : ora solare Europa ocadentale (Not DST)
Integration time 18000 sec.
System evaluation mode SET Observation location S ) :
- s Integration bandwidth 56000 kHz o
Pulsar mode SAVE current set as default .
Source flux density 10 mly
© Dish antenna () other antenna Wave length 0.23
Predicted S/N 1.2 dB 1 [-]
! ) Effective ant. aperture 13.5 .
Dish diameter 5 m
Dish area 19.63 Calculate
Dish efficiency 69 % \
Far field 217
Frequency 1300 Mhz - — |
Antenna gain 35.04  dBi i Above horizon Declination (DECJID) deg
Line loss before LNA 0.1 dB — %
HPBW 11628 arcsec 3.23 deg i
LNA NF 158 K 0.23 dB
. System noise temp. 37.0 K i
LNA gain 38 dB Enable S/N prediction Enable SEFD calculation
e System noise figure 0.52 dB i
Line loss after LNA ™ dB — -
: - G/T ratio 19.36 dB/K i e Source flux density 7541 Jy
Receiver NF 438.4 K 4 dB = 18000 Source Y-factor noise 3 dB
i -96.0 m i
3 iyl K - Noise floor i
- " . Close
SEFD 7541
T spillover 10 K i 7 . - 10
MDS 7.51 mly i
Derived SEFD 7577 3y
Integration time 18000 sec.
Integration bandwidth 56000  kHz Calculate
30z se 1 Set SEFD Analysis Select object to track Elevation deg
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SEFD : Estimation Using Taurus A (Crab Nebula) noise

TOTAL POWER Freq=1300Mhz, gan=45dB, MSP5=2.4

Run
Localtime 13/02/2026 18:19:16
" " a8
Starttime 13/02/2026 18:16:49 %
Elapsed time 00:02:26
Measure total power ( noise )
Show noise "up” Show noise ‘down *
Real tme /hold (d8) -00.25
Smooth. / hold (d8) .20 0.27
meter 30 Plot Sound
Modify view
Real time trace
Al traces
Smoothed trace
Default Medum Big 15 3
Modify scales -}1
Reset Expand X scale 1 !
3
Zoom '{
3
Reset Ymax = 45d8 3
Ymin = .548 %
Plot speed _1‘
< > 3
|
E
Stop Suspend  Restar 3
1
%
14—
0

F 16
Cassiopeia A Cygnus A | Taurus A |Sagittarius A  Virgo A 3C273 Moon
Flux (Jy) 1947 1748 912 520 223 42 742
Noise Y-Factor (dB) 0.75 0.67 0.37 0.21 0.09 0.02 0.30
Close
Moon dista ) | 3299179.1 Hew Moon Full Ran Mew Moon
. [« I, (-
Moon ag 5) 23.34 x| oo .
Moon estimated surface tempera ) 241.5 0 Days wwewseee 7 Days --wvves 14 Bays —--~ 2L Do -v--- 29,5 Days
E 15
Enable SEFD calculation
Source flux density 912 Jy
Source Y-factor noise 0.27 dB
—r———r— —r— 14
6000 8000 10000

Taurus A noise measured using the Y-factor method, with the
antenna off-pointed by 15° (~5x HPBW ) at the same elevation (~30°).
Data acquisition was performed with TotalPower ; numerical
processing and SEFD computation were carried out with Murmur.
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SEFD : Estimation Using Moon noise

Run
TOTAL POWER Freq=1300Mhz, gain=45dB, MSP5=2.4
Local time  21/02/2026 16:44:09
Start time  21/02/2026 16:42:42 18 s an
Y-Factor noise
Elapsed time 00:01:26
Measure total power ( noise ) Cassiopeia A Cygnus A Taurus A Sagittarius A  Virgo A 3C273
Show noise up™ | Show noise ‘down Flux (Jy) 1947 1748 912 520 223 42
Real time /hold (dB) -00.22 -00.27 Noise Y-Factor (dB) 1.00 0.91 0.50 0.29 0.13 0.02
Smooth. fhold (d8) -00.23 -00.25 Close
Moon distance (Km) 372464.9 New Moon Full Moon
3D Plot Sound - o o E
Moon age (days) 1.81 . % o O -*
Modify view
Peal b bo Moon estimated surface temperature (K) 237.6 0 Days B i
All races
Smoothed trace -
Default Medium Big 16
Modify scales o
Reset Expand X scale -
Enable SEFD calculation
Zoom C
i 838 J¥
Reset Ymax = 458 v o Source flux density y
. Source Y-factor noise 0.25 dB
Ymin = -5d8 - 15
Plot speed =
< >
Stop Suspend Restart 2 i
Derived SEFD
+ -
S U T T e T ———+ 14
0 5000 10000 15000 20000 25000

Moon noise measured using the Y-factor method, with the antenna
off-pointed by 15° (~5x HPBW ) at the same elevation (~55°).
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SEFD : Estimation Using Cassiopeia A noise

Run
- - - TOTAL POWER Freq=1300Mhz, gain=45dB, MSPS=2.4
Localtime 21/02/2026 17:06:13
Starttime 21/02/2026 17:03:23 18 i
Y-Factor noise
Elapsed time 00:02:49
Measure total power ( noise ) Cassiopeia A Cygnus A Taurus A Sagittarius A Virgo A 3C273 Moon
Show noise "up” Show noise "down" Flux (Jy) 1748 912 520 223 42 838
Noise Y-Factor (dB) 0.91 0.50 0.29 0.13 0.02 0.46
Real time /hold (dB) -00.46 -00.54
Close
Smooth. /hold (dB) -00.49 -00.50 Moon distance (Kl‘l‘l) 372464.9 New Moon Full Moon New Moon
. O o R
Dot | Sound moonage (days) 151 (@ &
Modify view Moon est] surface temperature (K) 237.6 0 Days 7 Days 14 Days 21 Days 29.5 Days
Real time trace z
Al traces
Smoothed trace -
Default Medium Big Enable SEFD calculation
Modify scales
Reset Expand X scale Source flux density 1947 Jy
Source Y-factor noise 0.5 dB
Zoom
Reset Ymax = |45d8 v
Ymin = -5d8
Plot speed o
< > .
2 Derived SEFD
Stop Suspend Restart F
+ i
vt 7777 ———F14
0 10000 20000 30000 40000

Cassiopeia A noise measured using the Y-factor method, with the
antenna off-pointed by 15° (~5x HPBW ) at the same elevation (~53°).
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SEFD : Estimation Sun noise

TOTAL POWER Freq=1300Mhz, gain=45dB, MSPS=2.4

un flux and sun Y-factor noise

Sun flux data downloaded from : ftp://ftp.swpc.noaa.gov/pub/lists/radio/rad.txt ( -1 stands for data not available )

2026 Feb 22
Learmonth ~ San Vito Sag Hill Penticton

Mhz 0500 UTC ~ 1200UTC 1700 UTC 1700 UTC
245 20 20 16 =1
410 37 32 33 1
610 55 57 41 =1
1415 -1 80 72 1
2695 1 93 146 =3
2800 -1 -1 -1 113
4995 1 164 146 =1
8800 1 266 252 -1
15400 1 555 523 =%

Penticton Palehua

T
R e e e e e
R e e e e

Penticton Best set
2000 UTC 2300 UTC 2300 UTC

20
32

| Download latest sun flow data and calculate sun noise

| Use solar flux data from the previous day

Fw 1303 Mhz
un flux ( calculated ) 811182

Measured noise Plot
Comment
Sun flux & calculated by line interpolation

Show Y-factor for

E-.s
20,

Derived SEFD

Enable SEFD calculation

Source flux density
Source Y-factor noise

811182 ly
17.5 dB

Run
Local time 22/02/2026 11:41:49
Starttime 22/02/2026 11:39:45 &
44
Elapsed time 00:02:04 - E
Measure total power ( noise )
Show noise “up” Show noise down "
Real time /hold (dB) -17.41 -17.56
Smooth. /hold (dB) -17.46 -17.49
Analog meter 3D Plot Sound
Modify view
Real time trace
Al traces
Smoothed trace
Default Medium Big
Modify scales
Reset Expand X scale 3
14
Zoom 12
Reset Ymax = 458 v 10
Ymin = -5d8 83
Plot speed 6
< > 47
2
Stop Suspend Restart e
+ 2
: 4
0

Sun noise measured using the Y-factor method, with the antenna
off-pointed by 15° (~5x HPBW ) at the same elevation (~50°).
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SEFD : Summary

16406 : :
Cassiopeia A

Lo

15957JY
15406 Sun
14686 Jy
<

14406
'_; Taurus A _° <
5 14218 Jy Moon
ui 13406 14143 Jy

12406

11406

Theoretical reference level

10406

»>Sun, Taurus A and Moon data are quite aligned ( std dev= 240 Jy, = 1.7% ).
»Cassiopeia A is worst by 12-13% compared to the “cluster” 14,100-14,700 Jy.

> The theoretical reference level is much more optimistic ( by > 30% ).

The true SEFD of my station is around 14,300 Jy
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SEFD : Analysis
20000 _L 20000
705 Jy
14557 Jy /9/'@:;4 Jy 14909 Jy
__ 15000 12458 3y __ 15000 135020y | 108 —9
> 1040V = 1uw% 16316 Jy
5 10000 5 10000
L= (S5
v &
5000 5000
0 0
0.1dB 0.2dB |0.3dB |0.4dB 0.5dB 4K 10K 15K 20K 25K
Loss before LNA T SKY
20000 INPUT PARAMETERS
15000 132200 16280 o Frequency = 1303 Mhz
= 11813 Jy 16035 Jy Dish diameter =5 m
= 10000 1"M Efficiency =0.5
a Line loss before Ina = 0.1 dB
A BRAT LNA NF= 0.23 dB
LNA gain= 38dB
5 Line loss after Ina=0.5 db
Receiver noise figure = 4 db
10 K 15K 20K 25 K 30K Tsky =4 K
T SPILLOVER Tspillover = 10 K

v SEFD shows strong sensitivity to pre-LNA losses; minor changes in
this parameter can reconcile theoretical predictions with measured
results.

v SEFD is also depends on Ty, and T,;;,.., though less strongly.
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Putting noise to work
SEFD : Action plan

First checklist First countermeasures

> Repeat T,,,; measurement at +15°
East and +15° West (same elevation).

> Repeat the T,.,,; measurement with
the antenna offset by +25° in order to
evaluate potential sidelobe
contamination.

» Check source flux assumptions.

> Verify that the SDR is not
affected by AGC action or front-
end compression .

> Verify that selected

Tcoqantenna pointing position > Measure the in-situ parameters of
represent a “cold” sky the feed-to-LNA path in the actual
reference condition. installed configuration.

SEFD compresses antennas, feeds, LNAs, spillover,
and all our mistakes into a single number that is
extremely effective for optimizing and comparing
EME stations !!
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SEFD : Setting the goal ...

Instrument

SEFD (Jy)

Notes / definition

Reference

Effelsberg 100 m

15.2 Jy @ 1.41 GHz

Single dish; receiver-dependent
(P170mm table reports SEFD vs
frequency)

Effelsberg receiver page
“P170mm ... Calibration
Information” (SEFD table).

SRT (Sardinia, 64 m)

36 Jy (L-band)

Single dish; derived SEFD table
for the L/P coax receiver

Navarrini et al., The
Sardinia Radio Telescope
Front-Ends (table “Derived
SEFD”, L-band).

GBT (Green Bank, 100 m)

650 Jy (L-band)

Single dish; receiver table value
(depends on receiver/config)

GBT Proposer’s Guide
(Table “GBT receivers’
parameters”, L-band row).

Medicina (Italy, 32 m “Grueff”)

458 Jy @ 1.4 GHz

Single dish; stated explicitly for
the observing setup used

Pelliciari et al. 2024 (A&A
paper PDF): “SEFD ... 458
Jy at 1.4 GHz ...”.

MeerKAT (per 13.5 m dish)

= 400 Jy per dish
(L-band, band
centre)

Explicitly “for an individual
dish”

Padmanabh et al. 2023
(MMGPS): “SEFD ... 400 Jy
for an individual dish at the
centre of the band.”

SKA1-MID (per dish)

= 305 Jy per dish
(Band 2 + 1)

Derived from official array SEFD
and official dish count: 1.55 Jy
(array) x 197 dishes = 305 Jy

Array SEFD (Table 3) in
Pellegrini et al. 2020: 1.55
Jy for “Band 2 + L-band”. +
Dish count (133 SKA + 64
MeerKAT = 197) from SKAO
telescope specs page.
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What’s next ...
Forthcoming Developments:

v Murmur will incorporate extended data-logging
capabilities, enabling structured storage and
multi-parameter visualization of measured
system variables for advanced post-processing
and comparative analysis.

v TotalPower will expand hardware compatibility,
providing support for additional SDR platforms.

v'Further EME-astrophysics cross-fertilization
ideas are under development ... because the
Moon is visible only a few hours per day ... but
we invested a lot on money in our systems. =



Grazie!
Thank you !

Ich habe fertig ... ©



