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Waves & Coffee —
Satellite Commmunications

Doppler Effect frequency corrections
By Stephen W2WF

A very interesting application of physics in Amateur Radio comes up when we want to
communicate with satellites from our ground stations. In this article our motivation will be to
use the FM repeater in the International Space Station (ISS) to make a contact far away. Since
the ISS is flying about 250 miles straight up, it would be like using a repeater antenna on a
tower that’s 250 miles tall. That would be cool.

The ISS FM repeater works accepting an uplink at a frequency of 145.990 MHz and re-
transmitting it in a downlink at 437.800 MHz, the PL tone is 67 Hz for the uplink.

So, what’s the problem? Well, our physical intuition tells us that the frequency of the signals
from the ISS will be squished as the ISS rises over the horizon and approaches our ground
station. We also expect that the signal’s frequencies will be unaffected as the ISS flies
directly over us. Finally, our intuition says that the signal’s frequencies will be drawn out as
the ISS recedes from our ground station and sets over the horizon. This is called the “Doppler
Effect” and it’s the familiar shift in pitch when an ambulance drives past us.
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Now, we could cut to the chase
and google “ISS downlink
doppler shift” to get articles
and YouTube videos telling us
to compensate for the doppler
effect by putting in +/- 10 KHz
for downlink and +/- 3 KHz for
uplink. But where do these
numbers come from?

Also, the ISS is moving fast! It
approaches us, flies over us,

and disappears all in about 11 minutes. Will its high speed affect the amount of Doppler?

Let’s grab a cup of coffee and look at the physics more rigorously. Doing the math will tell us
how much of a Doppler correction we’ll need to apply to our frequencies for Sat Comms.
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As is often the case with physics problems, we sketch out a “Free Body Diagram” of the
problem. Our drawing shows the ISS approaching from the left and setting on the right.
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Ok, we know what the waveform being radiated by a stationary transmitter looks like. From
peak to peak it will have traveled x = cAt. Where c is the speed of light and At is a time
interval.

cAt

When the transmitter travels towards us at a constant velocity, the spacing between peaks will
be compressed. From peak to peak it will have travelled as before plus a distance d = vAt.
Where v is the approach velocity of the transmitter, here the ISS.
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Expressing this mathematically, we have:

cAt = cAty + VAt

If we move the At’s to the right-hand side of the equation and group terms, we get,
cAt; = (c —v)At

Dividing by ¢ and simplifying,

Aty = (1 _9 At

This is the period of the wave so we invert both sides of the equation and get the frequencies v and
v;. This is the frequency correction due to the doppler effect.

In our problem we have two extreme cases, one when the ISS is approaching our ground station
and the other one when the ISS is receding away from our ground station. Let’s look at each case.

Case 1.- Acquisition of Signal (AOS

0
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We consider the component along the direction of motion, which brings in a factor of cos(8),
1
Vi = Vv
1 ( V COS 9)
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and with v = v cos(8) = vcos(0) = v(1), the approach velocity of the ISS will be equal to v, so our
formula for the Doppler shift in the AOS case is,
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Plugging in some numbers,

v=7.6Km/secor 7.6 x 103 m/sec

¢ =3.0x108m/sec

= . = (1.0000253
vl_(1_7.6x103)v_( | v

3.0x 108

So for the ISS downlink frequency of 437,800 KHz, the Doppler shifted frequency we’ll see in our
ground based transceiver will be,

vy = (10000253) » (457,800

This is the "+10 KHz increase in our downlink frequency!

Case 2.- Loss of Signal (LOS)
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However, the component along the direction of motion, and its factor cos(8), bring in a change of
sign in the LOS case,
1

(1 _ vcrgse)

V1= v

Why? Because v = v cos(8) = vcos(180) = v(—1), making the receding velocity of the ISS equal to
-v, so our formula for the Doppler shift in the LOS case is,
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Plugging in some numbers,

v=7.6Km/secor 7.6 x 103 m/sec
¢ =3.0x108m/sec

1

7.6 x 103
(1 t30x 108)

v, = v = (0.9999747)v

So for the ISS downlink frequency of 437,800 KHz, the Doppler shifted frequency we’ll see in our
ground based transceiver will be,

v, = (0.9999747)  (437,800) =(437,788.9 KHz

This is the "-10 KHz reduction in our downlink frequency!

By a similar calculation, the magnitude of the shift is +/- 3KHz on an uplink frequency of 145,990
KHz.
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