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Radio

Goal: Overcome Radio Frequency
Constraints

1. Understand properties of RF to
compare what radio is the “best”

TI-CC1101 Transceiver

Optimal radio
comm distance

[

2. Test/modify radio to communicate at
optimal distance

N

SI-4464x Transceiver
Radio

Minimize the
use of power

Maximize the
bit rate as
much as
possible

Higher
Signal/Lower
Noise Ratio

Phase one: How to Determine the “Best”

Radio

Communication Protocols:

(UART)

Universal Asynchronous
Receiver/Transmitter

/Serial Peripheral

\ Interface (SPI)
/

(1’C)

Inter-Integrated Circuit

TI-CC1101
Transceiver Radio

SI-4464x Transceiver
Radio

—)

Distance
(Independent)

()

Power usage
(dependent)

Data transmission
rate (dependent)
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Phase two: Configure the radio’s distance
based on its bandwidth

Proportionality b/w bit rate and power to increase distance

Generating a higher signal to lower noise ratio

Friis’s free-space propagation:

°As signal is traveling from receiver to

lost over time.

transmitter, energy from that signal is being

Amplitude
modulation

Frequency

modulation ©rrorreeeE e Y

S _ ps (energy of signal)

*Measuring in dB:

S Ps
Iv(dB) = 1010gP—N

N~ Py(energy of noise)

*There is an inverse relationship b/w wanted and interfering
signal; signal can be controlled, noise not so much.

Theoretical radio range calc. shows that Si446x can
communicate farther than CC1101

Signal attenuation during wave
transmission (CC1101)
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----- Ided Sensitivity level

Signal attenuation during wave
transmission (Si446x)

100 200 300 400 500 600 700

Power fed -50

into 70 At ~415 m. signal

receiver g t m. sgna gets .

(dBm) More susceptible to noise
-110
130 tteteeseessssescesesessesueseeenennns
-150 ) -~

Distance from transmitting computer (m)
———Friswavetravel = eccee Actual Sensitivity level

----- Ided Sensitivity level

Type of noise that is
physically

Impossible to bypass:

-Thermal noise-

Limit at which
electrons in radio
become agitated,
causing those
Charges to interfere
with signal
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Minimizing the effects of noise to transmit as
much wanted signal as possible

Bits transmitted
per second
(bits/s)
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——transmission channel

bit transfer rate during radio transmission (Si446x)

More likely
to get
wanted
signal

/'

The likelihood of
getting noise
starts to increase

- —

0 -10 -30 -50 -70 -90 -110 -130 -150

Power loss during transmission (dBm)

= Actual Sensitivity level

Calculated with radio
transmitted through
F.M.

Frequency Modulation
is more resilient to
noise compared to
amplitude modulation,
so in free space, it can
communicate at longer
distances.

Testing slightly different
variants of FM.

Current stage: testing CC1101 Radio to
communicate with SPI

Learned how to program 12C
Protocol...

Now learning how to communicate with SPI

5/1/19



5/1/19

Three-step process toward radio
communication development

PHYSICS PROGRAMMING TESTING
. Learned how to program ‘ Analyzed the limitations of
learned the the_orv of Radio ‘ communication protocols and radio communication;
wave propaga'gon and the figuring adv. and disadv. of IC, balancing out high comm.
AU SPI, and UART Distance with little power use

Long-Term Goals: Communication using
lasers

Transmitter projects the e A receiver at the other end of the
carefully aimed light pulses link collects the light using lenses
into the air and/or mirrors

Reverse direction data

transported the same way.
:l; + Full duplex _'I:
vi‘;. ,\?

0 Network traffic Signal motion: Pulse position modulation
converted into | | | | I I | | | | | | e Received signal '
pulses of PPM converted back into
invisible light information is coded in time between fiber or copper and
representing 1’s pulses; amplitude and width of each bit is connected to the
and 0’s the same network
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