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1. Communication Systems
 Block Diagram of a Communication System
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1. Communication Systems
 Block Diagram of a Digital Communications Transmitter
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1. Communication Systems
 Block Diagram of a Digital Communications Receiver
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1. Communication Systems
 Block Diagram of a Software-Defined Radio

Source: inst.eecs.Berkeley.edu/~ee15a/sp15/Labs/wireless/
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1. Communication Systems
 Another Block Diagram of a Software-Defined Radio

Source: cblelectronics.com 
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2. Friis Transmission Equation
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2. Friis Transmission Equation
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2. Friis Transmission Equation

 Power Density at Receiving Antenna Aperture

 EIRP (Effective Isotropically Radiated Power)
EIRP = Pt Gt (W)
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2. Friis Transmission Equation
 Received Power

- Gt in natural unit (not in dB)

Gt (dB) = 10log10 Gt
Gt = 10Gt (dB)/10

 Antenna Effective Aperture
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2. Friis Transmission Equation
 Free-Space Loss

- Low frequency better? Yes, in some cases.

- But antenna will be larger at low frequencies.

 Power in dBm

P (dBm) = 10log10[P (W)/0.001 (W)]

1 mW = 0 dBm

10 mW = 10 dBm

1 μW = −30 dB
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2. Friis Transmission Equation
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2. Friis Transmission Equation
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3. Receiver Noise
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3. Receiver Noise

23

10 10

:Thermal (or White)noise power at receiver

1.38 10 J/K : Boltzmann constant

: receiver noise temperature (K)

: receiver bandwidth (Hz)

(W) (W) (dBm) 10log 10log
0.001(W) 1 mW

s

s

N kT B

k

T

B

N NN





 

 



16

4. Link Budget



17

4. Link Budget
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4. Link Budget
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4. Link Budget
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4. Link Budget
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4. Link Budget
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5. Coding Problems

1. Write a Python coded for the following problem. 
Friis formula: EIRP, power density at receiver, receiving antenna effective aperture, 

received power
(Input)
f: frequency (Hz)
pt: tx power (dBm)
gt: tx antenna gain (dB)
gr: rx antenna gain (dB)
r: tx-rx distance (m)

(Output)
eirp: effective isotropically radiated power (W)
pd: power density at receiver (W/m2)
fsL: free-space loss (dB)
ae: receiving antenna effective aperture (m2)
pr: received power (W)
prdbm: received power in dBm
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5. Coding Problems

2. Write a Python code for the following problem. 
Link budget calculation
(Input)
pt: tx power (dBm)
gt: tx antenna gain (dB)
txL: tx side loss (dB)
gr: rx antenna gain (dB)
r: tx-rx distance (m)
rxL: rx side loss (dB)
ts: receiver noist temperature (K)
b: receiver bandwidth (Hz)
f: frequency (Hz)

(Output)
eirp: effective isotropically radiated power (dBm) with Tx-side loss included
pd: power density at receiver (dBm/m2)
ae: receiving antenna effective aperture (m2)
pr: received power (dBm) before the inclusion of Rx-side loss
sr: received signal power (dBm) after the inclusion of Rx-side loss
n: receiver noise power (dBm)
cnr: carrier-to-noise power ratio (dB)



24


