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Le spectre électromagnétique

Auteur: C. Pham, Université de Pau et des Pays de l’Adour (UPPA)

Les bandes ISM
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Agence nationale des fréquences (www.afnr.fr)

⊙ Bandes de fréquences : attribuées aux différents services de 
radiocommunication par le Règlement des radiocommunications de 
l'Union internationale des télécommunications, élaboré par les 
conférences mondiales des radiocommunications. 

⊙ En France, les bandes ainsi attribuées sont réparties entre 9 
affectataires (7 administrations et 2 autorités indépendantes) 
⊙ AC Administration de l’aviation civile
⊙ DEF Ministère de la défense
⊙ ESP Espace
⊙ INT Ministère de l’intérieur
⊙ MTO Administration de la météorologie
⊙ PNM Administration des ports et de la navigation maritime 

(ex phares et balises)
⊙ RST Ministère de l’éducation nationale, de la recherche et 

de la technologie
⊙ CSA Conseil supérieur de l'audiovisuel
⊙ ART Autorité de régulation des Télécommunications

INFO
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INFO
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Wireless networks: WiFi
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Wireless networks: 2G/3G/4G/5G/6G/…
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Wireless networks: Bluetooth
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Wireless networks: Satellites

Iridium, 66 satellites
Initially 77
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Wireless networks: Laser/Optical
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Wireless networks: Visible Light
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Visible Light Communications, con't

⊙ High throughput is "easy"

⊙ Bi-directionality is still an issue

⊙ VR is a perfect application for VLC
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Wireless radio transmission basics

datal modulation
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Antenna types

Directional antenna

Omni-directional antennas
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PCB, patch, ceramic,…

14
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Antennas in a smartphones!

15
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Testing antennas

⊙ Source: F. Ferrero,
University of Nice
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Antenna gain (1)

RF Essentials from Digi
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Antenna gain (2)

⊙ Antenna gain and its effective surface

⊙ with
§ G = gain
§ Ae= effective surface
§ f = signal frequency
§ c = light speed in space 3.108 m/s
§ λ= wave length of the signal=c/f

22
44
c
fAAG ee π

=
λ

π
=
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1st challenge: signal attenuation

BS

??
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Attenuation limits the range!

⊙ Attenuation depends mainly on distance

⊙ with :
§ Pe = transmitted power 
§ Pr = received power 
§ d = distance between antennas
§ α from 2 to 4

α−= dPP er
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Attenuation in practice

⊙ For an ideal antenna (theoretic)

§ Pe = transmitted power 
§ Pr = received power 
§ Pe / Pr is high when Pr is small → high attenuation
§ d = distance between antennas
§ c = light speed in space 3.108 m/s
§ λ= wave length of the signal=c/f
§ Higher frequencies f means higher attenuation!

( ) ( )
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Attenuation, values in watts

BS

⊙ Free Space Path Loss model

( ) ( )
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25mW

??
0.0025mW

x10,000 smaller!

𝑃! =
"! #"

(% & ' ()" → 𝑃! =
*.*,-×/********"

(0,.-1×𝟐.𝟒 ×𝟏𝟎𝟗 67 ×𝟏(8))"~0.0025𝑚𝑊 at 1m
(0.0000025W)

0.00062mW
x39,810 smaller!

0.0000099526mW
x2,511,886 smaller!
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Attenuation in decibel (dB)

⊙ Decibel uses logarithmic scale as attenuation values can be very 
large

⊙ Attenuation in dB: 10log10(Pe/Pr), Pe and Pr in watts
⊙ So Pe/Pr =10dB/10

⊙ Difference of 3dB»half (divided by 2) as Pe/Pr =103/10=100.3=1.99526…
⊙ ÆGain = 10log10(Pr/Pe)
⊙ We can add various sections with attenuation or gain

a=16dB g=20dB a=10dB400mW ??

-16dB + 20dB - 10dB = -6dB, so it is an attenuation
Pe/Pr =106/10=100.6=3.98 Æ Pr = Pe/3.98 » 100mW
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dB, dBm, …

24RF Essentials from Digi
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dBm to mW conversion

25RF Essentials from Digi

P(dBm)=10.log10(P(mW)/1mW)

𝑃 𝑚𝑊 = 10
!(#$%)

'(

Ex:

𝑃 𝑚𝑊 = 10
')#$%
'( = 10'.) = 25.118𝑚𝑊
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Attenuation, using dBm & dB

⊙ Free Space Path Loss model

⊙ Decibel: using log operator simplifies equation

( ) ( ) dB,dlogflogL
c
fdlogdlog

P
PlogL

)dB(

r

e
)dB(

561472020

42042010

−+=

"
#

$
%
&

' π
="

#

$
%
&

'
λ

π
=""

#

$
%%
&

'
=

( ) ( )
2

2

2

2 44
c
fdd

P
P

r

e π
=

λ

π
=

Additional advantage of log scale: very large and 
very small values can be plotted on the same graph

14dBm ~ 25mW

0.0025mW
0.0005mW

L(dB)= 20log(2.4GHz)
+ 20log(1m)
-147,56
= 40dB
→ Pr = Pe/10000 !

10
+,-#$%

'(

= 10+,.-
= 0.0025118𝑚𝑊

10
+.,#$%

'(

= 10+..,
= 0.00063𝑚𝑊
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Impact of signal frequency

⊙ Free Space Path Loss model

L(dB) =10 log
Pt
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L(dB) = 20 log f( )+ 20 log d( )−147,55 dB
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Link budget in wireless system

Adapted from Peter R. Egli, INDIGOO.COM

Receiver sensitivity is a measure 
of how well the receiver 
performs and is defined as the 
power of the weakest signal the 
receiver can detect 
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14dBm EIRP ~ 25mW

-26dBm ~ 0.0025mW

-40dB

-50dBm ?
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Shadow fading & Multi-path fading

⊙ Things are getting 
even worse!

⊙ Shadow fading by 
obstacles

⊙ Multi-path fading
⊙…
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Frequency re-use

Channel
15

Channel
6

Channel
15

SNmin = 9 dB
S/N=109/10=7.94

Author: F. Dupond
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2nd challenge: energy-range dilemma
Low-power & long-range radios

Energy

Energy-Range
dilemma

Long-range: 5-30kms
Low-power: 15-40mA

Very low throughput!

5G?
NB-IoT


