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CubeSat Overview

• What is CubeSat?
• 1U, 2U, 4U, 6U, 6UW
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CubeSat Standardization History
• Some standards are available:
• CubeSat Design Specification rev.13 (2014/2/20)

• 6U CubeSat Design Specification rev. 1.0 (2018/6/7)
• California Polytechnic State University (https://www.cubesat.org/)

• CubeSat Subsystem Interface Definition version 1.0
• UNISEC Europe (2017/8/24)

http://unisec-europe.eu/wordpress/wp-content/uploads/CubeSat-
Subsystem-Interface-Standard-V2.0.pdf

• ISO Space systems – Cube satellites (CubeSats) (2017/6) 
(https://www.iso.org/standard/60496.html )

• JEM* Payload Accommodation Handbook Vol.8 D
(https://humans-in-space.jaxa.jp/kibouser/library/item/jx-espc_8d-
d1_en.pdf )
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Example: 1U CubeSat
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Case Study: 1U CubeSat
• Best platform to learn essential engineering skills and technologies for 

satellite development and operation.
• An 1U CubeSat is the simplest implementation; Larger formats can be 

selected depending on the the technology level and mission requirements.
• Small CubeSats mainly focuse on life-sustaining functionalities
• Larger CubeSats are for missions with larger (or various) sensors, attitude control, high-

throughput data transfers
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CubeSat Components

• More CubeSat components are commercially available

AAC Clyde Space
https://www.satcatalog.com/
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Satellite Subsystem Block Diagram
• Satellite components can be generally categorized into subsystems according to their functionalities. 

• Each interface needs to be specified, controlled, integrated, and tested for the system integration.
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Satellite Commanding and Status Monitoring
• The C&DH subsystem conducts command processing, on-board data handling, and autonomous functions.

Command Processing:
• Command decoding and validation
• Command processing and distribution

• Command data packet
• Discrete pulses

• Decryption

Data Handling:
• Housekeeping (HK) data collection
• HK data processing and formatting
• Mission data (payload) acquisition and 

formatting
• Downlink data formatting and coding 
• Encryption

Autonomous Functions:
• Contingency situation detection

(e.g., UVC: Under voltage control)
• Transition to safe mode 

(Automatic power-off of component)
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CubeSat Subsystems
• Typical subcomponents for a satellite system
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CubeSat Subsystems

• Electric Power System (EPS) / Power Control System
• Command and Data Handling (C&DH)
• Attitude Determination and Control System (ADCS)
• Communication Modules
• Thermal Control
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Electric Power System (EPS)/Power Control Systems
• Power control systems manage  (1)power generation by solar panels;  (2) storage into 

secondary batteries; (3) distribution to the satellite components
• Power control systems shall be highly reliable, as compared to other on-board components.
• The size of solar cells and capacity of the battery shall be determined based on the power 

consumption requirements of the satellite mission.
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Communication System: Transmitter/Receiver
• As the satellite operates remotely in space, information exchange through communication is top priority.

• The communication throughput, especially for the down-link, determines/limits the entire performance of the 
satellite system itself.

• For high-speed communication, higher electrical power is required, and the temperature of the transmitter 
increases. (Typically, a ground contact lasts about 10 minutes or less.)

• Rx shall be ideally powered always,  not to miss any commands sent from the ground station.  
• Tx can be turned on and off according to the ground contact schedule.

• The amount of mission data down-link can be increased by using more than one ground station if available.
• Consider Collaborative/Crowd-sourcing satellite operation

CubeSat S-band RF Transmitter and Receiver, X-band Transmitter, and inside of the X-band Transmitter (from left to right) © Addnics corp.
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Communication System: Antenna
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Satellite RF  Frequency Band

14



THIS CHART WAS CREATED 
BY 
DELMON C. MORRISON
JUNE 1, 2011

UNITED
STATES

THE RADIO SPECTRUM

NON-FEDERAL EXCLUSIVE

FEDERAL/NON-FEDERAL SHAREDFEDERAL EXCLUSIVE

RADIO SERVICES COLOR LEGEND

ACTIVITY CODE

PLEASE NOTE: THE SPACING ALLOTTED THE SERVICES IN THE SPECTRUM 
SEGMENTS SHOWN IS NOT PROPORTIONAL TO THE ACTUAL AMOUNT OF 
SPECTRUM OCCUPIED.

ALLOCATION USAGE DESIGNATION
SERVICE EXAMPLE DESCRIPTION

Primary FIXED Capital Letters
Secondary Mobile 1st Capital with lower case letters

U.S. DEPARTMENT OF COMMERCE
National Telecommunications and Information Administration
Office of Spectrum Management

JANUARY 2016

  * EXCEPT AERONAUTICAL MOBILE (R)

** EXCEPT AERONAUTICAL MOBILE

ALLOCATIONS
FREQUENCY

ST
AN

DA
RD

 F
RE

QU
EN

CY
 A

ND
 T

IM
E 

SI
GN

AL
 (2

0 k
Hz

)

FIXED

MARITIME MOBILE

Radiolocation

FIXED

MARITIME
MOBILE

FIXED

MARITIME
MOBILE

MARITIME
MOBILE

FIXED AE
R

O
N

AU
TI

C
AL

 
R

AD
IO

N
AV

IG
AT

IO
N Aeronautical

Mobile

AERONAUTICAL
RADIONAVIGATION

Ma
riti

me
Ra

dio
na

vig
ati

on
(ra

dio
be

ac
on

s)
Ae

ro
na

uti
ca

l 
Mo

bil
e

AE
RO

NA
UT

IC
AL

 
RA

DI
ON

AV
IG

AT
IO

N

Ae
ro

na
uti

ca
l R

ad
ion

av
iga

tio
n

(ra
dio

be
ac

on
s)

NOT ALLOCATED RADIONAVIGATION

MARITIME MOBILE

FIXED

Fixed

FIXED

MARITIME MOBILE

0 kHz

MA
RI

TI
ME

 R
AD

IO
NA

VI
GA

TI
ON

(ra
dio

be
ac

on
s)

0  9 14 19
.9

5

20
.0

5

59 61 70 90 11
0

13
0

16
0

19
0

20
0

27
5

28
5

30
0

Radiolocation

300 kHz

FIXED

MARITIME 
MOBILE

ST
AN

DA
RD

 F
RE

QU
EN

CY
 A

ND
 T

IM
E 

SI
GN

AL
 (6

0 k
Hz

)

 Aeronautical
Radionavigation
(radiobeacons)

MARITIME
RADIONAVIGATION

(radiobeacons)

Ae
ro

na
ut

ica
l 

M
ob

ile
M

ar
itim

e
Ra

dio
na

vig
at

ion
(ra

dio
be

ac
on

s)  Aeronautical
Mobile

Ae
ro

na
ut

ica
l M

ob
ile

RA
DI

ON
AV

IG
AT

IO
N

 A
ER

ON
AU

TI
CA

L
RA

DI
ON

AV
IG

AT
IO

N
M

AR
IT

IM
E

M
OB

IL
E

Aeronautical
Radionavigation

M
AR

IT
IM

E 
M

OB
IL

E

M
OB

IL
E

BROADCASTING
(AM RADIO)

M
AR

IT
IM

E 
M

OB
IL

E
(te

lep
ho

ny
) MOBILE

FIXED ST
AN

DA
RD

 F
RE

Q.
 A

ND
 T

IM
E 

SI
GN

AL
 (2

50
0k

Hz
)

FIXED

AE
RO

NA
UT

IC
AL

M
OB

IL
E 

(R
)

RADIO-
LOCATION

FIXED

MOBILE

AM
AT

EU
R

RA
DI

OL
OC

AT
IO

N

M
OB

IL
E

FI
XE

D
M

AR
IT

IM
E

M
OB

IL
E

M
AR

IT
IM

E 
M

OB
IL

E 

FIX
ED

M
OB

IL
E

BR
OA

DC
AS

TI
NG

 A
ER

ON
AU

TI
CA

L
RA

DI
ON

AV
IG

AT
IO

N
(ra

dio
be

ac
on

s)

M
OB

IL
E 

(d
ist

re
ss

 a
nd

 ca
llin

g)

M
AR

IT
IM

E 
M

OB
IL

E
(s

hip
s o

nly
)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

(ra
dio

be
ac

on
s)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

(ra
dio

be
ac

on
s)

M
AR

IT
IM

E 
M

OB
IL

E
(te

lep
ho

ny
)

MOBILE
except aeronautical mobile

MO
BI

LE
ex

ce
pt 

ae
ron

au
tic

al 
mo

bil
e

MOBILE

M
OB

IL
E

M
AR

IT
IM

E 
M

OB
IL

E

M
OB

IL
E 

(d
ist

re
ss

 a
nd

 ca
llin

g)

M
AR

IT
IM

E 
M

OB
IL

E

MOBILE
except aeronautical mobile

BROADCASTING

 AERONAUTICAL
RADIONAVIGATION

(radiobeacons)

Non-Federal Travelers Information Stations (TIS), a mobile service, are authorized in the 535-1705 kHz band.  Federal TIS operates at 1610 kHz.
300 kHz 3 MHz

Maritime
Mobile

3MHz 30 MHz

AE
RO

NA
UT

IC
AL

MO
BI

LE
 (O

R)

FI
XE

D
M

OB
IL

E
ex

ce
pt

 a
er

on
au

tic
al 

m
ob

ile
 (R

)

FIXED

MOBILE
except aeronautical 

mobile

AE
RO

NA
UT

IC
AL

MO
BI

LE
 (R

)

AMATEUR M
AR

IT
IM

E 
M

OB
IL

E
FI

XE
D

MARITIME
MOBILE

FI
XE

D
M

OB
IL

E
ex

ce
pt

 a
er

on
au

tic
al 

m
ob

ile
 (R

)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (R

)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R)

M
OB

IL
E

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

 (R
)

FI
XE

D

ST
AN

DA
RD

 F
RE

QU
EN

CY
 A

ND
 TI

ME
 S

IG
NA

L (
5 M

Hz
)

FI
XE

D
M

OB
IL

E

FI
XE

D

FIXED

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R) FI
XE

D
M

OB
IL

E
ex

ce
pt

 a
er

on
au

tic
al 

m
ob

ile
 (R

)

M
AR

IT
IM

E 
M

OB
IL

E

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R) FI
XE

D

AM
AT

EU
R 

SA
TE

LL
IT

E
AM

AT
EU

R

AM
AT

EU
R

B
R

O
A

D
C

A
S

TI
N

G

FIXED

MOBILE
except aeronautical 

mobile (R)

M
AR

IT
IM

E 
M

OB
IL

E
FI

X
E

D

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R)

FI
XE

D

B
R

O
A

D
C

A
S

TI
N

G

FI
XE

D
ST

AN
DA

RD
 F

RE
QU

EN
CY

 A
ND

 TI
ME

 S
IG

NA
L (

10
 M

Hz
)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (R

)
AM

AT
EU

R

FIXED

Mobile
except

aeronautical mobile 
(R)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R)

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

FI
XE

D

BR
OA

DC
AS

TI
NG

FI
XE

D

M
AR

IT
IM

E
M

OB
IL

E

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R)

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

RA
DI

O 
AS

TR
ON

OM
Y

   
   

   
 F

IX
E

D
M

ob
ile

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

 (R
)

BR
OA

DC
AS

TI
NG

   
   

   
 F

IX
E

D
M

ob
ile

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

 (R
)

AM
AT

EU
R

M
ob

ile
ex

ce
pt

 a
er

on
au

tic
al 

m
ob

ile
 (R

)
   

   
   

 F
IX

E
D

ST
AN

DA
RD

 F
RE

QU
EN

CY
 A

ND
 TI

ME
 S

IG
NA

L (
15

 M
Hz

)
AE

RO
NA

UT
IC

AL
 M

OB
IL

E 
(O

R)

BR
OA

DC
AS

TI
NG

M
AR

IT
IM

E
M

OB
IL

E

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (O

R)
   

   
   

 F
IX

E
DAM

AT
EU

R 
SA

TE
LL

IT
E

AM
AT

EU
R 

SA
TE

LL
IT

E
   

   
   

 F
IX

E
D

3.0
 

                       3.0
25

 
                       3.1

55
 

                    3.2
3 

                             3.4
 

                            3.5
 

                                                                                                             4.0
 

             4.0
63

 
                                                                                      4.4

38
 

                                    4.6
5 

              4.7
 

                4.7
5 

                    4.8
5 

                             4.9
95

 
           5.0

05
 

              5.0
6 

                                                      5.4
5 

                                    5.6
8 

               5.7
3 

                    5.5
9 

                                          6.2
 

                                                    6.5
25

 
                        6.6

85
 

              6.7
65

 
                                  7.0

 
                7.1

 
                                               7.3

 
             7.4

 
                                                          8.1

 
              8.1

95
 

                                  8.8
15

 
               8.9

65
 

          9.0
4 

               9.4
 

                                           9.9
 

           9.9
95

 
         10

.00
5 

          10
.1 

          10
.15

 
                                                11

.17
5 

                   11
.27

5 
                   11

.4 
            11

.6 
                   12

.1 
                    12

.23
 

                                            13
.2 

          13
.26

 
               13

.36
 

          13
.41

 
                   13

.57
 

               13
.87

 
                          14

.0 
                14

.25
 

               14
.35

 
                   14

.99
 

          15
.01

 
            15

.1 
                                       15

.8 
                                    16

.36
 

                                  17
.41

 
           17

.48
 

               17
.9 

             17
.97

 
          18

.03
 

          18
.06

8 
                18

.16
8 

           18
.78

 
        18

.9 
         19

.02
 

           19
.68

 
         19

.8 
           19

.99
 

          20
.01

 
           21

.0 
               21

.45
 

          21
.85

 
             21

.92
4 

           22
.0 

          22
.85

5 
            23

.0 
               23

.2 
             23

.35
 

               24
.89

 
               24

.99
 

           25
.01

 
          25

.07
 

          25
.21

 
          25

.33
 

             25
.55

 
          25

.67
 

          26
.1 

         26
.17

5 
         26

.48
 

                26
.95

 
            26

.96
 

               27
.23

 
                27

.41
 

               27
.54

 
          28

.0 
                29

.7 
          29

.8 
             29

.89
 

          29
.91

 
                  30

.0

BR
OA

DC
AS

TI
NG

M
AR

IT
IM

E 
M

OB
IL

E

BR
OA

DC
AS

TI
NG

   
   

   
 F

IX
E

D

   
   

   
 F

IX
E

D

M
AR

IT
IM

E 
M

OB
IL

E

   
   

   
 F

IX
E

D

ST
AN

DA
RD

 F
RE

QU
EN

CY
 A

ND
 TI

ME
 S

IG
NA

L (
20

 M
Hz

)
M

ob
ile

M
ob

ile

   
   

   
 F

IX
E

D

BR
OA

DC
AS

TI
NG

   
   

   
 F

IX
E

D

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(R
)

M
AR

IT
IM

E 
M

OB
IL

E

AM
AT

EU
R 

SA
TE

LL
IT

E
AM

AT
EU

R

   
   

   
 F

IX
E

D

M
ob

ile
ex

ce
pt

 a
er

on
au

tic
al 

m
ob

ile
 (R

)
   

   
   

 F
IX

E
D

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

(O
R)

M
OB

IL
E

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

   
   

   
 F

IX
E

D

AM
AT

EU
R 

SA
TE

LL
IT

E
AM

AT
EU

R
ST

AN
DA

RD
 F

RE
Q.

 A
ND

 TI
ME

 S
IG

NA
L (

25
 M

Hz
)

 L
AN

D 
M

OB
IL

E
M

AR
IT

IM
E 

M
OB

IL
E

 L
AN

D 
M

OB
IL

E

   
   

   
 F

IX
E

D
M

OB
IL

E 
exc

ep
t a

ero
na

utic
al m

ob
ile

RA
DI

O 
AS

TR
ON

OM
Y

BR
OA

DC
AS

TI
NG

M
AR

IT
IM

E 
M

OB
IL

E

 L
AN

D 
M

OB
IL

E

M
OB

IL
E

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

M
OB

IL
E 

exc
ep

t a
ero

na
utic

al m
ob

ile
   

   
   

 F
IX

E
D

 L
AN

D 
M

OB
IL

E

   
   

   
 F

IX
E

D
M

OB
IL

E
ex

ce
pt

 a
er

on
au

tic
al 

m
ob

ile

   
   

   
 F

IX
E

D

   
   

   
 F

IX
E

D

 M
OB

IL
E

   
   

   
 F

IX
E

D

AM
AT

EU
R 

SA
TE

LL
IT

E
AM

AT
EU

R

 L
AN

D 
M

OB
IL

E
   

   
   

 F
IX

E
D

   
   

   
 F

IX
E

D
 M

OB
IL

E

   
   

   
 F

IX
E

D

AM
AT

EU
R

M
OB

IL
E

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

 (R
)

AM
AT

EU
R

   
   

   
 F

IX
E

DBR
OA

DC
AS

TI
NG

M
AR

IT
IM

E 
M

OB
IL

E

MOBILE
except aeronautical 

mobile

30
0 

                                                                       32
5 

                           33
5 

                                                                                                                                                                               40
5 

              41
5 

                                            43
5 

                                                                                                                      49
5 

                   50
5 

            51
0 

                                          52
5 

                            53
5 

                                                                                                               16
05

 
            16

15
 

                                                                                            17
05

 
                                                 18

00
 

                                                  19
00

 
                                               20

00
 

                             20
65

 
               21

07
 

                       21
70

 
                             21

73
.5 

                   21
90

.5 
                                         21

94
 

                                                                                       24
95

 
                                       25

05
 

                                                                                         28
50

 
                                 30

00
 

 

30 MHz 300 MHz

FI
XE

D
M

OB
IL

E

LA
ND

 M
OB

IL
E

M
OB

IL
E

M
OB

IL
E

M
OB

IL
E

LA
ND

 M
OB

IL
E

LA
ND

 M
OB

IL
E

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

LA
ND

 M
OB

IL
E LA

ND
 M

OB
IL

E
Ra

dio
 a

str
on

om
y

FI
XE

D
M

OB
IL

E
FI

XE
D

M
OB

IL
E

LA
ND

 M
OB

IL
E

M
OB

IL
E

FI
XE

D

FI
XE

D
LA

ND
 M

OB
IL

E

LA
ND

 M
OB

IL
E

FI
XE

D
M

OB
IL

E

LA
ND

 M
OB

IL
E

FI
XE

D
M

OB
IL

E

AMATEUR BROADCASTING
(TELEVISION )

FI
XE

D
M

OB
IL

E

RA
DIO

 AS
TRO

NO
MY M

OB
IL

E
FI

XE
D

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

M
OB

IL
E

M
OB

IL
E

FI
XE

D
FI

XE
D

BROADCASTING
(TELEVISION)

BROADCASTING
(FM RADIO)

AERONAUTICAL
RADIONAVIGATION

AE
RO

NA
UT

IC
AL

M
OB

IL
E 

(R
)

AE
RO

NA
UT

IC
AL

M
OB

IL
E 

(R
)

AER
ON

AU
TIC

AL 
MO

BIL
E

AER
ON

AU
TIC

AL 
MO

BIL
E

AER
ON

AU
TIC

AL 
MO

BIL
E (R

)
AER

ON
AU

TIC
AL 

MO
BIL

E (R
)

MO
BIL

E-S
AT

EL
LIT

E
(sp

ac
e-t

o-E
art

h)

MO
BIL

E-S
AT

EL
LIT

E
(sp

ac
e-t

o-E
art

h)

Mo
bile

-sa
tel

lite
(sp

ac
e-t

o-E
art

h)

Mo
bile

-sa
tel

lite
(sp

ac
e-t

o-E
art

h)

SP
AC

E R
ES

EA
RC

H
(sp

ac
e-t

o-E
art

h)
SP

AC
E R

ES
EA

RC
H

(sp
ac

e-t
o-E

art
h)

SP
AC

E R
ES

EA
RC

H
(sp

ac
e-t

o-E
art

h)
SP

AC
E R

ES
EA

RC
H

(sp
ac

e-t
o-E

art
h)

SP
AC

E O
PE

RA
TIO

N
(sp

ac
e-t

o-E
art

h)
SP

AC
E O

PE
RA

TIO
N

(sp
ac

e-t
o-E

art
h)

SP
AC

E O
PE

RA
TIO

N
(sp

ac
e-t

o-E
art

h)
SP

AC
E O

PE
RA

TIO
N

(sp
ac

e-t
o-E

art
h)

ME
T. 

SA
TE

LL
ITE

(sp
ac

e-t
o-E

art
h)

ME
T. 

SA
TE

LL
ITE

(sp
ac

e-t
o-E

art
h)

ME
T. 

SA
TE

LL
ITE

(sp
ac

e-t
o-E

art
h)

ME
T. 

SA
TE

LL
ITE

(sp
ac

e-t
o-E

art
h)

FI
XE

D
M

OB
IL

E
AM

AT
EU

R-
 S

AT
EL

LIT
E

AM
AT

EU
R

AM
AT

EU
R

FI
XE

D
M

OB
IL

E

MO
BIL

E-S
AT

EL
LIT

E
(Ea

rth
-to

-sp
ac

e)

FI
XE

D
M

OB
IL

E
FI

XE
D

 LA
ND

 M
OB

ILE

FI
XE

D
 LA

ND
 M

OB
ILE

R
A

D
IO

N
AV

IG
AT

IO
N

-
S

AT
E

LL
IT

E

 M
AR

ITI
ME

 M
OB

ILE

 M
AR

ITI
ME

 M
OB

ILE
 M

AR
ITI

ME
 M

OB
ILE

M
OB

IL
E 

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

FI
XE

D
 LA

ND
 M

OB
ILE

 M
AR

ITI
ME

 M
OB

ILE

M
OB

IL
E 

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

 M
AR

ITI
ME

 M
OB

ILE
 (A

IS
)

M
OB

IL
E 

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

FI
XE

D

FI
XE

D
La

nd
 m

ob
ile

FI
XE

D
M

OB
IL

E FI
XE

D
M

OB
IL

E 
ex

ce
pt

   
   

 
ae

ro
na

ut
ica

l m
ob

ile

M
ob

ile
FI

XE
D

M
OB

IL
E 

ex
ce

pt
 a

er
on

au
tic

al 
m

ob
ile

FIXED

MOBILE

LA
ND

 M
OB

IL
E

M
AR

IT
IM

E 
M

OB
IL

E 
(d

ist
re

ss
, u

rg
en

cy
, s

af
et

y a
nd

 ca
llin

g)

 M
AR

ITI
ME

 M
OB

ILE
 (A

IS
)

M
OB

IL
E

 e
xc

ep
t a

er
on

au
tic

al 
m

ob
ile

FI
XE

D

Am
ate

ur

AE
RO

NA
UT

IC
AL

M
OB

IL
E 

(R
)

MO
BIL

E-S
AT

EL
LIT

E
(Ea

rth
-to

-sp
ac

e)

BROADCASTING
(TELEVISION)

FI
XE

D
AM

AT
EU

R

Lan
d m

obil
e

Fi
xe

d

30
.0 

              30
.56

 
                                       32

.0 
                              33

.0 
                                        34

.0 
                             35

.0 
                                            36

.0 
                              37

.0 
           37

.5 
            38

.0 
            38

.25
 

             39
.0 

           40
.0 

                                              42
.0 

                                                    43
.69

 
                                               46

.6 
              47

.0 
                                                   49

.6 
          50

.0 
                                                                    54

.0 
                                       72

.0 
             73

.0 
                   74

.6 
            74

.8 
           75

.2 
            75

.4 
            76

.0 
                 88

.0 
                  10

8.0
 

                                                                                         11
7.9

75
 

                             12
1.9

37
5 

        12
3.0

87
5 

          12
3.5

87
5 

                                       12
8.8

12
5 

                      13
2.0

12
5 

               13
6.0

 
              13

7.0
 

                13
7.0

25
 

              13
7.1

75
 

               13
7.8

25
 

              13
8.0

 
                       14

4.0
 

        14
6.0

 
         14

8.0
 

               14
9.9

 
                   15

0.0
5 

            15
0.8

 
            15

2.8
55

 
            15

4.0
 

           15
6.2

47
5 

           15
6.7

62
5 

           15
6.8

37
5 

         15
7.0

37
5 

          15
7.1

87
5 

             15
7.4

5 
           16

1.5
75

 
           16

1.6
25

 
           16

1.7
75

 
            16

1.9
62

5 
           16

1.9
87

5 
            16

2.0
12

5 
            16

3.0
37

5 
                                   17

3.2
 

         17
3.4

 
              17

4.0
 

                  21
6.0

 
                        21

7.0
 

              21
9.0

 
                 22

0.0
 

            22
2.0

 
         22

5.0
 

                       30
0.0

 

FI
XE

D

Fi
xe

d
Lan

d m
obil

e

 LA
ND

 M
OB

ILE

 LA
ND

 M
OB

ILE

30
0.0

 
                            32

8.6
 

                  33
5.4

 
                      39

9.9
 

                 40
0.0

5 
                      40

0.1
5 

                40
1.0

 
                   40

2.0
 

                    40
3.0

 
              40

6.0
 

             40
6.1

 
                   41

0.0
 

                 42
0.0

 
                                    45

0.0
 

           45
4.0

 
          45

5.0
 

           45
6.0

 
           46

0.0
 

          46
2.5

37
5 

           46
2.7

37
5 

           46
7.5

37
5 

           46
7.7

37
5 

            47
0.0

 
                                              51

2.0
 

                                                                                                                                                                60
8.0

 
                 61

4.0
 

                                                                                                                    69
8.0

 
                           76

3.0
 

                          77
5.0

 
                          79

3.0
 

                          80
5.0

 
                          80

6.0
 

          80
9.0

 
           84

9.0
 

           85
1.0

 
         85

4.0
 

            89
4.0

 
           89

6.0
 

           90
1.0

 
            90

2.0
 

                92
8.0

 
            92

9.0
 

           93
0.0

 
           93

1.0
 

           93
2.0

 
            93

5.0
 

           94
0.0

 
           94

1.0
 

           94
4.0

 
            96

0.0
 

                                                                                                      11
64

.0 
                    12

15
.0 

                         12
40

.0 
                        13

00
.0 

                 13
50

.0 
            13

90
.0 

           13
92

.0 
          13

95
.0 

           14
00

.0 
             14

27
.0 

                     14
29

.5 
              14

30
.0 

             14
32

.0 
           14

35
.0 

           15
25

.0 
                   15

59
.0 

                   16
10

.0 
                  16

10
.6 

                  16
13

.8 
                 16

26
.5 

                 16
60

.0 
                 16

60
.5 

                  16
68

.4 
                  16

70
.0 

           16
75

.0 
                  16

95
.0 

                 17
10

.0 
              17

61
.0 

           17
80

.0 
             18

50
.0

  20
00

.0 
         20

20
.0 

              20
25

.0 
                                    21

10
.0 

               21
80

.0 
                 22

00
.0 

                                      22
90

.0 
                    23

00
.0 

             23
05

.0 
           23

10
.0 

          23
20

.0 
            23

45
.0 

           23
60

.0 
          23

90
.0 

           23
95

.0 
                        24

17
.0 

           24
50

.0 
             24

83
.5 

                 24
95

.0 
                  25

00
.0 

              26
55

.0 
                                   26

90
.0 

                                   27
00

.0 
                        29

00
.0 

                                                           30
00

.0 

300 MHz

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

FI
XE

D
M

OB
IL

E

 R
AD

IO
NA

VI
GA

TIO
N 

SA
TE

LL
ITE

MO
BI

LE
 S

AT
EL

LIT
E

(E
art

h-t
o-s

pa
ce

)

ST
AN

DA
RD

 F
RE

QU
EC

Y 
AN

D 
TI

ME
 S

IG
NA

L -
 S

AT
EL

LIT
E 

(4
00

.1 
MH

z)
ME

T. A
IDS

(Ra
dio

son
de

)
MO

BIL
E

SA
T  

(S-
E)

SP
AC

E R
ES

.
(S-

E)
Sp

ace
 Op

n.
 (S

-E)
ME

T. S
AT

.
(S-

E)

ME
T. A

IDS
(Ra

dio
son

de
)

SP
AC

E O
PN

.
 (S

-E)
ME

T-S
AT

.
 (E

-S)
EA

RT
H  

EX
PL

    
 

SA
T. (

E-S
)

Ea
rth

 Ex
pl S

at
(E-

S)

Ea
rth

 Ex
pl S

at
(E-

S)
EA

RT
H  

EX
PL

     
SA

T. (
E-S

)
ME

T-S
AT

.
 (E

-S)
ME

T. A
IDS

(Ra
dio

son
de

)

Me
t-S

ate
llite

 (E
-S)

Me
t-S

ate
llite

 (E
-S)

 M
ET

EO
RO

LO
GI

CA
L A

ID
S 

(R
AD

IO
SO

ND
E)

M
OB

IL
E 

SA
TE

LL
IT

E 
(E

ar
th

-to
-s

pa
ce

)
RA

DI
O

AS
TR

ON
OM

Y
FI

XE
D

M
OB

IL
E

FI
XE

D
M

OB
IL

E
SP

AC
E 

 R
ES

EA
RC

H
 (s

pa
ce

-to
-sp

ac
e)

RA
DI

OL
OC

AT
IO

N
Am

at
eu

r

LA
ND

 M
OB

IL
E

FI
XE

D
LA

ND
 M

OB
IL

E
LA

ND
 M

OB
IL

E
FI

XE
D

LA
ND

 M
OB

IL
E

Meteorological
Satellite

(space-to-Earth)

 LA
ND

 M
OB

ILE
FI

XE
D

LA
ND

 M
OB

IL
E

FI
XE

D
 LA

ND
 M

OB
ILE

LA
ND

 M
OB

IL
E

 LA
ND

 M
OB

ILE
FI

XE
D

BROADCASTING
(TELEVISION) 

FIXED
BROADCASTING

(TELEVISION)

LA
N

D
 M

O
B

IL
E

(m
ed

ic
al

 te
le

m
et

ry
 a

nd
m

ed
ic

al
 te

le
co

m
m

an
d)

RA
DI

O 
AS

TR
ON

OM
Y

BROADCASTING
(TELEVISION)

  B
RO

AD
CA

ST
IN

G
(T

EL
EV

IS
IO

N)
M

OB
IL

E

FI
XE

D
M

OB
IL

E

FI
XE

D
M

OB
IL

E

FI
XE

D
M

OB
IL

E

FI
XE

D
M

OB
IL

E

LA
ND

 M
OB

IL
E

FI
XE

D
LA

ND
 M

OB
IL

E
AE

RO
NA

UT
IC

AL
 M

OB
ILE

 
LA

ND
 M

OB
IL

E

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 

FI
XE

D
LA

ND
 M

OB
IL

E

FI
XE

D
LA

ND
 M

OB
IL

E
FI

XE
D

M
OB

IL
E

RA
DI

OL
OC

AT
IO

N

FI
XE

D
FI

XE
D

LA
ND

 M
OB

IL
E

FI
XE

D
M

OB
IL

E
FI

XE
D

LA
ND

 M
OB

IL
E

FI
XE

D
FI

XE
D

LA
ND

 M
OB

IL
E

FI
XE

D
M

OB
IL

E
FI

XE
D

FI
XE

D AERONAUTICAL
RADIONAVIGATION

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
IT

E
(s

pa
ce

-to
-E

ar
th

)(s
pa

ce
-to

-s
pa

ce
)

EARTH
EXPLORATION-

SATELLITE
(active)

RADIO-
LOCATION

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
IT

E
(s

pa
ce

-to
-E

ar
th

)
(s

pa
ce

-to
-s

pa
ce

)

SPACE
RESEARCH

(active)

Space research
(active)

Earth
exploration-

satellite
 (active)

RADIO-
LOCATION

SPACE
RESEARCH

(active)

AERONAUTICAL
RADIO - 

NAVIGATION

Amateur

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

FI
XE

D
M

OB
IL

E 
RA

DI
OL

OC
AT

IO
N

FI
XE

D
M

OB
IL

E 
** 

Fi
xe

d-
sa

te
llit

e 
(E

ar
th

-to
-s

pa
ce

)

FI
XE

D
M

OB
IL

E 
** 

LA
ND

 M
OB

IL
E 

(m
ed

ica
l te

lem
et

ry
 a

nd
 m

ed
ica

l te
lec

om
m

an
d)

SP
AC

E R
ES

EA
RC

H
(pa

ssi
ve)

RA
DI

O 
AS

TR
ON

OM
Y

EA
RT

H E
XP

LO
RA

TIO
N -

 SA
TE

LL
ITE

(pa
ssi

ve)

LA
ND

 M
OB

IL
E

(te
lem

et
ry

 a
nd

 te
lec

om
m

an
d)

LA
ND

 M
OB

IL
E

(m
ed

ica
l te

lem
et

ry
 a

nd
 

m
ed

ica
l te

lec
om

m
an

d 

Fi
xe

d-
sa

te
llit

e
(s

pa
ce

-to
-E

ar
th

)
FI

XE
D 

(te
lem

et
ry

 a
nd

te
lec

om
m

an
d)

LA
ND

 M
OB

IL
E

(te
lem

et
ry

 &
 te

lec
om

m
an

d)

FI
XE

D
M

OB
IL

E 
** 

M
OB

IL
E 

(a
er

on
au

tic
al 

te
lem

et
ry

)

MO
BIL

E S
AT

EL
LIT

E (
sp

ac
e-t

o-E
art

h)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
IT

E
(s

pa
ce

-to
-E

ar
th

)(s
pa

ce
-to

-s
pa

ce
)

MO
BIL

E S
AT

EL
LIT

E
(E

art
h-t

o-s
pa

ce
)

RA
DI

OD
ET

ER
MI

NA
TIO

N-
SA

TE
LL

ITE
 (E

art
h-t

o-s
pa

ce
)

MO
BIL

E S
AT

EL
LIT

E
(E

art
h-t

o-s
pa

ce
)

RA
DI

OD
ET

ER
MI

NA
TIO

N-
SA

TE
LL

ITE
 (E

art
h-t

o-s
pa

ce
)

RA
DI

O 
AS

TR
ON

OM
Y

MO
BIL

E S
AT

EL
LIT

E
(E

art
h-t

o-s
pa

ce
)

RA
DI

OD
ET

ER
MI

NA
TIO

N-
SA

TE
LL

ITE
 (E

art
h-t

o-s
pa

ce
)

Mo
bil

e-s
ate

llite
(sp

ac
e-t

o-E
art

h) MO
BIL

E S
AT

EL
LIT

E(
Ea

rth
-to

-sp
ac

e)

MO
BIL

E S
AT

EL
LIT

E
(E

art
h-t

o-s
pa

ce
)

RA
DI

O 
AS

TR
ON

OM
Y

RA
DI

O 
AS

TR
ON

OM
Y

FI
XE

D
M

OB
IL

E 
** 

ME
TE

OR
OL

OG
IC

AL
 AI

DS
(ra

dio
so

nd
e)

M
ET

EO
RO

LO
GI

CA
L 

SA
TE

LL
IT

E 
(s

pa
ce

-to
-E

ar
th

)

M
ET

EO
RO

LO
GI

CA
L 

SA
TE

LL
IT

E 
(s

pa
ce

-to
-E

ar
th

)

FI
XE

D

M
OB

IL
E

FI
XE

D
M

OB
IL

E 
SP

AC
E 

OP
ER

AT
IO

N 
(E

ar
th

-to
-s

pa
ce

) 

FI
XE

D
M

OB
IL

E

MO
BIL

E S
AT

EL
LIT

E (
Ea

rth
-to

-sp
ac

e)
FI

XE
D

M
OB

IL
E

SP
AC

E R
ES

EA
RC

H (
pa

ssi
ve)

RA
DI

O 
AS

TR
ON

OM
Y

ME
TE

OR
OL

OG
IC

AL
 AI

DS
(ra

dio
so

nd
e)

SPACE
RESEARCH

(Earth-to-space)
(space-to-space)

EARTH
EXPLORATION-

 SATELLITE
(Earth-to-space)
(space-to-space)

FIXED

MOBILE

SP
AC

E O
PE

RA
TIO

N
(E

art
h-t

o-s
pa

ce
)

(sp
ac

e-t
o-s

pa
ce

)

M
OB

IL
E

FI
XE

D

SPACE
RESEARCH

(space-to-Earth)
(space-to-space)

EARTH
EXPLORATION- 

SATELLITE
(space-to-Earth)
(space-to-space)

SPACE
OPERATION

(space-to-Earth)
(space-to-space)

MOBILE
(ling of sight only

including aeronautical
telemetry, but excluding
flight testing of manned

aircraft)

FIXED 
(line of sight only)

FI
XE

D
SP

AC
E R

ES
EA

RC
H

(sp
ac

e-t
o-E

art
h)

(de
ep

 sp
ac

e)
M

OB
IL

E*
*

Am
at

eu
r

FI
XE

D
M

OB
IL

E*
*

Am
at

eu
r

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

AT
IO

N
M

OB
IL

E
FI

XE
D

Ra
dio

-
loc

at
ion

M
ob

ile
Fi

xe
d

BR
OA

DC
AS

TI
NG

 - 
SA

TE
LL

IT
E

Fi
xe

d
Ra

dio
loc

at
ion

Fi
xe

d
M

ob
ile

Ra
dio

-
loc

at
ion

BR
OA

DC
AS

TI
NG

SA
TE

LL
IT

E
FI

XE
D

M
OB

IL
E

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

 A
TI

ON

M
OB

IL
E

M
OB

IL
E

AM
AT

EU
R

AM
AT

EU
R

Ra
dio

loc
at

ion
M

OB
IL

E
FI

XE
D

Fi
xe

d

Am
at

eu
r

Ra
dio

loc
at

ion
MO

BIL
E S

AT
EL

LIT
E

(sp
ac

e-t
o-E

art
h)

RA
DI

OD
ET

ER
MI

NA
TIO

N-
SA

TE
LL

ITE
 (s

pa
ce

-to
-E

art
h)

MO
BIL

E S
AT

EL
LIT

E
(sp

ac
e-t

o-E
art

h)
RA

DI
OD

ET
ER

MI
NA

TIO
N-

SA
TE

LL
ITE

 (s
pa

ce
-to

-E
art

h)
FI

XE
D

M
OB

IL
E*

*

M
OB

IL
E*

*
FI

XE
D

Earth exploration-
satellite

(passive)

Space research
(passive)

Radio
astronomy

MOBILE**

FIXED
EARTH

EXPLORATION-
SATELLITE

(passive)

RADIO
ASTRONOMY

SP
AC

E R
ES

EA
RC

H
(pa

ss
ive

)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

M
ET

EO
RO

LO
GI

CA
L 

AI
DS

 
Ra

dio
loc

at
ion

Radiolocation

RADIOLOCATION

MARITIME
RADIO-

NAVIGATION

M
OB

IL
E

FI
XE

D

BR
OA

DC
AS

TI
NG

BR
OA

DC
AS

TI
NG

Ra
dio

loc
ati

on

Fi
xe

d
(te

lem
et

ry
)

FI
XE

D 
(te

lem
et

ry
 a

nd
te

lec
om

m
an

d)
LA

ND
 M

OB
IL

E 
 (t

ele
m

et
ry

 &
 te

lec
om

m
an

d)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

Space research
(active)

Earth
exploration-

satellite
 (active)

EARTH
EXPLORATION-

SATELLITE
(active)

Fi
xe

d

FI
XE

D FI
XE

D
M

OB
IL

E

ISM – 24.125 ± 0.125 ISM – 5.8 ± .075 GHz3GHz

Ra
dio

loc
at

ion
Am

at
eu

r

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

(gr
ou

nd
 ba

se
d)

RA
DI

OL
OC

AT
IO

N
Ra

dio
loc

ati
on

FIX
ED

-S
AT

EL
LIT

E
 (s

pa
ce

-to
-E

art
h)

Ra
dio

loc
ati

on

FIXED

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON M

OB
IL

E

FI
XE

D
M

OB
IL

E

RA
DI

O 
AS

TR
ON

OM
Y

Sp
ac

e R
es

ea
rch

 (p
as

siv
e)

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

AT
IO

NME
TE

OR
OL

OG
IC

AL
 

AI
DS

Am
at

eu
r

FIX
ED SP

AC
E 

RE
SE

AR
CH

 (d
ee

p s
pa

ce
)(E

ar
th-

to-
sp

ac
e)

Fix
ed

FIX
ED

-S
AT

EL
LIT

E (
sp

ac
e-t

o-E
art

h)

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

RA
DI

OL
OC

AT
IO

N
Ra

dio
loc

at
ion

M
AR

IT
IM

E 
RA

DI
ON

AV
IG

AT
IO

N

RA
DI

ON
AV

IG
AT

IO
N

Am
at

eu
r

FI
XE

D

RA
DI

O 
AS

TR
ON

OM
Y

BR
OA

DC
AS

TI
NG

-S
AT

EL
LI

TE

Fix
ed

Mo
bil

e Fix
ed

Mo
bil

e
FI

XE
D

MO
BI

LE

SP
AC

E 
RE

SE
AR

CH
(pa

ss
ive

)
RA

DI
O 

AS
TR

ON
OM

Y
EA

RT
H 

EX
PL

OR
AT

IO
N 

-
SA

TE
LL

ITE
  (p

as
siv

e)

FI
XE

D

FI
XE

D
MO

BI
LE

FIX
ED

-S
AT

EL
LIT

E
 (s

pa
ce

-to
-E

art
h)

FIXED

MOBILE MO
BI

LE

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

Standard frequency
and time signal

satellite
(Earth-to-space)

FIX
ED

FI
XE

D
M

OB
IL

E*
* FI
XE

D
M

OB
IL

E*
*

FI
XE

D 
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)

Am
at

eu
r

MO
BI

LE

BR
OA

DC
AS

TI
NG

-S
AT

EL
LIT

E

FI
XE

D-
SA

TE
LL

IT
E 

(sp
ac

e-
to-

Ea
rth

)

MO
BI

LE

FI
XE

D
MO

BI
LE

IN
TE

R-
SA

TE
LL

ITE

AM
AT

EU
R

AM
AT

EU
R-

SA
TE

LL
IT

E

Ra
dio

-
loc

at
ion

Am
at

eu
r

RA
DI

O-
LO

CA
TI

ON

FI
XE

D
IN

TE
R-

SA
TE

LL
ITE

RA
DI

ON
AV

IG
AT

IO
N

RA
DIO

LO
CA

TIO
N-S

AT
EL

LIT
E (

Ea
rth

-to
-sp

ace
)

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

MO
BI

LE
-S

AT
EL

LIT
E

(E
ar

th-
to-

sp
ac

e)MO
BILE

IN
TE

R-
SA

TE
LL

ITE

30 GHz

Earth
exploration-

satellite
(active) 

Space
 resea

rch
(activ

e)
RA

DI
OL

OC
AT

IO
N

RA
DI

OL
OC

AT
IO

N
AE

RO
NA

UT
IC

AL
RA

DI
ON

AV
IG

AT
IO

N
(gr

ou
nd

 ba
se

d)

FIXED-SATELLITE
(space-to-Earth)

FI
XE

D

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
ITE

(E
art

h-t
o-s

pa
ce

)
AE

RO
NA

UT
IC

AL
 R

AD
IO

NA
VI

GA
TI

ON

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
ITE

 
(sp

ac
e-t

o-E
art

h)(
sp

ac
e-t

o-s
pa

ce
)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

IG
AT

IO
N

FI
XE

D-
SA

TE
LL

IT
E

 (E
ar

th-
to-

sp
ac

e)

Earth
exploration-

satellite (active)

Space research

Radiolocation

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH
(active)

RA
DI

OL
OC

AT
IO

N

Earth
exploration-

satellite (active)

Radiolocation

Space research
(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH
(active)

RA
DI

OL
OC

AT
IO

N

Radiolocation

Space research
(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH
(active)

RADIOLOCATION

AERONAUTICAL

RADIONAVIGATION

Earth
exploration-

satellite (active)

Radiolocation
Space research

(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH
(active)

RADIOLOCATION

RADIONAVIGATION

Earth
exploration-

satellite (active)

Space research
(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH
(active)

MA
RI

TI
ME

RA
DI

ON
AV

IG
AT

IO
N

RA
DI

OL
OC

AT
IO

N

MA
RI

TI
ME

 R
AD

IO
NA

VI
GA

TI
ON

RA
DI

OL
OC

AT
IO

N
MA

RI
TI

ME
      

      
      

      
RA

DI
ON

AV
IG

AT
IO

N

Am
at

eu
r

RA
DI

OL
OC

AT
IO

N

MO
BI

LE
FI

XE
D-

SA
TE

LL
IT

E 
(E

ar
th-

to-
sp

ac
e)

FIX
ED

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)
FIX

ED
FI

XE
D-

SA
TE

LL
IT

E 
(E

ar
th-

to-
sp

ac
e)

(sp
ac

e-
to-

Ea
rth

)

FIX
ED

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)
(sp

ac
e-

to-
Ea

rth
)

MO
BI

LE

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)
MO

BI
LE

FIX
ED

MO
BI

LE
FIX

ED
FIX

ED
FIX

ED
SP

AC
E 

RE
SE

AR
CH

 (E
ar

th-
to-

sp
ac

e)

FIX
ED

MO
BI

LE
-S

AT
EL

LIT
E 

(sp
ac

e-t
o-E

art
h) FI

XE
D

Mo
bil

e-s
ate

llit
e (

sp
ac

e-t
o-E

art
h)

FIX
ED

-S
AT

EL
LIT

E (
sp

ac
e-t

o-E
art

h)

FI
XE

D
Mo

bil
e-s

ate
llit

e 
(sp

ac
e-t

o-E
art

h)
ME

TE
OR

OL
OG

IC
AL

 S
AT

EL
LIT

E 
(sp

ac
e-t

o-E
art

h)
FIX

ED
-S

AT
EL

LIT
E (

sp
ac

e-t
o-E

art
h)

FI
XE

D
Mo

bil
e-s

ate
llit

e (
sp

ac
e-t

o-E
art

h)
FIX

ED
-S

AT
EL

LIT
E (

sp
ac

e-t
o-E

art
h)

FIX
ED

-S
AT

EL
LIT

E (
Ea

rth
-to

-sp
ac

e)
MO

BI
LE

-S
AT

EL
LIT

E 
(E

art
h-t

o-s
pa

ce
)

Fix
ed

FI
XE

D
Mo

bil
e-s

ate
llit

e
(E

art
h-t

o-s
pa

ce
)

(no
 ai

rbo
rne

)

FIX
ED

 SA
TE

LL
ITE

 (E
art

h-t
o-s

pa
ce

)
EA

RT
H 

EX
PL

OR
AT

IO
N-

 SA
TE

LL
ITE

 (s
pa

ce
-to

-E
art

h)
Mo

bil
e-s

ate
llit

e
(E

art
h-t

o-s
pa

ce
)

(no
 ai

rbo
rne

)
FI

XE
D

EA
RT

H 
EX

PL
OR

AT
IO

N-
 

SA
TE

LL
ITE

 (sp
ac

e-t
o-E

art
h)

FIX
ED

-S
AT

EL
LIT

E
 (E

art
h-t

o-s
pa

ce
)

ME
TE

OR
OL

OG
IC

AL
-

 S
AT

EL
LIT

E
 (s

pa
ce

-to
-E

art
h)

FI
XE

D
Mo

bil
e-s

ate
llit

e
(E

art
h-t

o-s
pa

ce
)

(no
 ai

rbo
rne

)

FIX
ED

-S
AT

EL
LIT

E
 (E

art
h-t

o-s
pa

ce
)

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

ITE
 (s

pa
ce

-to
-E

art
h)

Sp
ac

e r
es

ea
rch

 (d
ee

p s
pa

ce
)(s

pa
ce

-to
-E

ar
th)

SP
AC

E 
RE

SE
AR

CH
 (d

ee
p s

pa
ce

)(s
pa

ce
-to

-E
ar

th)
FI

XE
D

SP
AC

E 
RE

SE
AR

CH
 (s

pa
ce

-to
-E

ar
th)

FI
XE

D Earth
exploration  -

satellite 
(active)

Radio-
location

Space 
research
 (active)

EARTH
EXPLORATION-

SATELLITE
 (active)

RADIO-

LOCATION

SPACE
RESEARCH

 (active)

Ra
dio

loc
at

ion
RA

DI
OL

OC
AT

IO
N

Ra
dio

loc
at

ion
Ra

dio
loc

at
ion

Ra
dio

loc
at

ion
Me

teo
ro

log
ica

l A
ids

Earth
exploration - 

satellite 
(active)

Radio-
location

Space 
research
 (active)

EARTH
EXPLORATION

SATELLITE
 (active)

RADIO-

LOCATION

SPACE
RESEARCH

 (active)

Ra
dio

loc
at

ion
Ra

dio
loc

at
ion

Am
at

eu
r-s

at
ell

ite
Am

at
eu

r
Ra

dio
loc

at
ion

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

AT
IO

N

FI
XE

D
EA

RT
H 

EX
PL

OR
AT

IO
N-

SA
TE

LL
ITE

 (p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

ITE
 (p

as
siv

e)
SP

AC
E 

RE
SE

AR
CH

 (p
as

siv
e) FIX

ED
-S

AT
EL

LIT
E (

sp
ac

e-t
o-E

art
h)

FI
XE

D FIX
ED

-S
AT

EL
LIT

E (
sp

ac
e-t

o-E
art

h)

FI
XE

D FI
XE

D
FI

XE
D-

SA
TE

LL
IT

E 
(E

ar
th-

to-
sp

ac
e)

Space 
research
 (active)

EARTH
EXPLORATION -

SATELLITE 
(active)

SPACE
RESEARCH

 (active)

Aer
ona

tuic
al

Rad
iona

viga
tion

EARTH
EXPLORATION

SATELLITE 
(active)

RADIO -
LOCATION

SPACE

RESEARCH

Radio-
location

Space 
research

RADIO - 
LOCATION

Space 
research

FIXED-
SATELLITE

(Earth-to-space)

Space 
research

Radio - 
location

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)
Mo

bil
e-s

ate
llit

e (
Ea

rth
-to

-sp
ac

e)
Sp

ac
e 

re
se

ar
ch

Mo
bil

e-s
ate

llit
e (

sp
ac

e-t
o-E

art
h)

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)

Mo
bil

e-s
ate

llit
e

(E
art

h-t
o-s

pa
ce

) Sp
ac

e r
es

ea
rch

MO
BI

LE
SP

AC
E 

RE
SE

AR
CH

Fix
ed

FI
XE

D
SP

AC
E 

RE
SE

AR
CH

Mo
bil

e

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)
AE

RO
NA

UT
IC

AL
 

RA
DI

ON
AV

IG
AT

IO
N

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

RA
DI

OL
OC

AT
IO

N
Sp

ac
e r

es
ea

rch
 (d

ee
p s

pa
ce

)(E
ar

th-
to-

sp
ac

e)
RA

DI
OL

OC
AT

IO
N

RA
DI

OL
OC

AT
IO

N

EARTH
EXPLORATION- 

SATELLITE 
(active)

RADIO-
LOCATION

SPACE
RESEARCH

 (active)

Earth
exploration-

satellite (active)

Radio-
location

Space 
research
 (active)

Ra
dio

loc
at

ion

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)

FI
XE

D
FI

XE
D-

SA
TE

LL
IT

E 
(sp

ac
e-

to-
Ea

rth
)

SP
AC

E 
RE

SE
AR

CH
(pa

ss
ive

)
EA

RT
H 

EX
PL

OR
AT

IO
N 

-
SA

TE
LL

ITE
 (p

as
siv

e)
FI

XE
D-

SA
TE

LL
IT

E 
(sp

ac
e-

to-
Ea

rth
)

FI
XE

D-
SA

TE
LL

IT
E 

(sp
ac

e-
to-

Ea
rth

)
MO

BI
LE

-S
AT

EL
LIT

E 
(sp

ac
e-t

o-E
art

h)

Standard
frequency

and
time signal

satellite
(space-to-

Earth)

FI
XE

D-
SA

TE
LL

IT
E 

(sp
ac

e-
to-

Ea
rth

)

MO
BI

LE
-S

AT
EL

LIT
E 

(sp
ac

e-t
o-E

art
h)

FIX
ED

EA
RT

H 
EX

PL
OR

AT
IO

N 
-

SA
TE

LL
ITE

 (p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
(pa

ss
ive

)

FI
XE

D
MO

BI
LE

**

EARTH
EXPLORATION- 

SATELLITE 
(passive)

MOBILE**

FIXED

SP
AC

E
RE

SE
AR

CH
(pa

ss
ive

)
RA

DI
O

AS
TR

ON
OM

Y

MO
BI

LE
FI

XE
D

FI
XE

D
MO

BI
LE

FI
XE

D
MO

BI
LE

EA
RT

H 
EX

PL
OR

AT
IO

N 
-

SA
TE

LL
ITE

 - (
pa

ss
ive

)
SP

AC
E 

RE
SE

AR
CH

(pa
ss

ive
)

RA
DI

O
AS

TR
ON

OM
Y

Earth
exploration -

satellite 
(active)

RA
DI

ON
AV

IG
AT

IO
N

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)
FI

XE
D

Standard frequency and 
time signal satellite

(Earth-to-space)

FI
XE

D

FIXED

EARTH
EXPLORATION -

SATELLITE
(space-to-Earth) 

SPACE
RESEARCH

(space-to-Earth)

MOBILE

INTER-SATELLITE

Int
er-

sa
tel

lite
FI

XE
D

IN
TE

R-
SA

TE
LL

ITE

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

RA
DI

OL
OC

AT
IO

N
MA

RI
TI

ME
RA

DI
ON

AV
IG

AT
IO

N

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TI
ON

IN
TE

R-
SA

TE
LL

ITE

Inter-satellite

Earth
exploration -

satellite 
(active)

FI
XE

DFI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

FIX
ED

Sp
ac

e r
es

ea
rch

Ra
dio

loc
at

ion
Ra

dio
loc

at
ion

Ra
dio

loc
at

ion

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

AT
IO

N

Earth
exploration-

satellite (active)

3.0
 

                    3.1
 

                                3.3
 

                                3.5
 

                           3.6
 

                    3.6
5 

                     3.7
 

                                                                                                                                                 4.2
 

                                                        4.4
 

                       4.5
 

                                                     4.8
 

                     4.9
4 

                4.9
9 

             5.0
 

              5.0
1 

                5.0
3 

                        5.1
5 

                    5.2
5 

                                      5.2
55

 
                                     5.3

5 
                                      5.4

6 
                                      5.4

7 
                                      5.5

7 
           5.6

 
            5.6

5 
            5.8

3 
               5.8

5 
               5.9

25
 

               6.4
25

 
                 6.5

25
 

                6.7
 

          6.8
75

 
          7.0

25
 

          7.0
75

 
            7.1

25
 

            7.1
45

 
            7.1

9 
              7.2

35
 

            7.2
5 

             7.3
 

              7.4
5 

               7.5
5 

               7.7
5 

              7.8
5 

           7.9
 

           8.0
25

 
                    8.1

75
 

                     8.2
15

 
                    8.4

 
          8.4

5 
          8.5

 
         8.5

5 
                           8.6

5 
          9.0

 
        9.2

 
          9.3

 
         9.5

 
                         9.8

 
          10

.0 
           10

.45
 

          10
.5 

         10
.55

 
           10

.6 
             10

.68
 

        10
.7 

               11
.7 

               12
.2 

           12
.7 

          13
.25

 
                          13

.4 
                         13

.75
 

                             14
.0 

                14
.2 

             14
.4 

                14
.5 

         14
.71

45
 

            14
.8 

         15
.13

65
 

         15
.35

 
              15

.4 
           15

.43
 

                15
.63

 
          15

.7 
          16

.6 
           17

.1 
            17

.2 
                       17

.3 
              17

.7 
         17

.8 
        18

.3 
         18

.6 
                 18

.8 
          19

.3 
           19

.7 
               20

.2 
                            21

.2 
               21

.4 
          22

.0 
           22

.21
 

                            22
.5 

          22
.55

 
             23

.55
 

          23
.6 

                  24
.0 

           24
.05

 
                             24

.25
 

          24
.45

 
         24

.65
 

         24
.75

 
               25

.05
 

                25
.25

 
          25

.5 
                                            27

.0 
                  27

.5 
                      29

.5 
                            30

.0 

MO
BI

LE

FI
XE

D-
SA

TE
LL

IT
E 

(sp
ac

e-
to-

Ea
rth

)

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

Earth
exploration -

satellite 
(active)

Am
at

eu
r-s

at
ell

ite
(s

pa
ce

-to
-E

ar
th

)

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

FI
XE

D 
-

SA
TE

LL
IT

E
(E

ar
th-

to-
sp

ac
e)

MO
BI

LE
 -

SA
TE

LL
IT

E
(E

ar
th-

to-
sp

ac
e)

Standard Frequency 
and 

Time Signal
Satellite

(space-to-Earth)

FI
XE

D
MO

BI
LE

RA
DI

O
AS

TR
ON

OM
Y

SP
AC

E
RE

SE
AR

CH
 

(p
as

siv
e)

EA
RT

H
EX

PL
OR

AT
IO

N 
-

SA
TT

EL
LIT

E 
(p

as
siv

e)

RA
DI

ON
AV

IG
AT

IO
N

IN
TE

R-
SA

TE
LL

IT
E

RA
DI

ON
AV

IG
AT

IO
N

Ra
dio

loc
at

ion

FI
XE

D

FI
XE

D

MO
BI

LE

Mobile
Fixed

BR
OA

DC
AS

TI
NG

MO
BI

LE

SP
AC

E 
RE

SE
AR

CH
 

(pa
ss

ive
)

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

ITE
 (p

as
siv

e)

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)
EA

RT
H 

EX
PL

OR
AT

IO
N-

SA
TE

LL
IT

E 
(p

as
siv

e)

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

(p
as

siv
e)

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)

MOBILE

FIXED

MOBILE
SATELLITE
(space-to-

Earth)

MO
BI

LE
-

SA
TE

LL
IT

E
RA

DI
O

NA
VI

GA
TI

ON
RA

DI
O

NA
VI

GA
TIO

N-
SA

TE
LL

ITE

FIXED-
SATELLITE
(space-to-

Earth)

AM
AT

EU
R

AM
AT

EU
R-

SA
TE

LL
IT

E

SPACE
RESEARCH

(passive)

RADIO
ASTRONOMY

EARTH     
EXPLORATION-

SATELLITE
(passive)

MO
BI

LE
FI

XE
D

RA
DI

O-
LO

CA
TI

ON

IN
TE

R-
SA

TE
LL

IT
E RADIO-

NAVIGATION

RADIO-
NAVIGATION-

SATELLITE

AM
AT

EU
R

AM
AT

EU
R 

- S
AT

EL
LI

TE

RA
DI

O
LO

CA
TI

ON

EA
RT

H
EX

PL
OR

AT
IO

N-
 

SA
TE

LL
IT

E 
(p

as
siv

e)
SP

AC
E 

RE
SE

AR
CH

(p
as

siv
e)SP

AC
E

RE
SE

AR
CH

(p
as

siv
e)

RA
DI

O
AS

TR
ON

OM
Y

MO
BI

LE
FI

XE
D

RA
DI

O
AS

TR
ON

OM
Y

IN
TE

R-
SA

TE
LL

IT
E

RA
DI

ON
AV

IG
AT

IO
N

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
IT

E

SPACE
RESEARCH

(Passive)

RA
DI

O
AS

TR
ON

OM
Y

EARTH
EXPLORATION-

SATELLITE
(Passive)

MO
BI

LE
FI

XE
D

MO
BI

LE
FI

XE
D

MOBILE

FIXED

FIXED-
SATELLITE

(space-to-Earth)

RA
DI

OL
OC

AT
IO

N
AM

AT
EU

R
AM

AT
EU

R-
SA

TE
LL

IT
E

Am
at

eu
r

Am
at

eu
r-s

at
ell

ite

EA
RT

H 
EX

PL
OR

AT
IO

N-
  

SA
TE

LL
IT

E 
(p

as
siv

e)

MO
BI

LE

SP
AC

E 
RE

SE
AR

CH
(d

ee
p  

sp
ac

e)
 (s

pa
ce

-to
-E

ar
th)

MO
BI

LE

MOBILE

SATELLITE

(space-to-Earth)

SPACE

RESEARCH

(Earth-to-space)

FIXED-
SATELLITE

(space-to-Earth)

BR
OA

DC
AS

TI
NG

-
SA

TE
LL

IT
E

IN
TE

R-
 S

AT
EL

LI
TE

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

(p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
 

(pa
ss

ive
)

FI
XE

D
MO

BI
LE

**

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)

EA
RT

H
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E

(p
as

siv
e)

RA
DI

ON
AV

IG
AT

IO
N

RA
DI

O-
LO

CA
TI

ON
SP

AC
E 

RE
SE

AR
CH

(d
ee

p  
sp

ac
e)

 (E
ar

th-
to-

sp
ac

e)
Ra

dio
-

loc
at

ion

Sp
ac

e r
es

ea
rch

(d
ee

p  
sp

ac
e)

(E
ar

th-
to-

sp
ac

e)

Ra
dio

loc
at

ion
RA

DI
OL

OC
AT

IO
N

EA
RT

H

EX
PL

OR
AT

IO
N 

-

SA
TT

EL
LIT

E 
(a

cti
ve

)

RADIO
LOCATION

SPACE
RESEARCH 

(active)

Ea
rth

ex
plo

ra
tio

n -
sa

tte
llit

e (
ac

tiv
e)

Radio
location

Space
research 
(active)

EA
RT

H 
EX

PL
OR

AT
IO

N 
-

SA
TE

LL
IT

E
(p

as
siv

e)
FI

XE
D

MO
BI

LE
SP

AC
E

RE
SE

AR
CH

 
(p

as
siv

e)

FI
XE

D
MO

BI
LE

FI
XE

D-
SA

TE
LL

IT
E

 (s
pa

ce
-to

-E
ar

th)

EA
RT

H 
 E

XP
LO

RA
TI

ON
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

Ea
rth

 ex
plo

rat
ion

sa
tel

lite
(sp

ac
e-t

o-E
art

h)

FIXED-SATELLITE
(space-to-Earth)

FIXED
MOBILE

BR
OA

DC
AS

TI
NG

-
SA

TE
LL

IT
E

BR
OA

DC
AS

TI
NG

FIX
ED

- 
SA

TE
LL

ITE
(sp

ac
e-t

o-E
art

h)

FI
XE

D
MO

BI
LE

BR
OA

DC
AS

TI
NG

BR
OA

DC
AS

TI
NG

 S
AT

EL
LIT

E

FI
XE

D
MO

BI
LE

**
FIX

ED
-S

AT
EL

LIT
E

(E
art

h-t
o-s

pa
ce

)
RA

DI
O 

AS
TR

ON
OM

Y

FIX
ED

-S
AT

EL
LIT

E (
Ea

rth
-to

-sp
ac

e)
MO

BI
LE

-S
AT

EL
LIT

E 
(E

ar
th-

to-
sp

ac
e)

MO
BI

LE
MO

BI
LE

-S
AT

EL
LIT

E 
(E

ar
th-

to-
sp

ac
e)

MO
BI

LE
-S

AT
EL

LIT
E

(E
ar

th-
to-

sp
ac

e)
MO

BI
LE

FI
XE

D

FI
XE

D
MO

BI
LE

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)

FI
XE

D
MO

BI
LE

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)

MO
BI

LE
-S

AT
EL

LIT
E 

(E
ar

th-
to-

sp
ac

e)

FIXED

MOBILE

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

(p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)

IN
TE

R-
 S

AT
EL

LI
TE

IN
TE

R-
 S

AT
EL

LI
TE

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

(p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)

FIXED

MOBILE

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

(p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)
IN

TE
R-

 S
AT

EL
LI

TE

FIXED

MOBILE

IN
TE

R-
 S

AT
EL

LI
TE

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

(p
as

siv
e)

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)

MOBILE

FIXED

RA
DI

O-
LO

CA
TI

ON

IN
TE

R-
 S

AT
EL

LI
TE

FI
XE

D
MO

BI
LE

IN
TE

R-
 S

AT
EL

LI
TE

IN
TE

R-
 S

AT
EL

LI
TE

EA
RT

H 
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E 

SP
AC

E 
RE

SE
AR

CH
 

FI
XE

D
MO

BI
LE

 **

IN
TE

R-
 S

AT
EL

LI
TE

MO
BI

LE

BR
OA

DC
AS

TI
NG

FIXED- 
SATELLITE
(space-to-

Earth)

Space
research

(space-to-
Earth)

MOBILE

Am
at

eu
r

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

OL
OC

AT
IO

N
Sp

ac
e r

es
ea

rch
(sp

ac
e-

to-
Ea

rth
)

Am
at

eu
r

RA
DI

OL
OC

AT
IO

N
Sp

ac
e r

es
ea

rch
(sp

ac
e-

to-
Ea

rth
)

AM
AT

EU
R

RA
DI

OL
OC

AT
IO

N

FIXED-
SATELLITE

(Earth-to-space)

MOBILE-
SATELLITE
(Earth-to-space)

Space
research

(space-to-Earth)

FIXED

MOBILE

FIXED-
SATELLITE

(Earth-to-space)

FIXED

MOBILE

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE
RESEARCH

(active)

RADIO-
LOCATION

RA
DI

O-
LO

CA
TI

ON
MO

BI
LE

FI
XE

D

FIXED

MOBILE

RADIO
ASTRONOMY

RADIO-
LOCATION

RADIO-
NAVIGATION

RADIO-
NAVIGATION-

SATELLITE

RA
DI

O
AS

TR
ON

OM
Y

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)
EA

RT
H

EX
PL

OR
AT

IO
N-

SA
TE

LL
IT

E
 (p

as
siv

e)

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)

FI
XE

D
MO

BI
LE

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)

EA
RT

H
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E

 (p
as

siv
e)

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)
EA

RT
H

EX
PL

OR
AT

IO
N-

SA
TE

LL
IT

E
 (p

as
siv

e)

SP
AC

E
RE

SE
AR

CH
(p

as
siv

e)
IN

TE
R-

SA
TE

LL
IT

E

FI
XE

D
MO

BI
LE

Am
at

eu
r FIXED-

SATELLITE
(space-to-Earth)

MOBILE-

SATELLITE

(space-to-Earth)

Radio
astronomy FIXED

MOBILE

INTER-
SATELLITE

EA
RT

H
EX

PL
OR

AT
IO

N-
SA

TE
LL

IT
E

 (a
cti

ve
)

RA
DI

O
AS

TR
ON

OM
Y

Ra
dio

 as
tro

no
my

Am
at

eu
r -

 sa
te

llit
e

Am
at

eu
r

FI
XE

D
MO

BI
LE

RA
DI

O 
AS

TR
ON

OM
Y

SP
AC

E 
RE

SE
AR

CH
(p

as
siv

e)
RA

DI
O 

AS
TR

ON
OM

Y
EA

RT
H 

EX
PL

OR
AT

IO
N-

SA
TE

LL
IT

E
 (p

as
siv

e)

FI
XE

D
MO

BI
LE

RA
DI

O 
AS

TR
ON

OM
Y

RA
DI

OL
OC

AT
IO

N
EA

RT
H 

EX
PL

OR
AT

IO
N-

SA
TE

LL
IT

E
 (p

as
siv

e)

FIXED

RA
DI

O
 A

ST
RO

NO
MY

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)

MO
BI

LE
-

SA
TE

LL
IT

E
(sp

ac
e-

to-
Ea

rth
)

FI
XE

D
MO

BI
LE

FI
XE

D
MO

BI
LE

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)

IN
TE

R-
SA

TE
LL

ITE

EA
RT

H
EX

PL
OR

AT
IO

N-
 

SA
TE

LL
IT

E 
(p

as
siv

e)
SP

AC
E 

RE
SE

AR
CH

(p
as

siv
e)

IN
TE

R-
SA

TE
LL

IT
E

SP
AC

E 
RE

SE
AR

CH
(p

as
siv

e)
EA

RT
H

EX
PL

OR
AT

IO
N-

 
SA

TE
LL

IT
E 

(p
as

siv
e)

EA
RT

H
EX

PL
OR

AT
IO

N-
 

SA
TE

LL
IT

E 
(p

as
siv

e)
IN

TE
R-

SA
TE

LL
IT

E
SP

AC
E 

RE
SE

AR
CH

(p
as

siv
e)

EA
RT

H 
EX

PL
OR

AT
IO

N-
 

SA
TE

LL
IT

E 
(p

as
siv

e)
SP

AC
E 

RE
SE

AR
CH

(p
as

siv
e)

FIXED

MOBILE

MO
BI

LE
SA

TE
LL

IT
E

IN
TE

R-
SA

TE
LL

IT
E

SP
AC

E 
RE

SE
AR

CH
(p

as
siv

e)
EA

RT
H

EX
PL

OR
AT

IO
N-

 
SA

TE
LL

IT
E 

(p
as

siv
e)

RA
DI

O
AS

TR
ON

OM
Y

FI
XE

D
MO

BI
LE

FI
XE

D-
SA

TE
LL

IT
E

(E
ar

th-
to-

sp
ac

e)

RA
DI

O
AS

TR
ON

OM
Y

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)

FIXED

FI
XE

D-
SA

TE
LL

IT
E 

(E
ar

th-
to-

sp
ac

e)
RA

DI
O

AS
TR

ON
OM

Y

MOBILE

FI
XE

D
MO

BI
LE

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)

EA
RT

H
EX

PL
OR

AT
IO

N-
 

SA
TE

LL
IT

E 
(p

as
siv

e)
SP

AC
E 

RE
SE

AR
CH

(p
as

siv
e)

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)

RA
DI

O-
NA

VI
GA

TI
ON

RA
DI

O-
NA

VI
GA

TI
ON

-
SA

TE
LL

IT
E

RADIO-
LOCATION

RA
DI

OL
OC

AT
IO

N
RA

DI
OA

ST
RO

NO
MY

Ra
dio

as
tro

no
my

SP
AC

E 
RE

SE
AR

CH
(p

as
siv

e)
RA

DI
OA

ST
RO

NO
MY

FIXED

MOBILE

MO
BI

LE
-S

AT
EL

LIT
E

(E
ar

th-
to-

sp
ac

e)
RA

DI
O

AS
TR

ON
OM

Y
RA

DI
ON

AV
IG

AT
IO

N-
SA

TE
LL

IT
E

RA
DI

O 
NA

VI
GA

TI
ON

FI
XE

D
FIX

ED
-S

AT
EL

LIT
E

(E
art

h-t
o-s

pa
ce

)

NO
T A

LL
OC

AT
ED

MO
BI

L-
ES

AT
EL

LIT
E

(sp
ac

e-
to-

Ea
rth

)

RA
DI

OL
OC

AT
IO

N

RA
DI

OL
OC

AT
IO

N

MO
BI

LE
FI

XE
D-

SA
TE

LL
IT

E
(sp

ac
e-

to-
Ea

rth
)

Am
at

eu
r

FI
XE

D
FI

XE
D-

SA
TE

LL
IT

E
(sp

ac
e-

to-
Ea

rth
)

MO
BI

LE

MOBILE-

SATELLITE

(space-to-Earth)

MOBILE

FIXED

MO
BI

LE

FIXED

FI
XE

D

FI
XE

D

30
.0 

                                   31
.0 

                  31
.3 

                      31
.8 

                32
.3 

                              33
.0 

            33
.4 

                      34
.2 

                   34
.7 

                  35
.5 

                      36
.0 

                   37
.0 

             37
.5 

                    38
.0 

                      38
.6 

                         39
.5 

                     40
.0 

                         40
.5 

                          41
.0 

                          42
.0 

             42
.5 

             43
.5 

              45
.5 

              46
.9 

                 47
.0 

          47
.2 

            48
.2 

            50
.2 

                50
.4 

                              51
.4 

          52
.6 

           54
.25

 
          55

.78
 

                       56
.9 

                        57
.0 

                       58
.2 

                       59
.0 

                        59
.3 

                      64
.0 

                         65
.0 

                       66
.0 

                        71
.0 

                                   74
.0 

                              76
.0 

               77
.0 

               77
.5 

                 78
.0 

                81
.0 

                                  84
.0 

                                  86
.0 

                                                     92
.0 

                             94
.0 

                                         94
.1 

                              95
.0 

                                10
0.0

 
                              10

2.0
 

                             10
5.0

 
                              10

9.5
 

                             111
.8 

                              11
4.2

5 
                             11

6.0
 

                              12
2.2

5 
         12

3.0
 

                                   13
0.0

 
                             13

4.0
 

                13
6.0

 
               14

1.0
 

         14
8.5

 
                      15

1.5
 

          15
5.5

 
                      15

8.5
 

                              16
4.0

 
                       16

7.0
 

                            17
4.5

 
                  17

4.8
 

                       18
2.0

 
                      18

5.0
 

                       19
0.0

 
                       19

1.8
 

                               20
0.0

 
                      20

9.0
 

                            21
7.0

 
                               22

6.0
 

                                    23
1.5

 
                  23

2.0
 

                               23
5.0

 
                      23

8.0
 

                                   24
0.0

 
                  24

1.0
 

         24
8.0

 
         25

0.0
 

                25
2.0

 
                       26

5.0
 

        27
5.0

 
       30

0.0
 

  

30GHz 300 GHz

Ama
teur

-
sate

llite

Ama
teur

-sat
ellite

Ama
teur

-sat
ellite

RADIO
ASTRONOMY

RA
DIO

AST
RO

NO
MY

RA
DIO

AST
RO

NO
MY

RA
DIO

AST
RO

NO
MY

BR
O

AD
C

AS
TI

N
G

SA
TE

LL
IT

E

SP
AC

E 
RE

SE
AR

CH
(sp

ac
e-

to-
Ea

rth
)

RA
DI

ON
AV

IG
AT

IO
N-

SA
TE

LL
IT

E
RA

DI
O-

NA
VI

GA
TI

ON
-

SA
TE

LL
IT

E

Sp
ac

e r
es

ea
rch

(sp
ac

e-
to-

Ea
rth

)

Sp
ac

e r
es

ea
rch

(sp
ac

e-
to-

Ea
rth

) RA
DIO

AST
RO

NO
MY

RA
DIO

AST
RO

NO
MY

ISM - 6.78 ± .015 MHz ISM - 13.560 ± .007 MHz ISM - 27.12 ± .163 MHz

ISM - 40.68 ± .02 MHz

3 GHzISM - 915.0± .13 MHz ISM - 2450.0± .50 MHz

3 GHz

ISM - 122.5± 0.500 GHz

This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the FCC and 
NTIA.  As such, it may not completely reflect all aspects, i.e. footnotes and recent changes made to the Table 
of Frequency Allocations.  Therefore, for complete information, users should consult the Table to determine the 
current status of U.S. allocations.

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov  Phone toll free (866) 512-1800; Washington, DC area (202) 512-1800

Facsimile: (202) 512-2250 Mail: Stop SSOP, Washington, DC 20402-0001

ISM - 61.25± 0.25 GHz ISM - 245.0± 1 GHz

AERONAUTICAL
MOBILE

AERONAUTICAL
MOBILE SATELLITE

AERONAUTICAL
RADIONAVIGATION

AMATEUR

AMATEUR SATELLITE

BROADCASTING

BROADCASTING
SATELLITE

EARTH EXPLORATION
SATELLITE

FIXED

FIXED SATELLITE

INTER-SATELLITE

LAND MOBILE

LAND MOBILE
SATELLITE

MARITIME MOBILE
SATELLITE

MARITIME
RADIONAVIGATION

METEOROLOGICAL 

METEOROLOGICAL
SATELLITE

MARITIME MOBILE

MOBILE

MOBILE SATELLITE

RADIO ASTRONOMY

RADIODETERMINATION
SATELLITE

RADIOLOCATION

RADIOLOCATION SATELLITE

RADIONAVIGATION

RADIONAVIGATION SATELLITE

SPACE OPERATION

SPACE RESEARCH

STANDARD FREQUENCY 
AND TIME SIGNAL

STANDARD FREQUENCY AND 
TIME SIGNAL SATELLITE

MO
BIL

E S
AT

EL
LIT

E
(sp

ac
e-t

o-E
art

h)
FI

XE
D

M
OB

IL
E

BR
OA

DC
AS

TI
NG

SA
TE

LL
IT

E

RA
DI

O
AS

TR
ON

OM
Y

MO
BI

LE

FIXED

RA
DI

ON
AV

IG
AT

IO
N

Radiolocation

FI
X

E
D

RA
DI

O 
AS

TR
ON

OM
Y

MO
BI

LE

 LAND MOBILE

Ra
dio

loc
at

ion

FIXED-SATELLITE
 (space-to-Earth)

FI
XE

D
ME

TE
OR

OL
OG

IC
AL

-
 S

AT
EL

LIT
E 

(sp
ac

e-t
o-E

art
h)

RA
DI

OL
OC

AT
IO

N

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y MO

BI
LE

MO
BI

LE
FIX

ED FIX
ED

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y Ra

dio
loc

ati
on

Ra
dio

loc
ati

on

Ra
dio

loc
ati

on

Ra
dio

loc
ati

on

RA
DI

O 
AS

TR
ON

OM
Y

FI
XE

D-
SA

TE
LL

IT
E

(sp
ac

e-
to-

Ea
rth

)
SP

AC
E 

RE
SE

AR
CH

(sp
ac

e-
to-

Ea
rth

)

AE
RO

NA
UT

IC
AL

MO
BI

LE
 (R

)

M
OB

IL
E 

** 

SP
AC

E 
OP

ER
AT

IO
N 

(E
ar

th
-to

-s
pa

ce
) 

15



Command and Data Handling System
• Command and Data Handling System (C&DH) manages (1) data handling, (2) components 

commanding/monitoring,  (3) data storage, (3) signal processing (for communication), and 
(4) error handling inside the satellite.

• Certain levels of autonomous functions need to be implemented in C&DH so that satellites 
can survive in the space environment.

• A high level of reliability is required for the C&DH computers. When errors occur, due to e.g., 
radiation effects, the power control system shall power cycle (power off /on) the computer 
either autonomously or by telecommand from the ground station

17



Structure and Mechanical System
• Structure System

• Is the main interface with the launch vehicle. CubeSats have the rails 
that connects between the satellite and the deployer pod.

• CubeSat specification dictates the entire form-factors
• the outer dimensions, surface area, and surface treatment of the rails and 

outer envelope of the entire satellite.
• The structure system shall withstand a launch environment, such as 

vibration, static acceleration, shock, (acoustic, air venting), etc.

• Mechanical System
• Separation switches, deployable antennas, deployable solar panels, 

shutters, booms, and any other mechanically moving elements on the 
satellite.

• The mechanical system shall be safely stowed during the launch to 
ensure the secure deployment of the CubeSat from the pod.

18



Thermal Control System
• Thermal control of a satellite can be 

achieved in two different ways:
• Passive control  and active control

• As active control needs electrical power 
(heaters/coolers) in general, passive control 
is common in CubeSats.
• Passive thermal control utilizes different 

surface materials with different thermo-
optical characteristics, for instance: 
• Aluminum surface warms up the temperature, 
• Kapton surface cools down the thermal 

condition.

19



Attitude Determination and Control System (ADCS)

20

• Attitude control capability is required depending on the mission operation of the 
satellite, such as:
• Pointing observation instruments toward the target
• Pointing high-gain antenna toward the ground station for high-speed communication
• Orienting solar panels toward the sun for larger power generation

• For the attitude control, attitude determination is also necessary beforehand, 
therefore attitude determination sensors and attitude control actuators are 
required.

• Type of attitude control
1. Passive control
2. Active control

• Attitude control modes
1. Detumbling control 

(after the separation from the launch vehicle or release from the ISS).
2. Pointing control: inertial, nadir, target, velocity direction, etc.



ADCS: Detumbling Control

21

• Detumbling Control
• Satellites can experience high rotational rates after the separation 

from the launch vehicle, or deployment from the ISS.
• In general, satellites in a high-speed rotation cannot communicate 

with the ground station properly.
• Satellites shall be able to detumble and reduce the rotational 

speed down to about several degrees per second.

• Type of detumbling control
1. Active control: Generate magnetic moment by means of 

magnetic torquers to interact with the Earth’s magnetic field to 
actively slow down the rotational rate.

2. Passive control: Utilize permanent magnets and magnetic 
hysteresis dumpers to passively slow down the rotational rate.



ADCS: Gravity Gradient Control (Passive)

22

• Satellites with long shapes and spread mass distribution 
experience a gravity gradient torque such that the 
longitudinal direction points toward the Earth.

• Cameras, antennas, and sensors can be pointed toward 
the Earth without additional electrical power for the 
attitude control.

• Pointing accuracy is relatively low.
• Can be combined with active attitude control with some 

attitude control actuators, such as magnetic torquers and 
reaction wheels.



ADCS: 3-Axis Control

23

• Attitude control actuators such as magnetic 
torquers and reaction wheels are used for active 
3-axis control.
• Reaction wheels can realize agile and stable 

attitude control.
• Disturbance torques acting on the satellite 

gradually accumulate as angular momentum 
stored in the reaction wheels. 
• Reaction wheels cannot be operated for a long time 

without desaturation using magnetic torquers.
• Satellite attitude shall be determined precisely 

by means of a combination of attitude 
determination sensors.



Harness System

25

• The harness system is not negligible! It 
affects the handling ability during 
satellite system integration.



Payload Systems
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• The on-board components dedicated to the satellite’s 
missions.

• Good practice is to define clear interfaces (mechanical 
and electrical) with the bus system.

• Example of 3U CubeSat “S-CUBE”
• 1U is assigned for the payload instruments
• 2U is assigned for satellite bus system

3U CubeSat S-CUBE © Chiba Institute of Technology / Tohoku University



Payload Systems
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Types of Payload Systems

• Each CubeSat has its own mission. 
• The larger the CubeSat is, the more payload instruments can be carried and the 

more advanced the missions are that can be conducted.

• Examples of CubeSat payload instruments.
• Observation cameras (Earth, Planetary, Astronomy, etc.)
• In-situ space environment measurement sensors
• Meteor measurement sensors
• Communication instruments
• Engineering demonstrations
• Deployment mechanisms
• Advanced technologies (new sensors, electrodynamic tether, etc.)

28



Payload: Earth Observation Camera System

• Example of 2U CubeSat “RAIKO”
• Earth Observation Camera System
• New sensor: Star Tracker

29
2U CubeSat RAIKO © Tohoku University



Payload: Meteor Observation
• Example of 3U CubeSat “S-CUBE”

• Meteor Observation Camera System
• Gravity Gradient Boom
• Deployable Solar Panels

• A gravity gradient boom was used to point the meteor 
observation camera toward the Earth’s atmosphere for 
detection of incandescent meteors as they enter the 
atmosphere.

30
3U CubeSat S-CUBE © Chiba Institute of Technology / Tohoku University



Payload: De-orbit Sail
• Example of 1U CubeSat “FREEDOM”

• De-orbit sail for fast de-orbiting and re-entry into 
Earth atmosphere from ISS orbit.

• No communication system, no solar cells.
• FREEDOM demonstrated on-orbit deployment of 

the thin-film based de-orbit sail, which can be 
utilized for space debris mitigation and 
prevention using atmospheric drag.

311U CubeSat FREEDOM © Nakashimada Engineering Works, Ltd. / Tohoku University



Payload: Electrodynamic Tether
• Example of 3U CubeSat “ALE-EDT”
• Electro-dynamic tether for de-orbiting and re-entry into Earth atmosphere.
• 3-axis attitude control is used to control the satellite attitude during the extension of the 

electrodynamic tether. The device will be useful for space debris mitigation and prevention 
in higher altitude orbits, as it can operate independent of atmospheric drag.

32© ALE Co., Ltd.



OBC and Payload Emulation

• Micro-controller device with specific emphasis on
• Low power consumption
• Real-time operation
• Robustness and reliability

Payload 1... N mode

Re-orientation mode

- EPS: active (IDLE mode)
- OBC: active (IDLE mode)
- ADCS: active 

(mode determined by payload 1...N)

- UHF: active (IDLE mode)
- X-band: inactive (OFF)

- Payload computer: active 
(IDLE mode)

- Payload 1...N: active (IDLE mode)

- EPS: active (IDLE mode)
- OBC: active (IDLE or  Low-Power Mode)
- ADCS: active (De-orientation Mode)

- UHF: active (IDLE or Beacon Mode)
- X-band: inactive (OFF)

- Payload Computer: inactive (OFF)
- Payload 1...N: inactive (OFF)

IDLE mode
- EPS: active (IDLE mode)
- OBC: active (IDLE mode)
- ADCS:active (Sun-pointing mode)

- UHF: active (IDLE mode)
- X-band: active (IDLE mode)

- Payload Computer: active 
(IDLE mode)

- Payload 1...N: inactive (OFF)

Recovery mode

- EPS: active (Low-Power Mode)
- OBC: inactive (OFF)
- ADCS: inactive (OFF)

- UHF: active (Beacon Mode)
- X-band: is inactive (OFF)

- Payload Computer: inactive (OFF)
- Payload 1...N: inactive (OFF)

Downlink mode
- EPS: active (IDLE mode)
- OBC: active (IDLE mode)
- ADCS: active 

(ECF Target-Tracking Mode)

- UHF:  active (Rx/Tx Mode)
- X-band:active (Rx / Tx mode)

- Payload Computer: active 
(IDLE mode)

- Payload 1...N: inactive (OFF)

Safe mode

- EPS: active (IDLE mode)
- OBC: active (Low-Power Mode)
- ADCS: active (Sun-Pointing Mode)

- UHF: active (Beacon mode)
- X-band: inactive (OFF)

- Payload Computer: inactive (OFF)
- Payload 1..N: inactive (OFF)
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Ground Station Setup
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Communication System Components
• Communication systems usually involve the following components in both directions - 

command up-link and housekeeping (HK) data/mission data down-link:
• Computers
• Transmitter and transmitting antenna
• Receiver and receiving antenna
• Cables
• Other components such as power amplifiers
• Radio frequency (RF) cables are thick, and their 

connectors  are relatively large.

36

Typical CubeSat RF Transmitter and Receiver © Addnics corp.



Components for Satellite and Ground Station
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Deployable Antenna
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Patch Antenna
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Link Budget
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• The communication channel in both directions between the satellite and ground station 
need to be carefully designed.

• The received RF signal power at receivers shall be strong enough for a stable 
communication. 
(Ensure a sufficient link margin!)

• The link budget is the relationship between (1) data rate, (2) antenna size, (3) propagation 
path length, (4) transmitter power, and (5) losses through the communication channels.

• The propagation path between the satellite and the ground station is the longest at lower 
elevation angles (at the beginning and the end of the satellite contact), which is one of the 
design criteria for the link budget design.



Geographical Position of the Ground Station
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•  The latitude of the ground track of the CubeSats deployed from the ISS is between about ±51.6 
degrees. Therefore, their ground stations need to be in that region.

• In the low latitude region, CubeSats can approach to the ground station both from northwest and 
southwest. (different direction in day and night)

• The duration of the ground contact is the longest when the CubeSat flies just above the ground 
station. (However, some ground stations cannot track satellites around the vertical direction!)

• Ground contact time, i.e., the amount of communication data can be increased by using more 
than one ground station, which are geographically separated.

Kassing et. al. Exploring the “Internet from space” with Hypatia IMC 2021 


