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Geometria di un satellite 
 

•  Sfera Celeste 
•  Sistemi di Coordinate 
•  Studio Eclissi  
•  Geometria Terra / Satellite 

SMAD Chapter 5 
p. 95 
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Sfera Celeste 1/2 

 azimuth  (longitudine l ) 
 elevazione (latitudine λ) 

  x = cos l cos λ
  y = sin l  cos λ
  z = sin λ
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Sfera Celeste 2/2 

ϕ1, ϕ2 elevazione 

θ1, θ2 azimuth 

η

cos(η) = cos(90o- ϕ1) cos(90o- ϕ2) + sin(90o- ϕ1) sin(90o- ϕ2) cos(θ1-θ2) 

D = 2πRt/(2π) acos( sin(ϕ1) sin(ϕ2) + cos(ϕ1) cos(ϕ2) cos(θ1-θ2)) 

SMAD Appendix D 
Table D-3 p. 907 
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Finestre di Lancio 
λ > i ?
λ = i ?
λ < i ? 

 

sin β = cos i / cos λ
cos δ = cos β / sin i 
LST = Ω + δ  

LST = Ω +180o – δ

λ

β

i 
δ

vsud = - vo cos γ cos βL 
vest = vo cos γ sin βL - vλ  
vr = vo sin γ   (vz) 
vλ = 464.5 cos λ m/s 

β azimuth di lancio 
γ angolo traiettoria  

volo al burn-out 
(vedi ultima trasparenza 

su orbite) 

SMAD Appendix D 
Table D-1 p. 905 riga 

5 col. 3 

SMAD chapter 6.4 
p. 153-155 

SMAD Appendix D 
Table D-1 p. 905 riga 

4 col. 3 

P (30o W, 40o N) 
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Parametri Ellisse 

γ=0 per orbite 
circolari (v=vt, vr=0) 

vt = v cos γ (*) 
vr = v sin γ 

t 

- - 

- 
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Sistemi di Coordinate 1/3 

Attenzione all’indicazione lat/long ! 

Sistema Geocentrico 
“Geografico” 
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Sistemi di Coordinate 2/3 

azimuth = ascensione retta α

elevazione = declinazione δ
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Sistemi di Coordinate 3/3  
LVLH 

pitch 

roll 

yaw 
Local Vertical – Local Horizontal 
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Sistemi di Coordinate 3/3  
LVLH 

pitch 

roll 

yaw 
Local Vertical – Local Horizontal 
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Studio Eclissi 1/3 

h = 1000 km, i = 32o  
  

NOTTE   

GIORNO   
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Studio Eclissi 2/3 
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Studio Eclissi 3/3 

SMAD chapter 5.1  
Example 1, 2 e 3 

p. 105-110 
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Geometria Terra / Satellite 1/3 
ρ raggio angolare Terra 

η angolo di nadir 

ε elevazione 

λ angolo centrale Terra                           
(swath width) 

sin ρ = cos λ0 = RT/R = RT / (RT+h) 

sin η = cos ε sin ρ

λ = π/2 – η – ε

tg η = sin ρ sin λ / (1 – sin ρ cos λ) 

D = RT sin λ / sin η

D 

SMAD chapter 5.2 
fig 5-13 p. 110-113 

S C 

O 

B 

P 

T 

N 



Geometria di un satellite 2/3 
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h = 1000 km, i = 32° ⇒  

τ = 105 min, ρ = 60°  

“isometric 
view”  

“S/C centered 
celestial 

sphere” (inerziale)  

“S/C centered celestial 
sphere” (riferimento 

terrestre)  



Geometria di un satellite 3/3 
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βs = 25° ⇒ Φ/2 =56.5° 
 

Durata fase notturna (eclisse): 
max e min 

βs : max e min β 
  

βF = 35°, Azo= 70° 

A = 0.5 m2  ⇒ 

- “eclisse”:  Az = Azo ± Φ/2 

- “dietro”:  β = ± π/2 

Analisi dell’eclissi da una LEO 

“S/C centered celestial sphere” 
cos Φ/2 = cos ρ / cos βs 
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Passaggio sopra la stazione 1/5 

O 

cos µ = sin λN sin λO + cos λN cos λO cos(lO- lN)  

sin λO= sin λN cos µ + cos λN sin µ cos Az  

cos Az = (sin λO – sin λN cos µ ) / cos λN sin µ

N 

N 

O 

S C 

P 

lN 
lO 

λN 

λO 

µ 
Az 

⇒ η

(µ≡λ) 

µ 

Az 

Meglio: geometria vista dal satellite! 
Nota: quella segnata non è 

un’orbita del satellite ma un cerchio 
max che passa per O e N 

N = Sub Satellite Point (lN,λN) 
O = Punto qls Terra (lO,λO) !!! 

SMAD chapter 5.2 
fig 5-12 p. 112 

“Earth centered celestial sphere” 
Z 

Risultato: angoli da satellite 



112 Space Mission Geometry 

We wish to find the angular relationships between a target, P, on the surface of the 
Earth, and·a spacecraft with subsatellite point, SSP, also on the surface of the Earth, as 
shown in Fig. 5-12. We assume that the subsateUite point's latitude, Latssp and longi-
tude, Longssp, are known. Depending on the application, we wish to solve one of two 
problems: (1) given the coordinates of a target on the Earth, find its coordinates vieWed 
by the spacecraft, or (2) given the coordinates of a direction relative to the spacecraft, 
find the coordinates of the intercept on the surface of the Earth. In both cases, we de-
termine the relative angles between SSP and P on the Earth's surface and then trans-
form these angles into spacecraft coordinates. 

Given the coordinates of the subsatellite point (Longssp, Latssp) and target 
(Longp, Latp), and defining IlL = 1 Longssp- Longp I, we wish to find the azimuth, 
(JJE' measured eastward from north, and angular distance, .it, from the subsateUite point 
to the target (See Fig. 5-12.) These are given by 

cos.it=sinLatsspsinLatp+cosLatsspcosLatp cos IlL (.it < IS0deg) (5-19) 

cos (JJE = (sin Latp - cos II. sin Latssp )/ (sin II. cos Latssp ) (5-20) 

where (JJE < ISO deg if P is east of SSP and (JJE > ISO deg if is west of SSP. 

Fig. 5-12. Relationship Between Target and SubsateliHe Point on the Earth's Surface. 

Alternatively, given the position of the subsateIIite point (Longssp, Latssp) and the 
position of the target relative to this point «(JJE,II.), we want to determine the geo-
graphic coordinates of the target (Longp, Latp ): 

cos Lat; = cos.it sin LatSSP + sin II. cos Latssp cos (JJE (Lat; < ISO deg) (5-21) 

cosllL = (coSA.-sinLatssp sinLatp)/(cosLatsspcosLatp) (5-22) 

where Latp =90 deg - Latp andP is east of SSP if(JJE < ISO deg and west of SSP if 
(JJE > ISO deg. 

We now wish to transform the coordinates on the Earth' s surface to coordinates as 
seen from the spacecraft. By symmetry, the azimuth of the target relative to north is 
the same as viewed from either the spacecraft or the Earth. That is, 

'% spc = '% surface = (JJE (5-23) 

5.2 Earth Geometry Viewed from Space 113 

True Outer Horizon 

________________ 

FIg. 5-13. Definition of Angular Relationships Between Satellite, Target, and Earth Center. 

Generally, then, the only problem is to find the relationship between the nadir 
angle, 11, measured at the spacecraft from the subsateUite point (= nadir) to the target; 
the Earth central angle, A., measured at the center of the Earth from the subsateUite 
point to the target; and the grazing angle or spacecraft elevation angle, e, measured at 
the target between the spacecraft and the local horizontal. Figure 5-13 defines these 
angles and related distances. First, we find the angular radius of the Earth, p, from 

sinp = cos A.o = 
RE+H 

which is the same as Eq. (5-16). Next, if A. is known. we find 11 from 

tan 11 = sinpsinA. 

If 11 is known, we fmd E from 
I-sinpcoSA. 

cos E= sin11 
sinp 

Or, if E is known, we find 11 from 

sin 11 = cos E sin P 
Finally, the remaining angle and side are obtained from 

11+A.+E=90deg 

D = RE (sin .it/sin 11) 

(5-25) 

(5-26a) 

(5-26b) 

(5-27) 

(5-2S) 

Figure 5-14 summarizes the process of transforming between spacecraft coordinates 
and Earth coordinates. 

As an example, consider a satellite at an altitude of 1,000 km. From Eq. (5-16), the 
angular radius of the Earth p= 59.S deg. From Eqs. (5-17) and (5-1S), the horizon is 
30.2 deg in Earth central angle from the subsateUite point and is at a line-of-sight 

Passaggio sopra la stazione 2/5 
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lo = 200o, λo = 22o (hawaii)  

lN = 185o, λN = 10o  

N 

O 

C 

P 

S 

“Earth centered celestial sphere” 

N 

O 

Pole 

O 

O 



Passaggio sopra la stazione 3/5 
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lo = 200o, λo = 22o (hawaii)  

lN = 185o, λN = 10o  

⇒ 

ρ = 59.8o, λ0 = 30.2o, 
Dmax = 3709 km 

 

λ = 18.7o (swath width) 

Az = 48.3o  

 

η = 56.8o (ε=14.5o) 

D = 2444 km

O (da N) 

O (da 
satellite) 

N 

O 

C 

P 

S 

“S/C centered celestial sphere” 
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Passaggio sopra la stazione 5/5 
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λmax 

O 

SSP 

Nodo A. 

λmin 

Passaggio sopra la stazione 5/5 
sin ηmax= cos εmin sin ρ

λmax= π/2 – ηmax – εmin 

Dmax= RT sin λmax / sin ηmax 

λ’’
polo= π/2 – i   (lat) 

l’’polo= l’’nodo
 – π/2  (long) 

 

sin(lo – l’’nodo) = tan λo / tan i          

tan ηmin = sin ρ sin λmin / (1 - sin ρ cos λ min)  

εmax = π/2 – ηmin – λmin         RT sin λmin = Dmin sin ηmin 

ωmax = θmax = vsat / Dmin  cos ΔΦ/2 = tan λmin / tan λmax  

   T = τ/180o acos(cos λmax / cos λmin) 

ΔΦ/2 

           sin µmax= sin λo / sin i

sin λmin= sin λ’’
polosin λo + cos λ’’

polocos λocos(lo-l’’polo)  

polo (l’’polo, λ’’
polo) O (lo, λo) 

nodo (l’’nodo, λ’’
nodo) 

µmax 

O≡SSP 

SMAD chapter 5.3.1 
fig 5-17 p. 118-121 

“Earth centered 
celestial sphere” 

µ0 



Trieste, 9 novembre 2020 21 

λmax 

O 

SSP 

Nodo A. 

λmin 

Passaggio sopra la stazione 2/2 
sin ηmax= cos εmin sin ρ

λmax= π/2 – ηmax – εmin 

Dmax= RT sin λmax / sin ηmax 

λ’’
polo= π/2 – i   (lat) 

l’’polo= l’’nodo
 – π/2  (long) 

sin(lo – l’’nodo) = tan λo / tan i 

sin µmax= sin λo / sin i

polo (l’’polo, λ’’
polo) O (lo, λo) 

nodo (l’’nodo, λ’’
nodo) 

µmax 

O≡SSP 

SMAD Appendix D 
Table D-1 p. 905 

riga 7 col. 1 

SMAD Appendix D 
Table D-1 p. 905 

riga 7 col. 2 
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λmax 

O 

SSP 

Nodo A. 

λmin 

Passaggio sopra la stazione 2/2 
sin ηmax= cos εmin sin ρ

λmax= π/2 – ηmax – εmin 

Dmax= RT sin λmax / sin ηmax 

λ’’
polo= π/2 – i   (lat) 

l’’polo= l’’nodo
 – π/2  (long) 

sin(lo – l’’nodo) = tan λo / tan i 

tan ηmin = sin ρ sin λmin / (1 - sin ρ cos λ min)  

εmax = π/2 – ηmin – λmin         RT sin λmin = Dmin sin ηmin 

ωmax = θmax = vsat / Dmin  cos ΔΦ/2 = tan λmin / tan λmax  

   T = τ/180o acos(cos λmax / cos λmin) 

ΔΦ/2 

         sin µmax= sin λo / sin i

polo (l’’polo, λ’’
polo) O (lo, λo) 

nodo (l’’nodo, λ’’
nodo) 

µmax 

O≡SSP 

SMAD Appendix D Table 
D-3 p. 905 col. 5 riga 3 

SMAD Appendix D Table 
D-1 p. 905 riga 2 col. 3 

SMAD Appendix D Table 
D-1 p. 905 riga 1 col. 1 

sin λmin= sin λ’’
polosin λo +     

+cos λ’’
polocos λocos(lo-l’’polo)  
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Geometria Terra / Satellite 
ρ raggio angolare Terra 

η angolo di nadir 

ε elevazione 

λ angolo centrale Terra                           
(swath width) 

sin ρ = cos λ0 = RT/R = RT / (RT+h) 

sin η = cos ε sin ρ

λ = π/2 – η – ε

tg η = sin ρ sin λ / (1 – sin ρ cos λ) 

D = RT sin λ / sin η

D 

SMAD chapter 5.2 
fig 5-13 p. 110-113 
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