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Aerospace Engineering at University of 
Seville 
• Aerospace	Engineering	started	in	2002,	in	the	Univ.	Of	Seville	School	
of	Engineering	(strong	tradi=on	in	Mechanical,	Electrical	and	
Chemical	Engineering	since	the	60s)	

•  Teaches	Undergraduate	Degree,	Master’s	Degree	and	also	PhD	
• Mainly	focused	in	aeronau=cs	(a	tradi=onal	industry	in	Seville)	but	
there	are	courses	in	Orbital	Mechanics,	SpacecraI	Dynamics	and	
SpacecraI	Propulsion	

•  The	Department	of	Aerospace	Engineering	was	created	in	2006	
•  Some	lines	of	research	related	to	space	have	emerged,	in	
collabora=on	with	other	departments	
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Past and Ongoing Projects 

•  Three	main	areas:	
•  Planning	and	scheduling	for	space	missions	(R.	Vazquez,	J.	Galan,	JM	
Melendez	and	others).	Problems	related	to	op=miza=on.	Collabora=on	
between	engineers,	mathema=cians	and	industry	(Taitus	soIware).	

•  Rendezvous	and	forma=on	flying	of	space	vehicles	(R.	Vazquez,	E.F.	Camacho,	
F.	Gavilan,	J.	Sanchez,	JM	Mon=lla	and	others).	Analysis	and	control	of	
rela=ve	posi=on	and	velocity	for	close	spacecraI.	Applica=ons	of	control	
theory.	Collabora=on	between	aerospace	engineers	and	control	engineers.	

•  Iner=a-free	and	adap=ve	aWtude	control	laws	(S.	Esteban,	M.	Camblor	in	
collabora=on	with	U.	Michigan).	Analysis	and	synthesis	of	automa=c	aWtude	
control	laws	that	do	not	require	knowledge	of	spacecraI	mass	distribu=on.	

• All	these	lines	have	already	produced	journal	and	conference	papers.	
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Past and Ongoing projects 

• Besides	these,	other	seminal	lines	yet	to	produce	publica=ons:	
•  Applica=on	of	sta=s=cal	tools	to	study	uncertainty	in	orbital	mechanics	
problems,	such	as	orbit	decay	(R.	Vazquez,	FJ	Camacho)	

•  Analysis	of	groundtrak	self-intersec=ons	for	geocentric	satellites(R.	Vazquez,	
E.	Teson,	J.	Galan)	

•  Applica=ons	of	the	three-body	problem	dynamics	to	mission	design	(J.	Galan,	
R.Vazquez)	
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Optimization in Space

I Project 1: Design and integration of a real time optimal
planner for swath acquisitions for multiple EOS satellites.

Swath acquisition planning in multiple-mission EOSs: exact and
heuristic approaches. IEEE Trans. Aerospace Elec. Systems
(51) 1717-1725. 2015.

I Project 2: Minimize the number of cancellations of
satellite-antenna requests due to conflicts in real time.

Resolution of an Antenna-Satellite assignment problem by
means of Integer Linear Programming. Aerospace Science and
Technology (39) 567-574, 2014



Project 1: swath acquisitions to cover an area

How do we select the images?
How close is a feasible solution to the optimal one?



Mathematical Modeling I:

Stand-Off : 187 km 

View Angle : 15 deg 

Landsat-7 ETM+ 



Mathematical Modeling I:

Let R be a region, n acquisitions a

i

of cost c

i

.
Solve the Integer Linear Programming (ILP) problem where x
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Note that the problem may be infeasible.



Translating geometry into equations

Find all the intersection between the acquisitions in R. Let us
define an m ⇥ n swath-subregion matrix Q whose entry q

ij

takes the value 1 if subregion SR

j

is covered by acquisition a

i

,
and 0 otherwise.
The ILP is now:
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The solution is the optimal covering of region R.



Mathematical Modeling II: toy example

R



Mathematical Modeling II: toy example
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Mathematical Modeling II: toy example
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Mathematical Modeling II: toy example
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Mathematical Modeling II: toy example
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Human operator in the loop solution
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Mathematical Modeling II: toy example
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Optimal solution
Given the region R and the set of acquisitions {a1, a2, a3, a4}

the optimal solutions is {1, 1, 0, 1} = {a1, a2, a4}

a2

a1
a4

R



Generalizations and Limitations

I It is straightforward to include multiple modes for each
satellite (additional restrictions).

I Optimization in time.
I Optimization in number and cost of images.

For planning purposes we need real time solutions.

I The bottleneck of the present calculatons is the
computation of the Q matrix.

I We have implemented greedy, GRASP (Greedy
randomized Adaptatve Search Procedure) and two steps
optimizations algorithms.



RESULTADOS
PRIMER ANÁLISIS

Regiones:

• Provincia de Cádiz

Ingeniería Aeronáutica Proyecto Fin de Carrera 49

• Provincia de Cádiz

• Extremadura

• Andalucía

More complicated regions and acquisitions: Extremadura, Andalucia



Project 2: Satellite Range Problem
Ksat Global Network



Some orders of magnitude

I # antennas ⇠ 50 (9 ground stations, pole to pole)
I # satellites ⇠ 80.
I # revisits ! up to 14 a day (polar orbiting satellites).
I Optimization horizon ! one week ! 3000 p/w (⇠ 45%).
I Typical pass duration ! 10-20 minutes.
I operating restrictions (bands, up/down links, priorities)
I KSAT already had a deconflicting procedure (KNOS+WM).



KSAT Facility at Tromso, Norway



Some definitions

Keywords: timeline, passes, conflicts, ASAP=SRS,
deconflicting tool, real time.



Deconflicting I: moving passes

If pass 1 is also compatible with antenna 2 ! move the pass!



Deconflicting II: multiple moving passes

moving may involve more than one pass ! domino effect.



Deconflicting III: shortening of passes

If pass 1 is shortable ! allocated time slot > minimum duration



Deconflicting III: shortening of passes

If pass 2 is shortable ! allocated time slot > minimum duration



Deconflicting IV: moving and shortening of passes

If pass 2 is movable and pass 3 shortable



Can we build an automatic Deconflicting tool?

I Clearly define the hierarchy of allowed deconflicting
mechanisms.

I define a decision variable (if possible binary).
I define a cost function.
I implement an optimization procedure.
I test against experimental data.
I use the tool to deconflict passes and (hopefully) make

design decisions.



Mathematical modeling of deconflicting I

I5

A1      

A2

conflict

p1
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I compute the time intervals along the time line



Mathematical modeling of deconflicting II

p24
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p1

A1      

I for each pass and its alternatives generate all possible
compatible subpasses in al the alternative antennas.
KEY INGREDIENT



Mathematical modeling of deconflicting: solutions
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p1 p3

solution 1

A2

A1      

A2

A1      

solution 2

p1 p3

p2

t4 t5t0 t1 t2 t3 t4 t5
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t0 t1 t2

I assign a binary value for each pass
I add feasibility conditions
I define an appropriate linear cost function
I optimize (ILP).



Mathematical modeling:equations
Define the binary variable y

ik

that is 1 if pass P

i

is assigned to
antenna A

k

and 0 otherwise.
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Does it work?

Passes Ant. Sat.
Shortable
passes (%)

Conflicts Cancell. Short.
Move.

total (other site)
Vars. Constr. Time (s)

3356 22 49 22 537 116 1 839 (13) 8090 9322 64
3006 22 47 22 196 75 3 703 (5) 11219 12157 61
3356 22 49 22 231 94 0 517 (6) 12465 12245 73
3566 22 50 22 306 114 1 561 (11) 12360 12714 73
3470 22 52 22 253 100 0 557 (17) 12016 12788 80
3408 22 52 22 196 91 0 478 (5) 12289 12025 71
1573 14 47 24 68 0 0 487 (7) 7143 4467 64
384 20 46 22 33 21 0 101 (0) 1247 1075 22
1586 16 45 24 6 2 0 479 (2) 7892 4964 63
2287 18 55 26 1053 250 4 312 (35) 6820 8380 77

Table 1: Deconflicting results for 10 problem instances obtained from real-world examples. (Ant.= number of antennas, Sat.=
number of satellites, Cancell. = number of cancellations, Short. = number of shortenings , Move.= number of movements,
Vars = number of variables and Constr. = number of constraints)
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I Implemented in C++ within a Savoir tool
I The bottleneck is not the dimension or the ILP solver

(LPSOLVE) but the preprocessing and the complexity of
the conflicts (Gurobi).

I We perform in real time at least as good (slightly better) as
the trained deconflicting department.



Other projects… (a bit more academic)



Planning of acquisitions for agile 
satellites in snapshot mode. 
• Agile	satellites:	allow	rota=on	in	all	direc=ons	to	acquire	images	
•  Snapshot	mode:	individual	images	for	selected	coordinates	
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Planning of acquisitions for agile 
satellites in snapshot mode. 

3 ALGORITMO DE BÚSQUEDA DE PUNTOS (ABP)
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Figura 3.4.3: Ejemplo de aplicación del criterio de tiempo óptimo mínimo (problema plano)
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Figura 3.4.4: Ejemplo de aplicación del criterio de desviación mínima (problema plano)

En las figuras 3.4.1, 3.4.2, 3.4.3 y 3.4.4 se muestran algunos ejemplos de ejecución del algoritmo para los
distintos criterios del algoritmo de prioridad explicados anteriormente.
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Analysis of groundtrack self-intersections 
for geocentric satellites 
•  Satellites	with	repea=ng	groundtrack	may	or	may	not	have	points	of	
self-intersec=on	depending	on	orbital	elements.	

•  Self-intersec=on	are	of	interest	because	they	represent	points	of	
opportunity	for	repeated	communica=on	and/or	observa=on	

 

  Solución del caso impar 

 

 

 

5.3.   Verificación de los resultados obtenidos 
             Para verificar que el cálculo de los puntos de cruce es correcto basta con representar la longitud y latitud 
de éstos para una inclinación cualquiera sobre la traza correspondiente. Para ello, de nuevo se ha aplicado el 
método numérico descrito en el apartado 5.2.1.1. 

 

             Para los ejemplos tratados hasta ahora se obtienen los siguientes resultados: 
 

� Para k=3, m=1 y 𝑖 = 44,6°, 101,11°  se  obtienen, respectivamente: 

 

� Para k=5, m=1 y 𝑖 = 44,5°,101,11°  se  obtienen, respectivamente: 

 
� Para k=5, m=3 y 𝑖 = 44,5°,101,11°   se  obtienen, respectivamente: 

Figura 5-13.  Traza con k=3, m=1, 𝐺𝑆𝑇0 = 𝜃0 = 𝑤 = 𝛺 = 0  y  𝑖 = 44,6°, 101,11° (de izquierda a derecha). 

Figura 5-14.  Traza con k=5, m=1, 𝐺𝑆𝑇0 = 𝜃0 = 𝑤 = 𝛺 = 0  y  𝑖 = 44,5°, 101,11° (de izquierda a derecha). 

Figura 5-15.  Traza con k=5, m=3, 𝐺𝑆𝑇0 = 𝜃0 = 𝑤 = 𝛺 = 0  y  𝑖 = 44,5°, 101,11° (de izquierda a derecha). 

 

  Solución del caso impar 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

            Además, se representa en la figura 5-32 la verificación de los puntos de cruce para altos números de m y 
k (m=9 y k=35) para una inclinación de 𝑖 ≅ 𝜋

2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Finalmente, atendiendo a los ejemplos mostrados, se concluye que el método de cálculo tanto analítico 
como numérico desarrollado en este capítulo permite calcular con gran exactitud el número y localización 
(latitud y longitud) de los puntos de cruce para órbitas circulares con m y k impar. 

 

 

 

Figura 5-31.  Traza con k=9, m=7, 𝐺𝑆𝑇0 = 𝜃0 = 𝑤 = 𝛺 = 0  y  𝑖 ≅ 90° y zoom de dicha traza en 
torno al polo (de izquierda a derecha). 

Figura 5-32.  Traza con k=35, m=9, 𝐺𝑆𝑇0 = 𝜃0 = 𝑤 = 𝛺 = 0  y  𝑖 ≅ 90° y zoom de dicha traza en 
torno al polo (de izquierda a derecha). 
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Analysis of groundtrack self-intersections 
for geocentric satellites 

•  In	the	circular	case	the	al=tude	(which	determine	repea=ng	proper=es)	and	
inclina=on	are	the	key	values.	

•  In	the	circular	case,	we	have	developed	algorithms	that	give	the	exact	
number	of	self-intersec=on	and	their	loca=ons.	These	algorithms	may	help	in	
orbit	design.	

  
 

 

 

 

105 

105 

Estudio detallado de los puntos de cruce de las trazas de satélites geocéntricos 

 
       7.5.1.2.  Resultados obtenidos 

            En la figura 7-5 se muestra la evolución del número de puntos de cruce para las posibles órbitas 
heliosíncronas que se encuentran entre 300 y 20000 Km de altitud (rango de altitudes de las órbitas bajas) con 
𝑚𝑚𝑎𝑥 =15. La evolución, aunque parece caótica, puede apreciarse que sigue un cierto patrón en el 
comportamiento, disminuyendo el máximo número de puntos de cruce a medida que aumenta el semieje mayor 
de la órbita. 

            En cuanto a las latitudes menores a las del círculo polar ártico representadas en la figura 7-6, su 
evolución frente al semieje mayor también sigue un patrón de comportamiento. Esta representación resulta 
interesante ya que muestra que se pueden tener puntos de cruce para órbitas heliosíncronas pero no 
necesariamente en las proximidades del polo. 

  

 

 
 

             Finalmente destacar que, a medida que 𝑚𝑚𝑎𝑥 aumenta, aumentan el número de puntos de cruce pero 
éstos se revisitarán más tarde por lo que hay un cierto compromiso entre el número de puntos de cruce y el 
tiempo de revisita. 

Figura 7-5.  Evolución del número de puntos de cruce frente al semieje mayor para las órbitas 
heliosíncronas con traza repetida entre 300 y 2000 Km y 𝑚𝑚𝑎𝑥 =15. 

Figura 7-6.  Evolución de las latitudes menores de 66º44’36’’ de los puntos de cruce frente al 
semieje mayor para las órbitas heliosíncronas con traza repetida entre 300 y 2000 Km y 𝑚𝑚𝑎𝑥 =15. 
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Now some control theory: Rendezvous and 
formation flying of space vehicles
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Examples: Space Shuttle

the target vehicle’s status. If it has active sensing capabilities (i.e.,
contains a transponder), the rendezvous radar system can operate at
ranges from 555 km to 30 m. If the target has passive sensing where
the radar is simply reflected off the target vehicle, the rendezvous
radar has a range of 22 km to 30m [4]. There are also three additional
tools available on the space shuttle to help the astronauts navigate
during the rendezvous and docking phase. Mounted in the orbiter’s
payload bay is a laser ranging device that provides range, range rate,
and bearing to the target for display to the crew at distances varying
from1.5 km to 1.5m. There is also a centerline camera attached to the
center of the orbiter’s dockingmechanism.When the shuttle iswithin
90 m of the target, it generates images that serve as a visual aid to the
crew for docking. Also available to the crew is a hand-held laser
ranging device which can measure range and range rate during
approach to complement the other navigation equipment.

The aggressive requirements for the shuttle necessitated the
orbiter to have the capability to rendezvous, retrieve, deploy, and
service multiple targets that had different sizes, possessed varying
degrees of navigational aids (transponders or lights), and in many
cases were not designed (or functioning) to support these operations
[29]. In addition, when the shuttle wasn’t visiting one of the different
space stations itwas typically larger than its rendezvous target, which
often contained sensitive payloads. With Apollo and Gemini plume
impingement issues were not significant, but for the shuttle serious
considerations regarding contamination and induced dynamics on
the target had to be faced. As a consequence, the approach trajectory
was redesigned. Instead of the direct approach as performed
previously, the shuttlewould transition to a station-keeping point and
then perform one of a variety of possible final approach trajectories.

A typical rendezvous scenario for the shuttle to the International
Space Station is as follows [30]. The ground controllers compute the
necessary phasingmaneuvers to get the space shuttle within 74 kmof
the target, as shown in Fig. 4 (point A). From this moment on, either
the shuttle’s guidance, navigation, and control (GNC) system
automatically calculates and executes the remaining maneuvers or
the flight crew manually guides the spacecraft. Initially the onboard
GNC system has control and automatically executes the first
maneuver that transfers the crew to a specified point about 15 km
behind the target (point B) in preparation for the terminal-phase
initiation maneuver. Once the shuttle executes this initiation burn to
place itself near the target, it enters a trajectory that will pass

underneath the target (point C) and place it in front of the target
(point D). Shortly before the shuttle passes underneath the target, the
astronauts assume control over the vehicle. Using hand controls and
displays, the crewmembers will manually guide the shuttle until it is
securely docked.

There are two common final approach modes used by the shuttle:
the v-bar or r-bar approaches. (In the local vertical local horizontal
reference frame, the v bar generally points along the target’s velocity
vector and is commonly known as the downrange or local horizontal
axis, whereas the r bar refers to the relative altitude or local vertical
axis and points radially upward.) If the r-bar approach is selected, an
impulsive maneuver in the negative downrange direction is
performed when the shuttle crosses the r bar (point C) reducing the
forward velocity. Because of orbital mechanics, the shuttle will
naturally follow a course which crosses the r bar again. At this point
another impulsive maneuver directed up and in the negative
downrange direction causes the shuttle to slowly hop itsway up to the
target. For a v-bar approach the shuttle transfers to a point downrange
from the target (point D). The final approach begins with a change of
velocity toward the target. To remain on the v bar, an upward !v is
required causing the shuttle to slowly hop toward the target. It will
gradually move toward the target at a controlled rate proportional to
the relative range distance [v! "range=1000# m=s] until the
vehicles have docked.

B. Soyuz/Progress

The man-rated Soyuz vehicle and the cargo carrying Progress
vehicle are Russia’s work horses for space station activity. Initially
these vehicles were equipped with the Igla rendezvous and docking
system but in the mid-1980s the Soviet space program replaced the
Igla systemwith the newKurs (Course) system.During the transition
to the new system, the Mir space station actually incorporated both;
the Kurs system from one docking port and the Igla system from
another. Currently the Kurs system supports the rendezvous and
docking efforts at the International Space Station. It provides all of
the necessary relative navigation information from target acquisition
to docking which includes range, range-rate, line-of-sight angles,
and relative attitude measurements. Some of the noticeable changes
between the Igla andKurs systems are that Kurs uses a different set of
antennas, allows for acquisition and maneuvering at much greater
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Fig. 4 Shuttle orbital rendezvous scenarios.

WOFFINDEN AND GELLER 903

Di↵erent phases according to proximity.

Close approach is manual.
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Examples: Soyuz

which hemisphere the target is located in (see Fig. 5). If needed, an
attitude maneuver is initiated to ensure the spacecraft is properly
pointed in the direction of the target. Once the Kurs system knows
which hemisphere the target is in and the Soyuz is oriented
appropriately, the scanning antenna (A3) is activated to determine
more precisely the pointing direction to the target. Eventually the
distance and orientation of the Soyuz spacecraft with respect to the
target is sufficient to allow the main tracking antenna (A4) to
interrogate the target to obtain range and range-rate information.
With this additional information, the Kurs system updates the
estimated position of both vehicles and executes a correction
maneuver (M5).

To ensure a smooth braking velocity profile when approaching the
target vehicle, three impulsive maneuvers are implemented (M6–
M8) as shown in Fig. 7. The first one (M6) occurs when the Soyuz is
about 1 km below the target’s orbit. Following the last maneuver
(M8), it is likely that the current approach trajectory is not aligned
with the target’s docking port. To position itself along the target’s
docking axis for the final approach, the Soyuz performs a fly-around
at a relative distance between 200–400 m. Regardless of whether
docking axis is pointed along the v bar, r bar, or some inertially fixed
axis, the Soyuz begins transferring to intersect this final approach
line. During the fly-around, the scanning antenna on the Soyuz (A4)
tracks the target antenna B3 to obtain range, range-rate, and line of

Altitude

Downrange

M2

M1M0

M3 M4

M5

Launch

Kurs

Fig. 6 Phasing and rendezvous sequence for Soyuz/Progress vehicles.
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Downrange

M6

M7

M8

Fig. 7 Final approach sequence for Soyuz/Progress vehicles.

WOFFINDEN AND GELLER 905

Russian approach: Kurs system.

Used for MIR.

Automatic system, does not require
target actions (but requires system
installed on-board target).

Weight of 85 kg., 270 Watts of
consumption (both on target and
chaser).
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Examples: ATV
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ATV (Automated Transfer Vehicle) from
ESA carries supplies to ISS and at the
end of its lifetime is ejected elevating the
orbit (and carrying waste away).

Uses relative GPS and follows a
pre-programmed maneuver.

Additional pre-programmed maneuvers
for all possible scenarios.

5 ATV vehicles had been launched (Jules
Verne, Johannes Kepler, Edoardo Amaldi,
Albert Einstein, Georges Lemâıtre ).
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PROBA-3  MISSION (ESA)



Automatic Rendezvous

The problem of designing an automatic rendezvous system of
low weight and consumption is still open and an active field of
research.

This would be specially attractive for small satellites that
could rendezvous with larger spacecraft, such as space
stations.
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Rendezvous and formation flying of 
space vehicles  
•  This	was	one	of	the	lines	of	research	in	F.	Gavilan	PhD	Thesis	(2012).	
• We	have	considered	two	main	problems:	

•  Safe	&	op=mal	rendezvous	subject	to	model	uncertain=es	
•  Fast	algorithms	for	rendezvous	with	on-off	thrusters	

•  The	problem	can	be	modeled	by	linear	equa=ons	when	vehicles	in	
close	proximity	but	is	=me-varying	(Tschauner-Hempel	model)	

• On-off	thrusters	make	the	problem	nonlinear	
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Safe & optimal rendezvous subject to model 
uncertainties 
 •  Problem	classicaly	solved	assuming	everything	is	known.	
•  If	there	are	uncertain=es,	to	get	a	robust	controller,	one	has	to	solve	a	min-max	
problem:	minimize	fuel	consump=on	and	verify	system	constraints	even	for	worst	
possible	uncertain=es	

•  Uncertain=es	have	to	be	es=mated	on-line	
•  Use	of	Model	Predic=ve	Control	
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Figure 6.2: Robust MPC with thruster disturbance (δ1 ∼ N3(5 · 10−5, 0.5 · 10−5),
δθ ∼ N3(0.0436, 0.0436)). Controller parameters are set to: Np = 60, γ = 1000,
ka = 60, p = 0.95, λ = 0.23. Mission cost 0.4382 m/s
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Figure 6.3: Robust MPC with unmodeled dynamics and thruster disturbance (δ1 ∼
N3(5 · 10−5, 0.5 · 10−5), δθ ∼ N3(0.0436, 0.0436)). Controller parameters are set to:
Np = 60, γ = 1000, ka = 60, p = 0.95, λ = 0.23. Mission cost 0.4827 m/s
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Model Predictive Control

t t+1 t+2 

t+N t     t+1    t+2   !!..      t+N    

u(t) 

Only the first  
control move is 
applied 

Errors minimized over 
a finite horizon 

Constraints 
taken into 
account 

Model of 
process used 
for predicting 
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Model Predictive Control

t+2 t+1 

t+N 

t+N+1 

t     t+1    t+2   !!..      t+N   t+N+1   

u(t) 

Only the first 
control move is 
applied again  
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MPC vs PID

MPC 

PID:   u(t)=u(t-1)+g0 e(t) + g1 e(t-1) + g2 e(t-2)  

vs. PID 
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Rendezvous with on-off thrusters 

• Development	of	an	algorithm	(PWM-MPC)	which	consider	realis=c	
thrusters	or	any	other	type	of	=me-varying	actua=on	(e.g.	Rota=ng	
spacecraI)	

•  Two	main	ingredients:	
•  Hotstart	for	op=miza=on	computed	from	impulsive	actua=on	
•  Improvement	through	successive	lineariza=ons	un=l	convergence	or	
computa=on	=me	is	up.	
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Rendezvous with on-off thrusters 
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Figure 4: System trajectories in the target orbital plane: open-loop PWM inputs computed

from impulsive solution (dashed), closed-loop Model Predictive Control with PWM inputs

using impulsive model (dot-dashed), and closed-loop Model Predictive Control with PWM

inputs using the PWM planning algorithm (solid).

where Rk is defined as

Rk = h(k � ka)I6⇥6

(87)

where, h is the step function and ka is the desired arrival time for rendezvous.

Notice that the dimensions of each block matrices are shown for disambiguation.

The reason for choosing (87) is that it is desired to arrive at the origin at time

ka (and remain there) and at the same time minimize the control e↵ort. In the

sequel ka = Np, so the spacecraft are expected to rendezvous after 50 minutes.

In the simulations three algorithms were considered: first, an impulsive open-

loop trajectory planner, as described in Section 4.1. Next, closed-loop simula-

tions using MPC but considering impulsive instead of PWM actuation in the

model (this algorithm is denoted as impulsive MPC). Finally, closed-loop sim-
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Rendezvous of spacecraft
• Other prospective lines:

• Rendezvous for a small chaser
spacecraft with only 1 or 2 
thrusters, and attitude control (J 
Sanchez Master’s Thesis). 
Challenging if the attitude
actuator saturates. Mixes relative
dynamics and attitude dynamics.

• Rendezvous with an asteroid. 
Considers a triaxial asteroid, 
major axis spinner. To avoid
impact, a tangent plane (rotating
with the asteroid) can be used to 
establish a constraint. (JM 
Montilla & J Sanchez)



Rendezvous with spacecraft in NRHO (Deep Space Gateway)



Using the 
International Space Station

Operating in the Lunar 
Vicinity (proving ground)

After 2030
Leaving the Earth-Moon System 

and Reaching  Mars Orbit
Now

2020s

Phase 0

Continue research and 
testing on ISS to solve 
exploration challenges. 
Evaluate potential for 
lunar resources.    
Develop standards.

Phase 1

Begin missions in 
cislunar space. Build 
Deep Space Gateway. 
Initiate assembly of 
Deep Space Transport.

Phase 2

Complete Deep 
Space Transport 
and conduct 
yearlong Mars 
simulation mission.

Phases 3 and 4

Begin sustained 
crew expeditions 
to Martian system 
and surface of 
Mars.

EXPANDING HUMAN PRESENCE IN PARTNERSHIP
CREATING ECONOMIC OPPORTUNITIES, ADVANCING TECHNOLOGIES, AND ENABLING DISCOVERY
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Conclusions from these projects

I The problems are complex and challenging and there
exists a nonzero overlap between the academic and the
industry interests.

I Academia needs industry to know what problems are of
practical interest and get out of the “ivory tower”...

I Industry can tap into the knowledge of academia and learn
about other perspectives and ideas with minimal costs



Thanks! 
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