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Integrating Education, R
esearch, 

and D
esign-B

uild-Fly: 
Perspectives from

 A
ggieSat

P
rofessor H
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eed and M

r. Joseph A
. P

erez
Texas A

&
M

 U
niversity
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w

w
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helen.reed@
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•
E

stablished Team
 (together for several years)

–
3 launches: 2 w

ith A
ir Force, 1 w

ith N
A

S
A

•
1st M

inotaur Jan. 2000
•

D
elta IV

 H
eavy D

em
o D

ec. 2004
•

S
TS

-127 July 2009

•
M

ulti-year partnership w
ith N

A
S

A Johnson S
pace 

C
enter, U

niversity of Texas at A
ustin

•
O

ver 1000 students since 1993

 
A

ggieS
at Lab 
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A
ggieS

at Lab 
To develop and dem

onstrate m
odern technologies by using sm

all satellite 
platform

, w
hile educating students and enriching undergraduate 

experience

I.   Integrated A
pproach to S

m
all S

pacecraft R
esearch, D

esign-B
uild-Fly, 

E
ducation.

II.  S
tudents responsible for w

hole design process: concept to end-of-m
ission.

III. B
usiness environm

ent w
ith real-w

orld deliverables, quality assurance 
checks, docum

entation, design and safety review
s, organization.

 IV. Integrated C
oncurrent E

ngineering Lab: rapid trade studies, capturing 
corporate know

ledge.
 V.  S

tudents gain hands-on m
astery in current tools,  system

s engineering, and 
industry practices related to specification, design, analysis, fabrication, testing 
of space vehicle system

s.
 V

I. C
ontext for this program

 is in advancing sm
all real satellites, yet skill set 

learned is applicable to w
ide variety of disciplines and industries.
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Integrate graduate and undergraduate students, w

ith 
~80%

 freshm
en through seniors.  A

ny m
ajor is w

elcom
e 

to join, and since start at Texas A
&

M
 in 2005:

 

M
ultidisciplinary Team

w
ork

E
ngineering:

- A
erospace 

- C
om

puter S
cience 

- C
om

puter 
E

ngineering 
- E

lectrical 
- Industrial 
- M

echanical 
- Technology
 

B
usiness:

- A
ccounting 

- M
arketing 

- E
ducation 

- Finance 
- M

anagem
ent 

- Inform
ation 

  S
ystem

s
 S

ciences:
- M

athem
atics 

- P
hysics 

- B
iology

 
4



N
e
x
t-G

e
n

e
ra

tio
n

 S
u

b
o

rb
ita

l R
e
se

a
rch

e
rs C

o
n

fe
re

n
ce

 (2
0

1
0

)
5

M
ain Technical O

bjectives
 I.  Through N

A
S

A
-JS

C
, com

plete 4 m
issions of increasing 

com
plexity w

ith last dem
onstrating A

R
&

D
 (A

utonom
ous 

R
endezvous &

 D
ocking).

     A
.  D

R
A

G
O

N
S

AT/A
ggieS

at2 – C
urrently operating on orbit

- C
haracterize N

A
S

A’s D
R

A
G

O
N

 G
P

S
     

B
.  A

ggieS
at4 - Launch planned for early 2012

- S
pacecraft separation, stabilization, inter-satellite  

             com
m

unications,  and 
             navigation solutions 
             using D

R
A

G
O

N
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M
ain Technical O

bjectives
 II.  M

odular softw
are, hardw

are configurability
     A

. D
evelop architecture and standard interfaces 

         em
ulating P

C
 industry

     B
. D

evelop plug-and-play hardw
are

     C
. R

euse softw
are– m

ultiple m
issions
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• M
ulti-year partnership w

ith N
A

S
A Johnson 

S
pace C

enter, U
niversity of Texas

• 5” C
ubesat

• A
ggieS

at2 carries N
A

S
A D

R
A

G
O

N
 G

P
S 

unit to test viability as navigation solution

• Launched 15 July 2009
• R

eleased 30 July 2009
D

epartm
ent of D

efense
 Space Test Program

Sandstorm
 A

&
M

 U
niversity 

M
others C

lub
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D
evelopm

ent of A
ggieS

at2
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D
elivery &

 P
rep
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Launch
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 O
n-O

rbit S
tatus

•
A

fter A
ggieS

at2 release 
–

A
live and w

ell
•

H
eard by am

ateurs on first orbit
•

H
eard by TA

M
U

 on first day of flight on first good pass over 
C

ollege S
tation (synchs and beacon)

–
C

om
m

unications hindered because of possible captive antennas 
after incom

plete separation from
 B

evo-1 – upgraded ground station
–

P
ow

er positive - health data received – com
m

ands sent and acted 
upon - G

P
S

 experim
ent initiated for m

ission success

•
A

ggieS
at2 continues to 

    be operational on-orbit
    transm

itting D
R

A
G

O
N

    data to our ground 
    station for 205 days

15

A
ggieS

at2 A
ltitude H

istory

250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
34030-Jul

18-S
ep

7-N
ov

27-D
ec

15-F
eb

D
ate

Altitude (km)

A
poapsis

P
eriapsis

C
ircular (avg alt.)
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A
ggieS

at4 M
ission S

tatem
ent

•
A

ggieS
at4 w

ill test viability of technologies to be used in 
final m

ission:
–

S
pacecraft undocking/docking and stabilization 

m
echanism

s
–

A
bility to com

pute navigation solutions using G
P

S
 system 

–
C

apture of visual data
–

D
ow

nlink of G
P

S
, health, sensor data 

–
C

om
m

unication w
ith its partner 

   satellite
•

N
ecessitates larger satellite -

         N
TE

 50 kg

16
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C
urrent S

tudent A
ctivities

A
ggieS

at4 P
relim

inary D
esign

      A
. P

rogram
 M

anager, S
ubsystem

 Leads
      B

. E
stablishing and Flow

ing D
ow

n M
ission R

equirem
ents

      C
. Trade S

tudies
      D

. N
ew

 D
ocum

entation P
rocedures

S
oftw

are D
evelopm

ent
      A

. Flight S
oftw

are
      B

. G
round S

oftw
are

 A
ggieS

at2 O
perations

      A
. P

rogram
 M

anager, S
ubsystem

 Leads
      B

. Tracking O
perations

         i. Flight D
irector

         ii. S
pacecraft O

perator
         iii. Tracking O

perator
      C

. Fault Tree A
nalysis 

17
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W
hy students choose aerospace

From
 our students,

•
S

tudents love aircraft, spacecraft, rockets, …
•

H
igh visibility organizations dem

onstrating im
pressive 

technologies:
•

“C
an I be part of this am

azing w
ork? N

ext B
urt R

utan?”
•

M
eans to achieve a dream

•
E

nable point to point suborbital transport, colonize solar 
system

, revolutionize A
ir Traffic C

ontrol, supersonic 
civilian transport, …

•
E

arlier experiences
•

Look for challenge, projects to m
ake a difference18
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W
hy space projects

•
S

pace flight projects provide an incredible vehicle to 
inspire students to engage in science,  engineering, and 
technical learning and research

•
S

tudents attest that these learning experiences provide 
opportunities, know

ledge and skills that com
plem

ent 
their classroom

 w
ork and put their studies in context.

•
U

.S. A
erospace com

m
unity experiencing extrem

e 
shortfall in system

s engineering experience.
–

Superb opportunity to educate system
s engineers

19
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P
roject characteristics

D
evelop leadership, professional, com

m
unication skills: 

•
M

odel these projects as m
uch as possible after industry

–
W

ith a real launch, real constraints on requirem
ents, testing, 

safety, deadlines, docum
entation, S

P
aM

–
Im

plem
ent C

onfiguration M
anagem

ent P
lan for 

•
providing fram

ew
ork for docum

ent release and control, 
including softw

are, docum
ents, draw

ings, reports, …
•

defining roles and responsibilities pertaining to docum
ent 

control, including review
 process, signature authority, …

 
–

Im
plem

ent Q
uality M

anagem
ent S

ystem
 for 

•
assuring all products m

eet or exceed custom
er expectations

•
describing various control points for design; product 
acquisition, inspection, traceability, storage; and tw

o-person 
build, w

ith all data recorded in an as-built procedure. 
–

For ITA
R

, participants m
ust com

ply w
ith Federal law

.20
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D
evelop leadership, professional, com

m
unication skills: 

•
M

odel these projects as m
uch as possible after industry

–
R

esponsibilities should follow
 industry guidelines and students 

serve as P
rogram

 M
anager, S

ystem
s E

ngineer, S
ubsystem

 Leads, 
and team

 m
em

bers. 

•
A

llow
 these projects to be student staffed and run, but w

ith 
frequent oversight/m

entoring

•
W

ith frequent launches, expose students to w
hole design 

process and have them
 be responsible for: 

–
concepts, research, design/developm

ent; review
s; integration/ 

testing; delivery; flight/operation; data collection/report out/lessons 
learned. 

21
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D
evelop leadership, professional, com

m
unication skills: 

•
Teach and allow

 students to m
ake critical decisions

–
specification, design, analysis, fabrication, and testing

    and have them
 defend these decisions to governm

ent and 
industry professionals during standard design review

s.

•
Teach students professional practices

–
U

se and understand softw
are design tools 

–
U

nderstand and be able to perform
 analysis

–
B

uild and test (hands-on) m
any different system

s and subsystem
s. 

Learn basic skills w
ith hand tools, soldering, polym

erics, 
harnessing, reading schem

atics and draw
ings, test procedures…

22
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D
evelop leadership, professional, com

m
unication skills: 

•
E

ncourage students to give back to the com
m

unity in 
outreach activities to youth and lay persons

–
U

se their social netw
orking skills

23
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D
evelop team

w
ork skills:

•
G

ood team
 experience m

ust include project im
possible for 

one person to com
plete A

N
D

 it m
ust require different areas 

of expertise. 

•
E

ncourage students to 
–

w
ork on subsystem

 outside of their m
ajors. 

–
use their social netw

orking skills.
–

be sensitive to different disciplines, personality types, 
cultures, experience levels, tim

e com
m

itm
ents– classes, 

hom
ew

ork, fam
ily. 

24

P
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D
evelop team

w
ork skills:

•
M

ain challenge is project continuity as students graduate or 
leave team

. Inform
ation is easily lost and one has to “start 

from
 scratch” – tim

e, resources, risk. 
–

Friendly, com
puter autom

ated, docum
entation system

 
–

IC
E

 tool w
ith databases to capture design iterations and trade 

studies providing central location for capturing corporate know
ledge

–
E

xperienced students recruit and m
entor freshm

en to carry on
–

M
odularized hardw

are, softw
are, and architectures. S

tudents can 
•

learn engineering principles, design from
 functioning system

•
focus on m

ission specific developm
ent instead of reinventing 

system
 each tim

e 
     [G

oals also com
plem

ent national objectives in R
esponsive S

pace]

25
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E
ncourage problem

 solving, creativity, and innovation: 
•

E
ngage students in challenging research

•
Lim

ited resources and rigid constraints require 
innovative solutions -- from

 the design of new
 low

-cost 
com

ponents to m
anufacturing techniques. 

26
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R
ole of com

m
ercial suborbital vehicle 

opportunities in satellite design
•

A
ttract students

•
Fam

iliarize them
 w

ith space environm
ent

•
Teach them

 to be test engineers
•

Validate and confirm
 accuracy and range of prediction tools

•
Q

ualify hardw
are

–
G

et hardw
are back to exam

ine - lessons learned
–

Q
uick turnaround

–
Longer tim

e in low
 g, tailored trajectories and conditions

–
P

roper econom
ics, m

ultiple realizations

27
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A
ggieS

at Lab S
um

m
ary

28

Focus on enabling system
s of m

icro-/nanosatellites

C
radle-to-grave approach to provide low

-cost, low
-risk 

solutions and test beds for m
ultiple technologies that feed 

forw
ard to other m

issions

C
onceive of, develop and test, ultim

ately obtain verifiable 
data in space environm

ent to characterize and advance 
•

C
lose-proxim

ity tracking and navigation solutions
•

M
iniaturized sensors and effectors

•
R

esponsive m
odularized configurable space m

ission softw
are, 

hardw
are, and architectures

•
R

elease and docking 
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A
ggieS

at Lab S
um

m
ary
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E
qually im

portant, educate system
s engineers

•
H

ands-on system
s-engineering focus, concept to 

operations
•

Instill cognizant engineering practices
•

E
ncourage students to innovate, problem

 solve, 
com

m
unicate, and use their social netw

orking skills

O
ver 1000 students since 1993

C
om

m
ercial suborbital vehicle opportunities offer an 

attractive and im
portant piece to our program

!
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A
ggieS

at Lab

http://w
w

w
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