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H
ands-O

n, D
esign-B

uild Education
C

onceive, D
esign, Im

plem
ent and O

perate (C
D

IO
)

M
ission Statem

ent: To engage students in both the engineering science and engineering 
practice of developing an aerospace product from

 concept through to operation.
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W
hat is SPH

ER
ES?

S
P

H
E

R
E

S
…

•
Is a facility for the developm

ent of program
s to control m

ultiple 
spacecraft

•
C

onsists of three self-contained volleyball-sized free-floating satellites
•

H
as test sessions on the IS

S
 approxim

ately once every 2-3 m
onths

•
Is an interactive testbed—

crew
 m

em
bers m

onitor the program
m

ed 
m

aneuvers

U
ltrasonic 

R
eceivers

A
djustable 

R
egulator

Thrusters

Lexan 
S

hell

B
atteries
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ZER
O

 R
obotics Inspiration

•
Inspired by astronaut and M

IT 
alum

 D
r. G

reg C
ham

itoff and 
private astronaut R

ichard G
arriott

•
G

oals:
–

E
ncourage interest in space by 

providing a path to space research 
for young students

–
Leverage the S

P
H

E
R

E
S

 facility as 
an on-orbit, reprogram

m
able robot

–
A

long the w
ay, expose students to 

S
TE

M
 skill sets

•
S

uccessful m
odel from

 FIR
S

T 
R

obotics
–

C
hallenging engineering design

–
H

igh profile, exciting com
petitions

–
Large participation
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chieving B

road R
each

K
ey question: how

 do w
e reach a broad set of students w

ith a tim
e 

constrained test environm
ent?

E
xcite students about space and 

engage in solving an engineering 
problem D

irectly involve a subset in ground-
based, hands-on  activities
 (sem

i-finals)

Final group participates in in-space 
testing

IS
S

R
egional 

S
em

i-Finals

Full P
articipation
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C
om

petition O
verview

•
S

tep 1: K
ickoff / P

roposal / Tutorial phase
–

U
nveil  gam

e
–

E
ncourage students to apply to the program

 to receive starting m
aterials

•
S

tep 2: S
im

ulated P
hase

–
C

ode and test in sim
ulated environm

ents
–

D
ow

n-select top perform
ers to attend regionals

•
S

tep 3: G
round hardw

are testing “regionals”
–

D
irect testing of algorithm

 files on a hardw
are testbed

–
S

P
H

E
R

E
S

 satellites at m
ultiple N

A
S

A and/or industry facilities that have flat 
floors around the country (M

IT, N
A

S
A M

S
FC

, JS
C

, Lockheed M
artin, etc)

–
D

eterm
ine regional w

inners, w
ho w

ill com
pete on IS

S
 (approxim

ately 8-12 
team

s)
•

S
tep 4: IS

S
 flight testing

–
U

pdate algorithm
s based on lessons learned from

 ground hardw
are testing 

to be operational on IS
S

 S
P

H
E

R
E

S
–

M
IT w

ill package, test, and send final files to N
A

S
A

–
Test S

ession w
ith astronaut w

ho w
ill run the code in space (live video of 

session to w
inning team

s, potentially invited to do it at M
IT)
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S
ept

O
ct

N
ov

D
ec

K
ickoff and S

im
ulation

S
im

ulation files delivered to M
IT

 
 

 

G
round hardw

are preparation
 

 
 

Live ground com
petition

 
 

 

Flight package preparation
 

 
 

D
elivery to N

A
S

A and S
ession

 
 

 

Pilot Program

•
S

eptem
ber to D

ecem
ber 2009

•
Tw

o high school team
s participated (10 students total)

•
Tested com

ponents from
 com

petition structure
–

K
ickoff and C

 coding tutorial
–

S
im

ulation developm
ent

–
G

round testing
–

IS
S

 com
petition
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ZER
O

 R
obotics Sim

ulation

•
R

equirem
ents:

–
H

igh fidelity and directly 
applicable to hardw

are
–

M
odest learning curve

–
Free or low

 cost
•

Im
plem

entation:
–

U
ses S

S
L’s S

P
H

E
R

E
S

 M
ATLA

B 
sim

ulation packaged as an 
executable

–
A

ll required softw
are freely 

available
–

S
am

e code used in sim
ulation 

and hardw
are testing

–
S

tudents interact w
ith satellites 

by specifying position targets
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Tutorial Phase

G
am

e S
chem

atic
S

tudent 
S

im
ulation
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C
om

petition G
am

e

•
Tw

o roles based on satellite 
assistants

–
H
elper satellite delivering a tool

–
B
locker gets in the w

ay
•

Fuel constraints
•

S
core based on tim

e to reach goal 
and tim

e blocked
•

M
IT provided “standard”

player
H

elper
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Flat Floor Testing

•
P

rototype for our “regional” com
petition

•
R

an first round of student-developed code in a m
ock 

com
petition

•
Live w

ebcast session from
 S

S
L’s flat floor facility

•
M

ixed R
esults

–
From

 student feedback, it w
as difficult to discern the 3D 

behavior of their algorithm
s from

 2D
 tests

–
Frequent interruptions due to consum

able usage and 
disturbances (C

O
2, batteries, friction)

–
P

repared students for view
ing a test session live
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ISS Session

•
D

ecem
ber 9, 2009

•
2 hours of testing (at 3am

!)
•

Focus on high quality 
experience

–
D

irect feed form
 IS

S
–

C
ontrol center setup

–
A

udio feeds on speakers
•

A few
 hiccups

–
S

P
H

E
R

E
S

 estim
ation 

–
Virtual fuel allocation
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A
 Successful H

elper
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14 A
n A

ggressive B
locker
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Future Phases: B
roadening the Pyram

id

•
P

hase 1 S
oftw

are: national level com
petition w

ith 
sim

ulated initial rounds
•

P
hase 2 H

ardw
are: 

–
geared tow

ards college level
–

the hardw
are design com

petition to enable students the 
opportunity to design enhancem

ents to enhance S
P

H
E

R
E

S
–

new
 hardw

are w
ould be designed approxim

ately every four 
years

•
P

hase 3 O
ngoing C

om
petition: 

–
A

fter H
S

 softw
are com

petition is w
ell established 

–
R

egular interval “open announcem
ent” style com

petitions to 
students seeking to design and test their ow

n algorithm
s on 

S
P

H
E

R
E

S
 aboard the IS

S
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C
onclusions

•
IS

S
 C

om
petition 

–
S

till ironing out dow
n-selection progress: appropriate blend 

of sim
ulation and ground testing

–
S

ufficient tim
e for com

plicated m
ission and m

ultiple 
perm

utations
–

A
bility to rerun tests allow

ed successful dem
onstration of 

student code in both roles
•

Thoughts for suborbital
–

Im
portant to provide age-appropriate interfaces

–
O

ptions for iteration: students can design hardw
are and fly it 

in space
–

H
igh stakes, tests m

ust be bulletproof
–

Find w
ays to involve m

any students at several levels of the 
design process


