
Ph
oe

ni
x

Ph
oe

ni
x

O
ve

rv
ie

w
 o

f t
he

 P
ho

en
ix

 E
nt

ry
, D

es
ce

nt
 a

nd
 

La
nd

in
g 

Sy
st

em
 

R
ob

 G
ro

ve
r

Je
t P

ro
pu

ls
io

n 
La

b



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 2

Ph
oe

ni
x

Ph
oe

ni
x

Ph
oe

ni
x 

M
is

si
on

 G
oa

ls

•
St

ud
y 

th
e 

hi
st

or
y 

of
 w

at
er

 in
 M

ar
s’

 a
rc

tic
 re

gi
on

.
•

Se
ar

ch
 fo

r h
ab

ita
bl

e 
zo

ne
s i

n 
M

ar
s’

 a
rc

tic
.

•
D

ev
el

op
 a

 ro
bo

tic
 sy

st
em

 to
 e

xp
lo

re
 M

ar
s.

R
eb

ir
th

 o
f t

he
 M

ar
s 2

00
1 

L
an

de
r



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 3

Ph
oe

ni
x

Ph
oe

ni
x

Pa
yl

oa
d

R
ob

ot
ic

 A
rm

 (R
A

)
JP

L

R
ob

ot
ic

 A
rm

 C
am

er
a 

(R
A

C
)

M
ax

 P
la

nk
 A

er
on

om
ie

M
ic

ro
sc

op
y,

 E
le

ct
ro

ch
em

is
tr

y 
&

 C
on

du
ct

iv
ity

 A
na

ly
ze

r 
(M

E
C

A
)

JP
L

M
ar

s D
es

ce
nt

 Im
ag

er
 

(M
A

R
D

I)
M

SS
S

Su
rf

ac
e 

St
er

eo
 Im

ag
er

 (S
SI

)
U

ni
ve

rs
ity

 o
f A

ri
zo

na

T
he

rm
al

 E
vo

lv
ed

 G
as

 
A

na
ly

ze
r 

(T
E

G
A

)
U

ni
ve

rs
ity

 o
f A

ri
zo

na

M
et

eo
ro

lo
gi

ca
l P

ac
ka

ge
 w

ith
 sc

an
ni

ng
 L

ID
A

R
C

an
ad

ia
n 

Sp
ac

e 
A

ge
nc

y



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 4

Ph
oe

ni
x

Ph
oe

ni
x

A
er

os
he

ll/
En

try
 C

om
pa

ris
on

0.
06

-3
.5

0.
25

62
.9

58
8

-1
2

6.
5

2.
65

’0
1 

L
an

de
r

0.
18-1
1

0.
27

, T
B

D

9424
00

-1
5.

63
 to

 -1
3.

68

5.
2 

to
 6

.8

4.
57

2

M
SL

0.
18

-1
1.

1

0.
22

1

63
.7

93
0

-1
7.

6

4.
5,

 4
.4

2

3.
50

5

V
ik

in
g 

I, 
II

0.
06

-3
.5

0.
25

69
.3

60
2

-1
2.

5

5.
7

2.
65

Ph
oe

ni
x

M
PF

/M
E

R

0
N

om
in

al
 L

/D

0
N

om
in

al
 α

, d
eg

0.
27

/0
.2

6
X

C
G

/D
 r

ef
er

en
ce

62
.3

/8
9.

8
m

/(C
D
A

), 
kg

/m
2

58
5/

84
0

E
nt

ry
 M

as
s, 

kg

-1
3.

8/
-1

1.
5

R
el

. E
nt

ry
 F

PA
, d

eg

7.
6/

5.
5

R
el

. E
nt

ry
 V

el
oc

ity
, k

m
/s

2.
65

D
ia

m
et

er
, m

En
try

 V
eh

ic
le

s



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 5

Ph
oe

ni
x

Ph
oe

ni
x

En
try

 T
ra

je
ct

or
y 

C
om

pa
ris

on



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 6

Ph
oe

ni
x

Ph
oe

ni
x

•R
ad

ar
 A

ct
iv

at
ed

: E
+2

63
s,

 L
-1

37
s,

 8
 k

m

•H
ea

t S
hi

el
d 

Je
tti

so
n:

 E
+2

60
s,

 L
-1

40
s,

 9
 k

m

•P
ar

ac
hu

te
 D

ep
lo

ym
en

t: 
E

+2
50

s,
 L

-1
50

s,
10

 k
m

, <
 3

50
 m

/s
 (M

ac
h 

1.
45

)

•P
ea

k 
H

ea
tin

g:
 E

+9
9s

, L
-3

01
s,

 4
5 

km
,

P
ea

k 
D

ec
el

er
at

io
n:

 E
+1

17
s,

 L
-3

53
s,

 7
g

•C
ru

is
e 

S
ta

ge
 S

ep
ar

at
io

n:
 E

-5
m

in

•L
an

de
r S

ep
ar

at
io

n:
 E

+3
71

s,
 L

-2
9s

, 0
.7

4 
km

•T
hr

ot
tle

 U
p:

 E
+3

74
s,

 L
-2

6s
, 0

.5
7 

km

•C
on

st
an

t V
el

oc
ity

 A
ch

ie
ve

d:
 E

+3
93

s,
 L

-7
s,

 0
.0

12
 k

m
, 1

.6
 m

/s

•T
ou

ch
do

w
n:

 E
+4

00
s,

 L
-0

s,
 0

 k
m

, 1
.6

 m
/s

•E
nt

ry
 T

ur
n 

S
ta

rts
: E

-6
.3

 m
in

.  
Tu

rn
 c

om
pl

et
ed

 b
y 

E
-5

m
in

.

•E
nt

ry
: E

-0
s,

 L
-4

70
s,

 1
25

 k
m

*, 
5.

7 
km

/s
, γ

= 
-1

2.
5°

•L
eg

 D
ep

lo
ym

en
ts

: E
+2

93
s,

 L
-1

07
s,

 6
.5

 k
m

•D
us

t S
et

tli
ng

: L
+0

 to
 L

+1
5 

m
in

La
nd

in
g 

at
 

-3
.5

 k
m

el
ev

at
io

n 
ab

ov
e 

M
O

LA

X-
ba

nd
 D

TE
 C

lo
se

d 
/ O

pe
n 

Lo
op

U
H

F-
ba

nd
 to

 O
rb

ite
r

X-
ba

nd
 D

TE
 O

pe
n-

Lo
op

U
H

F-
ba

nd
 to

 O
rb

ite
r

•F
ire

 P
yr

os
 fo

r D
ep

lo
ym

en
ts

: L
+7

se
c

•B
eg

in
 G

yr
o-

C
om

pa
ss

in
g:

 L
+1

00
m

in

•S
ol

ar
 A

rr
ay

 D
ep

lo
y:

  L
+2

5m
in

X-
ba

nd
 D

TE
U

H
F-

ba
nd

to
 O

rb
ite

r

*A
lti

tu
de

 re
fe

re
nc

ed
 to

 e
qu

at
or

ia
l r

ad
iu

s

•R
ad

ar
 c

ut
of

f: 
E

+3
95

s,
 L

-5
s,

 0
.0

10
 k

m
, 1

.6
 m

/s

Ph
oe

ni
x 

ED
L 

Ti
m

el
in

e



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 7

Ph
oe

ni
x

Ph
oe

ni
x

Lo
ng

itu
de

 (d
eg

)

Latitude (deg)

P
os

iti
on

 a
t P

ar
ac

hu
te

 D
ep

lo
y

 1
23

o W
 

 4
0 '

 
 2

0 '
 

 1
22

o W
 

 4
0'

 
 2

0'
 

 2
0'

 

 3
0'

 

 4
0'

 

 5
0'

 

  7
0o N

 

H
yp

er
so

ni
c 

Ph
as

e

•H
yp

er
so

ni
c 

G
ui

da
nc

e 
w

ill
 b

e 
D

em
on

st
ra

te
d 

by
 

U
si

ng
 a

 M
od

ifi
ed

 V
er

si
on

 o
f t

he
 A

po
llo

 E
ar

th
-e

nt
ry

 
G

ui
da

nc
e

–T
er

m
in

al
 P

oi
nt

 R
an

ge
 C

on
tro

l w
ith

 G
ai

n 
M

at
rix

 F
ro

m
 T

ra
je

ct
or

y 
Pe

rtu
rb

at
io

ns
–N

om
in

al
 V

eh
ic

le
 L

/D
 =

 0
.0

6 
(A

lp
ha

=3
.5

 d
eg

)
–U

til
iz

es
 B

an
k 

C
on

tro
l t

o 
St

ee
r t

o 
Ta

rg
et

 a
t 

C
hu

te
 D

ep
lo

y 
–O

pe
ra

te
s a

t 1
0 

H
z

•N
o 

R
eq

ui
re

m
en

t o
n 

G
ui

da
nc

e 
A

cc
ur

ac
y

•P
er

fo
rm

an
ce

 w
ill

 b
e 

C
ha

ra
ct

er
iz

ed
 b

y 
En

d-
to

-E
nd

 
M

on
te

 C
ar

lo
s

•“
B

re
ak

-it
” 

Te
st

in
g 

W
ill

 H
el

p 
D

ef
in

e 
C

ap
ab

ili
ty

 L
im

its

•F
ul

l “
Li

ft 
U

p”
/“

Li
ft 

D
ow

n”
 D

oe
s N

ot
 Im

pa
ct

 L
an

de
d 

Su
cc

es
s, 

Ju
st

 A
cc

ur
ac

y

10
 k

m
 ra

di
us

A
po

llo
 G

ui
da

nc
e 

C
ro

ss
ra

ng
e 

Pe
rf

or
m

an
ce

-4-3-2-101234 14
0

19
0

24
0

29
0

Ti
m

e 
(s

ec
)

Error (km)

N
av

 X
-ra

ng
e 

E
rro

r
P

os
 D

ea
db

an
d

N
eg

 D
ea

db
an

d

B
an

k 
R

ev
er

sa
ls

 T
rig

ge
re

d

R
ev

er
sa

ls
 In

hi
bi

te
d 

to
 

Pr
io

rit
iz

e 
C

or
re

ct
io

n 
of

 
D

ow
nr

an
ge

 E
rr

or



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 8

Ph
oe

ni
x

Ph
oe

ni
x

H
yp

er
so

ni
c 

Ph
as

e

Ph
oe

ni
x

M
ar

s ’
01

 R
eq

ui
re

m
en

t
•

En
try

 V
el

oc
ity

5.
76

 k
ps

~6
.5

 k
ps

•
En

try
 E

rr
or

s, 
D

el
iv

er
y

0.
20

 d
eg

0.
27

 d
eg

•
En

try
 E

rr
or

s, 
N

av
0.

15
 d

eg
0.

15
 d

eg
•

M
ax

 H
ea

tin
g

62
 W

/c
m

2
72

 W
/c

m
2

•
M

ax
 L

oa
ds

9.
5 

g’
s

16
 g

’s
•

M
ax

 B
on

dl
in

e 
Te

m
p

15
0 

C
25

0 
C

•
Ex

is
t H

ar
dw

ar
e:

 H
ea

ts
hi

el
d 

/ B
ac

ks
he

ll 
St

ru
ct

ur
e 

&
 T

PS
•

N
ew

 H
ar

dw
ar

e:
 E

D
L 

A
nt

en
na

s &
 A

ss
oc

. T
PS

•
B

eg
in

s w
ith

 E
nt

ry
 In

te
rf

ac
e 

at
 1

25
 k

m
 R

ef
er

en
ce

 A
lti

tu
de

 
•

D
om

in
at

ed
 b

y 
En

try
 H

ea
tin

g
•

Al
l K

ey
 P

ar
am

et
er

s W
ith

in
 M

ar
s 2

00
1 

D
es

ig
n 

En
ve

lo
pe



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 9

Ph
oe

ni
x

Ph
oe

ni
x

Ph
oe

ni
x

M
ar

s ’
01

R
eq

ui
re

m
en

t
•

M
ax

 D
ep

lo
y 

M
ac

h
1.

7
2.

25
•

M
ax

 D
ep

lo
y 

Q
ba

r
48

5 
Pa

11
00

 P
a

Pa
ra

ch
ut

e 
Ph

as
e

•
M

ar
s 2

00
1 

Pa
ra

ch
ut

e:
 1

3.
4m

 V
ik

in
g 

di
sc

 g
ap

 b
an

d
•

Ph
oe

ni
x 

C
ur

re
nt

ly
 1

2.
4m

 V
ik

in
g 

D
is

c 
G

ap
 B

an
d

•
Ph

as
e 

B
eg

in
s w

ith
 P

ar
ac

hu
te

 M
or

ta
r F

iri
ng

 
•

M
ar

s-
01

 D
ep

lo
y 

Pu
sh

ed
 to

 V
ik

in
g 

Li
m

it 
fo

r S
ite

 P
er

fo
rm

an
ce

•
C

ur
re

nt
 L

an
de

r L
oa

ds
 C

ap
ab

ili
ty

 R
eq

ui
re

s a
 D

ep
lo

y 
B

el
ow

 5
00

 P
a

Ph
oe

ni
x 

Pa
ra

ch
ut

e
•V

ik
in

g 
D

es
ig

n 
D

is
c 

G
ap

 B
an

d 
(D

G
B

)



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 1
0

Ph
oe

ni
x

Ph
oe

ni
x

Te
rm

in
al

 D
es

ce
nt

 P
ha

se
D

es
ce

nt
 E

ng
in

es
D

op
pl

er
 R

ad
ar

M
ar

s 
’0

1 
C

on
fig

.

•
A

lti
tu

de
–

O
p.

 R
an

ge
: 4

0-
24

00
 m

–
Er

ro
r: 

 ≤
5%

•
V

el
oc

ity
–

O
p.

 R
an

ge
: 4

0-
14

00
 m

–
Er

ro
r: 

 ≤
4%

 (>
 1

m
/s

)
–

Q
ua

nt
iz

at
io

n:
  0

.8
2 

m
/s

•
Ph

oe
ni

x 
U

pg
ra

de
–

M
iti

ga
te

s h
or

iz
on

ta
l v

el
. e

rr
or

 
du

e 
to

 sl
op

es
–

Ex
tra

 se
t o

f a
nt

en
na

s (
8 

to
ta

l)
–

A
lt.

 R
an

ge
: 1

-3
70

0 
m

–
V

el
. R

an
ge

: 1
0-

21
50

 m
–

Q
ua

nt
iz

at
io

n.
: 0

.4
0 

m
/s

–
Sa

m
e 

er
ro

r s
pe

cs

•
12

 d
es

ce
nt

 e
ng

in
es

, ~
30

0N
 

ea
ch

.
•

Pu
ls

e-
w

id
th

 m
od

ul
at

ed
 a

t 
10

H
z.

 
•

C
ur

re
nt

 b
as

el
in

e 
3 

fu
ll 

on
.

•
In

 a
dd

iti
on

 to
 d

es
ce

nt
 

br
ea

ki
ng

, p
ro

vi
de

s 3
-a

xi
s 

at
tit

ud
e 

co
nt

ro
l.

R
ad

ar
 A

nt
en

na
s

D
es

ce
nt

 E
ng

in
e 

(1
2)



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 1
1

Ph
oe

ni
x

Ph
oe

ni
x

D
at

a 
R

et
ur

n
•U

H
F 

C
om

m
du

rin
g 

al
l o

f E
D

L
•

D
ire

ct
 li

nk
 to

 O
dy

ss
ey

 o
r M

R
O

•
8 

K
b/

s D
at

a 
R

at
e

•
C

on
ce

rn
 a

bo
ut

 P
la

sm
a 

bl
ac

ko
ut

 in
 H

yp
er

so
ni

c
•X

-B
an

d 
Se

m
ap

ho
re

s d
ur

in
g 

al
l o

f E
D

L
•

C
on

fir
m

at
io

n 
of

 K
ey

 E
ve

nt
s

•
C

ap
ab

ili
ty

 to
 p

ro
du

ce
 “

fa
ul

t”
 se

m
ap

ho
re

s
•

So
m

e 
le

ve
l o

f p
er

fo
rm

an
ce

 d
at

a
•L

in
k 

an
al

ys
es

 to
 b

e 
re

fin
ed

 a
s M

is
si

on
 D

es
ig

n 
m

at
ur

es

ED
L 

C
om

m
un

ic
at

io
ns

LG
A

3 
PL

C
S

U
H

F 
A

N
TE

N
N

A 3 
PL

C
S

M
ar

gi
n 

fo
r 8

 k
bp

s

-1
0

-505101520253035

-4
00

-3
00

-2
00

-1
00

0
10

0
20

0
30

0
40

0
50

0
60

0

Se
co

nd
s 

fr
om

 E
nt

ry

Power(dBm)

C
ru

is
e 

S
ta

ge
 

Je
tti

so
n

E
nt

ry
 

in
te

rfa
ce

 
12

5 
km

C
hu

te
 

D
ep

lo
y

La
nd

er
 

se
pa

ra
tio

n 
(h

el
ix

 a
nt

en
na

)

Si
gn

al
 to

 N
oi

se
 R

at
io

 d
ur

in
g 

en
tr

y

5.
00

7.
00

9.
00

11
.0

0

13
.0

0

15
.0

0

17
.0

0

19
.0

0

21
.0

0

23
.0

0

25
.0

0

0
50

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

Ti
m

e 
(s

ec
on

ds
)

Pt/No (dB-Hz)

En
tr

y 
In

te
rf

ac
e

Pa
ra

ch
ut

e 
D

ep
lo

y

A
cq

ui
si

tio
n

R
ea

lti
m

e

P
os

t-r
ea

lti
m

e
P

ro
ce

ss
in

g

N
om

in
al

W
or

st
 C

as
e 

N
o 

sw
in

g,
 

W
or

st
 C

as
e 

w
/ 2

5 
de

g 
sw

in
g

K
D

R
3.

3.
5 

T
el

em
et

ry
 D

ur
at

io
ns



2nd
IP

PW
A

ug
us

t 2
3r

d,
 2

00
4

R
G

 1
2

Ph
oe

ni
x

Ph
oe

ni
x

Su
m

m
ar

y

•
Ph

oe
ni

x 
is

 a
 re

bi
rth

 o
f t

he
 2

00
1 

La
nd

er
 u

si
ng

 th
e 

sa
m

e 
ha

rd
w

ar
e 

an
d 

m
an

y 
of

 th
e 

sa
m

e 
te

am
 m

em
be

rs
.

•
C

on
tin

ua
tio

n 
of

 fo
llo

w
 w

at
er

 st
ra

te
gy

 ta
rg

et
in

g 
su

bs
ur

fa
ce

 ic
e 

in
 th

e 
no

rth
er

n 
po

la
r r

eg
io

n.
•

Fi
rs

t u
se

 o
f h

yp
er

so
ni

c 
gu

id
an

ce
 a

t M
ar

s.
•

La
un

ch
in

g 
in

 2
00

7 
an

d 
la

nd
in

g 
in

 2
00

8,
 it

 re
tu

rn
s t

o 
pr

op
ul

si
ve

 so
ft 

la
nd

in
g 

w
ith

 st
ro

ng
 si

m
ila

rit
y 

to
 th

e 
V

ik
in

g 
la

nd
in

gs
.


