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Abstract

Institute of Space and Astronautical Science JAXA develops the radio altimeter and velocity meter
(landing radar) that is one of mandatory navigation sensor for a planetary lander. The landing radar
can measure its relative altitude and speed from planetary surface by C band pulse. The BBM with
the function which can measure speed and an altitude simultaneously was manufactured and the
field experiment has been done by using helicopter that carried the BBM radar. From the result of
field experiment, the BBM radar realized the design performance and attained 5% of the required
accuracy from the lander system.

This paper introduces the BBM and the algorism of radar and the accuracy of altitude and velocity
measurement by the landing radar BBM.
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Table.1 Landing radar parameter (BBM)

Radar method Pulse radar

Funciton Altitude measurement
Velocity measurement

Frequency 4.3GHz

Transmitter power 1w

Occupied Bandwidth 180NMHz

PRI 102.4 y sec (51.2 4 secx2)

Data update rate 5Hz

Pulse width short mode:15ns

middle mode:50ns
long mode 28bit MSL code

1chip 50ns

Beam for Altimeter Beam width 42[deg]
Tilt angle Gldeg]

Beam for Velocity meter|Beam width15[deg]*4, Fig.1 Beam configuration of landing radar
Tilt angle *+30[deg]

Antenna Patch array
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ADTARITHIGIZ X DD TER TH A2, Gate WTERD Ry 7T B O % &> Qe le b E
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NAND SN OENVH D AT, 2SSV ARIC D580 E—A0 Ry 7 I EEERD 5, 0%, BE
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(Gate Track Method) (First Threshold Detection Method)

Fig.2 Algorithm of measurement
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(a) Digital Signal processing (b) Analog signal processing (c) Antenna (d) Antenna Pattern
Fig.3 BBM (Bread Board Model)
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Table.2 Result of measurement accuracy
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Fig.5 Result of altitude measurement

8 T T T T T

2
[

w
a

na
5

single-point 1

10
—— rrufti-point
: : : — GPShased
a i P i T T
G 10 20 30 44 50 60
#mefs]

(a) Flat surface (Alt:300m/s)

Fig.6 Result of velocity measurement
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(b) Natural surface (Vel:30m/s)

50 r

velooiy fms]
Y
@

i

single-point
~— raudti-paint
— GPShased
T

=
[ .

i
15
e fs]

10

T
2 25 30

(b) Natural surface (Alt:300m/s)

53 SR

131,985

.

mmm%%
[ Eicasa ey

i3t.1

Fig.7 Altitude of natural surface (10m mesh)
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Altitude Velocity
FT1D Gate One point Multi point

Altitude Random Random Random Bias Random Bias

(m) Error(%) Error(%) Error(%) Error(%) Error(%) Error(%)

200 1.8 1.36 7.82 —3.66 1.26 -1.27

300 0.52 1.04 8.60 0.36 1.93 -0.55

500 0.33 0.66 7.09 -0.71 1.35 -0.50

BiasError = w 100 [%] RandomErrar = W*IOO—BIUSEWW{
re re

Surface[m]
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BERED 2 T2 L. 100m LLEOE S E CITBREED 3 |ICEHIT 5, Zhid, AR MEEEILE
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P A THRE SNAEREIE. VUL AR E B — AR L > THENER S 2D . ZELV-VVTEED 3 T
45, Fig8 ICFEEOHIRIZ B A ZE L VVEREZRT, BENEAETE—L - MEAEAFD E—A
L hin, WIEOEEE 5 I oI RX VL OOIRHICIZIE L, FEEGEINEYTHD EERAD,
FM 5L CIE(EE S 20W « Al FZ% 3500m 2HHE LT\ 5, BFEEREIT, Mg TIIE#THH DI
W UACIEEERFLTH L0, H FOREBRENR £O0 b ORFTREITT, FrRlE 28bit & L,
BN A G B ERERIEIT 14.56dB ThH D, Table.3 OFEEND 3500m F THIEFRIRETH 5,

Table.3 Link budget

Parameter PM -Aso FM=Moon

ALT VEL ALT VEL
Slant Range R m 1000 1000 | 3500 | 3500 50 ——
Freauency f GHz 4.3 4.3 43 4.3 \ mﬂ
Transmitter Power P, | dBm | 300 30.0 430 43.0 - ;i’::;‘iz:jac‘fwe{veﬂ
Antenna Gain G | dBi | 214 | 424 | 214 | 424 g -+ input tevellyel]
Wavelength AZ | dB | -23.1 | -231 | -231 | -231 5 B
Backscatter Coefficient | ¢° | dB | 30 [-120 | -10 | -150 raT
Radar Cross Section o | dBsm | 48.7 23.9 50.1 26.3 i
Constant (4 70 )° d8 | 330 | 330 | 330 | 330 g0
Transmission Loss L dB 0.0 00 6.0 9.0
Other loss Lower | dB 1.0 10 1.0 1.0 s . . ‘
Coding Gain dB - - 145 145 0 200 400 600 300 1000 1200
Slant Range R dB 1200 | 1225 | 1418 | 1443 Distanoelm]
Receive lebel dBrn | -77.0 | -83.3 | -698 | 752 Fig.8 Result of receive level
Threshold dB -86.2 | -86.2 | -86.2 | -86.2
Margin dB 9.2 2.9 i6.4 110
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