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Abstract :

For Korean first lunar exploration program, KARI(Korea Aerospace Research Institute) has been

researching in various fields and investigating cases of abroad lunar exploration spacecrafts. In the field of
the flight software, KARI has been analysing some cases such as NASA LRO, and this paper describes the

result of the case study on LRO flight software.
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2. LRO(Lunar Reconnaissance Orbiter)
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Fig. 1 Lunar Reconnaissance Orbiter

CFDP(CCSDS File Delivery Protocol)
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LOLA(Lunar Altimeter),

Reconnaissance Camera),

LEND(Lunar Exploration Neutron Detector), DLRE

(Diviner Lunar Radiometer Experiment),

LAMP

C&DH / Spacecraft Architecture[6]
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Fig. 2 Typical LRO On-Orbit Operations[7]
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Table 1 Processor Utilization Estimates[10]
Category Component - LD =5 .MOdlﬁed
Utilization DMIPS Utilization DMIPS
Framework | cFE 0.050 0.120 0.000 0.000
Models 0.430 1.032 0.430 1.032
AOCS GNC Data Ingest 0.200 0.480 0.200 0.480
Attitude Control 0.530 1.272 0.530 1.272
GNC SA/HGA Pointing 0.400 0.960 0.400 0.960
Subtotal 1.560 3.744 1.560 3.744
Command Ingest 0.010 0.024 0.010 0.024
TC / ™™ Telemetry Output (&CFDP) 10.000 24.000 0.250 0.600
SOH Housekeeping 0.040 0.096 0.040 0.096
Subtotal 10.050 24.120 0.300 0.720
Scheduling | Scheduler 0.650 1.560 0.650 1.560
RTS Stored Commands 0.040 0.096 0.040 0.096
SpaceWire Manager 5.000 12.000 0.250 0.600
Instrument Manager 2.000 4.800 0.100 0.240
Interface
1553 Bus Control 7.000 16.800 0.3560 0.840
Subtotal 14.000 33.600 0.700 1.680
Control Limit Checker 1.000 2.400 1.000 2.400
File File Manager 0.100 0.240 0.000 0.000
Data Storage 0.600 1.440 0.600 1.440
Control Subtotal 0.700 1.680 0.600 1.440
Memory Manager 0.010 0.024 0.010 0.024
Memory Memory Dwell 0.030 0.072 0.030 0.072
Memory Scrub 0.010 0.024 0.010 0.024
Control  ["Checksum 0.200 0.480 0.200 0.480
Subtotal 0.250 0.600 0.250 0.600
Total 28.300 67.920 5.100 12.240
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Telemetry Output App9 AF&S F7HH2=2 1/2
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Table 2 Processor Memory Estimates[10]

Category Component LRO (KB) Modified (KB)
EEPROM | TABLES | SRAM | EEPROM | TABLES | SRAM

0S 0S (VxWorks) 428.00 0.00 | 2140.00 | 428.00 0.00 | 2140.00
cFE 62.18 0.00 370.00 0.00 0.00 0.00
Framework Subtotal 490.18 0.00 | 2510.00 | 428.00 0.00 | 2140.00
CDH Shared Lib 3.95 0.00 20.00 3.95 0.00 20.00
Models 12.96 0.00 76.00 12.96 0.00 76.00
GNC Data Ingest 11.44 0.00 67.00 11.44 0.00 67.00
AOCS Attitude Control 34.18 0.00 195.00 34.18 0.00 | 195.00
SA/HGA Pointing 17.49 0.00 88.00 17.49 0.00 88.00
GNC Math Library 4.48 0.00 28.00 4.48 0.00 28.00
Framework 7.75 0.00 39.00 7.75 0.00 39.00
Gimbal Lib 2.26 0.00 - 2.26 0.00 -
Subtotal 94.52 0.00 513.00 94.52 0.00 | 513.00
Command Ingest 6.75 0.00 35.00 6.75 0.00 35.00
TC / T™M Telemetry Output 6.74 0.00 78.00 6.74 0.00 78.00
CFDP 55.46 0.00 348.00 0.00 0.00 0.00
SOH Housekeeping 7.06 0.00 48.00 7.06 0.00 | 48.00
Subtotal 76.01 0.00 509.00 20.55 0.00 | 161.00
Scheduling | Scheduler 20.87 35.74 93.00 20.87 35.74 93.00
RTS Stored Commands 11.17 18.75 248.00 11.17 18.75 248.00
SpaceWire Manager 8.18 0.00 43.00 8.18 0.00 43.00
Interface | nstrument Manager 25.05 0.00 168.00 25.05 0.00 | 168.00
1553 Bus Control 16.60 2.12 91.00 16.60 2.12 91.00
Subtotal 49.83 2.12 302.00 49.83 2.12 | 302.00
Control Limit Checker 9.43 0.00 81.00 9.43 0.00 81.00
File Manager 6.51 0.00 39.00 0.00 0.00 0.00
File Data Storage 9.16 0.00 52.00 9.16 0.00 52.00
Control Local Data Storage 0.00 0.00 | 14438.00 0.00 0.00 0.00
Subtotal 15.67 0.00 | 14529.00 9.16 0.00 52.00
Memory Manager 7.23 0.00 41.00 7.23 0.00 41.00
Memory Memory Dwell 4.25 0.00 22.00 4.25 0.00 22.00
Memory Scrub 31.92 0.00 192.00 31.92 0.00 | 192.00
Control  "Checksum 17.87 0.00 107.00 17.87 0.00 | 107.00
Subtotal 61.27 0.00 362.00 61.27 0.00 | 362.00
Etc. EMC Code Image 6.00 0.00 - 6.00 0.00 -
Total 834.94 56.61 | 19147.00 710.79 56.61| 3952.00
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