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FEE/ IV T DFEN

- BE/AFEH
— Attitude Control, Data Handling, Mission, Sensor
— Fail Safe — Fail Operative
— FDIR: Fault Detection Isolation and Recovery
— Rewritable
— Assembly / C language
— Reuse
Bit upset by radiation
. 75 AN AT Ls
Central Control system, Robot Arm (manipulator), payload ... so many software
— Safety Requirement (2-Fail Operative)
— Complex and large amount of FDIR
— Include the crew (human) in system control loop
Ada/ C language
. D#uh
— Guidance Navigation Control etc.
— High Reliability / Voting
— Assembly / C language
© JAXA/NASA — Hard real-time
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FEEV I TORERILET70—3
B
First Priority “Mission Success of space systems”

No matter how high the reliability or process maturity, a positive success is more important

=1 Approaches to achieve the goal T

Process domain

Methodology/Models/Tools Product/Service Domain

Process Standards

#1: Engineerin
[ g 9 (e.g. 1SO12207)

\-------

MBSE™2 Common Regs./Design Guide
*2: MBSE: Model Based Systems Engineering

Highly Reliable RTOS (niTRON) (e.g. CB(CS™3 Safety Reqs) ,
R —— — _[ *3: CBCS: Computer Based Control System I

Full software verification Env.
I Pr Education Design knowledge Education |
#2: Education ocess ucatio *4:IV&V: Independent Verification and Validation { g . *g _
i : (Including Accessor Training) (including IV&V™*+ education) [

*1: VBSA: Value Based Software Assurance
[ N N N N N | | N N =N =5 &N B B & B B B B | | & & & & & & & & & & &8 B B B | | & N &N &8 & & &5 &5 =B B B B |

¢l Il BNl IEE N - L N N _§ ;N _§N _§B _§N _§ | L N 5§ B N N B N _§N _§N _§ _§N _§N _§N | [ NN N N N 5 &N N =5 N =5 N |

_ ISO/IEC22000 (SPICE JAXA-PAM’5 (ISO/IEC33004/33020)
! #3: Independent [IEC33000 ( ) Risk identification method(GSN) [
I Assessment Process Assessment Formal Method & Verification i
| IV&V Education program Safety Assessment i
‘ *5: PAM: Process Assessment Model

)\
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Figure 3. Miles Needed to Demonstrate with 95% Confidence that the Autonomous Vehicle

e e
Failure Rate Is Lower than the Human Driver Failure Rate Waymo i1—r%$ﬁ ~2024/7
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SOURCE: Authors” analysis.

NOTE: The results depend upon the estimated failure rate of autonomous vehicles. This is shown on the horizontal
axis and defined as a percent improvement over the human driver failure rate. The comparison can be made to the
human driver fatality rate (blue line), reported injury rate (purple line), estimated total injury rate (green line),
reported crash rate (red line), and estimated total crash rate {(orange line).
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HH 8 : Rando report Driving to Safety: How Many Miles of Driving Would
It Take to Demonstrate Autonomous Vehicle Reliability? | RAND {8 © Waymo HP Safety Impact
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