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Background
 IV&V for an Operation Procedure in JAXA

Software
Implementation

System
Requirement

Software
Requirement

Software
Design

Software
Test

System
Test

Mission
Operation

Unit Test

[IV&V target ]
Operation Procedure 

[IV&V method] (example)
(1) Model checking of 
malfunction cause judgment 
flow  in Operation Data File

(2) Distributed Simulation
between HTV and ISS 
using Executable Code

later phase
[In Past]

[IV&V target]
Requirement Specification

[IV&V method]
Executable Model Based 
Verification (new)

[GOAL of proposed method]
To Verify consistency between 
operation design and system design 
in early development phase

early phase
[new target]
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Target System 

Spacecraft : H-II Transfer Vehicle (HTV)

Component : Avionics Module / Multi-mission Control Unit (MCU)
Function:

 

Pressurized Environment Controller

HTV

Controlled
Equipment

Controller
(MCU)
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Target System (2/2) 

TLM
CMD

MCU_A

Data Handling Multi Mission func.

MCU_B

MCU_C

Pressurized 
environment
controller

Caution & warning
Heater controller
Power estimator
Propulsion FDIR
LLM mode function

TLM
Input

CMD
Output

CMD
Input

TLM
Output

TLM
Output

TLM
Input

TLM
Input

CMD
Output

CCSDS Data Processor Bus Interface Unit
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ISS format
transition

INT MDM

Function Structure of MCU

<ISS>

Pressurized 
Logistics
Carrier

[Controlled 
Equipment]

Target Function in MCU
[Controller]
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Modeling
 -

 
Controller and Equipment Model -

Data Flow of Cabin Pressure Control in MCU

Cabin Pressure
Monitoring

Vent

Automatic Relief

Preventive
Depressurization

Cabin Pressure
Sensors

Power
Distributio 
n
Box

Onboard Equipment Model<sample>

If power status of the valve is “ON”
and valve status is “OPEN”,
then Cabin Pressure decreases
1 unit value per second.

sensor value
sensor status

Pressurized Environment Controller
Onboard
Equipment

valve status 

Controller of
unpressurized
part

Controller Model <sample>

If sensor value 1 is over upper threshold
and sensor value 2 is over upper threshold,
then sensor value 3 becomes representative value,
else Automatic Relief becomes non-executable.

Vent/Relief 
Valve

power status

Onboard
Equipment

Modeling Environment : Microsoft Visual C++
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Simulation(1/3) 
-

 
Case Example -



 

Automatic Cabin Air Relief
If cabin pressure goes over upper threshold, 
cabin air is released for depressurization by opening relief valves
until cabin pressure falls down below lower threshold.

[Abstract of Operation Procedure]
Set

 

“Status of Cabin Pressure Monitoring to ENA
Set

 

“Status of Cabin Pressure Sensor”

 

to NORMAL
Set

 

“Status of Automatic Cabin Air Relief to ENA
Set

 

“Automatic Cabin Air Relief”

 

to OPERATIVE
Monitor

 

“Value of Air Pressure Sensor”
Monitor “Status of Air Pressure Sensor”
Monitor

 

“Status of Valve (OPEN/CLOSE)”

upper

0 kPa

open

[sensor] [valve]

lower

upper

0 kPa

close

[sensor] [valve]

lower
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Simulation(2/3)
 - Result -

cabin pressure monitoring : ENA 

cabin pressure sensor : 
NORMAL 

automatic cabin air relief : ENA 

automatic cabin air relief : ON 

simulation 
output

expectation 
value
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cabin pressure falls down 
continually.

If cabin pressure falls below lower 
threshold, valves are closed.

Remarks about the simulation result
Static system behavior such as state transitions can be verified 
by comparing simulation output with expectation value.

Continuous system behavior can’t be evaluated with only these 
static models. (e.g. software processing time)

simulation 
output

expectation 
value

Simulation(3/3)
 -

 
Result (contd.) -
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Lessons Learned 



 
Modeling



 

Setting of Abstraction Level


 

In order to verify consistency between Operation Design 
and System Design, abstraction level of system models 
should be adjusted according to the Operation Design. 
(In the case example, Controller model was partly complemented 
by Detailed Design.)



 
Simulation



 

Setting of Execution Conditions


 

Defined carefully about input/output timing of parameters 
(e.g. cabin pressure changes, status changes, etc.)



 

More advanced Conditions could be defined
(e.g. Multiple Failure Conditions during Operation)
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Conclusion and Future Work 



 
Conclusion


 

Executable Model Based method was shown to be 
effective for IV&V in

 
early development phase.



 

Consistency

 

check between Operation and System 
Design with simply  constructed models



 

Correction of ambiguity description in the Requirement  
Specification through Modeling



 
Future Work


 

Feasibility research with other case examples


 

Interactive system behavior

 

with multiple functions


 

Applying the method to other subsystems and projects
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Thank you for your attention!
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