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Background )}4964
IV&V for an Operation Procedure in JAXA

[GOAL of proposed method]
To Verify consistency between MISSIOn

operation design and system design Operatlon
in early development phase

/[ S}stem } ) System

Requirement Test later phase
early phase [in Past]

[new target]

Software Software
Requirement K Test [IV&V target ]

} / Operation Procedure
N\ r——————— W ———————————ff —————— —|

Software : [IV&V method] (example)
[ Design unit Test 1 (1) Model checking of
malfunction cause judgment

|

|

|
[IV&V target] |
|
i flow in Operation Data File
|
|
|
|
|
|

Requirement Specification

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

Software (2) Distributed Simulation
Implementation between HTV and ISS
b e - | using Executable Code
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Target System

Spacecraft : H-ll Transfer Vehicle (HTV)
Component : Avionics Module / Multi-mission Control Unit (MCU)
Function: Pressurized Environment Controller,

Avionics Module

The Avignics Module contains
navigational and electrical
equipment.

ULC: Unpressurized

PLC: Pressurized
Logistics Carrier
The PLC will carry supplies that
will be used aboard the 155, The

Logistics Carrier
The ULC will carry the Exposed Pallet.

Controller
(MCU)

153 crew will ba able to anter
and work within the PLC.

Controlled
Equipment

EP: Exposed Pallet

The EP will carry unpreassurized

CBM: Commaon
payloads or other egquipmeant

Berthing Machanism
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Target System (2/2)
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Modeling W
- Controller and Equipment Model -

Onboard P i>ed ENvi t controll Onboard
Equipment ressurize nvironment Controller Equipment

power status

valve status

oX

sensor status

>
sensor value _
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Data Flow of Cabin Pressure Control in MCU

Modeling Environment : Microsoft Visual C++
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Simulation(1/3) )}4964

- Case Example -

e 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] upper oLen
Set “Status of Cabin Pressure Monitoring to ENA | ,\var »
Set “Status of Cabin Pressure Sensor” to NORMAL 0
Set “Status of Automatic Cabin Air Relief to ENA [sensor] [valve]
Set “Automatic Cabin Air Relief’ to OPERATIVE
Monitor “Value of Air Pressure Sensor”
Monitor “Status of Air Pressure Sensor” upper | close
Monitor “Status of Valve (OPEN/CLOSE)” »
lower
okealll
[sensor] [valve]
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Simulation(2/3)

- Result -

expectation
value

simulation
output

N[~ o FEESR WERE [T LAFIERS 7 I
1 THXFrEEDRFRETD
2 Cabin Prassure 1 - 226 DA
3 Gabin Pressure 2 - 226 ECEED A
4 Labin Pressure d — 226 ok D) &
5 MCUT_Autok|f_EnaSt - INH CER D) &
[ MCUZ AutoR|f EnaSt - | HH LR &
7 MCU1 AutoR|f ExecSt - OFF DER D &+
[} MCUZ AutoR|f ExecSt - OFF DERD &
L VRV Al ot = Tpen L7 |openas OISR ED 1= 0.
10 VRV B1 5t - Open IR & Open’E MIZFAERED=H.
11 VRV A? 5t - Close LER D &
12 VRV B2 5t - Close CERD &
13
14|MCUT_PLC Prc Cab Mon Ena | . . .
T5[WOUZ_PLC_Pro_Cab_Mon_Ena cabin pressure monitoring : ENA
16 MCU1_PLC Prc_Cab Mon st ENA ENA
1/ WGUZ PLC Pre_Gab_Mon_ st ENA | [F=C. TNAR S ENAD = AT — 7 ADE LI T C =21,
18 MCU1 _Press Snsrl St MORM .
19 MCUZ2 Press Snsrl St MORM NORM ) Cabln pressure sensor :
20 MCU1 Press Snsr? St NORM NORM
21 MCUZ_Press_Snsrd st WURM NURM =L
22 MCU1 Press Snsr3 St NORM NORM | R=2
23 MCUZ2 Press Snsrd St MNORM NORM R=2
24 MCU1 _PLC Htr St - ALERD A R=2. A&l T— % O HHHEAW.
25 MCUZ2_PLC_Htr_St = 0 ECER MDA R=2. A&l T—% MEHHEAW.
26IMCUT _PLC Htr Flt Sel
27IMCU2 PLC Htr FIt Sel
28 MCUT1 _PLC Htr St FLT FLT R=4
29 MCUZ PLC Htr St FLT FLT R=4
JOIMCUT_At_Relf_Enalnh_Ena
2 ez At Relf Enalnh Ena e - o automatic cabin air relief : ENA
33 MCUZ2 AutoR|f EnaSt ENA ENA T LS
S4MCUT_At Relt Exe Ena | 1
35|MCUZ At Relf Exe Ena . . . . .
T e AT W m automatic cabin air relief : ON
37 MCUZ AutoRIf ExecSt ON 0N 4 r LA
38 I I
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Simulation(3/3)
- Result (contd.) -

A4

expectation simulation
value output
IN[E<> FEEE EEE [SLAFIERE }Vﬁg iﬁ‘émﬂi; iE3 e
39 Cabin Pressure 1 = f 219—=1897) .
40 Tabin Pressure 2 = | FAFESE continualhy
41 Cabin Pressure 3 - — FE_S8E |R=8hcR=21FETEANEEC.
17 WCUT Pross onsrl ot = Wﬂ BT
] WCUZ Press Snsrl St = NORM—MWIN ERR | E— %28 [r=22
T WCU1 Press onsr2 St = NORM—MWIN ERR | E— 548 [R=22
i WCU? Press Snsro ot = T L B R L A
5 WCUT Press Snsra St = NORW—WIN _ERR
47 WCU? Press Snsr3 St = NORW—WIN ERR |3 i
il Wz Pres —L 11;‘ cabrl'n |%resslure falls l?elov(\jl lower
49 VRV_B1_St I Open—Glose |
50 VRV A2 5t — [NClose—Upen—Clos reshoid, valves are ciosed.
51 VRV B2 St - |WClose—0pen—Closg) | £ =2 #28% [R=13.R=22
57

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)
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Lessons Learned %x,q

e Modeling

e 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.)

e Simulation

e 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 #,%4

e Conclusion

e 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

e Future Work

e 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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