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ABSTRACT

Flight software operated on the on-board computers in the satellite has requirements such as real-time and high reliability. These
requirements make dependency between the flight software and operating environments. Further, whenever a new system is built, such
problem drives that all flight software are redeveloped. Thus, the dependency between them should be removed. And the work can be
achieved by improving the portability of the flight software. In this paper, we propose a platform architecture based on the IMA
architecture. The platform architecture is a hybrid one built by blending two kinds of realizations of the IMA architecture in order to
maximize portability. In addition, we implement a prototype system and analyze the execution results of the system to justify the proposed
architecture. The proposed architecture enables us to remove the dependency between fight software and operating environments.

Keywords : Flight Software, Software Architecture, Portability
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Table 3. Target Systems for Portability Evaluation

ID System Partition Type

S1 H-IMA based System Typel, 2, 3, 4

S2 AIR Type2

S3 XtratuM Type2, 4
Fig. 5. Structure of Legacy Systems 54 PikeOS Type2
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Table 39| S1, S2, S3, 4, S6& <A H7HE Sl o T
& Az"e xdsth S33 S4of sk XtratuMI10]12

PikeOS[11]%= WH1d3) 7|9k &R oAl & =iof A 3) 5,9 HF AZEY ] AR5 A FF-
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Table 4. Methods for Porting (Scenario 1)

Table 5. Methods for Porting (Scenario 3)

F1 | F2 | F3 | F4 | F5 | F6 | F7 | F8 | F9
S1 \4 \4 v P P P P p p F1 F3 F4 F6 F7 F8 F9
S2 R R R P P P p p p S1 Vv \4 p p P p p
S3 R R R P P P P p p S2 R R p P p p p
S4 R R R P P P p p p S3 R R p P p p p
S5 \ \Y Vv \ Vv Vv \ \Y \ S4 R R p P p p p
# P o P-IMA based Porting S5 RV RV \% \4 \4 \4 A4
% V : V-IMA based Porting % P : P-IMA based Porting
# R ¢ Re-development % V : V-IMA based Porting
¥ R : Re-development
Table 4% B S2, S3. S49] ASo]= o]z AZES o] # RV © Re-development and V-IMA based Porting
of e ek ds §l7] wiimel o]zl AZEg ol &
3= FI, F2, F3ol lsiA A/@Re siof e o & 9 Table 55 HW S2, S3, S4% DA< 487 a7 vz
ohoSold A S5¢ A4, ofd fdel axEsolEn  BEE @ A B FF AR B s
V-IMA 7]dke] o]2(V)& E8 sj2dds <& 5 g} S1e SE) Al gAE = *J%}O] AT ojm, S2¢F S49] A
TE §380 FEHS AYsnz AZEJole 8o <& o= 792 Ao E FAEAR S32 74 FEACR
e o R ol 4g BT Table 43 B3 ¥ b WAHT AR ol g &3 ARk G A T
APAS o &gk R wMAlE S 7o) Al A 3 A BARE w2 Aol a8 SwelA S37F 529 S4
e 71 AL vlgo] spdEve Aotk ¥ wAE si7b EUH W2 @Mds o £ o W, S5e DAl 4
S2, 83, Sd°l WlE| A olAAe EHE B F ok g FHE Bl HEv ofd KLEMYdE ot

otk T weald Mg smedelo] ded VoA 83 SRS AfaA 9] Al AR} she
PIMANT e clfgel Al AT Eos Add, 20 TIE Al A AIUIHEE o @A

st V-IMAE LiE%lOiJ 3k BAJol o2 F A= WS VAIMA 7] o] 2{(V) Hrel §l7] wizel
S ATEAT P-IMAE oA azEgold faA o] a4 Az LSl s B8k V-IMA 7]Whe] o] 4 33}
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Table 6. API for VMM

Return API Name Parameters
int init_vmmanager void
int exit_vmmanager void
BYTE4 vid
BOOL create_vm BYTE4 pid
char* path
BYTE4 vid
BOOL ctrl_vm
BYTE4 cmd
inode* inode
. . filex flip
nt vmmanager_ioctl
BYTE4 cmd
long data

o)l W3k 84+ IEIA X9 AlE(Partition Supporting
v %?lr ](Trzmslator 71 CPU(VnTual

o A4H, 7H CPU~ Eﬂ Z
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a) A3 #E) 2 (Execution Manager)
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Table 7. API for Execution Manager

Return API Name Parameters
VCPU *vcpu
void th_exec
BYTE4 addr
int *n
int *z
void save_condition_codes -
mt *v
int *c
int n
int z
void restore_condition_codes B
mnt v
int ¢
VCPU #*vcpu
BYTE4 sparc7_sensitive_handler —
nt mnstr
BYTE4 addr
void write_sysreg
BYTEA4 value
BYTE4 read_sysreg BYTE4 addr
BYTEL *filepath
BYTE4 load_file_srec
VM #vm
void cpu_init VCPU *vcpu

b) =713} #e]2K(Initializer)

7.”/\]5 /\]/\EHJ,]_ ;}eﬂ& }
o 2713 #EAE Sl 5715}3: Z}»?i% VM, 7}
CPU°Ith A7 z7]3t, AIZE Al2zdlo] T2 4 9]
TE 2] Adz AAste Ae ovsth 273t A
7} A3t APIE Table 87 2t} 2 =&oA A& Al
2E AlzHlo] SPARC v79 ERC32 Z2AAE 7|utow
at7] wWiitol| Table 8% & APIE T @t

I

Guest System I Guest System

Independent Parts | Dependent Parts

i Table 8. API for Initializer

1 Translator VCPU Initializer
I Return API Name Parameters

I Execution Manager void sparc?_init VCPU s#vepu

I - .
i void erc32_init VM *vm

Fig. 7. Binary Code Translation Component
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¢) ¥37](Translator)

VMl GAE AXE oluAe] ol AmEE A s
AN BT F g oXAEE WHsH: wEolth ¥
ole] a4 olse] wWeole] W] FAHTL WA} A
3= APIE Table 99 2t}
Table 9. API for Translator
Return API Name Parameters
VM #vm
void translate
BYTEA4 addr
VM #vm
void decode
BYTE4 addr
BYTE4 rds
BYTE4 unused_reg
BYTEA4 unused_regs

) 74 CPU (Virtual CPU)

A2E Axdo] zh= CPUC th3t AR 2ot AXE
Ao gk sEdo] HEEs A8 AodE 2409, 3
= HYE 7H T8RS vtk Table 102 39
Al zElo A AbgslE 714 CPU Ab& %%, ERC32 A
A7t Zte dA~HE 2E3.

Table 10. Data Structure of VCPU
Field Type Description
gregs BYTEA[] | Global Register
iregs BYTEA[] | General purpose registers
fregs BYTEA4[] |Floating point registers
psr BYTE4 |processor state register
win BYTE4 | Window invalid mask register
thr BYTE4 | Trap base register
vy BYTE4 |Y register
pc BYTE4 | Program counter
npc BYTE4 |next program counter
regwptr | BYTEA * | Point to current window
psret BYTE4 |Enable trap bit of PSR
psrs BYTE4 | Supervisor bit of PSR
pSTps BYTE4 | Previous supervisor bit of PSR
psrpil BYTE4 | Processor interrupt level bit of PSR
instr BYTE4 | Instruction
delayed BYTE4 |Delayed Instruction
is_broken BOOL |Is branch broken?
psref BYTE4 |Enable floating point unit bit of PSR
psrn BOOL | Negative bit of PSR
psrz BOOL | Zero bit of PSR
psrv BOOL | Overflow bit of PSR
psrc BOOL | Carry bit of PSR
trap BYTE4 |Is trap generated?

St MI3T M1=(201
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1) A AHEE H o, Table 113 o] T4t

Table 11. FSW on KOMSAT
FSW Period Description
* Flight SW Management
tONE 120 ms | * Request and Obtainment of Information
about Devices
. * Send Commands to Devices

tTWO 120 ms | | Telemetry

tBACK X * Long-term Task

Table 119] H]g] AZEgo]o] X4=$+E= tONE = tTWO >
(BACKW, £& SHEAE 448 ~AZd4
A9 el 2564 60ms w912 Efo]n] La@zﬂ
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