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Space Wire in Japan

X-ray Astronomy - NeXT -(planned 2013)Bepi Colombo / MMO (2013)

  After many discussions/experiments
We have decided to choose

       Space Wire

　as a standard to be implemented in future scientific satellites.

Next Step is to define a standard architecture for scientific satellites, 
which often require different specifications of how the components are 
linked and controlled, depending on their scientific objectives.



Small Science Satellite Project in Japan
plan to launch 3 satellites in 5 years
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Launch 2011
400 kg in low earth orbit

Other Candidates for 2012-2015

And More

表 4: 衛星重量・電力サマリー
サブシステム・コンポーネント 重量 (kg) 消費電力

個別 計 (W)
観測系
SXA Cryogenics 110 110 250

Cryogenics driver 10 10 5
SFE, Harness 5 5 0
Analog Processor 5 5 10
Digital Processor 10 10 10

FXT Optical bench 1 1 0
支持パネル 3.7 3.7 0
熱制御材、計装 4 4 5
Radiator1+2 2.87 2.87 0

小計 1 168.7 280
+20% contingency 3.74 56

小計 2 202.4 336
バス系
姿勢制御 OBC 10 10 23

MW/MW-E 3.46 × 4 13.66 30
MTQ 1.7 × 3 5.1 7.8
GA-S 0.1 0.1 0.85
STT/STT-DE 0.58 × 2 1.16 1.2
STT-DE 0.8 0.8 7
SAS 1.71 1.71 1
IRU+GPSR 9.1 9.1 40
GPSR-ANT 0.17 × 2 0.34 0
GPS hybrid/amp 0.2 + 0.3 0.5 0

小計 1 42.65 110.9

サブシステム・コンポーネント 重量 (kg) 消費電力
個別 計 (W)

電源系 PCU 12 12 20
BAT 11 × 2 22 0
SHUNT 1 × 2 2 0
Paddle 2 × 6 12 0
展開機構 0.4 × 8 3.2 0
熱制御材、計装 4 4 30

小計 1 55.2 50
通信系 S-TX/RX 3.1 × 2 6.2 33

S-HBRD,SW 0.2 0.2 0
S-ANT 0.75 × 3 2.25 0
T-TX/SW/ANT 4.18 4.18 30
ORBCOMM 0.65 0.65 1

小計 1 13.48 64
構造 40 40 0
熱制御 HCE, 熱制御材 5 5 0
計装 10 10 0
小計 1 55 0
バス小計 1 166.3 224.8

+20% contingency 33.27 44.97
バス小計 2 199.6 269.8
総計 1 335 504.9
総計 2 with 20% contingency 402 605.8

図 18: 軌道上のDIOSの想像
図。太陽電池パドルの差し渡
しは約 6 m 図 19: DIOS衛星のスケジュール

一方観測装置に関しては、次期大型X線天文衛星として提案されているNeXT計画が平行して進行すれ
ば、軟X線分光装置 (SXS)との主要コンポーネントの共通化によるコストダウンが可能である。さらに
オランダおよび米国との国際協力を念頭に計画を進めており、国際協力による我が国のコストダウンも
期待される。以上を踏まえたコスト見積もりを表 5に示す。国際協力については、観測装置のみの協力
を行った場合の試案を示し、観測系の製作に必要な日本の予算規模は約 5億である。

5 開発体制、国際協力
DIOS計画の検討と開発は表 6に示すDIOS衛星ワーキンググループにより進めている。このメンバー

がサイエンスチームとして今後も国内の開発体制の核となる。実現の鍵となる 4回反射X線望遠鏡と撮
像型TESカロリメータは、それぞれ名古屋大学と都立大学が中心となって開発をおこなう。また、東京
大学が中心となり理論的な側面から DIOSによる観測計画の検討を継続する。一方DIOS計画には表 7
に示す海外の機関が参加の意志表明をしている。前述のように、これらのグループとは X線検出器の共
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TOPS ERG DEOS

最初の前哨衛星: DECIGO  (DPF)
(DECIGOの1つの腕を1台の衛星内に搭載)

DPF

Modular Structure with SpW interface 
would be the key 

 Small science missions have to be 
realized as quick as possible: 
   How we can develop space crafts
 in a short time, without losing reliability, 
with reasonably low cost...



The Goal

Intelligent SpW
node (Space Cube)

non-Intelligent 
SpW node
with SpW I/F chip

SpW Router

2. Accessibility(RMAP) 1. Modularity, Flexibility, Scalability
(Applicable to Med/Small satellites)

Distributed system3. Re-usability

 4. Redundancy



Define “Standard Computer” as an 
intelligent SpW node.         Space Cube
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CPU

Space Wire I/F LVDS

Flash 
ROM SRAM

SDRAM
for Data
Recorder

FPGA

= a minimum set of OnBoard Computer

Support Real Time OS, such as TRON/T-Kernel

Space Wire I/F

Space Wire I/F

LVDS

LVDS

Serial Port

JTAG

 Space Cube Architecture



Space Cube 1

SpW

Compact Space Wire based 
Computer
Developed to promote SpW based system. 
Turns out to be very useful for the demonstration & 
the education purposes and also “simulating” Space 
Wire based distributed system.
   :  3 SpW ports
   : Video & USB & Ethernet I/F    
   :  ITRON Real Time OS & Linux
   : Set of I/O modules for real applications on groundBy ISAS/JAXA & Shimafuji.

 since 2004



Space Cube 2

CPU HR5000 (64 bit, 32 MHz Operation)

Space Wire I/F 3ch

System Memory

2 MB Flash Memory

4 MB Burst SRAM

4 MB Asynchronus SRAM

Data Recorder

Memory

1 GB Asynchronus SDRAM

1 GB Flash Memory

Size 71 (W) x 220.5 (D) x 170.5 (H)

Weight 1.9 kg

Power 7 W

Flight Computer for Space (JAXA/NTS) 
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Stack Configuration 
Can add more modules

 

 

 ! ! SYSTEM MANAGEMENT UNIT 

System controller with SpaceWire interfaces 
controls all the spacecraft avionics functions 

 

 

Space Cube® 2 is a generic multi-mission 
platform developed by JAXA/ISAS and 
NTSpace in FY2005 making integrated 
avionics functions available to a large number 
of users. 

Space Cube® 2 integrates in a single modular 
stack around a kernel made up of two 
modules and one power supply unit.  The 
stack configuration is fabricated with bus 
connectors, which resulted in eliminating 
back planes. 

Furthermore, it is possible to add user 
modules as long as they meet the stack 
module interface: mechanical, thermal and 
electrical. 

Its bookend size has been realized by 
exploiting following technologies; 

SpaceWire Interface: Fully compatible 
SpaceWire interface with RMAP function has 
been realized by the collaboration among 
ESA/ESTEC, JAXA/ISAS, Univ. of Dundee, 
and NTSpace. 

HR5000: 320MIPS 64bit micro-controller with 
integrated peripheral devices on one chip 
enables high-speed communication and 
control latency as well as object-oriented 
software development process. 
Following devices are integrated on a chip; 
- PCI Ver. 2.2 
- eight-bank memory controller with EDAC 
- 2ch UART 
- 2ch Timer 
- 2ch DMA controller 
- Interrupt controller 

Burst SRAM: 36Mbit / chip 

T-Kernel: State-of-the-Art real-time operating 
system, which is the successor of TRON 
operating system, developed in TRON project 
and standardized by Ubiquitous Networking 
Laboratory, Tokyo. 

   

HR5000 micro controller and Bust SRAM 

Space Cube® 2 TECHNICAL FEATURES 

SpaceWire interface: 3ch 
 (additional ports are available) 

UART interface: 2ch @ RS422 

System Memory: 
 FLASH Memory (2MB) 
 Burst SRAM (4MB) 
 Asynchronous SRAM (4MB) 

Data Recorder Memory: 
 SDRAM (1GB) 
 Back-up FLASH Memory (1GB) 

Size (mm): 71(W) x 220.5(D) x 175.5(H)

Max 200 MHz



Space Cube 2 on SDS-1 (JAXA’s Engineering Piggyback 
Satellite )

• SDS-1 carries
  SWIM (SpaceWire Interface test Module (JAXA/NTS/MHI)

 SpaceCube 2 and a sub-module for small experiments

Launch 2008-Aug
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Space Wires

Small Experiments
(Prototype for future)
Gravitational Wave Exp.
by U.Tokyo Group)

100 kg

1.9 kg 3.5 kg

Test Mass

80
m

m



• Based on Space Cube Architecture 

• SOI-based New RISC-type 32bit 
CPU (for Space)

• Very Compact
 (best for small satellites)

• Will be used as computers for 
mission components in the NeXT 
(New X-ray Telescope) mission.
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Space Card_MHI

More for future SpW-based satellites
Router ASIC
(NEC&JAXA)

SpW I/F ASIC
 (NEC&JAXA)

15 SpW ports

parallel bus + DMA
MHI&JAXA
(see MHI booth)



Summary
• Space Wire standard has been adopted by ISAS for 

science missions (see also Matsuda et al. this conf.).

• We define Space Cube architecture to clarify minimum 
specifications as a standard OBC.

• The combination of Space Cube 1 on the ground and 
Space Cube 2 in the space provides us with a user-
friendly platform for the development of satellites 
(see Yuasa et al, Odaka et al.). Space Cube 2 will be used 
in a series of small scientific satellites in ISAS and also 
in mid-scale satellites such as NeXT.

• Further development includes Space Card, Router Chip 
and Space Wire I/F chip.
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