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Design and Implementation of Real-time Communication
Responsive Link for Distributed Control

NOBUYUKI YAMASAKItO

In this paper, we design and implement Responsive Link for distributed real-time control,
which can be applied to various electronic control systems including robot systems, mecha-
tronic systems, home automation, office automation, factory automation, etc. In order to
realize flexible real-time communications, Responsive Link has many unique features includ-
ing separation of data transmission for soft real-time (data link) and event transmission for
hard real-time (event link), independent routing of the data link and the event link, prior-
ity based packet overtaking (the packet with higher priority overtakes other packets at each
node.), packet acceleration/deceleration using priority replacement (packet priority can be
replaced with a new priority level at each node to accelerate/decelerate packets under dis-
tributed control.), prioritized routing (when multiple packets with different priority levels are
sent to the same destination, the different route can be set to realize exclusive communication
lines or detours.), dynamically variable link speed (800, 400, 200, 100, 50, 25, 12.5 [Mbaud]),
hot-plug&play, topology free, etc. Responsive Link is implemented on Responsive Processor
and RMT Processor for distributed control. Responsive Link has been standardized as IPSJ-
TS 0006:2003 in Japan. Responsive Link is also under standardisation at ISO/IEC JTC1
SC25 WGA4.
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Fig.2 Responsive Link interface.
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Fig.5 Network switch of Responsive Link.

gooobobooooooooooboobooobooo
0000000000000000700 5050
gs50001000000000000000000
400000000000000DOCOOODOOO
gboooosooooooobooooooooaonon
OoO0o0o0ooooO0O0O00mmoO4000000000
gooobooooooobooboobooooboooon
oooOoooOoouwoD40000000000000O0
gboobooooooobooooooooooooboo
gooooooooooooboooboooooobooo
gooooooobooooooboooooooooo
oooooooboboobOoboboobobOobooooo
gboooobooboooooobooobocoooooboon
goboooooooooooboooboooooon
gboooobooobooooooooboboooooan
gbooooooooooboooobooooooon
ooao
oooobooooobooooobboooboboooo
oooobobobooobooooobOoooobooo
goooboobos340041000MmM0O 50000
8bit OO OO byteD O OOOOOOOOODODOO

goooobooooooooboboooooooon
goooboobooooooooboooooooooon
odooobooooooooooooobobooooa
oboobooobooobooooooooboboon
gobooocooooooooboooooooooboo
gboooooouoooboobooooooboooboobooboo
ooooooon

dedllsbOoobOOoboOobooOobO10OO0OO
oboooooboooocobeOOOoOoOOoOoonOoOO
gbooooobooboooooooooboooo
obooooooooobobooommoooooooo
0000000000000 00 In-Pointer010 OO
oooooooooooooooooobooooaon
oo3tooooooooooboobooooooboooo
oooobooboooboooooooooooooo
ubooooooooooobooooooboooooo
ooOOo700000000O0DODOOOODOOOO
obOobooooooooooooooooooboooan
O00e0000O0OO0ODODOLOOL4AOODOODOODO
o000 L20000000o0ooooooooooo
gbooooooDbOoo 2000000000



Vol. 45 No. SIG 3(ACS 5) 0000000000000 Responsive Link 00000000 55

sdram-in-flag0 sdram-outflag0 Link Strobe

In ==& In-Pointer Overtaking Buffer0 ||LoL1]L2]L3]L4] Outpointer0  Out) ==

sdram-in-flagl sdram-outflagl Priority0 ==

Overtaking Bufferi | [LoJL1]L2]L3]L4] Outpointer!  Outl ==

sdram-n-flag2 sdram—outflag?2 Priorityl ==

Overtaking Buffer2 | [LoJLt]L2]L3]Ld] Outpointer2  Out2 ==

sdram-in-flag3 sdram-outflag3 J Priority2 ==

| Overtaking Buffer3 | [LoJLi]L2]L3]Ld] Outpointerd  Out3 =

Priority3 ==

Outpointerd Out4 ==

Priority4 ==

sdram-outpointer

N

sdram-in—pointer

/

Backup Memory (SDRAM, etc.)

0 6 Responsive Link 0000000000
Fig.6 Overtaking buffer of Responsive Link.
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Fig.8 Prioritized routing of Responsive Link.
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Table 2 Communication speed vs. cable.
Speed (Mbaud) 100 200 400 800

Maximum Length (m) 100 80 60 40
Catbe | Catbe | Cat6 | Cat6

Recommendable Cable
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Table 3 Speed vs. power on Responsive Link.
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Modulation (Mbaud) | 100
Data Speed (Mbps) 67
Event Latency(usec) 3.1
Power (W) 0.2
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Fig.11 Hop counts vs. latency of Responsive Link.

100 Mbaud] 0 OO OO0O0O 100000000000
8byteDOD ODDOODODODODOOOODOOOODOOOO
000D00o0o0o0o0oooOooooooooooood
ooooooo
Latency of Event
= 2.1 [psec] + 1.0 [usec] x n [hops]

000Do0ooDO0oooooooooooood
21[usec] 00001 [hop)JD0D0ODOODOODODOO
oodoooooopoOoUooooooUoUooooooo
1.0[usec] 00000000000 000O0O0O0O
0000 Gigabit Ethernet 0 Myrinet ' O 4 [byte]
000000 10[usec] DOO0ODOOOOOOOODO
00o00oooooooooooooooooooo
oooo

0 11 0 U Responsive Processor 000 00000
00000000000 25Mbaud|] 0000000
OO0 000 Responsive Link 0000 000COO
od0oooodooooooopoooooogooo
00000000deal00O0OO0OQOOOODOO
oo00o0oUoooUoooo0oUooUooooooooo
oooooooooTooooooooUoooooO
OO Responsive Processor 00 RT-OSO OO RT-
Frontier ' 000 00000SO0000000OO
0000oo0oooooooooooooooooo
00000000000 idealD00OOOOODOOO
0OoTOODOOOUU0OODU0UOODOOODOOOOoOOO

IEEE1394

Responsive Link| |

Vector Vector

Register Registe
(Integer) (|:'§:"’fi .

Context
Cache (RF)

lontext

Cache
(Status)

Instruction Data Cache
Cache

DDR SDRAM [/F

0 12 RMT Processor 00 0000
Fig. 12 Layout of RMT Processor.
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