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Abstract

In this paper, we implemented universal controller for distributed
intelligent control system using LonWorks technology of Echelon co.
and developed LON system.

LON is a important element in low-level control network that
1ssues in the automatic as well as in economic aspect.

It can change large control system to small by using distributed
control technique with intelligent device. Developed system is based
on network communication technique using LonWorks technology.
LonWorks communication module has the advantage that field bus is
connected without protocol modification.

LonWorks communication module can be divided hardware module
and software module. First, hardware module is divided into
microcontroller attaching sensors and hardware communication module
for working together control network and data network. Second,
software module is realized with neuron C.

Hardware module is making use of neuron chip(TMPN3120FE3M),
microcontroller(PIC16F873), transceiver(FTT-10A), Lon card(PCLTA-
20 PCI LonTalk adapter). And operating software is realized with
neuron C using NodeBulider 3.0 development tool.

Produced and implemented LonWorks communication module 1is
pretested using LTM-10A, Gizmo 4 I/O board, parallel I/O Interface.
For field test, microcontroller module part is tested by hyper—terminal,
communication procedure in data network is certified by transmitting

and receiving short message using LonMaker for Windows tool.
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This thesis is composed of five chapters. Chapter 1 describes the
historical background, goals of LonWorks and outline of remaining
chapters. Chapter 2 describes the concepts of LonWorks. Chapter 3
describes design and implementation of LonWorks communication
module for microcontroller control. Chapter 4 describes the
experimental result of LonWorks communication module and
consideration to the result. Chapter 5 summarizes all results obtained
in this thesis and includes the further reseach topics and the work

to be supplemented.
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o9 Aol Ak olgd o2 BaF 7t Alof 7]7]7ke] FA, HolY

s B EE AE5E UAY 4RBAGORA, AFA|] ol

24 7hsskA stoh 53] ol HAl ®Fst 7]7-(ISO : International

Standardization Organization)e] 71W3a Alx~® A5 HZE(0SI @ Open

"
w
(@)
e

System Interconnection) % 29& 7] %2 3}al Yo}

wepA 2 =il AE oy THA] EWA FolAk NHE 4 ZE
EZ(protocol) ] etar AAdo]l Hold A& T4l LonWorksE
o] g3t wlolARAEEY AlolE 9% LonWorks &4 REs AA H

T8k
1.2 479 W&

LonWorks®] LON(Local Operating Network)e] LAN(Local Area
Network)®] 7ld& wel 730l A2 AFH g2 vtagH/E
gl o] B (master/slave) WA olA =38 HFH, FaxdHolAS FF8ha,
ojAl= JHQl AFEHIE WA vYHE ZAFo] AR UEYAE S48
ZeholAE/A W (client/server) T-F2 WA F o ghri[2].

T3k 7]ES Aol A ="e s3] H ARl WY S Ao} Al
T e HEEY e @9 AAFIEA dud:DE A
98 A7 AZA BAA THE vAd gy A" (DCS ¢ Digital

Command System) %2 ZEZ 2 SxpHolal A4l HEAAHE

x>
@
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ol(gateway) 5 AM&3ld Waloz Wl oy, ojAlE ZF w9 tnjol
Z~(device)oll A4 (intelligence)S H-oJslar = (flat, peer-to—peer) 3%
= Al EA=ZE A48 7Fa dvH2], 31
upgpa tinpo]=of AlAEl T Agle] FEe] TREIFS AMETS

A A zEo] JpHrZA ol Be iy (vendor)d Folel ANE O E ZaE
29 ¥E glo] gdA 942 & A= BuEW2 FHE o] &3t Ao o
Efaet dolg WEHYA ds& 93 LonWorks 5241 & Fdo U
8l At =d LonWorks+ oo 22 FHS 7hHxich

, Al=gl A4 B A3t 58 7hs A gk

=i FAL e 2ok Al 2 FudAE dEWAY 3 FHEA
AAZE Aol A"l Fdo] o]8% LonWorkse] 71d& Awsta, A 3
ol A= AAAQ wtolARAEED] A& 9% LonWorks 54 2&
o] AA B el wiste] 7]=gtt. 5 LonWorks 41 &9 st=4
of Az 2e)a st=do]2 AlFE LonWorks 54 BE9] &85 93
Al (firmware) Fdoll tialA] =3tk A 4 FolA = HAA Azt
Z aga Al 5 FelAe 2 AT



A 2 & LonWorksd 714

2.1 LonWorks A|2="¢] 7/} &

LonWorks+ o} ZAF(Echelon)7} ekt Aloj§ HEY I A ~Ho]
. LonWorksE Alojy Al S AAME AFE8hs EE Fi9
< AA=Z AAFEATH2], [3], [6], [8]1~[14].

M2 LonWorks WEYZE dtolg UEYIZS] A2l o9l

feis

=

M
2
ofo
N

AN

B

L

L
Hlashd o33 2ok LANY LONS 2% U EYIO|AT ALE HF
o] th2vh. LANZ Z37E, TR, 3dAMH T AoJolA EA L} o]n]
A 5 WFe Hely AelE HAow ) o]d whste] LONS Aol &
g = (feedback) HEY ZF ==(node)ite] W oy AH & &
ol dolE & ugete] HEA AA e AFdHE 1R X
H A E HEHo=z drh 1 2-12 LonWorkset LAN® Hlw &5
LER AL Sl

3 2-1. dlolE] UES AL Ao] vELAS vl
Table 2-1. Comparison of Data Network and Control Network

T % dolg Y E< Z(LAN) Aol Y E 9 A(LON)
guel & | g Ao

A5 wE | B it

Al AzE | uAA 2 A7k

HarE, Z9Y & A9 o
SFe] dely A




LonWorks: ¥4 2%53HBA : Building Automation) ool A& A}
kol ®E(de factor standard) o2 1AM glow ¥ AEIHFA
: Factory Automation), & 2 Ew o4 (HA : Home Automation) & 5
= &8 HAE 7K Z2 Aladlo 2= BA|Y AR 2E E
e Vs s e VAR TE deluolE] Ao, FHR 7Y 3 Al

, a@de FokE Ay A" Aol 5 FHEAE G ARREIL S
Zoll= 24, olyA FHRof
S8 okE s 7t A2l

LonWorks/LonTalki= BACnet(' Qg #o])2] & LANCSZE Aol r o]

1 3 = = mo
,1E 2 AR A 5 e

Qlar, w=EAd 7] A3 (IEEE : Institute of Electrical and Electronics
Engineers) 1473(71x}/A %= #Ao)), w=Fd2A3AE3](EIA : Electronic
Industry Association) 709(#o] WEYA), SEMI(Semiconductor Equip-
ment Manufacturing)®] %02 XgEo] ry Tk A tnfo]x W
gz 2 4z ARC(Automation Research Corporation)®t VDC
(Venture Development Corporation)©= LonWorks”} o]n] o] #ofe] nlAl
Hels dAs vk wHe AF3AF HAA 9l IFSF(International
Fore—court Standards Forum)+ 99 ZF /49 Af4, EALeLY
UWESZ S LonWorks® &8t Uty & EWlA AFS i 4
A FA A=z Aol IEYl & UES A, npo]AR2AXE ALl HAPI
(Home Application Programming Interface), %1(Sun) A}2] JINI(Java
Intelligent Network Infrastructure) 7]<& R H5 tlnfo] =g Ao o]
EQA= LonWorksE AE &ttt LonWorksell &gk Al FAME2 o

Al 3 el M =3



2.2 LonWorks A|2€9 A4 Q4

LonWorks= 2= Aol UEYJIAE FA=H 28 e 845

71el= e T2 EFQ LonTalk’F 9th o]+

N
o
kI
%0,
£
e
N
:Ll

>

A
Hupo] 2z Azt Al E9t dejat, HF AR BT wdE T
A atekE 2 s sk Aol Utk

o] /Md 7)&olx= 9 FH(neuron chip), LonTalk, E @A (tran-
sceiver), LNS(LonWorks Network Services) %S°] X¥X3g%o] 3l
LonWorks Al2=¥le] 4 845 LAN A|2"3 vluwstd o3 3 2-2
oF 2], [31.

¥ 2-2. LAN¥ LonWorkse] +4 24 Wi
Table 2-2. Comparison of LAN and LonWorks Component

LonWorks LAN
77 % (Neuron Chip) Pentium 11
E A A ¥ (Transceiver) LAN Card
LNS Win NT
LonTalk TCP/TP
A= =8 LonMaker MS-Excel

2.2.1 ¥4 #F (Neuron Chip)

A HE LonTalk Z2EF A" (stack)S Hdlo](firmware) = 3+
st wlojaR A Aott & wil Hde A ARS $13 37
o] 8HIE Z2AAME "Ast oy, LonTalk TEEZFS X3tsta
T dirEl 52 $&(application) F¥o] 7}EE wlo|ARAER

golth, ®E LonWorks =2+ 7w H & 13X FH3|(ANSI



American National Standard Institute)/"] =428 & 3] (EIA 709.1) =

K

BEEEZS FYdts vola=dEEYHE X eto]of vk 3] iF-4] v
wa W el webd 3120 AG T 3150 AD R Yol [

ZRAN AA} BAS Y3 TREZS WHAE gJorE tjulo]a
M= tntol o] &8 Zaafvt 2t HEA TS 9%
ZREZS dde] 7 ot glvh w3 w1l Hel= 2709 16ME
Efo]lw/7h2E, 20 mA H 3 EZE(port) 5 11719 ¢ - =89(I/0) XEE
o] &%k 347/l ¢ - F¥ REFE AT EI HEHJA
EE 2153 Qo] oy T EdWAS tg RER JQHIF ) AE
Aozl 3], [71 w9 FJo WF A Es 19 2-13% 2k

il

Voo Wss (3150 Only)

iy N

o &2 WERS =2 EEFFOM AM
(Media Acoess) ('\HWK) (AHICHIOH) (51 B’t e) (1(}6/’:6)
o U oU (3120Orly)

P10 108 1 11

\ LHS: 16 HIE 24 HA(ntemel 16 bit Addess Bs)

VAR 2R 22 2 T

‘ L¥=8 HIE EI0IE Bi{Intemdl 8 it Cata BLE)

A R U

== Application I/0 Bock
HioA (Qok) with 16-bit Load Registers, Courters HERRSMEE
(Cortrd) | /EIOIH Latches, Scaed Qodk Source, Mutiplexer (Network Communication Part)
(Tirrer) 20mASink, Progranmreble Pullup, Eic
Resat  /Senvice AKI QK2 100 101 12 138 104 16 108 107 IC8 I8 1010 0 CPt 2 OB ™

Y 2L A P R TAE
Fig. 2-1. Internal Composition of Neuron Chip
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Table 2-3. Specification of Neuron Chip

' TMPN3120 TMPN
Device
BIAM | EIM | A20/M | FE3M | FE5M | 3150
Max, Clock 10MHz | 1I0MHz | 20MHz | 20MHz | 20MHz | 10MHz
EEPROM 0.5KB 1KB 1KB 2KB 3KB 0.5KB
ROM 10KB 10KB 16KB 16KB 16KB None
RAM 1KB 1KB 1KB 2KB 4KB 2KB
32 pi 32 pi 44PIN 32 pi 32 pi 64 pi
in in in in in
Package b PR Qrpao/ | 4P b b
SOP SOP i SOP SOP QFP
pinSOP
Firmware Ver. 4 6 10 9 10 N/A
On-board A/D No No No No No Yes
Ext. Memory No No No No No Yes

Lok Ho e e Y HE 7leel us BAE 3 U
of ztul(Java) Zo(core)E WAIZl AulE(Javalon)Zt 32 HE FH4AH

2 237 38 (RISC : Reduced Instruction Set Computer) B} 9]

h

Al
Ao ol Yl(ethernet) ZEE W HAIZl EFI(Y T FMEFL(pentagon) )
o] Wyxd ofAolgta 3t} ol VTELS FF rinfolse] 3

$83 QUG EF A2dd Y Aol R RUHIS s @

S otk Y 22 Ak Ao gy FHES mol: ek

o



10 Base — T Transceiver

~~

Ethernet
MAC Timers ROM Ctrir

Serial I/O
RAM Ctrir >

R3900 MIPS
P bl
rogrermante CPU Core
Intpt Ctrir
I-Cache
LON MAC
D-Cache

LON MAC DMA Ctrir

LonWorks Transceiver I

29 22 AEke Ao YR PAE

Fig. 2-2. Internal Composition of Pentagon Chip

FLELLE

LLLLEL

2.2.2 LonTalk

Q3% BRe nig EA TR EFHo|t}, LonTalk
ZREZFS N=A Ho gE Heloler s=dlolE Abgste] OSI &
do] 7TA%F ZFE 7FA 3 Ik LonTalke 54L& thg3 2u2], [3],
[12], [15].

(1) LonTalk ™A A] AJH] =

LonTalk Z2EZ2 7|EA o= ACK TYPEY#} UNACK TYPE® #|

Al A A =5 Al E gk



(7}) ACK TYPE

1) ACKD(Z %3 &2l : End-to-end Acknowledged) A]H] 2~

e 3o o gFd wAAE BYya YA ACK AEE WA ®
st E A A (transactions) EFol™ 7} 7] ¥ WA A A& thA] B U A
Hok deoly dEol dojA dutyt 7inhE ZAQbe H WS A= A
ol7tE AASE Aol 7Fedtth. ACK AHlaE 8 Za A= F

At YEYI ZZA Ao A] g}

L

2) 24/$% 9 (Request/Response) A]H] 2~

LonTalks= &% HAIA A=
A7 SEEA & g Huk WA AE Blnk 2 8 A A (explicit) M)
AAE ol &ste] HolHE EuAd w= o] MHIAE o]&3te] wWA|
AL oAg | Bl 5 gtk AR SHE ATV A FAS S
& ZEAMANA A, o] MHlAE FeholdE/AR S§ U4 =

2A]#4 &Z(RPC : Remote Procedure Call)oll % ga}cl},

R

H| 25 Algstet] dvA o s wAl

(\}) UNACK TYPE

1) WEE-(H] &<l dke) A H] 2~ (Repeated(Unacknowledged
Repeated) Service)

HAIAE =5 B 2= IOFo o8 | Rula §9HS 7gshA &

= o] AHlaE & UEY A awdd B R EJ)2~H (broadeasting) 3l

RE wmo) Skl % VEQL LB YA A8 APk

K

_10_



2) 4] &2l (Unacknowledged) A]H] 2~

HAAE Bla ud SRe ZldekH Eed =2 Ae

(performance)©] QT EHAY B o HolHE AHT w A&}

P m Hratn @A,

(2) MEYZ W4(Network Variable)9 A4 A X (Explicit Message)

LonTalke WEY = WHE(NV @ Network Variable)9t A2 ] A] #]

N
s
O

(explicit message) #2 54 7FA 3 Qth. &8 22 UEYA

E
_‘

i)
=l
i

ik
rlr
J|m
i3
ot
ot
=
lo,

% - =9 AA(object) & AT F A&
o, 2o Add e vEYA A5 3 BAA Id 1 &
2

HOUESAD dee ddE o8 dEHND WeE s B =5

=
Aeoleta @ MEYD Wre] o BN FHe S Lz

92 WaE AT 5 v ofg 19 238 WESZ Wre] A o
& vhekITH2], (31, [9), 101,

-11 -



network input/output [class] type identifer [=initial valuel

network input byte nvilnputData; /4 HEYA ¥ HAd
network output bit nvoOutData /) &Y UEYA |4 A

a9 2-3. UEYA HE AA9 o
Fig. 2-3. Example of Network Variable Declaration

5. O
=

o
ot

YEYT ¥ FoE LonWorksE ARESH= 7171319 A
et x+3k 71+ LonMark &8 A (LonMark Interoper-
ability Association)ol 4] gt Z& W3] igd UHESZ W5 EFY

(SNVT : Standard Network Variable Types)&} F-&t}.

A= HIAIK HERD i
(Explicit Message) (Network Variable)

= A =
21&(Group) (Subnet Node) H2CHAE  BHIEID
(Mdlticast) (Unicast) (Broadcast) (48 bit 1D)

SHAIE F=A AIE FA HAIE =4 AR =4 SHAIE F=A AIE FA
(Explicit (Implicit (Explicit (Implicit (Explicit (Implicit
Addressing) Addressing) Addressing) Addressing) Addressing) Addressing)

1% 2-4. LonTalke] =4 =54
Fig. 2-4. Communication Method of LonTalk

o]Z o]&3te] FAH A2"Ee Juta Alxwlo 2 E LonWorks

71719F F714 Q1 WA Qlo]l §Alo]l rhestth ®WAlH wAIAe] ofd &

A e MEYS W5 ol 8% Puvks de) 3§ TRaddA 4

- 12 -



H o= A (addressing) HH.¢} HolHE 7lFdte] AEst= wHo|t)
HAA AR o] T4l HAAHoR YELA Ho} & =2
I AR EHT AEAH o E LonTalkolA AH3eE 541 WHe 1

H 2-49F 2
2.2.3 LonTalk T2E& A3
LonTalki= OSI 29| 7 Al5S B5F A dshH, o]ef o] OSI =g

o oA o= AL vE T74 LonWorksehe] d2 845 ¢l

Z 93t} LonTalk Z2EF-2 oln] wd o st=dof, Hdo] Fe=

3o gt wakd futols AdAE LonTalk TEEZS] A g
g7 FAe W& REiNE $§ Z2ads FdT F Ao
LonTalks OSI RdS m=2w A5 2+ 19 2-5¢0 YebY loH2],

[3], [12], [15].

|

Z@EOE HE | ZHHOML HES
(Presentation) (Presentation)
A& AHS | A& S
(Session) < > (Session)
H& AHS | d45 AS
(Transport) < > (Transport)
WEHI AS | HES3 AS
(Network) (Network)
QiolE 23 AS e IOl &3 AS
(Data Link) (Data Link)
scl HS | > =cl HS
(Physical) (Physical)

{

22l & Ol A (Physical Media)

% 2-5. 0OSI 7 AlE

wey

Fig. 2-5. OSI 7 layers model.

_13_




(1) &9 A %=(Physical Layer)

=2 AToAAEs dHelHE 1ad d= Wiol wAd we =tk
E =W Budldel= 2t wWAl~H <l Feld(differential manchester
encoding) W2lo] A& A= d(power line)ol= FSK(Frequency
Shift Keying) W9} modified direct sequence spread-spectrum©] A}

f3t}t. 183 RF(Radio Frequency)ol:= FSK W*%7} A& ¥t}

(2) MAC A B.AZ(Sublayer)

) & HA 2~ AJ(MAC : Media Access Control) A B AlZo A= =
E 3y 218 &< predictive persistence ¥t A thE A~
(CSMA : Carrier Sense Multiple Access)E AF-& 3t}

(3) 832 A5 (Link Layer)

g A

==

Me HEHANAE Z 2 EZ(multicast protocol)e] 7FA3}e}
T3S Yal B9 A3 (connectionless) A H]AE A Y3k, H|AZAY
A 2~= 2 A (frame) QlFZ Yo} o8] HAZd A7 Y A A S

ok ol HFE AYUstA] &=
(4) MES =2 A5 Network Layer)

WEANA AFL st ZdQl oA sfzle] d5S thErh HES
3 Aua G B A v E<lS D (non acknowledge) AH|AE AL
3t | A] %] o] E3H(segmentation) o] W Z$H(reassemble) A U3FA] &

oo Aol BHed dueEe A

- 14 -



(5) EAAEE AZ(Transport Layer)Z} A4 AlZ(Session Layer)

il

EWN~XE AFH A AFS AgeAst 5 QA4 A5 &
0. ERAEE A5 vAddY Auj2elal, sy B o8 544
o 2FE F = WAA AES AFTrt LonTak ZREF] E
AAZE AFolv A AT wAA = F= <<F(authenticated) ™A1 A

g Abgdth AN AFe 94 AW 9% e a7/8E HAhE

A Mul=2E AlTdt 28 AFS &8 ZRESF deoly @9 (APDU :
Application Protocol Data Unit)7} ]9 A HIES A WG] 7JAilef] o] &

HE=7E 47 938k APDU 3go ARE A &3k},

o] 287 T#e dHolE AL oy wx= Alold] $H wde] #
Aglel HielHE &/ & A vk & 2-49 7 ASE 7ls 2 F

ELREE DRI BT

_15_



& 2-4. ASE 7w

ol

R T ZEAA

Table 2-4. Layer Function and Achievement Processor

Rk
== ArgpS| 2 AH\] A
OSI A% Z 4 AlE 4] =2 A
application
7 < 8 bb o standard network variable type < 8
compatibility
- data network variables, foreign frame

6 | ZEAld o] ) o HES =

interpretation | transmission

5 A A rerr.lote request/response, authentication, o=

action network management
acknowledge/unacknowledged,
end to end . . .
4 A& o unicast/multicast, authentication, YEY =
reliability .
common ordering
destination
3| MEY= ] addressing, routers HEY=
addressing
) framing, data encoding, CRC,
media access . L o
2 (dloly d= . checking, priority, predictive CSMA, MAC
and framing . )
collision avoidance

. 5 ) electrical media-specific interface and MAC Xcvr

= interconnect | modulation schemes (EWAIH)

2.2.3 E#W AW (Transceiver)

LonWorks EdlA®E vjAete] E48 e Fow ¥ 5 glo
H, 0SI 7 AT 5 1 ASS] EgASdd gt = w7 ol HFH
o] g A Mgt LAN 7}=(NIC : Network Interface Card)® W2
T St} LonWorks®e] &3 & st dolE dEwjA] deo] aAfFth
= Aol o S BumdA, AEA(ACI00/200), H=2 39 (link power,
DC 24V A4 dlolHE Ao ®BW) T, FFA°lE(coaxial), ¥+

WAE Qe =aAuzt

JEE A AFAIES HE

)
it

(fiber optic), % ¢ A (infrared) 5 T}F%3
o Aol o3& A-F=Ha gt 2-5+

718 Aot}

=5
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¥ 2-5. LonWorks9] E#dAY =57
Table 2-5. Transceiver Kind of LonWorks

T & | EdAY | Bit Rate Topology Distance Hl 1
Free-Bus, Star, |500m free topology,
. transformer
FTT-10A| 78 Kbps Ring, 2700m doubly ]
M7 O) X . . —isolated
(RLLRE S Other combination| terminated bus
TPT/XF 130m transformer
1.25 Mbps Bus .
-1250 (0.3m stub) -isolated
500m free topology,
Bl Free-Bus, Star, OBy transformer
B LPT-10 | 78 Kbps o 2200m doubly ]
bR Other combination i -isolated
terminated bus
Depends on Dual
transmitter—-to Carrier
A=A | PLT-22 | 5 Kbps Free or Bus |receiver attenuation| Frequency
and noise seen at (132 KHz /
receiver 115 KHz)

LonWorks EdAIH ] 54

ohste] 2 3 AH(free-topology) E @A B oL

YEY = &4 (topology) T-7dell #|3ko]
sho}, wheba] W2 H)|

sE BG4S AREA B £Fse] UENAZ 5T 5 9
ol Azwl AAAE @A B WEND FHAL TAL 4 vk

LonWorks7} &4 ZoF7} ofd of 2] AF
sty o= wiAl A, v A 7k

AA Zrds] e g 7] diZolth LonWorks®
i A o] AA (A=

Aol AfE

A~

(router) & I

H

ol71&

EL_,

7 d
, T

S LonTalks o]yl
HZAIW(ISDN :

292 Jfetste] Ay = g

- 17 -

FAF2)S A= AFEHET =3 ofH JA|
(MODEM : Modulator-Demodulator),

Integrated Service Digital Network) .2 14 A]

Aokl AHEE 5 UMgE o

&61—

ZI__




2.2.4 LNS(LonWorks Network Service)

o)

LonWorks7} t+& d=w e 23t d ¢ Qv 48 dad vEY
2 e e d H(solution)7hA] 2zt Alolg WES Adt= Zlojrt 1997
o] WFE 3 NS+ LonWorks UEY =2 294 4(0S : Operating
System) & UWEHA FHg] A="(NMS : Network Management
System)o] e} & 4 Qi

LNS+ A" Az 2 $dA7F A2 & o e AlFs 7oA
AA MEYAE FAst=d A FHdS Algd. = LNS=
AFHE HFEste] o4& velazz AN HEESHA T H
LonWorks HESIAE T4, A4, RUHY, FAEZT F e &8
A g A P LNS= FgoldE/AB o7 dblA &5 A st
i 53] 32°E dx9=(Windows) &85 9138t LonWorks UM ES =
Sael s AA ASE FER3tete] Euh g7 MMI(Multi Modal
Interface)/HMI(Human Man Interface)& 2t & 4= A gt}

INSE HEYa ¥y zza9S 44 7Fd8 Fus Zd
A ofyth @A ®@e fnfo]x AxPA 7 LNS S8 HAE= o
vpo] 2~ E 2] 2l (plug-in)& 7HEste]l tule]ze] -4 gh(parameter) <
=gA x3sta A4S = A T

a3 2-62 LonWorks MEHA 74 % Ax, 281 JEYA A

rEI
N
—_
=L

iy

(MAAD), RUHY/MEES AT 8§ Z=ad7e 7|dte] 5= Z

)

olAE/AB of7]dl A o] LNS 7 ¥\ E (component)S Ho|il 3t}
2-691 4 3t91e] LonWorks tHle] 229} LonPointoll 2]3] A Fo] F-ofg
G 1) (dummy) AA 2 A Fol o] H (actuator) 7} WIEHIZ AA= a1, o]
=3k vl B ovEA A =g A, £4 AF T AYS LNS

71uk -89 Y=9=8 LonMaker(LonMaker for Windows)S S| A

I
juit]
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s} 9=9-=8 LonMaker:= UIES A9 =24 +4 A& 779
LonWorks t]u}o] 2ol #u] A (commission)dt™, 28 AE] S dlolE
o] (DB : DataBase) HE|= X 3sA H}

oo, MMI(HMD:E 2 UE$Z dolguo] =2 7]uko @ LonWorks
HESA Ao fupolz FA4 9 WEA WF/MAA o5 F<
(identify)ste] Al~¥lS RUHY/AEE & 5 UA o

o]7lol= 5% dolg nF(DDE : Dynamic Data Exchange) W2 o

!

2 A9 ¢8Ss FHEIT FE 9T, ActiveX HAEESS  AFE3lo]
VB(Visual Basic), VC++, @3}o](Delphi)® A LonWorks HIEH =
EUHY/AES $E&S 7+ F AT

LonMaker for

Windows .
(Visoerbedded) | INSDDE | M ObJZCt Server
LNS Host AP
LNS(LonWorks Network Service)

9 2-6. LNS HAXUE
Fig. 2-6. LNS Component
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A 3 & LonWorks 4 RE9 A7

N2

?_

r ()

2 e AARZ vlo]lazAEED AolE $13 LonWorks &4l
EE(Hnte] ~)& Az, FaSh olE fdA EFE B =Z(SLN ¢
Standard LON Node)ell thafA, o]& S-&sto] AA st=9lo] Azt
Ao A it Aol daiA, el AA st=dolz AAHE
LonWorks &4l 259 &85 93 Haof(LzESC]) &l s}
=gkt

i)

2 gAY A WEe, ESZ wA H&E5S 37 A% EWAME
TAEo] vt 29 3-1d4 = Z=AlHkAS] TMPN3150B1AF (10 MHz)
£ Abgst o, o F mEe el ROM(Read Only Memory)< EEPROM
(Electrically Erasable and Programmable Read Only Memory)¢!
AT28C256% 62256 RAM< AR&3tsivh WE A miAl= Badds
gadon, MEYA HES 98 78 KbpsE AUsts ofdE Al
TTT-10A EAAHZ AEstd) 932 U9 e 11719 /0 FEES
o]-g§3te] 3474 RE=°] /O 7S 7dE + 2w LonTalk Z2E
o] ATsE FA(address) @S T3] 3200 o]de] wo EA]
H&3 4 2], (3], [16].

>
=
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ti=2(Memory)
(ROM, SRAM)
TR/ i el & EBAIH
(Power Source, (Neuron Chip) (Transceiver)
Crystal) (TMPN3150BIAF) | (Network)

[

2l == &X(I/O Circuit)
(Sence or Control Device : Motor, Valves
Encoder, S/W, Alarm, Display)

a9 31 B5FEE B wse Pz

Fig. 3-1. Structure of SLN(Standard LON Node)

3.2 LonWorks 41 25 A X9 4 84

B Ao = LonWorks 4 ZE5S A2, 733

A Qe dElA =3t &

iy

o dea

)
ro

T2 7

z
2 yroldn wd A AAVE BAS f Z2EZS UAsa 9o
o2 JfEdAE gule]se] §§ TRk AAsta YEYA TS
et ZREZE ddo] T Havt gloh e vEYA A A

il o] TFY EdMAH} kst RE=m Qe o]~
g Ut B =EdAE ZAERAEe] TMPN3120FESM S AHE-3toth 5
Adel wd HE AMESA HW <F HE

v 1
g7 A HER B ad AadS prEst ol

juic)
P
lo
P!
—
Z
=y
>
w
—
[\
(e}

EdAME g dSiAE Adets eI} =230 A7H



¥ 3-1. LonWorks §4Al 25 A#S 93 +484

Table 3-1. Component for LonWorks Communication Module Implementation

T 2 (AF) " 2
e A TMPN3120FE3M

H
nlo] A2 A E Z2]| PICI6F873(PIC chip)
E YA H FTT-10A
Lon Card PCLTA-20 PCI LonTalk ©] %1€
=9t 30, LTM-10A,
N = Gizmo 4 I/O =,
HE /O JE A o]~

s=go] Az

H o
(2xEdY) 14

E =R s /Mg dutd o de] AEE = o dEAFS] B Hg
ol FTT-10AE o] &3t} mo]la 2 AEEH = Ao ¥AESS] AH A
HE WolEox AHgsta, o] AHE Aol HEHAS FiH HEES

O

Agsts 7]5& strh ol& A wlela = A H A= 2 A (Microchip
Technology) A}¢] PIC16-F873& o] &3t}

PColA LonWorksE <l #Flol~ & &+ e WS vdsith. PCI
(Peripheral Component Interconnect), ISA(Industry Standard Archi-
tecture), PCMCIA(Personal Computer Memory Card International
Association) E}Y 9] LonTalk ©]9¥E (adapter)E A8 %= i,
SLTA(Serial LonTalk Adapter)®} 22 AlFS AH&3te] PCeF Algld
JEF o] 25 AMRE = vk EF ool E(iLon)¥ 2 AlFS PCo
LonWorks HWE$3Z IP(Internet Protocol) oA H&s 4= A
o} B =Fo A= PCLTA-20 PCI LonTalk AdapterE o] &3t}

T EE 2ntE EW@AIWHE LonWorks Z2EFS WSt 3l
= ¥ oty &4 10, &8 WEe S5, "utol2=o et &=
£ F de uE5g ZEAAMoIH ol& ZEAA §&S T3]

A AbgekE o= arel Colm, ofHEAMAE o] 2AYHE

- 22 -



(script)E ©] €3] LonWorks T]v}o]A~ $8&& sl H|AES =
T = ZAHE Faska qlth o] AlsFe] ==Y (NodeBuilder)©] .
w=dE LonWorks 7]¥he] tlutol~ spdtztel Al & D@
ol o]y Ee] ==Y 302 vhYAKwizard) 71wl tEF A3t
Ho] Hup #esta wEA AF RS & 5 Advh Hubolx
a3 AvA (compiler), WY (builder), TI™ A (debug), =]l
(plug-in) A 7]8ERE ofye}, 7ids tule] 25 A4, AA&HE F 3l
+ LonMaker T&=3 a3t RUEH/AlY] HZ2EE & F U=
LNS DDE MW & &7 Algstunz, tue]s 7zt 7 8 HAE

A2 5 Qe 8L Aga

s

it
i

&9 FEgel B4S ATk 3 AW LTM-10A% Gizmo 4
= B s=gol 34 2AHE 5 9

Aoz WetE oy A 7 @9 gulo] o] A4S Rosia &
2 (flat, peer-to-peer) 7+Z % Ao] VEHIZES FA 3

a9 32 71E AEAl] ol79AE Hmolm gtk AoEge] S
o8 Aatl ERe A= ohE wre] AMgoln HAH Axlo]

Wge] AuAsge 242 48RS W o5 Aralsuzrel 496



sha, ® RARFY] AYE oYtk wale] vk EW A

2 08 Z2EFS A7) wjie e wWeol i e AlFoll A

Au= AL v AllESlolE AA Alesojof SR WEL AL
&% "ozt

P1 P2 P3 P1 P2 P3 Pl P2 P3

PIC I &2 PIC HIOI &2 PIC HIOI &2
(PIC Control Part) (PIC Control Part) (PIC Control Part)

RAH HER3A
(Control Network

PIC MOl 22
(PIC Control Part)

Pt P2 P3

B
2i=E/ACIE 0|

(Router/Gateway)
ZRIH(Printer)

== | AH
= || (Server) @ ‘
- 1

s

SA5(Host)
CIOIE HIER3
(Data Network)
L] H
[ —
t S
2EE{(PC)
SAE(Host)

a% 3-2. 71 AsAle] o7 el A

Fig. 3-2. Present Automatic Control Architecture
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LonWorks tlH}o]2= ANSI/EIA 709.12] Ao} ZR2EZFS AMgshs
HEY = tufo]AZ ou]dit}, o] 222 F/jE Aol EIA &
Aeb fHE Al A E TH A22FTEE AFTE7|E AU, R A
Wzk= ANSI/EIA 7091 Z2EFo] ojw] U FH & AL§35te] tnfol
2 S8 FAs e Aol dukolt,

LonWorksE T/3t7] ¢1al 283 7|52 difd v Holl 23y
X

A, A% ARA gmdd, AHA, Aoy rags §& mE

’

2

48T & gk oA Aol MENAE T} ¥ W B Fo
WA AFolole e guAe 57 Ao) sl Ux Holg Aes
E7b 1 Mbps B9l & WE xRS TES 5 Yok

LonWorks Communication Module Computer
/e i = & i EgiAIH
(Power Source, (Neuron Chip) (Transceiver) -
Crystal) (TMPN3120FE3M) (Network)
=I= HeE
I o | O¥elopmert
2} &2 ZE(|/O Port)

2} &2 ZE()/0 Port)

PIC HEE2{(PIC Controller) Microcontroller Part

MAX232

)
"
-

Points

" | Control
=

B

19 3-3. LonWorks £4 & T4

Fig. 3-3. LonWorks Communication Module Configuration
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Y gE ZZAMA AES PIC(Programmable Interrupt Controller)©] L
e He] BAe HE e WE ¥ES ARST F glow,
DPRAM(Dual Port Random Access Memory)¥ #Z2 HZ v S A}
&5t 7 & = Ak

a9 3-32 1y 3-29 dFEE 2 =wdA FdEstaA ke vl
H e Z2AAE A AR A 2dle] Aot B =RodlA =
a3 3-1¢9 SLN& &&3te] 7lsde] AE 55387 9] & vt
olmamzzAAet HE ZaRAM FEH= TSt 5 Aol ZJE
(control point) £ HEHE wlo]ARHEED Alo] EEdA HEE W

ol50lal, o] ARE Ao UESHI(LonWorks)E E3lA BYUHY T+

HAEZE A~"o] dd®Ec 19 3-39] LonWorks ZA 5 -4l o] A
o} o] B =32 Ao EYAY A4E 4 = LonWorks 21 &
TS A, st st

3.4 LonWorks 54 &9 A=

341 F 74 3=

8 3-39 FAo W3t I ERE rfo|lmarRAEZEE EEC PICIGF-

873-047SP # &3 LonWorks 4l 2E% wd F FEo=2 19 34,
3-5¢9F 2t

a9 340l A B mpel o] B AA i F IR W E,
A B2 vre 32 g EWAY IRE vem ¢ i, T =

E35HA AH]2 HA(service pin) 3| Z7F o thE 2= Lkl g2

_26_



ZRAA S} ARSI AEl = 7 g2k EWAY S EE FOQUA Ko}
of 3 Riolrt,

a9 3-49 4 24E i FH(TMPN3120FE3M), Auj2 3, 2] Al
3|2 EWAB(FTT-10A), 25 I ~2 98 1149 /O &9,
RS-232C Algld &4l XE, o3 312 Fo] gt

/ | 2 L=

P AN W HETI

a i Tt

vai I
! “ i - =
[ L "
LED i H
i {91 " | chassis gand ;

T RESET - (L]
gl T - i B <
im —m o ¥ soveznen
¥ . — W o

SETE S 2 L = N2
SERVT: 7] b
-SEFNCE Wl
e on
{ ] e L 2] L]
il Ch
[ e ]
e ch
™ i R
cu [
dr e
= THENIT CRCIE
- i ||
gatey | —r
8 %
& n |
ﬁﬂn—r . |
ol [ e B~ |
B 2 [ Diigg == Cf
O — HIR . L] » e
\ m b
T ]
\‘. % 4 o L14il + %
m__|1 EE CHASSESA0IN
g - Y s - - il
— | F° g g

18 3-4. LonWorks B4 ZE9 7 3 F&

Fig. 3-4. Neuron Chip Part of LonWorks Communication Module

F

a9 3-59] AL AE PIC H(PICI6FR37-047SP), MAX232, A<
SlES dAAstE Algd B4 XE REog  pARo gt}
LonWorks®] % 325 vephlla

b A=
S APl AE Fa FHrI7IEd dde] Tk, g &

N

d

T3E F dvh =3 F8 A RS-232C XEE AEE F s 9
]
=



233 glew, A8 &8 AHAl~E A% 4 ¥ES XD 9
om g olA& o]&3ste DIO(Direct Input Output), AIO(Analog Input
Output), 35 =% & W& AR &85 TA ] 25 QA Hol =
£ & 4% 7Y PLCS 22 7= 7dd =+ 3

nE
L =
. o
[} ‘: AINS RONT ;1
s | . 2 hawd m (£
K ! & ssommt w0 1t o |48
1 — it Frimw  Tom
1 2 aiz Llew o [
T ] wird E| L.
L3 ul ReamICH £ L Heow
I 7 He
T § !¢ -:\scl%m -—"—'_lj " I
& o~ ;
I — Hw
] | —i
| S E— o —
e L mem
£
P e
o o0
L 1
[_J|,_ )

a9 3-5. LonWorks §4l EE9 PIC 3 &
Fig. 3-5. PIC Chip Part of LonWorks Communication Module

342 AHl= A w2y 74

1<)

(1) Anrj=

25 o] 1AW on-chip failure7} <= wi | Sojer) w3 ==

o
Efa F4 ARV FAEY A ¥od LED7F 1/2 Hzel vHl&=2 %

Au]2 FHoll A logic-low YHL UEYI oA FH FHol 7kA L



FZ%}, old T 7HA 7l5E sty fEA o]
Aol Z(duty cycle)& 71A+&= 76 HzollA de 3 Z=Alolo A o}

S 3 Pk 2 3-62 AnlA ¥ pA Y IREE ey

Al

Culpulstate | Active | Trstle | Actve | Tristale! Active | Tristis |
lowe | I how Polow | |
o T S e 1
(Switch opan and

LED Oa) T T 1

Input Sampling Input Sarmpling Input Sampling
Wion
T,

I ).ED | sl Puli-up anable signal

3 Barvce pin input signal
-

a9 3-6. MujA A A 3=

Fig. 3-6. Circuit of Service Pin Component

(2) Wx2e T4

........ EEEE g
1K reserved space for
memory-ma ed /0
________ FGO0 .. yomeee
1K reserved
........ FrER
2K EEPROM
.o
EFFF
2K RAM
........ €800 .
Internal
........ SEEETT
16K Neuron Chip
Firmware(ROM)
L9000 ol oo ...

a9 3-7 e A ovEe 9

Fig. 3-7. Neuron Chip Memory Map
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a9 3744 e A vERE WS YERITE ROM 992 0xF000
-0xF7FF WA 74A] @389 em, RAMS 0x8000-0xEFFF % 744 &
gtk kA AbgAte] Hao] osir FRZAE FFT Aol
+ RAM 999 dF& &4 tutolx HE&WHA R TIFomA 47

AdE o]~ & 4 Qv = DIO, Al AO s+ v Wz e dF-Ad

2
AA dAl= U
3.4.3 PCB A%

a9 3-8, 3-9= LonWorks T4 3=Z%o <&l PCB(Printed

Circuit Board)= #|2F¥ A A Apzl o]t}

—
e
-
—_—
.
-
-
-
-

a0y

v | i s wll P
."-'ll\ e et I

9 3-8. PCBZ A&k wdl 3 F
Fig. 3-8. Neuron Chip Part Manufactured by PCB
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w 05T

"
i

o

[

- = I-l_ '||-l-.|-||,

<% 3-9. PCBE A|#3 PIC ¥ 538
Fig. 3-9. PIC Chip Part Manufactured by PCB

3.5 LonWorks 41 259 H9o] +3&

35.1 HAo 7& A LHAE

Aslol T& A, AgAE AR Pelolo] AU Ags) Folof @
0 BE g3 28 3 b9l 39T e oS Asge] we &

o HEAA 7Nk fgupolag 7hd uf AX| 9] §oldd, FAET 5 ol

A Zwe mestel Adsokn dh,

(1) Applicationless

o2 EA3A#H g2 g (parameter) W 7 F o] WH EEPROMe| =
=@}, olul Au]~ F(service pin)e] AElE 2(ON) A E|E # % gk},

rr
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(2) Configured State

EEPROMol vlQlY HARE 2zt Qlo] ol =2 Y ESIE 43}

of AU AFstd =78 olu] AFE vy FHE o] &t EA
S 3o wheF AR R 3 = E HUbetE W 7|EY ko AlRE ==

[40
ofl,

o] EEPROM9| Zztzte] Al= 2 ) AHE ATl oF st} o]l AH]
2 #e QZ(OFF) AHE A3t} o] == ojwl Au|(Fx)e] F

AAYE YMEYA 49 ¥yt 42 Al~gle] 2 489
(3) Unconfigured state
71E HEYAE TS Y =5 Aold AEL w=F Hrtetd

S wEo A Aulzs Be B AN FA F af DE EY

of &ela UEYA #e E(LonMaker)S o] &3] M2 violY AHE

TAe B @t oW Aulz el AElE 05 Hz2 FEdd. F
Y Aol A EAAD 74840 Wl B2 AladoA ARG

d
i

7 Cx= ANSI #5 Col +38 &0 1w Z=ad dojoltt.
g CoAes AR Falelv /O Aol7le] v Wi 55 oHWE
(event) =] &} wd wAA e AFoly /O #7719 Aol

o1 AFgAE FEslold AmEdole] A £% o - %Y AE 8

A kol Hr} o]E9] olWlE A7A|ZH (scheduling)oltt B4, =9
o] ¢lEjyo]2e] fiFEe wid FHolu wd ColA siM= e},
mebA ARE AR SAlel wEE FEE Al 24 oo AAle] &8 =
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Z2aR Ao g HE]ALE 7+ 5 AnHITL

When(Event_1) {

// Event_1 o]l E EFYA] =313l 1§

priority When(Event_2) {

// Event 2 oWl E BFA] =alsF 1 -&

1% 3-10. 9 C TE1Wo when &%
Fig. 3-10. When Sentence of Neuron C Program

oJHIE AHHE & FE Uk 5 TEAeR wd C ZRA9S I

3-10A§ “when” &o] RojX T4

(2) 2z Eg o] Eolue] A4

FE CeE £4 Z2a3 Yoi] 15719 AZEY o ElolHE AL&3H

T AT 2 ol e SHA R A X(s) &9, Belx(ms) @9

rr

= AR AR g gk BlelmrE FREY ST oWl eV AR
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) i H Helo] 2AEY

Reset/Power
Up

]

Initialization

i

Reset Task

Priority Priority Priority Priority
When When When When
( Priority Priority Priority Priority
Top of Loop When When When When

T Priority
TASK H When

T Priority
TASK H When

T Priority
TASK H When

% 3-11. 79 F Helol =A=Y
Fig. 3-11. Neuron Chip Firmware Scheduler

1o

Ml

AN =
© 2 “when” Ao Edo=Z FAH i = ZH (round robin) W
2o 2 FEl(routine)?] FIdH= AS & & Ut

3.5.3 HolH HAF

2% 3-12004 R mpe} o] whol AR E &2 (PICI6F83-047SP) =
e ZRAAR FAekH, wi e EHelB R AR F2hs.
¥ Z2AMAM+= HS(handshake) 2135 Faoax 4ol w2
o AEEE F5eTh x

_l:";
94 Ao B9 Yehin o



Master Slave
ooz AEEZ Neuron Chip

(PIC16F837-047SP) (TMPN3120FE3M)
100 [ je—> <« | ] 10.0
0.1 [ je—> le—> | ] 101
02 [ | Je—> le«—»[ | ] 102
03 [ e 3 S le—[[] o3
0.4 [ | le—> é é le—>[ [ | 104
105 [ | le—> le—>{ | ] 105
106 [ | Je—> le«—»[ [ ] 106
10.7 [ | Je—> > [ ] 107
08 [ [ —>» ~CS ~CS — [ [ ] 108
0.9 [ [ —>R/~W R/I~W —[ [ ] 108
1010 [ | J«——HS A0 —[ [ ] 10.10

a9 3-12. mkaE e Sl B Apol o] HolH AF

Fig. 3-12. Data Transmission between Master and Slave

CS(Chip Selection) #}Q1& &7 wlxaEol oA S5+, &2
o 1 byte® AEH}t o] 229 3¢ FA(low pulse)E PFAEH U &9
o|HZRE dolEE ~E=RH(strobe) 3TF whAE A CS 2l
o] 3191 Hx A u ¢]7], 227] d¥(evel)o] ¥t} R/W(Read/Write) &+
12 whzEle oA FEHaL, 7 H SElolB o ¢ W =
glo] B o] kS AA st}

HS #1912 3 EdlolB e H[X|(busy) A&l oA FEHTE o
AL mtzgo A EdolBrt vA e S deFrh vk A9l (high)
glolB7F N (8]7], 227 3 dHole)e HE AeolH,
ote] Ao = vtaEF HAE AT Aot

A0 A2 vixElol oJafA T L, HolE #HALEe HS HEES X
Sete AEE dA2E Alold A A#"st= F4 dolvh HS HIE= 7
EE fA2=HY Hstel v EDO ol AEE #l A 2=E & dolg)
T HE& ARSEA g S0 wd S fsiAE DO gglel

9] A A s ofof Bt

>
fols
o
£
i



3.5.4 #=4]o]=2 == E Z(Handshake Protocol)

NEURON
RESET

Ye

MASTER
HAS
TOKEN

A,

MASTER ( WRITE DATA PASS TOKEN

SLAVE

TOKEN

SLAVE

9 3-13. whaEle} HEoju Alolo] AE4ola ZRES
Fig. 3-13. Handshake Protocol between Master and Slave
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WRITE DATA ‘ OMDXFER ‘ data length ‘ Deta byte(1) ISataﬁbytie(n)ﬂ

PASS TOKEN ‘ OMD_NULL ‘ EOM ‘

RESYNC ‘ CMD_RESYNG ‘ EOM ‘

ACK SYNC ‘ OMD_ACKSYNG ‘ EOM ‘
NOTES : EOM = any byte(usually 0x00)

CMD_XFER = 0X01 NULL = 0x00

CMD_NULL = 0X00 length = # of data bytes
CMD_RESYNC = OX5A (not including EOM)
CMD_ACKSYNC = 0X07 data = actual data bytes

% 3-14. dlolg AFES {3 9B Fx

Fig. 3-14. Packet Structure for Data Transmission
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VHTEDATA PASSTOEN FESINC AKONC

Mester heswite Saeheswite Mester heswite Saeheswite Mester heswite Saeheswite
tden(F~-W0) tden(F-WH1) tden(R~-W) tden(F-WH1) tden(F-W0) tdenB-WH1)
0 5= l 50 &1 H0 &1
Master wites Saewites Master wites Saewites Master wites Saewites
QAR DXAR QONIL QONIL QDASNC QDRAISNC
l &1 L 50 l &1 l 0 l = l 50
Saereaks Mester reecs Saereas Mester reecs Saereas Mester reecs
QAR DXAR QONIL QONIL QDANC QRAISNC
l 50 L 8= l 50 l -1 l 50 l -1
Master wites Saewites Master wites Saewites Master wites Saewites
lerghbyte lerghbyte EM EM EM EM
l &1 L 80 l -1 l 50 l FB=1 l 50
Saeons Mster ons Saeons Mester oAns
m’ﬁ mﬁ witetden witstden witetden witetden
(RW=1) RW=0 (AW=1) (RW=0
0 L 8=
Save witss
cHabyte
-1 L 80
Saereaks Mester reecs
cHabte Habte
l F50 L 8=
Master wites Saewites
red cabte et cdabyte
l &1 l 50
Saereaks Mester reecs
cetabfte cHabte
l 0 L 5=
Mester wites Saewitess
BEM EM
l -1 L 80
Saeons Msster oans
witetden witetden
RW=1) ARW=0

18 3-15, A=4olm TREFY ulolmr &
Fig. 3-15. Micro-operations of the Handshake Protocol
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19 3-16. io_in_ready() °|HIE ZS gt 7w+ 3 &
Fig. 3-16. Neuron Chip Algorithm for Evaluating the io_in_ready() Event

v e 2@g Y0 A WAR FE C e oER 47 o
Azd g 7l olMES WY 1O Axste] Aee A A
Hi @550l 58 ioin) %0l @ ojwes] BAE @ %n

al

952 e

- io_out_request()
o] 71%5& /O MAE $3F io_out_ready AAS L2437 98] AR

HArh o] 71%E TEEE AL io_inready =¥ io_out_ready %719

golA 27 BEES 278 AS 9] fske] i He EYas A

_39_



- lo_in_ready

o] oMEE WA} GAAk sz W Mol R uviet 2

ol dt} o] &&2 HeolHE 7Ll #ste] iolin() FE ZTEIH
aejal o] ojWlES] HIFE Sl AHEE AR dargFel 1% 3-16
of Yeb vt

g 4 Q31 io_out_request() g7}

- i0_in()
CMD_XFER EZ(lo]E)o] olu] gl& At} o] shi= ZHo| nlo]|ES}
U A A4 dolHE ¢leth Ayt Aol HlolErL AW FH H&

T3 gt

iz

% 917] %¥

o
ol
r

- io_out()

CMD_XFER Hlo]E& QIE#H o] 2o 22097 4 It} Thgo] o] o] A]
2 FRkslhE o] npol ExkE

7] flejA &5 7] ¥E8E FIH 79 JS EOMe 36k,

aRe whaEy selolur TAHA gl Aol weh depdr). o

Z,:
dsh g FrEol vay ZeAAs Sdeln A Aol Aol
g 5

2 I/O A H o] A Aot

_40_



10_0 parallel slave s_bus;
#define DATA_SIZE 255

struct parallel_io_interface

{
unsigned int length; // length of data field
unsigned int data [DATA_SIZE],
} piofc;
when(io_in_ready(s_bus)) // ready to input data
{
piofclength = DATA_SIZE; // number of bytes to read
io_in(s_bus, &piofc); // get 10 bytes of incoming data
)
when(io_out_ready(s_bus)) // ready to output data
{
piofc.length = 10; // number of bytes to write
io_out(s_bus, &piofc); // output 10 bytes from buffer
)
when(. . . ) // user defined event
{
io_out_request(s_bus); // post the write transfer request
)

7238 3-17. ¥4 /O g g H o]~ ZE
Fig. 3-17. A Parallel I/O Processing Interface Routine

- 41 -




& 7l | =}
}ﬂ 4 % :I'Lzﬂ 4 “’]’ = L&
41 74 2%
. =
= O A =] = o
35d¢] dugFs 7o 7l C &A25 AU NEES
2= [e) =] A = =] =]
AEALS =AY 308 o3l 7Y C £nE AYsta, 5
- o =] e
drh. a® 4-lols w=dy 308 ol&dke] T C A A BA
e 3 Lok
2 Echelon NodeSuikie C LW S ounce =18 =
[l Ble Edi Vew Brojeci ool Window Help =181
N0 R ALl e == A T L
[IE E |
|mam®
I Wd=fine DATA SIZE 10 =
oo parallel slave b PleBaa:
struer  parallel _lo_intesface |
un=igned lengthr
un= i gned data[DATA_SIIE] :
b oplar
haR(RY_update_occurs| FaPC))
]
int i
forii=0; FofC.msciilils i++hs
plo. lengrhei;
mEmopy | plo.data, FoPC.a=moid,1])
ig_cur_reguest [FicBus):
i
#prages relaxed casting_on
Whan[1a_in_ready |PicBus))
I pio. length=DATA_STZE:
io_im{FicBus, dpiolj
memcpy | ToPC.azcid, pio.data, pic.lesgth:
whan [Lo_out_resdy (PicBus))
i
io_out |FicBus, fpied:
Iiuw.u £ _two WG
i | 3 =
2 [ a1 ] Messages [ Eeadifadn ] Eva <] I
Fer Help, press F1 [ [ MM [
!ua] A= @SEF Y = |g|‘hi99 ﬂLnnl'_'le. E Jml'_'le. EM:L..I!E:... nﬂ!...l OBEL 2=

a9 4-1 7 C 22 A4 F ASd (==Y 3.0)

Fig. 4-1. Neuron C Source Creation and Compile(NodeBuilder 3.0)
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Fig. 4-2. LTM-10A and Gizmo 4 I/O Board
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Twisted Pair Line
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Fig. 4-3. LON Network Configuration for Experiment
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