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Networked GPIO Control by High-Level Languages and Protocol Translator

HiDEYA OcHIAI' and HIROSHI ESAKIt

Remote control and monitoring enabled by networked GPIO force system developers to
aware unique protocols for the devices. This indicates low efficiency in development and low
reusablity of application software. We propose an translator that provides high-level language
interfaces for application and hides detailed communication protocols of devices. Our pro-
posed translator enables (1) to ease programming, (2) to improve reusability of the software,
and (3) anyone to publish the accessibility of their GPIO devices. We confirmed our prototype

system satisfies these properties.
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Fig.1 Translator architecture
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Fig.2 Temperature acquisition from a device (PICNIC)
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-+ parse application parameter (p) =+
-+ generate request packet (req_packet) * -+
send(sock, req_packet);
recv(sock,res_packet);
«+ parse response packet (res_packet) ---
-+ generate application response (r) == -
} /

returnr;
03 00000000 (m)0O0Oooo
Fig.3 A typical implementation for method(m)
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<interface>
<command name="method1”>
{!-- stub section 1 —>
</command>
<command name="method2”>
{!-- stub section 2 —>
</command>
</interface>

05 O0OO0O0OO0O0oOoooo
Fig.5 Structure of a translation script
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/<p rogn> \
<{setq name="response”>
<{dgRecv>
<dgSend>
<dgSocket>
<text>203.178. 135. 84</text>
<int>10001</int>
</dgSocket>
<getq name="request” />
</dgSend>
</dgRecv>
<{/setq>
<{setq name="temperature”>
<plus>
<multiply>
<byteArrayGet>
<getq nhame="response”/>
<int>4</int>
</byteArrayGet)>
<int>128</int>
</multiply>
<multiply>
<byteArrayGet>
<{getq name="response”/>
<int>5</int>
</byteArrayGet>
<double>0. 5</double>
<multiply>
</plus>
</seta>
\f{progn> 4//
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Fig.6 An example of method implementation (in the
stub code)
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Fig.7 Experimental organization of the prototype system
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Table 1 Translation script command set

Category

Command

Data 0 Type

byte int double text
null true false

Operation

plus minus multiply divide mod

Bit Operation

bitand bitor bitxor
bitlshift bitrshift biturshift

Logical Operation

and or not xor

Test

eq neq lt gt lteq gteq

Type Cast castbyte castint
castdouble casttext

Branch if

Loop while

Procedure progn

Variable setq getq

XML DOM domCreateElement
domSetAttribute
domSetTextContent
domGetAttribute
domGetTextContent

Array byteArray byteArrayAppend
byteArrayGet byteArrayLength

Socket dgSocket dgSend dgRecv dgClose

00 (http://jo2lxq.hongo.wide.ad.jp/) DO 00O
gogbooobooboobbooboooboobboo
gbooboobobooboobooboboobooo

02 0000000o0O0o0ooooOoooOoooOoooo
Table 2 API defined in the prototype system

gooo goooooo
temperature
humidity
pressure

<read winddir

0 type="param” /> windspeed
rainfall
illuminance
config

<write paramO=display,

0 type="param0” 0 paraml1=-9.9, —, 99.9

0 value="paraml” /> paramO=switch

0 paraml=on,off

0000000WebOOO (jo2lxg.hongo.wide.ad.jp)
000000000000000000000000
07000000000000 LANDOOOOOO
0000000 (ie., PICNIC, Armadillo 0) 000
00000 IPO00O0OOOOOOOOOOOOOD
00000000 0o00o0on

PICNICODOODODOOOOY ODOOOoOOoOOo
700 Virtual Device 000 00000000000
00000000000 UDPOODOODOOOO XY
ZW|0DOOOOO0oOO0X=5A(1600)00000
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String id="http://jo21xq. hongo.wide. ad. jp/room/temperature. xml”:
Document doc=Xm!. newDocument ()

Element reg=doc. createElement (“read”) :

req. setAttribute ("type”, “temperature”):

// invoke (id, “read”, {"type”:“temperature”}):
Element res=RemoteGP|0Server. invoke (id , req):

String temperature=res. getTextContent () :

08 ODOOOOOOOOOOOOOO

Fig.8 Source code description with translator
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@tring name="203. 178. 135.102"; N
int port=10001;

String temperature="";

tryf
DatagramSocket s=new DatagramSocket (null) ;
InetAddress addr=InetAddress. getByName (hame) ;
s. connect (addr, port) ;

bytel] reg=new byte[3]:
req[0]=(byte) 0x04;
req[11=(byte)Oxal;
req[2]=(byte) 0x50;

DatagramPacket p=new DatagramPacket (req, req. length, addr, port) ;
s.send (p) ;

p=new DatagramPacket (new byte[20], 20) ;
s. receive (p)

int length=p. getLength() ;
if(length==8) {
byte[] rawreceived=p. getData() :
double value=rawreceived[4]1¥128. 0+ (rawreceived[5]1&0x0Tf) 0. 5:
temperature=Double. toString (value) ;
Jelse(
// Exception
}

s.close();

i

catch (java. net. UnknownHostException e) {
// Exception

i

catch (java. net. SocketException e) {
// Exception
1

catch (java. io. 10Exception e) {
// Exception
\L /
09 0J0000000ooOoooOooo (PICNICOOOOOO
0oooooooo)
Fig.9 Source code description without translator
(Description of PICNIC protocol)

Y WED FT® ~TE
sh-3.1$ java snn. interpreter.app.SNNRequest
======/room/left/light.xi =

<write type="switch” value >
[01 06 00] => 203.178.135.102:10001

/room/display.xml
<write type="display” value="45.3" /.
[5A 66 ED 5B] => 203.178.135.25:10001

011 0000000
Fig.11 Translation behavior of request messages

gobooboboboobobuoobuoobobboo
goboobobobooboboobooooboboboon
0000000 PICNICOOO Virtual Device 00O
gooboooooboboonoo

0 1200PICNICODOO ArmadilloWSOOO OO
goooobOoooobooobooboobobooon
UbPO0OOOODOODOOODOODOOOOOODOOODO
00o0o0ooDo00o0o0ooOoobOoobooooon
JoddoooooObObObOo0o00ogooooo
gdo0bO0O020000000000DO0DOOO
goodboooboobuoobooboobuoooo
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Source Code (line)

006\ &
i o S
\ ¥ \0&\ Y

B With Translator
Without Translator

Server Name

0 10 J0000000o0oD (oo)ooo
Fig.10 A comparison of source code size

java snn. |nterpreter app. SNNRes|
= 2007-12-22T11:37:18.1600000+09: 00
m/temperature. xml
[00 00 3F FO 00 38 82 00] <= 203.178.135.102:10001
{temperature accuracy="0.5">28.0<{/temperature>

/out/weather . xml
[32 35 2E 34]
{temperature

= 2007-12-22T11:47:18.4390000+09:00
m/temperature.xml
[00 00 3F FO 00 3F 82 00] < 203.178.135.102:10001
temperature accuracy="0.5">31.5¢/temperature>

/out/weather.xml

{temperature

012 0000000

Fig.12 Translation behavior of response messages

goboooooooboooooooo
goboooooooooobooooooooDooo
gooooobobooobobooooboboooDboon
gooooooobooooooboooboooooooboo
goobobboooooooooooooooooboa
goooooo
5.3 ODO00OOOOOooOoboOoooo
0130000000000 updateTD OO0 Oup-
dateTDOOOOOsrc0000000O0DOO0OCDOOO
Odst0000000000O0COOOODOODODOO
goooo
0wgooooboooooooooooooon
goooooooooooboboooooboboo
oooooooooboooooobobooooobooo
gooooooooooooooooooooobood

updateTD(String src, String dst) {
Document doc=Xm!. newDocument () ;

// create <read type="temperature” />
Element t_reg=doc. createE|ement (“read”):
t_req. setAttribute ("type”, “temperature”) ;

// temperature data acquisition from “src”

// invoke(src, “read”, {"type”:“temperature”})
Element t_res=RemoteGP[0Server. invoke (src, t_req);
String temperature=t_res. getTextContent () :

// create <write type="display” value=temperature />
Element d_req=doc. createElement ("write”):
d_reg=setAttribute (“type”, “display”):
d_reg=setAttribute (“value”, temperature) ;

// set temperature at the display of “dst “
// invoke (dst, “write”, ["type”:"display”;“value”:temperature})
RemoteGP10Server. invoke (dst, d_req) ;

! Y,
013 0000000o00oOooo (updateTD)

Fig. 13 Temperature monitor control software

goood
gboodobOOssccOOb0nOOoOobOOOOOOOO
gooooooooooobobObOoooooooooa
gobooooooobooooobooo
(1) srcO7”/room/temperature.xml” 0 0 O
(PICNICOOOD)
(2) srcO7”/out/weather.xm!”0 0 O
(ArmadilloWS 000 0DD)
000000000Odst 007 /room/display.xml”
00000 (booOUo0oooooooooooooon)o
040o0oobooooboobooooooboooon
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sh-3.1$ java snn. interpreter.app.TestUpdateTD /room/temperature.xml /room/display.xm| 8
Kread type="temperature”/.
7

[04 A1 50] => 203.178. 02:10001
[00 00 3F OF 00 3E 82 = 203.178.135.102:10001

<temperature accuracy: >31.0</temperature> 6 D D D D D

<write type="display” value="31.0"/>
[5A 4F 86 3F] => 203.178.135.25:10001

goooooOoOoOooooooOoOooooGrIOO
goooooooooooooooooobobooo

Kread type="tes
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