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An Architecture of UPnP Bridge for Non-IP Devices with
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ABSTRACT

This paper presents an architecture of UPnP Bridge for interconnecting Non-IP devices with heterogeneous
network interfaces to UPnP devices on UPnP networks. The proposed UPnP Bridge provides a Virtual UPnP
device that performs generic UPnP Device’s functionalities on behalf of Non-IP device. This paper defines 3
types of descriptions, Device Description, Message Field Description, and Extended UPnP Service Description in
order to reduce the amount of effort required to connect a non-IP device with a new interface or message
format to UPnP network. By these three types of descriptions and Message conversion module, developers for
Non-IP devices can easily connect the devices to UPnP network without additional programming. So UPnP
control point controls Non-IP devices as generic UPnP device. Some experiments validate the proposed
architecture, which are performed on a test bed consisting of UPnP network, the proposed bridge, and non-IP
devices with CAN and RS232 interfaces.
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<aclionList>
<action ActCmd= "Won UPnP Action Command'>
<npame>Acfion Name</name>

<argumentList>
<fargumentList>
</action>
</actionList>

<serviceStateTable>
Variable sendEvents="yes" SVarlD="Non UPnP StateVariable ID">
<name> Variable Name</name>
<dataType>Variable Dala Type</dataType>
</stateVariable>
</senviceStateTable>
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<MFD version="0.7" xmlns="urm:schemas-mfd-0-7">
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<TypeFieldStart> Start field position for tpe decision</TypeFieldStart>
<TypeFieldEnd> End field position for type decision</TypeFieldEnd>
<MessageTypelist>
<MessageType>
<TypelD> Tyoe 1D of message for Converfer</TypelD>
<Value>Value of type field<Valug>
<Direction>Direction of senaling message</Direction>
</MessageType>
</MessageTypeList>
<ArgumentTypelList>
<ArgumentType>
<Name>Name of argument</Name>
<Type>Type 10 of argument for Converter</Type>
</ArgumentType>
</ArgumentTypeList>
<MaximumPacketSize> Maximum packet size in option </MaximumPacketSize>
<ByteAlign>Byte align to target device</ByteAlign>
</Packetinfo>
<PacketStruciure>
<Packet>
<Name>Message name</Name>
<PacketType> Message variable</PacketType>
<PayloadList>
<Payload>
<Name> Field name</Name>
<PayloadType> Type 1D of field for Converter<{PayloadType>
<Valug>
<PlaceHolderList>
<PlaceHolder>
<Name>Flaceholder name</Name>
<Value>Valve of placeholder/Valug>
<Type>Type /D of placeholder field for Converter</Type>
<{PlaceHolder>
</PlaceHolderList>
</Valug>
<SizeUnit>Size unit of fiefg</Sizelnit>
<Bize>Size of field</Size>
</Payload>
</PayloadList>
<[Packet>
</{PacketStructure>
</MFD>
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UPnP
Control Point

UPnP Bridge Light
! [ * Controller
Emulator

Ultrasonic

T2 10. HzE v= 24

<actionlList>
<action ActCmd="1">
<name>GetUltrasonic</name>
<argumentList>
<argument>
<name>Ultrasonic</name>
<direction>out</direction>
<relatedStateVariable>
UltrasonicState
</relatedStateVariable>
</argument>
</argumentList>
</action>
</actionList>
<serviceSlaleTable>
<stateVariable sendEvents="yes" SVarlD="1">
<name>UltrasonicState</name>
<dataType>ui2</dataType>
</stateVariable>

</serviceStaleTable>

(a) =23 MAe| SHEHEl Mu|A 7|2 of

<Non IP Device Info>
<Name> Ultrasonic Sensor </Name>
<Network Interface>
<Type> RS232C </Type>
<Address> COM1 </Address>
</Network Interface>
<PnP> Off </PnP>
<NIS Type="Text"> UltrasonicSensorMFD </NIS>
</Non IP Device Info>

(b) =S5 MA2l Non—IP x| 7|% of
T2 1. 259 AXe] ZEGi el

HAEAe] Aol W3t UbnP A= & Au|~ 7]
(), Non-IP A= 7] (Fli)= UPnP Hz|A|d
53k 2”11 Non-IP A= 7<)}
sl UPnP AfH|2 7]&GERabell i3k Zlolck =
gk 918 7 AA el gt AR HE3RE 93 g
E Fel9] Non-IP A=E AAsr] $18 28 12
oF 2 WA FE leGEi)S AAEkch
Non-IP %= Alo1E ¢J3F UPnP HAEE ¥EE
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=1/ ThF NonIP A5 $18 UPnp B2]#] %

<Packetinfo>
<FieldUnit=bit</FieldUnit>
<TypeFieldStart>0</TypeFieldStart>
<TypeFialdEnd=4</TypeFieldEnd>
<MessageTypelist>
<MessageType>
<TypelD=UPnP_MT_ACTIOCNREQUEST</TypelD=
<Value=0x03</Value>
<Direction>out</Direction>
<xMessageTvDe>

</MessageTypelist>
<ArgumentTypelist>
<ArgumentType>
<MNameznone</Namea>
<Type>UPnP_PAYLOADDATA_NONE</Type>
</ArgumentType>
<ArgumentType>
<Mame>ui2</Name>
<Type>UPnP_PAYLOADDATA _UIZ</Type>
</ArgumentType>
</ArgumentTypelist>
<ByteAlign>LittleEndian</ByteAlign>
</Packetinfo>
<PacketStructure>
<Packet>
<Name>ActionRequest</Name>
<PacketType>Fixed</PacketType>
<Payloadlist>
<Payload>
<Name>MessageType</Name>
<PayloadType>TYPE_FIELD</PayloadType>
<SizeUnit>bit</SizeUnit>
<Size>4</Size>
</Payload>
<Payload>
<Name>Action|D</Name>
<PayloadType>=UPnP_ACTIONID</PayloadType>
<SizeUnit>bit</Sizelnit>
<Size>4</Size>
</Payload>

<xPacket>

<Packet>
<Name>ActionResult</Name>

</Packet>

<Packet>
<MName>EveniMessage</Mame>

</Packet>

a3 12. 255} A4S MFD

TCP/IPE £3) UPnP HE|X|$} AA4=e] gjck 7t
A=) Aok & 29} Zrh

2. AA A

4] Ao

MCU: Atmegal28L,

Z53} Alx
=t A RAM: 8Mbytes

A Ale] A= | CPU: 1.6GHz Pentium 4,

S RRE] RAM: 512Mbytes
CPU: 2.13GHz Intel Core2
Ba]x ’
UPIP 2] an: 1024Mbytes
P 7 IntelA}F2] Device Spy Software,
_—TL_ ] h CPU: 2.0GHz Pentium 4,

RAM: 512Mbytes

4.1.2 Non-IP &x| Mol ¥ oHE ALt
o|fl AelA] 9=li= UPnP ZEE 2<21EV} At
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oJalal oWl E wXA|E FAls=A] gl o7
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7k 7V UPnP A=] 8] Afu|2ef Adel ®
o W7ol gk 755 SAFch oA UPnP 71
dubgel UPnP AAAH F 7

—|—’

¥<2JE= “SetLight(true)” &<
A5 Al A6l Ak 714
UPnP A% Ao A== 213 345 Non-IP A
25 F8 wAXE HEE & AA] Non-IP A%
Ao] Aol Alo] wAAE B3 5o He] A
Ak 2 ¥ NonIP A% Ao A=+ UPnP HE

0x03 0x01 or | Reserved

0x02 (4pit)

Message Type  Action ID Argument Data
(4bit) (4bit) (2Bytes)

(a) Z3 Tk MM 2| Action Request THZ! =

0x01 or

0x04 0x02

Message Type  Action ID Argument Data
(4bit) (4bit) (2Bytes)

b) 221 MM 2| Action Response T2l ZU

0x01 or Reserved
ox02 (4bit)

Message Type State Variable ID State Variable Data
(4bit) (4bit) (2Bytes)

(c) 2SIt M A2l Event Notification THZ! =2

0x05

a2 13, 259 AlMe] A7 24
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% Intel Device Spy for UPnP Technologies

File View Help Description
= 99 UPnP Devices fame Valle
~= Light Controller Device ase UL g A A BT
G Y " evice icon one
=0 ”'";:::"’“"D‘f"" s evice URN umischemas-upnp-org:device:Light Conroller:]
E-E1 Stake veriables mbedded devices 0
4 LightStatus xpiration timeout 1800
# Getlighttboolean HomeLightStatus) fiendly name U%M Controfler Device
Has presentation  False
I ol o
= O umischemas-upnp-ongsenicellrasonicSensort | Manccore URL b/ kangwon,act
_J State variables lode] description  Light Controller
& UtrasonicLevel ode| name ; t Controller
fode] number
# GetValue(ui2 CunentUlirasonicLevel) odsl DAL e

resentation URL
roduct code
Proprietary type
emote endpoint 203,252 91 61:4004
erial number
1

andard type
ique device n.., BICESBA0-FERT-dccd-3AFE-AFIEABRECAC
Varsion 10

Ki| i

(a) 7Hete] UPnP ® S Ao ZA| 7| & &tH

@ Invoke - Setlight 9=

wee Light Controller Device
wny) h i ightController:1 Invoks
=, @ Setlight

Service/ligh/contral AT TP/ 1.1 Action Invocation

HHOST 203,262.91,61:4004
SO, APACTfm

ightC tLight" Message
CONTENT-TYPE: text/xml : charset="Ut-§
Content-Length: 351
<Pxml version="1,0" encoding="utf-§"?>
<s:l Envsio a s encudlngStyle-‘m:u //scl\lmas xmisoap,org/soap/encoding/”|
xmlns 'schemas, xmlsoap,org/soap/envelope/ >

<u smugm ¥mins u="um:schemas-upnp-org:service LightController: 1>

<Hnmel.|'ahtstalus>Twomeughtstiw 5> Action Response

<fuSets
</s:Body> Message
ontent=Type: text/xml: charset=
S;r%aer Windnwsfgl LIPnF/I DCyhaerkCu/l 7
Content-Len:
Date: Wed, l Aor ZC[IT 03:29:85 GMT
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5:encodi 50ap, 0rg/: ‘h 1
<u:SetlightResponse ¥minsiu= un:schemas-upnp-org:service:Lisl lCOMvaIIev £ YeBodyll
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