Distributed Multimodal Interaction Protocol:
Enabling Transport of Distributed Interactions

by
Lucas Stephenson

A thesis submitted to the Faculty of Graduate and Postdoctoral Affairs in
partial fulfillment of the requirements for the degree of

Master of Applied Science
in

Human-Computer Interaction

Carleton University
Ottawa, Ontario

© 2013
Lucas Stephenson



Abstract

A growing number of areas in the world have ubiquitous access to mobile, personal technology
provided through a variety dfardware form factors; smartphones, tablets, and more. Despite
this, the ability to use these personal devices to control and interact reitote technologys

limited further progresss mired by proprietary technologies that places this form of remote
access technology in isolated software silos. This project provides an open standard networking
protocol to enable transport of multimodal interactions between disparate endpoimitsy

minimal reliance onthe personaR S @A 0S4 Q a2 F G 6 NBThig ldwk I NR g | NS
technology enablers to more easily design, develop, deploy and maiigaible software

solutions. Simplifying the software development flifgcle allows for more access to technology

by end usergndcanincreasethe resources availablfor user experience considerations. The
defined protocol is validated through a number of sample implementation tests and by

verifying its ability to transport multimodal interaction information.
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Abbreviationsand Terms

i DMIP. Distributed Multimodal Interaction Protocol

The technology that is the subject of thithesis An application protocol, using the
Internet protocol suite that allows flexible data types to be negotiated and

communicated.

1  Modality

Refers to the type of communication channel used to convey or acquiremiafan. It
also covers the way an idea is expressed or perceived, or the manner an action is

performed[1].

1  DMIP Abilities (Abilities)

Referstdd f AatdAy3 2F | 5alLt OfASydQa | ot AGASaE
as well as an indication of which interaction modes it supports (by w&hahnel Types

seeb.5) as well as the number of instances of an interaction mode it supports.

T Mode
Refers to a state that determines the way infation is interpreted to extract or convey
meaning[1].

1  Multimodality

The capacity of the system to communicate with a user along different types of

communication channels and to extract and convey meaning automatjtlly

i TCP/IP Internet Protocol Suite

TCP/IP is a protocol set and model for inter connection between computers it provides

endto-end connectivity specifying how data should be formatted, addressed,

Xi



transmitted, routed and received ¢he destination. TCP/IP has 4 distinct, cumulative
layers: The link layer provides connection technologies for network segnuenisks.

The internet layer allows the interconnection of segments to provide internetworking.
The transport layer providgsrotocols for communication low level octets between
network endpoints. The application layer provides protocols that provide specific data

communication over the underlying layg®y. DMIP is an application layer protocol.

IP: Internet Protocol

The IP protocol, or Internet Protocol is the networking layer inltiternet protocol
suite that represents destination addresses and routing information for transmissible
data[2]. It isthe baseprotocolupon whichTCP, UDP and other TCP/IP transport layer

protocols are extended.

TCP Transmission Control Protocol

TCRs a TCP/IP transport layer protocol thbvides reliable, ordered, errasthecked
delivery of a stream of octets between programs runnimgcomputers connected to a
local area network, intranet or the public Internfgt]. The primary transport mechanism

for DMIP.

UDRP User Datagram Protocol

UDP is a TCP/IP transport layer protocol thavrles a lowoverhead ad low latency
transport mechanism, that does not provide error checking or receipt order verification
[2]. UDP is a secondary and optional transport mechanism for DMIP, ideal for latency

sensitive data streams.

Network Node orEndpoint

These terms are both used to represent a network enabled device that can
communicate over a TCP/IP network, and is therefore a potential DMIP capable device.

Xii



Data Type

A data type is strictly defined container for data. The general purpose A is to
negotiate compatible data types and allow communication of data encoded in the
negotiated data types. Negotiable and transportable data types within DMIP are called
Channel Type®.5), and are used to communicateput and output mode data as well

as pure data, suchsdext, video, images, etc.

Byte and Octet

The terms byte and octet are used interchangeably within this thesis and represents an

8-bit value. Historically, byte was not consistent, so networks usedeitme octet.

Xiii



1 Introduction

Technology is everywhere within our homes, workplaces and places of lei$igsvorld is
replete with computing devicesnany of which are interactivend networking of these devices
has allowedasicinterconnectednesamongthem. It is simple to envisage an environment
where everything is controllable in a uskiendly way, from a personal deviddowever, using
personaldevicesas general purposeontrollers, providindiumanusablemethodsof

interacting with other remotedevices isiot widespreadTechnology that allows remote
control has existed for well over a centur example, the remoteontrol for your television.

In the majority ofcases these technologies dot work together, and when they do, the

technology isften expensive, proprietary and requires thee ofa singlespecific technology.

An exampleof a single controller interfacthat has been often demonstrated, but is not widely
accepted is homautomation. The concept is a simple one; use any deviceotutrol and
manipulate the state of various devices in a homatomatically turn off a light downstairs
when you fall asleep, prbeat the oven on the way home from work, change the TV channel
from your phoneand monitorroom temperature and security syams from afar. These home
automation tasks are all common tasks that are technically feaaideappealing to end users
and pieces of these exig] [4], and seento work well. However, most offiese solutios do

not work together, andely on costly application and networking design and development time
because a common open standard for modal device to desacemunication is not available
and arenot widely implemented or adopted'heprimarygoal of this work Distributed
Multimodal Interaction ProtocoDMIP) is to allow intercommunication between devices using
a standardsbased open protocol ttransportuserinteractions between endpoints. In this way,
users can control their thermostat, Tspve, or any other network connected device, from any
other singlenetworked device that is able to provide a sufficient user interfée.simplya

usercannotcurrentlyuse onegeneraldevice to utilize the functionality ohany othersThis



work de<ribes the effort made in designing and creating a mechanism that allows interaction

data to be remotely negotiated and transported.

DMIP aims to be able to provide a remote interface for any implementing devidei$P
classifies interaction and data doat it can be transported over the network in a standard way
There isno open standard protocokhat allowthe transport of an expandable set ofvell-
defineddata typesthat represent the information needed to provide a humeentric,

interactive expeence.Providing a standard network protocol will enable more devices to
inter-communicate by reducing costs associated with developing extefreatiptely

interactive devicesSome further examples of enabled scenarios are:

1 Users enter a shopping mall@ase any phone to interact with a large display to: play
games with other shoppers, see specials, use interactive maps, and plan shopping
routes.

1 Ata sports event, use the scoreboard display to play egentimunity games, polls, and
contests; engage thaudience with reduced technology investment.

1 Use kiosks from personal devices, reduce the need for users to worry about interacting
dzaAy3 GKS 1A2a1Qa (2dzOKLI R yRk2NJ {SeL)RZ

device reducing queue time.

Theavalability of an increasing number dypes ofinput modes on personal devices like mobile
telephones, music players and video game controllers as well as specialized input mode

devices, like gaze trackers, motion trackers hrain-computer interface (BCtlevices means

that users have an ever increasing number of ways of interadtingddition to supporting

many interaction modalities,ser focused design for interaction integrates interaction feedback

G2 AR (KS dzaSNXa dzy R $atois|sly Fis yalk infedds to gr&idel Y LI O
an openstandard methodor negotiating and communicating both emerging and existing

interactionmode databetweennetwork connected deviced.o support the goal of this work,



an open standardwasdesignedo aggregate, negotiate and communicate a variety of static
and interaction modalatasignals so that they can be used by any platform adhering to it. This
removes reliance on specific applications or platfoand only requires amterpreter

application to be made available for client platforrmi$ie intended result is a homogenous
application platform the can be used by application creators to provide a more accessible
access to technologyhisdecoupling of platform and datis accomplished through the
introduction ofanapplication layer network protocol, distributed multimodal interaction

protocol (DMIP)

1.1 Contributions

This dissertation contributes to the human computer interaction field by providing a free and
open standard netorking protoco] Distributed Multimodal Interaction Protocol (DMIP) that
allows classified interactions and data types to be negotiated subsequently transported
between two network nodesSubstantial effort has been put into creating a well thougtit o
mechanism to transport all potential modal interaction data in a variety of situations and

scenarios.

To supportthe understanding and adoption of DMIP, a number of resources have been made

available, and discussed herein.

1 The DMIP protocol specificah
1 Working implementations
o Two DMIP network layer implementations, .NET framework and Java for Android
o Two DMIP client application implementations, .NET Windows Forms and Java
for Android
0 A DMIP service SDK for the .NET framework
o Three DMIP servidenplementation examplesusing the above SDK, for the .NET

framework



1 Anintroductory conference paper, presented and published as part of the International
Conferenceon MultimediaandHuman Computer Interactiqr2013.

1 A presentation made to, and discussed vilte CapCHsociety of Ottawa.

A website, I(ttp://iv.csit.carleton.ca/~dmip) has been created to host the protocol

specification, above listed resources and any additional future resources, updates or
disaussions created to support DMIP and any future revisions of the proticatidition
the website will be a central source of information about new, standardizieghnel Types,

as discussed iB.5.1


http://iv.csit.carleton.ca/~dmip/

2 Background

The basic preise of computer networking is to enable computing devices to intercommunicate
[6]. What information is communicated has largely been focused on computer formatted data,
high level abstractions of human knowledge and actiéimsusingon the communication of

human interaction elementallowsthe field of human computer interaction to be modéectly
applied to themanipulation of distinct devicesThis could allow applications to be built that
make use of a variety of interaocti modes, giving application authors more ability to freely
design services that make use of alternate modes much more simpplikg human users to

use computers using thepreferred inputmodes and devicesSimilarly, providing a variety of
options br system feedback (output) allows a broader range of users and user scenarios to be
considered7]. By providing more interaction options to the users to interact with remote
devices, accessibility to those devices and theises they provide is increas@g]. Efforts to
aggregate multimodal data exidtut are either not extendible, doot have a network
transmission focus or are not open and freely usablesection2.2 Rationale we discuss the

need for this technology, from a point of technology ease of access evolution. S2&ion
discus®sreasons that such technology is not already widely available. Iiosetd, we

continue by examining related technologies addntify requirements fothe proposed

protocolto overcomethe deficiencies in what exists today.

2.1 Research Question
There is an evancreasing ability for the useotgenerate data on personal devices, can this
data be simply consumed by remote computer devices to provide an interactive user based

experience for potentially argapableremote technology?

2.2 Rationale
The answer to the question posed2ril represents an evolutionary stapwards simpler
access to technology for end users. There are a number of reasons why it is needed to continue

0 KS ¢ poplifatveipanding access to technolodihere exists an evéncreasing use of

5



sener defined applicationsvia the World Wide Web (WWVB]. Howeve to support these
applications by providing improved usability and to make use of additional platform featares
small form factor devices, likamartphones otablets, specific clients for the largeriety of
hardware and software platformare created and supported. This in turn generates a

significant cost to develop, maintain and support these applications. Removing application logic
and design from the clig, so that a single application can be developed and maintayed
application authors reduces costs and increases accessibility for users by removing the cost to
create platform targeted applications and thus giving better access to the augmented
applicdion by way of providing for a greater number of supported client devieesexample,

in a specific, single platform targeted scenario, there are at least two applications that need to
be designed and developed, a client application and the servicé i&abisions of the

functionality require careful consideration of client software. This issue is exacerbated when
there are multiple platforms (example: Android, iOS, Blackberry, Windows Phone) and even
further when considering variations in platforms,\asll as the specific client device (abilities).

A solution must remove the additional development time caused by dealing with multiple client
targets, and removes the burden of carefully verifying every target device with every revision of
an applicatiorby only having one functional piece for application authors to design, develop

and maintain.

For endusers this is also partial solution to the problem of dealing with ever increasing
numbers of specific applications on their mobile devices, making itulifto locate and use

them.

2.3 Barriers
While the technology herein is needed and has relevant rationale, prior to this work there did
not exist a sufficient solution. A number of related technologies are discusged iout in

general they do not fulfill the requirements needed to fulfill the goals of a distributed



multimodal protocol. The reasons a prior solution did not exist is presumed to be a combination

of 2 mainfactors

1 Using modes of interaction, besides mouse/keyiabare relatively novel
0 Research efforts have created only protocols for very specific combinations of
modes
0 Using alternate, not specifically defined sets of interaction modes has not been
addressed
1 Efforts to increase product line value by providinglgations
o Generate specific product line applicatiomeeting only the temporal goals of
the specific product line
o Proprietary and not released or supported for external development
0 No perceived value to a production company for creating a standardgpat

devices or services produced by competing companies.

2.4 Relatedlechnologies

Transporting user interactions over networks is a complex isapedingthe more pervasive
spread ofgeneralhuman control of computes There is a constant stream of new vgaysers
can interact with technologjl0], as newinteractiontechnology is introduced it adds to the
options available to application authors. Authors are confronted with design decisions that can
limit the adoption of the newechnology, or alienate users who dot have access to it.
Furthermore, every application that makes use of the interaction data moisbdedata so

that it can be transformed into input actions or output sign&isparate projecthave different
goalsanddue tothe proprietary nature ofmost ofthese works, the codification is not typically
useable universally between applicatiofifiere aresomeexistingtechnologies that attempt to
simplifythe transport and/or classification @hultimodaldata. Briefly, those most related to

our work are as follow



1 Tangible User Interface Objec®JIQ [11] is a spatial (touch, motion tracking) input
librarythat aims to @gregate these types of devices for use as an API.

1 Responsive Qeécts, Surfaces and Spad®OSH12] provides a development toolkit for
managing combinations of specific devices over a network.

! HC?[13]is a tool for aggregating machiubecal input, so theyan be more uniformly
processed.

1 Extensible MultiModal Annotatio(EMMA) [14] is anextensible markup languagXiL)
W3Cstandard for encoding multimodal inputs.

1 OpenNI[15]is a tool that is aimedt processing and aggregagimotion based inputs.

1 Streaminput is a project aimed at providing a flexible input API.

1 Radio Frequency for Consumer Electrofi®B4CH16] is a network protocol using low
power linksto createt RS OSY G NI f AT SR aYSaKé ySig2N] o

1 OpenRemotdhttp://www.openremote.com/) is a platformthat focuses on home

automationand providessolutions for managingxisting proprietaryand fixed
interaction homeautomation protocols.

1 Application specifics Projeatghat separately implement thearts offunctionality
required by the answer to the research questidnut cannot work with one another

because their implementations are natandardizedand used fixed modsets

These are partial works, but are not sufficient to provide an extensible framework for reusable
data type encoding and transmission. Nex& provide a detailed examination of daof these

related technologies.

TUIQis a network based system that aimspaovidingaggregate touch inputata. The
purposeisto allow easier development of a variety of touch and other related continuous input
systemdq17]. While this technology is extensillEl] and daees approximate some of the
intentions of the proposed protocaol, it is purdiyr input communication andloes not have the
ability to negotiate the usage of modes; implementations have fixed messqgessiveness.
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Any application that needs to send datadki to the client would not bdirectlyimplementble
using TUIO. For example, a simple thermostat app might let you send input to adjust the
temperature up or down, but the user would not be able to receive information about the
current temperature. In adition, TUIO is designed purely for aggregating touch data, other
interaction modes are not supported and negotiation of interaction mo@#swing variable
sets of even touch interaction modé&smissingTUIO data iassumed to be touch basednd
lacksthe flexibility to simply define the data types needed for other interaction tydaslO is
therefore insufficient for providing a general interaction mechanism for network connected

disparate devices.

ROSSs a development toolkifl2] for Tangible medi§l8] that provides a platform

independent nethod of consuming and aggregating multimoagduts. ROSS providexplicit

input schema for devices connected to the system and operates over aPTiRWork[12].

ROSS allows the development of applications that make usgegificdevices. Howevethe

need for explicit inpuschemadevice templategor eachendpointt A YA G & (GKS a&aidisSyYQ
provide services toew, emerging and varied device capabilitiesr example, a client device

might support 2D position datimput using touch, mouse, gazne through any number of other

modalities, or combinations thereof. Further, the device may support selection tasksgthro

varied modalities as well. In order for ROSS to interact with these devices, spedifized

schemahave to be developed for eaclevice implementation

HCI?: A Software Framework for Multimodal Humar€Computer Interaction Systems
describes a modal platform that aims to support the development and research of
multimodal system$13][19]. This system provides a methotlefficiently aggregating
machinelocal input signalsso that they carbe processedrlhe framework is a research
platform with a focus omerformance put there isno focus orraw data-type communication.
HC? does not provide any networking facilities. Potentidlig solutioncould use the

aggregated local machine signaispvided by HCJto help communicate higher level user



intent. As HCis a software platformthe relation to a networking protocol is perhaps not
obvious However, its codification of input modes could be used on the service endpoint to help
interpret user intent of a variety of inputwithin a solution It could alsdoe used to define a
specificmethod tocarry HCldata, allowing endpoints to process signals for intent, and then
communicating that intent. H&by itself is insufficient to meet the ditbuted/remote aspect

of a solution however used in conjunctiahcould augmenthe other.

EMMA s an XML W3C standati] designed to alleviate the difficulty in aggregateud
augmenting through annotatiomultimodal irputs by providing a standard for communicating
them In XML format. EMMA is designed largely with speeaho dataas the focusAn

applicable solution protocol must have the potentialsiopport both audio streams and text
baseddata. Fbweverthe overheadf9 a a ! XMhformatted datameans thait is not well

suited for a networked scenario. Additionally, the benefits of using a schema designed primarily
for speech are minimal when consideriag S & 2 t dzii Aany to hdNBReit@sOpbdrtEha
transpott of most, if not all conceivable modalitieBhe solution protocol must provide a means

G2 OGN yaLR2NI lye (GellsS 2F Y2RIE RIEGEZ LROGSYGALl

OpenNlis intended to provide an aggregation of processed continuous (primarily D)visi
inputs[15]. It allows applications to be developed based on processed inputs from various
sources It does not provide a system for transport of these sigrfalsolution protocol must be
able to operate over a network ararovide the ability to transport a variety of modal data

including potentially, 3D position and gesture data.

Streamlnputis a project to create a croggatform API to support application development for
new sensors. Streamlnput is yet another systemafggregating interaction controls and does
not provide any transport of such signalis project is not yet released, but mentioned here
as it may provide insight as modesthat should besupported in the future by the solution.

Unfortunately, becauseStreaminput is not yet available, it is difficult to assume what it can and
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cannotit provide. However, seeing as the goals of the progeetperceived to bsimilar to
HC?#, Streaminputould likely provide the basis for the definitiofa specific irgraction mode,

meant to carry Streaminput specific data.

RF4CHs anetworkingprotocol designed to work over lopower personal area networks to
potentially be $ed to find and connect to services, however it does not provide and explicit
method of negotiating data types with disparate clients to define sets of modalities to use with
clients. It provides a potentiaetwork connection option for theolution,but since the

physical link layer is usually abstracted by application protocols and efforts are being made to

provideageneralizedl CP/IRabstraction [ittp://datatracker.ietf.org/doc/charer-ieti-

6lowpan/) for RF4CE

OpenRemoteappearso be a tool to enable aggregation and custom interfaces for other

network protocols that are focused on home automation. This is an approach to solving the end
dzZaSNEQ LINROf SY 27F XigdhdiNdieOfioh shar personalidevice. @1 NR S &
However, since it relies of a fixed set of predefined modalities and data structures (from the
aggregated protocols,) adaptability for new client devices and novel modalities is not present. A
solution protocol mgt be able to represent a varying set of interaction modalities so that the

users can interact with the features and abilities théyoughtheir devices have.

Specific Applicationsre everywhere, there isiveritable glutof specificremote-control

applcations for phonesand other handheld deviceS§pecific applications exist to control T3],

PowerPoint Presentatio{20], thermostat[4] and any number of other netark-able devices.

These types of applications have given users control over remote devices. However, there are

G2 YIAY A&dadsSa sgAGK GKAA aaOKSYSé 2F ONBFGAY
with usernovel devices and developmema@ maintenance of both endpoints is made

extremely complex.

11


http://datatracker.ietf.org/doc/charter-ietf-6lowpan/
http://datatracker.ietf.org/doc/charter-ietf-6lowpan/

All of the related technologies cited fall short of meeting the goals of a freely available standard

for multimodal remote negotiation and transport.

To first interact a remote device that usesgecific application, a compatible application must

be acquired. The user must know of, or be informed of the availability, have a method to
acquire the application, and then install and configure it. These steps can all be problematic for
users, notablyf there is no information directly available about this function, there is no access
to the internet from the client device or the device does not allow installation of applications.
Furthemore, as the user acquires more specific applications, it isng@thy difficultfor the

end userto locate or recall how to access the functionality for subsequent sesosslution
providesapplications as a network transported servjtigere are no requirements on the client

for any application to be installefdr a specific service, and only a single application should be
required A client needs only a network endpoint to connect to, something that could be

facilitated using a service location mechanism like Service Location Protocol (SLP).

12



3 Protocol Design

The need for a standard method of negotiating, defining and transporting multimodal data
between disparate devices, is supportedsaction2. By examining related technologies,
barriers and the method® which emotetechnology icurrently accesseda number of
requirements for a new protocoDMIP, were generatedSection3.4Error! Reference source
not found., Supporting Technologiestroduces the technologies upon which the protocol is

built.

3.1 Target Audience

The goal of this wikk is to provide a tool to simplify development of applications that
communicate of variable set of interagti modalitiesIn turn, by providing a better tool for
application authors, we aim to help the emder have increased access to technoldgye
DMIPprotocol, its specification (SectioB, Protoco) and associated resources.(

Contributiong areintended to be used by:

1 Authorsof
o Client implementations
0 Service implementations
1 Researchers intending to
o Extend or revise the protocol

o Create derivatie works

3.2 Requirements

Section2, identified a number of requirements for an answer to the research queshkitamy of
the related technologiedeal with specific moddles or desigrtime fixed setof modalities.
Many of the waks cited are not licensed for general us@d others stilare verbose anaot
suitablefor network transport A formal list of identifiedequirements are compiled and

clarified below
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The system must

i. Beformat-flexible and have the potential to repsent ary type of computer data,
especially raw format data and interaction modalities
ii. Provide a means to negotiate supported detges betweerdevicesat runtime
iii. Be able toand depend upon operatioaver a computer network
iv.  Be able to send and receive daasynchronously
v. Be able to provide access to any modampatible service through a single application

vi. Be able to provide a single, flexible platform for application developers

3.3 Methodology

Iterative desigri21] a methodologyfrequently used in the HCI field was used during the
development of the protocol specificatipa diagram of the methodology is provided below in
Figurel: Iterative Design Methodologynitially DMIP was designed based on reguients i,iii,

iv, v and vi. Then client and service implementations were created using the .NET framework
(see sectiorY.2 Protocol Implemerdtions). These implementations were evaluated and the
protocolwas revised to support (ii) artdsted, subsequent iterations added modes, further

services test and augmentations as well as introducing the Android platform.
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Figurel: Iterative Design Methodology

3.4 Supporting Technologies

The DMIP protocol is built upon other foundational technologies, and assumes and
extends the functionality therein. The Internet Protocol Suite (TCP/IP) is used to
provide a communication medium. Service location Protocol (SLP) is a TCP/IP protocol
that canbe optionally used to make DMIP more accessible to human users by

providing information about accessible DMIP endpoints.

TCP/IP:DMIP is designed to function on a TCRIteernet Protocol Suitegtack networkThe
TCP/IP stack is designed to decouplearse on the other network layers, DMIP is an
uppermost TCP/IP stack layer protocithe DMIP application layer protocol that makesplicit
use of both Transmission Control Protocol (TCP) and User Datagram Protocdl@éogyeyt
protocols. Using the lays of the TCP/IP stack reduces any concern of link layer (physical

transport medium) and can be transported using a large and expanding set of media.

The transport protocol CRis used for all aspects of the protocol except continuous data

streams, whiclare transportedusingUDP. TCP provides a guarantee of in order packet delivery
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and is used primarily to ensure in order message delivery and processing, while UDP is used for
continuous data streams, where a dropped or out of order message is les&aiginifian the
timeliness of message delivej3]. The TCP/IP networking stack is broadly supported over a
variety of application platforms and network media including wired and wird&&423]

technologieq2].

Service Location Protoc¢ELP)24]: DMIP is intended to be used in unfamiliar networks

DMIP applications assume a TCP/IP link and a TCP/IP endjedkmioavn. The TCP/IP link is
generally configured by the user through their device, or automatically through applications on
the device. DMIP endpoints must however be identified so that devices can connect. In order to
provide a means of locating these IRVendpoints, SLP is recommended as a solution. This
protocol allows the discovery and query of managed service endpoints through the use of IP
multicast. Further to identifying DMIP endpoints, basic attributes can be queried enabling
connecting devices toonnect only to compatible endpoints. The quetdyle attributes are yet

to be defined and will be defined in future work by creating an SLP service template for DMIP

[25].
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4 Technology Overview

On a TCP/IP network communicatioccurs primarily over an endpoint to endpoint [{i26].
These two endpoints can typically send and receive ttathe form of octet encoded data
from the other endpoint, using any number sdipportedtransport layer protocd[2]. The
most common transport protocols, TCP and UDP both allow the transport of octet streams in
chunks. TCP provides a reliable mechanism withrdier guaranteed delivery afata whileUDP
provides a lower latency, butogs not guarantee delivery or order of delivg®}. The DMIP
protocol uses primarily TCP connections, in order to provide a reliableigedexperience.
UDP may be optionally used for the transport of some tseasitive datdf it is supported by
both endpoints. DMIP is an application layer protocol that buildsransport layer protocd,
primarily TCP and optionally UDP. Within a DMIP session there are always 2 endpoints
(necessitated by TCP). One of these endpoints ligft ¢section4.1), a DMIP implementing
application that connects to and negotiates a session with a sersemi¢n4.2), a DMIP
FLILJX AOF A2y GKIFIG aaSNBSaé¢ (diKeBeivOdath Ssiidi G K S
negotiated channels. Both clients and service devices can support multiple simultaneous

sessions.

4.1 DMIP Clients

DMIP Clients are typically mobile devices that provide a remote;cesgric interface for a
service. Client implementaibns do not contain angerviceapplication specific logic or
presentation informationClients initiate DMIP sessions by contacting a known network
endpoint over TCPThe discovery of the addresses bése endpoints can be facilitated nicely

using Serge Location Protocol (SLR}].

dient DMIP applications are independent of services, a client that provides the minimum
channels required to access a service cansume that service. Similar to a web browser,
single ckent implementation may be developed for a hardware device/platfoamser would
not generally need more than one client on their device. However, client implementations
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could provide additional featurdsy providing automatic service location, additio@iannel
Typedsection5.5) or any number of other options. It is therefore imaginable that multiple,

potentially competing, clients for a platform might be developed.

4.2 DMIPServices

A DMIP service applitan is the functionapiece. It is located at a known, advertised, or
discoverable network endpoininteraction sessions using DMiRve all program logic and
functionality, definedoy the service applicationfo develop a DMIP service a developer creates
client layouts and bleaviours to support different modes of interaction by thervice

application.

4.3 DMIP Channels

DMIP Channels carry datmrmatted according to the enclosir@@hannel Typésection5.5) and

represent input and/or output data frm either endpoint. As shown iRigure2: Protocol Flow

Overview a client sends a listing of isbilities represented by th&€hannel Typéas supports

(Label A). Thethe service determines if it can interact with all, or a subséthe presented

abilities, and what channels it will ugeabel B)Instances of the chosen channels are created

(Label C). Once confirmed, a chanal@ws mode formatted date2 ¥ (G KI i Ofolflgvy St Q&
(Label D) Thisdata channektreamis vald until the connection times oufsection5.5), or is

explicitly removedsection5.6.2.9, Label E.
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Figure2: Protocol Flow Overview
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5 Protocol

The DMIP protocol intend®tprovide a standard method to negotiating and communicating

both emerging and existing interaction modes to network connected devices.

5.1 ProtocolApplicability Statement

DMIP is designed to function on a TCP/IP stack network. The DMIP protocol operaeshend
premise that a TCP/IP network endpoint is known, that is, that DMIP clients have acquired the
IP address of service(s) to connect to. DMEhiapplication layer protocol that makes use of
both Transmission Control Protocol (TCP) and User Datdgratocol (DP) transport

protocols. TCP MAY be usfed all aspects of the protocoHowever for timeliness, continuous
data streams MAY¥e transported over UDPso desiredand both endpoints support.ilTCP
provides a guarantee am-order packet deligry and is used primarily to ensuireorder

message deliery and processing, while UDP caruked for continuous data streams, where a
dropped or out of order message is less significant than the timeliness of message delivery.
UDP may be desirable farghly interactive applications using sensor data such as

accelerometers.

5.2 Terminology

1 Packetg A packet is a single TCP/IP message.

1 Message; A DMIP formatted packet, must always contain a DMIP header, optionally
followed by message data.

1 Payloadg A sindge DMIP message/instruction, these can be split or combined between
multiple/single messages.

1 Request Synonymous t@ayload typically used as an alternativier clarity, when an
action by a remote endpoint is requested.

1 Channelgor Channel typeg A static definition of a single type of transportable mode

data.

20



{1 Standard ChannelsChannels included as part of the DMIP protocol definition (this
document).

1 Meta Channels Channels used to augment other channel types, and can be associated
1to 1.

1 Extenson Channelg Channels created by%party and/or in development stages, not
included within the protocol definition.

1 Channelor Channel type Instange An instance of a channel type, within an active

DMIP session.

5.3 Notation Conventions

The key words "MIST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", "SHOULD",
"SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this document are to be
interpreted as described in RFC 2129].

If unspecified, binary data fields are beinterpreted as unsigned values.

5.4 Protocol Overview

The DMIP protocol provides a lightweight layer for communicating categorized interaction
mode data over a TCP/IP network. DMIP operates over TCP, and optionally UDP. The purpose
of the DMIP protocol isat provide functionality that simplifies the transport of interaction

mode channelsThe purpose of the creation of this protocol is to enable the possibility of
making the devices around us to universally accessible This goal is accomplished by making a
reusable and extendiblgorotocol that simplifies development afistributed network baed
applications, as it allowdevelopes of service applicatiorts focus on behaviours and

presentation rather tharbeing concerned with networking nor theterpretation of a wide

range of input/output typesover a range oplatforms (OS/hardware PMIP sessions are

designed to be event based. The implementing systems observe and respewehis, which

are generated by implementing systems when DMIP data is available.
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DMIP sessions are 1 to 1¢lentinitiates a session with serviceby sending ambilitiespacket
(Abilities Message Clients are independent of services, meaning a single client implementation
of DMIP can camect to, and provide interactive experiences for a variety of DMIP services.
Below, in figure 1, is a high level overview of the DMIP prdtoca system. A ClienDMIP

Clients 4.1), is a standardized endpoint that is created and developed for a specific device or
platform, a valid implementation supports any number of the standard DMIP charsssison

4.3) and can optioally supportMeta channels gection5.5.5. A service drives the application,

in that it provides the layout and behaviour for clients. A protocol interpreter layer, such as that
described ingection7.1), allows multiple applications to be simply developed upon a single

platform.

client application

DMIP Connection
DMIF Messages

client protocol -
interpreter layer

service protocol
interpreter (APT)

Y

service application

Figure3: High Level DMIP Protocol Workflow
5.5 Channel Types

Channel Types represent a single type of mode datd,define what data can be transported
within a Channel, which is amstance of a chann#ype. A client sends the channel types it can
interpret, as part ofAbilitiespayload. Channels are uniquely identified byl82IDs.
Standardized channels fall wih the values €047 (11bit). The standardized space is further

subdivided, with the first 256 (8 bits) values reserved for nettannels5.5.5 The remaining
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values (21bits) 10254194304 can be used fortexsion channels;.5.5.4 Table1: Channel Type

clasesoutlines the enumeration of the various classes of Channels.

Tablel: Channel Type Class

Channel Type Class Range
Standardized Meta Channels 0-255

Standardized Channels 2562047

Extension Meta Channels 2048131071
Extension Channels 1310724294967296

Table2: Standardized Channelselow Lists the currently ahdardized channels.

Table2: Standardized Channels

Type ID Name

0 None

1 TextLabel

2 Positionable3D

3 Interactable

4 Enabled

256 SingleState2DButtol
257 Label2D

258 RangelD

259 ListSelect

260 TextBox

276 Title

296 Relative3DStream
297 Relative2DStream
316 Direction4

317 Chas

336 Image2DView

5.5.1 Channel Type Definition
Channel types are defined by two pieces; channel 9péonssent as part of alkddChannels

Description

An Empty Channel

Meta Channel: indicates the channel has a Unicode
text label

Meta Channel: provides 3D vector pasiting

Meta Channel: supports interaction events

Meta Channel: allows a channel to be temporarily
GRAAlIO6f SR¢

A button

A label

A range slider

A selection menu, wit key value pairs

A text entry field

A title, representing the caption of the client
application

32-bit, 3D data

32-bit, 2D data

Direction data up/down/left/right

Single character, various encodings

2D Image data, jpeg, png or bmp formats

or SetChannelOpgayload and channel typ@atasent as the main content of a DMIFata

payload. Both of these pieces need to be implemented to define a Channel Type.

23



Implementation of a channel type includes definition of what data is included, and how that

data is to be encoded/decoded into megge data.

5.5.2 Channel Typ©ptions
TheOptionspayload of a channel is sent to provide initialization and configuration information

about the channel. A@ptionspayload is sent to initialize a channel as part of an encapsulated
AddChanngpayload. If optiongor a channel need to be reset, or initialized for a Meta Channel
they can be sent as part ofSetChannelOgiayload. Note thaAddChanneinessages are
ignored for already configured channels. Receipt 8B#ChannelOgiayload indicates that the
channe] or Meta Channel should be reset to a default state with@eionpayload data used

to re-initialize it.

5.5.3 Channel TypPata

The channeDatapayload is sent as part of a DMIP Data message. Data payloads include
formatted data for the channel, and can beent based (discrete) or stream based
(continuous). When developing new or extension channel types the importanceoodi@n
delivery and the frequency of transmission should be considered, so th@dkeepayloads can
be developed accordingly, featuresuld be added to channel tyggatadefinitions that are

likely to be used over UDP to augment UDP support.

5.5.4 Standard Channels

5.5.4.1 None
TheChannelTypenumeration value zero (0) is reserved and should be ignored by endpoints

implementing the protocol.

5.5.4.2 Singl&tate2DButton

TheSingleState2DButton (256hannel is intended to be represented by a selectable button on

clients. The channel type is a skeleton that is intended to havewleanels attached to it. It

is recommended to be implemented by a standardkiog button according to the client

AYL SYSyiGFaGAazy LIXTFOGF2NYQa adl yRFNR dzaSNI Ay d SN
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through the use of metahannels. BotldngleState2DButton Optiorend Dataare zero length.

5.5.4.3 Label2D
ThelLabel2D (257¢hannel is intended to be represented by a text label on connected clients.
The channel type is a skeleton that is intended to have rebmnnels attached to it. It is

recommenckd to be implemented by a standard looking label according to the client

AYLE SYSyGFaAazy LIXTFOGF2NYQa adl yRFNR dzaASNI Ay d SN

¢KS OKIFIYyyStQa I LIISFNYyOSs fle&2dzi LI N} YSGSNA

through the use of metahannels. Botltabel2D Optionand Dataare zero length.

5.5.4.4 RangelD
TheRangelD (258)hannel is intended to be represented by a range slider or appropriate
alternative on connected clients. The channel type allows a bounded value tldmtes by
Ot ASylGao ¢KS OKIyyStQa ILIISFENIyOSs I &2 dz
specified/augmented through the use of methannels. 4ctet values of various types are
supported. Signed and Unsignegbdtet integers and floating point numbers argpported.
Type values: 1: Unsigned Integer, 2: Signed Integer, 3: Floating Point. The RangelD Data
LJe8f2FR akKz2dzZ R 06S aSyid ¢KSy (KS OKIyySftQa
Table3 RangelD Options Payload

Channel Type: RangelD (258)

Field Size Description

Type 8 bits Represent the value type of the output

Max 32 bits The maximum value that the channel can select, of Type
Min 32 bits The minimum value that the channel can select, of Type

Table4 RangelD Dat Payload
Channel Type: RangelD (258)

Field Size Description
Value 32 bits  The value currently selected by the RangelD channel
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5.5.4.5 ListSelect

TheListSelect (25%hannel is intended to be represented by a dropdown list or spinner that

typicallycandispip 2y S tAyS 2F GSEG NBLNBaSyildaAy3a (GKS

appearance, layout parameters and behaviours can be specified/augmented through the use of

meta-channels. 4ctet values of various types are supported. Signed and Unsigoetet!
integers and floating point numbers are supported. Type is specified witRemge1Doptions
payload; values: 1: Unsigned Integer, 2: Signed Integer, 3: Floating Point. By default, the
wky3ISwm5 5FdF LI &f2FR &AK2dzZ R 0 Son#églignt. s KSy

Table5 RangelD Options Payload
Channel Type: RangelD (258)

Field Size Description

Type 8 bits Represent the value type of the output

Max 32 bits The maximum value that the channel can select, of Type
Min 32 bis The minimum value that the channel can select, of Type

Table6 RangelD Data Payload
Channel Type: RangelD (258)

Field Size Description
Value 32 bits  The value currently selected by the RangelD channel

5.5.4.6 TextBox

TheTextBox (26) channel is intended to be represented by a text box on connected clients.
The channel type is a skeleton that is intended to have rsbnnels attached to it, especially
the TextLabemeta-channel to provide communication of text data that would typiicappear

in the textbox. It is recommended to be implemented by a common looking textbox according

02 GKS OfASYd AYLIX SYSyidlraazy LIXIFOGF2NNXVQa aidl yR

RSOSt2LISN) aSSa FAlD ¢ KS OKé ayid/bsHavibars danbie)S+ NI y OS =

specified/augmented through the use of methannels. BotfTextBox OptionandDataare

zero length.

26



5.5.4.7 Title

TheTitle (276)channel is intended to represent a window or application caption, typically
shown in the title area of an g@fication, and running application lists on clients. The channel
type is a skeleton that is intended to have metaannels attached to it. It is recommended that
implementations implement at least thEextLabeMeta Channel, allowing a text label to be

specified. BothTitle Optionsand Dataare zero length.

5.5.4.8 Relative3DStream

TheRelative3DStream (296hannel is designed as client output channel, and would not usually
be rendered However, if representation were desired Meta Channels can be used. This ¢hanne
is intended to represent relative 3D spatial data, primarily accelerometer data, but other data
could be represented. Fields for the channel are to be interpreted as sangtasion floating

point format. This channel is intended to be used to send dat@inuouslywhen data is

available and is recommended to be sent over a-tsw@rhead transport protocol, such as UDP.
Interpretation of the data for the channel is left to client and service developer discretion.

Below are the structure of the Options édbata payloads.

Table7 Relative3DStream Options Payload
Channel Type: Relative3DStream (296)

Field Size Description

MaxX 32-bits  The maximum absolute value of the X axis data
MaxyY 32-bits  The maximum absolute value of the Ysaotata
MaxZ 32-bits  The maximum absolute value of the Z axis data

Table8 Relative3DStream Data Payload
Channel Type: Relative3DStream (258)

Field Size Description

X 32-bits  Value of the X axis data
Y 32-bits  Value of the Y»s data
Z 32-bits  Value of the Z axis data
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5.5.4.9 Relative2DStream

TheRelative2DStream (29¢hannel is designed as client output channel, and would not usually
be rendered However, if representation were desired Meta Channels can be used. This channel
is ntended to represent relative 2D spatial data, which could represent computer mouse
movements, or a variety of other data. Fields for the channel are to be interpreted as-single
precision floating point format. This channel is intended to be used to satacdntinuously

when new data is available and is recommended to be sent over-avevnhead transport

protocol, such as UDP. Interpretation of the data for the channel is left to client and service

developer discretion. Below are the structure of thetiOps and Data payloads.

Table9 Relative2DStream Options Payload
Channel Type: Relative2DStream (296)

Field Size Description
MaxX 32-bits The maximum absolute value of the X axis data
MaxyY 32-bits The maximum absolute value thfe Y axis data

Tablel10 Relative2DStream Data Payload
Channel Type: Relative3DStream (258)

Field Size Description
X 32-bits  Value of the X axis data
Y 32-bits  Value of the Y axis data

5.5.4.10Direction4

TheDirection4 (316¢hannelis designed as client output channel, and would not usually be
rendered However, if representation were desired Meta Channels can be used. This channel is
intended to represent discrete, 4 direction data, and could be used to represent the arrow keys
on astandard keyboard, a directional pad, or a basic joystick. Opgt®nspayload is zero

length. When a direction is specified by the clienData payload is sent, with a single direction
(Up =1, Left = 2, Down = 3, Right = 4) single octet field isHamstructure of the Data payload

is given below. Values outside the given enumeration should be ignored.
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Tablell Direction4 Data Payload
Channel Type: Direction4 (316)

Field Size Description
Direction 8-bits The direction seleted, Up = 1, Left = 2, Down = 3, Right =4

5.5.4.11Chars

TheChars (317¢hannel is designed as client output channel, and would not usually be

rendered However representation were desired Meta Channels can be used. This channel is

intended to represent discret character data, and could be used to represent keyboard input.
TheOptionspayload specifies the expected encoding of the character data (ASCIl = 1, UTF8 = 2,
UTF16 = 3, UTF32 = 4). Standard usage would include the client user pressing a key on a

keyboad, resulting in &Chars Datgayload being sent to the service, including the encoded

OKI NI O SNRa gk fdzS® ¢KS adNHzO(GdNBa 2F GKS hLIGA
Undefined values should be ignored. Note tBattapayloads also specify encodirige

OptionsLJr @8t 2F R A& (2 0SS dzaSR | & Serviceimpl&@meitiayiheA y i Sy R

Charschannel type, MUST support all 4 encoding schemes.

Tablel2 Chars Options Payload
Channel Type: Chars (317)
Field Size Descrigion

Encoding 8-bit The intended encoding of the characters sent witbista payloads;
ASCII =1, UTF8 =2, UTF16 =3, UTF32 =4

Tablel3 Chars Data Payload
Channel Type: Chars (317)

Field Size Description
Encoding 8-bit The erroding of the included character; ASCIl = 1, UTF8 = 2, UT
3,UTF32=4
Character ASCII =-8it A single character, encoded according Erecodingield.
UTF8 = &it
UTF16 = 18it
UTF32 = 3Dit
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5.5.4.12Image2DView

Thelmage2DView (33&hannel is intendedb be represented by a view of an image on
connected clientsimages can bespresented in large octet streamand split over more than

one packet, it is recommended that TCP or otheorider guaranteed transport layer is used.
TheOptionspayload is @ength, augmentation can be provided with Meta Channels. Behaviour
with no metachannels is undefined, but valid, client developers can utilize the channel as they
see fit if no meta channels are used (write images to local storage, provide a full seoyen s
etc.)Image2DVievsupports JPEG = 1, PNG = 2, BMP = 3, or other = 255 encoded images,
extended formats may be added in revisiondrttage2DViewlmplementations can try to

decode any image format not within the given encodings, or with an encodi@ghef, but

should either generate a placeholder image, or show empty space if the image cannot be
decodedDatalJl 8 f 2 Ra Ay Of dzZRS GKS AYIFI3ISQa gARGK FYyR

the image not be decodable. Below is the format ddata payloads.

Tablel4 Image2DView Data Payload
Channel Type: Chars (336)

Field Size Description

Encoding 8-bit The encoding of the included image; JPEG = 1, PNG = 2, BMP:
other = 255

Width 16-bit Unsigned 16it integer representingl KS A Yl 3SQa 4.

Height 16-bit Unsigned1®& A G Ay i§S3ISNI NBLINBaSydGAy

ImageData Variable The encoded image binary data

5.5.5 Meta Channels
Meta Channels are channels used to augment other channel types. Clientsecapabing a

given Meta channel with a channel, specify so, withirAbilitiespayload. Services compatible

gAGK GKS aSdal OKIFyySt OFy alSaChihdOphessagd.i I OKI y
Only one instance of each type of Meta channel is validfgiven channePlease see the

proceeding sections for examples, meatiaannels reduce channel overhead by reducing the size

of data messages and can provide aggregation of common channel functionality.
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5.5.5.1 TextLabel

TheTextLabe(1l) Meta Channel allows testrings to be associated to channels. For example,
with the currently implemented channels, it can be used to provide the text for a button,
application window or a label, or a caption for an image. BothlielLabeData and Options

payloads have iddital structures, and contain only a string, a series of-Ld Eharacters.

5.5.5.2 Positionable3D

ThePositionable32) Meta Channel allows clienéndered channels, that are representable as

dza SNJ O2y G NRfa 2NJ gARISGA (2 BofhDatddE®ptidn2y SR AY
payloads are identical. If a position is changed for an existing channel (U3atg jpayload),

GKS GNIyaAdAizy Aa dzyRSTFAYSRI odzi akKz2dzZ R y=2i
Three dimensional values are used to prevaidering using the depth dimension on 2D

displays, or to provide positioning in 3D environments. Positionable3D supports both scalar and
vector ceordinates, the former can be used to allow vectored positions to be calculated within
the service using thdimensions provided as part of theayoutOptiorwithin the initial Abilities
message. Scalar positions are communicated thi8hteger values. Vector values are

transported as 3ait floating point values, from 0 to 1 representing the full range ofdhesn
RAYSYaArzy® bS3IIGABS QO tdzSa 2N @l fdzSa 60Se2yR
are valid and could be used to place controls partially, or entirely off screen. Within a single
payload, scalar and vector values cannot be mixed. Beltwe istructure of Positionable3D

payloads.

31



Tablel5 Postionable3D Options and Data Payloads
Channel Type: Positionable3D (2)

Field Size Description

X 32-bits The intended horizontal position (38t integer or signed floating
point)

Y 32-bits The intended vertical position (3&t integer or signed floating
point)

Z 32-bits The intended depth position (3&it integer or signed floating point

Width 32-bits The width (32bit integer or signed floating point)

Height 32-bits Theheight (32bit integer or signed floating point)

Depth 32-bits The depth (32vit integer or signed floating point)

Scalar 8-bits A Boolean representing if the fields are to be interpreted as inte¢

or floating point values (0 for integer/scalar, othase floating
point/vector)

5.5.5.3 Interactable

The Interactable metghannel allowsChannel¢o have 1 or more classical user initiated
interactions attached to them. Th@ptionspayload allows specification of any number and
combination of the defined interacins

Tablel6) as well as an optional argument type for that interaction, that will defines the format
of an optional argument transported when that interaction occurs on@mannel TheData
payload is transmitted when the intaction occurs, and contains the type of interaction (

Tablel6) as well as an octet array containing a parameter in the format specif@gtions
when the channel was created (argument type,

Tablel6).
Tablel6 Interactable Interaction Types and Argument Types
Type Enumeration Values
Interaction 1: Select, 2: Focus, 3: Blur, 4: Change
Type
Argument None; 0
Type Unsigned Integer; 1: 8 bit, 2: 16 bit, 3: 32 bit

Integer; 8: 16 k, 9: 32 bit
Character array*; 16: UTF8, 17: UTF16
Floating point; 24: 32 bit, 25: 64 bit,
Boolean: 32: 8 bit;
*Character array argument types represent a string of characters in the specified format; UTF8

or UTF16
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Provided below are the bifayouts ofthe Optionsand Data Interactablepayloads.
Tablel7 Interactable Options Payload

Channel Type: Interactable (3)

Field Size Description

MXFY hOGSG tFANI fA&GAY3T 2F AYyIiSNIrOlGAzya
Interaction 8-bit Type of interaction, See

Type Table16

Tablel18 Chars Data Payload
Channel Type: Chars (317)

Field Size Description
Encoding 8-bit The encoding of the included character; ASCIl =1, UTF8 =2, U
3,UTF32=4
Character ASCII 8-bit A single character, encoded according Erecodindield.
UTF8 = &it
UTF16 = 1Bit
UTF32 = 3Dit

5.5.5.4 Enabled

TheEnabled4) metachannel allows enabling or disabling any rendered control on the client. It
is important to note thatEnableds purey a client interface feature and SHOULD NOT indicate
that data for that channel is invalid. TEsmabledmeta-channel can provide helpful user

interface cues when a feature is not available and SHOULD cause the client rendered control
representing the unddying channel to appear disabled. Both tBrabledDataand Options
payloads have identical structures, and contain only a single octet, with a value of 0

representing false (not enabled) and any other value representing true (enabled).

5.5.6 Extension Channels
Extension channels allow data beyond what is specified within standardized channels to be

transported. Clients and services that implement extension channels must be capable of
performing further verification of the channel type, through the channel typgams data that

is sent durindAddChanneand SetChannelOphessages from the service.
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5.6 Messages

A DMIP message is a formatted packet, made up of a DMIP header followed by message data.

5.6.1 Header
The DMIP Header is a-bstet (120 bits) grouping of data th& prepended and transmitted

with every DMIP TCP or UDP message. Included in

Tablel9: DMIP Heaer is a description, in byte order, the fields within the header.

Table19: DMIP Headr

Bit Index Field Size Description
0 Length 16 bits (65535 bytes  Unsigned littleendian
per message) representing the message octe
size
16 Protocol version 8 bits (256 versions)  Aid in identifying potential
differing versions of DMIP
24 Message type 8 bits (256 message ldentify the type of message
types)
32 Timestamp 32 bits (49.7 days) Milliseconds elapsed on the

DMIP endpoint since the
session began

64 Message ID 8 bits (256 Avoid duplicate processing of
simultaneous simultaneous message
messages)

72 TunnellD 16 bits (65536 DMIP  Allows multiple connections to
connections per be a carried over a single TCP.
TCP/IP port) port

88 PacketCount 16 bits (65536 packets The number of packets in the
per message max) message

104 PacketNumber 16 bits Thenumber of the packet

within the message

The length field is included first to simplify the delineation of messages from streams. It is
included in both UDP and TCP messages in order to provide an identical header over both
transport layers and potentiBl allow other transport layer protocols to be implemented with

comparatively less difficulty.
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Theprotocol versiowill be 1 for the initial version of the protocol, and will be incremented if

changes are made that are not directly backward and forwardpatible.

TunnellDs used to allow the transport of data for more than one interface over a single
connection. Messages using differéiinnelll3 MUST be treated as part of an independent

session/connection.

Message typeare an enumerated type and in@dite how the message data will be interpreted,

message types and associated enumeration values are includef.ih

Atimestampfield is used to allow messages from disparate clients to be synchronized on the
host; an intelligent multclient host may use this information to compensate for network
latency. The timestamp can be used in conjunction with the Message ID to avoid duplicate
processing of messages, for example from UDP data messages, enomdid messages. The

message ID field should be unique for any given Timestamp.

Thelengthfield is used to allow split messages to be recombined correctly.

ThePacketCounand PacketNumbefields allow messages to be split into smaller packets, this
can be usedia network endpoint has a preferred maximum, or there is a maximum TCP or

UDP packet size.

5.6.2 Message Types
The DMIP protocol is designed to be minimal, to ease development of compatible applications.

The message names and their corresponding message tedestad in
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Table20. A description of each message type, and the message data, if applicable follows the

table.

36



Table20: DMIP Message Types

Message Name Message Type Enumeration Sent By
Acknowledge 0 Client, Service

Error 1 Client, Service
Close 2 Client, Service
Malformed 3 Not sent
Abilities 7 Client
RemoveAbilities 8 Client
AddChannel 9 Service
RemoveChannel 10 Service
SetChannelOpt 11 Service

Data 24 Client, Service
MultiPayload 254 Client, Service
SplitPayload 255 Not Sent

5.6.2.1 Acknowledge Message

Acknowedge messages have two purposesnfirm anAddChannemessagdsection5.6.2.7)

or sent as a keeplive messagésection5.5). Acknowledgenessages optionally contain a-b&
unsigned integer, which is representative of the Channel ID added by the client. If the value is
omitted, or the Channel ID does not exist, it is to be interpreted as a keep alive oréyn Wh
confirming anAddChannemessagethe Acknowledganessage should only be sent when the
client is prepared to start receiving datiithe channel is purely used foersding data to the
service then it is not required to be sent as the initidktamessage sent by the client is taken

as implicit acknowledgement of thdddChanneinessage. Messages sent by the service
endpoint on the channel before acknowledgement are undefined and should not be processed
by the client if received, unless these messagesraceived in MultiPayloadmessagedection

5.6.2.1Q with a matchingChannelllas theAddChanneiessage.
Table21 Acknowledge Message Structure

Message Type: Acknowledge (0)

Field Size Description

ChannellD 8 bits  (Optional)
The ID of a channel that is ready to send and/or receive ¢
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5.6.2.2 Error Message

AnEror message is a generic message passing mechanism, it allows passingoiff @rfiéode
formatted byte string representing an error message ChannellDield allows

communication of the specific channel generating the error, a value of 0 (zero) indicates an
error that is not channel specifiErrormessages do nathange the state of a DMIP session
(terminate a session nandicate the removabf a channél HoweverErrormessages should be
sent by clients when aAddChannelequest éection5.6.2.7) is notfulfilled, and thus can

represent the lack of a channel within a session.

Table22 Eror Message Structure

Message Type: Error (1)

Field Size Description

ChannellD 8 bits  The ChannellD of the channel generating the error

Message variable A 16bit UTF string, providing more information about the
error

5.6.2.3 Close Message
The close messageused to terminate a session, a Unicodedgtream is optionally attached

To provide rationale/reasoning for the connection closing.

Table23 Close Message Structure

Message Type: Close (2)

Field Size Description
Message variabke A 16bit UTF string, providing more information about the
reason the connection was closed

5.6.2.4 Malformed Message
This Message type is reserved for internal use, and allows processing of incomplete or
malformed messages on either endpoint. It is eaplictly part of the network protocol, except

that the message type value (3) is reserved.
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5.6.2.5 Abilities Message

The Abilities message is sent by a client device, it is the only message that can initiate a client
service session. The purpose of tlilitiespayloa is twofold; to specify what kind of layouts

the device can support (if any) and which chartgpesa client can utilize. Subsequesbilities

and RemoveAbilitiemessages can be sent to add and remove ckahrih a4 K2 dzf R (G K S

feature listchange duing an active session.

If anAbilitiesmessage is received within an active session (beyond the session inifilitges
message), it is to be processed cumulatively. These messages will add to the list of session
supportedChannel Typesr update thesupportedMetaChanned, toggle thdsDiscrete

parameteror change theMultiplicity for previous declare@€hannel TypeSubsequent

TheAbilitiesmessageSHALL NQOfTiggerthe direct removal of channels by the client, if
Multiplicity is updated to a valubelow the current number of active instances of the given
Channel Typthe service MUST respond by explicitly removing @emoveChanngb.6.2.8

select channels until the neMultiplicity limit is observed, or discontinuéé session.

39



Table24: Abilities Message Structure

Message Type: Abilities (7)

Field Size
NumberOfLayouts 8 bits
NumberOfChannels 16 bits
Layout Options 0..*
UniqueFeaturelD 8 bits

X 16 bits
Y 16 bits
Z 16 bits

Channels 1..*
MetaChannelCount 8 bits
Meta Channels 0..*

MetaChannelsID 32-bits

IsDiscrete 1 bit
Reserved 7 bits
Multiplicity 16 bits
ChannelType 32 bits

5.6.2.6 RemoveAbilities Message

Description
The number of layout options included
The number of channels included

A value for layout identification so that multiple displays
can be used

Extent in pixels

Extent in pixels

Extent in pixels

The numbeiof meta channels @55)

The Channels ID of a methannel
Whether the data is discrete or continuous

0 is any number, otherwise represents how mariyhese
channels the client supports

32 bit standardized ability identifier for the type of data
sent

The remove abilities message allows channels to be removed from an active session. Upon

receipt of a remwoe abilities message, the service should stop processing or sending any

messages for any channel of the given channel types. The remove abilities message contains a

list of 32bit values representing the channel types that are no longer Jidlile modifed list

of Channel Typés not supported by the service, it MAY explicitly disconnect the client (see

section5.6.2.3 or it MAY maintain the session, the behaviour is definable by the DMIP service

author.

Table25: Abilities Message Structure

Message Type: RemoveAbilities (8)

Field Size

Description

ChannelType 32 bits®i 32 bit identifiers for the channel types to be invalidated, a

number () of channel types can be specified
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5.6.2.7 AddChannel Meage

TheAddChanneiessage is used by the service to request that a connected client add a
channel to the active sessionn8-bit layout ID allows a specific layout to be used Abdities

A 16bit identifier for the channel is specified, this idergifimust be unigue for the active
session, but can be reused iR@moveChannehessagédsection5.6.2.9 is sent for the

identifier prior. The identifier is attached to all relat€&tamessagegsection5.6.2.10 and

must be kept and used by both the client and service. The channel type is specified by the
ChannelTypparameter. Théptionsparameter carries the payload for the construction of the
channel as described 5.1 Table26: AddChannel Message Structymevides the irorder

structure of anAddChanneiessage.

Table26: AddChannel Message Structure
Message Type: AddChannl)

Field Size Description

LayoutlD 8 bits Specifies which layout the channel should be added to

ChannellD 16 bits  An identifier that the channels instance will be referred to as

ChannelType 32 bits  The channels feature that is being subscribed/addeiially
specified by the client in Abilities packet

Options Variable ChannelOption for the Channel Type

5.6.2.8 RemoveChannel Message

TheRemoveChannehessage allows channels to be removed by the service within an active
session, this in conjunction wikhddChannehllows a dynamic client experience. The
RemoveChannehessage carries a list of 16 BihannellDsupon sending or receiir

transmittal of a RemoveChannehessage, botlendpointsshould no longer send or process
messages for any of the given clmats. If an unknown/unused identifier is specified, the
identifier should be ignoredifter sending &emoveChannalequest the ChannellDs then

available for reuse for additional channels.
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Table27: RemoveChannel Messa@iructure

Message Type: RemoveChannel (10)

Field Size Description
ChannellD 16 bits® A list ofi identifiers representing active channels to be removed

5.6.2.9 SetChannelOpt Message

TheSetChannelOphessage, sent by the service, allows options to be sets®t outside of

the AddChanneinessage, more importantly, it is the only means by which to specify-meta
channel options. The message consists of thdil6hannel id, the 3dit channel type and the
encoded channel type options payload discussesl il SetChannelOphessages can be sent
by the service for any active (acknowledged) channel, additionally, they are valid as part of a
MultiPayloadmessage, provided a pridvddChanneinessage for that channelggven within

the MultiPayload this allows metachannels to be initialized more easily and concisely.

Table28: SetChannelOpt Message Structure
Message Type: SetChannelOpt (11)

Field Size Description

ChannellD 16 bits  Theidentifier of the channel

ChannelType 32 bits The channe® feature that is being subscribed/added, initially
specified by the client in Abilities packet

Options Variable ChannelOption for the Channel Type

5.6.2.10Data Message

Data messages are the main transparchanism for information within the DMIP protocol. A

data message contains the associated Channel ID, generated by the service and included as part
of anAddChanneinessage. The H6it channel ID is prepended to a variable length byte stream
along with e ChannelTypewhich can be the type given the specific channel instance or any of

its associatedMetaChannelsthis enables decoded according to the given Channel Type

definition 5.5.1
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Table29: Data Message Structure

Message Type: Data (24)

Field Size Description

ChannellD 16 bits  An identifier for the channel instance that the data is from
ChannelType 32 bits The ChannelType of the data

Data Variable Data in the specifie@hannelTypdormat

5.6.2.11MultiPayload Message

MultiPayload messages can carry multiple payloads. This allows lower network overhead when
dealing with smaller payloads. It also eases the development use and initialization of meta
channels. Each encapsulated mags is formatted with an-8it message type followed by a

16-bit unsigned integer length of the payload, and the byte encoding of the payload. The order
of payloads within theMultiPayloadmessage must be observed by network endpoints and
should be processd synchronously (the first payload must complete processing before the next

is processed).

Table30: MultiPayload Message Structure
Message Type: MultiPayload (254)

Field Size Description
1.*
MessageType 8-bits The MesageType of the proceeding payload
Length 16-bits The octet length of the proceeding payload
Payload Length The payload of the encapsulated message
octets

5.6.2.12SplitPayload Message

A SplitPayloadMessage is a message that has been split into 2 or moreagesso overcome
the header length field limitation (Bit) and to support potential limits in frame sizes over the
transport layer protocol. Th8plitPayloadessageType not directly transported over the
network, instead the 1&it DMIP header fieldRacketCounand PacketNumbeare used. This

allows a maximum message size of approximately 4 gigaoctetSgliteayload MessageType
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enumeration value (255) is reserved to allow ®BglitPayloadMessageTypt be more simply

represented in software impleentations of the protocol.

5.7 Field Sizes

The design of a novel protocol requires estimation of a number of parameters, including the
size of fields and types of messages included. Every effort has been mad@dachoosing

values arbitrarily and tallow the representation of all imaginable types of data. Estimates
were aimed at keeping message header and overheadibowell akeepngdata bytealigned.
The result is that there are limits to several values within the protocol. Notably, there is a limit
of 2%2different Channel Jpesthat a client/service can understand, there is a limit &f&tive
Channelsn a single DMIP sessiand a single DMIP message has a maximum size of 64
kilobytes. Maximum message sizesdfkilobytes combined with the!2maxmum number
messages within a single payloggections.6.2.12SplitPayload Messayjeneans that a single
payload has maximum size of 4 gigabytes. Data types that are envisioned to potentially exceed

this limit MUST incorporate splitting/recombining within t@&annel Typdefinition.

5.8 UDP Stream Data

The User Datagram Protocol allows lower latef}yand MAY be used as a transport

mechanism for some Channels. DMIP pexy SHOULD have the ability to utilize UDP to send

or receive Data messages, but MUST only do so for a channel type whose abilities, specified by

the client include ansDiscretdAbilities Messagey.6.2.5 property set to tue (1).

5.9 Layouts

Layouts represent combination of channels on a client device. Allowing the specification of a
layout allows host devices to control how multimodal interaction channels will be displayed a
client device. In the current version of the protconly vector layouts are supported through
the use of the Positionable3D methannel. However, extension of the protocol could provide

meta-channels to support additional types of layout and positioning.
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5.10 Timeouts

DMIP connections are considered termiea after 10 seconds (10,000 milliseconds) of

inactivity. Inactivity means no receipt of a message. Both clients and services should observe
this restriction. Sessions terminated due to timeout should send a close messager

5.6.2.3 to the remote endpoint if the TCP socket is still available. Both endpoints should ensure
that a message is sent at least every 7 seconds, making use Atkhewledgeanessage

(section5.6.2.1) as a keep alive msage if necessary.
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6 Protocol Flow

In order to describe théntendedflow of DMIP sessions using tReotocol(section5), this
section provides moverviewof DMIP session floveéction6.1). Additionally, a number of

examples of typical sessions are providsection6.2).

6.1 DMIP Session Overview

A DMIP session is a 1 to 1, single TCP endpoint to TCP connection, which can be supplemented
by UDP, thsession management messages are, however sent using TCP to ensure, in order
delivery[2]. Sessions are initiated by cliense¢tion6.1.1), if services accept the clients, they
can add channel&ection6.1.2) to communicategection6.1.3), active sessions can have any
number of channels added to them, and they can be remosedt{on6.1.5 allowing dynamic
user interfaces and other scenariae€tion6.1.4). Session are terminated by either endpoint
explicitly or implicitly after a timeoutsgction6.1.6).

6.1.1 Session Initiation

A session is initiated fromclient bysending ambilitiesmessagegection5.6.2.5, providing a
listing ofChannel Typesection5.5) it can supportMeta-channelgsection5.5.5 those

chanrels can supporias well agnformation aboutdisplay devices available fBositionable3D
Channelgsection5.5.5.2. This information should be stored by the service so that it can

evaluate compatibility, and respond apprdpt G St & G2 GKS Ot ASyd RdzZNRAy 3

Service applications caxplicitlyreject clients by sending@losenessagedection5.6.2.3 in
response taan initial Abilitiesmessagedection5.6.2.9, this allows an explanation for
connection refusal to be provided. The service can reject a client for any reason. Wherever
possible, services should provide rationale for rejectiorenable user understandg{28].
Examples ofeasons for rejection are; incompatible/insufficiec@hannel Typesvailable on the
client andservice capacity/user lingreached Rejection is implied if the client does not receive
a resporse from the servicavithin the timeout period(section5.5). The rationale for thigs to

handle situations where the service is unavailable/unable to respond, but should not be
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purposely used by service authors, as doing so inhibits user understaneliagse itimits
visbility of system statu§28].

6.1.2 Channel Initiation

If the service accepts the client,ganadd compatible channels, usidgldChannefsection
5.6.2.7) messagedA service should not send messagasd channel until either an initi&lata
(section5.6.2.1Q or Acknowledgédsection5.6.2.1) message is received from the client for the
channel.lf the client is unable to add a channel, it shosdéohd anErrormessagédsection

56.29202 y U | Ay A Y 3 Cliakn8IIDtO the s¢ryicg.f Q a

Meta-channels provide augmentation of channels by allowing additional data types to be
specified for a channétection5.5.95. Metachannelgas specified by the client during session
initiation, 6.1.1) for a channeare automatically available when it is added, default options are
however, undefinedlnitial options for Metachannels can be bundled inMultiPayload
messagedection5.6.2.1) asSetChannelOphessagessgection5.6.2.9 by the servicef initial

values are required.

These channels are the method in whatéta is communicated within DMIhe primary
identifier for a Channel is iShannellDthisneed to beregistered by, and handled

appropriately at both endpoints.

6.1.3 Active Channels
Once a channel is addeahid acknowledgedhe endpointscan communicate lsg Data

messagessection5.6.2.1Q in the format of theChannels yipeQ @ssociated data type,

describedn 5.5.3 Meta-channel data is communicated using the sa@tennelllas the

attached channelwith the Meta/ KI yy St Qa (e LS a4 G§KS OKIFIyySt G¢
instance of each metahannel per channel). Additionally options for the channel and

associated meta@hannels can be updated by the service uSe¢ChannelOphessages. When

a compete Dataor SetChannelOptayload is received at an endpoint, it should be decoded

and processed to generate relevant actions.
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6.1.4 Active Session
Within an initiated session, all valid DMIP messages are processed. Messages that refer to an

inactive channel ar typically ignored. A client can modify its available channel type abilities by
sendingAbilitiesor RemoveAbilitiemessagessgction5.6.2.8 5.6.2.9. If a client removes a

channel type abilitghat is currently in use within the session the service should discontinue its

use, terminating the sessiomith a Closemessagedection5.6.2.3 if required. Channels

removed in this way are then considered inactive, and M&ylj dzZA NB NB Y2 @It A KA
interface. Services may request the addition or removal of channels to the session at any time
through the use oAddChanneand RemoveChanneéquest, as described #11.2and6.1.5

respectivelyBy removing and adding channels, services can generate dynamic applications that
Oy STFFAOASyGfte YI1S dzaS 2F GKS NBY2(0S Of ASyi
6.1.5 Channel Termination

Active channks can be terminated explicitly by way oRamoveChannalequest from the

service. When the service sends this request, it is indicating that it is not going to send or

process incoming additional messages referring to the chaWidben the client receives a
RemoveChanneéquest, it stops initiatingctions for that channeDatamessages are no

longer sent and any visual representations of the channel in the client interface are removed.

Channels can be implicitly removed througRemoveAbilitiesequest from the client, in which
case the channedhould be explicitly removed from the client so that bannelilzan be

reused and any interface elements relating to the channel are removed.

All active channels are also terminated when a session is terminated, and both endpoints can

safely perform renoval and cleanup of any channels associated with the session.

6.1.6 Session Termination
Session can be terminated by either the client or the service within an active session by sending

aClosaequest. TheCloseshould be the last message transmitted for aegson. When an

endpoint receives &loseaequest it terminates the session and removes any resources
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associated with the session. If a client receiv€laseNS I dzSa iz GKS YSaal 3Sz ¢
interface should be communicated to the end usBEneservice may log the session, but should

Y234 AYKAGAG 20KSNI dzASNE FNBY O2yySOGAy3Is AyAd

Sessions can also end implicitly if the session is inactive for a duration that exceeds the timeout
length Gection5.5). Both endpoints follow the same steps as above, however both endpoints

can use a generic timeout message to show the user, or log, in absen€dasdylessage.

6.2 Example of DMIP Message Passing
Explanatims and supportingidgrams demonstratingeveral DMIP session scenarios are
presented within this section, the rationale being that they provégecificvisual examples to
aid in conveying DMIP usage scenaridse examples provided assume context, megritrat it
is assumed that a DMIP client and service exist, and the client has the IP endpoint for the
service.
6.2.1 Client Request Session
After or asynchronous to a client acquiring a service endpoint, it must;
1. Initialize and enumerate its DMIP abilities.
1 Chamel types it can support.
1 Layout format(s) and properties.
2. Create a DMIP Abilitieséction5.6.2.5 message.
3. {SYR GKS YSaalrasS 20SNJ I ¢/t O2yySOuArz2y (2
4. Listen forand respond appropriately tmessags.
1 With the same port and address the abilities message was sent from.

1 TCP must be listening, UDP is optional.

~ A s oA
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can
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5. Ifitis not able to communicate with theieht:
1 Ignore the request.
1 Preferably send an explicit close messagection5.6.2.3 back to the client
6. If it can interact with the client, aession in the service process is created
7. Acknowledgedection5.6.2.1) or AddChannekgction5.6.2.7 message(s) are sent to

the originating endpoint of the Abilities message.

Figured: Session Request and Initiatidselow shows a diagram that regents the

intended flow of this process.

: ; service
client service )
session

T
1. Initialize !
Load Configuration Options 1
| Enumerate Channel Type Abilities 1
1
1
1

! 2. Create Abilities Message

3. Transmit the Abilities Message
Abilities [LayoutOptions, Channels]

4, Listen for Messages
5. Not Able to Communicate

Ignore Reguest

OR
L Close
o~ [Message]

B. ﬁ Compatible, Session is Created

New Session
[Abilities]

AddChannel
[Meta Channels, Channel Type, Channel Options)
1

v v v

T
T
1
I 7. Session Adds channels, or acknowledges request
1
1
T

Figure4: Session Request and Initiation

6.2.2 Adding Channels alMdeta-Channels
DMIP services drive the communication channels that can be used within a DMIPselhgne

session. Channelseaadded only by the service, using tAddChanneinessagedection

5.6.2.7. Metachannels that a client can use for a channel type are includédbiiities

messages, the service should retain this information if it is totigge metachannels. The

AddChanne¥S&a al 3S ALISOATASAE (GKIG GKS IABSY OKIyySt
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any attached metachannels have default, undefined initial values set for opti@ystions for
meta-channels are set usirfgetChannelOphessagessection5.6.2.9, these messages can be
sent for a channel after it is confirmed by the client, or MatiPayloadmessagedection
5.6.2.1), provided it is in the samiultiPayloadmessage and proceeds thieddChannel

payload for the attached channel.

service

client service -
session
I I |
1 1
P Agdchannel ! 1. Service session sends AddChannel Request
[Channel ID: x, Channel Type: Sf'nga"LSe‘ae‘eEDHu#on, | - indudes Channel ID and Type
Layout ID, Optionsi|
I I
ACK \...I |
U fchannel D: «7 gl 2. Session waits for Acknowledge from dient
! > SetChannal Ot !
[Channel ID: x, Channel Type: Textlabel, Options] 3. Session responds to acknowledge
SetChannelOpt | - Transmits SetChannelOpt for each metachannel
[Channel ID: x, Channel Type: Fositiohable3D, Options]
SetChannal Ot !
[Channel ID: x, Channel Type. Interdctable, Options] |
1
|
A4 A4 v

Figure5: Distinct Meta Channel Setup
Figure5: Distinct Meta Channel SetigmowsDMIPsteps used to configure metzhamels

associated with a channdistinct from anAddChanneiessagenote that the method of
attachment is matching Channel ID values (x in the diagrdim)} sample flow highlights the
fact that metachannel options can be set at any time after a chammasl been confirmedlhe
rationale for choosing this method is that it allows properties to be calculated and
asynchronously set. Additionally, if metaannel options are to be set programmatically as a

session progresses, it may not serve any purposettthese options immediately.
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service
session
I T I
! |
'4« MultiPayinad : 1. Service session compiles a MultiPayload
AddChannel {Channel ID: x, Channel Type: SingleState2DButtol, Layout ID, Options] - indudes Channel ID and Type
SetChannelOpt [Channel ID: x, Channel Type: Textlabel, Options] - SetChannelOpt messages induded

SetChannelOpt {Channel ID: x, Channel Type: Fositional)le30, Options] |
SetChannelOpt {Channel ID: x, Channel Type: Intera c‘e‘qbfe, Options]

client service

| 2. Client processes the messages in order, synchronously

1
ACK ‘...I »l
I [channel D: &7 gl 71 3. Session waits for Acknowledge message
* * v before sending further messages for the channel

Figure6: Inclusive Meta Channel Setup

Figure6: Inclusive Meta Channel Setspowsthe networkingsteps for adding a channel and

the same associated metzhannels is in the previous exampladureb). As dictated by the
protocol specificatiorMultiPayloadmessagegsection5.6.2.1) must be processed in order,
thus ensuring that the subsequent processg of theSetChannelOgtave a valid target.
Specifying metahannel options using this method provides a reduction in network overhead,
and reduces logic required for setting up channels from the service (no need to wait for
Acknowledgeo send initial gtions). And allows design tools to be more simply implemented.
The XML layout language used in the evaluation implementasiectipn7.2.6.]) uses this

method.

6.2.3 Sample Session, Button Based Menu
Most applications willnotmakdza S 2 F GKS al YS Y2RSa (KNRdAzIK 2 dzi

application.Aninitial menu, prompting the user for input, to choose various areas of

application functionality is an often used example of thighenPowerPoint Controller Service
discussed in section.2.5.4a simple menu is provided if the service is running but no show is
running.As seen ifrigure7: Simple User Menuhis menu allows the user to request thaeth

show be started or allows to the user to explicitly end the session. This is accomplished using an
instance of theSingleState2DButtofor each menu option. Once the user make& S & { G I NJi

{ K 2 gekection, the service no longer makes use of the chanmssiscated with the buttons,
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andremoves them to reuse screen real estate and reduce session overhead for managing

channels.

L PowerPaoint Remate Control = =

Start Show

Disconnect

Figure7: Simple User Menu

After the RemoveChannetéquests haveent to the client, an interface fonteracting with the
active show are provided to the user, as seehigue 14: Windows Forms Clienin this way
interaction elements can be added and removed to provide dynamic applicatiigare8:
PowerPoint Controller Menu to Show Layguthows a simplified network diagram of the DMIP
messages used in tHieowerPoint Controller Servigghen switching to the show running

interface from the show menu interface.
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service
session
1 1 |

|

MultiPayload

|
I‘
AddChannel [Channel ID: 999, Ghannel Type: Title, Layout ID, Options] 1. Service session sends a basic menu layout
PowerFoint Remote Control ; SetChannelOpt [Channel ID: 499, Channel Type: Textlabel, Options] wth a title, and two buttons
I
|
|
I
|
i

client service

I MultiPayload
AddChannel {Channel ID: 1, Channel Type: ShgleState2DButton, Layout ID, Options]

Start Show ; SetChannelOpt (Channel I¥ 1, Channel Type: Textlabel, Options]
o Oy 0.2,2: 0.1, wr Lh: 0.2,d: 8.1: SetChannelOpt [Channel ID: 1, Ghannel Type: Fositionable3D, Options]
Select : SetChannelOpt {Channel ID: {, Channel Type: Interactable, Options]

I MuitiPayload

AddChannel [Channel ID: 2, Channel Type: SkhgleState2D8utton, Layout ID, Options] |
Disconect : SetChannelOpt (Channe! IX 2, Channel Type: Textlabel, Options]

X Oy 0.5.,2: 0.1, w: 1,h: 0.2,d: 0.1 SetChannelOpt [Channel ID: 2, §hannel Type: Fositionable3D, Options] |
Select : SetChannelOpt {Channel ID: %, Channel Type: Interactable, Options]

I

|

A
[Channel ID: 1]
ACK
[Channel ID: 2]

Y
4

2. Client confirms the channels with Adknowledge
messages for each

Y

A
[Channel ID: 999]

Y
o m'

3. User seledss the "Start Show" button
- Data message for the Interadtable meta-channel is sent

Data
[Channel ID: 1, Channel Type. Interactable, Channel Data: Select]

A

Y

MultiPayload

RemoveChanne! {Channel ID: 1] 3. Session responds
RemoveChanne! [Channel ID : 2] - removes 'expired’ channels
1 - Starts active PowerPoint Show

Mudtinte MiltiBauinad _ i .
AddChannel : SingleState2DButton, TextLabel: "Previous Slide" Adds Channels that are used to control the active show

AddChannel : SingldState2DButton, TextLabel: "Next Slide"
AddChannel : SingleStake2DButton, TextLabel: "Reverse Step”
AddChannel : SingleState2DButton, TextLabel: "Forward Step”

AddChannel : Label2D, TextLabel: "Notes"
| AddChannel : Image2DView
AddChannel : Image2DView
AddChannel : Image2DView

AddChannel : Directiond

- .

1

T

T

1
A4 A4 \ 4
Figure8: PowerPoint Controller Menu to Show Layouts

6.2.4 Client Remove Abilities
OnlyDMIP servicebave the ability to explicitly add remove channels, thaAddChannel

(section5.6.2.7 andRemoveChannétection5.6.2.9 messages can only be sent from the
service endpointThe client endpoint can however modify the list of abilities it supports. When
a DMIP client connects to a service, it sends a list of abjlitiasanAbilitiesmessage, this list

can be modified by the client with subsequekthilities andRemoveAbilitiemessage (section
5.6.2.5 and5.6.2.9. If aRemoveADbilitiess received by the service that contain€leannel Type
that is needed for the session to continue, then the sessioregifuer be terminatedor can be
retained. A service might retain a session that cannot progress so that should client

functionality return, the application state could be maintath@here are a number of alternate
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methods of retaining session state, and in most cases the service will explicitly end the session.
An network example of an explicit close in response ReemoveAbilitiess seen irFigure9:

Client Configuration Change

I AddChannal - 1. Service session requests an Image2DView
[Channel ID: 1, Channel Thpe: Image20View, Layout ID, Options] | Channel be added
|

ACK . »
[Channel D: 1] ul 71 2. Client confirms the channel with an
1 Data l Adknowledge message

|
|
r
I
|
<
r [Channel ID: 1, Channel Typé: ImageZD, "slidel.jpeg” octet stream] 3. Session sends an image
! I
IJ | AddChannel l 4. Service session requests another
[ [Channel ID: 2, Channel Thpe: Image2DView, Layout ID, Options] Image2DView Channel be added,
I Ll
|
r
r
|
|
1
|
r
-

ack 1 Acknowledged by the Client

L
[Channel D: 2] gl

! 5. Service sends new Data for the adive

Client channels

Data

[Channel ID: 1, Channel Typé: ImageZD, "slide2.jpeg” octet stream]

! Data

[Channel ID: 2, Channel Type: Imbge2D, 'skide_prev.jpeg” octet stream]
|

1
|
|
I I
! |
RemoveAbilities " o, 6. Client configuration changes, can no longer use
[Channel Type: Image20] all ’I Image2D channels, sends RemoveAbilities

| Close 7. The Service requires Image2D, and therefore ends
[Messade: "Channel Type Image2D Required”] the session with a dose message

v

Figure9: Client Configuration Change
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7 Evaluation

To validate that DMIP is able to meet the goals set ous@ct{onl), a review of potential data
types was performed furter described ingection7.1). To validate whether DMIP is functional
and can be used to meet the stated requirements, it was implemented on 2 platforms as

discussed insection7.2).

7.1 Validity ofChannel Types System

Before the design process begamvas thought that a system that could natively support any
interaction mode type could be designddowever it was noted that the resultant data
transferred would be too varied and it would not be pits to define what modes/abilities a
session could use and the data transferred would ¢wttain enough intrinsic meaning to be
directly consumableTherefore, thisriew was modified as development of the protocol
progressed and was replaced with the cept of providing an extensible framework that
defines strictly defined€Channel Typesndallows development ofurther Channel Typesutside
the explicit protocolThis raisel the concern that 3 party developers may incorporate
proprietary Channel Type$imiting the cross compatibility of clients, counter to the goals of this
work. It is therefore our intention that extensioBhannel Typeshould be catalogued and

reviewed for standardization as part of future work.

Considering that development of atidnal standardChannel Type®quiring minimal effort

and with inclusion of extensiblghannel Typase aim to allow an expanding list of interaction
types to be supported by clients and services. To verify that all imaginable interaction types
could poentially be supported, a review of potential raw data typesmmon Ul controls and
interaction modeslefined by Berse[29] was performed, as well as an informal web survey of

users, asking how they interacted with everydayeais.

7.1.1 Common Ul Controls
Common user interface controls were observed by looking at user interface implementation

tools, namely Microsoft Visual Studio 2012 Windows Forms designer and the Android Layout
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Editor plugin for Eclipse. Rigorous evaluationsvaot performed as the controls used for these
platforms form the basis of how the protocol was designed. In these systems, various
properties for a control can be configured, this can be mapped directly Ghtmnel Type
Options(section5.5.2. Common properties (those shared amongst most types of control and
across platforms) can be mapped to metaannels gection5.5.5). Controls typically generate
events indicating some status has changed ox data has arrived, these are often generated
by the user interacting with the control. Events are mappe@€hannel Type Daigection

5.5.3 and while a single control might provide a variety of events, the desi@hafnellype
Datatypes is flexible and thusould allow for any combination or digital events to be

represented.

7.1.2 Raw Data Types
Basic digitaformat data types for example images, video, sound, and documents, are

represented by octet streams dtocks of binary ecoded data and be simply transported using
Channel Type Datand can be split up, or transmitted using UDP datagrams for timely data.
Raw files could be transferred in this way. Analog data sources could also be transmitted if they
are first converted taligital. This conversion has been shown to be possible for many kinds of

data, the discussion of which is beyond the scope ofttiesis

7.1.3 Bernsg’ (Miltimodal InterfaceModes

''aAy3 bASta htS . SNESyYyQa 3Sy§adaguidé pravidefia Y& 2 F
comprehensive listing of potential data types to consider. These were reviewed and were found

to be directly translatable to digital raw data types or subject to analogue to digital signal
processing, which whilpotentially complicated, is required in order to capture/process that

data on the digital devices used by DMIP, and is therefore not actionable consideration for the

design of the protocol.
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7.1.4 Interaction Ledger
An informal study, asking users to specify iatgions with everyday objects around them. The

survey and results can be seerinteraction LedgerWhile this survey was very opemded it
providedinsights as to how users interacted with the real world objects around tHéwese

interactions can all be broken down into one or more modalitiedafined byBemsenin his

taxonomy[29]= | YR | NBS GKSNBF2NB LI2aairofsS (2 GN¥yaLR

(section5.5.6 or standardizedhannel Types future revisions

Further, he individual tasks where codified to help identify the typeg@heralinteraction
steps taken by the user to accomplish regular/common tasks they encountered in their daily
lives. The atons taken were classified as either Motion based, Selection based orAatiart

representing the results of this process is bel&igurelO: Interaction LedgeResults

General Interaction Types For Common Tasks

18
16
14
12
10

o N A O ©

Motion Selection

FigurelO: Interaction LedgeResults

Out of the 20 entries, large number othe specifiedasks (85%) included selectisultasks,

and thus theChannel Typesreated for the initial version of the DMIP protocol were focused on
selection, buttons, labels, range selects, list bcxed character channels were implemented to
support selection tasks. While a significant number (50%yubiaisks incorporated motion, only

the 3D and 2D motion channels were introduced, the rationale for this is that the interpretation
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of motion signals (ogestures) is beyond the scope of this work, but can be supported by these
two channelsThe responses and the respective codification can be seAppendix A:

Interaction Ledger

7.2 Protocol Implemerdtions

Initially, anobject orientedsoftwaredesign was created to fulfill the requirements set out by
the protocol. The design of the implementation application is focused on a central package,
calledProtocolwhich encompasses all low level functionalior both clients and services. It
provides the transport functionality, message processing, channel type definitions, and event
dispatch as well as managing queues to suppgittPayloadsection5.6.2.13 and
MultiPayload(section5.6.2.1) messages. Centralizing the common functionality reduces the
amount of effort required to implement the combination of clients and services, particularly
when they share the same platform. This benefit is gatest by eliminating code duplication,
reducing the development time, errors and maintenance effort. Sedti@riLoutlines the

pieces of the protocopackage.

7.2.1 The Protocol Package
For the evaluation Implementation, a sharpackagethat provides commombMIPfunctionality

for both clients and servicesas createdBoth client and service APIs rely directly upon this,
the protocol package. A representation of the dependency is seEigurell: Shared Protocol

Package
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Protocol Package

 — "
—
-
D.-.
| S

Client Implementation Service Implementations

Figurell: Shared Protocol Package
A diagram identifying the main pieces of the protocol package is provideajasel?2:
Implementation Protocol PackagPescription othese pieces and of how they are utilized to
implement the DMIP specification follows. Instances of the Connection sleaston7.2.2)
manage single DMIP sessions, which is used to trandessage Typésecion 7.2.4

messages, which can contadhannelTypésection5.5.3 data.

Protocol Package

Connection Class IByteSerializable

. ChannelType MessageType
SplitPackets Hash Map Definitions Definitions
SendMessage Methods
MessageRecieved Event IChannelData IPayload Interface

Interfacs
IMessageType
Interface

IChannel Option
Interface

Figurel2: Implementation Protocol Package
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7.2.2 Connection Class
The connection class designed to handle the interaction with lower level operating system

networking facilities. Because the operating systems used for implementation project included
implementations of both TCP and UDP transport layer protocols, the connection classis used
manage these lower level implementations and provide specific functionality in support DMIP.
A connection instance (object) manages a single active TCP connection and optionally a UDP

connection, representing a local endpoint and a remote endpoint.

The Connection class is the central component of the demonstration implementation. To
achieve the ability to transpoMIPmessages, the octet representations difreetwork
transportable datamust implement methods to serialize and-derialize data to/fron the

formats defined within the protocokgction5.5) the IByteSerializableterfaceexplicitly

identifies the octet encodingnd decodingequirementby specifyinghat methods used for

these purposes are included in alpgs representing data transportable by the connection

class The Connection object is responsible for using these methods to translate messages for
transport, or consumption within th®MIP endpoinapplicatiors as required. The connection
object must utiize separate threads or lightweight processes for each transport layer
connection UDP/TCP that is open, to wait for incoming data. An additional thread is additionally
required to manage the listening threads, process incoming messages and send outgoing
messages. The listen threads should blankl consume as few resources as possifien no

data is available from thiewer leveltransport layes.

The connection object is created with an initiated TCP/IP endpoint and whether the endpoint is
UDP capable. EhConnection object is then responsible for both reading and writing data to

the transport stream(s) on the given parsing network transported byte stream$o encode

and decode messages, the Connection obpgotesse®xternal objectghat implement the

IByteSerializablmterface to ensure thatthey can beencode.
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Section7.2.2.1 Handling MultiPayload and Split Payload Messagkesther describes the
special messages that support that enalalege payloads (Split Payload) to be sent and small
payloads to be combined (mujpiayload). Sectioid.2.2.20ctet Encoding (IByteSeiizdble
Interface)and subsequent sections descrithee way TCP/IBtream data is read and written

using the Connect, Message and Payload Objects.

7.2.2.1 Handling MultiPayload and Split Payload Messages
The DMIP protocol allows for multi message payloads and ypajtioad messages, as such the
Connection object must collect driransmit messages that are part of a mutessage

payload, and be able to split large payloads.

When a connection object receives a mydliyload message, it is processed as any other DMIP
payload, however instead of providing notification of an inamgninessage (MessageReceived
Event,Figurel2: Implementation Protocol Packageotifications for each contained payload

are generated, with the order within thilultiPayloadmessage maintained.

Splitting payloads in the implemeation(s) is utilized to allow large payloads exceeding the
DMIP header length (65535 bytes) value to be transmitted, splitihgnslucent to DMIP
implementation endpointsMeaning that this process is automatic, but potentially observable.
Providing ndification of arrival of pieces of &plitPayloads not currently part of the
implementation but is recommended for future wof&.3.2Additional Implementation

Features.

7.2.2.2 Octet Encoding (IByteSedable Interface)

DMIP specifies 12 formatted message typection5.6.2 and an ever expanding list of
channeltypes(section5.5) that can be transported using the protocol. To be enable convers
between stream compatible octets and cedseable data objects, all transportable types
implement thelByteSerializablmterface. The interface indicates that methods to perform

serialization and daerialization of encapsulated data must be provid&dditionally, these
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classes all provide @nstruction method (constructors) to utilize the -gerialization method

to initialize an object from itectet-seridized representation, but this requirement is not

enforced by the interface specification assitnot possible to define required constructors from
interface specifications on the implementation platforms, however this specification is included

and must be observed for the design to be functional.

Nriting Reading
IConnection IConnection

TCP/IP Stream )_ TCF/IF Stream )_

Write

Remote DMIP Endpoint Read

A Y
Process f-\“ Y Process
Message 4‘—"____—__

A

DMIP Payload VDMIP Payload

Local Generators Payload Local Listening Ohjects

Figurel3: Reading and Wting DMIP Payloads

7.2.2.2.1 Incoming Data (Reading)

In order to support the protocol requirements, the Connection object waits and reads all
incoming packets on the given transport (TCP and optionally UDP) stream(s), until the
connection is terminated. The concion object takes read bytes and processes them into
payloads by way of messag@sé Messagep Within the implementation, when messages are
received, events are fired and listening objects are regtif Pulling the messages from a
transport layer protocol and generating actionable DMIP payloads is identical for clients and
services as the protocol is designed to have identical message structures for both endpoints,
the implementation reflects thisyphaving a single Connection implementation that is shared
between DMIP clients and servic&ayloads are furthedecoded angrocessed using the
specific channdlype implementation objects. Incoming TCP data is placed in a first in, first out

(FIFO) quee so that data can be segmented into Messages as TCP provides data in a
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continuous stream. Messages are either processed immediately as they arrive, or in the case of
SplitPayload messages, they are placed in a data object used to collect all the fradpefeme

a message received event is fired.

7.2.2.2.2 Outgoing Data (Writing)

The connection object is responsible for taking DMIP messages and sending them over a
specified transport layer streams. The Connection object manages the TCP and UDP endpoints,
and therdore also tasked wittsending UDP targeted messages over TE@RIDRconnection is

not available. To accomplish sending messages over the TCP/IP transport layer, the payloads
are serialized into octet arrayAdditionally, he Connection object is alsoggonsible for

splitting payloads into multiple messag&p(itPayloadnessages) if they exceed thé-bit byte

size specified in theeader(section5.6.1).

7.2.3 ChannelType Definitions
As specified in sectidh.5, Channel Typeshannel types are comprised of two piec@gtions

andData These pieceare specifiedy implementing thdChannelOptiomnd IChannelData
interfacesto create classes for each Channel Type implemeatethe platform The interfaces

are architecturallydentical, butsemanticallydistinct, so that there is a clear separation in the
implementation code. These interfaces require that implementing types have a Channel Type
specified.

7.2.4 MessageType Definitis

DMIP Payloads and Messages are similar, and for most purposes are the same objects and are
implemented using the same classes. These classes all implement the IPayload interface which
specifies that member classes must provide byte serialization msthad be able to return

one of the 12 message typesetion5.6.2). The IPayload interface is used for network

transmitted Messages, Payloads that potentially need to be further aggregated after being split
into SplitPayload mssages (resulting in single IPayload objects) and payloads containing

multiple (MultiPayload messages) messages to be processed in sequence (MultiPayload objects
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can contain multiple IPayload objects). Each class implementing the IPayload interfacegrovid
a directly useable representation of the carried data, methods to construct objects of that type
from either a stream of octets, or as explicit parameters and methods to serialize the contained

REFEGE FOO2NRAYy3 (G2 GKS YSkedbtass.ele LISQa ALISOATFAO

ThelMessageTypwmterface is usedecausdPayloadobjects must provide both a message
type and implement théByteSerializablmterface, and thus IPayload amalgamates the

requirements by way of thiMessa@Typeinterface.

7.2.5 Implementationinstances
Implementation of the protocol was performezh two platforms.The .NET framework was

OK2aSy FT2NJ GKS AYyAGALE 2N}l X GKS NIGA2yLES gt
the broad range of targeableservices and platforms. The .NET framework is memory managed
development platform that is available on a broad range of devices and allcapéadl

development of prototypes A full implementation of both DMIP client and service endpoints

were implementedn .NET, in C#, the source code, is available from the DMIP website

(http://iv.csit.carleton.ca/~dmip). To test and demonstrate the viability on alternative

platforms, the Connection object, all messagesing objects and the clierside application
were additionally implemented in Java for Android. The Android implementation is also

available from the DMIP websitattp://iv.csit.carleton.ca/~dmip). The .NET implementation

is the primary platform for the implementati@the Android implementation is ported from

the .NET implementatiorBoth implementatios are released with a permissibMIT license

The primarypurpose ofcreating the implementationvas so that the protocol itself could be
verified, to see if it could betilized to meet the goals set out for(gectionl). Additionally
creating implementations in conjunction with the authoring of the protaochn informal agile

development procesallowed forissues with the protocol to be identified and adjusted as

1 http://www.mic rosoft.com/net
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authoring and development iterations progressed. Beyond validation, the test implementation
allowed for use of the protocol, and helped identify key areas tdditional work could be
performedto further ameliorate developer, designer and ender experiences:urther, hese
implementations provide aeferencethat can be used to implement and augment services,

clients, or as examples teelp othersport these layers to other platforms.

The Connection class is used as a parent class to Client and Service classes. These classes are
designed to augment the Connection class and provide specific features for Client and Service

endpoints Service specific functality was not ported to Android.

7.2.5.1 ImplemenedClients

The Clientlassis a minimalayerintended tofully implementDMIPclientconnectionsthe

client layer creates ahmanages a singlastance of theConnectiorobjectby providing a

service endpointA client application, based on this client layer was created, the application
provides theAbilitiesof the client device, initiates the connection, transmits data using
SendMessagand responds to incoming data by way of events fired fromGobeanection

object. The client applications implement a number of the DMIP standard channels based on

the target platformQ éapabilities. The channels implemented in each of thetdo I 0 F 2 NY Q&

client applications are listed below, able 31Implemented DMIP Chann&lypes

Table31. Implemented DMIP Channel Types
NET Android

TextLabel
Positionable3D
Interactable
Enabled
SingleState2DButto!
Label2D
RangelD
ListSelect
TextBox

Title
Relative3DStram
Relative2DStrean

X000 100

A 0|0

X000 0 A0 AN 0000
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Direction4
Chars
Image2DView

A 0|

An image of the .NET windows forms implementation, connected to a PowerPoint controller

service, is provided iRigue 14: Windows Forms Clienbelow.

Distributed Multimodal
Interaction Protocol

1. Distibuted Multimodal Interaction Protocol

1

Reverse Step Forward Step

Previous Slide Next Slide

Figue 14: Windows Forms Client

The implementation of thelient layer provided a validation of the DMIP protocol, and

programming reference for projects that intend to use DMIP.

7.2.5.2 Implemenéd Services
A .NETAPI supporting thauthoringof services was created, this API provides common

functionality for service and is divided across 2 packages; Service and Library.

The Servicpackageprovides functionality fobasicservice implementations; jirovides
session handling, basic layowfahition from XMLEformat (7.2.6.1XML Layout Languapies,

basic channelype compatibility checking

The Librarypackageprovides additional augmentation/utility methods for services to ease

repetition of some common service coding tasks and make service development simpler
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including transport of client compatible layouts, clearing/switching of layantdmethods to

broadcast DMIP payloads to all connected clients

A number ofsimplesample serice applicationsvere created to help develop the protocol
itself, test avarietyof scenarios and heljne formulation of Channel Types. These sample
services are available as a reference, and are included in theDMBT implementatiorsource,

available http://iv.csit.carleton.ca/~dmip/ The sample services created are described and

discussed in the proceeding sections; Thermo&attion7.2.5.3, PowerPointController

(sedion 7.2.5.4, NumberGuesésection7.2.5.9, and WindowsMouseContr@@ection7.2.5.9.

7.2.5.3 Thermostat Service

The Thermostat Service was created as an irakploratoryprototype uponwhich toexplore
andtest DMIP. It allows a user to saeurrent temperature (simulated) and adjust the target
temperature. The service simulates automatic cooling/heating and keeps the connected

client(s) updated.

The thermostat serviceafines a layout fully from an XMayout file(7.2.6.1XML Layout

Languagg It uses the channel typesbel2Dand SingleState2DButtoto allow basic

interaction with the service. Optionally, Tatlechannelh & dza SR (2 O2y i NRf GKS
Figurel5: Thermostat Servicehows the windows form client connected to a thermostat

service.
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a2 Thermostat Control : Heating = =
Cument: 10.44

Target: 20

Up Down

Figurel5: Thermostat Service

Development of the Thermdat service aided the evolution of DMIP and provided initial
validation that theChannel Typescheme was valid. It also drove the development of an XML
format layout languagé7.2.6.1XML Layout Languapét now provides a basic example which

can be used by others to learn how to use the protocol and provided APIs.

7.2.5.4 PowerPoint Controller Service

The purpose oftte development ofPowerPoint Controllereévice applicatiorwas twofold

create a directly seable application that could be used by the researcher, and peers, and to
GSNATFeEe GKFIG 5alLt O2dzZ R 0SS dza SR (0 RO]FoNdHointS | LILIKE

controller applicationThe application allows the camti of a PowerPoint slide show.

As part of the development of this service additio@alannel Typesere created and of meta
channels gection5.5.5 were introduced to reduce Channel definition duplication and to

provide flexbility for channels.

The PowerPoint Controllere3vice applicatiorwas created as a .NET PowerPoint Addand
makes use o¥isual Studio Tools for OffceAn XML file is used to define a standard layout for

all clients. The XML file provides positiogj interaction and text label information for relevant

2 http://msdn.microsoft.com/enus/library/d2tx7z6d(v=vs.120).aspx
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channel instances, as well as providing what channel types are required or optionally used by
the connecting clientsA view of theservice from the windows forms client is seerFigue 14:
Windows Forms Clienand from the android client iRigurel6: PowerPoint Controller from

Android

[] Savina screenshot

= PowerPoint Remote Control

- Maybe itis because you re not feeling up to getting
off the couch to change the thermostat, or maybe you
need to use a kiosk to renew your medical insurance,
but are physically unable to use the interface provided

Reverse Step Forward Step

Previous Slide Next Slide

Figurel6: PowerPoint Controller from Android

The channeltabel2Dand SingleState2Buttonare required and enable the client to display
slide navigatiorbuttons, and allow viewing the slide notes. Optionally the service supports
Direction4to enable arrow key navigatiofijtleto provide a title caption for the @nt
application,iImagedViewthat enables a view of the current, previous and next slides in the
PowerPoint slide decknd ListSelectvhich gives a selectable list of slides that can be navigated
to. When a compatible client connects, it is provided with an interface generatéledservice.
The network sequence diagram below in figure 4, shows the network messages used for the

Gt NSOA2dzae o0dzil2ys GAGKAY (GKS LW AOIGAZ2Y ®
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FowerPoint service
Control service session
I I |
1

client

*The WinForms Client support:

Abisties o | SingheStateZDButton
Rayoutoptions: D) iid, Charnals sttf | New Session Label2D
= RangelD
f Abiities, 3 .
L4 2 Selection
IChanﬂe!.bistancae iy | Title
- AdeChannel Relat?veBDStream
I ick  [1, TextLabelFositionable3D, interactable, SingleState2D Buttgny none] Relative2DStream
1 Directiond
] Setl abelOpt ~ Chars
U [1, TextLabel: Previous] | Image2DView
! - SetlabelOpt 1
= {1, Postionable3D: (...) ] U
n, Seti abeiOpt |
= [1, Interactable: (click) ]
oop 'RemoveChannel] Data »
[Interactable: Click] T 1
U y Remavechanne! )
<
) - 3
fMessage] 1
! o RemaveChanne! ! |
[ I st} T
I ~ | ...I
™ I -
: {Messagal | &

Figurel7: Network Sequence for Previous Slide
7.2.5.5 Number Guess Service
The Number Gugs Service was created to test mulier scenarios. The service allows users to
join the game, each round the service randomly selects and integer and allows users to guess
the number. The specific user, by way of the client is informed if their guess lisgh or too
low (or correct). Only one client is allowed to guess at a time, and the clients guess in sequence

until the number is guessed.

TheNumber Guesservicewas the first service created that required text/number input and
thus theTextBoxchannel type was developed, and tiextLabemeta-channelwas introduced
to centrdize Channel Typtext data. TheEnabledneta-channel was also developed to provide

a channel for visually enabling/disabling channels on clients.

Figure18: Number Guess Service ProgressiokK 2 64 (G KS o6Fa4A 0 LINRPINBAAA2)
number guess service. Label 1 shows the initial client layout that allows users to input a name.
Label 2 shows the second layout that asks the user to enter a gudss, UK S a DdzS& a ¢ 0 dz

disabled (via th&nabledneta-channel) because a round is not started (or it is not their turn).
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Label 3 shows the service application, allows for a round to be started. Label 4 shows the
GDdzSaaé¢ odzidzy Syl shbvbtReivin coyfidRion[staté ¢hitha clignt ahdy” R

service respectively.

Super Fun Log In! - oIEl adl Super Fun Guess! = B8
1 2
You have joined a game!
Enteryour o
Enter your desired usemame
Begn
Guess Number Service - clEd
3 St Round
ke
Super Fun Guess! = = L=l Super Fun Guess! = =
4 5
Anew round has begun! Luke has guessedthe comect value:-44
Enteryour guess Enteryour guess
& Guess =
= 6 Guess Number Service - o
Luke has guessed the correct value:=-44

Figurel8: Number Guess Service Progression

To support multiuser scenarios, functionality was added to the service API to allow messages

to be broadcast to seice connected clients. The service provides two layouts (login and play)

and thus switching of client layouts was developed for the service library package. The
development of this service provides validation of the possibility of handling -oneeti

scerarios and a useable example thereof.
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7.2.5.6 Windows Mouse Control Service

The Windows Mouse Control Service was created to test UDP channel data. The service allows
users to control the mouse on the service computer. Buttons are provided to emulate the
buttons an a mouse, and mouse position is controlled through eithRetative3DStrearar

Relative2DStrearohannel. For timeliness UDP transport is used if the connection supports it.

The Android client implemen®elative3DStrearny way of the accelerometer, theervice

YSNBfte dI1Sa RFEGF FYR Y2@Sa (GKS Y2dzaS 2y (KS
provided by theRelative3DStrear@ata payloads.

This implementation is not useable with windows forms client, as the client buttons are not
selectable withottmoving the mouse, the default Data source Relative2DStream

lf SNyl GA@Stes GKS OfASYyd g2dzZ R Ol LIidzNB (GKS

mouse clicks, use key presses, usingGharschannel.

A view of the Android client, connected &goWindows Mouse Control service is provided below,

in Figurel9: Windows Mouse Contr@ervice, Android Client
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33% i 2:20 PM

=< DMIP Mouse

Left Mid Right

Mave the mouse by tilting the device, click
using the above buttons

Figurel9: Windows Mouse Controbervice, Android Client

7.2.6 Protocol Support andugmentation

The implementation sampleervices application developed shared some common functionality.

In order to minimize the effort required to author DMIP servitmss and methods were made
ISySNIffeée | O0OSaaArofsSz az2 | a ianctoslinldnbpart2 T
of DMIP itself but can aid in the development of future servitesdiscussed ii.2.5.2
Implementd Services Design of client interfacewithin code can be overbeary and tedious,

an XML layout engine was therefore developed, it is described in setfob 1, below.

7.2.6.1 XML Layout Language
Creating graphical layouts from cowetedious for the developer. While the creation of a
graphical bol would be ideal, it was beyond the scope of this thesis. Progression towards a

graphical tool for interface designers, and centralizing layout design was lnyatifining of an
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XML file formafor services. This file format is simpler to maintain thade sectionsA sample

layout XML filglayout file)is available il\ppendix BPowerPoint Controller Show XML

The requirements section of thayout files specify whaChannel Typeare required by the
client. Additionallyoptional Channel ¥pesare also specifiedThe requirements section allows
the service API layer to automatically evaluate compatibility with incoming dieitities
(section5.6.2.5) payloadslin layout file fragment below, it is specified thiadbel2Dand
SingleState2DButtochannels are required by the client to interact with the service.
Additionally 3 optionaChannelTypeare specifiedTitle, Relative2DStream and
Relative3DStreamthis allowghe API layer to notify implementing service applications what

relevantChannel Typeare available.

<requirements>
<required type="Label2D" />
<required type="SingleState2DButton" />
<optional type="Title" />
<optional type="Relative2DStream" />
<optiona | type="Relative3DStream" />
</requirements>

Channel sections represent instancesCbiannel Typethat are to be added to the clierty the
service Enclosed within the channel sections aggional metachannel and options sections,
these contain the infomation that is to be sent by the service as partrofial SetChannelOpt

and AddChanneiessagesThe following file fragment specifies thaSingleState2DButtone
aK2dzZ R 0SS LIXIFOSR 2y (KS Of A Sy (i PpaitiokbledMeta & &
Channel Type20% from the vertical edges, and 30% from the horizontal. It has a label, of

Gl St f2¢ aLlBalafeM&aThanriel Typlt Slso must send messages according to

the InteractableMeta Channel Typehen the button is pushed, oeleased.
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<channel type="SingleState2DButton" id="1" name="Hello">
<metachannel type="Positionable3D">
<x>0.2</x>
<y>0.3</y>
<z>0.1</z>
<width>0.4</width>
<height>0.6</height>
<depth>0.1</depth>
</metachannel>
<metachannel type=  "TextLabel">
<text>Hello</text>
</metachannel>
<metachannel type="Interactable">
<interaction type="Down" />
<interaction type="Up" />
</metachannel>
<options />
</channel>

The resultant channel is shown in the Windows Forms cliepteimentation, inFigure20:

Sample XML Layout File Result

a DMIP Sample = =

Hello

Figure20: Sample XML Layout File Result



8 Discussion

DMIP currently provides a simplified development path to enable networked devicesitze util
network based servicegvery effort has been made to validate DMIP, it has been validated for
several basic scenariosetion7.2) however as a new technology there exists the possibility
that there are limitations. Seicin 8.2, discusses some potential limitations of DMIP. In order to
support and strengthen DMIP solutions further, related work is discussed and proposed in

section8.3, Future Work

8.1 Value andresting

DMIP is a tool to aid authors of applicatidmgprovidingthem with a platform that reduces
concerns over networking and disparate device diaggraction capabilities. This, in turn can
providegreater acces to the technologyo the current and potential users of their applications
by making them immediately available to a greater number of client devices and providing a
flexible, yetconsistent interface across devicd®sting usability of applications developeith
the tool is beyond the scope of this warspplication designwhile facilitated with DMIP,
remains part othe application developmenprocess. DMIP provides an application layout and
dataflow design platformBy targeting one effective platform, applicatianthors candesign,
deploy, evaluate and maintain a single applicationviting a higher return on investment and
additional resources foadditionaldevelopment While effort has been mad® communicate
with industry and interest has been shown, time liations have reduced the ability to

evaluate the platform directly with developers.

8.2 Limitations

Despite extendibility, standardization of additional chantyplescanenable application
developergo more simply make use ahore interactionmodalities intheir applications

potentially making the resultant applications more appealing to end ugedgnsion channel

08 L)Sa " NIpe &4 oOKF yy St (GellSa 2 0SS ONBIFGSR:
widespread without standardizatiocentralizirg the definition of novel channels.
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Another potential improvement is security; while the underlying transport layer could provide
connection encryptiofi30] using a transport layer security schenitemight be valuable to
encrypt specific channel instances and have protocol handling of security measures so that
users can viewnd manipulatehe security informatiorand/or to optimize transport of such

information.

DMIP relies on a TCP/IP based network to operate, as susmat directly compatible with
other remote technologies that do not include the TCP/IP stack. Lower level transport
mechanisms, such as Bluetoottear field communicatiofNFC) and others could be used to

transport interaction data, but DMIP does notelitly support these technologies.

It is possible that DMIP clients can support some channel types in different (multiple input
mechanisms) ways, or the same input could implement multiple channel types. For example the
Windows Mouse Control servicegdion 7.2.5.6, could potentially be provided the target

mouse ceordinates in multiple ways, remote mouse-oadinates, gaze tracking,

accelerometer, or any other input that could be provided in at least 2 dimensions. Currently

the service application chooses between multiple channel typbgreasin the situationthat

multiple client inpus could implemenia channel type, it is left to the client developer to

choose, or provide configuration options so that the user can aecid

8.3 Future Work

Tobuild upon and improve the DMIP specification, and supporting technologies developed for
this thesis, additional future work is proposed. The proceeding sectiessribe proposed

work. SectiorB.3.1, Multi-User Scenariogiscusses the use of DMIP to support multiple
simultaneous usersSection8.3.2 Additional Implementation Featureslescribes dditions

that could augment the API developed as part of the evaluation implementation (S&c#on
Section8.3.4 Integrationwith Other Technologiesliscusses integration with other modality

aggregation techniques as introduced in secti. Sectior8.3.5Standardizatiordetails
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rationale and proposal for a means oastlardizing DMIP and the support€hannel Types

Service location, allowing automatic detection of DMIP services by clients is discussed in section
8.3.6 Service Endpoint Locati@and integration wih popular web technologies, is discussed in
section8.3.7Transport Over HTTP and Websockétsd sectior8.3.8 User Friendly Clients

discussestte opportunity for a variety of client DMIP implementing applications.

8.3.1 Multi-User Scenarios
It is simple to imagine DMIP working in mulier scenarios, in fact perhaps most, if not all

scenarios can make use of multiple simultaneous client connectiohse itie DMIP protocol

focuses on a single ClieBervice session, services are expected to be designed to support

multiple sessions. The number guessing game implementation (section 7.2.5.5) was created to

test the feasibility of this type of scenario. & bther evaluation implementations created and

discussed in section 7.2.5 all work with multiple connected clients. However the number

guessing game manages a shared state for all connected clients, this functionality rests within

the service implementati Qa O2 RS FyR (KS ®b9¢ &SNWAOS 'tL=X
While ability for DMIP to support and enable mulser scenarios is verified, it is suggested that

further examples and testing be completed, so that best practices can be compilédeand

service implementation API can be further developed.

8.3.2 Additional Implementation Features
The service implementation API described in secti@5.2provides developers with common

service functionality to make developmeaot services implementing DMIP simpler and faster.
Implementing additional services would provide discovery of common features that could be
implemented ina reuseable APIl. One example feature that could be implemented would be
notification of incomingSpitPayloadmessages, so that partial data can be processed and

progress messages could be provided to end users on DMIP endpoints.
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8.3.3 Multi-User Scenarios
It is simple to imagine DMIP working in mulier scenarios, in fact perhaps most, if not all

scenarioxan make use of multiple simultaneous client connections. While the DMIP protocol
focuses on a single ClieBervice session, services are expected to be designed to support

multiple sessions. The number guessing game implementation (set2d55 was created to

test the feasibility of this type of scenario. The other evaluation implementations created and
discussed in section.2.5all work with multiple connected clients. However the number

guessing game manages a shared state for all connected clients, this functionality rests within

GKS &aSNIBAOS AYLX SYSyidlidAaAz2yQa O2RS | yR61IKS @db9
While ability for DMIP to support arehable multiuser scenarios is verified, it is suggested that

further examples and testing be completed, so that best practices can be compiled and the

service implementation API can be further developed.

8.3.4 Integrationwith Other Technologies
The related tebnologies section 4) discusses several related technologies that provide

methods of codifying, aggregating and consuming multimodal user data. DMIP Channel Types
could be created to support each these technologies by allgwriansport of encapsulated

classified data.

8.3.5 Standardization
The authors of this work will be evaluating options for the standardization of DMIP. The goal of

standardization is to facilitate greater adoption of the technology and to aid in providing a
corsistent target for application authors. However, standardizatian take a long time, it is
therefore planned thaChannel Typdse removed from the formal standard and instead be
standardized and through less tinigtensive procesto allow faster reacbns to changes in the
available interaction modalities. Temable the use afmodalities not currently supported by the
existingChannel Typebere exists the need to define community accepted means of
representing various mode# standardization procedarneeds to be created to support the

introduction of new transportable DMIEhannel Types
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8.3.6 Service Endpoint Location
To make the location and consumption of DMIP services simpler for end users, integration with

service location protocol (SLBproposed.SLP allows the location of service endpoints on local
networks[24]. A preliminary study was conducted to explore the feasibility of using SLP to
locate network endpoints for novel services, and it was succéssfiMIP cliet able to

manage conneeable services and provide service endpoint location using SLP is therefore

proposed, in order to improve user experience by increasing accessibility of DMIP services.

8.3.7 Transport Over HTTP and Websockets
Higher level TCP/IP stackopwcols, such as thEypertext Transfer Protoc@HTTP) combined

with Websockets (WS) could be used to transport DNk&data, and could provide
opportunities for creating clients for web browsers if a DNORHTTP/WS layer were creatdd.
is imagined hat such clients would be able to provide flexible interaction services over the
internet and could be used to offer alternative/augmented ways of navigating\thdd Wide

Web.

8.3.8 User Friendly Clients
Despite considerations for things like SLP, there ihéumeed for client implementations to

have their user experience evaluated and designed. Additional helpful features can be
imagined, configuration options and common endpoints are immediate candidates for
requirements lists. DMIP offers a method of négbting, providing and consuming multimodal
data, however the design client applications is not defirfadture work should include a focus

on creating guidelines for DMIP client authors.

3 http://iv.csit.carleton.ca/~dnip/files/SLP.ppttmplementing Service Location Protocol
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9 Conclusion

CKSNE A& dzaSNJ RSAANBE (2 wbS2VEeAO0yREBEASaI KA
access technology in new ways. Users that could not previously tes@rology based service

by not having accegs specific equipment or because of a physical disability can use a broader

range of devices anduman input and output devicaéthe technologies involved support

DMIP. Giving more ubiquitous access to consume and control technology is the purpose of

DMIP. For DMIP to become pervasive so that users can use the technology around them it

needs tohave/support

An expanding list oihput/output modalities

Support for different configurations/combinations of these modalities
Be an accessible and open (free) standard

Have tools and sample code accessible to developers

Have tools for designers so that thegn create useable interface designs

A =42 =/ =4 4 -

Be useable and simple to use for end users.

By providinghe extensible modality systenDMIP can potentially support ammgman

computer interactiormodality (Sectiory.1). DMIP also providebasic negotiation of these
modalities so that a dynamic set of remote client modalities can be used to interact with a
service application (sectidh5). DMIP is released to be freely and openly used by anyone, and
is providel with a permissive MIT licendBeveloping software that makes use of distributed

Of ASyia A& YdzOK &aAYLI ATASR 06& NBRdAzOAYy3I 02y OSN.
abilities andsimplified network programming, additionally with the sample inmpéntations
developers have tools, including sample code that can be used as a starting point so that
developers can more easily create DMIP capable services. An XML based file format has been
defined so that interfaces can be laid out externaté&vicecode (section7.2.6.7. User

interface designer tools for DMIP are proposeadd could be developed by the public, given

the openstandard nature of the protocol. Beyortlde core goal of DMIP, to provide a useable
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there exists opportunity for clients to be developed for many different devices and platforms.
The question posed iB.1 Research Question

There is an evancreasing ability for the user to generate data on personal devices,
can this data be simply consumed by remote computer devices to provide an

interactive user based experience for potelhyianycapableremote technology?

Is answered and proven positive with the designed and evaluated protocol, DIMIIP. can

enable ubiquitous ecess to technology by providing an open standard means of negotiating
and transporting multimodal interaction @ta. DMIP is a tool to help enable new scenarios, and
to increase access to existing ones. Although DMIP provides many features nitdsta single
piece of anshumancomputer interaction. The implementations provided herein were created
primarily to ad in evaluating the protocol and to provide samples to interested parties. DMIP is
an enabling technology, or tool, and can be used in a potentially limitless number of scenarios.
DMIP aims to help application authors create new experiences for useii® hplementation

and souce code examples are availabietp://iv.csit.carleton.ca/~dmip/
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Appendix Ainteraction Ledger

Survey

Availablehttp://lucasstephenson.net/hcin5909/

Results
Interaction Purpose ActionsPerformed BestSmulated Motion Selection
Objed
car | opening, closing locking etc| | use a smart key which ? | am not sure Vv \
means that my door can be | what to put here User does a| User selets key and
locked and unlocked as long wrist motion points to lock
as | carry the key in my purs
or pocket-
computer| interacting with the object tg Actions: 1- move, 2- click, Vv \%
mouse.| perform desktop tasks. and 3- scroll Move mouse Sdect items by
accomplishing: getting anticipated results: 1as i cursor clicking mouse
around the desktop and move the mouse, the cursor
selecting pages | wish to se( also moves on the computer
i.e.:iwould like to opena | screen, 2 and 3 as i click
file so double click to open; | and scroll i expect a change
or | would like to sebelow, | within the interface.
so | scroll.
Keyboard filling in this form. lol. What | did to the object was | touch-screen key Vv
attached to| However, entering text in | depress keys. The anticipate pad on screen. Select items on
my laptop any way necessary (word | result was that the key That's all l've screen, select keys

documents, emails,
facebook, etc.)

depressed would result in th
corresponding character or

symbol being displayed on

really got for this
one.
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Sp®n

Playstation
controller

the screen in the order in
which | pressed the keys.

using it to eat my breakfast | | picked up the spoon out of| Good question. \Y \%
(oatmeal) the cutlery drawer, and Currently, holding Scoop Select multiple
placed it into my bowl of down the ctrl objects by
oatmeal. | then used the button while grasping/pointing
spoon to scoop the oatmeal | selecting objects
out of the bowl and into my | with a mouse
mouth. The anticipated resul offers the
is that when | scoop thiod, | individual the
it stays in the spoon and ability to\"scoop"
doesn't fall off, until | move | several objects at
the spoon up to my mouth tg once. However,
eat. this may not be the
best metaphor.
Maybe just
dragging a mouse
over several
objects and they
are automatically
selected (similar to
how the swype
keyboard input
works on Samsung
phones)
| am using this object to | picked up the controller, The most similar to \%

control what is going on witk
the playstation e.g. selecting
a video to watch, selecting &
game to play, making my

character on screen do

and started pressing buttons
which corresponded with

what | wanted to happen on
screen (I wanted to scroll to

the right to select video

this would be
scrolling with the
mouse.

User pressed button:
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various tasks within a video
game, etc.

games, so | pressed the pad
right button several times).
The anticipated result was
that the focus on the screen
would move in the direction |
pressed on the pad.

Can openel

boots

stove/burner

litter box

phone

light switch

ignition

Opening a can cranked the know? it went Vv
around in a circle and opene Rotation
the can
To put on my boots 1. untied my laces Vv
2. put my foot in the boot Complex
3. pulled the boot up onto gestures
my foot
heating water on the stove | turned the knob on the stove \%
to reach the right Select temperature
temperature
clean it scoop thke poop with a Vv
scooper Scoop
calling my parents pushing buttons talking to the Vv
phone telling it Select numbers on
who | want to call device
without picking up
the phone or
dialing.
turning on the lights to turn | flipped the switch on the wal talk to the tree or Vv
on the christmasights press a button on Press
my phone switch/buttons/voice
selection
turning on my car put the key in the ignition \% \%
and turning it User does a| User selects key an(
wrist motion points tolock
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typing on a typing on a keyboard pushing buttons with all of | talking to the \%

keyboard my fingers computer instead Selecting keys
voice recogintion?
USB stick interacting with object i removed the cap and \ Vv
because | want to plugged it into the USB slot Remove Select items using
manipulate files (i.e.: save, | of my computer, it cap/insertion,| mouse in on screen
move, copy) automatically opened a mouse display
accomplishing: successfully) window and | dragged and
transferred (for backup dropped a file from my hard
purposes) and saved a file. | drive into the USB stick.
my cell| because i need to call some first, i flipped my phone Vv
phone| one. open, then i turned my Select
accomplishing: being phone on by pessing the numbers/menu
connected to the person power button, then i entered items on deice
who | wish to speak to. my unlock code, then

selected contacts, then i
scrolled through my contacts
list, then | selected the
person who i wanted to
contact and the phone
automatically dialed the

number.
Radio| Tuning and volume button presses to change | Single state Vv
Controls state buttons Select
turning dial for volume Range Slider for numbers/menu
change volume items on device
button press for on/off
TV | Buttons in all cases Vv
Select
numbers/menu
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items on
device/remote
Washing| Wash clothes Select washing mode on dia| Segmented slider, \Y
machine Start load labeled with all Select
modes numbers/menu
Buttons to start items on device
the load, set
modifiers
Dimmer| Operate lights On/Off swich Button, and slider Vv
switch Graduated slider to control Select on/off or
light level slider level
highlighter | to highlight text that I think | i removed the cap with one Vv Vv
is important and that | would hand and then with the Swipe motion Select the text
want to notice right away | highlighter in my other hand, location
the next time i look at this | i drew a thick line across a
paper. sentence to highlight it.
accomplishing: make text
stand out more.
water bottle | to drink water. i picked it up, turned the cap Vv
accomplishing: pour water | to remove it, then | took a sif Removed
into mouth to satisfy thirst. | of water from it. Result was cap/bottle
that the water would transfer motion
from the bottle to mouth.
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Appendix BPowerPoint Controller Show XML

Provided here foguick reference is a sample XML format DMIP API layout file. The client
representation of which is viewable Figue 14: Windows Forms Clierind Figurel6:

PowerPoint Controller from Andraid

<?xml vers ion="1.0" encoding="utf - 8"?>
<layout type="vector">
<requirements>
<required type="Label2D" />
<required type="SingleState2DButton" />
<optional type="Direction4" />
<optional type="Title" />
<optional type="Image2DView" />
<optio nal type="ListSelect" />
<optional type="Relative3DStream" />
</requirements>
<channel type="Title" id="999" nhame="Title">
<metachannel type="TextLabel">
<text>PowerPoint Remote Control</text>
</metachannel>
<options />
</channe I>
<channel type="SingleState2DButton" id="1" name="Previous">
<metachannel type="Positionable3D">
<x>0.01</x>
<y>0.9</y>
<z>0.1</z>
<width>0.48</width>
<height>0.1</height>
<depth>0.1</depth>
</metachannel>
<metachannel type="TextLabel">
<text>Previous Slide</text>
</metachannel>
<metachannel type="Interactable">
<interaction type="Select" />
</metachannel>
<options />
</channel>
<channel type="Relative3DStream" id="34" name= "Accel">
<options>
<max- x>10</max - x>
<max- y>10</max - y>
<max- z>10</max - z>
</options>
</channel>
<channel type="SingleState2DButton" id="2" name="Next">
<metachannel type="Positionable3D">
<x>0.51</x>
<y>0.9</y>
<z>0.1</z>
<width>0.48</width>
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<height>0.1</height>
<depth>0.1</depth>
</metachannel>
<metachannel type="TextLabel">
<text>Next Slide</text>
</metachannel>
<metachannel type="Interactable">
<interaction t ype="Select" />
</metachannel>
<options />
</channel>
<channel type="SingleState2DButton" id="90" name="bClick">
<metachannel type="Positionable3D">
<x>0.01</x>
<y>0.79</y>
<z>0.1</z>
<width>0.48</width>
<heigh t>0.1</height>
<depth>0.1</depth>
</metachannel>
<metachannel type="TextLabel">
<text>Reverse Step</text>
</metachannel>
<metachannel type="Interactable">
<interaction type="Select" />
</metachannel>
<options />
</channel>
<channel type="SingleState2DButton" id="91" name="fClick">
<metachannel type="Positionable3D">
<x>0.51</x>
<y>0.79</y>
<z>0.1</z>
<width>0.48</width>
<height>0.1</height>
<depth>0.1</depth>
</metacha nnel>
<metachannel type="TextLabel">
<text>Forward Step</text>
</metachannel>
<metachannel type="Interactable">
<interaction type="Select" />
</metachannel>
<options />
</channel>
<channel type="Label2D" id="51" name="No tes">
<metachannel type="Positionable3D">
<x>0.01</x>
<y>0.65</y>
<z>0.5</z>
<width>0.98</width>
<height>0.2</height>
<depth>1</depth>
</metachannel>
<metachannel type="TextLabel">
<text>Notes</text>
</metachannel>
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<options />
</channel>
<channel type="Image2DView" id="5" name="Slide">
<metachannel type="Positionable3D">
<x>0.0</x>
<y>0.0</y>
<z>0.1</z>
<width>0.65</width>
<height>0.56</height>
<depth>0 .1</depth>
</metachannel>
<metachannel type="Interactable">
<interaction type="Select" />
</metachannel>
<options />
</channel>
<channel type="Image2DView" id="6" name="previous_slide">
<metachannel type="Positionable3D">
<x>0.65</x>
<y>0.0</y>
<z>0.1</z>
<width>0.35</width>
<height>0.28</height>
<depth>0.1</depth>
</metachannel>
<metachannel type="Interactable">
<interaction type="Select" />
</metachannel>
<options />
</channel>
<channel type="Image2DView" id="7" name="next_slide">
<metachannel type="Positionable3D">
<x>0.65</x>
<y>0.28</y>
<z>0.1</z>
<width>0.35</width>
<height>0.28</height>
<depth>0.1</depth>
</metachanne [>
<metachannel type="Interactable">
<interaction type="Select" />
</metachannel>
<options />
</channel>
<channel type="Direction4" id="4" name="Arrows"></channel>
</layout>
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