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Abstract—Building Information Management systems have
started to leverage new kinds of digital information infras-
tructures that integrate activities related to design, budgeting,
scheduling, analysis, material management, and human resources.
Companies implementing such systems have no other option
today than exchanging information among themselves in a proper
and efficient way. Industry foundation classes (IFCs) provide
useful information structures for such a data sharing. However
they do not specify how to capture, exchange and synchronize
the information between distinct entities (i.e. information sys-
tems like sensors, servers, smart products. . . ) throughout the
building lifecycle. Accordingly, this paper investigates existing
messaging protocols in order to identify which one is the most
appropriate for supporting building lifecycle management; i.e a
flexible protocol that provides sufficiently generic communication
interfaces. A platform set up on a university campus based on
the selected messaging protocol is then presented. Within this
context, the research agenda that should be pursued to develop
new techniques and algorithms for optimizing the building energy
management is announced.

Index Terms—Building information management; Messaging
protocols; Quantum lifecycle management; Intelligent products;
Energy management

I. INTRODUCTION

Advances in IT technologies over the last decades and the

arrival of the so-called Internet of Things (IoT) has radically

changed the traditional organizational boundaries and space

limitations, fostering collaboration and coordination between

distinct corporations. New developments in the use of wireless

technologies such as RFID, sensor networks, make it possible

to retrieve the identity of objects and monitoring items mov-

ing throughout their whole life [1]. Such technologies help

companies to get real control of their items by “digitizing”

multiple aspects of work processes that were previously sup-

ported by analogue tools. Digitized work practices can be

modularized, integrated, and reconfigured. For instance, in the

construction industry, building information management sys-

tems have started to leverage new kinds of digital information

infrastructures that integrate activities related to design, bud-

geting, scheduling, analysis, material management, and human

resources [2]. Companies at the source of these activities have

no other option today than exchanging information among

themselves in a proper and efficient way so as to optimize

their costs, to respect governmental regulations, to keep track

of their products and to improve the customer experience [3],

[4].

This paper drafts a project aimed at designing a flexible

system for building lifecycle management (BLM), whether

in terms of energy management, facility management, main-

tenance management, or still product/information traceability

management. Such a BLM system should be able to help

users to integrate and reuse building information and domain

knowledge throughout the building lifecycle [5]. BLM often

begins with a physical analysis of the building to obtain

a numerical representation (e.g. CAD documents). In this

context, it is more than necessary to develop an appropriate

BLM system at the beginning of its lifecycle in order to avoid

information loss acquired during the building construction, dur-

ing its use/maintenance and disposal [6]. A key ingredient to

a successful BLM system rests upon a flexible communication

infrastructure that provides sufficiently generic interfaces for

exchanging all types of data consumed or provided by the

actors, corporations or information systems in general involved

in the building lifecycle [7]. Industry foundation classes (IFCs)

provide a useful structure for data sharing among applications

[8]. However, IFCs only focus on the information structure,

they do not specify how to capture, exchange and synchronize

information between different information systems. Current

integrated IT tools also appear limited in providing such

generic communication interfaces, thus hindering the extension

of existing monitoring and control systems, even when consid-

ering IFCs. This lack of appropriate data exchange solutions

currently outweighs the benefit of software interoperability [9].

However, the design of appropriate communication interfaces

are the foundation to increase the quality of BLM since dif-

ferent aspects might therefore be correctly addressed, such as

the visibility and sustainability of building-related information

(i.e. their availability and persistency), or still the data security

aspect [10].

In this respect, this paper introduces in section II the two-

level challenge to be addressed for data exchange interoperabil-

ity, and then gives insight into the main messaging protocols.

Section III first introduces a framework used to compare

the different messaging protocols so as to identify the most

appropriate one in the framework of BLM. Section IV provides

greater details on the adopted messaging protocol. Section V



presents the platform being set up on the ENSTIB1 campus

using this solution, along with the first proofs-of-concept and

results; conclusions follow.

II. DATA EXCHANGE INTEROPERABILITY

A. Two-level challenge

Data exchange interoperability can be achieved at the ap-

plication level, which is a two-level challenge as illustrated in

Fig. 1:

i) Communication level integration: necessity to provide

infrastructures and mechanisms that support communi-

cations and transactions between distinct organizations,

networks, applications and IT technologies,

ii) Data level integration: necessity to handle the many

changes in data media and formats that occur throughout

the product and information life cycle,

Over the last decades, techniques, concepts and standards have

emerged at both levels [11], [12]. For instance, the ISO 16739

or UDEF are standards have been defined at the level of data

integration. The focus of this paper is not given at this level

but at the communication level.
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Fig. 1. Data exchange interoperability at the “Application level”

The communication level integration is in turn a two-level

challenge as depicted in Fig. 1:

i) Technology level integration: necessity to provide a frame-

work for integrating heterogeneous hardware and software

platforms and to support the wide range of IT technologies

(proprietary solutions, extended networks, etc.),

ii) Interface level integration: necessity to support differ-

ent types of transactions that must be based on shared

business references [13]. To gain time and efficiency

and to avoid re-defining co-operation rules and software

supporting it each time, these references must be based on

business standards or norms. The business standards must

be independent and weakly coupled with the technology

level integration so as to support openness.

It is not an easy task to develop solutions supporting both

levels of integration. As a matter of example, the Peer-to-peer

1École Nationale Supérieure des Technologies et Industries du Bois, Épinal
(France)

Universal Computing Consortium (PUCC) [14] mainly focuses

on the technology integration aspect by designing a general

peer-to-peer networking platform that enhances the communi-

cation capabilities of various devices via various networks. The

solutions developed by this consortium do not integrate the set

of interfaces directly at the communication level but requires

the deployment of the PUCC middleware, thus limiting the

integration with other middlewares. Another example is the

Jini/UPnP interoperability framework developed in [15] that

allows clients to use pre-defined interfaces, but requires the

use of Java technologies. This makes technology integration

with non-Java applications quite daunting. Some solutions have

nevertheless emerged for supporting both levels of integration

such as oBIX (Open Building Information Exchange), ebXML

(Electronic Business XML), XMPP (eXtensible Messaging and

Presence Protocol), QLM (Quantum Lifecycle Messaging) or

still JMS (Java Message Service). This paper only focuses on

such protocols. The next section briefly introduces these five

messaging protocols, which are then compared in section III.

B. Candidate messaging protocols

1) JMS: It might be the most known messaging proto-

col among the five to be compared. The creation of JMS

was a joint effort of several corporations supported by SUN

Microsystem [16]. JMS is an Application Programming In-

terface (API) for enterprise messaging that provides the set

of interfaces enabling point-to-point communications in dis-

tributed enterprise applications. JMS defines a single, uni-

fied message API that enables loosely coupled, asynchronous

and reliable communications, and support the development

of heterogeneous applications that span operating systems,

machine architectures, and computer languages. JMS relies

on the publish/subscribe (Pub/Sub) model and supports the

subscription mechanism. In this model, publishers and sub-

scribers are generally anonymous and may dynamically publish

or subscribe to specific data. A centralized system takes care

of distributing subscribed data coming from the publishers to

all subscribers.

2) oBIX: It is an industry-wide initiative in the building

area that enables mechanical and electrical control systems to

communicate with enterprise applications. oBIX defines XML

and Web Services-based mechanisms and the information is

represented as a concise object model, where objects with any

structure and contents can be freely exchanged [17]. A client-

server architecture is used for accessing oBIX information over

the network. Software can act as a client, as a server or eventu-

ally as both simultaneously. Three types of requests/responses

referred to as “oBIX verbs” are defined:

• Read: it returns the current state of an object,

• Write: it updates the state of an object,

• Invoke: it triggers an operation on an object.

oBIX also provides mechanisms called watch objects that

enable clients to subscribe an object event. More concretely,

watch objects are created based on client requests, then the

server provides the client with a URI to enable it to poll and

get the latest status updates. It makes it possible to append



new history records, query historical data or do basic roll up

of numeric data. Subscriptions are cancelled either when the

client unregisters the watch object or when the predefined lease

time for polling action is exceeded. The oBIX alarm feature is

a cornerstone of this protocol, which enables to raise an alarm

when an incident occurs and to notify users or related appli-

cations. Broadly, oBIX is a suitable communication interface

for data acquisition and control of a wide range of devices.

3) XMPP: It is a communication protocol for message-

oriented middleware based on XML [18]. XMPP was intro-

duced by the Jabber open-source community in 1999 and

has been improved by the XMPP Working Group to provide

Internet Engineering Task Force (IETF) Instant Messaging and

presence technology. The XMPP RFC defines this messaging

protocol as a robust, secure, scalable, internationalization-

friendly architecture for near real time messaging and struc-

tured data exchange. In XMPP, the communication of XML

messages is based on the XML stream rather than the XML

document between two network entities. The XMPP tech-

nology uses decentralized client-server architectures in which

clients open a stream to the server, which in turn, opens a

stream back.

4) ebXML: It is an initiative of the OASIS group and the

United Nations Centre for Trade Facilitation and Electronic

Business, whose foundations rely on a former Business-to-

Business solution called ooEDI (object oriented Electronic

data interchange) [19]. This consortium promotes an open

and XML-based infrastructure supporting the exchange of

electronic business information in an interoperable, secure,

and consistent manner. One objective for ebXML is to lower

the barrier of entry to e-business, particularly in the context

of small and medium enterprises. The ebXML specifications

cover business processes and heterogeneous data shared be-

tween a wide range of actors and corporations.

5) QLM: This messaging protocol emerged out of the

PROMISE EU FP6 project2 in which real-life industrial ap-

plications required the collection and management of product

instance-level information for many domains involving heavy

and personal vehicles, household equipment, phone switches,

etc. Information such as sensor readings, alarms, assembly,

disassembly, shipping event, and other information related to

the entire product lifecycle needed to be exchanged between

several organizations. The project consortium set out to find

suitable standards for exchanging such information. PROMISE

created two main specifications that fulfilled the necessary

requirements: the PROMISE Messaging Interface (PMI) and

the PROMISE System Object Model (SOM). At the end of

the PROMISE project, the work on these standards proposals

was moved to the QLM workgroup of The Open Group3. The

QLM messaging protocol is the continuity of PMI and consists

of two standards proposals [20], namely the QLM Messaging

Interface (QLM-MI) that defines what kinds of interactions

between entities are possible, and the QLM Messaging For-

2http://promise-innovation.com
3http://www.opengroup.org/qlm/

mat (QLM-MF) that defines the structure of the information

included in a QLM message.

III. MESSAGING COMPARISON FRAMEWORK

In our study, several key properties are considered to

compare the five messaging protocols previously introduced.

These properties mostly come from the framework defined in

[21], which are divided into three main categories: i) message

delivery model, ii) message processing model, iii) message

failure model. Sections III-A to III-C respectively introduce the

set of criteria defined for each of these categories; Section III-D

then compare the five standards based on these criteria.

A. Message delivery model

This category defines the properties related to the delivery

of the message to the intended recipient. The majority of the

criteria composing our framework comes from this category:

1) Representation: it indicates the message representation

adopted by the messaging protocol. It can be represented

either as a i) Data element – the message consists in

a messaging header and body that respectively contains

information about the interface and the data to be con-

veyed (e.g. an XML message); or as an ii) Object – the

message is specified as an object, which is nothing more

than a programming method where its arguments are the

set of information that compose the message. The Object

representation assumes that this object/method is held by

both the sender and the recipient of the message, while

the Data element representation does not,

2) Messaging API: the protocol might be application-specific

or -independent,

3) Initiation: it defines how the message is transmit between

two nodes, which can be either server initiated (i.e. push

mechanism) or client initiated (i.e. pull mechanism). In

the pull mechanism, a client queries the server whenever

it needs the data. The messaging protocol might support

one or both mechanisms,

4) Intermediation: it specifies whether the messaging proto-

col offers the possibility to rely on an intermediate party

to complete its transaction,

5) Persistence: it specifies whether the messaging protocol

has a provision for data persistency. Two modes are

defined: i) Persistent – the data is stored in the system

until and unless it is retrieved, 2) Transient – the data is

stored in the system as long as the Time-to-Live (TTL)

of the message does not expire,

6) Subscription: it specifies whether the messaging protocol

proposes subscription mechanisms. Two mechanisms are

considered: i) interval-based and ii) event-based,

7) Self-Contained: it specifies whether the message contains

all the necessary information to enable the recipient to

appropriately handle the message. In more concrete terms,

the message contains all the relevant information such as

the actions to be performed (read, write, subscription. . . ),

the message validity period (TTL), the communication

mode (asynchronous/synchronous), etc.,



8) Protocol agnostic: it specifies whether the messaging

protocol supports multiple underlying protocols, making

it possible to transport the message using most “lower-

level” protocols such as HTTP, SOAP, SMTP, FTP or

similar protocols. It might also be possible to transport

this message using files on USB sticks or other memory

devices.

9) Synchronicity: it defines whether the messaging protocol

supports synchronous and asynchronous communications.

A communication is referred to as synchronous if all

data is exchanged within a single active connection,

while asynchronous can handle a request in separate

connections,

10) Delivery-Guarantee: it defines whether the messaging

protocol has provision for the delivery guarantee (e.g. by

returning responses),

11) Piggy backing: it defines whether the messaging protocol

allows piggy backing a new request with a response (i.e.

without dissociating the new request of the response).

This is a crucial property both for real-time communi-

cations and to enable communications with nodes located

behind a firewall,

12) Multiple payloads: it states whether the messaging proto-

col supports multiple payload formats.

B. Message processing model

This category deals with the message reception, i.e. how

messages are processed by the recipient node and how re-

sponses are returned to the requester. Two criteria are defined:

13) Processing result: it defines how the requested informa-

tion is returned to the requestor node. Three modes of

response are defined: i) single return value – for every re-

quest, a single response is generated, ii) single integrated

return value – the response contains the integrated value

for the requested data, iii) set of individual return value

– multiple response at different intervals are generated,

14) Communication: it defines how two nodes communicate

once the request message is received. Two levels of com-

munication are defined: i) Separate message, ii) Callback

address.

C. Message failure model

The third category describes what provisions the messaging

protocol provides in case of failures and disruptions. Only one

criterion is defined:

15) Failure notification: it defines whether the messaging

protocol has a provision for failure notifications. Three

main approaches are usually implemented: Timeout of Ac-

knowledgement, Reply with error message or Exception.

D. Synthesis

The five protocols previously introduced are potential can-

didates to support BLM since they all provide portable and

standardized application-level interfaces for data acquisition

and control of a wide range of devices. These five protocols

are compared in TABLE I based on the comparison framework.

Looking at this table, it can be observed that JMS and QLM

cover the vast majority of the properties and sub-properties

(i.e., they often offer the possibility to choose between different

options where possible). In this paper, we claim that the mes-

saging protocol supporting BLM has to meet three important

general requirements, namely:

1) to support the complete building lifecycle and related

activities, from beginning of life (BoL) including design,

analysis, production, and construction of the building,

through Middle of Life (MoL) including its use and

maintenance, up to End of Life (EoL) including its

recycling and disposal;

2) to be able to communicate with any types of intelligent

items/systems involved in the building lifecycle (sensors,

actuators, RFID, databases. . . ). A key element of the

communication lies in the fact that the Messaging Inter-

face standard should be protocol and network agnostic

to support all types of technologies and infrastructures,

should enable to convey building lifecycle information

(related to the building itself or activities that surround it)

to relevant data systems and users either synchronously

or asynchronously, and should be able to support a wide

range of notification mechanisms;

3) to support multiple payload formats and structures to

handle the many changes in data media and formats

throughout the building lifetime.

TABLE I
MESSAGING PROTOCOL COMPARISON BASED ON 16 CRITERIA

n˚ Property Sub-property o
B

ix

eb
X

M
L

X
M

P
P

J
M

S

Q
L

M

1 Representation
Object ✓

Data Element ✓ ✓ ✓ ✓

2 Messaging API
Application-specific ✓ ✓

Application-indep. ✓ ✓ ✓

3 Initiation
Push ✓ ✓ ✓ ✓

Pull ✓ ✓ ✓ ✓

4 Intermediation ✓ ✓ ✓ ✓ ✓4

5 Persistence
Transient ✓

Persistent ✓ ✓ ✓

6 Subscription
Interval-based ✓ ✓ ✓

Event-based ✓ ✓ ✓ ✓ ✓

7 Self-contained ✓ ✓ ✓ ✓

8 Protocol agnostic ✓ ✓ ✓

9 Synchronicity
Synchronous ✓ ✓ ✓ ✓ ✓

Asynchronous ✓ ✓ ✓

10 Delivery-guarantee ✓ ✓ ✓

11 Piggy backing ✓

12 Multiple payloads ✓ ✓ ✓ ✓ ✓

13 Processing Result
Single return value ✓ ✓ ✓ ✓

Single integrated. . . ✓ ✓

Set of individual. . . ✓ ✓

14
Communication

Separate message ✓ ✓ ✓ ✓ ✓

Callback ✓

15 Failure Notification
Timeout of Ack. ✓ ✓

Error message ✓ ✓ ✓ ✓ ✓

Exception ✓

4Unlike the four other messaging protocols, intermediation is not mandatory
in QLM. However, QLM offers the possibility to use such functionality.



Given these requirements, an aspect of prime importance

considering complex product lifecycles, as a building lifecycle,

is the support of Multiple payloads for being embedded in

a message (i.e., to meet in part requirement 1). The non-

support of this functionality is particularly critical when many

actors, corporations and systems are involved in the building

lifecycle. Indeed, the higher the product complexity, the higher

the number of formats used to store information. In this regard,

all protocols support this functionality. Considering now re-

quirement 2, some protocols are limited in some respects: first,

some of them do not support synchronous and asynchronous

communications (see property 9 in TABLE I), which is a

hurdle for supporting a wide range of activities in the building

lifecycle (e.g., when communicating with devices that are

frequently disconnected from the network); second, some of

these protocols are not protocol agnostic (see property 8, e.g.

oBIX is only specified for HTTP and WSDL/SOAP protocols)

that could prevent building stakeholders from communicating

using specific technologies; third, none of these protocols,

except QLM, have support for piggy-backing (see property 11)

that is of utmost importance to deal properly with products and

systems that are mobile or located behind firewall systems

[22]; fourth, only QLM provide the possibility of making

subscription with callback address (see property 14) that is

an important feature for real-time notifications. The lack of

one of these properties has a significant negative impact on

meeting requirement 2. Given these observations, QLM seems

to better meet the major BLM requirements. Another determin-

ing factor in our decision of using QLM for building lifecycle

management is that QLM can use different payload formats

including, for instance, oBIX objects. Thus, oBIX can be used

as the payload format when communicating with building-

related information systems that already have existing support

for handling oBIX object structures. Our choice is therefore

to use the QLM standards. These standards are introduced in

greater detail in section IV.

IV. QLM MESSAGING STANDARDS

QLM messaging specifications consist of two standards pro-

posals [20]: the QLM Messaging Interface (QLM-MI) that de-

fines what types of interactions between “things” are possible

and the QLM Data Format (QLM-DF) that defines the structure

of the information included in QLM messages. Whereas the

Internet uses the HTTP protocol for transmitting HTML-coded

information mainly intended for human users, QLM is used

for conveying lifecycle-related information mainly intended for

automated processing by information systems. In the same

way that HTTP can be used for transporting payloads in

formats other than HTML, QLM can be used for transporting

payloads in nearly any format. XML might currently be the

most common text-based payload format but others as JSON

and CSV can also be used. The accompanying standard QLM-

DF partly fulfills the same role in the IoT as HTML does

for the Internet, meaning that QLM-DF is a generic content

description model for things in the IoT.

A. QLM Data Format (QLM-DF)

QLM-DF is defined as a simple ontology, specified using

XML Schema, that is generic enough for representing “any”

object and information that is needed for information exchange

in the IoT. It is intentionally defined in a similar manner as

data structures in object-oriented programming. QLM-DF is

structured as a hierarchy with an “Object” element as its top

element. The “Object” element can contain any number of

“Object” sub-elements, which can have any number of prop-

erties, referred to as InfoItems. The resulting Object tree can

contain any number of levels. Every Object has a compulsory

sub-element called “id” that identifies the Object. The “id”

should preferably be globally unique or at least unique for the

specific application, domain, or network.

The high flexibility of the Objects tree makes it possible

to respect a precise structure or data model defined in an

application or by a standard. QLM-DF defines an extension

mechanism that makes it possible to use class inheritance

in similar ways as in object-oriented programming. This ex-

tension mechanism enables the creation of domain-specific

extensions of QLM-DF, while preserving a basic compatibil-

ity between different domain extensions. To date, the QLM

workgroup has created one such extension, called the Physical

Product Extension, which provides specifications for managing

product lifecycle-related information [23]. Similar extensions

respecting IFC specifications is planned to be created in our

research.

B. QLM messaging interface (QLM-MI)

A defining characteristic of QLM-MI is that QLM nodes

may act both as “servers” and as “clients” and therefore

communicate directly with each other or with back-end servers

in a P2P manner. Typical examples of exchanged data are

sensor readings, lifecycle events, requests for historical data,

notifications, etc. One of the fundamental properties of QLM-

MI is that QLM messages are “protocol agnostic” so they can

be exchanged using HTTP, SOAP, SMTP, or similar protocols.

Three operations are possible through QLM:

1) Write: used to send information updates to a node;

2) Read: used for immediate retrieval of information and

for placing subscriptions for deferred retrieval of infor-

mation from a node;

3) Cancel: used to cancel a subscription.

The subscription mechanism is a cornerstone of that standard.

Two types of subscriptions can be performed:

1) subscription with callback address: the subscribed data

are sent to the callback address at the requested interval

(could be interval-based or event-based);

2) subscription without callback address: the data are mem-

orized on the subscribed QLM node as long as the

subscription is valid. The historical data can be polled

by issuing a new QLM read query.

V. BUILDING MANAGEMENT ON THE CAMPUS FIBRE

The goal of this research is to propose portable, interop-

erable and independent information management tools in the



building industry and related areas. QLM messaging standards

are used to fill that need. These standards are implemented in

different rooms on the Campus Fibre5, namely a technical hall,

two computer science lab rooms and one office (equipped with

desktop workstations). This platform will be used for various

experimental purposes:

• to equip the site with an energy and indoor quality air

monitoring system, whose generated data will be available

online. This open data repository will be accessible to any

partners of the project or future collaborators;

• to enable proper modeling based on the acquired data

(e.g., behavioral models of the targeted buildings);

• to enable testing virtual environments and/or energy man-

agement strategies for improving the energy efficiency of

the targeted buildings;

• to develop ambient/intelligent systems to pervasively sup-

port the different actors in their respective missions.

The main purpose in choosing three different types of rooms

is to study the site from different perspectives. For instance,

from an energy consumption perspective, the technical hall is

probably the most interesting room to be considered due to

its strong impact on the campus energy consumption. From a

user comfort perspective, it is easier to develop solutions in

an office than in a technical hall. Fig. 2 provides a view of

both a traditional building lifecycle (from BoL to EoL) and

one of the two lab rooms (denoted by lab room 1) that has

been instrumented with different types of sensors (contact and

temperature sensors) in order to monitor each element involved

in the building energy and the indoor air quality (windows,

doors, radiators, air-conditioning systems).

Section V-A presents the QLM communication infrastruc-

ture, as well as the set of QLM interfaces used in lab room 1.

A. Supervision of a lab room using QLM messaging

The different sensors disseminated over the lab room are

connected to the QLM “cloud” using three distinct nodes

(Raspberry PIs to be exact), as depicted in Fig. 2. The QLM

“cloud” corresponds, in our study, to the set of communications

interconnecting each phase and organization/actor involved in

the building lifecycle, as highlighted in Fig. 2. It is therefore

possible for any organization implementing QLM to access and

convey any lifecycle information related to the building. Let us

consider the example of a service provider for help with veri-

fying the two air conditioning appliances located in lab room 1

(see Fig. 2). This service provider, whose server is hosted on

another geographic site, is now able to send a subscription

request to Raspberry PI 2 to subscribe to data collected by

temperature sensors TS1 and TS2 (see Fig. 2). This actor will

thus continually receive the subscribed values depending on the

type of subscription he has performed (interval-based, event-

based, with or without callback address. . . ). In this platform,

values collected from the different sensors are mainly used to

enrich the building information management (BIM) database

with “real-time” data. Two types of subscription are defined

5http://www.enstib.univ-lorraine.fr/en/home/enstib/presentation/

between the BIM database and the different sensors (CS1 to

CS6 and TS1 to TS6):

• interval-based subscriptions: all temperature sensor val-

ues are subscribed every 15 min by giving the BIM

database address as callback address. Accordingly, the

database is updated at the requested interval with current

temperature values, considering each part and heat source

of lab room 1;

• event-based subscriptions: all contact sensor values are

subscribed “event-based”, by giving the BIM database

address as callback address. In our case, this means that

a new value will be generated in the database each time

a door or a window is closed/opened.

Fig. 3 provides the sequence diagram when subscribing to

contact sensor CS3. In this example, the site administrator

initiates a subscription from his phone by selecting the infor-

mation to be subscribed on Raspberry PI 3 (CS3 is selected).

The administrator also specifies the type of subscription to

be performed (with callback), the callback address (the BIM

database), the duration of the subscription (set to “-1”, which

means as long as the subscription is valid), and lastly the

interval value (set to “-1” that means “event-based”). The

resulting QLM subscription request/message containing all

these parameters (built on the basis of the Object tree described

in section IV-A) is shown in Fig. 3. This request is then

sent to Raspberry PI 3, which creates the subscription and,

subsequently, returns a QLM response to the requestor (i.e.,

the administrator) with the ID of the subscription that can be

useful to cancel the subscription before it expires. Therefore,

each time window 1 is opened or closed, a notification is

automatically pushed to the BIM database using a QLM

response, as illustrated in Fig. 3.

Figures 4(a) to 4(c) and Figures 4(d) to 4(e) respectively

show the behavior of the two types of subscriptions itemized

above, considering a few doors and windows. In the first series

of figures (temperature sensors), values are updated in the BIM

database every 15 min (time window: 5 a.m. to 12 p.m.),

while in the second series (contact sensors) values change in

an impromptu manner (time window: 3 p.m. to 7 p.m.). Based

on such “real-time” information, it is further possible to design

techniques and models to learn and control different parts of

the building and the campus. For instance, a first observation

is that values generated by TS1 and TS2 have a similar

evolution, while values generated by TS3 are continuously

higher than these two sensors. This can be explained because

TS1 and TS2 respectively monitor the temperature of both

air conditioning systems (cf. Fig. 2), while TS3 monitors a

radiator. One may nevertheless wonder whether it is normal

that TS2 is less stable than TS1 (is there any disruption of the

air conditioning system monitored by TS2, or of TS2 itself?).

Another observation, when focusing on CS3 (see Fig. 4(e)),

is that window 1 stays open from 3 p.m. to 7 p.m. It could

eventually be possible, based on this observation, to trigger an

alarm on the concierge’s phone.

Although the collected information is, at the current stage,

only used to enrich the BIM database, the flexibility of
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QLM makes it possible to further extend this platform to

other purposes/phases of the building lifecycle. The collected

information could, for instance, be transmitted in immediate

or deferred ways to repair and design companies, which could

lead to improved maintenance scheduling, product design and

manufacturing procedures. More generally, more advanced

services and interactions among building stakeholders are now

possible using QLM. In situations where organizations would

use different data formats and structures, would implement

firewalls, would like to access information asynchronously or

synchronously, the necessary interfaces would be available.

VI. CONCLUSION

Building Lifecycle Management (BLM) is becoming an

important aspect of the building industry. However, such an

initiative is challenging due to the wide scope that needs to be

covered by BLM, namely the building’s entire lifecycle. The

project may address buildings, data, applications, processes,

organizational issues, people, etc. Most organizations do not

have communication infrastructures that operate across such a

wide area. Infrastructures and applications are often domain-

specific or lifecycle phase-specific, which somehow hinders

their openness. Today, such a limitation is mainly due to the

lack of sufficiently generic and standardized application-level

interfaces that are of major importance to provide the right

building service, whenever it is needed, wherever it is needed,

by whoever needs it. Without an appropriate messaging proto-

col as foundation of a BLM project, the organization will not

be able to evolved to meet the new business needs, especially

when they drastically change.

In this regard, five potential messaging protocols are com-

pared in this paper in order to identify the solution that better

meets the major BLM requirements. This study shows that

JMS and QLM are two good candidates, but our choice turned

to QLM because QLM messaging format is highly flexible

and it has fundamental properties such as the piggy backing,

the possibility of callback address, that contribute to increase

the scope of possible applications throughout the building

lifecycle. A platform set up on a university campus proves

that deploying QLM messaging in building environments is

technically feasible based on cheap and reliable wireless tech-

nologies. Based on this architecture, any partner implementing

QLM is now able to access specific building information, e.g.

to receive real-time data or to retrieve historical values.
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