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Mobile field data entry for concrete quality control information 
 
I.L. Kondratova  
National Research Council of Canada, Institute for Information Technology e-Business, Canada 
 

1 INRODUCTION  

Multimodal interaction can be described as the inte-
gration of visual and voice interfaces through the de-
livery of combined graphics and speech, on hand-
held devices (Hjelm, 2000). This technology enables 
more complete information communication and sup-
ports effective decision-making. It also helps to 
overcome the limitations imposed by the small 
screen of mobile devices. A small screen size, and 
the need to use a pen to enter data and commands, 
presents a great inconvenience for field users - espe-
cially if their hands are busy using other equipment, 
or instruments. Speech processing is one of the key 
technologies to simplifying and expanding the use of 
handheld devices by mobile workers (Burkhahardt et 
al, 2002; IDC Viewpoint 2002). 

2 MULTIMODAL INTERACTION 
TECHNOLOGY  

There are different models for implementing multi-
modal interaction on mobile devices. The fat client 
model employs embedded speech recognition on the 
mobile device and allows conducting speech proc-
essing locally. The thin client model involves speech 
processing on a portal server and is suitable for mo-
bile phones.   

Currently there are two markup languages pro-
posed for creating applications that use voice input 
(speech recognition) and output (speech synthesis) 
and support multimodal interaction. Speech Applica-
tion Language Tags language (SALT) is a light-
weight set of extensions to existing markup lan-
guages, in particular to HTML and XHTML 
(XHTML is essentially HTML 4.0 adjusted to com-
ply with the rules of XML), that enables multimodal 
and telephony access to information, applications 
and Web services from PCs, telephones, tablet PCs 
and handheld devices. SALT applications can be 
implemented using the thin client model with speech 
processing done on the speech server (Moraes, 
2002). 

Another markup language that is currently pro-
posed for developing multimodal Web applications 
is VoiceXML + XHTML (X+V)  (W3C Multimodal 
Activity, 2004). It combines XHTML and a subset 
of VoiceXML (Voice Extensible Markup Lan-
guage). Currently VoiceXML is the major W3C 
standards effort for voice-based services (W3C 
Voice Browser Activity, 2004). VoiceXML provides 
an easy, standardized format for building speech-
based applications. Together, XHTML and 
VoiceXML (X+V) enable Web developers to add 
voice input and output to traditional, graphically 
based Web pages. This allows the development of 
multimodal applications for mobile devices based on 
the fat client model that includes a multimodal 
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browser and embedded speech recognition on a mo-
bile device, and a Web application server (Figure 1). 

While both X+V and SALT use W3C standards 
for grammar and speech synthesis, only X+V is 
based entirely on standardized languages. X+V's 
modular architecture makes it very simple to sepa-
rate an X+V application into different components. 
As a result, X+V applications can be developed in 
parts, with experts in voice programming developing 
voice elements and experts in visual programming 
developing visual ones. X+V's modularity also 
makes it adaptable to stand-alone voice application 
development. Another feature of X+V is that it lev-
erages open industry APIs like the W3C DOM to 
create interoperable web content that can be de-
ployed across a variety of end-user devices 
(VoiceXML Forum, 2004). 

Figure 1. X+V architecture for multiple devices 
 
At the same time, SALT's reliance on the contain-

ing environment makes it very difficult to disconnect 
its coding functions, and makes the language insuf-
ficient for the task of stand-alone application devel-
opment. As a result, the application developer must 
generate different versions of the application for 
each execution environment (for example, mobile 
phones or PDAs from different manufacturers). 

X+V technology for multimodal interaction with 
mobile devices is based on VoiceXML technology 
for voice access to Web services. VoiceXML tech-
nology and examples of VoiceXML field services 
prototypes are described in the following section of 
the paper. 

3 VOICEXML TECHNOLOGY 

VoiceXML technology follows the same model as 
the HTML and Web browser technologies. Similar 
to HTML, a VoiceXML application does not contain 
any platform specific knowledge for processing the 
content; it also does not have platform specific proc-

essing capability. This ability is provided through 
the Voice XML Gateway that incorporates Auto-
matic Speech Recognition (ASR) and Text-to-
Speech (TTS) engines (Kondratova, 2003).  
 VoiceXML allows providers to deliver Web ser-
vices using voice user interfaces (VUIs). Developers 
can use VoiceXML to create audio dialogues that 
feature synthesized speech, digitized audio, recogni-
tion of spoken and touchtone key input (DMTF), re-
cording of spoken input, telephony, and mixed-
initiative conversations (Beasly et al., 2002). The 
words or phrases that a VoiceXML application must 
recognize are included in a grammar. Large gram-
mars can cause application problems because they 
can result in recognition errors. Small grammars can 
cause VUI problems because they require prescrip-
tive prompts that limit the use of natural language 
dialog. However, small grammars could be used 
successfully in designing applications for industrial 
users that are trained in using the application 
(Kondratova, 2003). 

Fat client  

Web server 

Voice only client 

Voice server 

The advantage of using the VoiceXML language 
to build voice-enabled services is that companies can 
build automated voice services using the same tech-
nology they use to create visual Web sites, signifi-
cantly reducing the cost of construction of corporate 
voice portals. A voice portal provides telephone us-
ers, including mobile phone users, with a speech in-
terface to access and retrieve Web content. In the 
next section of the paper, to demonstrate the capa-
bilities and mobile applications of voice technology, 
the author describes several prototype systems de-
veloped for the mobile workforce.   

3.1 VoiceXML for Field Applications 
The full potential of speech-based information re-
trieval for industrial purposes is not yet harnessed 
and there are only a handful of existing field applica-
tions of VoiceXML technology. For example, Flor-
ida USA Power and Light Co. is using a VoiceXML 
based system for field restoration crews. Using mo-
bile phones, restoration crews can find out about 
storm-damaged equipment, and report back to the 
system on the status of the job. 

Considering the widespread use of the mobile 
phone in industrial field applications, there is an op-
portunity to apply VoiceXML technology for field 
applications in construction, manufacturing, power 
and resource industries. These industries can benefit 
from voice-enabling their operations. The ongoing 
NRC research program on Voice and Multimodal 
communications specifically targets industrial field 
applications of Voice Web technologies. 



3.2 Voice Inventory and Time Management 
prototypes 

The Voice Inventory Management System (VIMS) 
prototype, developed at NRC IIT e-Business, allows 
a mobile worker to easily retrieve product and ware-
house information out of the Web-based warehouse 
database, in real-time, using a regular, mobile phone, 
or phone-enabled handheld device and natural 
speech dialog.  

The VIMS application keeps track of a series of 
products and warehouses in a database. All products 
in the database are entered into the VIMS speech 
recognition grammar, so that the grammar is updated 
dynamically with the information on current prod-
ucts in the database. Each product and warehouse 
has a number of attributes. Each product has a price, 
product number and description and is associated 
with the warehouses that product is located in. Each 
warehouse has an address, and information on the 
contents of that warehouse. The system also keeps 
track of product types, represented by a tree that 
links particular types of products together (Kondra-
tova, 2003). 

The Voice Time Management System (VTMS) 
prototype was developed to allow field crewmem-
bers to enter their time in the time management ap-
plication, on the corporate server, using a mobile 
phone. This technology, if implemented, could po-
tentially allow timely billing of the client for the 
field services provided and bring substantial savings 
to service providers. The system was designed to fill 
information as required by the standard timesheet for 
a construction project. 

VTMS is designed to keep track of the user’s 
hours for each job, work number and day and store 
this information in the corporate database. Using 
voice commands with VTMS, a field service worker 
can retrieve and input information from a timesheet 
that is unique to the caller.  A user can retrieve in-
formation such as hours worked on a particular day 
for a unique work number.  A user can also find out 
the total hours worked for the week and the total 
hours worked on a particular work number for a job 
and update time information such as hours worked 
on a particular day (Kondratova, in press). 

Both prototype systems have undergone in-house 
performance and usability testing in an industrial 
noise environment (about 60-70 dB) and were found 
to be performing quite well in terms of accuracy of 
speech recognition and ease of navigation (Kondra-
tova, 2004). However, both prototypes are limited to 
voice only input and output for data entry and ac-
cess. To provide users with multimodal interaction 
capabilities for data entry and retrieval, a multimodal 
field data collection application on the Pocket PC 
was developed using X+V technology. 

4 MULTIMODAL FIELD DATA COLLECTION 

To facilitate speedy field data collection and timely 
decision making, especially in the case of field qual-
ity control inspection it would be highly beneficial 
to use multimodal wireless handheld devices capable 
of delivering, voice, text, graphics and even video. 
For example, "hands free" voice input can be used 
by a concrete technician in the field to enter inspec-
tion information using a hybrid phone-enabled PDA 
and a wireless, Bluetooth technology enabled head-
set piece. This information could be entered directly 
into the inspection forms on the handheld device and 
stored locally in the embedded database or wire-
lessly transmitted to the backend database server. 
Thus, field inspection information could be commu-
nicated in real time to facilitate timely decision-
making on the construction site and at the ready-mix 
plant. This information will be stored in the project 
database and retrieved easily, if needed, in case of 
litigation. By combining a multimodal mobile hand-
held device with a GPS receiver and a Pocket GIS 
system, the gathered inspection information could be 
automatically linked to its exact geographical loca-
tion. In addition, other environmental sensors, such 
as temperature and moisture sensors could also be 
connected to a handheld device, if needed (Giroux et 
al, 2002). 

4.1 Wireless field quality control data entry 
Our current project on wireless, field quality control 
data collection is based on concepts of both multi-
modal and voice field data collection. In this project, 
a field concrete testing technician will be able to en-
ter field quality control information into the Con-
crete Quality Control Database using various inter-
action modes such as speech, stylus and keyboard on 
the handheld device or speech on the mobile phone.  

The multimodal field data entry application 
(MFDE) includes a fat wireless client on a Pocket 
PC that has a multimodal browser and embedded 
speech recognition, and is based on X+V technol-
ogy, described previously in this paper. The voice-
only data collection application is based on the 
VoiceXML technology that allows data retrieval and 
input using natural speech on the mobile phone, 
similar to the VIMS and VTMS applications de-
scribed in the previous section. The high-level sys-
tem architecture for the prototype MFDE application 
is similar to the one shown in Figure 1. This proof of 
concept prototype was developed for the wireless 
Pocket PC utilizing multimodal NetFront 3.1 
browser and a fat client with embedded IBM Via 
Voice Speech recognition engine (IBM Pervasive 
computing, 2004). An embedded relational database 
(IBM DB2 everyplace) was used for local data stor-
age on mobile device.  



4.2 System design and functionality 
The two usage scenarios for the field concrete 

quality control multimodal application are presented 
in Figure 2.  

 
 

 
 
Figure 2. Multimodal field data collection usage scenario 

 
A quality control inspector on a construction site 

will be using a wireless handheld device to collect 
field inspection data. Since the application is multi-
modal, an inspector can fill in the report form by us-
ing voice or stylus. On a site with wireless coverage 
an inspector has the option to update the information 
in the concrete quality control database directly 
through the synchronization server. Thus, inspection 
information is communicated in real time and neces-
sary adjustments to the concrete shipped to the site 
could be made, if needed.  

If there is no wireless coverage on site, an inspec-
tor will be using a stand-alone multimodal applica-
tion on the handheld device. This application utilizes 
an embedded database to store data and access past 
records stored on the handheld device.  Back at the 
office information stored in the embedded database 
will be synchronized with the backend concrete 
quality control database through the synchronization 
cradle, desktop computer and the synchronization 
server. Field information could also be entered into 
the backend database through a mobile phone utiliz-
ing VoiceXML technology as it is done for the 
Voice Time Management system described earlier.  

4.3 User interface design 
The work on the development of the proof-of 

concept MFDE application for concrete quality con-
trol data collection is conducted in collaboration 
with the New Brunswick Department of Transporta-
tion (NBDOT) concrete quality control engineers 
and the University of New Brunswick. A graduate 
student in Civil Engineering, in consultation with 
NBDOT staff, developed field data entry forms for 

concrete quality control information. These forms 
were placed in the Web-based construction project 
management system. We adapted the design of the 
field quality control forms for multimodal data entry 
on the Pocket PC. A screen shot of the Main Menu 
for the concrete quality control multimodal field data 
entry application (MFDE) is given in Figure 3. This 
menu provides options to search, delete and edit old 
reports, as well as, an option to create and save new 
reports using voice and stylus or keyboard.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Main Menu for MFDE (interaction with voice, stylus 
or keyboard) 

 
A Concrete Placing Report form is shown in Fig-

ure 4. It contains drop down menus, as well as entry 
fields for information such as a sample ID or con-
tract number that could be filled in by using a stylus 
or by entering information by voice.   

A Grammar Menu shown in Figure 5 allows mi-
nor editing of the MFDE’s VoiceXML grammar, in-
cluding entering names of new contractors or adding 
material options. The quality control technician 
could do this on-site to keep the information in the 
database current. The grammar for the application is 
dynamically updated by updating information in the 
database. Thus, major grammar adjustments will be 
made using a desktop version of the application and 
later synchronized with the grammar on the hand-
held device.  
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Concrete Placing Report form (interaction with voice 
and stylus or keyboard) 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 5. Grammar Menu (interaction with stylus or keyboard) 

5 TECHNOLOGY CHALLENGES 

In the multimodal prototype development phase we 
experienced some challenges associated with the 
novelty of the multimodal technology, including un-
resolved interoperability issues, mobile OS limita-
tions and also challenges associated with a limited 
number of multimodal browser vendors. We hope 
that the mobile industry will resolve these issues in 
the near future. However, one challenge will remain 
and will require extensive research and testing: the 
usability of this technology in the field. The usability 

evaluation for the multimodal field data entry proto-
type will be conducted during the next phase of our 
research project.  

6 CONCLUSIONS 

The advantages afforded by the field use of multi-
modal and VoiceXML technology to retrieve corpo-
rate and project information and enter field data 
could be substantial. The availability of real-time, 
complete information exchange with the project in-
formation repository is critical for decision-making 
in the field of construction site inspection, as infor-
mation frequently has to be transmitted to and re-
ceived from the project repository right on-site. 

In some cases, when the security and safety of 
people and infrastructure are at stake, the importance 
of real-time communication of field data becomes 
paramount, as, for example, in assessing the damage 
to buildings in emergency situation (Bacheldor, 
2002). In such cases multimodal applications for 
data collection could be used to collect other types 
of information such as digital pictures or video of 
the site.  

In this paper the author described applications of 
VoiceXML and multimodal technology for field 
data collection on the construction site. The multi-
modal field data entry prototype allows concrete 
technician in the field to enter testing data using 
speech and stylus via the handheld device, as appro-
priate. On a site with wireless connectivity the test-
ing results are transmitted in real time and entered in 
to the concrete quality control database, enhancing 
decision-making on the construction project. 

In spite of the current multimodal technology 
limitations, mentioned previously in this paper, this 
technology has great potential to overcome user in-
terface weaknesses for mobile devices, in the field, 
and speed up the data collection and communication 
process. However, the usability issues for this novel 
interaction technology require special attention as 
user acceptance of this technology in the field will 
be, to a large extent, determined by its ease of use. 
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