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ABSTRACT

The Zamani project archives high resolution 3D laser scans
and derivative data sets. The process of creating these
derivatives is not formally specified, repeatable or machine-
executable. As a result, reuse and regeneration of derivative
datasets is often poorly understood and difficult to execute.
The solution proposed in this paper is a workflow manage-
ment system to formally and graphically specify the interre-
lationships among the derivative datasets. The applicability
of the resulting system was assessed through a user expe-
rience study and a series of applicability tests. It took the
user study participants an average of 21 minutes—with an
interquartile of seven minutes—to complete the most com-
plex assigned task. Overall, 76% of the participants found
the system useful, 71% found it easy and simple to use, 90%
found it easy to learn, and 85% were satisfied with the ex-
perience with the system. The applicability of this proposed
approach was validated though the successful integration of
five 3-D modelling workflows, and a user experience study
revealed that users would be able to successfully complete
workflow tasks within the expected time. In addition, the
user experience evaluation indicates that users were satisfied
with the system and found it easy to use and learn.

Categories and Subject Descriptors
H.4.1 [Information Systems Applications]: Office Au-
tomation— Workflow management

General Terms
Design, Experimentation, Human Factors
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The Zamani Project!, an active initiative in the Geomat-
ics Department at the University of Cape Town, aims to
accurately record the physical and architectural nature and
dimensions of African cultural heritage sites. The project
is part of a broader objective to preserve and protect many
of Africa’s natural and cultural heritage sites that are un-
der threat (African Heritage Database). Heritage sites are
mapped using sophisticated technology in order to create a
variety of data types that include 3D computer models and
panoramic photographs.

The project has thus far managed to record sites in Ghana,
Ethiopia, Kenya, Mali, South Africa and Tanzania, and work
to map additional sites is currently underway. These records
are some of the best, and most accurate, heritage documen-
tation in the world. Nonetheless, the documentation pro-
cess of these heritage sites requires a significant amount of
effort. The process includes the capture, storage, manipu-
lation, analysis and management of the geographic, archi-
tectural and photographic data (Riither et al., 2011). Data
is typically manually copied to each point requiring data
input, making the overall process extremely slow and labo-
rious. To save time, an obvious solution is the automation
of the various data processing phases.

Workflow management systems provide a potential solution
to some of these problems due to their ability to decom-
pose complicated procedures into smaller inter-dependent
atomic tasks (Taylor et al., 2006; Deelman et al., 2009),
subsequently increasing the overall efficiency of the pro-
cesses. Their effectiveness is evidenced by the in-
crease in productivity when implementation and in-
tegration is within business and scientific domains
(Brahe and Schmidt, 2007). Most notably, workflow sys-
tems have greatly fostered reproducibility in the field of sci-
ence (De Roure and Goble, 2009). However, the sheer size
and diversity of data objects involved poses a challenge to
traditional workflow systems.

Thus, driven by the unavailability of appropriate workflow
systems for handling large datasets within the Geomatics
field, a suitable prototype workflow system was designed and
implemented by considering specific user requirements and
general workflow system requirements.

While the bulk of this paper is focused on the workflow
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system design and implementation, which is highlighted in
Section 3, Section 2 is dedicated to prominent work associ-
ated with the research conducted; Section 4 outlines the user
experience study and system integration tests conducted as
part of the evaluation of the system; and, finally, concluding
remarks are outlined in Section 5.

2. RELATED WORK

Scientific workflow management has been quite successful
by making it easier for the definition of repeatable experi-
ments and, more importantly, facilitating reusability. The
repeatability is especially helpful to most scientific exper-
iments as replication of experiments is made much easier
(De Roure and Goble, 2009).

There are various products available for composing scientific
workflows. Kepler (Altintas et al., 2004) is one such popular
workflow system, with pre-built models to facilitate compli-
cated workflows. Aside from it being a Free and Open Source
application, a notable feature that makes Kepler stand out
is its ability to effectively separate the workflow from its ex-
ecution, thus allowing seamless batch execution. However,
Kepler is not ideally suited for user tasks as its primary fo-
cus is complex automation. Additionally, its performance is
sub-optimal, as it needs to continuously poll to determine
the status of a given task. A critical system requirement
requires tasks corresponding to an operational model where
user activities are core to the creation of the data. Further-
more, Kepler does not integrate well from an interface point
of view. These shortcomings formed the basis for the design
and implementation of an alternative system. Suffice it to
say, Kepler’s core functionalities were replicated. Another
popular workflow system used within scientific circles is the
Taverna scientific workbench (Oinn et al., 2004), which fo-
cuses on workflow sharing. Tarverna can be leveraged to
utilise services a client has, in order to facilitate the flow by
easily adding services. In addition, the Taverna language
is a simple data-flow language—Simple Conceptual Unified
Flow Language (SCUFL)-that can be encoded in XML.

A major challenge with existing workflow systems is their
inability to process data sets in the Geomatics field with
relative ease. Geomatics concerns itself with the organisa-
tion, representation and processing of geographic data, for
the purpose of querying it and making decisions off the data
(Di Martino et al., 2007). The workflow in Geomatics is es-
pecially distributed and the data sets operated on are rela-
tively large and diverse. Perhaps the most notable reaction
to the lack of appropriate tools for supporting geospatial
workflow processes is work by Zhang (Zhang, 2012). Zhang
proposes a practical approach to developing geospatial work-
flow systems by mashing up “open source and commercial
packages in innovative ways”. More recently, Ai and Xue
(Jianwen and Yong, 2013) devised a grid-based processing
workflow framework to handle large-scale data sets. Ai and
Xue argue for the use of grid services by way of using an
integrated unified processing environment.

3. SYSTEM DESIGN

The system design started off with a requirements elicitation
phase, with design considerations outlined in Section 3.1 as
the main output. The system was then implemented in three
design iterations with the feasibility design, workflow com-
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Figure 1: The Zamani Network Configuration

ponent design and the user interface design done in the first,
second and third iterations respectively.

3.1 Design considerations

The system was generally designed to be integrated with
the overall Zamani project workflow tasks. With that in
mind, the requirements of the Zamani project team mem-
bers were combined with general requirements of workflow
systems (Curcin and Ghanem, 2008) to arrive at a set of
core design requirements outlined as follows:

3.1.1 Workstation configuration

Potential end users of the system generally use workstations
with varying specifications. The workstations are all con-
nected to a high speed local network, as shown in Figure 1.
Task dependent files are typically transferred over the net-
work or via removable drives. The high speed network ad-
ditionally hosts a server that acts as a repository for the
sites.

3.1.2 Task variety

Task processing largely involves creation of derivative data
from existing laser scans, photographs and auxiliary source
data. The tasks are broadly divided into user- and server-
oriented tasks. Server tasks do not require user interaction
and include activities such as removal of duplicate points in
input data, or file format conversion. User tasks are manual
tasks performed by end users, largely involving creation of
derivative data elements. Figure 2 shows a typical data flow
of a given user task. The majority of tasks are automated,
however, there exists some that require manual processing.

3.1.3 Dataflow model
A peculiar characteristic of the data processing steps in-
volved is replication, which occurs when data elements are
added to existing derivatives at almost every step. The sheer
scale of data processed results in large costs during the trans-
fer of data on the network.

3.1.4  Staff turnover

With a relatively small core team, the project generally relies
on interns who regularly cycle in and out of the project. The
impact on workflow tasks due to this high staff turnover rate
would have to be sufficiently dealt with.
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3.1.5 Repeatability

Processes used to create data items are essentially repeated
on all sites. It was thus vital to ensure the design of these
processes was done in such a way so as to facilitate the
reusability of pre-computed processes of other sites, in ef-
fect enabling easy repeatability of experiments.

3.1.6 System integration

An assortment of software tools and services are used during
the modelling and processing of data. It was essential to
ensure the seamless compatibility with existing software.

3.1.7 System backup

Processing sites each comprise of unique data items that are
irreplaceable or otherwise time consuming to regenerate. In
the event of system failures, the system would have to be
implemented in such a way that backing up of this data was
facilitated.

3.1.8 Provenance

The complete history of objects, processes and agents dur-
ing the processing life cycle is a crucial component of
workflow systems (Davidson and Freire, 2008). This en-
sures appropriate analysis of systems and aids reproducibil-
ity. Existing models such as the Open Provenance Model
(Moreau et al., 2011) make it possible for workflow systems
to be implemented with the required provenance in mind.

3.2 Implementation

A three-tiered application was implemented using the
Django? Python Web framework. The system supports mul-
tiple users, each being able to execute a portion of the work-
flow assigned to them. System end users are required to log
in in order to track and manage their associated tasks. Fur-
thermore, end users are categorised into two groups: privi-
leged and unprivileged users. Unprivileged users only have
access to system functionalities to enable them to perform
assigned tasks while privileged users are, additionally, able
to perform administrative tasks such as site setup and task
management.
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Working with Yu and Buyya’s four-element classification for
workflow management systems (Yu and Buyya, 2005), the
system was implemented to support the following core fea-
tures:

3.2.1 File transfer

Through the use of user tasks, files can be transferred to
user workstations from original input file lists. A trigger on
a user task initiates the transfer, with the server connecting
to the host and copying over all required files. The transfer
is manually triggered by system users, owing to the fact that
users can have more than one host. Successful completion
of the task at hand initialises a complementary file transfer
in the opposite direction, uploading all files in the Output
Directory.

3.2.2 Task automation

The ability of the system to facilitate workflows is dependent
on the automation of tasks. A control system within the
server determines tasks that have unmet dependencies; the
candidate tasks are subsequently run via an asynchronous
task. This is job dependent, however, two outcomes are pos-
sible: file transfer or script execution. Once a task is com-
pleted, the generated files are committed to the database.
On the other hand, if a task fails, user intervention is re-
quired to make required changes and restart the process.

3.2.3 Logging

In order to identify and control task failures, a logging fea-
ture was incorporated within the automation framework.
All events linked to a task are added to an append-only
log file. The logging includes file transfer logs for user tasks,
and stdout and stderr.

3.2.4  Site visualisation

A key feature of the system is its ability to represent tasks as
a Directed-Acyclic-Graph. To make the system more usable,
the tasks are represented as graphs within the Web interface
(see Section 3.2.8) by calculating the graph of the sites and
applying a layout algorithm. A spring layout was used, re-
sulting in nodes being joined by edges, with a summary of
each task displayed on the node.

3.2.5 Site setup

Privileged users are able to compose workflows with relative
ease through the creation of Jobs and Tasks. Once a task
is added, dependencies can be added visually. In addition,
existing site structures can be cloned, thus simplifying the
creation of new sites.

3.2.6 Database

SQLite® was used as the system data source, but any Rela-
tional Database Management System could easily be used.
An authentication module was used to support user data, in
order to manage users and permissions on the system.

3.2.7 Workflow framework

A key feature of the workflow framework is its ability to
execute tasks asynchronously, with each Job type handled
separately.
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One to One Job type. This Job type executes a given script
on all input files. The system generates a list of absolute
paths and then executes the script using two parameters:
an input file and output directory.

Many to One Job type. The execution path of this Job
type is similar to One to One Job type, however, the corre-
sponding script is only run once. In addition, all input files
are passed as arguments, along with the output directory.

User Job type. A User Job is split into multiple parts. The
main object is to ensure effective network communication
between workstations and servers during the transfer of large
files with minimal redundancy. rsync® was used to facilitate
file transfer of segments not yet transferred. Figure 3 shows
the components used to execute user tasks. Each compo-
nent is implemented using an asynchronous object and each
component can be used at any point during the task’s life
cycle.

3.2.8 User interface

The use of a Web interface was appropriate, in part, due
to the possibility of accommodating multiple system users.
Django’s View subsystem was used to serve HTML via the
following views:

Task overview. This view displays users’ outstanding tasks
as well as a team overview—providing a project-wide
overview. Links are also available to enable easy access to
individual tasks. Furthermore, users are able to filter tasks
on specific sites.

Task control. This view provides an overview of actions
associated with specified tasks. Privileged users addition-
ally have access to a link to enable task editing. Logging
information is also visible to provide the complete history
associated with the selected tasks.

Task editing. This view enables privileged users to specify
task parameters during initial task setup, and also to assign
tasks to appropriate system users. Task dependencies, such
as input files, are equally specified using this view.

Site view. The purpose of this view is to provide a site-
wide visualisation, with each node indicating the current
task status. Figure 4 shows a screenshot of the site view.

4. EVALUATION

The successful integration and utilisation of the system into
the existing production environment was hinged on two pri-
mary goals: its ability to be incorporated into the daily
users’ workflow with minimal disruption; and its effective-
ness with regards to managing data items and task coordi-
nation between end users and the system.
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The overall assessment of the two goals was performed
through a user experience evaluation exercise and system
integration tests.

4.1 User experience

The user experience evaluation involved assessing the system
quality in terms of its usability. To that end, the following
usability attributes were evaluated:

m Learnability: the system’s ability to enable end users
to easily learn how to use it

m Efficiency: the relative timeframes required to com-
plete system-defined tasks

m Satisfaction: end users’ attitude towards the system as
it pertains to difficulty; confidence performing tasks;
and system likes/dislikes

m Error: frequency of logical errors, such as deviations
from intended path

m Effectiveness: general user efficiency based on prede-
termined levels with respect to speed, error frequency
and performed steps

m Simplicity: user effort required to complete system
tasks

4.1.1 Approach

In order to avoid potential confirmation bias from occurring,
system stakeholders were not involved in the user evaluation
exercise. 24 participants were thus randomly recruited from
the university population—a sample pool comprising partic-
ipants with no knowledge of modelled system tasks.

Ethical clearance approval was sought prior to conducting
the user study. The participants had technical competencies
ranging from novice to expert. The participants were given
small rewards for participation in the study.

The participants were required to complete two tasks that
corresponded to two main system user activities: manage-
ment of individual tasks; and workflow setup.

Task #1: Complete a simple workflow. A web-based ap-
plication was created to simulate typical actions of an un-
privileged user performing outstanding tasks. A site was
created containing three tasks that were assigned to the test
user. General usability aspects of the system were being
evaluated and, as such, the artefacts used during the evalu-
ation were non-cultural heritage artefacts.

Three Python programs were set up to represent user tasks
to be executed. For Task one and Task two, participants
were simply required to run the desktop application. Task
three, however, was aimed at testing participants’ under-
standing of the system.
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Task #2: Set up a simple workflow. In order to simulate
the role of a privileged user, participants were required to set
up a sample workflow. The tasks were designed to represent
a workflow for generating a PDF file with a text file as initial
input.

Figure 5 illustrates the basic workflow steps required to gen-
erate the final PDF output. The same illustration was pro-
vided to participants to act a guide on the actions required
to complete the task. To ensure that each user experienced
the system in the same way, it was restored to its previous
state after each test.

Post-survey USE questionnaire. A post-survey online
questionnaire, prepared using LimeSurvey®, was used as the
primary method for data collection. The USE question-
naire (Lund, 2004) was adopted to measure participants’
user experience. The questionnaire was designed to trigger
emotional responses in order to elicit usability attributes in
terms of: Usefulness; Ease of Use; Ease of Learning; and
Satisfaction. Additionally, the questionnaire was designed
to duplicate participants’ responses in order to avoid Acqui-
escence Response Bias (Winkler et al., 1982).

4.1.2 Results and discussion

Task #1: Complete a simple workflow. The results in-
dicate that Participants generally found the system useful
and felt it would enable them to become more productive.
This is evident from the stacked bar plot shown in Figure 7.
Significantly, 76% of the participants found it useful. In ad-
dition, most users were observed to easily use the system.
Notably, there was a slight delay, for roughly 30% of partic-
ipants, between completion of the first task and beginning
of the second task. Owing to the fact that data was being
transferred back or tasks awaiting validation, the partici-
pants waited for the system to indicate the status change.
However, the validation was manual; an interactive task re-
porting mechanism may thus be desirable.

Participants’ responses for the Ease of Use aspect are shown
in Figure 8. The number of steps required to complete the
task was considered minimal by 80% of participants, and
very few inconsistencies were noted. 71% of participants in-
dicated that the system was easy and simple to use. The
ability of the system to seamlessly recover from mistakes
led to most participants agreeing with the flexibility aspect.
Nonetheless, participants initially found the explicit specifi-
cation of input files and output folder confusing.

The results from the Ease of Learning aspect is shown in
Figure 9. 90% of the participants found the system easy
to learn, and most of them indicated that they could eas-
ily remember steps required to perform the task. Interest-
ingly, 75% considered themselves skillful at performing the
assigned task, although they had only used it for a short
period of time. This was further confirmed through obser-
vations made during the test; most of them started off at a
slow pace, but their task action speed gradually increased
and became more decisive.
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As shown in Figure 10, 80% of participants were satisfied
with the experience with the system and were confident of
completing the assigned task with relative ease. From the
observations made, some users showed clear signs of satis-
faction as they became more familiar with the interface.

From the system transactional logs, participants took an
average of seven minutes to complete Task #1. The maxi-
mum time taken to complete the task was 12 minutes. The
interquartile range was determined to be between five and
eight minutes, confirming that most participants efficiently
accomplished the assigned task.

Task #2: Set up a simple workflow. With 85% and 80%
of the participants finding the system effective and produc-
tive, respectively, and 94% acknowledging its usefulness, it
is safe to assume that most users found the system useful.
This is further supported by additional responses shown in
Figure 11. From the observations made during the exercise,
most of the participants were quick to understand what was
expected of them and effectively built the workflow. All
users managed to complete the assigned task.

A number of user responses shown in Figure 12 indicate the
general perception with regards to the ease of use of the sys-
tem. Most notably, 85% of the participants indicated that
the system was simple and easy to use. 75% were easily able
to recover from logical errors, and a similar number com-
mented favourably of the ease of use of the system. While
monitoring user interaction, it was observed that users nav-
igated the entire page before deciding on how they would
add specific tasks.

Participants were quick to determine general system func-
tionalities, and how to perform actions efficiently. As shown
in Figure 13, 80% of their responses point to the fact that
they perceived the system to be easy to learn.

The participants’ satisfaction is evident from Figure 11, with
90% indicating they were satisfied and 75% finding it fun to
use. The emotional responses provided more insight into
their experience and results show a significant number of
them perceived it to be something they would need to have.

As with the first task, it took the participants an average
of seven minutes to complete the assigned task. However,
the interquartile range was between five and nine minutes.
While most of them immediately became efficient at per-
forming the task, some of them spent a significant amount
of time staring at the visualisation since they thought the
previous tasks had been removed. This was as a result of
the drag-and-drop functionality not being apparent.

4.2 System integration tests

Since it was essential to assess the applicability of managing
and coordinating production environment tasks, system in-
tegration tests were performed by implementing a subset of
production environment tasks. The lengthy process required
to build 3D models necessitated the need to only test a sub-
set of the entire workflow. The initial five steps—Scanning
the Object, Cleaning the Scans, Preparation for Registra-
tion, Meshing and Transformation of Scans—of the Zamani
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3D modelling process (Riither et al., 2011) were successfully
implemented using the workflow system. Figure 6 shows a
screenshot of a typical workflow execution process as would
be performed by the system.

Movement and processing of data is the most expensive
phase of the process and, as such, the system is designed in
a way that enables data movement to be directly offloaded
to rsync, whereas the data processing is offloaded to native
applications. The system management of these activities
outperforms these tasks, thus binding system performance
to them. It is due to this reason that an explicit system
performance evaluation was deemed unnecessary.

The system test revealed that filtering workflow at the site
level is not ideal. In addition, the integration tests identified
the need to store workflows at finer levels so as to decrease
set up time, by preventing workflow replication at building
level. A viable alternative is nesting in hierarchies.

S. CONCLUSION

Working with explicit user requirements from end users cur-
rently making use of a manual processing workflow for han-
dling large-scale data sets, a workflow management system
was designed and implemented. Partial integration of pro-
duction environment workflow steps proved the feasibility
and effectiveness of the proposed approach. A strong fo-
cus on end users necessitated the need for a user experience
study. The results from the user experience study indicate
that potential system end users would find it useful and easy
to use.

The development and evaluation of this prototype workflow
system for geographical information systems shows that it
is indeed feasible to automate such workflows, in a manner
that affords users a satisfactory user experience. As research
data becomes a prominent topic in digital archiving, the spe-
cific issues of large data sizes and derivative datasets that are
characteristic of GIS data need to be addressed. The pro-

totype in this work suggests that specialized workflow and
automation systems can successfully improve on the user
experience.

During the course of this work, various possible extensions
and improvements to the system were identified. The addi-
tional features would especially improve the system in terms
of performance, usability and set up times. A crucial aspect
of the system is its ability to scale and handle significantly
larger and complex workflows. The system would thus have
to be distributed in order to reduce the bottleneck in pro-
cessing Server Tasks. Creation of derivative data items is
central to the system, however, it is often the case that
some files within a site change without creating an addi-
tional copy. An additional filtering technique needs to be
utilised, preferably through the use of rule-based filtering,
to place greater control on output files. Finally, abstracting
workflows through hierarchies would allow for better control
and reusability of tasks.
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Figure 7: Task #1: Rate the system in terms of Usefulness in the following categories
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Figure 8: Task #1: Rate the system in terms of Ease of Use in the following categories
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Figure 9: Task #1: Rate the system in terms of Ease of Learning in the following categories
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Figure 10: Task #1: Rate the system in terms of Satisfaction in the following categories
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Figure 11: Task #2: Rate the system in terms of Usefulness in the following categories
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Figure 12: Task #2: Rate the system in terms of Ease of Use in the following categories

1 could not remember what to do —
I found it difficult to get used to —
It is easy to learn to use —

I quickly became skillful —

I learned to use it quickly —

I easily remember how to use it —

Percentage

I Strongly Agree B Agree W Somewhat Agree [ Neutral
N Somewhat Disagree [l Disagree B Strongly Disagree

Figure 13: Task #2: Rate the system in terms of Ease of Learning in the following categories
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Figure 14: Task #2: Rate the system in terms of Satisfaction in the following categories
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