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ABSTRACT 

Context: The Human Machine Interface (HMI) for Intelligent Electronic Devices (IEDs) is limited in 

its capability and is often the most common cause of failure when interacting with devices. A new 

approach to interact with these devices is needed with focus on improving interaction and effective 

visualization of information.  

Objectives: In this thesis, we investigate and propose a solution to visualize data of existing IED in 

interactive way. A mobile based prototype is proposed to list alarms, events and disturbances. Further 

single line diagram shown with capability to switch controls. Objective of proposed solution is to 

investigate specific use of mobile device from the perspective of usability and compare the new 

prototype with existing use of IED monochrome screen interface. 

Methods: Mixed approach based on qualitative and quantitative methods is conducted for analysis of 

the problem, method and approach to solve the problems in the domain of Substation automation. 

Analysis of the problem was carried out with the literature review of the technical documentation of 

IEDs. Experiments are performed in real environment to test and verify the usability of prototype.  

Results: Experiments results of proposed solution indicate that new approach is acceptable. The 

interfaces developed in mobile provide better results than traditional interfaces of IED. The difference 

between them is significant.  

Conclusions: We conclude that mobile usability gives better interaction, freedom, visualization of 

information and enhance the users’ experience by providing context specific information as compared 

to the existing Local Human Machine Interface of Intelligent Electronic Devices. The study provides 

strong results that recent developments of mobile technologies have revolutionized users’ possibilities 

to access information in an easy and better way. 

 

Keywords: Human Machine Interface, Intelligent Electronic 

Devices, Mobile Usability, Interaction, Visualization 
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1 INTRODUCTION 

Intelligent Electronic Devices (IEDs) are complex logical circuits that measure hundreds of 

parameters at a time. Configuring and maintaining such devices pose a challenge because of 

the amount of parameters the users would have to be able to understand and work on. This 

becomes even more challenging at remote locations where there is no immediate support or 

access to information systems. This is usually the case for these devices. Quite often a 

technician is sent out in the field who has limited knowledge of the system. This makes it 

difficult for him or her to troubleshoot the system without consulting an expert or 

appropriate documentation. 

The first IED was introduced in the early 1980s. These devices were based on 

microcomputer technology. In comparison with electromechanical devices, these devices 

started revolution of protection, substation control and automation practices [1][2]. Most 

substations contain a large number of IEDs. These devices became mainstream product in 

power system due to growth in the number of IEDs [3]. 

The local Human Machine Interface (LHMI) or simply speaking, the user interface for IEDs 

in Figure 1.1, is limited in its capability and is often the single most common point of failure. 

A new approach to interact with these devices is needed with the focus on improving 

interaction, effective visualization of information using evolutionary new interaction 

technologies. 

 
Figure 1.1: Local HMI for 650 Series 

This research was an industry based which aim mobile usability to visualize information of 

IEDs installed in electrical networks. Possible area is to look at use of mobile devices and 

explore how the current use cases are adopted for mobility. Other interesting areas with 

regards to this domain are use of technologies like Augmented Reality, 3D, or Wireless 

Communication and Collaboration to improve the use cases for the operators. 
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1.1 Context and Industrial Application 

ABB is a global leader in power and automation technologies. They enable their customers 

to increase productivity and improve the efficiency of their system. ABB’s success has been 

driven particularly by a strong focus on research and development [4].  This thesis has been 

conducted at ABB Corporate research center in Västerås, Sweden. It is a part of large 

research project substation automation. These systems and their use are discussed in Section 

2 and 4 in detail.  

1.2 Thesis Outline 

The structure and brief description of the thesis outline given below.  

 Chapter 1 – Introduction 

In the introductory section the subject of this thesis, context and industrial application and 

structure of the thesis is discussed.  

Chapter 2 – Background 

The importance of IEDs in Substation Automation System is defined in this section. First we 

will look at Substation Automation System, protection and control IED manager and later 

will focus on local HMI of IEDs. This study will help to describe the user study problem to 

identify the area of improvements. 

Chapter 3 – Purpose and Motivation 

In this section the purpose of thesis is described, starting with background and problem 

statement. The research methodology are proposed by defining aim and objectives,  and 

research questions. 

 

Chapter 4 – The Local Human Machine Interface of IED 

This section investigates the current system, how information is visualized on the local 

human machine interface of IED. There are a lot of interfaces of LHMI, but we will discuss 

limited interface for the scope of this thesis. 

 

Chapter 5 – Mobile Devices and User Interface Design 

This section investigates how user interface guidelines for mobile devices with Graphical 

User Interfaces (GUI) can be used. Natural-User-Interfaces (NUI) in terms of logical 

information structures, relevant feedback and how to design to facilitate interaction. 

Advances in mobile technologies and user experience android design discussed. 

Chapter 6 – Design and Development of Prototype 

In this section talk about the methodology adopted to carry out this research. Analyzing the 

user study of problem, part of research has been conducted prior the thesis project started. 

Further, initial design phase, Low fidelity mock-ups were designed and high fidelity working 

prototype was discussed. 
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Chapter 7 – Empirical evaluation and results 

The section demonstrates the evaluation of prototype. It focuses on the usability test and 

result. User profile, settings, pilot test, procedures, SUS scale, user tasks and results 

demonstrates evaluation environment of the developed prototype. 

Chapter 8 – Discussion and Conclusion 

This section discusses the results and concludes the thesis work. Further answers to the 

research question are given. 
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2 BACKGROUND 

IEDs are the key component of substation integration and automation system. These devices 

contain valuable information, operational and non-operational, needed by many users within 

the utility. Substation integration involves integrating protection, control, and data 

acquisition functions into a minimal number of platforms to reduce operating costs and 

control room space. The IED manager PCM600 tool helps the user to manage and control 

equipment. [5] 

2.1 Substation Automation System (SAS) 

First we need to understand what is Substation. According to ABB[6], electricity is stepped 

up and stepped down to higher and lower voltages several times on its way from the power 

generation plant to the consumer. This take placed at a substation.  

A substation automation system is a key component of ABB’s smart grid portfolio. An 

advance ABB Substation Automation System (SAS) is shown in the Figure 2.1.  It perform 

data acquisition, remote communication, fault evaluation, protection and supervision 

control.[7] IEDs for protection and control are an integral part of the SAS.  Both SAS and 

IEDs combined together ley the foundation for all the higher-level remote functions such as 

advanced power system management, and the monitoring of the condition of the equipment, 

while it is in service. [8] 

ABB has over 100 years of experience in building substations. A typical air-insulated 

substation consists of the following equipment’s, all of which is manufactured by ABB. [6] 

 Switchgear, including circuit breakers, for interrupting rated and short-circuit current 

 Dis-connectors for visibly cutting power during no-load conditions 

 Earthing switches for connecting parts of the substation to earth 

 Power transformers for stepping the voltage up and down 

 Instrument transformers for measuring the current or voltage 

 Surge arresters for protecting the switchgear from high over-voltages caused by 

lightning 

 A control building, housing the medium voltage switchgear as well as the electrical 

control and protection systems. 

 Substation automation, control and protection systems for the electrical equipment in 

the substation 

 

The last category Substation automation, control and protection system for the electrical 

equipment in the substation was focus of this thesis.  
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Figure 2.1: Substation Automation Systems 

2.2 Protection and Control IED Manager: PCM600 

The Protection and Control IED Manager PCM600 tool helps the user to manage protection 

and control equipment all the way from application and communication configuration to the 

disturbance handling, including automatic disturbance reporting. In Figure 2.2, PCM600 

interact with IEDs over the fast and reliable TCP/IP via corporate LAN or WAN, or 

alternatively directly through the communication port on the front of the IED. PCM600 tool 

is able to read and write all configuration and setting data of an IED with a single 

command.[9] 

Protection and Control IED Manager PCM600 offers all the necessary functionality to work 

throughout all stages of the IED life cycle.[10] 

 Planning 

 Engineering 

 Commissioning 

 Operation and disturbance handling 

 Functional analysis 
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Figure 2.2: PCM600 connected locally or remotely to IED 

2.3 Local HMI of Intelligent Electronic Device 

The basic operation includes monitoring and checking procedures in a normal IED use 

situation. All the basic operation can be performed via the PCM600 or with Local HMI. [10] 

 Checking alarms and events 

 Checking object states 

 Monitoring measured values 

 Checking function setting parameters 

 

The Local HMI of the IED shown in Figure 2.3 is used for setting, monitoring and 

controlling. The LED panel and a serial communication port are on front side. The parameter 

setting tool in PCM600 toolbox installed on a PC is used to set parameters via the serial port. 

It contains the following elements:  [11] 

 Display (LCD) 

 Buttons 

 LED Indicators 

 Communication port for PCM600 
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Figure 2.3: HMI of Relion 650 Series 

2.4 Authorization in IED 

2.4.1 Default user and roles 

The user roles with different user rights are predefined in the IED. The IED users can be 

created, edited and deleted only with PCM600. One user may belong more than one user 

roles. Default user and roles are given in the Table 1.[10] 

User Names User Rights 

Super users Full rights, only presented in LHMI. LHMI is logged on by default 

until other users are defined 

Guests Only read rights, only presented in LHMI. LHMI is logged on by 

default when other users are defined (same as VIEWER) 

Administrators Full rights. Password: Administrator. This user has to be used when 

reading out disturbances with third party FTP-client 

Table 1: Default Users of IEDs 

2.4.1.1 Predefined User Roles 

In table 2, there are different roles of users that can access or operate different areas of the 

IED and tool functionalities. Ensure that the user logged on to the IED has the required 

access when writing particular data to the IED from PCM600. More information is available 

in the PCM600 documentation on ABB Official Website.[10] 

 

User Roles Role Explanation User Rights 

VIEWER Viewer Can read parameters and browse the menus 

from LHMI 

OPERATOR Operator Can read parameters and browse the menus as 

well as perform control action 

ENGINEER Engineer Can create and load configurations and change 

settings for the IED and also run commands and 

manage disturbances 

INSTALLER Installer Can load configurations and change settings for 
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the IED 

SECADM Security 

administrator 

Can change role assignments and security 

settings 

SECAUD Security auditor Can view audit logs 

RBACMNT RBAC 

management 

Can change role assignment 

Table 2: Predefined User Roles 
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3 PURPOSE AND MOTIVATION 

The IEDs and PCM600 are integral part of Substation Automation System. But IEDs have 

significant role on the system effectiveness, reliability and cost of a solution. A number of 

IEDs installed in large electrical grids and operated by power suppliers for monitoring and 

controlling. At any given time there could be alarms, events and disturbance in IEDs. 

Operators need to make decision and fix it as soon as possible in order to avoid power 

failures.  

 

Figure 3.1: Example of migration to the digital substation 

The IEDs in Figure 3.1 are protection and control devices installed in electrical networks at 

different points. The function of these devices is to measure the different parameters on the 

grid and cut off supply (just like a circuit breaker or fuse) in case these parameters go above 

limits for example, too high voltage or current etc. [12][13]. It is not easy to quickly identify 

the problem areas, the key issue is data analysis with limited HMI when errors occur.  

3.1 Problem Statement 

The key issue is data analysis with limited human machine interface (filtering, sorting, 

patterns, data sharing and limited documentation) using monochrome display of IEDs. The 

local HMI or simply speaking, the user interface for these devices is limited in its capability. 

It is often the single most common point of failure. The operators of IED should be able to 

analyze the information (alarms, events, disturbances) through wireless communication. 

They are not only getting an overview of the system status but also identify different types of 

alarms, on/off events, filtering mechanisms, a way to download disturbance recording, help. 

It is difficult to visualize the alarm list presented in previous chapter, especially when there 

are multiple variables involved. Even difficult to identify the on/off events from given list in 

Local HMI of IED. We need a way to interactively filter the visualized data, trends and 

patterns can easily see. So both demand and opportunity need a new approach to interact 

with these devices is needed with the focus on improving interaction, effective visualization 
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of information and Supporting help while using evolutionary new interaction technologies. 

New solution provides the abstract information with charts, dashboard, visualizing the status, 

filtering mechanism. 

3.2 Aims and Objectives 

IED Manager PCM600 was first attempt to visualize the data and several accepted 

techniques (lists, graphs, etc.) were used, specific use of mobile device from the perspective 

of usability have yet to be accessed. The aim of this research is an attempt to come up with 

solution to visualize data in interactive way. A mobile based prototype is proposed to list 

alarms, events and disturbances. Further single line diagram shown with capability to switch 

controls. Objective of proposed solution is to investigate specific use of mobile device from 

the perspective of usability and compare the new prototype with existing use of IED 

monochrome screen interface. 

 Choose appropriate information visualization techniques to visualize the data. 

 To demonstrate the concept, implement a functional prototype. 

 Evaluate the users’ perception on the use of prototype. 

 Compare the new prototype (Mobile HMI) with traditional use of IED monochrome 

screen interface (Local HMI). 

 

3.3 Research Questions 

Since the existing system uses monochrome display to visualize the data is perhaps limited 

in its capability. Suggested system uses the latest mobile technology to visualize the data. 

This research was attempted to answer the following three questions: 

 

RQ1: What are the main aspects of IED User Interfaces that needs to be consider for Mobile 

Human Machine Interface? 

The aim of this question is to identify the key challenges in Local HMI of IED. We will 

address this research question in section 4 of this research. 

 

RQ2: How to design and implement Mobile Human Machine Interface of IED? 

The aim of this question is to investigate how to visualize data in mobile interface. A 

prototype will be design and develop to address this question. We will address this question 

in section 6. 

 

RQ3: Does the use of Mobile Human Machine Interface of IED facilitate usability over 

existing system? 

The aim of this question is to investigate mobile usability by experiment. Evaluate the result 

using SUS Likert Scale. We will address this question in section 7. 
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3.4 Methodology 

Mix approach based on qualitative and quantitative methods was used to answer the research 

questions as shown in the Figure 3.2. Analysis of the problem was carried out with literature 

review of technical documentation to answer the RQ1. This study was used to find out 

possible areas of improvement within interaction, usability and visualization. Based on 

finding from Analysis phase, RQ2 was answered in prototype design and implementation. In 

the final stage usability testing aims on defining usability weaknesses, which can influence 

the performance and efficiency of tasks completion. To evaluate the use of mobile usability 

for IEDs, an empirical task based user experience was conducted. 

 
Figure 3.2: Research Methodology 
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4 THE LOCAL HUMAN MACHINE INTERFACE OF 

IED 

In the context of IED, the data is presented in the form of ‘Alarms’, ‘Events’, ‘Disturbances’, 

‘measurements’ and single line diagram for controlling. The task of the operator of IED is to 

analyze this data and ensure smooth system operation by taking correct action in case of fault 

indication. A lot of information is displayed on the IED local screen. Hence the focus of this 

research would be to visualize the alarms, events, disturbances, measurement handling and 

controlling single line diagram. 

The Local HMI includes a graphical monochrome display with a resolution of 320 x 240 

pixels shown in the Figure 4.1. The following interfaces are considered for implementation 

purposes during this thesis work.  

4.1 Dashboard 

The Main menu as shown in the Figure 4.1 contains main groups which are divided further 

into more detailed submenus. It is a dashboard of the existing system. At any point this 

screen does not display any overview of the system. How many alarms, events or 

disturbances occurred at any point in the system?  

 
Figure 4.1: dashboard of Local HMI of IED 

4.2 Monitoring Alarm Data 

Alarms are notifications of the system activity as shown in figure 4.2. They represent the 

type of the alarm, date and time when alarm was generated. Two more variable showing 

either this alarm are acknowledged and what is the current status. At any point in time, an 

operator may be looing hundreds of alarms. It seems impossible to Searching through these 
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alarms and find the pattern. The Current system does not support filtering mechanism. 

Active alarms are indicated by the alarm LEDs. The alarms are configured with PCM600. 

[10] 

 
Figure 4.2: Alarms list and detail of Local HMI of IED 

4.3 Monitoring Events 

The event view contains a list of events in the Figure 4.3. The events are grouped by day and 

each event takes one line. The most important variable is status (On, Off). There is no 

mechanism to filter list of events. It is time consuming to categorize the events based on 

status.[10] 

 
Figure 4.3: Monitoring Events of Local HMI of IED 
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4.4 Monitoring disturbance recorder data 

The IED is provided with flexible and intelligent functionality that collects different kinds of 

data. The recorded data is good for post fault analysis.[10] Read individual disturbance 

recording from the IED with the PCM600 software to monitor disturbance recorder data. It is 

hard for operator to share recorded data with someone in the control room to analyze. 

Sample disturbances record data is shown in the Figure 4.4. 

 
Figure 4.4: Disturbance recorder of Local HMI of IED 

4.5 Controlling circuit breakers and dis-connectors 

The primary equipment can be controlled via the LHMI with the Open and Close button. 

Initially Single Line Diagram is created with PCM600 and shown in the Figure 4.5. The 

current interface to access or control the Single Line Diagram screen is given below.[10] 

There should be a way to select the circuit breakers from given list.  

 
Figure 4.5: Example of Single Line Diagram of Local HMI of IED 



 

  23 

4.6 Patterns and Trends 

It is difficult to identify the trends and patterns from bulky list of alarms, events, 

disturbances. In order to analyze the data operator need to perform some query to find the 

information. A number of scenarios are given below but there could be more. 

 How many alarms, events and disturbances are generated? 

 What is the status of those alarms and events? 

 How many alarms, events and disturbances are acknowledged? 

 How to download and share the recorded data? 
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5 MOBILE DEVICES AND USER INTERFACE DESIGN 

Human Computer Interaction (HCI; also sometimes referred as Man-Machine Interaction) is 

an area of research and practice that term known since the early 1980s, initially as a specialty 

area in computer science[14], [15]. HCI has expanded during last three generation, attracting 

professionals from many other disciplines [15]. So, it is a multidisciplinary field; main 

disciplines that are covered within HCI include psychology, ergonomics, sociology, 

Computer science and engineering [16].  

The increasing impact of digitization of our daily lives is gaining new momentum. Mark 

Weiser’s vision on ubiquitous computing were true that information appliance will be a big 

part of the future[17]. Information is everywhere anytime, digital and physical world 

interconnected. Hardware and software components collaborate unobtrusively to provide 

services to the users. [18] 

“Specialized elements of hardware and software connected by wires, radio, waves and 

infrared will be ubiquitous that no one will notice their presence.”[18] 

An interface that confuses the users and hard to manage cannot ensure the useable design. A 

usable interface design for the mobile device must for the reason easy to use and give 

relevant information about the feature[19]. But designing for mobile medium involves a 

series of challenges on human-computer interaction[20]. A number of challenges arise like 

small keyboard, limited memory, small screen size and limited space for displaying 

information[19]. Despite of these challenges, designer and technologist take advantages of 

mobile medium in era “Always on, always with you” that leverage the following four 

factors[21]. 

 Ubiquity: Connect to the internet from anywhere and at any time. The freedom of 

ubiquity creates new means of delivering information, experience to customer and 

entertainments.  

 Accessibility: Accessing everything that is internet based. You can pull information 

down or push information up to the internet. 

 Connectivity: Staying connected to your social circle at all times 

 Location Sensitivity: Knowing where you are and serving up content based on 

where you are standing. 

 

A successful mobile design first focus on ever-evolving current trends and transitions in the 

handset industry, second focus on communicates its content with simplicity and ease. It does 

not overpower the click stream, limited number of tabs/clicks for performing user tasks. The 

displayed information ensure fast-loading and logical read. It safely prioritization of 

information and accommodates the presentation in the small-screen environment. [21] 

Interaction designer of mobile devices must create powerful experience that fit into people’s 

everyday lives. It is not about how visual looks but how it behaves – every bit of 

information, every click, every screen determines the quality of the user experience[21]. 
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“When designing for mobile, we must place serious consideration toward where the software 

will be used, what it will be used for, and what the target mobile operating system and 

mobile device will be. Will the mobile site or application be design for iphone environment, 

a Google Android environment, or a Symbian environment?”[21] 

5.1 Advances in mobile technology 

Recent advances in wireless technologies open new era of computing – mobile computing. 

Mobile computing is a technology that enables the users to access digital resources with 

central information system regardless of time and location [22].  The handy devices (e.g. 

mobile phones, laptop, smartphone and tablets) are resultant of wide spread in digitization. 

Mobile Devices (e.g. Smartphone and Tablet PC) in Figure 5.1 are increasingly becoming 

most effective and convenient communication tools not bounded by time and space. In 

recent years, the rapid development of mobile computing, introduce a new way in the form 

of mobile applications (e.g. Google apps and iPhone apps) for industrial settings. Mobile 

users accumulate services from mobile applications which run on the same device or remote 

servers.  [23]. The smartphones are closing the gap between classic mobile phones and 

portable computers. The manufacturers are working on making new models with improved 

performance and interaction design. 

 
Figure 5.1: Android based smartphone and Tablet from left to right 

Innovative and improved usability solutions in form of mobile applications have enabled 

operators and maintenance engineers to complete their tasks in effective way. As a result, 

mobile solutions are able to increase productivity, efficiency and satisfaction of work. 

Furthermore, these solutions increase situational awareness when used within factories and 

enabled field workers to access control systems without needing to relay on each other’s for 

information access 

5.2 Mobile Devices With Natural User Interface (NUI) 

Mobile devices were built on classic Graphical User Interface (GUI) combinations like 

keypads and buttons. This interface applied additional layer of interaction controllers in term 
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of mechanical buttons. The GUI based mobile phones will be most likely replaced by new 

generation mobile phones called Smartphone. Many smartphones have evolved from block-

like cellular device to high-tech multifunctional device. One of the significant changes in 

today’s phones has adopted Natural User Interface (NUI), such as touch screens. The 

mechanical buttons have been replaced by a virtual representation of keypad and button on 

the display. 

"A natural user interface is a user interface designed to reuse existing skills for interacting 

directly with content"[24] 

In Figure 5.2, List of common patterns for touch screen and interactive surfaces. [25] 

 
Figure 5.2: Smartphones with NUI enabled 

5.3 Android platform 

Android is an open-source mobile operating system based on Linux platform announced by 

Google in 2007. It is composed of operating system, middleware, user’s interface and 

application software. The prominent characteristic of this platform is open-source which 

gives application developers more freedom to development details more accurately [26]. 

Android offers many features like application framework, integrated browser, Dalvik virtual 

machine, SQLite database, optimized graphics, media support, GSM technology, Wi-Fi, 

camera, Bluetooth, EDGE, GPS, compass and rich development environment [27]. The main 

components of Android operating system are shown in Figure 5.3 [28].  
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Figure 5.3: Android System Architecture 

5.3.1 Applications 

The top layer of Android system architecture includes a set of core applications like email 

client, SMS application, calendar, web browser etc.[27] 

5.3.2 Application Framework 

Developers have full access to the application framework used by core applications. This 

layer is designed to simplify the reusing of all components in Android. The application 

framework elements help developers for building their applications to execute on Android 

Kernel.[27] 

5.3.3 Libraries 

The core libraries include Surface Manager, media framework, SQLite, open GL/ES, free 

type, webkit, SGL, SSL, web browser engine LibWebCore etc.[27] 

5.3.4 Android Runtime 

The android runtime consist of two components, core libraries and Dalvik virtual machine. 

Core libraries functionality available in Java and Dalvik virtual machine operates like 

translator between application and operating system.[27] 

5.3.5 Linux Kernel 

Android relies on modified version of Linux 2.6 for core system services such as network 

stack, memory management, process management, security and driver model.[27] 
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6 DESIGN AND DEVELOPMENT OF PROTOTYPE 

The methodology adopted to carry out this research study. The research project was divided 

in four phases; the Analysis of the problem, user interface design, prototype implementation 

and evaluation. In Figure 6.1, the lifecycle of this research project is shown. Red dashed 

outline shows the scope of this research study. 

The first focus of the design lies on the analyzing the user study of problem. Part of the 

analysis has been conducted by the research group in ABB prior the thesis study started and 

was the input to this study. Then interactive design concepts are developed. Dashed arrows 

show the iteration to improvement of initial design and prototype implementation. In the 

final stage empirical evaluation is perform on the design to get the feedback.  

 
Figure 6.1: Research Project Lifecycle 

6.1 Analysis and Study of Problem 

The first phase of this research study was to identify the area of improvement within 

interaction, usability and visualization. The analysis and study of the problem is carried out 

with qualitative method of research and it is subdivided in the following sub tasks.  

6.1.1 Initial Study 

Some investigative studies were conducted by other member of research group. These were 

interviews and observations done in control room environment with actual operator of IED 

and PCM600 systems. Operators of the system were observed in their work environment to 

see how they performed certain tasks. Later Operators were interviewed to find the strong 
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and weak areas of the system. A series of questions were asked. The researchers tried to find 

out the area of improvement within visualization, interaction and usability.   

The outcomes of the study were the basis of this research project. The findings of the study 

formed the bases of the use cases scenarios, which led to development low fidelity (Lo-fi) 

prototype.  

6.1.2 Requirement Analysis 

The main part of the requirements comes from the investigative studies. We summarize 

different visualization techniques and mobile interaction design. The outcome of this 

requirement analysis formed the basics of the use cases. These use cases describes how the 

information visualize, how user interact with the system. Later these use cases were 

implemented during the prototype design and development.  

 Mobile platform support 

 IED Dashboard 

 Information about connected IED 

 How many alarms are generated 

 How many events are generated 

 How many disturbances are generated 

 Visualize alarms information in interactive way 

 Visualize events information in interactive way 

 Visualize disturbances information in interactive way 

 Filter snoozed, bookmarked and acknowledged alarms 

 Filter bookmarked, on/off alarms 

 Filter bookmarked and download disturbances recorded data 

 Switch circuit on the single line diagram 

 

6.2 Designing the Prototype 

After analyzing the problem it was concluded that there was a need for something more than 

focus on designing an interface that represent the real-time data. The focus was on designing 

the interfaces that represent the data in more than one form. Moreover, operator can see 

overview of the whole system, apply filter on the given list of alarm, events and 

disturbances. Design should provide interactive visual analysis.  

An overview of several areas was done using low-fidelity prototyping. The design concept is 

supposed to resolve the issues found in the user study. The use cases were chosen according 

to discussions of the project team, with the goal to target the most common issues in the 

maintenance process. In order to improve the usability of an application it is important to 

have a well-designed interface, Shneiderman’s eight golden rules of interface design is a 

good starting point [29]. 

1. Strive for consistency: Consistent sequences of actions should be required in 

similar situations; identical terminology should be used in prompts, menus, and help 

screens; and consistent commands should be employed throughout. 
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2. Enable frequent users to use shortcuts: As the frequency of use increases, so do 

the user's desires to reduce the number of interactions and to increase the pace of 

interaction. Abbreviations, function keys, hidden commands, and macro facilities are 

very helpful to an expert user. 

3. Offer informative feedback: For every operator action, there should be some 

system feedback. For frequent and minor actions, the response can be modest, while 

for infrequent and major actions, the response should be more substantial. 

4. Design dialog to yield closure: Sequences of actions should be organized into 

groups with a beginning, middle, and end. The informative feedback at the 

completion of a group of actions gives the operators the satisfaction of 

accomplishment, a sense of relief, the signal to drop contingency plans and options 

from their minds, and an indication that the way is clear to prepare for the next group 

of actions. 

5. Offer simple error handling: As much as possible, design the system so the user 

cannot make a serious error1. If an error is made, the system should be able to detect 

the error and offer simple, comprehensible mechanisms for handling the error. 

6. Permit easy reversal of actions: This feature relieves anxiety, since the user knows 

that errors can be undone; it thus encourages exploration of unfamiliar options. The 

units of reversibility may be a single action, a data entry, or a complete group of 

actions. 

7. Support internal locus of control: Experienced operators strongly desire the sense 

that they are in charge of the system and that the system responds to their actions. 

Design the system to make users the initiators of actions rather than the responders. 

8. Reduce short-term memory load: The limitation of human information processing 

in short-term memory requires that displays be kept simple, multiple page displays 

be consolidated, window-motion frequency be reduced, and sufficient training time 

be allotted for codes, mnemonics, and sequences of actions 

 

We can see from this breakdown that the IED LHMI which includes a graphical 

monochrome display with a resolution of 320 x 240 pixels obviously invalidates some of 

these rules.  

6.3 Prototype Implementation 

Prototyping is an effective and efficient way to develop user interface and has become 

integral part of the development process in many organizations[30]. It is always good to start 

the development process with mockups. Low fidelity mockups are generally rapid, provide 

limited or no functionality and limited interaction prototyping efforts[31]. Heaton [32] claim 

that rapid prototyping should solve 80% of the majority interface problems. They help in 

reviewing the design process at the earlier stage. Once low fidelity mockups are finalized, 

we moved further to develop working high fidelity prototype. This high fidelity prototype 

has complete functionality, interactive and used for exploring and evaluation [31]. This high 

fidelity prototype is much closed to final product and uses the real data through wireless 

communication network. 

The low fidelity prototyping was done using several computer based sketches. The working, 

high fidelity prototype was developed using Google Android platform, Java, XML.  
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6.3.1 Low Fidelity 

A low fidelity prototype or mockups was used as a first step towards implementation. 

Sample low fidelity prototypes are shown in the figures 6.2 to 6.6. After determining 

preliminary requirements and use cases, the initial design concept was generated by 

brainstorming session on the base of results from the user study and evaluation of today’s 

Local HMI of IED. Mock-ups were used to design ideas early in the analysis and study of 

the problem phase. This step also helps in proposing fundamental design approach for the 

user interface and obtaining feedback from potential users on how well the design meets 

their needs. The design concept is supposed to resolve the issues found in the user study. The 

mockups were based on software based sketches and it was easy to discuss and make 

changes in the beginning. 

 

 

 

 

 
Figure 6.2: Sketch of login with roles 

 
Figure 6.3: Sketch of dashboard 
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Figure 6.4: Sketch of main menu structure 

 
Figure 6.5: Sketch of alarms list 

 

 
Figure 6.6: Sketch of SLD 

6.3.2 High Fidelity 

After sketching the low fidelity scenarios, working prototype with real data was developed. 

This interactive prototype was used for exploration and evaluation. This prototype covers 

aspects like scanning for IEDs identification, client and server communication to retrieve the 

data, user authentication, data presentation in attractive way, navigation system, action 

buttons to launch application, successful or unsuccessful messages delivery. The prototype 

will responds in a manner that represent as it is actual product. In short, operator can get a 

feel for how the product will operate and therefore give recommendations about how to 

improve its user interface.   

The development environment was based on Android platform for mobile application 

development, socket programming in java for client server communication, XML data layer. 

The use of these components enabled to do rapid prototyping and proof of concept.   
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6.3.2.1 Scanning And Wifi Connection 

In Figure 6.7, Mobile HMI app is launched and available options are shown. This interface 

will be used to scan the QR code and Wi-Fi connection. Operators have two options on this 

screen. First QR code will be scan to identify the IP address that is assigned to the IEDs. 

Secondly connect to Wi-Fi network for monitoring and controlling the IED. 

 

 
Figure 6.7: Mobile HMI scanning and 

connection 

 
Figure 6.8: Connecting to IED 

 

Barcode scanning interface is shown in Figure 6.9. Operator will move red line of barcode 

scanner interface to the QR code which is attached to IEDs. QR code is a unique IP address 

to identify the IED.  

Progress of connection to IED interface is shown in Figure 6.8. When users click the 

connection button a progress bar will be displayed with message “Connecting to 

IED”. If the IP address is available on the network and connected successfully. Then 

system will move to the user authentication interface. Otherwise it will return to the 

scanning and connection interface. 

 

 
Figure 6.9: Barcode scanning interface 
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6.3.2.2 User authentication 

We have IP address of the IED after scanning the QR code. At this stage user may choose 

the walk away step but will remain in the wifi network range. Walk away mean there is no 

need to stand in front of the IED for data analysis. Mobile HMI of user authentication is 

shown in the Figure 6.10. Users will be able to select one the role from the users list. After 

selecting the user role, password is necessary field to get access inside the system on right 

side in figure 6.10. In Figure 6.11, user authentication of Local HMI of IED is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.11: User Authentication of Local HMI 

 

6.3.2.3 Interactive Dashboard 

A professional view of application dashboard of Mobile HMI is shown in the Figure 6.12 

and Figure 6.13. These interfaces contain a lot of things about the IED. Mobile application 

Icon, IP address of the connected IED, power system identifier information from IED, 

documentation panel, connected IED Image and a lot of function (some of them are covered 

during this master thesis but remain was out of scope). There is no interactive dashboard in 

Local HMI. So, we have presented new idea to visualize the data on dashboard. It is a quick 

view of the whole system.  

Figure 6.10: User Authentication of Mobile HMI 
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Figure 6.12: Dashboard of Mobile HMI 

 

 
Figure 6.13: Dashboard with device detail 

of Mobile HMI 

6.3.2.4 Drawers/Menus 

Two drawers or menus were implemented to manage the contents of the IED.  System menus 

items are shown on the left side in the Figure 6.14. The main menu contains main groups 

which are divided further info more detailed submenu. Separate documentation panel is 

shown on the right side in the Figure 6.14. System will load the related documents of 

connected IED. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The default menu screen of Local HMI is shown in the Figure 6.15. As compare to 

the Mobile HMI it is a simple list of menu items.  

 

Figure 6.14: Left and right drawers/menus of Mobile HMI 
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Figure 6.15: Main menu of Local HMI 

6.3.2.5 Control / Single Line Diagram Interface 

Single Line Diagram (SLD) view is displayed on left screen in the Figure 6.16. The SLD 

displays all controllable objects. Selection of object is indicated with a red square border in 

left screen. Switch objects can have additional icons that are presented on the right screen in 

the Figure 6.16. Users can select one of the switch object and SLD will be automatically 

updated after hitting the Switch button. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the Figure 6.17, default view of the SLD is shown. It is hard to switch control with 

available options. Operators are unable to see list of controls in one view.  

Figure 6.16: Control (Single Line Diagram) Interface of Mobile HMI 
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Figure 6.17: Example of Single Line Diagram of Local HMI 

6.3.2.6 General Help 

Help documentation of control chapter is given in Figure 6.18. Documentation navigation 

area will appear with page number and content area will load the content. The documentation 

button is given on the every menu of items of left drawer. Help documentation will load the 

related content based on selected menu item. As compare to the Figure 6.19, operator is 

unable to read about this IED and their functionality. If there is a need to troubleshoot the 

problem operator need to contact to the control room instead of reading it documentation. 

 
Figure 6.18: Help documentation interface 

of Mobile HMI 

 

 

 

 
Figure 6.19: Help of Local HMI 

6.3.2.7 Monitoring Events 

The event screen contains a list of events as shown in the Figure 6.20 and Figure 6.21. Each 

event takes one line. Events are shown grouped by date, time, channel, signal name and 

value of the event are shown. The beauty of this view is that it is easy to distinguish by color. 

Green events means that particular event is on, red events means that particular event is off. 

Sorting button is given for green and red events. Bookmarked events are those events that 

are selected by the operator for later investigation. Sorting Bookmarked event is also given 

on the action button. If operator wants to share these events with other member in the team, 
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share button is given in action button. Documentation is given for operator to check the 

events terminologies. 

 
Figure 6.20: Monitoring Event List View of 

Mobile HMI 

 
Figure 6.21: Monitoring Event List Swiped 

View of Mobile HMI 

 

Swiped list view of events is shown in the Figure 6.21. Action buttons are hidden under the 

list view. Operator can access these buttons using swiping feature of Android UI. Two 

options are shown bookmarked and close button is given under list view. When users click 

the bookmark button, the clicked item will automatically added in the bookmarked button 

given in the action bar. If there are no bookmarked events then bookmarked button in the 

action bar will be gray. If more than one events bookmarked then bookmarked action button 

will turn to blue. This feature is easy for user to distinguish between bookmarked and un-

bookmarked events. As compare to the events in Local HMI in Figure 6.22. it is hard to 

identity on/off events. There is no way to sort the list. 

 
Figure 6.22: Events of Local HMI 

6.3.2.8 Disturbances 

The disturbance records list is shown in Figure 6.23. A download option is given under each 

item of the list on the right side Figure 6.23. Users can easily differentiate between the 

disturbance records by date and time calendar. 
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In Figure 6.24, default view of Disturbance recorded list of Local HMI is shown. It is hard to 

see when the disturbance was recorded.  

 
Figure 6.24: Disturbance recorder of Local HMI 

 

6.3.2.9 Alarms 

The alarm interface contains a list of alarm as shown in the Figure 6.25. Each alarm takes 

one line. The beauty of this view is that it is easy to distinguish by color. Green brown 

alarms means that have value 2, red alarms means have value 1 and yellow alarms means 

have value 3. Four buttons named as bookmarked, snoozed, acknowledged and reset button 

on the action bar. Every alarm has four hidden button which appear when swipe from left to 

right. As compare to the default view of Alarms in Local HMI is shown in the Figure 6.26. 

There are different types of alarms, but it is hard to identify in this list. There is no function 

to acknowledge the alarms, snoozed the alarm or bookmark alarm for later review.  

 

Figure 6.23: Disturbance records interface of Mobile HMI 
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Figure 6.25: List of alarms of Mobile HMI 

 

 

 

 
Figure 6.26: Alarms list and detail of Local 

HMI 

 

6.4 Evaluating the Design 

To understand whether the new Mobile HMI is better than existing Local HMI of IED, 

comparison and usability evaluation performed. The prototype design was evaluated using 

an experiment. Users need to perform the tasks which follow the interactive querying needs. 

The usability evaluation was performed to both types of interfaces. The statistical analysis 

was performed on collected data (data was collected with systematic scale). 
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7 EMPIRICAL EVALUATION AND RESULTS 

7.1 Usability Evaluation 

To understand whether the new Mobile HMI is better than existing Local HMI of IED, 

usability evaluation and comparison must be performed. The usability evaluation was 

performed on both types of interfaces. Existing Local HMI of IED was chosen to compare 

with the prototype what was built in this research. The statistical analysis was performed on 

collected data. 

For this evaluation, some of the use cases were not considered e.g. support, recent, forum 

and camera. These sessions were out of scope of this thesis, but these use cases was 

considered in interaction design of this application. The experiment based on usability test of 

newly designed mobile app and old interface for interaction and information visualization 

sought answers to the following questions 

 Is newly designed prototype preferred by participants for a certain tasks?  

 Does this prototype is easy to use? 

 

7.2 Settings 

The Mobile app for this experiment was run on a Google Nexus 7 Tablet. However, only a 

minimum number of resources needed to perform this experiment e.g. IED REG 650, 

Google Nexus 7 Tablet, QR barcode; List is task and feedback on paper, highlighter, and 

pencil. The experiment apparatus is shown in the Figure 7.1. 

 
Figure 7.1: Experiment environment 

7.2.1 Questionnaire 

To answer the research question of whether the new interfaces on mobile app is better than 

existing Local HMI of IED, the sampling method were designed for the comparison. So, the 
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questionnaires were delivered with both products (New prototype on mobile application and 

existing Local HMI on IED). The questionnaire was design with System Usability Scale 

(SUS), originally created by John Brooke in 1986.  

7.3 User Profile 

It was a tentative product in ABB’s Corporate Research Center (CRC) Västerås Sweden. It 

contained confidential information; therefore it was not possible to reach the people outside 

of the ABB for evaluation. There were 12 participants from within the organization who took 

part in the evaluation and testing of prototype. All participants were male users. There were 

between 18 – 35 years old. All users were familiar with the mobile technologies and from 

information technology or engineering background. There was nobody who had used mobile 

prototype before. 

7.4 Procedure 

In the beginning, all participants were briefed about the evaluation and the privacy statement. 

Each test was conducted separately from all other participants. After the completion of each 

task (Appendix II), the participants were asked to fill out a questionnaire to acquire 

demographic information, their SUS feedback for each task given in  

The experiment took 40 to 60 minutes to perform all the tasks by one participant. The mean 

duration was 50 minutes. The participants were asked to do the tasks as quickly as they could 

manage but with the aim of getting the right answers. 

7.5 SUS – The System Usability Scale 

The System Usability Scale (SUS) is a Likert Scale [33]  is a fast way to provides a “quick 

and dirty”, reliable tool to measure the users’ subjective satisfaction, learning and  usability. 

It consist of a 10 item questionnaire and the user is asked to rate the provided statements on a 

Likert scale; from strongly disagree to strongly agree. Five question are asking in positive 

attitude, other five are negative. Originally created by John Brooke in 1986, it allows 

evaluating product and services, including software, hardware, websites, mobile and 

applications. Sample SUS question are given in Figure 7.2. 

 
Figure 7.2: Sample SUS Questionnaire 
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SUS enables you to get a measure of the perceived usability of an application/system with a 

small sample (8-12 users) and be fairly confident that you got a good assessment. [34] The 

SUS questionnaires are also used to measure the satisfaction, efficiency and effectiveness. 

An algorithm is used to process the unbalance collected data from the finished SUS score 

and the result can then be evaluated and compared using the SUS scoring scale in the Figure 

7.3. [35] 

 
Figure 7.3: The Grade rankings of SUS scores 

7.5.1 What is Good SUS Score 

According to the ranking grade [35], Albert has given us a grading method for SUS result. In 

his research, he found that only 10 percent of users give the SUS score higher than 80.3, 

which means the usability between excellent to best (which is 100). If our test score is higher 

than the 80.3 we get A for grading. Remaining scales are given below. 

 A (> 80.3) Excellent 

 B (> 74) Satisfying 

 C (> 68) Above the Average (acceptable) 

 D (> 51) (not good) 

 F (< 51) Fail 

7.6 Results for new prototype (Mobile HMI of IED) 

The usability testing aims on identifying usability weakness, which can influence the 

performance and efficiency of tasks completion. The results of the usability testing can be an 

input to the future development in order to improve usability. In order to test prototype 6 

tasks were designed with SUS feedback, Further to make sure user performed each tasks, 

and an interview was conducted to get the suggestions how to improve the system. The score 

was gathered from the participants. The mean, standard deviation and Confidential Interval 

were calculated, as shown in the Table 3. 

 

 

 

 



 44 

Tasks Mean 
Standard 
Deviation 

Error Rate with 90% Confidence Interval 

Task 1 77,92 9,03 4,29 

Task 2 82,92 15,44 7,33 

Task 3 78,96 12,86 6,10 

Task 4 79,58 16,30 7,74 

Task 5 85,63 11,49 5,45 

Task 6 79,38 20,62 9,79 

Overall Mean 81.29   

Table 3: SUS score result of 6 tasks of new prototype Mobile HMI of IED 

 

 
Figure 7.4: SUS score graph of new prototype Mobile HMI of IED 

As we can see in the Chart, Figure 7.4, Every task score is above average which is 69.69 

[36]. The confidential intervals are also located above the average score. As shown in the 

figure 7.4 the overall mean is 81.29 which means overall prototype got Grading A.  

Let us explore the scale in the adjective range. The SUS scores for the 12 subject 

participating in the evaluation. According to the Figure 7.3, On the SUS scale 0-25 

corresponds to “worse imaginable”, 25-39 corresponds to “poor”, 39-52 corresponds to 

“okey”, 52-73 to "good", 73-85 to "excellent", and 85-100 to "best imaginable". Overall SUS 

score mean of 6 tasks, tested by 12 subject participant is 81.29. This score lies in the range 

73-85; it means this solution excellent and acceptable over existing solution. There was no 

task score below the 52 which is not acceptable range. 

7.7 Results for existing system (Local HMI of IED) 

The score was gathered from the same participants. The mean, standard deviation and 

Confidential Interval were calculated, as shown in the Table 4. 
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Tasks Mean 
Standard 
Deviation 

Error Rate with 90% Confidence Interval 

Task 1 57,71 8,56 4,06 

Task 2 56,88 7,47 3,55 

Task 3 57,08 5,92 2,81 

Task 4 58,96 6,95 3,30 

Task 5 67,08 5,62 2,67 

Task 6 63,75 11,26 5,34 

Overall Mean 60.75   

Table 4: SUS score result of Local HMI of IED 

 

 
Figure 7.5: SUS score graph of existing Local HMI of IED 

As we can see in the chart, Figure 7.5, every task score is below average which is 

69.69 [36]. As shown in the figure the overall mean is 60.75 which means overall 

prototype got grade No good.  
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8 DISCUSSION AND CONCLUSION 

Results presented in the chapter “Empirical evaluation and results” shows that mobile 

usability gives better interaction, freedom, effective visualization of information and 

enhancing the users’ experience by providing context specific information as compared to 

the existing Local HMI of IEDs. The study provides strong results that recent developments 

of mobile technologies (Smartphones and Tablets) have revolutionized users’ possibilities to 

access information in an easy and better way.  

The purpose of this study was to understand and explore existing interaction design of IED 

and demonstrate the concept by mobile application which can help control and maintenance 

worker to perform the tasks more effective, efficient and interesting in their work process. 

It is important to point out here that most of the participants in the experiment does not take 

time to get trained on using the Mobile HMI of IED because they are already familiar with 

latest technologies.  

Participant gives very useful suggestions to improve this task and also overall system. 

During the interviews after the evaluations, several design enhancements where pointed out 

by the participants. These are listed below 

 Number of alarms, events and disturbances should be on the dashboard instead of 

device information interface. 

 There should be a refresh button on the dashboard if device is connected for long 

time. 

 Search feature in the help document. 

 Separate table of content for direct navigation in help document interface. 

 There should be a revert mechanism for acknowledged, snoozed and bookmarked 

events and alarms 

 Improved sorting mechanism in Alarms 

 

The empirical evaluation results are positive in favor of mobile usability of IED. In the 

future we are interesting to use Augmented reality and 3D to visualize the data.  

8.1 Answer to Research questions 

 

RQ1: What are the main aspects of IED User Interfaces that needs to be consider for Mobile 

Human Machine Interface? 

The question was answered by analysis and study of the problem to identify the area of the 

improvement within interaction, usability and visualization. User requirements from 

substation automation were gathered and use case scenarios were developed for 

implementation of a prototype. Some investigation studies were conducted by ABB 

researchers. For this purpose analysis and study of problem was focus on the local HMI of 
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IED, as mentioned in section 4 (Dashboard, Monitoring alarms data, monitoring events data, 

monitoring disturbances records, controlling circuit breaker and dis-connectors).  

RQ2: How to design and implement Mobile Human Machine Interface of IED? 

The prototype design and development involves using real-time data, wireless 

communication, and effective visualization of information with improved interaction. The 

operator will be able to connect mobile based application to particular IED and perform 

operations. 

The initial design concept was generated by brainstorming session on the base of results 

from the user study and evaluation of today’s HMI. Mock-ups are used to design ideas early 

in the design process. During the initial stage, an overview of several areas was done using 

low-fidelity prototyping. The design concept is supposed to resolve the issues found in the 

user study. The low fidelity prototyping was done using several computer based sketches.  

The development environment was based on Google Android platform for mobile 

application development, socket programming in java for client server communication, XML 

data layer. The use of these components enabled to do rapid prototyping and proof of 

concept.   

RQ3: Does the use of Mobile Human Machine Interface of IED facilitate usability over 

existing system? 

Mobile usability was evaluated and result shows that it gives better interaction, freedom, 

effective visualization of information and enhancing the users’ experiment by providing 

context specific information as compare to existing local HMI of IEDs. The studies provide 

strong results that recent developments of mobile technologies (Smartphones and Tablets) 

have revolutionized users’ possibilities to access information in an easy and better way. The 

experiment result explains that mobile usability has several benefits over the local HMI.  
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10 GLOSSARY 

IEDs Intelligent Electronic Devices 

LHMI local Human Machine Interface 

MHMI local Human Machine Interface 

SAS Substation Automation System 

PCM600 Protection and Control IED Manager 

SLD Single Line Diagram 

GUI Graphical User Interface 

HCI Human Computer Interface 

IEC International Electrical Committee 

IP Internet protocol.  

LAN Local area network 

LCD Liquid crystal display 

NUI Natural User Interface 

TCP/IP Transmission control protocol over Internet Protocol. 
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APPENDIX – I: PRE-USER QUESTIONNAIRE 

 

Demographic Questions 

 

 

Name: ___________________________ 

 

Occupation: ____________________________________ 

 

 

What is your gender? 

o Male 

o Female 

What is your age: 

o 18-24 year old 

o 25-34 year old 

o 35-44 year old 

o 45-54 year old 

o 55-64 year old 

o 65-74 year old 

o 75 years or older 

What is your education level? 

o High School  

o Undergraduate  

o Graduate  

o Master 

o Doctorate  

o Other: _________ 

How do you rate your IT skills? 

 

o Basic 

o Adequate 

o Experienced 
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o Other:……… 

 

Which type of mobile electronic device you have used? 

 

o Smartphone 

o IPad 

o Tablet 

o Other………. 

 

How familiar are you with Google/Android tablet or Smartphone technology 

 

o Very familiar 

o Somewhat familiar 

o Not at all familiar  

o  

How often do you use Google/Android tablet or Smartphone’s in your daily life? 

 

o Several times a day 

o Once a day 

o Once a week 

o Once a month 

 

Where is your primary use of Google/Android tablet or Smartphone? 

 

o Work 

o Home 

o Both 
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APPENDIX – II: POST-USER TASKS QUESTIONNAIRE 

 

Task 1: Login into the system in order to access the system feature. 

Task Execution Time: __________________ ( HH : MM : SS ) 

System Usability Scale (SUS): 

1. I think that I would like to use this mobile app feature frequently. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

2. I found the mobile app feature unnecessarily complex. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

3. I thought the mobile app feature was easy to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

4. I think that I would need the support of a technical person to be able to use this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

5. I found the various functions in this mobile app feature were well integrated. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

6. I thought there was too much inconsistency in this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

7. I would imagine that most people would learn to use this mobile app feature very quickly. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

8. I found the mobile app feature very cumbersome to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

9. I felt very confident using the mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

10. I needed to learn a lot of things before I could get going with this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 
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Task 2: Suppose you found a problem in the device and want to troubleshoot by 

help documentation. Find the help document and read about it 

 

Task Execution Time: __________________ ( HH : MM : SS ) 

 

 

System Usability Scale (SUS): 

 

1. I think that I would like to use this mobile app feature frequently. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

2. I found the mobile app feature unnecessarily complex. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

3. I thought the mobile app feature was easy to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

4. I think that I would need the support of a technical person to be able to use this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

5. I found the various functions in this mobile app feature were well integrated. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

6. I thought there was too much inconsistency in this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

7. I would imagine that most people would learn to use this mobile app feature very quickly. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

8. I found the mobile app feature very cumbersome to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

9. I felt very confident using the mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

10. I needed to learn a lot of things before I could get going with this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 
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Task 3:  You want to explore the list of acknowledged, snoozed and bookmarked 

alarms 

 Acknowledge all high priority alarms(red) that were generated  

 Find out how many alarms are acknowledged 

Task Execution Time: __________________ ( HH : MM : SS ) 

 

System Usability Scale (SUS): 

 

1. I think that I would like to use this mobile app feature frequently. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

2. I found the mobile app feature unnecessarily complex. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

3. I thought the mobile app feature was easy to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

4. I think that I would need the support of a technical person to be able to use this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

5. I found the various functions in this mobile app feature were well integrated. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

6. I thought there was too much inconsistency in this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

7. I would imagine that most people would learn to use this mobile app feature very quickly. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

8. I found the mobile app feature very cumbersome to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

9. I felt very confident using the mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

10. I needed to learn a lot of things before I could get going with this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 
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Task 4: Book mark the event and identify how many events are generated. 

 

 

Task Execution Time: __________________ ( HH : MM : SS ) 

 

 

System Usability Scale (SUS): 

 

1. I think that I would like to use this mobile app feature frequently. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

2. I found the mobile app feature unnecessarily complex. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

3. I thought the mobile app feature was easy to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

4. I think that I would need the support of a technical person to be able to use this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

5. I found the various functions in this mobile app feature were well integrated. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

6. I thought there was too much inconsistency in this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

7. I would imagine that most people would learn to use this mobile app feature very quickly. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

8. I found the mobile app feature very cumbersome to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

9. I felt very confident using the mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

10. I needed to learn a lot of things before I could get going with this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 
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Task 5: You want to download the disturbance files if any, from last weekend.  

 

Task Execution Time: __________________ ( HH : MM : SS ) 

 

System Usability Scale (SUS): 

1. I think that I would like to use this mobile app feature frequently. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

2. I found the mobile app feature unnecessarily complex. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

3. I thought the mobile app feature was easy to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

4. I think that I would need the support of a technical person to be able to use this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

5. I found the various functions in this mobile app feature were well integrated. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

6. I thought there was too much inconsistency in this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

7. I would imagine that most people would learn to use this mobile app feature very quickly. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

8. I found the mobile app feature very cumbersome to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

9. I felt very confident using the mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

10. I needed to learn a lot of things before I could get going with this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 
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Task 6:  You want to switch the control in the Single Line Diagram 

 Click the red controller 

 Choose the switch controller from the popup list 

 Check the status on IDE screen and report the result. 

Task Execution Time: __________________ ( HH : MM : SS ) 

 

System Usability Scale (SUS): 

 

1. I think that I would like to use this mobile app feature frequently. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

2. I found the mobile app feature unnecessarily complex. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

3. I thought the mobile app feature was easy to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

4. I think that I would need the support of a technical person to be able to use this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

5. I found the various functions in this mobile app feature were well integrated. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

6. I thought there was too much inconsistency in this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

7. I would imagine that most people would learn to use this mobile app feature very quickly. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

8. I found the mobile app feature very cumbersome to use. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

9. I felt very confident using the mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

10. I needed to learn a lot of things before I could get going with this mobile app feature. 

(Strongly disagree) 1 2 3 4 5 (Strongly agree) 

 


