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Introduction

Most people receive the majority of information through the sense of sight. Therefore,
lighting is an extremely important factor in the workplace, and poor lighting damages
workers’ health, reduces productivity and leads to safety issues. Physiological requirements
of lighting are different from occupations. Due to the social distance, many people have
started to work from home. There is an increasing need for ergonomic tools that help people
improve workplace settings. Therefore, the objective of IllumiSmart is to measure and assess
the user's workplace lighting conditions and give advice regarding issues identified.

Description of Functionalities

In this section, we will discuss our 4 major functionalities of IllumiSmart. We will also
introduce some side features which help to provide a complete user experience. Here is the
home page of the app:
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Figure 1 - Homepage



Self-Assessment

The first function that users could access through the homepage is self-assessment, which is
to evaluate the lighting condition of the user's workplace. To use it, users should select the
answers that best describe their situation according to the questions, then the suggestions will
be provided if necessary. It is a key feature that could identify many cause-specific issues that
are not easily addressed by the light measurement and detection. The questions and feedback
in the assessment are modified from the guidelines of Canadian Centre for Occupational
Health & Safety. We now only provide 10 questions all regarding the office setting since
office workers contribute to the most work-from-home scenarios. The selected questions are
designed to cover the most common lighting problems in the daily working environment,
including monitor positioning, natural light, paper documents, vision transitions, light bulb
replacement, and light fixture maintenance, etc. The questions are generated correspondingly
based on the users’ answer to the previous questions. The proposed feedback would include
lighting context knowledge and practical actions that users could take in order to address the
problems. After finishing the assessment, users could save the results and review them at any
time.
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Self-Assessment QuIt Self-Assessment QuIT

Question 7:

Do you sometimes feel it is difficult
to view the paper documents on the Difficulty of seeing is usually due to insufficient
desk? light or high contrast in the visual environment.

Suggestion

Most office work involves using the monitor
Choose one of the foIIowing and paper documents at the same time. Paper
documents require a higher light level than the
Yes monitor. Glare can result from an improper match
or excessive contrast in light levels between the
No monitor screen and the paper.

To address this, first, check whether the
documents are placed in the shadows. If so,
move it away from the shadows or remove the
objects that caused the shadows. If there is still
insufficient light, a desk lamp (any type of soft
task light) can be used to illuminate documents

while avoiding excessive light near the monitor.

& Back to the Previous Question Go to the Next Question =
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Figure 2, 3 - Self-Assessment (Question and Suggestions)



Light [evel Measurement

The second function on the home page is the light level measurement. Illuminance level is a
primary lighting requirement. A high level illuminance increases the risk of troublesome
reflections, deep shadows and excessive contrasts. A low level illuminance will reduce the
visibility and cause fatigue. This functionality utilizes light sensors to check whether the
user’s working area is over-exposed or too dark. Users could either view the instantaneous
illuminance, or record an average lighting level for a period of time. There is instruction
given on how to correctly use this function, and additional information of light level is also
provided. If the measurement result is considered as inappropriate based on users’ occupation
and age, solutions and lighting advice would be proposed to the users. Similar to the
self-assessment, the data recorded can be saved.
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How to Use &  Measure Light Level @

Light level is an important factor

in the workplace. To measure the A= LD L

Max: 87.00 Lux
illuminance using this function:

Instantaneous Level
1. Push @ to start recording

2. Face the light sensor up 8 8 O
[ ]
Lux

3. Moving the phone horizontally
and slowly around the working area

4. Push @ to pause recording
Average

82.20 Lux
In addition:

© : Reset the light meter

@ : Save the measurement data Elapsed Time
17 s
Read More About the Light Level
The average lighting level is below the
guideline suggestions.
View Details

XX

>
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Figure 4, 5 - Light Level Measurement (Instruction and During Measurement)
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Lighting Guidance @ | ¢ To Correct Insufficient Light

According to your age and type of task being » Replace bulbs on a regular schedule. Old bulbs
done, the recommended illuminance is: give less light than new ones, so replace them
500-700 Lux before they burn out. Follow manufacturers'

instructions.

If the measured average light level is under the . Clean light fixtures regularly. Dirt on light fixtures

guidance, view reduces the amount of light given off. Light
Correction of Insufficient Light fixtures with open tops allow air currents to

If the measured average light level is above the move dust up through the fixtures so dust and
guidance, it is suggested to conduct a glare dirt do not accumulate on them.

test next.

. Add more light fixtures in appropriate places.
Read More About the Light Level . Paint walls and ceilings light colours so light can

be reflected.

. Use more reflected light and local lighting to
eliminate shadows. For example, a covered light
mounted under a transparent guard on a grinding
wheel provides the added light needed to clearly
see the task.

. Do not position the work station with the light
fixture directly behind worker.
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Figure 6, 7 - Light Level Measurement (Result and Suggestions)



Flicker Detection

The third function is flicker detection. We define flickers as visible and repeatedly rapid
changes in the brightness of light over time, which may cause eye strain and headaches. To
check whether or not a light source could be a potential flicker, the user needs to face the
light sensor directly to the light source and wait for ten seconds. If there are any flicker events
detected, warning signs and suggestions will be displayed. Again, similar to other functions,
instructions for usage and data saving features are also available in flicker detection.

D= ¥ (=) 4:53

How to Use &  DetectLightFlicker @

Unsteady light may do harm to
human and become safety hazards. Relative Change

To detect the possible flicker using Sl 5

this function: Flicker Detected

1. Face the light sensor direct to the 1 1
light source

2. Push @ to start detecting

3. The Fluctuation Rate of the light

o : Average
source and whether it is a possible 9

116.83 Lux
visible flicker will be displayed after

10 seconds

In addition: It seems this light
© : Reset the detector source is a certain

visible flicker.
@ : Save the measurement data . :
View Suggestions

Read More About the Flicker

> © O
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Figure 8, 9 - Flicker Detection (Instruction and Result)
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X @& www.ccohs.ca :

CCOHS"

Canadian Centre for Occupational Health and Safety

Home = OSH Answers = Ergonomics

OSH Answers Fact
Sheets o @

Lighting Ergonomics
- Light Flicker

CLOSE ALL

v What is light flicker?

Light flicker refers to rapid or quick
and, repeated changes in the
brightness of light over time - light
that appears to flutter and be
unsteady. It is caused when the

Some types of ballasts can reduce flicker
considerably. Energy-efficient electronic ballasts
take the 60 Hz supplied power and convert it to

a much higher frequency (20,000 - 60,000 Hz).

The resulting flicker frequency (twice the supplied
power frequency, 40 -120 kHz) is so high that the
human eye cannot detect any fluctuation in the light
intensity — essentially flicker-free. An added benefit
is that electronic ballasts produce less hum than that

emitted by other kinds of ballasts.

To Correct Flicker

1. Replace bulbs on a scheduled basis. Old bulbs
tend to flicker more and they are not as bright.

2. Ensure that all parts of the light fixture, especially
the ballast, are functioning properly.

3. When replacements are needed, upgrade to
fluorescent lighting that uses electronic ballasts.

4. Discuss issues with your lighting manufacturer or
supplier. Lighting technology can vary and options

may be available.

Figure 10, 11 - Flicker Detection (Supplement Readings and Suggestions)



Glare Detection

The last function from the homepage is glare detection. Glare happens when a bright light
source or reflection interferes with vision. It is a common lighting problem that could cause
annoyances and discomfort, and reduce visibility. Following the instruction, the user needs to
face the camera to the working area in the position where they normally conduct their work.
Then, any possible glare sources in the visual area will be marked and displayed. After
detection, the user may read the proposing advice and save detection results.
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How to Use

Glare is what happens when a

bright light source or reflection
interferes with how you are 'seeing'
an object. It can cause annoyance
and discomfort, and can actually
decrease a person's ability to see. To
detect the possible glare using this
function:

1. Face the camera to the working
visual area

2. The possible glare will be marked
instantaneously

In addition:
Use the botton at the bottom to
capture the screen and save it.

Read More About the Glare

1 GOT IT!
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Glare Info

Glare is a common lighting problem. Glare is what

happens when a bright light source or reflection

interferes with how you are 'seeing’ an object. In

most cases, your eyes will adapt to the brightest

level of light. When this adaptation happens, it

becomes harder to see the details in the duller

or darker areas of the work space (even though

they are actually sufficiently lit!). Glare can cause

annoyance and discomfort, and can actually

decrease a person's ability to see.

Reflected glare is caused by

» Light reflected from polished, shiny or glossy
surfaces.

. Glass on picture frames, or windows at night.

+ Monitors / screens.

Direct glare is caused by

. Very bright light from poorly positioned light
fixtures.

» Sunlight.

To Correct Glare

. Using several small low-intensity light fixtures
rather than one large high-intensity light fixture.

. Using light fixtures that diffuse or concentrate
light well. Indirect light fixtures or direct
light fixtures with parabolic louvres are two
possibilities.

. Covering bare bulbs with louvers, lenses or other
devices to control light.

. Increasing the brightness of the area around the
glare source.

Figure 12, 13 - Glare Detection (Instruction and Info)
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Figure 14, 15 - Glare Detection (Direct Glare and Indirect (i.e. Reflective) Glare)



History Data

All locally saved data could be accessed through the data function in the bottom navigation
bar. It enables users to review recommendations and keep track of the lighting conditions at
different times (for the temporal uniformity of lighting).
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2021-04-18, 03:59:50
2021-04-18, 03:53:53
2021-04-18, 03:52:20
2021-04-18, 03:51:42
2021-04-08, 08:36:09
2021-04-07, 10:29:03
2021-04-07,10:27:46

2021-04-07,10:27:14

Figure 16 - Data Function
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<& Self Assessment Record @ llluminance Record @
Time 2021-04-18, 03:51:42 Time 2021-04-18, 03:52:20
Potential Issues Light Level Data
Curtains Average 82.20 Lux
Paper Documents Minimum 61.00 Lux
Vision Transitions Maximum 87.00 Lux

Total Measuring Time 17s
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Flicker Record @ Glare Record
Time 2021-04-18, 03:53:53 Time 2021-04-18, 03:59:50
Flicker Data Glare Data
Detected Flicker Counts 11 Times Glare Event Detected

Relative Change in Light Level  31.54%

Average llluminance 116.83 Lux
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Figure 17, 18, 19, 20 - Data Function (Different Records)



Lighting Information

Accessing via bottom navigation bar, this function provides the user with educational
information on lighting ergonomics, including articles and web pages selected from Canadian
Centre for Occupational Health and Safety (CCOHS) official sites. It is a collection of and
supplement to the knowledge covered in other functionalities, which helps to emphasize the
importance of workplace lighting and calls for more attention to the visual perspective of
occupational health.
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Why is Lighting Important?

Information about how lighting is related
to working efficiency and health in both
industrial and office settings.

What are Different Sources
of Lights?

Information about daylight and different
types of artificial lighting and light
fixtures.

What is Light Flicker?

Information about what light flicker is,
how it is caused, why it is a problem and
how to deal with it.

What is Glare?

Information about what glare is, how it is
caused, why it is a problem and how to
deal with it.
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& Light Level Info

How Much Light Do We Need

The amount of light we need varies and depends

on

. Type of task being done (such as demands for
speed and accuracy).

. Type of surfaces (does it reflect or absorb light).

. General work area.

. Individual's vision.

The amount of light falling on a surface is
measured in units called lux. Depending on the
factors noted above, adequate general lighting
is usually between 500 and 1000 lux* when
measured 76 cm (30 inches) above the floor.
* From: IESNA Lighting Handbook. 9th ed.
llluminating Engineering Society of North
America, 2000. p. 10-13.

To reach proper light levels and uniform light
distribution in the visual environment, many
light fixtures are designed to reflect light off
walls, ceilings, and objects. The amount of
light reflected off a surface can be measured.
Suggestions for the percent of light reflected off
surfaces in a typical office include:

. Window blinds (40-50%).

. Walls (50% maximum).

. Business machines (50% maximum).

. Ceiling (70-80%).

+ Floor (20-40%).

+ Furniture (25-45%).

The percent value refers to the amount of light
that a surface reflects relative to the amount that

Figure 21, 22 - Lighting Information (Reading List and Article)



Profile and Settings

The setting function grants the access to additional features, including user profile, reminder
and app settings, etc. The “About” functions are not implemented as time was not permitted.
When users first open the app, they will be asked to select their occupation type and age
range. They could add or edit this information in the profile feature under settings.
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lllumiSmart J*

Which of the following answers best
describes your work type?

The app will not collect your personal information. This
is only used to provide better recommendations about
lighting.

General Work

Examples: Storeroom...

Moderate Work

Examples: Packing; despatch...

Precise Work

Examples: Simple assembly; locksmith's work;
winding thick wire onto spools; work on carpenter's
bench; milling...

Fine Work

Examples: Reading; writing; data entry; book-keeping;
laboratory technician; assembly of fine equipment;
woodworking by machine; fine work on toolmaking
gig...

Very Fine to Precise Work

Examples: Technical drawing; colour proofing;
adjusting and testing electrical equipement;
assembling delicate electronics; watchmaking;
invisible mending...

SKIP FOR NOW
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lllumiSmart *

What is your age?

The app will not collect your personal information. This
is only used to provide better recommendations about
lighting.

Below 40

40 - 50

50- 65

Above 65

SKIP FOR NOW
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Figure 23, 24 - Occupation and Age Information
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User Profile @
Settl ngs Occupation Fine Work
Age Below 40

& User Profile
The information from user profile is used to provide
better recommendations about lighting.
About
About The App
Contact Us

A ul Q Lo
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Figure 25, 26 - Settings and User Profile



Overall Design

Profile System

® User's information

® Help to generate
lighting advices
accordingly

User's input

User

Self-Assessment Solution Generation

© Multiple choice activity »{  ® Deficiencies of current 4@
® Questions are lighting conditions
| occupations depedent —»  ®Suggestions for lighting

improvements Internal
Storage

o]
ll——]x Detection Algorithms

Light Sensor

® Flicker detection
algorithm
® Glare detection

- X algorithm

Device
o Back Camera

Figure 27 - The Block Diagram

Block Diagram Overview

The block diagram shown in Figure 27 presents our application structure from a high-level
view. There are four major modules in the application, which are profile system,
self-assessment, detection algorithms, and solution generation respectively. Our application
requires running on an Android device with front light sensor, back camera, and storage
being available. The module of detection algorithms relies on the input captured from the
device sensors and camera, including real-time illuminance values and live image frames; the
modules of profile system and self-assessment require information from the end users. Once
the user's information and detection results are ready, they would be processed inside our
solution generation module, which is to report any potential deficiencies regarding current
lighting conditions and propose fixing advice to users accordingly. The solutions are able to
be saved into the device's internal storage, and they are available to be fetched and displayed
at any time.

Module specifications

Detection Algorithms

There are two detection algorithms being implemented in this module. The first one is the
flicker detection that requires real-time illuminance values captured from the light sensors.
We define flicker as a visible change in brightness of light source. Therefore, we are able to
identify a flicker event by observing whether or not there are any fluctuations happening in
the light source illuminance values. Our flicker detection algorithm runs as follows: We
collect an array of real-time illuminance values from a consecutive period of time, then we
slide through the entire array with a small window size. For each window, we consider a



flicker event happening if the delta of maximum and minimum illuminance value exceeds a
certain threshold. Once we slide through the entire array, we are able to identify how many
potential flicker events happened during our measurement period. Due to the on device light
sensor refresh rate limit and the delay on code executions, we are not able to detect any
invisible flicker events. The second algorithm is glare detection, which requires the input of
live image frames captured from the back camera. Glare is an extreme direct light source or
reflection that impedes people’s vision, and a glare on an image usually shows with high
intensity values. Thus, our glare detection algorithm is to analyze an image frame region by
region to see if there are any regions of pixel intensity values that are extremely high. If it
exceeds our threshold, we crop the region as a potential glare source. The auto gain control
(AGC) would be automatically enabled on some devices when an extreme light source is
placed directly in front of the camera. We are not able to control the AGC effect
programmatically, and it certainly affects the accuracy of our glare detection. One way to
bypass this issue is to manually adjust the camera focus by clicking on the region beside the
light source when AGC is enabled.

Self-Assessment

The module of self-assessment is to construct a text based multiple choice activity that needs
to be performed by users. First, the type of questions are occupation dependent, which the
system would generate different questions based on the occupation information given by
users. Moreover, the order and flow of questions are also dependent on the user's answers to
the previous questions. We internally maintain a state machine inside this module in order to
preserve the order of questions.

Profile System

The module of the profile system simply stores the user's basic information, including age,
gender, working context, and etc. Although this module is simple and easy to implement, it is
significant in our application because the solution generation relies on the information given
by this module.

Solution Generation

This is the module that reports lighting deficiencies and generates lighting advice. We
pre-store many text-based lighting information educated by the specialist. The proposed
suggestions and deficiencies of current lighting conditions would be displayed to our users
accordingly based on the input from other modules.

Reflection

For most of us, this is our first time to work as part of a multidisciplinary team involving
application development, project management, and research in human factoring engineering.
As a result, we learned many important elements of how to develop an application efficiently,
including conducting complete communication between the specialist and programmers, how
to break a large project into small pieces and accomplish them in a rational sequence as well
as the ability to think and solve problems in a more user-friendly way.



If we start again, there is something that we would like to do differently. First, we would
more carefully assess the risk of device capabilities before we started working on the project.
Auto Gain Control (where the image dims in the presence of excessive light) is a special
function that exists in almost all of the phones’ cameras. This behavior would affect the
performance of glare detection. However, we did not realize this risk when we implemented
the function of glare detection. In addition, we could do better in time management, which we
could allocate more time on the final stage for Ul optimization, screen adaptation and
Android version adaptation. Moreover, we should recruit more participants to test on the app
and collect sufficient feedback which will be beneficial to improve the user experience of the
app. Finally, there is still room for our presentation skills to be improved. Based on the peer
reviews, we learned that we should explain the use-cases while demonstrating each feature
explicitly for better understanding to the audiences.

Contribution by Each Group Member

Spiral 2 Spiral 4 Final
Changchang Cai Designed app Designed suggestion Proposed Ul
o functionalities, UI, light [ logic, assessment modifications,
(Specialist) level suggestions, contents, glare organized Lighting
flicker suggestions, app | suggestions, profile Info articles, and
instructions, and information, and conducted testing
conducted the usability conducted issue and issue tracking
test, and issue tracking tracking
Dongqging Zhu | Home/Data/Illuminance | Settings/Profile page Lighting Info
Record page UI and Ul and functions function
(Programmer) functions implementation, implementation,
implementation, Self-Assessment Functional
Database design and function Ul integration and
implementation, Light implementation, improvement
Level/Flicker functions Glare function Ul
Ul implementation optimization
Zhe Su Light level Glare detection Resolve issues
measurement/Flicker implementation by | marked by specialist,
(Programmer) detection OpenCV, Resolve issues
implementation, Data Self-Assessment marked by Spiral 2/4
storage implementation function demo feedback
implementation




Specialist Context

Industrial engineering is an applied science about the design and improvement of integrated
systems. Under this scope, human factor engineering is a subject regarding human
capabilities, and limitations in relation to machines, products, and environments. Based on
the specialist’s expertise in the field, IllumiSmart is concerned with occupational ergonomics
from the perspective of lighting.

Poor lighting could lead to safety issues such as injuries when the driver misjudged the
position, shape, or speed of an object. Improper contrasts could potentially reduce the
productivity of work especially when precision is required. Exposing the eyes to too much or
too little light when working might cause eye discomfort and headaches. Physiological
requirements of lighting are different for different occupations and ages. For example, very
precise work such as polishing and engraving glass, needs additional task lighting to
supplement the general illumination, while lighting in computerized offices should consider
the background contrasts and reflections on the screens. All of these factors are taken into
account when designing our app functionalities.

Therefore, we are expecting two meaningful things that IllumiSmart would achieve. First, it
will conveniently help the users adjust their workplace lighting and mitigate potential risks to
their health, especially for those who are changing their workplace due to the covid-19
pandemic and do not have any knowledge about designing the visual environment. Moreover,
the app will help to emphasize the importance of workplace lighting and calls for more
attention to the visual perspective of occupational health. Nowadays, most people are not
aware of the vital role that lighting plays in their working environment. By using this app and
reading about the lighting information it provides, people will have a chance to learn basic
but important knowledge that they hardly get known to in their daily life, and are motivated
to take better care of their working environment.

Future Work

Although we successfully implemented all core features, there is still room for improvement
of the app based on the peer reviews. First, a score to the overall light conditions based on all
assessments and measurement results will better interpret users' workplace light conditions.
Also, we could provide more pictures for an ideal desk setup in the self-assessment function
in order to make users better understand the proposed solutions. In addition, the glare
detection feature still needs optimization, where we could try to adapt any existing glare
object detection models for better performance.

We also come up with some additional features that could make the app better. The first one
is the sharing feature, which allows users to share their assessments and measurement results
to the others. Secondly, a reminder feature will improve the user experience by reminding
users to regularly conduct an assessment to check their lighting conditions. Community
forum is also a nice to have feature, where users could share their lighting experiences and
give support to each other.
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