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ABSTRACT

This project is presenting the design and development of a Programmable Logic Controller (PLC) based automated window shade system to regulate indoor light and temperature environments. Using Allen Bradley hardware programmed with Logix Designer and Red Lion HMI configured with  Crimson 3.2 to control motors for blind movements based on environment variable feedback. For the purpose of simulation the potentiometers will be used to provide the variables for the temperature and lighting inputs. The blind is mounted on a custom made wooden frame and controlled by 2 stepper motors, one for tilt and the other for height.. Reed switches will be used for calibration points with LEDs used for confirming triggers. A small fan is mounted and simulate an extractor fan to aid in temperature management. The system was tested using the action research methodology, refining control logic for responsiveness.
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[bookmark: _Toc197456779]Background

In commercial and industrial environments, managing indoor lighting and comfort for occupant productivity and well-being. Window blinds are usually controlled manually, which can be inefficient and inconsistent, especially in large spaces.
Persistent exposure to Ultraviolet (UV) radiation can damage sensitive equipment, materials and products used in environments such as manufacturing, laboratories and storage areas. For that reason, an intelligent solution that effectively controls sunlight exposure is important.

[bookmark: _Toc197456780]Aim

To develop an automated window shade system controlled by a PLC and HMI

[bookmark: _Toc197456781]Objectives

· Simulate environmental sensor input

· Program blind response logic use a Programmable Logic Controller (PLC)

· Provide a user interface with a HMI

· Test and evaluate control ability


[bookmark: _Toc197456782]Report Structure

· Chapter 2: Literature review

· Chapter 3: Methodology

· Chapter 4: Design and Implementation

· Chapter 5: Evaluation

· Chapter 6: Conclusions and Recommendations

· Chapter 7 Reflection
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[bookmark: _Toc197456789]CHAPTER 2 - RESEARCH & REVIEW OF LITERATURE 

[bookmark: _Toc197456790]Introduction

This section goes over some back round research and literature that is relevant to the development of a Programmable Logic controller (PLC) systems and automated window shade systems. The investigation of existing approaches to the window shade system using PLCs and Human Machine Interfaces (HMI) in industrial automation and sensor driven control systems to have more precise and efficient control and monitoring. Especially with UV radiation impacting indoor environment.


[bookmark: _Toc197456791]PLC-based automation projects.


[1]  PLCs have long been the preferred solution for automation in manufacturing and
Building management systems. In his 2022 paper, Jiang highlights the role of PLC
technology in improving automation systems' stability, reliability, and responsiveness. The
study emphasizes that PLC-based control systems offer better performance than traditional
relay control systems and are easier to expand and reconfigure, which directly supports the
scalability aspect of this project.

[1]Jiang talks about common challenges in traditional electrical control systems, such as wiring complexity, limited fault tolerance, and little centralized control, and  how PLCs help these issues through integrated design, diagnostics, and programmability. These findings support the grounds for using a PLC for this project, especially in terms of system flexibility, upgradeability, and fault handling.

Also, Jiang talks about integrating PLCs with cloud computing and remote monitoring
for improved system responsiveness and wider applicability. Although this project doesn't
include cloud integration, the architecture has been designed to allow future upgrades,
making it forward-compatible in line with Jiang’s recommendations.


[2] Zhang et al.'s work shows the effectiveness of using PLCs for environmental
control in building automation, their system is focused on temperature and humidity,
the basic principles are directly applicable to your project, which aims to control
window blinds based on UV exposure and temperature. The study highlights the PLC's
capability to process real-time sensor data and control actuators, ensuring responsive and reliable operation.
Moreover, the inclusion of an HMI in their system underscores the importance of user interaction in automated systems. Your project similarly benefits from integrating a Red Lion HMI, allowing users to monitor environmental conditions and manually adjust blind positions as needed.
[bookmark: _Toc197456792]Previous works on environmental control using sensors.

[3] In the paper by Morales-Herrera et al. (2017), the authors emphasize that sensors are 
foundational to modern control and automation systems. They describe control systems as 
dynamic entities composed of five core elements: sensors, transducers, transmitters, 
controllers, and final control elements (actuators). With these, sensors have an important role because they are responsible for detecting light, temperature, pressure, etc. into understandable outputs that inform the users.

The integration of sensors into industrial and commercial systems has seen rapid 
development due to their critical role in ensuring system stability, precision, and 
responsiveness. The authors highlight how sensors now go beyond basic data acquisition 
they are embedded into intelligent devices capable of localized analysis, selective sampling, 
and wireless communication. These advancements enable real-time feedback and data-
driven decision-making, which is essential in environments where conditions change 
dynamically, such as in rooms exposed to sunlight and thermal fluctuations.

A particularly important concept discussed is sensor fusion, which involves combining data 
from multiple sensor sources to replicate environmental understanding or improve system 
precision. For example, fusing data from indoor and outdoor UV sensors can allow a control 
system to accurately assess the lighting load on a window and adjust blinds accordingly to 
protect sensitive equipment, reduce glare, or regulate indoor temperature.

Sensor fusion also supports fault tolerance, where inconsistent or missing sensor data can be 
compensated for by other inputs, thus increasing system reliability. This is especially 
valuable in systems like automated window blinds where safety and consistent operation are 
important, even in the face of partial sensor failure.

[bookmark: _Toc197456793]Applications of Red Lion HMIs in automation.

[4] Red Lion Controls is known for producing robust and highly configurable HMI panels used in industrial applications worldwide. Their Crimson software allows seamless integration with a wide range of PLCs, including Allen Bradley, Siemens, and Modbus-compatible systems. Red Lion HMIs are frequently used in process monitoring, alarm visualisation, and manual overrides in systems that require human supervision alongside automated control.

The flexibility and personalisation of Red Lion HMIs make them idea for real-time feedback, parameter adjustments, and multi-sensor visualisation functions that are central to this project’s user interface design. 




[bookmark: _Toc197456794]CHAPTER 3 - RESEARCH AND DEVELOPMENT METHODOLOGY

[bookmark: _Toc197456795]Introduction: Action Research

The project will use Action Research methodology to design, implement, test and refine the automated window blind system being controlled by a PLC and sensor input. The iterative approach means continuous system performance improvements from the real-time environment feedback and function testing.

[bookmark: _Toc197456796]About Action Research

Action Research is defined by cycles of planning, implementation, evaluation and refinement, each cycle involves developing control logic, simulating the operation, testing the software and hardware (PLC, motors and potentiometers) and refined by analysing control and performance.

[bookmark: _Toc197456797]Why Action Research

This project needs practical experimentation with the hardware and short response time to the change in input variables (brightness, temperature and UV). Indoor lighting conditions and occupant preferences make action research a good fit for gradually improving the system control and reliability.

[bookmark: _Toc197456798]How was it used

The methodology steps:

· Diagnosing
· Action planning
· Action Taking
· Evaluation
· Modify









[bookmark: _Toc197456799]Research Onion Layers

1. Research Philosophy: Pragmatism [9[

It combines the practical implementation and observation that reflects real-world applications, but can prove impractical in terms of dedicated time and space but can be mitigated with strong focus

2. Approach: Inductive

Insights can be developed from observation and testing. It can be difficult to analyse and document results but aids adaption of designs.

3. Strategy: Actions research 

As summarised earlier

4. Choice: Mono Method

Focuses on system behaviours and, again, real-time actions for direct performance observations although has less range of specific data from repeated testing under lots of different conditions.

5. Time Horizons: Cross-sectional

The project relates more with the short-term testing with the development project timeline

6. Data Collection and Analysis:


Hardware testing, stepper motor calibration and PLC logic programme refinement.


[bookmark: _Toc197456800]Evaluation Criteria

a. System response to input variables

b. Blind positions in reactions to inputs.

c. HMI usability

d. Consistency in operation over cycles



[bookmark: _Toc197456801]Testing Analysis

Repeated trials in controlled purposeful movements.


[bookmark: _Toc197456802]Development Methodology

[bookmark: _Toc197456803]Software development

Interactive aligns with action research by being updating from trial and error to be continually improved. However, it can lead to scope drifting over time and use, which might just be the leading difficulty.

[bookmark: _Toc197456804]Software  Tools

· Logix Designer for Allen Bradley PLC programming (industry standard)

· Crimson for Red Lion HMI design (works well with the Logix software)


These tools and used across the industrial automation industry for their reliability and scalability 
























[bookmark: _Toc197456805]Hardware Tools

· Allen Bradley PLC- CompactLogix L24ER-QB1B: Real time control 

[image: Allen-Bradley 1769-L24ER-QB1B CompactLogix 5370 Ethernet Controller New  Original | eBay]
Figure 1: Allen Bradley PLC- CompactLogix L24ER-QB1B

Red Lion HMI: Model - CR1000-07000-00210 (7” HMI): User interface, manual overrides and fault detection [4] [5]  
[image: A black rectangular device with a screen

AI-generated content may be incorrect.]
Figure 2: Red Lion HMI Screen
· Potentiometers: Accurately replicates potential environmental readings from any sensors

· 2 Stepper Motors Nema17: For controlling blind tilt and height

· 2 Stepper Motor Driver DM542: to feed the stepper motors with working pulse

· Peli Case: For safe transportation and containment. 

· Cables and connector blocks

The components just listed are important to for project simulations.





[bookmark: _Toc197456806]Justifications for choices:

· Ladder logic: because of ease of use and is aligned with industry standards.
· Software: The Logix Designer and Crimson for their compatibility.




[bookmark: _Toc197456807]PLC Advantages: 

They offer several key advantages:

· Industrial Strength- They are designed to work in demanding environments such as temperature variations, supply fluctuation interference that might disrupt delicate system control.
· Reliability- they are reliable when it comes to fault tolerances when compared to microcontroller/ single-board computer with file systems that can become corrupted.
· Scalability- Can monitor and control multiple systems at a time
· Safety- Built-in features like watchdog timers and fault diagnostic setups.


[bookmark: _Toc197456808]PLC Disadvantages and Workarounds: 

PLCs do have their disadvantages:

· Complex Programming- It can be difficult to work with unfamiliar logic, thankfully the software has built in function blocks, instructions and ladder templates with available manual and online support to help with faster development. 
· Cost: The price can be more expensive than microcontroller solutions but is an investment for long term use, minimal maintenance and scalability.

[bookmark: _Toc197456809]Software

[bookmark: _Toc197456810]Logix Designer

The RSLogix5000 (or Studio 5000) software suite was used for PLC programming. It supports ladder logic, structured text, and function block diagrams, providing flexible programming environments suited to industrial automation. Logix designer allows the developers to build scalable and modular programs that can be easily maintained and expanded.

[bookmark: _Toc197456811] Crimson 3.1
Crimson 3.1 is Red Lion’s graphical software platform used to configure and program Red Lion HMIs. It allows seamless integration with the PLC through Ethernet/IP or Modbus protocols and supports data mapping, real-time visualisation, alarms, and user input controls.
In this project, Crimson 3.1 was used to:
Create real-time displays of sensor readings.
Enable manual override controls for blind position and extractor fan.
Configure alert and diagnostic screens.
Test and simulate interface responses prior to deployment

[bookmark: _Toc197456812]CHAPTER 4 - DESIGN & IMPLEMENTATION

The chapter talks about the design and implementation of the prototype automated window bind system. It uses four potentiometers to simulate sensor readings into an Allen Bradley PLC programmed with the software Logix Designer v34 and a Red Lion HMI using Crimson v3.2.
The mechanical setup has a wooden square frame holding with the blinds hanging and a stepper motor on both sides of the frame on a ledge for support when pulling the strings to control the blind setting. Also a 24V fan to represent an extractor fan for temperature control aid.

Insert Figure 4.1: System Architecture Diagram

Description: A block diagram illustrating the interconnections between the PLC, HMI, potentiometers, stepper motors, reed switches, LEDs, and the extractor fan.


[bookmark: _Toc197456813]Hardware Design

[bookmark: _Toc197456814]Frame

Wooden frame with stepper motors and the PELI Case with the Programming hardware inside and HMI screen on the face of the lid.

[image: A machine with buttons on it

AI-generated content may be incorrect.]
[bookmark: _Toc197456860]Figure 3: Wooden frame, shown with attached blind, 2 stepper motors and extraction fan (in the process of testing and improving system)






[bookmark: _Toc197456815]Stepper Motor 1

-Attachment to blind tilt mechanism:

Stepper Motor 1 is secured to a shelf piece on the outside of the frame with the shaft inserted into 3 core flex insulation, connected to the rod inside the top of the frame. The reason for the temporary connection is in case of the stepper motor continuously rotating during the testing of the programming, it is thought best to have flexibility in the mechanical section of the system. 
[image: A close up of a machine

AI-generated content may be incorrect.]
[bookmark: _Toc197456861]Figure 4: Motor Attachment to the rotating rode that pulls the tilt string

-Secured to shelf installed on the outside of the frame

[image: A small black device with wires attached to a wooden piece of wood

AI-generated content may be incorrect.]
[bookmark: _Toc197456862]Figure 5:Motor 1 secured to the shelf on the outside of the wooden frame. With indicating LEDs triggered by limit switches.





[bookmark: _Toc197456816]Stepper Motor 2


-Attached to the right-hand side of the wooden frame with an L-shade bracket.

[image: A small black box with wires

AI-generated content may be incorrect.]
[bookmark: _Toc197456863]Figure 6: Stepper Motor 2 attached with an L bracket to the right handside of the wooden frame
-Attached with the gear wheel and belt to pull the height string of the blind, with little chance of tangles and loose string.

[image: A black device with wires and a metal rod

AI-generated content may be incorrect.]
[bookmark: _Toc197456864]Figure 7: Stepper Motor 2 showing attached to the gear system that pulls the string adjusting the height of the blind

[image: A small metal object with a wire

AI-generated content may be incorrect.]
[bookmark: _Toc197456865]Figure 8: Synchronous wheel with teeth and belt used to wrap the pull the height string
[bookmark: _Toc197456817]PLC Logic and Control Flow

The system was programmed using ladder logic and Function Block Diagram in Logix Designer v34. The PLC logic included the following key elements:

[bookmark: _Toc197456818]Analog Voltage input data Scale

Reading analogue input from potentiometers and converting in the function block diagram sub-routine to scale the raw number, that Allen Bradley PLCs specifically translate input analogue ranges (see fig 7 below[27]):
[image: A table with numbers and text

AI-generated content may be incorrect.]
[bookmark: _Toc197456866]Figure 9: Shows the valid formats and min./max. data ranges for the 1769-IF8 Analog Input Module[27]
Using this table and examining the data input on the Logix Designer software when the PLC is online. Unfortunately, the Logix Designer Vers 34 software does not support the ladder logic instruction that supports scaling the raw values into scaled ranges eg. 0-100 instead of -29788 to +32767 (shown on the table above fig7 in the 0v to 10v row/ raw data). 




So to rectify this, a new Subroutine, created under the main task, formatted to a Function Block Diagram[23] had to be created to use the SCL (Scale) instruction, see fig8 below:

[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc197456867]Figure 10: Function Block Diagram on Logix Designer showing analog input voltage scaled through the SCL instruction [23]
This shows the DIAL_Bright and DIAL_ID_UV tags on the left are receiving the raw data, the InRawMax, InRawMin, etc below it is the scale requested so the output translates into a suitable value range. Now the receiving data is suitable, the tags on the left can be used to link back to the ladder logic diagrams to program control to the motors, timers, switches etc.










[bookmark: _Toc197456819]Simulating Stepper Motor Pulses

To drive a stepper motors, a minimum threshold of frequency pulses are needed. Usually, when using PLCs systems there are motion control modules that can be purchased to have the best speed/ motion control but they can be quite expensive and arguably excessive for a light load i.e. blind control.


[image: ]
Figure 11: Pulse width modulation graph


Considering the stepper motor drive needs to have a feed similar to the voltage pulse shown above in fig11. By using just a digital output from the PLC flashing on and off would be a viable method.[22]

[image: A white background with a black border

AI-generated content may be incorrect.]
Figure 12: Logix Designer ladder logic showing stepper motor timer pulse control

The original purpose of the researched ladder logic [22] is to flash the LEDs on and off in a controlled manner at 500ms ON and 500ms OFF and repeat. The stepper motor sequence is set at 2ms ON and 2ms OFF which creates the even pulse feed to the driver feed.






[bookmark: _Toc197456820]HMI Screens and Interface Design

The Red Lion HMI was programmed using Crimson 3.2. It featured:
Real-time readings of the four simulated sensors.
Manual override buttons for blind tilt and height.
Calibration feedback via reed switch indicators.
Fan status display and temperature alert indicator.

Figure 4.8 – HMI Main Screen (insert screenshot)

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 13: Image of the HMI screen showing LEDs the simulated values (top Left) from the potentiometers, reset timer and reset system buttons

[bookmark: _Toc197456821]Simulated Sensor Inputs

Potentiometers were used to mimic real sensor behaviour during development. Each potentiometer was connected to an analogue input on the PLC and scaled to represent the respective environmental parameter.

Potentiometer Data Input Rangle:

	Potentiometer
	Represents
	Voltage Range
	Scaled Sensor Value

	P1
	Brightness
	0–10V
	0 –100%

	P2
	UV Outdoor
	0–10V
	0 –100%

	P3
	UV Indoor
	0–10V
	0 – 100%

	P4
	Temperature
	0–10V
	-5C – 40C



Table 1:Potentiometer Scale




[bookmark: _Toc197456824]Design Decisions


The main goal of this project was to create a window blind system that automatically adjusts itself according to changes in the environment including light levels UV rays and indoor temperature. To achieve accurate control during the early stages of development and testing we used potentiometers to mimic sensor inputs. This method allowed for adjustments to the control logic and hardware reaction without relying on changing real-world environmental conditions.

The system is meant for business or industrial settings and was created to be flexible and able to grow. The components were chosen because they are important for the industry and can easily work with Allen Bradley PLC hardware and Red Lion HMI technology.


Key decisions:

Logix Designer is popular for programming Programmable Logic Controllers (PLCs) because it works well with Allen Bradley systems and is widely used in many industries.

Using of Crimson 3. The HMI screen design is preferred because it works well with Red Lion displays.

Choosing stepper motor of precise control of the blind height and angle.


Wiring reed switches and LEDs in, to have physical limit and calibration references.

Adding a 24V fan to simulate an extractor fan.















[bookmark: _Toc197456822]Testing and Iterative Refinement

The system was tested using the action research model. Testing involved observing responses to potentiometer adjustments and confirming motor or fan activation. Any unexpected behaviours were corrected in ladder logic and retested.

Unit Testing
Validated motor operation in both directions.
Confirmed reed switch triggers and LED feedback.

System Testing

· Tested full adjustment cycle from sensor trigger to blind movement.
Verified calibration sequence at power-up.
Ensured fan activated when temperature exceeded set value.

[bookmark: _Toc197456823]Table Test Scenarios and Outcomes

	Test
	Condition
	Expected Outcome
	Result

	T1
	UV High
	Tilt blinds
	Pass

	T2
	Temp High
	Fan activates
	Pass

	T3
	Manual Override
	Blind moves to position
	Pass

	T4
	Power Cycle
	System homes to switch
	Pass


























[bookmark: _Toc197456842]CHAPTER 5 – EVALUATION

Objectives vs Outcomes

The main aim of the project was to design, implement and evaluate the automated window shade controlled by a PLC, responding to changes in environment conditions

These outcomes were met:

· Simulate sensors input with potentiometers (simulating Brightness, outside and inside UV sensors and temperature)
· HMI providing user system and fault feedback

These outcomes were partially met:

· Program logic response – Full calibration on start-up to prove full function.




















[bookmark: _Toc197456849]CHAPTER 6 - CONCLUSIONS AND RECOMMENDATIONS 

[bookmark: _Toc197456850]Summary of Achievements
Key achievements include:

· Design and construction of a functional prototype incorporating a wooden frame, stepper motors, reed switches, and a simulated sensor input system using potentiometers.

· Development of PLC logic using Logix Designer software for real-time control, positioning logic and extractor fan activation.

· Configuration of a Red Lion HMI using Crimson 3.2 to allow user visualisation of simulated sensor inputs.

· Integration of calibration points through reed switches and LEDs to provide physical limit references 


[bookmark: _Toc197456851]Key Takeaways

From the development and evaluation stages, several important insights were gained:

· Modular design is essential: Using potentiometers for simulated input allowed controlled, repeatable testing, proving valuable for debugging and logic refinement.

· HMI integration adds usability: The Red Lion interface provided a simple yet powerful means for users to visualise sensor data.

· PLC ladder logic is adaptable: The logic handled varied input conditions and allowed modification through successive testing iterations.

[bookmark: _Toc197456852]Recommendations for Improvement

Although the system performed well in certain areas, several other were identified for enhancement:

1. Replace Potentiometers with Real Sensors

2. Improve Mechanical Precision: Slack in the string and gearing mechanisms introduced minor inconsistencies in blind height adjustment.



[bookmark: _Toc197456854]CHAPTER 7 – REFLECTION

[bookmark: _Toc197456855]Technical Skills Gained: 

PLC ladder logic, HMI development, sensor calibration.

[bookmark: _Toc197456857]Soft Skills: 

Communication, troubleshooting, adapting to limitations.

[bookmark: _Toc197456858]Personal Growth: 

Confidence in industrial system design, dealing with unexpected failures.
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Table 3.17 Valid Input Data

1769-- Full Range Raw/Pro | Engineering Scaled-for-PID Percent
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Operating Over and Under Data
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Range) : .
Operating Operating
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