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ABSTRACT

Infrared (IR) detectors are becoming a widely used tool in modern research.

IR source generators are needed to test and improve these IR detectors. In 2014, the

CVORG team at the University of Delaware developed the �rst IR Scene Projector

(IRSP) using IR light emitting diodes (IRLEDs). This IRSP was called the SLEDS

system. IRLEDs are capable of faster framerates and better image quality than the

previous generation of IRSP technology. New types of SLEDS projectors with higher

resolutions were then created. The current goal of the SLEDS project is to produce a

complete system that can replace the previous iteration of IRSP technology.

One of the integral parts of the SLEDS system is the control interface. In order

to e�ectively test and control the SLEDS technology, an advanced user interface was

developed. This interface, called the Projector IRLED Native GUI (PING), was created

to scale with the growth of SLEDS technology. As the capabilities of the projector

system evolved, the control interface evolved with them. PING is composed of three

main components: the HTML frontend, backend controller, and the backend service

architecture. The three components work in conjunction to initialize, control, test,

and analyze the SLEDS systems. PING also communicates with the other hardware

components of the SLEDS system to maintain e�cient system operation.
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Chapter 1

INTRODUCTION

1.1 Background

Light in the infrared (IR) wavelength spectrum is incredibly versatile. It is

used in multiple di�erent medical, military, and scienti�c applications. Since it is

invisible to the naked human eye, cameras capable of capturing IR light waves have

been developed. These cameras are integral for detecting of IR radiation and testing

IR-based technologies. One of the emerging IR technologies is the Infrared Scene

Projector (IRSP). IRSPs are used to emit a controlled IR display. This IR display can

be used for developing and testing IR-sensitive equipment, such as infrared sensors.

The bene�t of an IRSP is that it can display these scenes in real-time, testing the

limits of IR sensor technology. IRSPs are usually better for testing IR sensors than

natural IR sources [13].

The most prevalent technology currently used for IR scene projection is resistor

arrays. While useful, these resistor arrays have drawbacks and limitations. Due to

slow heating time, they are unable to project displays at high framerates. They are

also unable to separate apparent temperature from thermal temperature or display

objects considered "cold" relative to the rest of the scene [6, 10, 20, 19]. To overcome

the limitations of the previous technology, a new type of IRSP was developed using

light-emitting diodes. In 2014, the CVORG research team developed the �rst infrared

LED scene projector (IRSP). The research and development was conducted at the

University of Delaware under Dr. Fouad Kiamilev in conjunction with the University

of Iowa [16].

The original super-latticed LED system (SLEDS) had a resolution of 512x512

and ran at 100 Hz [14]. After the successful creation of the original SLEDS, two

1



new sets of 1024x1024 resolution projectors were developed: the Nightglow SLEDS

(NSLEDS) projectors and the two color SLEDS arrays (TCSA). The goal of the arrays

were to push both the resolution and framerate of the IRLED projector design. The

NSLEDS arrays are currently still in the development and testing phase. The TCSA

arrays were tested extensively for to examine properties that could be applied to all

IRLED projector technologies [22]. A third variation of projectors called HDILED with

a resolution of 2048x2048 are currently being developed. The current goal of SLEDS

research is to improve the current iteration of the IRLED technology.

1.2 Problem Formulation

In order to e�ectively run the SLEDs system, a control interface needed to be

created that would maximize performance and functionality. The main purpose of the

control interface would be to process user input and perform the corresponding actions

on the hardware system. In the early stages of the SLEDs system, the system was

controlled by a laptop directly connected to the control electronics. The only functions

of the laptop were to load the control �rmware onto the hardware and pass the images

and videos along to the projector for display [14].

As the scope of the SLEDs system evolved over time, more control functionality

was needed to match the capabilities of the projector system. As a result, a graphical

user interface (GUI) was developed for more streamlined user control. The GUI needed

to be designed with two major elements in mind:

� A comprehensive structure - In order for the GUI to be e�cient, it needed to be
easy to operate. Therefore, a comprehensive structure was needed to maximize
usability.

� Scalability - To keep up with the advancing projector system, the GUI needed
to be designed such that new features or capabilities could be added without
disrupting the previously established structure.

Using these design methodologies, the Projector IRLED Native GUI (PING) was de-

veloped. This paper will document the design process and functionally of PING.
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Chapter 2

ARCHITECTURAL DESIGN

2.1 SLEDS System Components

2.1.1 IRLED Projector and Housing

The LEDs in the SLEDS projectors are built from 10V CMOS pass transistor

pairs. These transistors pass the analog input to transistors that drive the LEDs. These

transistors can pass varying voltage levels to light the LEDs at di�erent intensities. The

higher the voltage, the stronger the IR radiation [3]. Each LED is driven by a read-in

integrated circuit (RIIC) on a board that the projector is mounted to. The RIIC and

projector are mounted into a Dewar chamber to maintain a vacuum. The Dewar is also

used to cool the projector down to cryogenic temperature (around 77 degrees Kelvin)

for optimal performance. A custom packaging was developed in an attempt to increase

the Dewar temperature performance [12]. Figure 2.1 shows the projector and RIIC

mounted in the Dewar.

2.1.2 Close Support Electronics

The Close Support Electronics (CSE) are responsible for a variety of tasks re-

quired for the projector to operate. The main components of the CSE are the HDMI

input/output cards, the FPGA, the Interface Boards, the Digital to Analog Converters

(DACs), and ampli�ers. All of these components are packaged into a sturdy custom

casing. The CSE receives generated scenes via the HDMI cards. The data is read

by the TB-6V-LX760-LSI FPGA and stores it in the local BRAM. The FPGA uses

a custom-developed �rmware to work as the controller for the hardware system. The

data is piped to the array when all 16 data channels used for pixel control are ready

to write to the array. The FPGA writes 16 pixels to the array at a time [18]. The

3



Figure 2.1: The the projector and RIIC mounted in the Dewar.

pixel data is passed to the DACs, which convert the digital data to an analog system

the projector can use. The analog signals are then ampli�ed to the necessary voltage

levels. Finally, the ampli�ed signals are passed to the interface boards which connect

the CSE to the projector via ribbon cables. Figure 2.2 shows the CSE components

housed in their custom casing.

2.1.3 The IR Camera

Since the output of the SLEDS projector is in the infrared spectrum, it is in-

visible to the naked eye. Therefore, an IR Camera is used to observe the projector

4




	Table of Contents
	List of Figures
	Abstract
	1 Introduction
	1.1 Background
	1.2 Problem Formulation

	2 Architectural Design
	2.1 SLEDS System Components
	2.1.1 IRLED Projector and Housing
	2.1.2 Close Support Electronics
	2.1.3 The IR Camera
	2.1.4 The NUCPC

	2.2 Interface Architecture Overview

	3 Interface Front End Architecture
	3.1 Main HTML Framework
	3.2 Main JS Framework
	3.3 jQuery

	4 Design of Graphical Front End
	4.1 Index Framework
	4.2 Projector Initialization Tab
	4.3 Draw Objects Tab
	4.4 Animations Tab
	4.5 Images Tab
	4.6 Videos Tab
	4.7 Test Tab
	4.8 Data Analysis Tab
	4.9 Camera Control Tab
	4.10 Administration Tabs
	4.11 Settings Tab
	4.12 Component Information Tab
	4.13 Service Status Tab

	5 Interface Back End Architecture
	5.1 Controller Overview
	5.1.1 The Web Interface
	5.1.2 The DVI Module
	5.1.3 Administrative Management
	5.1.4 EDT PDV Controller

	5.2 Communication with the frontend
	5.2.1 Routing
	5.2.2 JavaScript Websocket Routing
	5.2.3 Example WebSocket Communication
	5.2.4 Updating the Status Console

	5.3 Service Architecture
	5.3.1 Zero RPC
	5.3.2 The Xorg Service
	5.3.3 The VidCap Service
	5.3.4 The CSE Service
	5.3.5 The Log Service
	5.3.6 The Temperature Reader Service

	5.4 Shared Python Libraries
	5.4.1 OpenGL
	5.4.2 Error Handling


	6 Feature Implementation
	6.1 Scene Generation
	6.2 Bit-Packing
	6.3 Windowing
	6.4 Average Pixel Linearization
	6.5 Data Capture, Data Storage and the Network Drive
	6.6 Interface Reliability

	7 Example Use Cases
	7.1 Radiance Degradation Test
	7.2 Dewar Temperature Testing

	8 Future Work
	8.1 Python3 Rewrite
	8.2 Web Interface as a Service
	8.3 Independent Script Running

	9 Conclusion
	Bibliography

