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Three Categories of Vision Technology
! Sensors for vision

! Visible light image sensors
! IR image sensors
! Time of Flight (ToF) image sensors

! Display Technology
! Thin-film Transistor (TFT) Liquid Crystal Displays(LCD)
! In-Plan Switch (IPS) Liquid Crystal Displays (LCD)
! Organic LED (OLED) Displays
! Digital Light Processing (DLP) Projectors

! Visual Data Processors
! Graphics Processing Units (GPU)
! AI/Neuro Processors
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Photons to Electrons

Source: Teledyne
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CCD Sensor Technology

Source: Teledyne
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Example of a CCD Sensor

Teledyne CCD290-99 Scientific CCD 
Sensor, 9216 x 9232 Pixels
 

Source: Teledyne



Lecture 14 Slide 6PYKC 11 March 2025 DE4 – Design of Visual Systems

Example of a CCD Camera

Source: Nikon
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Sample images from CCD microscope
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Source: Nikon
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CMOS Sensor – photodiode array

Source: Canon
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Structure of a CMOS Sensor Device

Source: Olympus
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Bayer Mosaic Filter arrangement

Source: Olympus
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SEM image of Cross Section of a CMOS Sensor
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Low Cost Camera - Raspberry Pi
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Low Cost Camera - Raspberry Pi

Source: Raspberry Pi Foundation
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Sony’s Latest Sensor

Source: Sony
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Integration of AI into an Image Sensor

Source: Sony
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Infrared (IR)  and SWIR Images

Source: Sony

Short-Wavelength IR images
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Infrared (IR)  and SWIR Images

Source: Sony
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Time of Flight (ToF) Image Sensor

Source: Sony

Current Assisted Photonic Demodulator (CAPD)
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Time of Flight (ToF) Image Sensor

Source: Sony
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Another ToF Sensor – epc660

Source: EPC
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TFT LCD Technology

Source: Orient Display
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In-plane-switching (IPS) LCD Technology

Source: Orient Display
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OLED Display Technology

Source: LG

LCD display

OLED display
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Digital Micromirror Device (DMD) Technology

Source: Texas Instruments



Lecture 14 Slide 25PYKC 11 March 2025 DE4 – Design of Visual Systems

Principle of Projection using DMD

Source: Texas Instruments
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SEM images of DMD by TI

Source: Texas Instruments

16 µm
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Digital Micromirror Device (DMD) Technology

Source: Texas Instruments

DLP – 
Digital Light 
Processing
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Apple Silicon M3 Pro Chip Photo

Source: Apple Computers
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What is a GPU?
! Based on SIMD architecture – Single Instruction, Multiple Data.
! Exploit data parallelism.
! High compute density due to massive degree of parallel processing.
! Initially developed as graphics accelerators for games.
! Now used for many other scientific processing and particularly for AI training.
! Software based on C/C++, and also on CUDA (Nvidia’s own programming language).

MISD SIMD
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Typical Nvidia GPU Architecture

Streaming Processor Cores

Source: NVIDIA
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SM and the CUDA programming model

Source: NVIDIA
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Nvidia CUDA Programming Model

Source: Moises Hernandez
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GPU vs CPU on Performance
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Nvidia Latest – Ada GPU AD102

Source: NVIDIA

• 288 FP64 cores in
• 144 Streaming Multiprocessors (SMs)
• 12 Graphics Processing Clusters (GPCs)
• 72 Texture Processing Clusters (TPCs)
• 384-bit memory interface
• 12 32-bit memory controllers. 
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Google Tensor Processing Unit (TPU)

Source: Google

The TPU includes :
• Matrix Multiplier Unit (MXU): 

65,536 8-bit multiply-and-add 
units for matrix operations

• Unified Buffer (UB): 24MB of 
SRAM that work as registers

• Activation Unit (AU): 
Hardwired activation functions
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GroqChip 1 – Another AI inference engine

Source: Groq
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Cerebras 1.2 trillion transistor AI interference engine


