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• Application specific vision systems: Vision 
System Pipeline

• Image Sensor Simulator

• Lab Project: Build an Augmented Reality (AR) 
based smartphone vision device
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Application specific vision systems

Vision system pipeline

A common pipeline is used to show major functional 
characteristics of a typical embedded vision system 
(Bhowmik & Appiah, 2018).

Bhowmik, D., & Appiah, K. (2018). Embedded vision systems: A review of the literature. 

Retrieved from https://dspace.stir.ac.uk/retrieve/912d91dd-f3c6-44cc-96dc-

a8c720167ace/Paper_73.pdf
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Application specific vision systems…

The entry point of the Vision system pipeline is the image 
sensor. The image sensor consists of:

a) pixels – built from light sensitive elements

b) micro lenses

c) micro electrical components

Typical image sensor
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Application specific vision systems…

The frame grabber takes the image sensors’ signal and controls 
the frame synchronization and frame rate. Characteristics of  
frame grabber are:

a) microcontroller based electronics pcb

b) Attaches to a laptop internally

c) uses a mini card slot for internally connection

d) Captures individual digital still frames from an analog video 
or digital video stream

d)   software is used for frame synchronization and frame rate

Frame Grabbers



Presented by:

6

Question 1:

What is the entry point to the 
Vision pipeline?
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Application specific vision systems…
Frame Grabbers: 

Hardware Examples
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Application specific vision systems…
Frame Grabbers: 

Analog vs Digital Cameras
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Application specific vision systems…

The raw pixels from the frame grabber are passed to

a) Image pre-processing

b) Feature extraction

c) classification
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Vision Processing

Application specific vision systems…

A mechanism used for :

a) information extraction from a digital image

b) software used to process digital image

c) pre-processing used to optimize the image:

i. ensure features stand out

ii. runs measurements and compares them to specifications

iii. decision is made and final results presented
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Vision Processing

Application specific vision systems…

Vision system pipeline modified
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What is Classification?

Classification Models – Predicts the object membership based on 
characteristics grouping. 

FAQs:

• The focus is on binary decision making.

• Prediction based on a true or false, yes or no 1 or 0 hierarchical 
format.

• Assigning a task of assigned objects from several predefined 
categories (Tan, Steinbach et al., 2016).

• Classifications uses Decision Trees to aid in attribute or event 
predictions.

Source:

Tan, P.N., Steinbach, M., & Kumar, V. (2016). Introduction to data mining. Retrieved from https://www-
users.cs.umn.edu/~kumar001/dmbook/ch4.pdf

.
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Question 2:

What are the five components 
for the Vision pipeline?
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Image Sensor Simulator

Image Sensor Simulator – an instructional tool that 
allows the following analysis:

• noise components.

• image quality.

• lighting conditions.

• digital image formulation process.
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Image Sensor Simulator…

Types of Noise Components:

• Temporal – Anything besides light that causes a pixel 1’s value to 
change overtime (sources: temperature, ADC errors, etc)

a) Shot Noise/Photon Noise:

b) Best Results: Brighter/Better Light – less shot noise

• Dark Current Noise – The rate at which electrons are produced 
due to thermal effects.

a) Every 8°C – Dark Noise Doubles:

b) Best Results: Cooler Camera – less dark noise

.

Camera/Image Sensor Noise Component Basics
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Image Sensor Simulator…

Types of Noise Components:

• Quantization Noise – Errors coming from the A/D conversion 
process. Best Results: Use a better ADC – less quantization noise

Camera/Image Sensor Noise Component Basics

Signal to Noise Ratio (SNR):

• The ratio of a good signal caused by light to unwanted noise

• The most important measurement of image quality for digital 
cameras. 
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Image Sensor Simulator…

Camera/Image Sensor Noise Components
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Question 3:

What noise component is 
concern with the rate at which 
the electrons are produced due 

to thermal effects ?
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Image Sensor Simulator…

http://www.pixpolar.com/imager-simulator/index.html

http://www.pixpolar.com/imager-simulator/index.html
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Image Sensor Simulator…
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Image Sensor Simulator…

Sensor Parameters Experimentation



Presented by:

22

Image Sensor Simulator…

https://www.cse.wustl.edu/~jain/cse567-11/ftp/imgsens.pdf

Resource for 

Image Sensor 

Simulator

https://www.cse.wustl.edu/~jain/cse567-11/ftp/imgsens.pdf
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision  

device

• To use an online design studio software to create AR 

apps for smartphones.

• To use Google vision block to detect and recognized 

objects with a smartphone.

• To use the Google API to enable a Machine Learning 

(ML) feature for object recognition.

Learning Outcomes
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…

Metaverse AR Studio
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…

Metaverse Mobile App
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
System Design for AR based 

smartphone vision device 
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Question 4:

Which image sensor parameter 
effects the resolution of the 

image?
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…

AR smartphone 

vision device 

Storyboard 

Cup Detector
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
Google Vision
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Question 5:

What instructional design 
approach is used to develop an 

AR app using Metaverse?
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
To create object recognition capabilities

https://cloud.google.com/vision/

https://cloud.google.com/vision/
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
To create object recognition capabilities…

https://cloud.google.com/vision/

https://cloud.google.com/vision/


Presented by:

36

Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
To create object recognition capabilities…
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…

Cup Detector 

Visual Outputs
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Question 6:

What software components are 
used to create object 

recognition with a smartphone 
camera module?
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Lab Project: Build an Augmented 
Reality (AR) based smartphone vision 

device…
Try It Out with the Metaverse Mobile App!!!


