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Administrative details

• AI group announcement

• REU announcement

• Assignment Zero:
• Due tomorrow

• Assignment 1:
• Deadline: Next Friday
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Questions?



Credits

• Some of this slides comes from:
• Yogesh S Rawat (UCF)

• Noah  Snavely (Cornell)

• Ioannis (Yannis) Gkioulekas (CMU)

• Mubarak Shah (UCF) 

• S. Seitz 

• James Tompkin

• Ulas Bagci

• L. Lazebnik
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Robot Vision
2. Basics of Images
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Why there are 2 greens at BAYER 

• As a cost-effective alternative, many manufacturers produce cameras 
that coat the CCD elements of their area arrays with a Bayer filter, 
named after Bryce E. Bayer, a scientist at Eastman Kodak who 
patented the concept in 1976. In Bayer-based color imagers, pixels on 
the image sensor are covered with a mosaic of red, green, and blue 
transmissive filters. In the Bayer pattern, 50% of the pixels are green, 
25% are red, and 25% are blue (see image).

• Bayer noticed that the human eye obtains most of its sharpness 
information from green light, which is why the pattern has more 
green pixels. By using two green-filtered pixels for every red or blue, 
the Bayer pattern is designed to maximize the perceived sharpness in 
the luminance channel, composed mostly of green data
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Cameras use Bayer filters to attain true color | Vision Systems 
Design (vision-systems.com)

https://www.vision-systems.com/home/article/16737412/cameras-use-bayer-filters-to-attain-true-color


From last class

7
Can Dogs See in Ultraviolet? | Psychology Today

https://www.psychologytoday.com/us/blog/canine-corner/201604/can-dogs-see-in-ultraviolet


From last class
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From last class
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Can Dogs See in Ultraviolet? | Psychology Today

Dog Vision: What Colors Can Dogs See And Can They See In The 
Dark? (improveeyesighthq.com)

https://www.psychologytoday.com/us/blog/canine-corner/201604/can-dogs-see-in-ultraviolet
https://www.improveeyesighthq.com/dog-vision.html


From last class

CAP4453 10



A large list of visual sensors
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Monochrome cameras

RGB cameras

MultiSpectral cameras

Lidar / Time of flight cameras



Multispectral cameras
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Multispectral Cameras: How Do They Work and Where Are 
They Used? (baslerweb.com)

https://www.baslerweb.com/en/company/news-press/news/multispectral-cameras-how-do-they-work-and-where-are-they-used/39360/


MultiSpectral cameras

• PCB inspection

• Skin characterization

• Food inspection

• Agriculture
• Analyzing crops

• Military
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Multispectral Imaging: New Technology Resurrects 
Centuries-Old Texts (nbcnews.com)

https://www.nbcnews.com/tech/innovation/multispectral-imaging-new-technology-resurrects-centuries-old-texts-n395406


Computer Vision 2010 vs Today
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In 2010



Applications
• Self Driving cars

• Biometric verification

• Healthcare (Gauss Surgical)

• Medical diagnostics 

• Retail (amazon go) 

• Industrial monitoring

• Agriculture (remove weeds)
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Google’s DeepMind Beats Doctors at Detecting 50 Eye Diseases Just 
by Looking at Scans - Algorithm-X Lab (algorithmxlab.com)

Walmart Expands Use of Bossa Nova's Robots from 50 to 350 Stores (forbes.com)

AI startup Gather uses drones and computer vision for warehouse inventory | VentureBeat

Disney's facial recognition AI watches you watch movies | Daily Mail Online

Cargill brings facial recognition capability to farmers through strategic equity investment in Cainthus | Cargill

https://www.gausssurgical.com/
https://algorithmxlab.com/blog/googles-deepmind-can-detect-multiple-eye-illnesses-through-viewing-scan/
https://www.forbes.com/sites/stevebanker/2019/04/19/walmart-expands-use-of-bossa-novas-robots-from-50-to-350-stores/?sh=da0f60c1f9b6
https://venturebeat.com/2019/08/15/ai-startup-gather-uses-drones-and-computer-vision-for-warehouse-inventory/
https://www.dailymail.co.uk/sciencetech/article-4726490/Disney-s-facial-recognition-AI-watches-watch-movies.html
https://www.cargill.com/2018/cargill-brings-facial-recognition-capability-to-farmers
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CPU vs GPU
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Hardware

Train Inference

CAP4453 18CPU, GPU, FPGA or TPU: Which one to choose for my Machine Learning training? – InAccel

Device Pros Cons

CPU Cost effective, fit for general 
purpose, powerful cores, high 
memory capacity

Don’t fully exploit 
parallelism, low throughput 
performance

GPU High throughput performance, a 
good fit for modern 
architectures (ConvNets)

Expensive, energy-hungry, 
has IO latency, memory 
limitations

Custom AI 
Chips 
(ASIC, SoC)

Potential to significantly boost 
inference performance

Expensive and hard to 
develop

FPGA Chip, energy efficient, flexible Extremely difficult to use, 
not always better than 
CPU/GPU

How to Choose Hardware for Deep Learning Inference | Deci

https://inaccel.com/cpu-gpu-fpga-or-tpu-which-one-to-choose-for-my-machine-learning-training/
https://deci.ai/resources/blog/hardware-for-deep-learning/


Outline

• Image as a function

• Extracting useful information from Images
• Histogram

• Color spaces
• RGB

• HUE

• CIE

• Homework 1
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About the picture
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Lena Forsen - playmate, who became the "mother" of JPEGs 
(fotoblogia.pl)

https://fotoblogia.pl/13597,kobieta-ktora-zostala-matka-jpeg-ow


Resolution
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640

480

How many pixels do 
you need to represent 
this image?
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640

480

How many bytes do 
you need to represent 
this image?



RGB Color Space
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Compression technique

- These are colours with different spectra but with same perceptual values
- RGB colour space is the basic colour space
- Device-dependant colour space



RGB Color Space
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RGB Color Space
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Compression technique

- a high correlation between its components
- about 0.78 for rBR (cross correlation between the Band R channel)
- 0.98 for rRG
- 0.94 for rGB

- It is psychologically non-intuitive
- Perceptual non-uniformity (add a value have different effect for every color)

Disadvantages



Phenomenal color spaces

• Most natural way for humans of describing colors

• Described by 3 attributes
• Hue: the colour is red, green, yellow, blue, purple ...

• Saturation: the level of non-whiteness

• Brightness is a measure of the intensity of light. 

• HSL color space. Hue, Saturation, Luminance
• transformations from the RGB space.

• inherit all the short-comings of RGB space.

• There is usually a hue discontinuity around 360 degrees. 

• This makes difficult to make arithmetic operations in such a color space.
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CIE Colour Spaces

• CIE (Commission Internationale de l’Eclairage (illumination))
• In 1931 laid down the CIE 1931 standard colorimetric observer.
• CIE XYZ: CIE standardized the XYZ values as tristimulus values that can describe any 

color that can be perceived by an average human observer
• XYZ are positives
• It is device dependent

• CIELuv and CIELab: proposed in 1976
• Goal: provide a perceptually equal space
• CIElab

• L* closely matches human perception of lightness ( black at 0 and white at 100)

• a* : green–red opponent colors, with negative values toward green and positive 
values toward red. Unbounded, usually bounded from -128 to 127

• b* : blue–yellow opponents, with negative numbers toward blue and positive toward 
yellow. Unbounded
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CIELab
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Cielab

CAP4453

45LAB color enhancement in Photoshop. Normal Image
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Questions?



Coding homeworks

• Presented as a notebook using colab
• https://colab.research.google.com/

• Homeworks are posted at webcouses as a link to:
• gonzo1978/CAP4453: Colab notes for CAP 4453 (github.com)
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https://colab.research.google.com/
https://github.com/gonzo1978/CAP4453

