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F R A M E  R AT E S

Image from https://documentation.apple.com
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https://documentation.apple.com/en/finalcutpro/usermanual/Art/L01/L0112_FrameRates.png
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C A M E R A S
S I N G L E - L E N S  R E F L E X

northlight-images.co.uk

http://northlight-images.co.uk


Color Sensors (digital)

Image from red.com

Bayer Pattern

What the Camera Captures

Of Red, Green, and Blue we are most sensitive to Green information

https://www.red.com/red-101/bayer-sensor-strategy


How Big is all of this Data?

data rate = color depth × vertical resolution × horizontal resolution × refresh frequency

Giga/Mega/Kilobits = unit of measure for data transfer (bitrate)

UNCOMPRESSED 
VIDEO

Bit Depth Resolution Frame rate Total bitrate
5 minutes of 

video

720p@30  
8-bit

8 (*3) 1280x720 30 663 Mbps 24.86 GB

1080p@60        
10-bit

10 (*3) 1920x1080 60 3.73 Gbps 140 GB

4K UHD@60 
12-bit

12 (*3) 3840x2160 60 17.91 Gbps 671 GB

8K UHD@60 
12-bit

12(*3) 7680 × 4320 60 71.6 Gbps 2.7 TB

Giga/Mega/Kilobytes = unit of measure for data storage (file size)



How Big is all of this Data?

BIGTOO



What Do We Do About it?

The Human Visual System is Imperfect

Image from www.twinkl.it

https://www.twinkl.it/teaching-wiki/parts-of-the-human-eye


Rods and Cones

Image from askabiologist

120 Million Rods 
6 Million Cones

https://askabiologist.asu.edu/rods-and-cones


What Do We Do About it?

More Sensitive Less Sensitive

Brightness (Luma) Color (Chroma)

High Frequency DetailLower Frequency Detail

Light Areas Dark Areas

Spend more bits here!



What are the components of video information?

Image from red.com

https://www.red.com/red-101/video-chroma-subsampling


Chroma Subsampling

(Brightness / Luminance)

(Blue + Red) Combined

Chroma Subsampling Value

Image from wikipedia

https://en.wikipedia.org/wiki/Chroma_subsampling




Y (luminance)

Cb (blue component)

Cr (red component)

4:2:0



Y (luminance)

4:2:0 (1/4 chroma information)





Chroma Subsampling

Image from wikipedia

https://en.wikipedia.org/wiki/Chroma_subsampling


Bit Depth

8-bit, 10-bit, 12-bit, 16-bit… ????



Bit Depth
8-bit, 10-bit, 12-bit, 16-bit… ????

Binary Representation (base 2)

Bit-Depth Binary Representation
Maximum Base10 

Value
Number of Colors

1-bit 1 1 1

8-bit 11111111 255 16,777,216

10-bit 1111111111 1,023 1,073,741,824

12-bit 111111111111 4,095 68,719,476,736

16-bit 1111111111111111 65,536 281,474,976,710,656



Bit Depth
8-bit, 10-bit, 12-bit, 16-bit… ????

Image from fujifilm Image By Steve F, CC BY-SA 2.0

Common Artifact: Banding, especially on gradients

https://fujifilm-x.com/en-us/exposure-center/8-bit-or-10-bit-video-color-explained
https://commons.wikimedia.org/w/index.php?curid=13773379


Image from b&h

Storing the Data

https://www.bhphotovideo.com/c/product/1667800-REG/sony_ilce_7m4_b_alpha_a7_iv_mirrorless.html/specs


Codec

Chroma Subsampling
Bit Depth

Image from b&h

Storing the Data

https://www.bhphotovideo.com/c/product/1667800-REG/sony_ilce_7m4_b_alpha_a7_iv_mirrorless.html/specs


Storing The Data

Acquisition format should be higher than the delivery format

CAPTURE DELIVER

Processing Pipeline

At least 10-bit 422 when possible depends*



Video Compression

Codec

Encoder Decoder
Image from brid.tv

https://www.brid.tv/best-video-codecs-to-use-and-how-to-choose-the-right-one/


Video Compression Frames



Video Compression Frames



Video Compression
Frame Types

Keyframe (I)

B

B

P
I

GOP "Group of Pictures"

Temporal Compression



Video Compression Frames



Video Compression

my_file.mp4

Video Track (h264 codec)

Audio Track (aac codec)

Metadata



Video Delivery

How do I send you my file? How do you view it?



Video Delivery

Single File Approach (progressive download)

Image from bitmovin

https://bitmovin.com/adaptive-streaming/


Video Delivery

Adaptive Bitrate

Image from bitmovin

https://bitmovin.com/adaptive-streaming/


Video Delivery

Adaptive Bitrate

Image from bitmovin

https://bitmovin.com/adaptive-streaming/


Video Delivery

YouTube Example

https://youtu.be/sTGw2J2tg9o


Video Delivery

Low views vs High Views

https://www.youtube.com/watch?v=IDDmrzzB14M
https://www.youtube.com/watch?v=bWrgTIN04X8


Video Delivery

Content Delivery Network (CDN)



How To Deliver Your Video

Youtube vs OVP vs roll your ownY O U T U B E V I M E O
O N L I N E  V I D E O  

P L AT F O R M  
( B R I G H T C O V E / M U X )

B U I L D  Y O U R  
O W N

P R I C I N G F R E E F R E E  O R  
S U B S C R I P T I O N S U B S C R I P T I O N U P  T O  Y O U

C O S T N O T H I N G L O W  C O S T M E D I U M  C O S T
H I G H  U P - F R O N T  C O S T S  

( P O T E N T I A L LY )
L O W E S T  H I G H - V O L U M E  
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L O W  C O S T,  
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C U S T O M I Z E
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O W N E R S H I P,  
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L O W E S T- C O S T  

L O N G  T E R M
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L I M I T E D  C O N T R O L ,  

C O N T E N T  
R E Q U I R E M E N T S

L I M I TAT I O N S  O N  
M O N E T I Z AT I O N  U N L E S S  
Y O U  U S E  T H E I R  M O R E  
E X P E N S I V E  P L AT F O R M

H I G H E R  C O S T H A R D E S T  T O  D O



High Dynamic Range (HDR) Video

What is HDR, Why?

Image from www.ravepubs.com

Image from amazon

I hate these "artist's representations"

https://www.ravepubs.com/cedia-releases-integrators-guide-hdr-video-white-paper/
https://aws.amazon.com/media/tech/what-high-dynamic-range-hdr-video/


High Dynamic Range (HDR) Video

What is HDR, Why?

Image from https://www.cnet.com/

https://www.cnet.com/tech/home-entertainment/all-about-hlg-what-hybrid-log-gamma-means-for-your-tv/


High Dynamic Range (HDR) Video

Image from https://www.soundandvision.com

https://www.soundandvision.com/images/219hdrexplained.fig1.jpg


High Dynamic Range (HDR) Video

What is HDR, Why?

Image from Sakuramboderivative work GrandDrake

Wide Color Gamut (WCG)

Image from https://www.filmtechapp.com
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https://commons.wikimedia.org/w/index.php?curid=21864661
https://www.filmtechapp.com/article.php?id=411


High Dynamic Range (HDR) Video

Image from amazon

Highlights are brighter

https://aws.amazon.com/media/tech/what-high-dynamic-range-hdr-video/


Flavors of HDR

M E TA D ATA C O M PAT I B I L I T Y  /  
A D O P T I O N B E N E F I T S

S TAT I C  P E R  
V I D E O H I G H E S T A D O P T I O N

D Y N A M I C L O W " B E T T E R  H D R "

D Y N A M I C H I G H " B E T T E R  H D R "

H L G S TAT I C M O D E R AT E B R O A D C A S T  
C O M PAT I B I L I T Y



Making HDR

Image from b&h Image from https://www.studiodaily.com Image from https://www.youtube.com/

https://www.bhphotovideo.com/c/product/1667800-REG/sony_ilce_7m4_b_alpha_a7_iv_mirrorless.html/specs
https://www.studiodaily.com/2019/11/madrids-pigmento-color-grading-switches-resolve/
https://www.youtube.com/watch?v=R2reuLcjJpc


Making HDR

Image from https://www.flatpanelshd.com/ Image from https://wccftech.com/

https://www.flatpanelshd.com/news.php?subaction=showfull&id=1506057033
https://wccftech.com/how-to/what-is-dolby-vision-and-how-to-enable-it-on-your-iphone-12-and-12-pro/


Distributing and Playing HDR 

Adaptive Bitrate



HDR Takeaways

Capture in as high a quality as you can afford 
Making HDR depends on your camera/monitor! 
HDR adoption is growing 
This is a complicated world that will get easier
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