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Agenda

• Camera Overview
• On Set

– 4K RAW data recording
– visualization tools

• Data Back-up & Transport
– getting from set to post

• Post Production:  “The Digital Lab”
– RAW to RGB processing
– “log” vs. linear processing
– data centric workflow environment

• Global Data Management
– storage, processing and compression
– asset archival



Camera Overview

Designed specifically for cinematography
• Large format sensor

– 4046 x 2048, 8.4um pixels, photo-gate architecture

• PL lens mount
– accepts standard 35mm lenses (ARRI, Cooke, Angineux)

• Reflex viewing system
• High dynamic range, low noise

– greater than 12 stops of exposure latitude
– 4DN noise in 14 bit ADC (72dB), 16 bit word

• 4K primary image data output
– 4K RAW recording to hard disk drive over quad fibre
– auxiliary SMPTE 292, SMPTE 372 digital video later



On Set:  Recording
RAW Linear Recording
• Uncompressed 16bpp ~16.7MBytes/frame

– 16b RAW is the most compact  high dynamic range 
(HDR) 4K image data format

– metadata friendly DPX file format

• HDR “Digital Negative” philosophy
– gamma/gain/color space parameters not “baked in”
– recording media and display device independent
– preserves downstream flexibility based on creative 

drivers, not technology limitations

• Preserves maximum scene latitude and detail…



On Set:  Recording

“normal” exposure view 
suggests these 
highlights are blown 
out…



On Set:  Recording

adjusting gain and 
gamma reveals the 
highlight detail 
captured in RAW 
data…



On Set:  Recording

final image layered 
and mapped to 
the display to 
convey the full 
latitude



On Set:  Recording



On Set:  Recording

• Preservation of intent is critical throughout workflow
– data centric recording enables use of DPX header to capture camera specific 

settings that can be exported to XML database
– XML file used to integrate technical and creative parameters from multiple 

sources
• HDR 4K dictates recording hardware bandwidth 

– 420MB/sec at 24fps
• Tape based systems do not meet either requirement

www.codexdigital.com



On Set:  Recording

• 4K 16b RAW offers lossless data reduction
– 33% of 4K 16b RGB
– only twice 2K 10b RGB 
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On Set:  Visualization

• Immediacy of feedback is the primary benefit of 
digital production
– requires accurate display and measurement 

• Emerging suite of tools expand creative options
– on-set color/look management systems increase 

confidence in end result

• RAW format enables fast, accurate results
– full resolution, full range “digital wedge” < 20 sec
– “soft mapped” through translator to target display
– metadata embedded in wedge attached to sequence
– original image data unaffected



On Set:  Visualization
“spot meter” readings from source data 

also provide ROI gradients

color values white balance and EI rating



• Other tools
– global and line profile histograms on wedge
– 1K, 8b RGB proxies for reference grading and editorial

On Set:  Visualization



Data Back-up & Logistics

• Field Transport Magazine (FTM)
– RAID 5, removable drive bays or dedicated box
– secure back-up, high bandwidth transport to post
– data ingest options:  SRPoIB @ 500MB/s, TCP/IPoIB @ 200MB/s, FTP: 

70MB/s single GbE, 110MB/s dual bonded GbE
• Recycled back to set after confirmation of receipt

– data “Offload Manager” reports file statistics



Data Back-up & Logistics

• Offload Manager
– controls transfer from recorder to FTM & FTM to lab
– tracks start/stop points of previous transfers to ensure continuity
– performs MD5 verification and provides file statistics report to ensure 

data integrity throughout the process 



The Digital Lab

Color Reconstruction
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• Reconstruction = interpolation
– filter design and process control are critical to accurate, 

repeatable results
– multi-pass, large kernel algorithm utilizes specific pixel and 

focal plane attributes to produce high quality RGB images



The Digital Lab

• Detailed color calibration is critical
– native color space of each camera characterized
– unique color mapping coefficients stored internally

• Camera output mapped to CIE XYZ color space
• Mapping to target space happens as & when required  



The Digital Lab

• Resolution often confused with MTF
– reconstructed RGB image resolution is 4046 x 2048 

pixels
– ability to resolve image detail determined by system 

MTF
• Reconstruction algorithm maximizes image detail

– internal pre-filter spreads optical signal over known 
larger number of sampling elements (pixels)

– algorithm makes intelligent decisions based on intra-
frame correlation of scene content frequency and edge 
information

– lens, imager characteristics and system noise determine 
fidelity of final image detail



The Digital Lab
• Bit assignment of scene

– linear assigns uniform distribution
– log assigns bits based on 

approximation of HVS distribution

• Mapped to suit display and 
processing pipeline at each 
step of the process

12bit Linear vs. 10bit Log transfer function
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Deviation from original value

• Precision of end result 
affected by rounding errors 
introduced…
– at capture (to fit media)
– each subsequent conversion 

from floating point 
processing to integer file 
format



The Digital Lab

• Data centric model looks much like contemporary IT environment
– high performance servers used for image processing, job scheduling and data management
– combination of on-line, near-line and offline HDD storage

• Use of proxies mapped to given display environment maintains integrity of RAW 
source material through to final grading and mastering steps



Global Data Management
• Data management decisions required throughout the process

– 4K, 16b RAW = 1.5TB per hour of material
– appropriate resolution, bit depth and compression must be considered 

for each element
• Table illustrates impact on large 1,000,000 ft production

– total RAW footage requires approximately 250TB 
– A Take Ratio = 5:1 (10 hours for 2 hour feature)
– B Takes = all footage minus A Takes (approx 173 hours)

L3 = 2.5:1 lossless, L3 bounded = 8:1, MPEG = 10:1 lossy

Total Storage Requirements [Tbytes] Low Medium High
Master 2.6 6.44 8.59

4K, 12bit log RGB, L3 4K, 12bit log RGB 4K, 16bit lin RGB
A Takes (per above) 9.43 15.27 50.91

4K, 16bit lin RAW, L3 4K, 12bit log RGB, L3 4K, 16bit lin RGB, L3
B Takes  (per above) 15.53 49.69 137.88

2k,10bit log L3 bound 2k,10bit log L3 4K,16bit RAW, L3 bound
Proxy (entire OCN) 0.86 1.54 2.52

8bit, 600x300MPEG 8bit, 800x400MPEG 8bit, 1024x512MPEG
Total Feature Film 28.40 72.94 199.90



Global Data Management

• Cost considerations
– off-line HDD storage approx. $3K/hr of 4K RAW to 

purchase (including controller and RAID card)
– lease/rental business models will be cheaper
– end-to-end, full package pricing will be < 35mm process

• Archival considerations 
– archiving 4K RAW enables repurposing based on future 

image processing and display technologies
– processing algorithms and metadata should also be 

archived 
– data facilitates multiple location disaster recovery plans
– a 4K film neg. should also be struck to complete 

archival strategy



Summary & Conclusions
• 4K HDR RAW image capture enables highest quality end 

result
– no irreversible baked in image processing preserves downstream 

flexibility
– metadata rich files are best way to convey technical and creative 

intent

• Maintaining linear format deep into post preserves 
maximum detail

• Archiving 4K RAW files enables future repurposing
– processing algorithms & metadata required too

• Data management strategy part of production planning
– ideally end-to-end plan developed in consultation with camera 

supplier and post partners

• 4K HDR offers > 35mm quality at < 35mm costs




