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What is a multicamera?

∙ Incorporates 2 or more component cameras
∙ Behaves like a single system
∙ Offers better performance or special abilities
∙ Aka:

Array camera
Cluster camera
Super-camera



   Why bother?

∙ Built 1st linux cluster supercomputer, 1994



   Why bother?

∙ Built 1st linux cluster supercomputer, 1994
∙ Built video walls to prove tight coupling



Autonomous 360° system, 1999

Cameras: 2 Nikon 950
2 Olympus D-340R

Control: RS232C tether
Purpose: autonomously wander
SC99 exhibit hall capturing 360°
images sent to cluster video wall



FireScape, 2006

Cameras: 3 webcam
Control: USB tether
Purpose: 360° augmented reality to
guide firefighters in burning buildings



AVA:
Ambient Virtual Assistant, 2008

Cameras: 23 UniBrain Fire-i400
Control: FireWire tether
Purpose: surveillance and “smart space”



A4K2: Stereo Capture, 2014

Cameras: 2 Canon A4000
Control: USB/CHDK program
Purpose: stereo capture



FourSee, 2015

Cameras: 4 Canon N
Control: USB/CHDK program
Purpose: TDCI capture



KREight, 2017

Cameras: 8 Canon SX530 HS
Control: USB/CHDK program
Purpose: 360° capture



KREighteen, 2017

Cameras: 18 Canon SX530 HS
Control: USB/CHDK program
Purpose: TDCI capture



Kodama, 2017

Cameras: 3 Insta360 Air
Control: USB tether
Purpose: 360° TDCI capture



MASK: Multicamera Array Solar 
from Kentucky, 2017

Cameras: 4 Canon SX530 HS
Control: USB/CHDK program
Purpose: Multispectral/HDR TDCI



Lessons learned

∙ Programmable camera modules
∙ Synchronization of local clocks
∙ Local storage and processing
∙ Physical mounting and alignment
∙ Live view
∙ Fault tolerance



Programmable camera modules

∙ Cameras = computers, NOT film exposers
– Offload computation to coprocessors
– Smarter response to tethered control

∙ Frankencamera
∙ Raspberry Pi camera modules
∙ Consumer programmable cameras:

– Canon Hack Development Kit (CHDK)
– Magic Lantern (ML)
– OpenMemories



Programmable camera modules

Consumer programmables
∙ OpenMemories in most Sony;

Linux + Android app (PlayMemories API)
∙ Magic Lantern (ML) in some Canon EOS;

DOS + C (compiled/scripts), low-level access
∙ Canon Hack Development Kit (CHDK) in

most Canon PowerShots (including <$100);
DOS + C (compiled) + BASIC/Lua (scripts)







Synchronization of local clocks

∙ Capture synchronization is hard, right?
– No.
– Open-loop triggering of complex behavior

is unreliable; camera might not be ready
∙ Synchronized local clocks allow cameras to

internally schedule preparation for actions



Local storage and processing

∙ Multicameras often create a huge volume of
data in real time; sending it to a central unit
for storage/processing is a serial bottleneck
– E.g., Kodama saturates most USB
– Path off sensor much faster than off camera

∙ Local storage faster than link off camera
∙ In-camera compression/filtering:

– Region of interest (ROI)
– Local feature extraction, ROI selection

(e.g., PowerShots recognize faces)



Physical mounting & alignment

∙ Most common reason for problems!
∙ Computationally correct for misalignment?

– Computationally expensive
– Might require calibration process
– Somewhat inferior image quality

∙ Approaches:
– Rapid prototyping (e.g., 3D printing)
– Fixed vs. adjustable mounts



Physical mounting & alignment

Rapid prototyping (3D printing)

∙ Complex shapes → modular components
(consumer stuff often has complex shapes)

∙ Fast & cheap to produce & iterate design
∙ Strong parts with tight tolerances



Physical mounting & alignment

Fixed vs. adjustable mounts
∙ Definition of “Adjustable”:
 Will be out of adjustment.
∙ Carefully tweaked fixed

positions work.
∙ Computer-controlled adjust?



Live view

∙ A multicamera does NOT inherently have a
live view even if each component does
(images may require processing to view)

∙ Live view display must be visible from where
you are to be useful
– Unobstructed tilt/pivot LCDs
– Remote live view (awkward for aiming)



Fault tolerance

∙ Many components ⇒ high system failure rate
– Permanent failures are rare

(SD lifetime write limit is most common)
– Dead battery, loose cable, full SD card, …

(bring spares and tools)
∙ Misconfigurations are common

– Make configuration obvious
(e.g., label/color-code parts, show IDs)

– Provide for out-of-band/field configuration
– Leave an audit trail



Conclusion

∙ People still think they’re using film cameras
– Users ignore programmability
– Manufacturers don’t support programming

∙ Component camera = computer + camera
∙ Multicamera should leverage commodity parts

A multicamera is a cluster computer.



Questions?


