Jai Improved 3-D video analysis methods
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3-D video analysis in fish ecology | Camera and calibration hardware 3-D analysis software: VidSync Workflow, from field to finish Precision
We present an affordable system of off-the-shelf hardware, free 1 We constructed a mobile, wide-angle, high-definition camera We created VidSync, a user-friendly . . . . 12}
software, and a simple workflow to take 3-D measurements in system weighing ~11 kg (right), and application for Mac OS X 10.6+, to ' 1. V%deotape flashing LED light (for synchronlgathn). | | Rgpeated measurements.
the field or lab. This technology enables the investigation of a mini system < 2 kg (left). synchronize, play, and analyze videos. 2. V%deotape chgcker})oard underwater (for radial distortion). 10} Histogram shows 50 len.gth
previously intractable questions, such as intra-school apam  Calibration requires It performs 3-D calculations and error L‘ i :/;zlleotape ;al}ibratlon quadrat underwater. 8} Zz‘easuremen{s. oS 11 ;h {n
competition or fine-scale habitat selection behavior. an object with many estimation, organizes data in a customizable ' [ : eotap% S E ifjerent p OSltlZInS' ariance
 straight edges (e.g., object hierarchy, and exports results for spreadsheets or the 5. Import videos onto computer. S of reflects errors due to motion
In 1996, two of us (Hughes and Kelly) first used multiple-view Lt 5 checkerboard) to ¥ LR ¢ - companion Mathematica program VidSync Visualizer. It 2 (Sj}ll'ml:(hmmze (;’ld:;O}Sl fr l(zmbdlfﬁzlr Znt Camerast; b ealibrat 4| blu;trfng, bo:?) b.endmg, .
underwater video measurement to quantify fish behavior in a “ & calculate radial N o supports any number (=2) of cameras in any orientation. + - HIOK Ol qUACHAlCReeRerboart: ofs to esta S e .ratlon. | postiion am & z{y cavoes by
natural environment, However, widespread use of such ' distortion, and a 3-D quadrat (below under 8. Plz}y through the video, measuring and organizing points. 2:- cqm.ouﬂag.e/lzghtmg, and
techniques has been limited for two reasons we now address: “Mathematics”) to define the 3-D coordinate The software, demonstration data, and open source code (in 9. Click one button to export all measurements to a spreadsheet. o/ NI s/ilar minor effects.
system. Our quadrat is a clear Lexan polycarbonate box with the Objective-C language) can be downloaded for free from 60 62 64 66 63 70 72
o A lack of easy-to-use 3-D video analysis software. a grid of silicone dots drilled into two opposing sides. http://vidsync.sourceforge.net. Fork Length (mm)
O Impractical restrictions imposed by the geometrical methods - e T ——— [Points can be selected L RBUZ : N 0:00:00:14.1042 /2997 MaSenasiMaster VRS REIS S a I I I E I e ‘ \ E E I I C a tl O n S See http://www.chenakings.org for related videos.
of early video measurement techniques. - — 22t Boskmark by right-clickingand | : : :
I : Until stopped advanced synced playback rates: 1.5 = .25 A
The magnlﬁed - o ' Exact duration (seconds) step =raiﬂes: moved W|th Sub_pixel ”Hint Iines" h|gh||ght Feed I ng terrlto rl eS P rey Ca pt u re m a n e uve r
. . 1o o || e *) Random duration at least: 2 and less than: 1C ° o . he . . . . .
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Objects in Project = Re-sort Add || Edit | | Delete

clicked in the other.

Projer .

The simplicity of digital video capture has being clicked. = e C
accelerated the adoption of video as a measurement | Capture .. 25 Capt =
tool, but the lack of standard protocols and software has Caver Rotin: l
led different researchers to develop a broad medley of & i 3
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Many such methods only measure in 2-D. Of the 3-D
methods, some can only measure within the volume of their
calibration object. Others measure only lengths rather than

positions and require a perfect side view of the target. Others Confic o2 i
require cameras to be parallel, or of a special internal design. oracldl i 89 %
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Our method removes these limitations. It 1s
more accurate, more versatile, easier to learn,
and faster to use. Points are stored in a

customizable hierarch . .. _
of objects, such as y Feeding territories (above). Each color represents a different 0.0
Chinook salmon, and copies represent each prey capture

e . ‘fish, and events, such - - - — '
O b I e Ctl Ve S as ‘prey capture. The VidSync software. The main window (left) holds the synchronized playback, calibration, export, and measurement controls. attempt over a 10-min period. Viewing these in 3-D, combined

over time, reveals territoriality not apparent from 2-D footage.

Timecode X Y z Error Screen Coords
1 0:00:32:49.1208/2997 0.1098... -0.0568... 0.2283... 0.00072... Left Camera: {798.67
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Ecological

Mathematics of 3-D measurement in VidSync

Our primary objective was to measure the effects of intra- Habitat features (right). Habitat features in a ~0.5-m cubic

school competition on the foraging behavior of wild juvenile YidSync measures 3-D ponts by calculating the line-of- Lines-of-sight are area in front of both cameras, including river surface (blue
Chinook salmon during their first summer in the Chena River sight from each camera through the feature being measured calculated by least- plane, top), river bottom (beige), prominent logs (brown)
. . ’ ’ ' ' squares fitting 11 ’ ’ ’ ’
central Alaska. To accomplish this, we set and met three g:ﬁ_;rg,ssh; Il;esg:itizr}:eZflclintllfzi?:?ilgltnsl;;f;ﬁ:; tilslfilse dto pcrlgjaerc ,;V; tlrI;isgimMations boundary of dense cover (green surface), and velocity vectors
performance standards for our measurement technology: construct error estimates and confidence intervals. to the point grids (right) (purple) calculated by tracking naturally drifting particles.
on each surface of the
Utlllty " 0.0

Technological .“. calibration euadsst

o Camera/calibration system must be affordable and tough
enough to survive rattling around in boats and filming fish in
tight places in logjams.

o Studies previously restricted to the lab by the need for precise 3-D measurements can be performed in the field.

o Previous studies involving 3-D measurement were often limited to tiny sample sizes (4-5 fish) by their time-consuming measurement
techniques. Our software makes far larger sample sizes practical, improving statistical testability of 3-D results.

o We can measure any visible attribute of a fish or its environment, including those that are defined over time (territories) or that change
when the fish 1s disturbed (most behaviors). This makes a broad new class of quantitative data available to ecologists.

The transformation allows
points to be located on a
persistent grid (left), which
is mapped into 3-D using
known quadrat dimensions.

A similar projective transformation can compensate for A C k n O W I e d g m e n t S

T o , , - accidental misalignment of Fhe cameras. Vi.dSync.also allows We thank the Arctic-Yukon-Kuskokwim Sustainable Salmon Initiative, Alaska Cooperative Fish and Wildlife Research Unit, & Institute
dlstonlommlsallgment probiems, and work with flexible 4 users to compensate for radial (barrel and pincushion) of Arctic Biology for funding, Drs. Amanda Rosenberger and Mike Bradford for guidance and field assistance, and Matt Evenson
camera configurations. | distortion, accounting for both its magnitude and its center. (Alaska Department of Fish & Game) and T.J. Fayton for field assistance.

o Analysis software must allow users to rapidly digitize,
organize, and visualize thousands of 3-D points.

o Mathematical methods must offer ~Imm 3-D measurement
precision, provide error estimates, correct common



