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Abstract: To acquire visual evidence of the bat behaviour, the project
is using a novel, custom designed 500 frame/second 3D scafoeget
best performance, and to have some idea of what that perfmenis, we
have been doing extensive performance analysis. This trepatmarises
the results of that analysis, and how this relates to thatyhd collect
usable bat data. The main conclusion is that the sensor aa&nsgib-
millimetre accurate depth data over a 20 cm (typically 5énies) flight range
when set up properly, but additional work is needed to imerthe spatial
resolution. Several interesting observations have ajrden made from
the data collected in Denmark.
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1 Analysisof the high speed 3D video capture system

1.1 Problem Background

As described in the proposal, the main goal of the visual micgnportion of the ChiRoPing
project is to acquire shape and other visual informationenvbats scan for and capture prey.
As the project has proceeded, the information that has tjteelst priority is:

e Evidence of the bat behaviour during target acquisition cagture

¢ Measurements of components of the bat (eg. mouth openingréatttation, wing angle
versus time).

e Measurement of the bat head shape and pose over time, fdriimipuhe acoustic mod-
elling portion of the project.

This information is to be acquired for 4 species, 3 trawligsbMacrophyllum macrophyl-
lum, Noctilio leporinus, Myotis daubentonii) and 1 gleaning bat\icronycteris microtis).

The bulk of the visual information is to be obtained by use afoael high speed dense
stereo acquisition system, custom produced for the proj&imensional Imaging (DI). This
equipment, seen here

1 .‘ \
consists of 2 500 frame per second light sensitive camerass@ciated PCs, capture cards and
framestores, plus 2 infrared light panels. The 2 camerascapture cards are synchronised,
resulting in a set of synchronised images. The extendedroeraory on the 2 PCs allowed
approximately 1000 frames or 2 seconds of data to be capatréds data rate. After data
capture, DI's proprietary 3D shape recovery algorithm s a dense 3D image, with an
(x,y,2) value at every pixel.

This is a novel (and unique in the world) piece of equipmentbé used in a restricted
capture environment and time slot. We believed that it wasessary to do a performance
characterisation of this device, so we could properly desige experiments before the two
scheduled capture sessions. This report summarises thksres the equipment evaluation,
some preliminary results from the November 2008 Denmarkuwaegrip, and then discusses
the future plans for project image analysis.

To help set some context, here are sketches of the data esptmario for the water trawling
bats:

Version 1.1; 2009-02-11 Page 2 of 7 © ChiRoPing Consortium, 2008



IST — 215370 — ChiRoPing Deliverable D1.1.2

30cm

20 cm
and the leaf gleaning bat:

In the case of the water trawling bats, we see a long pool oénvatith the cameras (and
some of the acoustic measurement equipment) at one end. aflgeierally flies lengthwise
along the pool, capturing a mealworm that has been placér atdtimal sensing distance (1-2
metres) from the cameras. The IR lights provide the extramihation needed by the high-
speed cameras without disturbing the bats. The dotted bmxssthe zone within which good
quality capture data is obtainable. This scenario wasdestthe Denmark trip and was shown
to be effective.

In the case of the leaf gleaning bat, we see the cameras glateden foliage, upon which
an insect has been placed for capture by the bat. We will nabbeto test this scenario until
the Panama expedition, so we are uncertain about variowssigos, like how far the bat hovers
from the leaves during scanning, which will affect where viecp the cameras. As well as the
configuration shown, the cameras could also be below thageliooking upwards, or be placed
in a vertical orientation either adjacent to the foliage totha side.

1.2 Acquisition Questions, M ethods and Results

The use of the sensor for the capture of dynamic bat behaweguired the answer to several
guestions:

1. What 3D shape noise levels are possible? What isthe size of the capture window?

We placed a well-textured planar surface at various digsufiom the focus point, and
measured the RMS on the residuals from the 3D plane fittinge résults when using
50mm focal length lenses and the target at 80 cm are shownedefthwith the results
from 75mm lenses and the target at 200 cm on the right.
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What we observe is a zone about 20 cm deep for both lenses Wiezeei$ excellent 3D
shape recovery (about 0.1 mm and 0.25 mm respectively).

2. Setup: what camer a baseline should be used, and what aperture should be used?

We measured the RMS error levels while varying the camerealin@sseparation and
concluded that 195-260 mm separation worked best for thenblgnses and 260-390
mm separation worked best for the 75mm lenses.

We measured the RMS error levels while varying the camereiaeeand concluded that
there was not much effect on the accuracy, but there was desrnahe of good accuracy
for the recovered stereo when using F2.8. Apertures smilder F5.6 allowed too little
light for stereo recovery.

3. What wasthe spatial and temporal distribution of noise?

We computed the RMS noise levels for the well-textured planaface locally (as con-
trasted with globally across the whole plane in the prevexygeriments). We concluded
that there was no observable variation of the noise acresidlu of view.

We correlated the noise residual vectors between conseduatages and observed high
correlation on well textured surfaces. We concluded thattrrelation arises because the
sensor is measuring actual shape variation on the planghanefore one would expect
to observe a similar pattern of residuals in consecutivegggsa\When texture was weaker,
which means that the stereo algorithm does not produce aseyadence, the correlation
decreased significantly.

4. What are the minimum resolvable spatial features?

We did 2 sets of experiments, one where two thin threads waserged with varying
separation between them. The second experiment used avgl@énar target, where
the separation between the edges of the target was variedis3te was how close two
features could be placed before they were measured as a gaglire, which would give
information about the minimum observable spatial resofutif the features. The threads
represent transitory features of several depths, and theseckpresented shape feature
transitions.

For the threads, the minimum separation varied between ti02@npixels, depending
on the thread size and vertical or horizontal presentatiarscene dimensions (50 mm
lenses, 130 mm baseline, 80 cm target distance), this pameled to 2-5 mm. The
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minimum allowable separation of the edges of the planaretavgried between 6 and
11 pixels, depending on the target width and vertical orzwrial presentation, which
corresponded to 1-2 mm.

5. What range of target speeds are possible to be captured?

We dropped or swung a well-textured ball in the 3 coordinateations relative to the
camera, and measure the RMS of the residuals to a sphere fihekeswas used because
this avoided having to solve the model registration probldmen surface fitting. Different
performances were expected in the 3 directions becauseeoflifferent interactions
between the motion blur and the 3D reconstruction algorsthiwe moved the ball at
different speeds to assess how the reconstruction err@dvand what range of target
speeds is feasible.

With vertical motion (ie. motion blur is perpendicular toetstereo baseline), the RMS
error varied from 0.5 mm (3.4 m/s) to 0.75 mm (5.0 m/s). Withibantal motion (ie.
motion blur is parallel to the stereo baseline), the RMSrevesied from 0.4 mm (0.3
m/s) to 1.4 mm (2.8 m/s - ie. much more sensitive that theaarthotion). Finally, with
motion towards the camera (ie. radial motion blur), the RM8ed somewhat complexly
from 0.2 mm at 0.9 m/s to about 1.0 mm at 3.3 m/s. The figure bslmws the results.
For low speeds, we hypothesise that the depth of field blynsnthe dominant factor,
hence the 20 cm range within which low RMS is measured. At bjgeds, motion blur
dominates, largely independent of the 'sweet spot’.
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1.3 Observationsand Implicationsfor Data Capture

Based on the characterisation experiments, we have a gatsisianding of the sensor and are
able to capture usable data; in fact it was used in the Dendtetek capture trip. Several nice
captures were obtained, which will be on the project webditartly. Altogether, we captured
only 2-3 good runs where the bat attacks the prey, plus Sevasas where the bat launched
itself from the trainer’s hand.

One important issue arose during the Denmark trip, conogrthe DI capture trigger.
Initially, the trigger was a pre-trigger, whereby the useuld start the 2 second capture process.
Unfortunately, it was hard to predict when the bats wouldckithe prey, and the resetting of
the trigger mechanism after a false alarm meant that we oftissed the actual attack. This
was one cause of the limited number of runs acquired in Dekamar
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DI kindly modified their software to allow post-triggeringghereby the system would con-
tinuously capture images, overwriting previous ones,la@ngtop’ signal occurred. We believe
that this will allow a much greater number of captures from Banama trip.

We were worried that the limitation of about 3 m/s in bat moeattowards the camera
system might limit the ability to capture 3D data. Howevbe Denmark capture trip showed
that the Myotis bats were travelling at 1-2 m/s during capt@aithough they are capable of
higher speeds. This suggests that we might cope with thelséehe larger Noctilio trawling
bat in Panama, if it also slows down during prey capture.

We were also worried about the narrow 20 cm capture windowirdeldowever, the Den-
mark data showed that we could capture about 50 consecudinee$ of good data as the bat
moved through the window before it was either too blurry or @iuthe IR lighting range.

The Denmark trip has resulted in several interesting oladiens already about the Myotis
bat, namely regarding the use of the tail membrane for lift atabilisation when launching,
there appears to be a head-dip just before prey captureharapening of the bat mouth seems
to be reasonably constant during echolocation. The audak thas been synchronised to the
video by use of a random-pulse timing light.

Stereo depth has been recovered from some of the Denmaikrespan example of which
is here without and with the overlaid intensity data:

Because of the head size, and the 10-20 pixel scale of rddelf@atures, we can see that
the 3D shape details are currently limited. Over the next,yeawill have a student project that
will investigate how to achieve resolvable features at aloe 4-5 pixel range, which should
give more 3D detail. The detail shown above was also impriwetianually isolating the bat’s
head before the stereo calculation, which reduced the eoatplarising from interference with
the other parts of image. We will be looking at semi-automhbét head extraction.

The analysis of this new type of sensor has been presentedvatkahop and has been
submitted for review as a journal article.

1.4 FuturePlans

An important project goal is to obtain measurements of prigee that are useful to the bi-
ologists, acoustic scientists and roboticists. So far,itf@mation of main interest seems to
be:

1. Mouth opening versus time
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2. Head direction versus time

3. Wing and tail positions correlated with each other andhwibuth opening
4. Eartilt

5. Head shape (for use in the HRTF-based acoustic modelling)

All but the last item can be obtained by tracking various laadks through time and
then computing the 3D positions. Some semi-automated sjasld make acquiring these
landmarks easier, from the few thousand images we expelgt &bout 300 from the Denmark
trip).

The head shape is harder because of the lower resolutiob|ufreng and shape noise. We
are planning a model-based shape fitting approach to extgaeach bat head from the 3D
video, as summarised in the diagram below. From the micro-&Thbad scanning we have
high-detail 3D mesh models available for the bats. We wileer these to allow jaw, mouth,
ear and nose-leaf motion (top left 2 boxes). When working witspecific bat, we propose
to acquire a lower resolution static shape capture whilebtitas held (top center task). This
will allow the initial model to be deformed to the specific 'saghape (“Specific ...Model”).
This model will then be fitted to each video frame’s data (“lé&dodel Fitting”). The plan
is to then exploit the fact that the bat’s shape is only chagmgiowly when observed at 500
fps, to improve resolution and reduce noise variance. Finidle parameters of interest to the
biologists and roboticists can be extracted from the fittedieh

SPECIFIC BAT LIVE LIVE BAT LIVE BACKGROUND
STATIC BAT HEAD 3D SHAPE CAPTURE| | VIDEO CAPTURE| | CAPTURE
CAPTURE (HIGH RES) \ /

BAT 2D VIDEO
GENERIC BAT DEFORMABLE ISOLATION
MESH MODEL CONSTRUCTION
\ SPECIFIC BAT
3D MODEL
BAT 3D VIDEO DATA
COMPUTATION
MESH MODEL
FITTING

TEMPORAL CONTINUITY
/ SUPER-RESOLUTION

i

SHAPE PARAMETER
EXTRACTION
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