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The invited talk was given by Martina Wicklein University College London) on
“Depth perception in Sphingids: behavior, neurons and models”.
Depth perception in Sphingids: behavior, neurons and models

Martina Wicklein
Department of Visual Science, Institute of Ophthalmology, UCL, London

There are two well studied systems in which the de​tection of change of distance be​tween an animal and object are investi​gated: landing and collision avoid​ance. In M. sexta I am investigating a third behavioral paradigm that needs excellent detection and compensation for change in distance. 

M. sexta, a hummingbird hawkmoth (Sphingidae) flies rapidly, is highly maneuverable and feeds while hovering in front of flowers. Moths approach flow​ers fast, decelerate and finally stop to insert the proboscis into the flower. This can be viewed as a behavior analog to both landing and collision avoidance.  But instead of landing, the moths stay airborne and hover, maintaining exact position in front of the flower even if it moves, irrespective of the direction of movement. The objective here is to detect the change in distance, monitor it and maintain this fixed distance, controlling for deviations in both directions. 

Intracellular recordings in Man​duca sexta have identified two physiologically and anatomically distinct classes of wide-field neurons that respond to looming or re​ceding stimuli. Type 1 responds to looming and receding stimuli but not spirals, thus distinguishing expansion from contraction on the base of changing perimeter length. Type 2 responds to looming and receding stimuli as well as spirals, thus using the flow field patterns. Those neurons pro​vide an elegant mechanism for stabilizing distance during hovering flight (Wicklein and Strausfeld 2000; Wicklein and Sejnowski 2001).

Wicklein, M., Strausfeld, N. (2000) Organization and significance of neurons that detect change of visual depth in the hawk moth Manduca sexta. J Comp Neurol 424:356-76.

Wicklein, M., Sejnowski, T.J. (2001) Perception of change in depth in the hummingbird hawkmoth Manduca sexta (Sphingidae, Lepidoptera). Neurocomputing 38-40: 1595-1602.
PAPER Presentations
Motion Adaptation in the Fly Visual System: Experiments and Models

Rob A. Harris
School of Life Sciences, University of Sussex, Brighton

Wide-field motion sensitive neurons in the fly lobula plate provide a model system for studying the mechanisms of visual motion detection. These cells adapt during prolonged exposure to motion, resulting in after-potentials and increased sensitivity to changes in image velocity. Both of these consequences are comparable to the psychophysical effects of motion adaptation in humans.

What changes occur in the fly’s motion pathway during motion adaptation? 

One elegant theory proposes that motion adaptation tunes correlation-based elementary motion detectors (EMDs) to higher image velocities. However, experiments show that adaptation causes little change in the temporal and spatial frequency tuning of the wide-field cells - indicating that the inherent velocity tuning of the motion pathway does not shift to higher speeds. Contrast-response functions, on the other hand, show large changes following adaptation and provide evidence for at two separate components of motion adaptation: a direction-sensitive antagonistic after-potential and a direction-insensitive reduction in contrast gain.

Higgins, Douglass and Strausfeld (2004) have recently proposed a new type of EMD based on the electrophysiology and anatomy of the neural pathway leading to the lobula plate. This model predicts responses of the wide-field cells to a range of motion stimuli, and can also elegantly account for the contrast gain component of motion adaptation (Rivera-Alvidrez, 2005).

The role of visual information in controlling insect limb movements

Jeremy E. Niven
Department of Zoology, University of Cambridge, Downing Street, Cambridge, CB2 3EJ, UK

The role of sensory feedback in controlling the insect limb movements has been extensively studied for over 30 years. Almost all these studies, however, have focussed primarily upon the role of mechanosensory feedback, largely ignoring the potential role of visual information. Visual information is known to be important for controlling limb movements in vertebrates (including humans) and, in insects, it is likely to be important in controlling limb placement in unpredictable environments and in some goal-directed behaviours. To determine the importance of visual feedback in controlling limb placement in unpredictable environments, we monitored the leg movements of desert locusts walking on a horizontal ladder. We monitored the number of errors each locust made in front and middle leg placement both before and after visual information from one eye was impaired. Loss of visual information from one eye almost totally prevented the ipsilateral front leg from being used as the leading leg. When the ipsialateral front leg was moved, following the placement of the contralateral front leg, the error rate was significantly higher. The middle legs were unaffected by the presence or absence of visual information. This suggests that visual information plays an important role in controlling limb placement in insects. To determine the importance of visual feedback in goal-directed behaviour, we monitored the movements of horse-head locusts crossing gaps. We varied the vertical and horizontal gap size from 0 to 4 cm. At each gap size a specific set of behaviours was used to both detect and to cross the gap. Visual estimates of the gap size were obtained by motion parallax at larger gaps but not at smaller gaps. Vertical edges were particularly important for distance estimation at larger gaps. Impairment of visual information reduced the number of attempts at gap crossing. This suggests that visual information plays an important role in goal-directed behaviour. These experiments demonstrate the importance of visual information in controlling insect movements and may have important applications in insect-inspired robotics.
The neuroscience, behaviour and ecology behind the development of an insect inspired visual collision detection mechanism

Richard Stafford & F. Claire Rind
School of Biology, University of Newcastle, Ridley Building, Claremont Road, Newcastle NE1 7RU
In this talk we detail how we have developed a collision based sensor to detect automotive collisions. The sensor, which is suitable for VLSI implementation, is primarily based on the known neurobiology of the locust’s Lobula Giant Movement Detector (LGMD) neuron and its associated inputs. In this talk we present a holistic approach to the problem of developing the sensor. Firstly we review how the LGMD processes visual information. Next, before creating a biophysical computer simulation of the neuron, we study the behavioural responses of the locust caused by excitation in the LGMD. We also study the visual ecology of colliding objects encountered by the locust, and compare the visual environment of the locust to that which will be experienced by the artificial sensors. From this data we are able to show that a car collision detection mechanism based solely on the LGMD will be less robust than the predator avoidance role the neuron serves in the locust. However, we show that integrating the properties of the LGMD with directionally sensitive insect inspired neurons will create a robust system which can detect automotive collisions and ignore non collision scenes. We hypothesise that the predator avoidance properties of the LGMD may have evolved to exploit the unique visual niche encountered by the locust to fast moving, small predators and outline plans for further research into predator escape neurons based on co-evolution between predators and prey.

Implementing a Robotic Active Vision System

Ben Vincent¹, Iain D. Gilchrist¹, Tom Troscianko¹, Owen Holland², Robert Knight²

¹ Department of Experimental Psychology, University of Bristol, ² University of Essex

We report and demonstrate a robotic implementation of an active vision system, detailing the hardware used and the physiologically based control system. The system consists of a custom-built pan-tilt unit that can direct a camera within a range of 160 degrees pan and 100 degrees tilt, using computer-controlled servos. The standard space-uniform output of the camera is transformed into a space-variant representation to reflect the retinal distribution of photoreceptors. Each subsequent fixation is determined using a Bayesian approach (inspired by Torralba, 2003) that has the potential to fully incorporate bottom-up feature salience and top-down task demands. Recent findings suggest a more modest role for bottom-up features than some previous models suggest (Itti & Koch, Parkhurst et al, 2002), as such we calculate only the following low-level feature saliences; a) high frequency edge information (Tatler et al 2005), b) temporal onsets (Ludwig et al, in revision) and c) isoluminant chromatic information. When no specific behaviour is in progress, low-level features dominate, but when specific tasks occur they spatially modulate the low-level salience. Top-down factors (not yet implemented) are also discussed. Initially information about scene gist (Oliva, 2005) is obtained but adapted to work within the active vision framework. This information can then be used to aid in tasks such as visual search and object identification. Potential methods to combine bottom-up and top-down information to both delineate and categorise fixated objects is also discussed.

References

Torralba (2003) Special Issue on Bayesian and Statistical Approaches to Vision. JOSA A, 20(7), 1407-1418.

Tatler, Baddeley, & Gilchrist (2005) Visual determinants of eye movements: effects of scale and time. Vision Research
Oliva (2005). In Neurobiology of Attention. Eds. L. Itti, G. Rees and J. Tsotsos. Academic Press, Elsevier (pp 251-256)
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Ludwig, Gilchrist, McSorley & Baddeley (in revision). The temporal impulse response underlying saccadic decisions. Journal of Neuroscience
Wood ants use feeding state for the selective priming of navigational memories

Thomas Collett, Rob Harris, Natalie Hempel & Paul Graham
School of Life Sciences, University of Sussex, Brighton BN1 9QG UK

Ants can follow remarkably stereotyped and idiosyncratic routes to and from a familiar foraging area, implying the ordered recall of navigational memories. Foodward routes can sometimes be the same as homeward routes and sometimes the paths of the two routes differ significantly. In either case ants must acquire different views to guide the two stages of their round trip. We describe experiments which show that visual memories for guiding foodward or homeward paths can be primed solely by whether or not ants have fed, and so are in an internal state either to find food or to return home. The priming effect is powerful and can be seen when other possible priming cues are kept constant across the two conditions. In general, the priming of navigational memories is an important component of an insect’s capacity to choose between different routes through the same environment. 

Visual place memories in ants

Paul Graham & Tom Collett
School of Life Sciences, University of Sussex, Brighton

Insects can locate spatial goals by means of 2-D retinotopic views of the surrounding landmarks, which they memorise from the vantage point of the goal [1, 2]. We are investigating the mechanisms involved in this visual place memory using the wood ant (Formica rufa). Our primary research questions are: (i) What information do ants store about a goal? (ii) What visuo-motor behaviours are involved in image matching?   and (iii) How do ants select the correct visual memory?

We trained wood ants to find food at a location defined by a landmark array and then record ants’ paths during tests with altered landmarks. We have found that ants perform image matching when they are fixating landmarks in their frontal visual field and walking forwards [3, 4]. Image matching strategies are dependent on insects’ motor capabilities and we discuss how the difference between flying and walking might account for differences in the visual landmark usage of bees and ants.

Accurate image matching first requires selection of the appropriate visual memory. We trained ants to find food midway between a large and a small cylinder and then tested ants with two intermediate-sized cylinders. Ants’ searches do not fit the predictions of a 2-D image-matching hypothesis unless there are contextual cues enabling ants to correctly identify which training cylinder has been replaced by which test cylinder [5]. Images stored from the goal location must include spatially separate components which are bound together, and the inclusion of panoramic visual features in goal snapshots improves the subsequent recall accuracy.

1.
Cartwright, B.A. and T.S. Collett, Landmark learning in bees: experiments and models. J.Comp. Physiol., 1983. 151: p. 521-543.

2.
Wehner, R., B. Michel, and P. Antonsen, Visual navigation in insects: Coupling of egocentric and geocentric information. J. Exp. Biol., 1996. 199: p. 129-140.

3.
Durier, V., P. Graham, and T.S. Collett, Snapshot memories and landmark guidance in wood ants. Current Biology, 2003. 13(18): p. 1614-1618.

4.
Graham, P. and T.S. Collett, View-based navigation in insects: how wood ants (Formica rufa L.) look at and are guided by extended landmarks. Journal of Experimental Biology, 2002. 205(16): p. 2499-2509.

5.
Graham, P., V. Durier, and T.S. Collett, The binding and recall of snapshot memories in wood ants (Formica rufa L.). Journal of Experimental Biology, 2004. 207(3): p. 393-398.



Detection of coloured patterns by bees
Natalie Hempel de Ibarra1, Anna M Wertlen2, Claudia Niggebrügge2 & Misha Vorobyev3
1 School of Life Sciences, University of Sussex, Brighton, BN1 9QG
2 Neurobiology, Free University of Berlin, Königin-Luise-Str. 28/30, 14195 Berlin, Germany

3 Vision Touch and Hearing Res. Centre, University of Queensland, QLD 4072, Brisbane, Australia

Bees detect coloured targets either using chromatic information supplied by all three receptor types (S, M, L) or achromatic information through signals from the long wavelength receptor (L) according to the target’s size. Small single objects (<15° across) are detected achromatically and larger ones chromatically1,2. We present results from experiments testing free-flying honey and bumble bees with different spatio-chromatic patterns to elucidate mechanisms underlying pattern perception in bees. The distance ranges over which patterns were detected depended from the spatial distribution of achromatic contrasts, whereas the detectability within the working range of chromatic detectors was not influenced by spatial cues. The results are consistent with the predictions of a model of detector units in the achromatic visual system of bees having centre-surround receptive fields 3,4.
1 Giurfa et al. (1996) J Comp Physiol 178: 699-709

2 Niggebrügge, Hempel de Ibarra (2003) J Comp Physiol 189: 915-918
3 Hempel de Ibarra et al. (2001) J Comp Physiol 187: 215-224

4 Giurfa, Vorobyev (1998) J Comp Physiol A 183: 101-110
Exploring how bees generate colour constant behaviour 

from ambiguous stimulus information

R. Beau Lotto

Department of Visual Science, Institute of Ophthalmology, UCL, London

Bees like humans can continue to recognise a surface from its colour even when the scene’s global illuminant changes (which is a phenomenon called colour constancy). It is not known, however, whether they can also generate colour constant behaviour in more natural complex scenes that are lit by multiple lights simultaneously, conditions in which most computational models of colour constancy fail. To test this, bumblebees were raised in a highly controlled, yet ecological relevant environment consisting of a matrix of 64 artificial flowers under four spatially distinct lights. As in nature, the bees had no direct access to information about the illuminants or flowers. Furthermore, the background of all the flowers in the matrix was black, independent of illumination. The stimulus information presented to the bee was, therefore, far more constrained than that normally experienced in nature. Despite this, the bees learned to identify the rewarded flowers in each differently illuminated region of the matrix, even when the conditions of illumination are switched to ones not previously experienced. These behavioural results suggest that colour constant behaviour is not resolved by simply adapting to the global average of spectral stimulus, nor even the spectral contrast between an object and its immediate surround (which in this case was black independent of illumination), but uses behaviorally relevant contrast relationships between visually distinct statistically dependent stimulus elements of scenes. 

Disruptive coloration in animal camouflage

Innes C. Cuthill, Martin Stevens, Amy Windsor & Hannah Walker
School of Biological Sciences, Woodland Road, Bristol  BS8 1UG, UK

Effective camouflage renders a target indistinguishable from irrelevant background objects. Two interrelated, but logically distinct mechanisms for this are background pattern matching (crypsis) and disruptive coloration; in the former the animal’s colours are a random sample of the background, in the latter bold contrasting colours on the animal’s periphery break up its outline. The latter has long been proposed as an explanation for some apparently conspicuous coloration in animals, and is standard textbook material. Previously (Nature (2005) 434, 72-74), using field experiments with artificial moth-like targets, with ‘wing’ colours designed appropriately for bird vision, we have found evidence for two key predictions of the theory of disruptive coloration: that patterns on the body’s outline should be particularly effective in promoting concealment and that internally contrasting colours should enhance this disruptive effect. We now present subsequent experiments that test (1) whether disruptive coloration is rendered ineffective by the bilateral symmetry present in most natural insect prey, due to the salience of symmetry in visual search, and (2) whether disruptive coloration is still effective when some colour elements are highly conspicuous (as in Thayer’s (1909) original formulation of the theory). Regarding (1), symmetry does increase conspicuousness, but in an additive fashion, so disruptive patterning is not totally compromised by symmetry. Regarding (2), disruptive patterns are still effective for concealment when one pattern element does not match the background but, as expected, if all colour elements blend (differentially) with background components then the effectiveness of camouflage is greatly increased.

Eyespots Function as Anti-Predator Deterrents Towards Avian Predators

Martin Stevens, Innes C. Cuthill, A. Adcock & Y. Connolly
School of Biological Sciences, Woodland Road, Bristol  BS8 1UG, UK

Animals show a diversity of markings in response to predation pressure, including eyespots. These circular, often complex, features may reduce predation by; deflecting predatory attacks to less vital body regions, startling predators allowing the prey to escape, or intimidating predators preventing an attack altogether. Intimidating eyespots may be effective because they mimic the eyes of the predators’ own enemies, or because they represent highly salient visual signals which are maximally effective in terms of the predators visual system. We tested if simple intimidating luminance eyespots reduce predation in field experiments involving artificial ‘moths’ composed of printed card (inedible 'wings') with mealworms attached (edible 'body'). Moths were placed along transects on trees and their 'survival' against bird predation was monitored over 48h. In experiment 1, black and white eyespots on a grey wing background were calibrated so the grey represented 50% stimulation of a starling’s double cones, with respect to the white and black. ‘Eyespots’ were either circular or diamond, consisting of a black centre surrounded by a white ring, or the opposite arrangement. Both square and circular eyespots significantly reduced avian predation compared to the all grey controls, with the black centred spots showing the highest survival. In experiment 2, eyespots with two components survived better than single-component spots, with black spots surviving better than the white only spots, which did not confer any survival advantage. Results will be discussed with regards to the function and evolution of eyespots.

Chasing flowers: a possum's eye view

Petroc Sumner1, Catherine A. Arrese2 & Julian C. Partridge3
1Department of Visual Neuroscience, Division of Neuroscience, Faculty of Medicine, Imperial College London,St Dunstan’s Road, London W6 8RP, UK
2School of Animal Biology, University of Western Australia, Crawley,WA 6009, Australia
3School of Biological Sciences, University of Bristol, Bristol, BS8 1UG, UK
 

While most mammals have no more than two types of cone photoreceptor, four species of Australian marsupial have recently been shown to possess three types, and thus have the potential for trichromatic colour vision. Interestingly, the long-wave cones of the honey possum Tarsipes rostratus are tuned to longer wavelengths than those of the other species measured to date. We tested whether the honey possum’s long-wave tuning is adaptive for visual tasks associated with its almost unique diet of nectar and pollen. We modelled three tasks: (1) detecting food-rich ‘target’ flowers against their natural background of foliage or other vegetation; (2) discriminating target flowers from flowers of non-target species; (3) discerning the maturity of the most important target flowers. Initial comparisons of trichromacy vs dichromacy generally favoured the former, but interestingly dichromacy was no disadvantage in some cases. For tuning, we found that overall the honey possum’s long-wave tuning is more adaptive than that of the other marsupial species. Nevertheless, the optimal tuning for tasks 1 and 2 would be at longer wavelengths still, implying that a different pressure or constraint operates against a further long-wave shift of the honey possum’s L cone tuning. Our data show that a possible ecological pressure may be provided by the third task – the difficult and potentially critical discrimination of the maturity of the animal’s major food supply, the flowers of Banksia attenuata.    
The strength of circadian clocks in the retina of various species of fish 
correlates with their geographical origin

Ron Douglas & Robert Yammouni
Applied Vision Research Centre, The Henry Wellcome Laboratories for 
Vision Sciences, Dept. Optometry & Visual Science, City University, London

Animals are able to see throughout the light/dark cycle, despite the fact that the variation in light levels they experience can exceed 10 log units, which is far beyond the dynamic range of any one photoreceptor.  Vertebrates achieve this by switching between 2 differentially sensitive photoreceptors (rods and cones) whose sensitivity can be further adjusted by a number of biochemical/neurobiological processes, which in ‘lower’ vertebrates are augmented by simple morphological (retinomotor) changes within the retina that serve to position the rods and cones optimally for their different functions.  One such change is the contraction of cones towards the inner retina during light adaptation and their elongation towards the back of the eye in low light levels.  Cone contraction can be initiated both by a direct effect of ambient illumination and by an endogenous retinal oscillator.  The involvement of an endogenous oscillator is evidenced, for example, by cones beginning to contract before the onset of an artificial dawn and cycles of cone contraction/relaxation continuing in periods of prolonged darkness .  Here we describe the retinomotor movements of a teleost fish, the glowlight tetra (Hemigrammus erythrozonus), which are subject to unusually strong endogenous control, rhythms of cone contraction continuing in constant darkness with virtually undiminished amplitude for at least 2 weeks.  Other species show less reliance on circadian oscillators for determining cone position.  In order to compare the relative effectiveness of the ambient light versus the endogenous signal in causing retinomotor movements of 5 different teleost species (Hemigrammus erythrozonus, Paracheirodon innesi, Trigonostigma heteromorpha, Danio rerio, Carassius auratus,) we examined the degree to which they respond to light during the dark phase of their light/dark cycle.  In this condition cones are receiving conflicting instructions:  While the light is acting directly to cause light adaptation, any endogenous signal is tending to keep the retinal elements dark adapted.  We found that some species are relatively sensitive to changes in the ambient illumination (e.g. goldfish), as their cones contract in response to light even in the middle of their normal dark phase, while others (e.g. glowlight tetra) are more heavily influenced by endogenous factors as their cones are less mobile in such conditions.  The degree of endogenous control of retinomotor movements correlates well with the geographical origin of a particular species, those originating further from the equator, and hence subject to more annual variation in daylength andlonger periods of twilight,  showing greater light sensitivity and less reliance on endogenous control.

POSTER Presentations
3D reconstruction from stereo images

Carl D. Jones, Peter Plassmann 

University of Glamorgan, School of Computing, Pontypridd, Wales
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This Poster describes “MAVIS II” (Measurement of Area and Volume Instrument System), developed at the University of Glamorgan's Medical Computing Laboratory, in collaboration with the University of Wales' College of Medicine. The device, inspired by animal stereovision systems, is designed for measuring 3D shape and colour for the monitoring of chronic wounds.

In clinical wound assessment a wound image is taken using the digital stereo camera system. This results a right and a left stereo image pair. These images are transferred to the laptop where dedicated stereo-photogrammetry software automatically produces a 3-D model of the imaged area. The main processes involved are: Calculation of stereo displacement, boundary delineation, calibration, surface reconstruction, measurement and visualisation. 

This instrument is derived from a structured light system, developed by Dr Peter Plassmann and Prof. Brian Jones. The original system projects a pattern of structured light onto a wound and uses computer vision to identify the 3D shape and dimensions. The nature of this technology means that instrument is bulky, expensive and therefore restricted in use.

The stereo-photogrammetric system described here is designed to be highly portable, less expensive and easier to use than current 3d systems. The camera captures colour as well as 3D information so that colour 3D models can be reconstructed. Although the device was developed for measurement of wounds it has applications for many areas in medicine such as plastic surgery and else ware such as biometric measurement for health and fitness and reverse engineering for industry, games and film.

A gantry robot and simulation package 
for the study of insect visual learning
Lincoln Smith, Andrew Philippides, Paul Graham, 
Phillip Husbands and Thomas Collett 

Centre for Computational Neuroscience and Robotics, Sussex University, UK;. lincolns@sussex.ac.uk, andrewop@sussex.ac.uk 

Previous work (e.g. [1]) has shown gantry robots to be useful tools for the controlled analysis of natural scenes as part of the study of visual guidance and homing in animals. We present the methodological details of a new gantry and simulation package to be used for understanding the visual input received by flying insects during learning and homing. The gantry will also act as a test-bed for robotic models of visually guided behaviour. 

The large precision gantry robot (3mx2mx2m) is equipped with interchangeable vision heads that enable video capture using panoramic or pan-tilt imaging systems. This provides for simulated motion with six degrees of freedom. Software allows for the accurate recreation of 2D and 3D trajectories from real animal data with the option of recording visual input for offline processing. An offline gantry simulation allows for robotic control architectures to be developed, for instance using genetic algorithms, and later transferred to the real gantry. 

[1] J. Zeil, M. Hofman and J. Chahl. Catchment areas of panoramic snapshots in outdoor scence. J. Opt. Soc. Am. A 20(3):450-469, 2003. 
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