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 Introduction 

 Body motion stimulus can induce bistable perception (Vanrie et al. 2004; 2006; Vangeneugden et al. 2012; 
Schouten et al. 2011). 

 The perception of body motion has been modelled using physiologically plausible architectures (Giese & 
Poggio, 2003; Lange & Lappe, 2006). These models cannot deal with perceptual multi-stability.  

 Repetition suppression/enhancement: response adaptation to repetitive stimuli is important in fMRI 
paradigms in order to increase selectivity of analysis. 

 Ambiguous results from fMRI adaptation paradigms for action stimuli (e.g. Dinstein et al. 2006; Lingnau et 
al. 2009).  

 No or very weak repetition suppression observed at the single cell level for action stimuli (Caggiano et al. 
2013; Kilner et al. 2014).  
 
 Bistable body-motion stimulus 

(Vangeneugden   
et al. 2012) 

 

 No disparity cues. 
 Upper and lower body consistent with motion in different 

directions. 
 Two movement directions are perceived in alternation; 

perceptual switching (Vanrie et al.  2006). 
 Similar multi-stability for natural walkers in oblique 

projection.  
 Perceptual multi-stability observed for many other 

perceptual phenomena (reviews e.g. Blake et al. 2001, 
Leopold et al. 1999). 

Goal 

 Development of a model that accounts for these dynamic phenomena in body motion perception. 

  Neural model for body motion perception  
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Mechanism for temporal sequence selectivity: 1D Neural Field 

Extension: 2D Neural Field for view selectivity 

𝜏𝑢𝑢 𝜃, 𝑡 = −𝑢 𝜃, 𝑡 + 𝑤 𝜃 ∗ 1(𝑢 𝜃, 𝑡 ) + 𝑠 𝜃, 𝑡  − ℎ 
• Sequence selectivity emerging from asymmetric lateral connections. 
• Stimulus-locked stable travelling pulse solution. (Zhang 1996;  Xie & Giese 2002). 

Simulation results 

Giese (2014) 
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Extension:‘shading pathway’ 

 Addition of shading removes the bistability with respect to view. 
 Model need extension by ‘shading pathway’.  
 Extraction of internal shading gradients provides discriminative features. 
 Extraction by modified filter hierarchy.  
 Interesting new illusion shows influence of illumination direction: 

‘Lighting from above prior’ 

1. Amari S. (1977). “Dynamics of pattern formation in lateral inhibition type neural fields”. Biol Cyb, 27:77–87. 
2. Blake R., Logothetis N.K. (2001): “Visual competition“. Nat Rev Neurosci 3: 1-11. 
3. Caggiano V, Pomper J.K., Fleischer F., Fogassi L., Giese M., Thier P.(2013) “Mirror neurons in monkey area F5 do not adapt to the observation of repeated actions”. Nat 

Commun 4, 1433. 
4. De Baene W., Vogels R.(2010). “Effects of adaptation on the stimulus selectivity of macaque inferior temporal spiking activity and local field potentials. “ Cereb Cortex 20(9), 

2145-2165. 
5. Dinstein I., Thomas C., Behrmann M., Heeger D.. (2008). “A mirror up to nature.” Curr Biol.; 18(1): R13–R18. 
6. Eagleman D. (2001). "Visual  Illusions and Neurobiology“. Nat Rev Neurosci 2 (12): 920–926. 
7. Fukushima K. et al. (1982). “Neocognitron: A new algorithm for pattern recognition tolerant of deformations and shifts in position“. Patt Recog 15(6):455-469. 
8. Giese M.A. (2014). “Skeleton model for the neurodynamics of visual action representations.” ICANN 2014. 
9. Giese M.A., Poggio T. (2003). ”Neural mechanisms for the recognition of biological movements and action.” Nat Rev Neurosci, 4, 179-192. 
10. Grill-Spector K., Henson R., Martin A. (2006). “Repetition and the brain: neural models of stimulus-specific effects.” Trends Cogn Sci. 10(1), 14-23. 
11. Johansson G. (1973). "Visual perception of biological motion and a model for its analysis". Perc Psychophys. 14: 201–211. 
12. Kilner J.M., Kraskov A, Lemon R.N. (2013)“Do monkey F5 mirror neurons show changes in firing rate during repeated observation of natural actions?” J Neurophysiol. 

111(6):1214-26. 
13. Lange J., Lappe M. (2006). “A model of biological motion perception from configural form cues”. J. Neurosci. 26: 2894-2906. 
14. Leopold D.A., Logothetis N.K. (1999) “Multistable phenomena: changing views in perception.” Trends in Cogn Sci 3: 254-264. 
15. Lingnau A., Gesierich B., Caramazza A.. (2009) “Asymmetric fMRI adaptation reveals no evidence for mirror neurons in humans”. Proc Natl Acad Sci USA. Jun 16; 106(24): 

9925–9930 
16. Schouten, B., Troje, N. F., Verfaille, K. (2011) ”The facing bias in biological motion perception: Structure, kinematics, and body parts.” Atten, Perc & Psychophys. 73:130-14 
17. Vangeneugden J. et al. (2012). ”Activity in areas MT+ and EBA, but not pSTS, allow prediction of perceptual states during ambiguous biological motion.” Soc for Neurosci 

Meet 127.04 
18. Vangeneugden J. et al. (2010). “Discrimination of locomotion direction in impoverished displays of walkers by macaque monkeys”. J Vision 10 (22):1-22. 
19. Vanrie J., Verfaillie K. (2006). “Perceiving depth in point-light actions”. Perc Psychophys 68: 601-612. 
20. Vanrie J. et al. (2004). “Bistability and biasing effects in the perception of ambiguous point-light walkers”. Perc 33: 547-560. 
21. Xie X., Giese M. (2002). ”Nonlinear dynamics of direction-selective recurrent neural media.” Phys Rev E Stat Nonlin Soft Matter Phys. 65 (5 Pt 1):051904 (2002)., 65(5, Pt. 1). 
22. Zhang K. (1996). “Representation of spatial orientation by the intrinsic dynamics of the head-direction cell ensemble: A theory”. J Neurosci 16: 2112-2126.  

 

References 

 Acknowledgements 
This work was supported by the EU projects ABC: PEOPLE-2011-ITN PITN-GA-011-290011; HBP: FP7-ICT-2013-FET-F/ 604102; Koroibot FP7-ICT-2013-10/ 611909, and by DFG 
GI 305/4-1, DFG GZ: KA 1258/15-1, and BMBF, FKZ: 01GQ1002A. 

Dynamics of the membrane potential of snapshot neurons: DNF (Amari, 1977) 

Conclusions 
 Extension of neurodynamical model for the encoding of body motion 

can account for multi-stability.  
 Perceptual switches likely not driven by adaptation.  
 Model accounts for weak adaptation in repetition suppression 

paradigms with action stimuli.  
 Prediction of a new stimulus that should result in stronger adaptation.  
 Influence of lighting direction on the perception of biological motion.  

u(,  , t = 120 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 240 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 1104 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 1320 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 480 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 960 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 1440 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

u(,  , t = 1920 ms)

 [deg]


 [

d
e
g

]

 

 

-100 0 100

-150

-100

-50

0

50

100

150

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

Time course of activation distribution for a perceptual switch 
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𝜑, 𝜃, 𝑡 
Dynamic differences  in shading at local 
regions for different views 
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Activation distribution 
u(,  , t = 168 ms)
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 u: membrane potential 
 s: shape detector output 
 : snapshot no.  
 w: interaction kernel 
 h: resting potential 
 *: convolution 

 Second dimension: view angle j. 

 Noise term: e. 

 Adaptation process (adaptation level a) 
increases thresholds of activated neurons.  

1) Reproduction of perceptual bistability:  
 Ambiguous view results in competition between solutions representing two opposite views. 
 Perceptual switches induced mainly by internal noise (adaptation too weak).  

Field dimensions 

Interaction kernel 

2) Reproduction of adaptation data for static 
stimuli in area IT:  

 Fitting parameters for symmetric interaction 
kernel.  

 Reproduction of data from area IT (de Baene 
& Vogels, 2010). 

 Activity decays by about 30 %. 
 Tuning curve becomes wider and deforms  

no ‘output fatigue’  mechanism (e.g. Grill-
Spector et al. 2006). 
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Activity profile as function of view

 

 
Stimulus rep. 1

Stimulus rep. 2

Stimulus rep. 3

Stimulus rep. 4

Stimulus rep. 5

Stimulus rep. 6

1 2 3 4 5 6
0

2

4

6

8

10
Maximum activities

Stimulus repetition

a
c
ti

v
it

y

Prediction I) Bifurcation dependent on difference of compatible view angles  
 For view angle differences below 30 deg   

bistable solution becomes monostable and 
   peak follows the average view (side view).  

Prediction II) New action stimulus that leads to stronger adaptation  
 Reproduction of weak adaptation for single repetition of action stimulus.  
 Much stronger adaptation for stimulus that repeats a short sequence (for same  

total stimulus duration).  

Single stimulus repetition  
(Caggiano et al. 2012; Kilner et al. 
 2014) 
New stimulus 

𝑤(𝜑,𝜃) 

Light source above Light source below 

Lighting in front Lighting influence removed 


