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MOTIVATION 

Robotics is a multidisplinary area with a growing and emerging applicational diversity that enables to anticipate its increasingly importance 

in many different fields, including entertainment, rehabilitation, assistive and support systems.  

Nowadays, research [1] aims to develop mobile robots able to move freely in non-engineered environments while detecting and avoiding 

possible collisions, using, for that, different sensors to gather information about the surrounding environment [2], e.g., ultrasonic, IV, laser, etc, 

however, the main interests seem to fall in computer vision systems [3]. Nevertheless, traditional image processing techniques are 

computationally heavy, which difficult the achievement of real-time collision detection and avoidance. Several researchers addressed this 

problem [3], and simple biological visual systems arose as a rich source of inspiration, fortifying the connections among neurobiology and 

computer vision. In particular, in the insects neuronal pathway it was identified some neurons with relevant properties to detect eminent 

collisions. These properties can be used to reproduce efficient computational models that can be used in visual sensors [4]. The present work 

takes part of a larger project which aims to develop a biologically-inspired, comprehensive computational model of complex motion detection 

that could be used to drive generic actuators for motor control. Specifically, the model is intended as a robust and effective collision detector for 

autonomous robot based applications. 

Bio-inspiration comes from the locust Locusta Migratoria, due to the particular behavior of this insect. In locusts, the Lobula Giant 

Movement Detector (LGMD) is a bilaterally paired motion sensitive neuron that integrates inputs from elementary photodetectors, responding 

robustly to images of objects approaching on a collision course. This neural circuitry is involved in triggering escape and collision avoidance 

behaviours. 

Biologically inspired models for collision avoidance have been proposed and applied to mobile robots [5,6] and UAVs [7,8]. Some of these 

models are connectionists, others are not.  Some assume pre-synaptic competition between excitatory and inhibitory inputs and include this 

competition onto their models to explain the LGMD response. Others [9] have modeled the LGMD responses using a multiplication operation 

between the angular velocity, and angular size, of an approaching object. Others [6,10,11] defend that this operation is not mirrored in the LGMD, 

but rather assume that directional motion information of specific motion detectors found in the lamina is integrated by the LGMD to detect 

expansion of the visual input. 

 

TECHNICAL APPROACH 

 
The locust Locusta Migratoria is a species of insect that migrates within large crowds but has no rules in its flight. These particular 

characteristics called for the attention of some researchers [12], in a way to discover how the locusts can perform such maneuvers to avoid 
collisions. As a first step, it is needed to know in detail the locust nervous system and to understand how the visual system of this insect works.  

The locust visual system is composed by a pair of compound eyes, located laterally, that provide for a wide field of vision. This type of eye 
is compound by many similar units, denominated ommatidium (about 8500 ommatidia in each compound eye in the locust case). The main 
function of each ommatidium is to capture the light within a certain area and transform it in an electrical signal [13].  

In the locust visual system, the interneurons that process the visual information are organized as a series of neuropiles, which are formed by 

a thick mesh of neurons and glia cells, located under the compound eyes, forming the optic lobes. The locust optic lobe is organized 

hierarchically onto three principal layers, each one composed by specific neuron cells. The first layer is the Lamina, located under all the 

ommatidia of the compound eye. It is mainly composed by Large Monopolar Cells (LMCs), which are specialized in responding to changes in 

luminosity. The next neuropile is the Medulla, mainly characterized by the presence of lateral connections among neurons of this layer, which 

functionality is to detect movement. In the medulla are located the “Elementary Movement Detectors” – EMDs [13].  

The third layer is the Lobula. Research [14] led to the determination of two particular neurons that respond selectively when the movement 

occurs in depth, the LGMD and its counter-partner, the DCMD neuron. The LGMD responds to an approaching object by generating a vigorous 

and prolonged neural spike train, which is sent to the DCMD in a 1:1 way. The LGMD is a neuron strongly adapted to objects in a collision 

course [10] [12]. 

After some biological experiments it was concluded that, at the LGMD neuron, the filtering of the image of an approaching object results 

from the competition between the excitation and inhibition of the medulla units that establish synapses with the LGMD neuron. The excitation 

comes from the photoreceptor units, which are sequentially stimulated by the image edges as they travel through the compound eye. The 

inhibition is transmitted laterally between the medulla units. As the object is getting closer, the number of excited unit s increases as well as the 

strength of the lateral inhibition. A large number of new medulla units should be excited in the next moment such that the excitation overcomes 

the inhibition and is conducted to the LGMD neuron. For this to happen, it is required that either the edges of the captured picture or the velocity 

of the edges increases. By this reason, the LGMD neuron firing rate increases in response to an approaching object that generates collision 

avoidance behaviors in flight. Besides that, it has been shown that there is a constant relationship between the LGMD peak firing rate and the 

angular size of the looming stimulus, independent of the object approach speed, angle, shape and texture. This particular behavior of the LGMD 

neuron was verified in the LGMD models here implemented (see figure 1).  
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Figure 1: Responses of the LGMD model 1 implemented (see the next section) to different looming stimulus. X-1: LGMD membrane potential versus the ration between the size (l) 

and velocity (v) of the object approaching (l/|v| ratio). X-2: Time-to-collision (TTC) of the peak firing rate versus the ration l/|v|. A-X: analysis of texture effect on the peak of the LGMD 

membrane potential and on the TTC of the peak firing rate. B-X: analysis of shape effect on the peak of the LGMD membrane potential and on the TTC of the peak firing rate. C-X: 

analysis of object approaching angle on the peak of the LGMD membrane potential and on the TTC of the peak firing rate.  

 

EXPERIMENTS AND RESULTS OF THE LGMD MODELS 

We developed a simulation environment in Matlab (The MathWorks, Inc.) that enables to assess the effectiveness of the chosen LGMD 

models. Objects are simulated according to their movement, ie, approaching, translating or receding objects, and corresponding data acquired by 

a simulated camera and processed by the LGMD model. Image sequences are generated by simulating a camera with a field of view of 60º in 

both x and y axis and a sampling frequency of 10 Hz. This simulator enables to adjust several parameters, such as: the image matrix, the camera 

acquisition rate, the image noise level, etc. The computer used in this experiment is a Laptop (Toshiba Satellite L500-13W) with 2 GHz CPUs 

(Intel Pentium Dual Core T4200) and Windows Vista Home Premium operating system. 

 The inputs to the model are synthesized black (0) and white (255) images, with 100 (horizontal) by 100 (vertical) pixels of resolution. The 

object being observed is a square black filled rectangle, whose properties as velocity, acquisition frequency, trajectory, or object size can be 

changed.  

 Several experiments have been made in order to verify and analyze how the image of a black squared object grows when it is approaching 

the camera. Results enable us to conclude that this growing depends on several factors, including the camera acquisition frequency and the 

object velocity, among others. However, the curve that approximates this growing is always an exponential curve, whose slope depends on these 

aforementioned factors.     

As it was said before, the intensive research of the relevant visual features of the LGMD and DCMD neurons [15] led to the development of 

bio-inspired neural networks, strongly based on the anatomy and physiology of the locust optic lobe. At [16] it was proposed a model for the 

LGMD neuron circuitry. Due to the very complex nature of the initial model, other equivalent models were developed from the original one (see 
[5] and [17-20]) despite its complexity. 

An initial LGMD model presented in [17] is strongly based on the organization of the locust visual system. Each element inside the neural 

network represents a type of cell that can be found in the locust compound eye and optic lobe. This LGMD model was able to detect eminent 

collisions responding to the edges’ expansion of the captured image, a computational strategy that substitutes the ones based on object 

identification. It has the same preference as the LGMD neuron for approaching movements. This initial LGMD model provided the basis to 

develop more complex and complete models for collision detection applied to mobile robotic systems [17].   

In the following we will describe five relevant and distinct LGMD models, as well as their validation when presented with visual stimuli that 

contains single looming objects or objects that switch from looming to non-looming (and vice versa).  

The LGMD model 1 based on [21] is composed by three different groups of cells: the photoreceptor cells, forming the P (photoreceptive) 

layer, which works as excitatory cells; the inhibitory cells, forming the I (inhibitory) layer and the summing cells, forming the S (summatory) 

layer. These grouping cells are added in a unique single cell: the LGMD cell. This model was proposed by Stafford et al. and is detailed 

described in [19].  

This model was tested in Matlab (The MathWorks, Inc.) in different conditions, eg, approaching, translating and receding objects with 

different velocities and sizes. The output of the LGMD model 1 was compared with the LGMD biological results to the same visual stimulus 

(figure 1). After the implementation and analysis of this model, we can conclude that it detects false collisions when we add noise to the image 

captured by the camera. By these reasons, it was implemented a new model, the LGMD model 2 [22].  

In the LGMD model 2 [22], we added a new layer, the G layer, to filter the noise that can be present in the captured image. After the 

mathematical modeling and implementation, we conclude that this model is most robust than the one previously implemented.  

Besides the good results presented by the previous LGMD model, it did not provide yet information about the direction of the motion in 

depth. Therefore, an object that is very close to the camera will produce the same excitation level either if it is approaching or moving away. 

This can induce false alert collisions. To overcome this problem a new LGMD model, named model 3 
[23], with two new cells: J and H cell. 

Adding these new cells allowed to know the object movement direction in depth, adding robustness to this new model with respect to previous 

models.  
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Simulations of model 3 have shown the achieved robustness against noise and the feasibility of the model. Further, collisions were 

successfully detected independently of the object features, as direction, velocity and size. 

A model was further proposed by us, which collects the advantages of each of these 3. 

Besides all these models, the Bermudez 2004 [10] presents an alternative model considering that the nonlinear response properties are not 

mirrored in the LGMD neuron, but rather result from the integration of the inputs of correlators based on the Reichardt correlation detector [24] 

as opposed to a pre-synaptic competition between excitatory and inhibitory inputs.  This new approach was also implemented and the obtained 

results also verified the known LGMD properties. 

In order to verify the reliability of both the implemented LGMD models to obstacle detection and the proposed algorithms for obstacle 

avoidance, we have also performed autonomous navigating experiments. However, to simplify the problem we used firstly a simulated but 

physics based environment, using the webots [25] simulator, such that new and unpredictable situations are presented to the robot during its 

navigation.  Figure 2 depicts the experiment where the robot moved autonomously during 13 s when surrounded by several obstacles (blocks). 

Four collisions were successfully detected by the LGMD model 4 and 4 avoidances were performed.  

 
Figure 2: Obstacle avoidance experiment results. A and C: state of the environment at the end of each step. B and D: Robot’s path. The initial robot position is indicated by a 

cross. 
 

MAIN EXPERIMENTAL INSIGHT 

 The present work reflects a deep research around several neuronal models [17-20] [21, 23] biologically inspired, intended for collision detection. 

Knowledge gathered about the locust visual system, including both systems for visual information acquisition and processing, enabled the 

comprehension of these LGMD models, inspired in the locust. These models were assessed with simulated visual stimuli inputs that contain 

looming objects, and their output was compared directly to data from experiments with real animals. Models were exhaustively validated 

regarding the image acquisition rate and the object velocity and size. Further, model robustness was verified by adding noise to the visual 

stimuli. A new LGMD model based on the ones studied has been proposed, which overrides some limitations detected.   

We pretend that, in a nearby future, the neuronal model based on the locust visual system, can allow the development of neuromorphic smart 

sensors, which do not give a measure but instead indicate or detect situations which demand motor actions.  
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