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Research Interest 
The Ritzmann laboratory investigates questions that focus on how animals control movement as they 

negotiate complex terrain.  Specifically, we characterize the neural circuits that control leg movements in 
simple situations like walking on a horizontal treadmill and then investigate how these control circuits 
modify those movements when they are challenged with more complex situations. The subjects we use for 
these studies are various species of insects including the cockroaches Periplaneta americana and Blaberus 
discoidalis and crickets.  In addition to the intrinsic biological value derived from these investigations, data 
acquired in answering these questions are made available to engineers with whom we maintain an active 
collaboration for the purposes of designing and constructing biologically inspired robots. 

Locomotion System 
We have coupled high-speed motion analysis with electrophysiological recordings to understand the 

neural control of leg movements during locomotion.  These data begin to explain how motor activity 
translates into motion in freely moving animals running on a treadmill.  These experiments have tested 
assumptions that were made based upon observations focusing simply on footfall patterns and EMG activity.  
Although those data were valuable, they did not factor in the individual roles of each pair of legs that have 
now been demonstrated by measuring ground reaction forces, as well as the unique ways that each joint 
moves within each pair of legs.  Our data taken in conjunction with observations made by others demonstrate 
that each pair of legs plays a unique role in locomotion. The hind legs (T3) act as positive force producing 
pistons by activating coxa-femur and femur-tibia joints in absolute synchrony.  The middle (T2) legs move 
these joints in phase but with much smaller movements at the femur-tibia joints.  The smaller movements are 
generated both by activating the extensor muscles with lower frequency activity and as a result of bio-
mechanical aspects of the T2  leg segments.  T2  legs play an important role in rearing the animal up as it 
climbs over barriers.  Front legs (T1) have variable movements that allow them to reach through an extensive 
work space. This property makes them particularly well suited for a role as sensori-motor appendages that 
both move the animal, detect properties of its surroundings and begin the process of climbing over objects. 

Current and Future Experiments 
We are now extending our observations to animals that are faced with greater challenges.  For 

example, we have begun to study the leg movements associated with actions needed to climb over blocks of 
various different heights.  The animal begins to climb by pitching its body upward by pushing upward with 
the front and middle legs. The forces that are generated by these legs are re-directed downard. In the case of 
the middle leg, this requires a postural change associated with movements of the joint between the body and 
the coxa (initial segment of the leg).  Once the animal’s body is pitched upward, extension of the hind legs 
then moves the animal over the barrier. During the climb, the more distal joints of the middle and hind legs 
move through the same excursions as they do when walking on a horizontal surface, yet the underlying motor 
activity is much greater for the same joint velocity. The implication is that the animal uses reflex systems 
during walking to maintain constancy in the movements of these joints even as requirements change 
according to complex terrains. 

Our observations on climbing have led to the notion of varied control strategies.  Relatively small 
barriers seem to be traversed with little active change in leg movements. Rather the dynamics of the animal’s 
body appear to be able to adapt to handle these challenges. With larger barriers, there is a clear change in the 
movements that make up the climbing strategy.  However, detailed analysis indicates that the changes are not 
as radical as it appears.  Rather than being a qualitative change in climbing strategy, there appears to be a few 
relatively minor postural changes such as the rotation of the middle leg body-coxa joint.  These small 
changes start a cascade of events that quantitatively alter movement in the middle and rear legs.  Thus, it 
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appears that higher neural centers found in head ganglia do not micromanage behavior by switching between 
control strategies.  Rather, having determined that the barrier is too large for simple dynamic alterations, the 
higher centers dictate a postural adjustment then return control to thoracic circuitry to adjust the strength of 
movement to the immediate conditions associated with climbing.   

The fact that cockroaches place their front legs on top of the barrier accurately with little or no 
searching behaviors, indicates that they measure the block presumably with sensors mounted on their heads. 
In particular, antennae seem to be very important. The animals palpate the surface while walking. Upon 
encountering the block, they rear upward until the antennae can be moved down to an angle of about 140o 
without touching the top edge of the block. The front legs then swing through movements that are similar to 
those used in walking to place the tarsus on top of the block. 

The role of local control circuits and their interactions with higher centers can only be studied in 
detail by using intracellular recording techniques.  This realization prompted one of our former graduate 
students, Andrew Tryba, to develop a tethered preparation that allowed him to record from motor neurons 
and interneurons intracellularly while the animal was making normal walking or searching leg movements. 
We intend to exploit this preparation for many projects in the future. 

The interaction between sensory circuits in higher centers of the nervous system and local circuits in 
the thoracic ganglia during climbing movements have led to questions about the minimal neural circuitly 
required for normal walking behavior. Previous reports suggested that most if not all of the neural circuitry 
necessary for generating walking movements resides in thoracic ganglia. However, when the neck 
connectives are lesioned, cockroaches do not walk very well at all. This change may be due to the trauma of 
the surgery. We, therefore, maintained neck lesioned animals alive for several weeks post surgery and found 
that althought the number of steps increased, inter-leg coordination did not return to normal. 
Neuromodulators can boost the activity level resulting in an order of magnitude more steps. However, again, 
the animal does not return to a normal tripod gait. Occaisional tripod steps do occur, indicating that the 
circuitry that is necessary for generating that movement is present in the thoracic ganglion, but they are not 
readily expressed in the absence of higher centers. 

In contrast to these cervical lesions, cockroaches with lesions further anterior between the 
suboesophageal ganglion and the brain walk incessantly in a perfect tripod gait. These circumoesophageal 
lesioned (CoCL) animals do have some deficits. The most obvious is that they do not alter posture in 
prepration for block climbing. This finding is not surprising, since they do not have access to sensors on their 
head such as eyes and antennae. However, the reasons for other deficits are less obvious. For example, CoCL 
animals cannot climb up 45o inclines. Although intact animals have no problem with this task, CoCL’s slip 
and often fall backwards while moving up the incline. This deficit suggests that the brain neuropils have 
more subtle controls over locomotion on complex terrain than was previously appreciated.  

We are currently examining the roles of specific brain regions by coupling smaller brain lesions with 
high-speed video analysis of turning and climbing. Aluminum foil lances are inserted into specific brain 
regions, such as the midline neuropils collectively referred to as the central complex. The animals capacity to 
turn and climb is then compared to video taken on the same animal prior to surgery. Preliminary data 
suggests that the central complex plays an important role in coordinating leg movements during walking 
turns. This conclusion is consistent with morphological and behavioral studies made in several other 
laboratories. 

Biologically Inspired Robotic Design 
In addition to its intrinsic biological importance, much of the data described above is also used in 

collaboration with Dr. Roger Quinn’s Biorobotics Laboratory in CWRU’s Department of Mechanical 
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Engineering.  Two types of vehicles have been designed and constructed.  One attempts to follow animal data 
as closely as possible.  The assumption here is that animals have evolved efficient solutions to many of the 
problems facing robots. Using this philosophy, three very efficient robots have been constructed.  We are 
now working in close collaboration on a series of insect inspired robots (Robots I-V) which are intended to 
be as cockroach-like as is practical using pneumatic actuators and normal materials. Our kinematic data was 
used in a simulation tool that was created by one of Dr. Quinn’s students.  Information gained from this 
exercise is then used in the design of individual legs. The legs of Robots III through V incorporate the 
degrees of freedom that we have found are important for both horizontal locomotion and climbing.  
Dimensions are accurately scaled as are the angles of each leg relative to the body.  A postural controller of 
Robot III allows the robot to stay upright in the face of very serious perturbations and move its body in a 
rearkably animal-like manner.  As we develop the walking and climbing controllers for these robots, the 
problems that the robotics engineers face tell us much about locomotion in the animal.  The information is 
particularly useful, because the mechanics of these devices were designed so carefully to capture the 
kinematics of the cockroach. 

The other extreme strategy is to use animal studies to solve specific problems facing the robotic 
design teams. In these cases, the solutions may be abstracted from animal studies rather than mimicking them 
directly. In a DARPA funded project, Dr. Quinn and we collaborate with several other engineers to develop a 
small autonomous insect-like robot.  The need for autonomy in this vehicle put consider constraints upon 
power consumption.  This problem was accentuated by the small size of the vehicle.  As with small animals, 
small legged vehicles must cycle their legs many more times to go the same distance as a larger vehicle.  We, 
therefore, characterized the walking and jumping movements of the common cricket as inpiration for this 
vehicle. An interim vehicle was designed an built using the cricket inspired rear legs mounted on a wheeled 
vehicle.  

Another very simple robot that was developed in the Quinn laboratory uses appendages that are 
hybrid between wheels and legs, which we call “Whegs”. These appendages each have three spokes, but no 
rim. The result is a longer stance phase than swing for each wheg, even though each Wheg rotates at the same 
rate. The Whegs are initially set in an alternating tripod arrangement to generate smooth body movement.  
However, upon contacting a block, the two legs of each segment mechanically come together to generate a 
coupled movement similar to that which we have observed in climbing animals. After the climb one leg 
rotates faster to return to the tripod. All of these movements are purely mechanical. This property along with 
the fact that all six whegs rotate at the same rate, allows us to use a single drive motor for the entire robot. 
The resulting simple robot is remarkably fast and agile. 

Conclusion 

The investigations that are being carried out in the Ritzmann laboratory provide insight on the neural 
control of ambulatory behavior.  Our strategy in all studies has been to bring a combination of techniques to 
bear on these problems including high-speed motion analysis of movement, peripheral recording and 
intracellular recording of identified central neurons.  With these tools, we can begin to determine rules by 
which an animal can assimilate various types of sensory information from both its surroundings and from 
within its own body and then use that information to control real behavioral movements under real conditions 
in which its immediate environment as well as the physical forces acting upon its limbs must be taken into 
consideration.  By factoring in real world forces into the equation, we can utilize these data in the design of 
robotic vehicles that must operate under the constraints of real world forces.  Moreover, because our robots 
are carefully designed to capture the body design and movements of the animal, issues that arise as engineers 
attempt to control various movements of the robot provide insight into how the animal accomplishes these 
tasks.  Thus, demonstrating the benefits that can be achieved from a close collaboration between engineers 
and biologists. 
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