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Abstract— Here in this paper we present a snake robot which can autonomously change its gait depending on the terrain. Also we present the design and construction details for the same. Here a custom simulator for the robot and an API for the same was developed which reduced the design and development time. For controlling the Snake robot manually a data glove using accelerometers was developed. The Snake robot can also be operated in autonomous mode where an over camera is used for sensing the terrain and the snake autonomously travels from one part of the terrain to another by switching its gait. Keywords—bio-robot, snake robot, modular robot, autonomous



I.



specific tasks quickly and reliably. The biological gaits like side winding and linear progression were also achieved. For tasks like gap crossing and stair climbing where a single differential gait would not solve the problem, a piece wise differential gaits was used. Their work involved the development and execution of terrain specific gaits. Juan Gonzalez [3] in his work on Snake robots modeled their locomotion as sinusoidal gaits similar to the way in which animals backbone or spinal cord moves. The robots can be configured in 1D, 2D and 3D topology with different pitchyaw configurations. Also his work says that by introducing sinusoidal waves of specific amplitude, phase difference and frequency one can generate gaits ranging from side-winding rotating and rolling.



INTRODUCTION



Snakes robots belong to a class of modular robots which have a linked structure with hyper- redundancy in their degrees of freedom. This allows the robot to be arranged in several configurations and be operated in several modes as seen in modular robots like moecubes. [16] . Especially compared to the wheeled and mobile robots Snakes robot’s have been proved [1] to overcome challenging terrains like stairs, pipes, water etc. This capability also allows one to use Snake robot’s for the purpose of search and rescue and mine detection. Modular robots like supermechano have varied capabilities for space exploration and climb challenging terrain .On the more miniature side research is also going on the use of Snake robots in minimally invasive surgery [18]. Wheeled robots have been made autonomous but reaching the level of autonomy in Snake robots is still a research challenge today. The primary being the problem of a Snake robot knowing its position with respect to its surroundings, building a map and then locomoting on a determined path. A lot of research has been done by several labs like CMU bio-robotics lab, USC’s robotics lab on Superbot , EPFL working on the Amphibot etc. Howie choset and his group devised several biologically and non-biological inspired gaits. They modeled their gaits as time varying differential curves. The non-biologically inspired gaits like strafing and helical pole climbing were designed to do



The work by Auke Ijanspreet on swimming Lamprey generates gait using a CPG [15] Here a growing neural network is used to control the muscles of a fish. The motion is successful when all the muscles move in a co-coordinated rhythmic fashion. Higher swimming speeds were achieved using this approach. However the Snake’s gait was invented as Serpenoid curve by Hirose [6]. Hirose used eletro-muscular meters to measure the forces along the Snake’s body. After the gaits are generated the problem was to make the Snake move autonomously. Humans and animals do the locomotion in an autonomous and effort less manner. The level of autonomy as achieved in wheeled robots like Kurt3D[10] solving the problem of SLAM has not been achieved till today on Snake robots. These are primarily because of the lack of position estimation of the Snake robot which is done using encoders on wheeled robots and lack of miniature sensors having capability like the Laser range finders which are used in today’s autonomous wheeled robots. Autonomy in Snake robots has been implemented in the form of Obstacle avoidance by the use of IR and ultrasonic distance sensors. Jogurmund[11] is a semi autonomous Snake robot which can do obstacle detection. Range sensors have also been used in the work by Gavin Miller on Snake S7 [5]. Autonomy has also been observed within the modules of modular robots like Superbot where each module can detect the distance and angle at which the other modules are present and dock with ROBIO-2010



them. In some cases they use a 3D accelerometer to autonomously sense the change in slope and take a corrective action. To our knowledge there is no Snake robot which can change the sense in the nature of terrain and switch to the optimal gait. It has been know that the desert Snakes use sidewinding [13] locomotion to move over the sand and slippery surfaces . Where as most ground snakes use lateral undulation. Some works on lateral undulation use obstacle aided locomotion [13]. Here we tracked the Snake using an external camera and were also able to distinguish between the terrain. When the Snake reached the boundary separating the terrain it our algorithm was automatically able to switch its gait. II.



ELECTROMECHANICAL ARCHITECTURE



Figure 1. Electronic Architecture of the Snake robot



The robot uses a modular chain structure where the adjacent modules are connected to each other at 90 degrees. This helps in generating a sine wave in the horizontal plane as well as in the vertical plane. Also shock-absorbing foam covered with rubber sheet was used as a skin. This helps in absorbing shock on impact and helps reduce the wear and tear of the metal gears inside the servo. The robot uses 12 Hitec 7950TH digital servos. The robot also has an onboard wireless controller which was developed using an Atmega8 and Xbee RF. The Atmega8 receives servo command packets remotely from the controlling Laptop/PC and generates the respective PWM outputs. The hardware PWM mode of atmega8 limited the nubmer of PWMs generated and thus software based PWM was generated. We were successfully able to generate about 18 PWMs capable of driving 18 individual hobby RC servos with the controller clocked at 16 Mhz.. The robot here though can be controlled wireless uses a tethered power supply. For indoor experiments in the lab SMPS power supply at 20 Amp and 5 V was used. At the laptop end an FT232R USB to TTL converter chip was used which sends servo command packets on the forward channel via the Xbee RF at the laptop to the



onboard Xbee RF module on the Snake. Also on the reverse channel it continuously receives the accelerometer values as forwarded by the Atmega8 reading the 2 accelerometers in the data glove. III.



SIMULATION AND GAITS



In first version of the Snake developed the gait was implemented as a differential curve with its maximum amplitudes stored in a look up table. The limited computational power of atmega 8 was not good enough to generate all the PWMs and at the same time calculated the gait parameters from a sine or cosine differential equation. In this prototype Snake P3 the gait is calculated remotely on the laptop and the respective angles are only sent to the Snake’s controller. Several gaits were simulated and successfully achieved gaits are side winding, lateral undulation, caterpillar gait, rolling and concertina. For simulation the gaits Opendynamics engine, MSC Visual NASTRAN , NVIDIA Physx and Newton Dynamics engine were used. Opendynimics engine (ODE) though is a good industrial standard open source simulator did not have the capability for developing CAD designs of the robot. NASTRAN has good CAD designing support but it is computationally heavy to run on a moderate laptop with 1 GB RAM ,also one has to use MATLAB with NASTRAN to write and solve kinematic and dynamic equations. So to solve this, an API was written for Newton physics engine (running as Sketchy physics) in Google sketchup. Google sketchup is a good CAD design software and Sketchy physics provides the ability to run physics simulations in the design environment itself. But the minimal ruby which is run by google sketchup prevents the programmer to write elaborate and complex kinematics equations. So a dll was written and an API was developed which dumps the physics engine parameters like motor velocities, accelerations, servo positions into a memory heap. With the address of the memory heap one can read and write the physics parameters using any programming language.



Figure 2. Snake module CAD design, Simulation and Prototype P3.



And a virtual Snake model was developed. Now we have an environment which provides integrated CAD design and physics simulation. Also it is not computationally expensive and is built on open source software. The real robot and the
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virtual model were closely modeled together. Also a common API was developed for the virtual model and the real robot. This unified approach ensured that the gaits generated in the physics engine could easily be ported to the real robot with zero or minimal trials. This also reduced the design and development time. In many projects in the past the simulation of the virtual robot and real robot were considered as two different projects. A lot of time and effort goes into transferring the simulations to the real robot. Also the trials for generating gaits if tested on real robot would lead to wear and tear increasing project costs for replacement hardware. This was prevented with the unified simulation and controller developed here.



sinusoidal / differential gaits were generated which generated more smoothers gaits. A vertical undulation only provided the caterpillar motion where the direction of the gait can be controlled by controlling the mutually perpendicular set of the servos in the Snakes robot’s backbone. A gait with large horizontal amplitude but feeble vertical amplitude helped in generating the side winding gait. When the two servos are rotated with a phase difference of 90 degrees it resulted in a rolling gait. Also the backbone curve can be curled in the horizontal plane with a differential wave propagating in the vertical plane to turn the robot 360 degrees in place. This is especially useful when the Snake has to maneuver and turn around in limited spaces. IV.



Figure 3. Simulation of various joint toqrues done in MSC Visual Nastran.



The servos of 35 kg-cm was chosen after simulating various joint torque with various portions of the Snake’s body being lifted from the ground. It was concluded that a joint torque of 35 kg cm with a module weight of 200gm could successfully lift 6 modules.



Main Block



MANUAL CONTROL USING DATA GLOVE



We used two accelerometers (ADLX330 and MMA7660FC) one is less sensitive than the other. The MMA7660FC is a less sensitive I2C accelerometer which is generally used in cell phones to detect taping or shaking. The MMA7660FC was used to identify the rotation of the fingers (middle and indexed fingers). A more sensitive analog accelerometer was used to sense the rotation of the hand. Using the values from the accelerometers 2 basic gestures were identified. The natural snake position gesture and mode change gesture. Using these gestures the Snake can be operated in the following modes 1)Hood raised with head roll 2) Hood raised with head retracted 3) Normal crawling mode 4) Gait change mode where the user can cycle through any number of available gaits (here the user can cycle through crawling, side winding and turning 360 in place gaits. The raising of the Snake’s hood was detected my measuring the acceleration about X axis and the acceleration value from the MMA7660 FC was used for identifying head roll and head retract. Also the motion of the data glove along a mutually perpendicular axis (Y) can be used for guiding the Snake.



Gait generation Physics Simulator Servo command pakcets thread thread thread



Figure 4. Software threads for the Snake robot running on laptop



In the software that we wrote we used separate threads for calculating and generating the gait, generating the physics engine values for the virtual snake model and generating servo command packets. The gaits were generated as a combination of vertical and horizontal sine waves with controllable initial phase, maximum and minimum amplitudes, and phase difference. Several test runs were conducted with the gaits initially being generated as cyclic pattern generators where the points of the motion were discrete with large intervals; these points could later be stored in the lookup table of a computationally minimal microcontroller to generate the gait. But later
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Figure 5. Data Glove for Snake control



Robot control can been done remotely using joysticks, handheld remotes, the computer keyboard using GUIs etc. Controlled a wheel robot with a joystick manually is easy but a Snake robot with several gaits of locomotion and several adjustable gait parameters is cumbersome. The data glove we developed helps to intuitively control the Snake robot. To use the robot in a lift and snoop fashion the user can raise his/her arm and one can also change the head orientation by using the motion of fingers cupped to resemble a snake. This natural feel of using and interacting with the computer and other devices can also be seen in gaming consoles like the Microsoft’s sidewinder wheel [7] where a car’s wheel like console helps a game player playing video games to steer cars etc.Even in the normal mode one can guide the Snake’s motion by tilting the hand towards the left or right. When it comes to changing gait one need to bend the hand a little and squeeze the fingers towards the palm as if one is applying the brakes on a motorbike or pressing the clutch to change gears. Also voice assistive output is attached which each mode which help the operator to know the mode and respective gait the Snake robot changes to. Pseudu code: If (xacc> 10 and xacc50) Lift and head roll Else retract If (and xacc 
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