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Abstract--- This paper deals with the analytical modeling of rectilinear snake robots. During recent times snake 

robots have created much interest among researchers. The rectilinear pattern gait is one of the four biological 

snake locomotion modes. . Rectilinear snakes have been widely used in rescue operations especially in rough 

terrains especially in narrow spaces where human intervention is not easy. Computational analysis of rectilinear 

motion is done using MATLAB for ISO 8608 random surface. 

Keywords--- Rectilinear, Random Surface, Friction, Spring-Mass System. 

I. INTRODUCTION 
Bio-inspired robots have been used in many practical applications There are many recent successful attempts to 

make crawling robots. The snake robots are such robots which provide advantageous properties in hard to reach 

areas because of its good skeletal structure. Research on snake robots is inspired by the robust motion capabilities of 

biological snakes. The snake motion is very stable because during its motion it has body parts in the contact with the 

surface. This area of research is in most cases only in theoretical level since the snake-like robots are very difficult 

to design and control. 

The four biological snake locomotion are: 

a. Lateral undulation 

b. Concertina locomotion 

c. Rectilinear crawling 

d. Side winding 

The rectilinear locomotion mode is usually the pattern gait by heavy snakes which are not possible to move by 

undulation. This rectilinear locomotion mode is used to achieve desired model of snake robots. The mathematical 

model is developed using MATLAB. Theoretical level analysis has been done where the model consists of identical 

masses and passive bonds. 

II. SPRING-MASS MODEL 
The rectilinear locomotion can be realized using the spring–mass model consisting of massless spring and 

dampers between segments of snake robots. Figure 1 shows the simplified model of the snake consisting of N 

consecutive masses of the weight m. 
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Figure 1: Simplified model of the snake 

For having a simplified analysis we simplify the above N mass model as a two mass model as shown in Figure 2 

and spring damper N mass model is shown in Figure 3. 

 

Figure 2: Two mass model of the snake 

 

Figure 3: Spring- damper N masses mechanical system 

This Spring-damper model depicts the snake rectilinear motion. Next, the same propulsive force affects n-th 

moving mass; therefore each mass moves the same time t. The interaction between snake robot and dry surface on 

which it moves is modeled as Coulomb friction. The example of motion sequence of 5-mass mechanical system is 

shown on the Figure 4. 

 

Figure 4: Sequence of snake robot rectilinear motion 

As can be seen on the Figure 4, during one motion cycle still only one mass moves while other are at rest. The 

actuators between static masses operate so, that static masses behave as one mass according to Figure 6. 

 

Figure 5: Simplified model of N-mass mechanical system during moving of n-th mass 
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It is obviously that n=2, 3… N-1. On the outer masses (first and last mass) acts the same propulsive force as on 

the inner masses. Before further analysis will be determine whether occurs movement of adjacent masses of n-th 

mass because of spring and damper forces. 

A. Computational Analysis 

For computational analysispurpose we further simplify as Spring-damper two masses system. 

 

Figure 6. Simplified 2-mass mechanical system 

The advantage of this model in comparison with model without passive bonds (springs and dampers) is that by 

suitable spring and damper coefficients can be motion kinematic parameters affected. The conditions of rectilinear 

motion of our model are that the mechanical system consists of N masses with the same weight m. 

The equations of motion can be written as follows: 

𝑚𝑚𝑑𝑑2𝑥𝑥𝑚𝑚 (𝑡𝑡)
𝑑𝑑𝑡𝑡2  + 𝑏𝑏 

𝑑𝑑(𝑥𝑥𝑚𝑚−𝑥𝑥𝑀𝑀 )

𝑑𝑑𝑡𝑡
 +𝑘𝑘(𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑀𝑀) =  𝐹𝐹𝑝𝑝   − 𝐹𝐹1

𝑓𝑓𝑓𝑓…. (1) 

𝑀𝑀 𝑑𝑑2𝑥𝑥𝑀𝑀 (𝑡𝑡)
𝑑𝑑𝑡𝑡2  + 𝑏𝑏 

𝑑𝑑(𝑥𝑥𝑀𝑀−𝑋𝑋𝑚𝑚 )

𝑑𝑑𝑡𝑡
 +𝑘𝑘(𝑥𝑥𝑀𝑀 − 𝑥𝑥𝑚𝑚 ) = −𝐹𝐹𝑝𝑝   + 𝐹𝐹2

𝑓𝑓𝑓𝑓…. (2) 

Where xm, xM, m, b, k, Fp and Ffc are displacement of moving mass, displacement of static mass, weight of 

moving mass, coefficient of damper, stiffness of spring, propulsive force and Coulomb friction force, respectively. 

Taking Laplace transform of both equations, 

𝑚𝑚𝑠𝑠2𝑥𝑥𝑚𝑚(𝑠𝑠) + 𝑏𝑏𝑠𝑠𝑥𝑥𝑚𝑚(𝑠𝑠) − 𝑏𝑏𝑠𝑠𝑥𝑥𝑀𝑀(𝑠𝑠) + 𝑘𝑘𝑥𝑥𝑚𝑚(𝑠𝑠) − 𝑘𝑘𝑥𝑥𝑀𝑀(𝑠𝑠) =  𝐹𝐹𝑝𝑝(𝑠𝑠) −  𝐹𝐹1
𝑓𝑓𝑓𝑓(𝑠𝑠)…. (3) 

𝑀𝑀𝑠𝑠2𝑥𝑥𝑀𝑀(𝑠𝑠) + 𝑏𝑏𝑠𝑠𝑥𝑥𝑀𝑀(𝑠𝑠) − 𝑏𝑏𝑠𝑠𝑥𝑥𝑚𝑚(𝑠𝑠) + 𝑘𝑘𝑥𝑥𝑀𝑀(𝑠𝑠) − 𝑘𝑘𝑥𝑥𝑚𝑚(𝑠𝑠) =  −𝐹𝐹𝑝𝑝(𝑠𝑠) + 𝐹𝐹2
𝑓𝑓𝑓𝑓(𝑠𝑠)…. (4) 

B. Analysis of nth moving mass 

 

Figure 7. Simplified model of nth moving mass 

C. ISO 8608 random surface 

The ISO 8608 [7] describes the methodologies to be used for the generation of the road surface profile, by 

implementing two different procedures from data measured on site. 
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The first provides a description of the road roughness profile through the calculation of the PSD (Power Spectral 

Density) of vertical displacements Gd, both as a function of spatial frequency n (n =Ω/2π cycles/m) and of angular 

spatial frequency Ω. In practice, on ordinate both Gd (n) and Gd (Ω) are plotted in function of n and Ω with log-log 

scale. 

The second procedure provides the calculation of the PSD of the accelerations Ga (n) and Ga (Ω) of the profile in 

terms of slope variation of the road surface per unit of covered distance. The passage from the first to the second 

method is immediate, because the PSD of vertical displacements Gd and the PSD of accelerations Ga are linked by 

the following equations: 

𝐺𝐺𝑎𝑎(𝑛𝑛) = (2𝜋𝜋𝑛𝑛)4.𝐺𝐺𝑑𝑑(𝑛𝑛) 

𝐺𝐺𝑎𝑎(Ω) =  Ω4 .𝐺𝐺𝑑𝑑(Ω) 

The identification of the class of a real roughness profile measured on site is assessed by calculating the Power 

Spectral Density of the real profile in correspondence of n0 and Ω0, and then comparing it with those appearing in 

ISO Standard for the various classes. 

In simulations, the ISO 8608 provides that the roughness profile of the road surface can be defined using the 

equations: 

𝐺𝐺𝑑𝑑(𝑛𝑛) = 𝐺𝐺𝑑𝑑(𝑛𝑛𝑜𝑜) �
𝑛𝑛
𝑛𝑛𝑜𝑜
�
−2

 

𝐺𝐺𝑑𝑑(Ω) = 𝐺𝐺𝑑𝑑(Ω𝑜𝑜) �
Ω
Ω𝑜𝑜
�
−2

 

where the values of Gd(n0) and Gd(Ω0) must be derived from Table 1 on the basis of the considered road class. 

Table I 
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D. Simulation results 

Simulation results using MATLAB are shown from Figures 8-13 

 

Figure 8. Displacement of the moving mass 

 

Figure 9. Velocity of the moving mass 

 

Figure 10. Spring and damper forces 
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Figure 11. Resultant force affecting the mass 

 

Figure 12. Random road surface 

 

Figure 13. Behavior of rectilinear snake on random road surface 
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III. CONCLUSION  
In this paper the snake rectilinear motion was investigated. Snake body was replaced by identical masses which 

represent the segments of snake robot. In this paper the snake rectilinear motion mathematical model is established 

and the displacement and velocity of nth moving mass is derived. Computational analysis of snake rectilinear motion 

was done for ISO 8608 random surface using Matlab and the results are shown above. 

ACKNOWLEDGEMENT 
We would like to thank Dr. P. SIVASANKAR Assistant Professor, Department of Electronics Engineering, 

National Institute of Technical Teachers, Training and Research, Chennai and Dr.R Udayakumar, Mentors of 

CEDSE Professor and Dean R&D, Bharath Institute of Higher Education and Research, Chennai as continuous 

supporters to bring effective output in my research work. And I also submit my thanks to the members of Research 

and Development and CEDSE Bharath Institute of Higher Education and Research, Chennai. 

REFERENCES 
[1] Tamilselvi, N., Krishnamoorthy, P., Dhamotharan, R., Arumugam, P., & Sagadevan, E. (2012). Analysis of 

total phenols, total tannins and screening of phytocomponents in Indigofera aspalathoides (Shivanar 
Vembu) Vahl EX DC. Journal of Chemical and Pharmaceutical Research, 4(6), 3259-3262. 

[2] Abraham, A.G., Manikandan, A., Manikandan, E., Jaganathan, S.K., Baykal, A., & Renganathan, P. 
(2017). Enhanced opto-magneto properties of Ni x Mg1–x Fe2O4 (0.0≤ x≤ 1.0) ferrites nano-
catalysts. Journal of Nanoelectronics and Optoelectronics, 12(12), 1326-1333. 

[3] Barathiraja, C., Manikandan, A., Mohideen, A.U., Jayasree, S., & Antony, S.A. (2016). Magnetically 
recyclable spinel Mn x Ni 1− x Fe 2 O 4 (x=0.0–0.5) nano-photocatalysts: structural, morphological and 
opto-magnetic properties. Journal of Superconductivity and Novel Magnetism, 29(2), 477-486. 

[4] Kaviyarasu, K., Manikandan, E., Nuru, Z.Y., & Maaza, M. (2015). Investigation on the structural 
properties of CeO2 nanofibers via CTAB surfactant. Materials Letters, 160, 61-63. 

[5] Kaviyarasu, K., Manikandan, E., & Maaza, M. (2015). Synthesis of CdS flower-like hierarchical 
microspheres as electrode material for electrochemical performance. Journal of Alloys and 
Compounds, 648, 559-563. 

[6] Sachithanantham, P., Sankaran, S., & Elavenil, S. (2015). Experimental study on the effect of rise on 
shallow funicular concrete shells over square ground plan. International Journal of Applied Engineering 
Research, 10(20), 41340-41345. 

[7] Jayalakshmi, T., Krishnamoorthy, P., Ramesh Kumar, G., &Sivaman, I.P. (2011). Optimization of culture 
conditions for keratinase production in Streptomyces sp. JRS19 for chick feather wastes degradation, 
Journal of Chemical and Pharmaceutical Research, 3(4), 498-503. 

[8] Kumarave, A., & Rangarajan, K. (2013). Routing alogrithm over semi-regular tessellations. In 2013 IEEE 
Conference on Information & Communication Technologies, 1180-1184. 

[9] Sonia, M.M.L., Anand, S., Vinosel, V.M., Janifer, M.A., Pauline, S., & Manikandan, A. (2018). Effect of 
lattice strain on structure, morphology and magneto-dielectric properties of spinel NiGdxFe2− xO4 ferrite 
nano-crystallites synthesized by sol-gel route. Journal of Magnetism and Magnetic Materials, 466, 238-
251. 

[10] Rebecca, L.J., Susithra, G., Sharmila, S., & Das, M.P. (2013). Isolation and screening of chitinase 
producing Serratia marcescens from soil. Journal of Chemical and Pharmaceutical Research, 5(2), 192-
195. 

[11] Banumathi, B., Vaseeharan, B., Rajasekar, P., Prabhu, N.M., Ramasamy, P., Murugan, K., & Benelli, G. 
(2017). Exploitation of chemical, herbal and nanoformulated acaricides to control the cattle tick, 
Rhipicephalus (Boophilus) microplus–a review. Veterinary parasitology, 244, 102-110. 

[12] Gopinath, S., Sundararaj, M., Elangovan, S., & Rathakrishnan, E. (2015). Mixing characteristics of 
elliptical and rectangular subsonic jets with swirling co-flow. International Journal of Turbo & Jet-
Engines, 32(1), 73-83. 

Received: 09 Apr 2019 | Revised: 08 May 2019 | Accepted: 07 June 2019                  346 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 

[13] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Efficiently measuring denial of service attacks 
using appropriate metrics. Middle - East Journal of Scientific Research, 20(12): 2464-2470. 

[14] Padmapriya, G., Manikandan, A., Krishnasamy, V., Jaganathan, S.K., & Antony, S.A. (2016). Enhanced 
Catalytic Activity and Magnetic Properties of Spinel MnxZn1−xFe2O4 (0.0 ≤ x ≤ 1.0) Nano-Photocatalysts 
by Microwave Irradiation Route. Journal of Superconductivity and Novel Magnetism, 29(8): 2141-2149. 

[15] Rajesh, E., Sankari, L.S., Malathi, L., & Krupaa, J.R. (2015). Naturally occurring products in cancer 
therapy. Journal of pharmacy & bioallied sciences, 7(1), S181-S183. 

[16] Vanangamudi, S., Prabhakar, S., Thamotharan, C., & Anbazhagan, R. (2014). Dual fuel hybrid 
bike. Middle-East Journal of Scientific Research, 20(12): 1819-1822. 

[17] Brindha, G., Krishnakumar, T., & Vijayalatha, S. (2015). Emerging trends in tele-medicine in rural 
healthcare. International Journal of Pharmacy and Technology, 7(2): 8986-8991. 

[18] Sharmila, S., Rebecca, L.J., Chandran, P.N., Kowsalya, E., Dutta, H., Ray, S., & Kripanand, N.R. (2015). 
Extraction of biofuel from seaweed and analyse its engine performance. International Journal of Pharmacy 
and Technology, 7(2), 8870-8875. 

[19] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Using integrated circuits with low power multi 
bit flip-flops in different approch. Middle-East Journal of Scientific Research, 20(12):           2586-2593. 

[20] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Virtual instrumentation based process of 
agriculture by automation. Middle-East Journal of Scientific Research, 20(12): 2604-2612. 

[21] Udayakumar, R., Kaliyamurthie, K.P., & Khanaa, T.K. (2014). Data mining a boon: Predictive system for 
university topper women in academia. World Applied Sciences Journal, 29(14): 86-90. 

[22] Anbuselvi, S., Rebecca, L.J., Kumar, M.S., & Senthilvelan, T. (2012). GC-MS study of phytochemicals in 
black gram using two different organic manures. J Chem Pharm Res., 4, 1246-1250. 

[23] Subramanian, A.P., Jaganathan, S.K., Manikandan, A., Pandiaraj, K.N., Gomathi, N., & Supriyanto, E. 
(2016). Recent trends in nano-based drug delivery systems for efficient delivery of phytochemicals in 
chemotherapy. RSC Advances, 6(54), 48294-48314. 

[24] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Partial encryption and partial inference control 
based disclosure in effective cost cloud. Middle-East Journal of Scientific Research, 20(12): 2456-2459. 

[25] Lingeswaran, K., Prasad Karamcheti, S.S., Gopikrishnan, M., & Ramu, G. (2014). Preparation and 
characterization of chemical bath deposited cds thin film for solar cell. Middle-East Journal of Scientific 
Research, 20(7), 812-814. 

[26] Maruthamani, D., Vadivel, S., Kumaravel, M., Saravanakumar, B., Paul, B., Dhar, S.S., & Ramadoss, G. 
(2017). Fine cutting edge shaped Bi2O3rods/reduced graphene oxide (RGO) composite for supercapacitor 
and visible-light photocatalytic applications. Journal of colloid and interface science, 498, 449-459. 

[27] Gopalakrishnan, K., SundeepAanand, J., & Udayakumar, R. (2014). Electrical properties of doped 
azopolyester. Middle-East Journal of Scientific Research, 20(11), 1402-1412. 

[28] Subhashree, A.R., Parameaswari, P.J., Shanthi, B., Revathy, C., & Parijatham, B.O. (2012). The reference 
intervals for the haematological parameters in healthy adult population of chennai, southern India. Journal 
of Clinical and Diagnostic Research: JCDR, 6(10), 1675-1680. 

[29] Niranjan, U., Subramanyam, R.B.V., & Khanaa, V. (2010). Developing a web recommendation system 
based on closed sequential patterns. International Conference on Advances in Information and 
Communication Technologies, 171-179. 

[30] Slimani, Y., Baykal, A., & Manikandan, A. (2018). Effect of Cr3+ substitution on AC susceptibility of Ba 
hexaferrite nanoparticles. Journal of Magnetism and Magnetic Materials, 458, 204-212. 

[31] Premkumar, S., Ramu, G., Gunasekaran, S., & Baskar, D. (2014). Solar industrial process heating 
associated with thermal energy storage for feed water heating. Middle East Journal of Scientific 
Research, 20(11), 1686-1688. 

[32] Sindhu, N., & Archana, M. (2015). Analysis of a Double-Tail Comparator for Low-Power Applications. 
International Journal of Advances in Engineering and Emerging Technology, 7(3), 102-121. 

[33] Nageswaran, M.K. (2014). Improved Security in Mobile ADHOC Networks by Enhancing the Security of 
Pro-Active Protocols. Excel International Journal of Technology, Engineering and Management, 1(2), 46-
50. 

[34] S. Anitha and Dr.C.P. Chandran, (2016). Review on Analysis of Gene Expression Data Using Biclustering 
Approaches. Bonfring International Journal of Data Mining, 6(2), 16-23. 

[35] Kondori, M.A.P., & Peashdad, M.H. (2015). Analysis of challenges and solutions in cloud computing 
security. International Academic Journal of Innovative Research, 2(5), 1-11. 

Received: 09 Apr 2019 | Revised: 08 May 2019 | Accepted: 07 June 2019                  347 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 

[36] Ananth, C., Rajavel, S.E., Annadurai, I., Mydeen, A., Sudalai, C., & Kingston, M.R. (2014). Faq-Mast TCP 
for Secure Download. International Journal of Communication and Computer Technologies, 2(1), 47-55. 

[37] Han, S.R., & Noah, M. (2017). Android Mobile Guardian System Security Architecture for Handset and 
Data Security. Bonfring International Journal of Industrial Engineering and Management Science, 7(1), 
25-28.  

[38] Umamaheswari, T.S., & Dr.Sumathi, P. (2018). Review of Gene Selection and Prediction Using Data 
Mining Methods. Journal of Computational Information Systems, 14(4), 114 - 121. 

[39] Dr.Gomathi, P.M. and Dr.Karthika, D. (2018). Hybrid Adaptive Neuro-Fuzzy Inference System- Runge-
Kutta Classification and Extracted the Eye Movement Features. Journal of Computational Information 
Systems, 14(4), 132 - 143. 

[40] Sumathi, M., & Dr.Thilagavathy, N. (2018). Analysis of ICT Services in Smart Libraries. Journal of 
Computational Information Systems, 14(4), 159 - 163. 

[41] Sadeghi, M. (2015). Improving the GPU performance prediction models to design space exploration. 
International Academic Journal of Science and Engineering, 2(6), 1-16. 

[42] Kumar, S.S., Karrunakaran, C.M., Rao, M.R.K., & Balasubramanian, M.P. (2011). Inhibitory effects of 
Indigofera aspalathoides on 20-methylcholanthrene-induced chemical carcinogenesis in rats. Journal of 
carcinogenesis, 10, 2011. 

[43] Beula Devamalar, P.M., Thulasi Bai, V., & Srivatsa, S.K. (2009). Design and architecture of real time web-
centric tele health diabetes diagnosis expert system. International Journal of Medical Engineering and 
Informatics, 1(3), 307-317. 

[44] Ravichandran, A.T., Srinivas, J., Karthick, R., Manikandan, A., & Baykal, A. (2018). Facile combustion 
synthesis, structural, morphological, optical and antibacterial studies of Bi1− xAlxFeO3 (0.0≤ x≤ 0.15) 
nanoparticles. Ceramics International, 44(11), 13247-13252. 

[45] Thovhogi, N., Park, E., Manikandan, E., Maaza, M., & Gurib-Fakim, A. (2016). Physical properties of 
CdO nanoparticles synthesized by green chemistry via Hibiscus Sabdariffa flower extract. Journal of Alloys 
and Compounds, 655, 314-320. 

[46] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Wide area wireless networks-IETF. Middle-
East Journal of Scientific Research, 20(12), 2042-2046. 

[47] Sundar Raj, M., Saravanan, T., & Srinivasan, V. (1785). Design of silicon-carbide based cascaded 
multilevel inverter. Middle-East Journal of Scientific Research, 20(12), 1785-1791. 

[48] Achudhan, M., & Prem Jayakumar, M. (2014). Mathematical modeling and control of an electrically-
heated catalyst. International Journal of Applied Engineering Research, 9(23). 

[49] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2013). Application of pattern recognition for farsi 
license plate recognition. Middle-East Journal of Scientific Research, 18(12), 1768-1774, 2013. 

[50] Jebaraj, S., & Iniyan S. (2006). Renewable energy programmes in India. International Journal of Global 
Energy, 26: 232-257. 

Received: 09 Apr 2019 | Revised: 08 May 2019 | Accepted: 07 June 2019                  348 


	Introduction
	Spring-Mass Model
	Conclusion
	Acknowledgement
	References

