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Abstract. The main objective of this paper illustrates an elementary concept 
about the designing, development and implementation of a bio-informatics 
diagnostic tool which understands and analyzes the human gait oscillation in 
order to provide an insight on human bi-pedal locomotion and its stability. A 
multi sensor device for detection of gait oscillations during human locomotion 
has been developed effectively. It has been named “IGOD”, an acronym of the 
“Intelligent Gait Oscillation Detector”. It ensures capturing of different person’s 
walking pattern in a very elegant way. This device would be used for creating a 
database of gait oscillations which could be extensively applied in several 
implications. The preliminary acquired data for eight major joints of a human 
body have been presented significantly. The electronic circuit has been attached 
to IGOD device in order to customize the proper calibration of every joint angle 
eventually.            
 
Keywords: Intelligent Gait Oscillation Detector, Bio-informatics, Bi-pedal 
locomotion, Human gait oscillation, Lissajous curve.   
 

1. Introduction 

Learning to walk is a daunting task for a human baby. It takes close to a year for a 
human baby to stand on its two legs, balance and then learn to walk. The human bi-
pedal locomotion, which we commonly known as simple “walking”, involves a high 
amount of balancing and stability along with complex synchronous oscillation of its 
different joints of the body. These oscillations not only provide the required motion, 
but also the stability and balance. A combination of rhythmic activities of a nervous 
system composed of coupled neural oscillators and the rhythmic movements of a 
musculoskeletal system including interaction with its environment [1] produces the 
stable gait. 
An in depth study the human bipedal motion through different oscillations of its 
body   limbs holds great potential in understanding the dynamic human body. It is to 
be noted, that the upper body oscillation is in synchronicity with the lower body to  
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provide a smooth and stable gait cycle. Our aim is to acquire these oscillation angles 
of different limbs of the human body, in real time. 

There have been many attempts in acquiring the limb movements for training    
humanoid robots. One such method is using image processing on real time video. Su 
and Huang [2] have proposed computer vision techniques using feature extraction 
process from the binarized silhouette of a walking person for automatic human gait 
recognition, analysis and classification. Cunado, Nixon and Carter [3] have used 
Fourier series to describe the motion of the upper leg and apply temporal evidence 
gathering techniques to extract the moving model from a sequence of images. Riley 
et al [4] have represented a method for enabling humanoid robots to acquire 
movements by imitation. A 3D vision has been used for perceiving the movements 
of a human teacher, and then estimating the teacher’s body postures using a fast full-
body inverse kinematics method that incorporates a kinematics model of the teacher. 
This solution is then mapped to a robot and reproduced in real-time. These image 
processing methods require laboratory conditions with well placed cameras and high 
computational facility. Such techniques used for training humanoid robots could in 
principle be implemented for obtaining the human gait oscillation data. However the 
techniques described, works well over a restricted space under controlled laboratory 
conditions, where the cameras are positioned in specific locations and the projections 
of the subject on the images are fixed. A controlled illumination of the subject will 
also be required. In our case such controlled conditions will be difficult. Our subject 
would need to walk some distance on a straight path without rotation to obtain his 
natural gait pattern. We would also like to obtain his gait pattern over different 
environment such as Staircase climbing. 

Jihong Lee and Insoo Ha [5],[6] have proposed a motion capture system, 
based on low cost accelerometers, which is capable of identifying the body 
configuration by extracting gravity-related information from the sensors data. They 
applied a geometric fusion technology to cope with the uncertainty of sensor data. A 
practical calibration technique was also proposed to handle errors in aligning the 
sensing axis to the coordination axis. Similar work has also been done by Barbieri, et 
al. [7],[8]  using accelerometers. This technique is good but requires elaborate 
calibration. The biomechanical system proposes [9] a stable human waling 
technique.          

In our work we plan to acquire the time dependent oscillation angles of 
different limbs of the human body in a simple straightforward and elegant manner. 
To study the limb oscillation we require a multi-sensor device which could in real 
time measure variation of joint angles of a human body. In this paper we describe the 
design and development of such a multi-sensor device. This device is strap-on 
equipment, comprising rigid links interconnected by revolute joints, where each joint 
angle is measured by rotational sensors (single turn encoders). We name this strap-
on suit as the “Intelligent Gait Oscillation Detector” (IGOD). The intelligence 
implies for the acquisition of accurate gait oscillations and provides flexibility to 
wear it in order to further classification of different person’s gait patterns. This 



instrument enables us to simultaneously measure the oscillations of the human body 
(i.e. Oscillations of the shoulders, elbows, hips and knees joints) in real time on a 
remote computer. We have discussed the specification of Phidget electronic circuit 
and rotation sensor for capturing the different joint oscillations synchronously. The 
proper calibration of rotation sensor has been done in order to check in linearity 
measurement. In later section, extensive analysis of gait synthesis for full human 
body oscillations along with the significance of lissajous figures has been 
emphasized elaborately.          

2 Primary Intention and Requirement of IGOD 
 

Primarily intention and requirement of IGOD is to create a bioinformatics data 
base of human gait oscillations. The gait oscillations will be classified along with 
other information of the subjects such as gender (Male/Female), age, height, weight 
and “environment” of the gait. By “environment” we mean; the condition under 
which the gait patterns were measured. Such as walking on smooth terrain, rough 
terrain, stair case and slope climbing, walking with a load, to mention a few. We also 
intent to record the gait pattern at different gait speeds (i.e. slow fast and run 
conditions).  
 We intend to use this bioinformatics database to classify the training gait pattern 
for a prosthetic patient who has lost one of his/her  leg (knee above) and for whom we 
are developing an Adaptive Modular Active Leg (AMAL) [10,15].  A patient with an 
amputated leg would have forgotten his natural gait pattern. The patient’s most 
probable natural gait pattern will be reconstructed by comparing the bioinformatics 
database with the patient’s weight height, age, etc. The required parameters for this 
gait pattern will be fed to AMAL for training the patient to walk.   

3 Implication of IGOD Technology  

We see a strong implication of IGOD technology in other projects as well.  
  

A. Medical Implication 
We believe that the bioinformatics data base of the human gait oscillations will have a 
strong medical implication. We know that every human being has an intrinsic gait 
pattern which depends on his or her childhood training and environments. It also 
depends on the inherited and inherent diseases the subject has. A medical 
classification of the database and the use of IGOD can be a new medical diagnostic 
tool. There for we would like to latter expand the scope of IGOD so that along with 
body limb oscillations, other medical diagnostics such as ECG is performed in real 
time. 

 



B. Robotic Implication 
Our plan to make simultaneous measurements of the human body joint oscillations 
using multi sensor in real time, and acquisition of the data on a remote computer, will 
also allow us to use the IGOD suit, to train a Humanoid Robot to mimic and copy. We 
expect IGOD to be a strong training and programming tool for Humanoid Robots. 

C. Human Computer Interaction implication  
We can assure that IGOD could be used as an input sensing device in Human 
Computer Interaction implication which would be considered as an active agent to 
exchange information with computer in order to perform several applications.       

4 Stages of development of IGOD 

The development of IGOD emerges a new dimension for synthesis and analyze of 
human gait oscillation [11] in a very intelligent way. It has been developed and 
fabricated with rigid links made by aluminum, steel and rotation sensor [13]. The 
framework of IGOD contains proper placements of rotation sensor on different joints 
of human body. A mechanical engineering approach has been adopted for the 
construction of IGOD in order to generate biological motion so that the signature of 
different persons could be retrieved effectively. The recognition of walking pattern 
deals with the characteristic of different person behaviors with stability. The IGOD 
implies the multisensory device to collect the different joint oscillations 
synchronously.  As per the fabrication mechanism is concerned we have kept eight 
rotation sensors (potentiometer) on different major joints of our body. 

      
              
    Fig.1 (a) Rear (b) Front view of IGOD          Fig.2 (c) Interface Kit (d) Pivot point of Rotation Sensor 
 
Fig.1 indicates the both rear and front view of IGOD wearing suit where rotation 
sensor has been deployed on shoulder, elbow, hip and knee for left and right part of 
our body. The real time oscillation data of different joint angles has been captured 
synchronously during several walking modes like slow walking, brisk walking, 
running and also jumping. Fig.2(c) explores the integration of eight rotation sensor 
values of different joint angles using the phidget interface kit [12] that has been 



described in next section. Every sensor is having a pivoting point for their respective 
joints which is connected by rigid links tightly as shown in fig.2(d).             

5 Sensor and Interface Kit Specification  

The fabrication of IGOD deals with rotation sensor which is being integrated with 
Phidget interface kit. The sensor has been deployed in eight major joints of human 
body (both shoulders, both elbows, both knees and both hips) respectively. Each 
sensor is being connected with steel or aluminum rigid links in a very efficient 
manner. The sensor specification has been described in fig.3 where power supply 
voltage varies from 3.5VDC to 5 VDC with 10kΏ output impedance [13]. The 
rotation sensor has been opted for 0 to 300 degree resolution as per specification is 
concerned [13].  It implies a significant way for data acquisition technique from 
several joints of human body synchronously. The analog voltage is being generated 
accurately for every assigned joint of human body during bipedal locomotion. The 
output voltage is connected with Phidget interface kit for digitization and calibration 
of data effectively. The electronic circuit of Phidget interface kit has been presented 
in fig. 4. It illustrates the measurement of analog value from the rotation sensor and 
produces the digital counts as output between 0 to 1000 ranges [12]. It deals with both 
analog and digital inputs significantly. The calibration curve of sensor value has been 
depicted in fig.5 where least square fit is applied in order to check the linearity of the 
rotation sensor. The input voltage to interface kit is considered as sensor value of 
rotation sensor 

       

 Fig.3. Rotation Sensor                  Fig.4. Interface Kit circuit                  Fig.5. Calibration Curve for Sensor 

 

The transformation of analog data into digital counts has been carried out with 10 bit 
internal ADC circuit along with sampling rate 65 samples/sec [12]. In order to seek 
the linear relationship between the observed data and calibrated data the least square 
fitting has been employed in the following equation.  

3.3335   0.020161  



   It has been observed in fig.3 that calibrated data points are presented with ‘*’ sign. 
The curve describes the linear relationship between the rotation angle and the 
calibrated digital counts. The equation illustrates that the first component which is 
being associated with digital count meets the Phidget originated observed data with 
the same coefficient value being calculated by maximum range of digital counts i.e. 
1000 and maximum resolution of sensor value i.e. 300 degree.  

6 Analysis of full human gait oscillation  

The entire gait oscillation of different joint angle has been presented to discuss the 
characteristic of individual’s walking pattern extensively [20]. Initially, for each gait 
pattern of respective joint a zero correction has already been done by collecting α0 

represented in the form of digital counts. The initial digital counts are subtracted from 
the current digital count which is being interpolated by joint angle values in degree 
for each oscillation. The movement of each oscillation for a particular joint is 
manipulated in terms of degree which is being calculated by the following method.             

           

         
           Fig.6 Gait pattern of both shoulder joints                   Fig.7 Gait pattern of both elbow joints  
 

      
          Fig.8 Gait pattern of both hip joints        Fig.9 Gait pattern of both knee joints 



 
The gait patterns of a single person have been shown in the above figures (6,7,8,9). 
We have captured the walking patterns in normal walking mode only. Each gait 
oscillation consists of both swing and stance phase respectively. The generated 
pattern for both left limb and right limb implies the variation of calibrated angle 
values over the period of oscillation. The X axis of the each pattern corresponds to 
number of samples and Y axis refers to the rotation angle in degree. The period T of 
each oscillation for a particular pattern can be calculated using the following manner. 
 

T         
  

  .  = 1 sec (approx.).     

         where sampling rate is 65 samples/sec per detector.  

        
         Fig.10 coupling between both shoulders          Fig.11 coupling between both elbows 
 

        
               Fig.12 coupling between both hips              Fig.13 coupling between both knees 

           
    Fig.14 coupling between left elbow & shoulder              Fig.15 coupling between right elbow & shoulder 
 



            
         Fig.16 coupling between left hip & knee                          Fig.17 coupling between right hip & knee 

           
          Fig.18 coupling between left shoulder & hip           Fig.19 coupling between right shoulder & hip
  
The correlation and coupling between significant joints of human body during 
locomotion have been shown elaborately in the above figures. To understand the 
correlation and coupling of those joint oscillations, we have compared them with an 
oscillation equation of the form:  
  sin   ,           sin         

Where  and  are frequencies of oscillation and   the relative phase difference 
between  and . The plot   vs   provides us the lissajous curve [14] 
and enables us to determine the coupling parameters ,  and . It has been 
observed in the fig no (10, 12, 13, 16 and 17) that phase difference  from the fitting 
between two gait oscillation is | |  and   .                         . 

It is natural and understandable that a phase difference between 2 hip joints (fig 12) 
and 2 shoulder joints (fig 10) is | |   and has the same    2 . This 
criterion is the basic requirement for the stability of human locomotion.  

Fig no 11 shows that coupling between both the elbow joint oscillations. It shows an 
interesting oscillation of an envelope in the shape of an ‘L’. This indicates when one 
elbow oscillates the other is practically static. This happens because of the elbow 
locking in the reverse cycle.        



It is being noted from fig no (18, 19) that the coupling between both shoulder and hip 
oscillations [15] tends to an elliptical curve where phase difference | |    . In 
normal human locomotion hip joint is moved in both forward and reverse direction 
almost equally where as shoulder joint oscillates maximum in forward direction rather 
than reverse direction as a result an offset is being introduced in center of oscillation 
for stability of human locomotion .                  

Finally, from fig no (14, 15) it has been noticed that the movement of shoulder 
oscillation arises in both directions where as the oscillation of elbow joint belongs to 
in single direction. It has been noted that the above figures which have been fitted by 
straight lines are shifted from origin because of small amount of offset are being 
introduced in zero correction.        

7 Conclusion and Future work   

The mechanical structure of IGOD is complete, fine-tuning and calibrations have 
being done. During testing phase the 8 sensor data are being simultaneously 
transferred in an analog form to interface kit in real time. The concept of IGOD is 
extremely simple, but its diagnostic implications are huge. The implication of the 
bioinformatics data could be acquired from IGOD suit. We have tested and calibrated 
IGOD preliminary results in order to show the promising results. Analysis of the data 
using coupling correlation between pair of left and right limbs will be an important 
diagnostics of the bio information. Tuning up the mechanical design and making 
IGOD wires free will improve the freedom, flexibility and movability of the subject 
wearing IGOD. The scope of the instrument later will be expended to incorporate 
other bio-information. So far we have studied the extensive human gait oscillations 
for eight major joints of human body. Additional sensors measuring ECG [16], EEG 
and EMG [17] could be added to the real-time gathering of the bio-information. The 
only problem that we foresee is from the Nyquist’s sampling condition, since the 
signals from different sensors are time multiplexed.  Addition of these bio information 
will help us correlate gait oscillation with the rhythmic activity of the human nervous 
systems. This will be the future extension of our work. The complete information of a 
human body in motion [18] and creation of the database and its classification [19] will 
be the final aim of IGOD.       

References 

1. Taga, G., Yamaguchi, Y., and Shimizu, H.: 1991, “Self-organized control of bipedal 
locomotion by neural oscillators in unpredictable environment”.  Biological 
Cybernetics Vol. 65 No. 3 page 147-159. 

2. Su, Han., Huang, Feng-Gang.: “Human gait recognition based on motion analysis” 
Machine Learning and Cybernetics, 2005. Proceedings of 2005 International 
Conference on Vol. 7, Issue , 18-21 Aug. 2005 Page(s): 4464 - 4468 Vol. 7 



3. Cunado, David., Nixon, Mark S.,  and Carter, John N.:  “Automatic extraction and 
description of human gait models for recognition purposes”  Computer Vision and 
Image Understanding, Vol. 90(1) pp. 1-41. April 2003. 

4. Riley, M.  Ude, A.  Wade, K.  Atkeson, C.G.: “Enabling real-time full-body 
imitation: a natural way of transferring human movement to humanoids” Robotics 
and Automation, 2003. Proceedings. ICRA apos;03. IEEE International Conference 
on Volume 2, Issue , 14-19 Sept. 2003 Page(s): 2368 - 2374 vol.2  

5. Lee, Jihong. and Ha, Insoo.: “Real-Time Motion Capture for a Human Body using 
Accelerometer” Robotica (2001) volume 19, pp. 601-610. Cambridge University 
Press.  

6. Lee, Jihong. and Ha, Insoo.: “Sensor Fusion and Calibration for Motion Captures 
using Accelerometers” Robotics and Automation, 1999. Proceedings. 1999 IEEE 
International Conference on Volume 3, Issue , 1999 Page(s):1954 - 1959 vol.3 

7. Barbieri, R.  Farella, E.  Benini, L.  Ricco, B.  Acquaviva, A. “A low-power   motion 
capture system with integrated accelerometers [gesture recognition applications] ” 
Consumer Communications and Networking Conference, 2004. CCNC 2004. First 
IEEE Volume , Issue , 5-8 Jan. 2004 Page(s): 418 – 423. 

8. Hafner, V.V. Bachmann, F.; , "Human-Humanoid walking gait recognition," 
Humanoid Robots, 2008. Humanoids 2008. 8th IEEE-RAS International Conference 
on , vol., no., pp.598-602, 1-3 Dec. 2008. 

9. Au, S.K. Dilworth, P. Herr, H.:  "An ankle-foot emulation system for the study of 
human walking biomechanics," Robotics and Automation, 2006. ICRA 2006. 
Proceedings 2006 IEEE International Conference on , vol., no., pp.2939-2945, 15-19 
May 2006. 

10. Nandi, G.C.  Ijspeert, A.  Nandi, A.:  "Biologically inspired CPG based above knee 
active prosthesis," Intelligent Robots and Systems, 2008. IROS 2008. IEEE/RSJ 
International Conference on , vol., no., pp.2368-2373, 22-26 Sept. 2008 

11. Lugo-Villeda, L.I.  Frisoli, A.  Sandoval, Gonzalez, O.O.  Bergamasco, M. Parra-
Vega, V.: "A mechatronic analysis and synthesis of human walking gait," 
Mechatronics, 2009. ICM 2009. IEEE International Conference on , vol., no., pp.1-6, 
14-17 April 2009. 

12. http://www.phidgets.com/products.php?category=0&product_id=1018. 
13. http://www.phidgets.com/products.php?category=1&product_id=1109. 
14. http://en.wikipedia.org/wiki/Lissajous_curve 
15. Nandi, G.C.  Ijspeert, A. Chakraborty, P.  Nandi, A.:  “Development of Adaptive 

Modular Active Leg (AMAL) using bipedal robotics technology”, Robotics and 
Autonomous Systems, Volume 57, Issues 6-7, 30 June 2009, Pages 603-616. 

16. Yi Zhu; Shayan, A.; Wanping Zhang; Tong Lee Chen; Tzyy-Ping Jung; Jeng-Ren 
Duann; Makeig, S.; Chung-Kuan Cheng; , "Analyzing High-Density ECG Signals 
Using ICA," Biomedical Engineering, IEEE Transactions on , vol.55, no.11, 
pp.2528-2537, Nov. 2008 

17. Yang, Q.; Siemionow, V.; Yao, W.; Sahgal, V.; Yue, G. H.; , "Single-Trial EEG-
EMG Coherence Analysis Reveals Muscle Fatigue-Related Progressive Alterations in 
Corticomuscular Coupling," Neural Systems and Rehabilitation Engineering, IEEE 
Transactions on , vol.18, no.2, pp.97-106, April 2010  

18. Marzani, F.; Calais, E.; Legrand, L.; , "A 3-D marker-free system for the analysis of 
movement disabilities - an application to the legs," Information Technology in 
Biomedicine, IEEE Transactions on , vol.5, no.1, pp.18-26, March 2001  

19. Green, R.D.; Ling Guan; , "Quantifying and recognizing human movement patterns 
from monocular video Images-part I: a new framework for modeling human motion," 
Circuits and Systems for Video Technology, IEEE Transactions on , vol.14, no.2, pp. 
179- 190, Feb. 2004 

20. Dejnabadi, H.; Jolles, B.M.; Aminian, K.; , "A New Approach for Quantitative 
Analysis of Inter-Joint Coordination During Gait," Biomedical Engineering, IEEE 
Transactions on , vol.55, no.2, pp.755-764, Feb. 2008 


