
 

Abstract— This paper explores the limitations of sEMG 
(surface Electromyography) signals collected from the extrinsic 
muscles in the forearm in predicting the postures of human 
hand. Four subjects were asked to try ten extreme postures of 
hand which need high effort. Two of these four subjects were 
asked to try ten more normal postures which did not need 
effort. During the experiments, muscle activity and static 
postures of the hand were measured. The data obtained were 
analyzed by principal component analysis. The results obtained 
revealed the limitations of sEMG signals of extrinsic muscles in 
reproducing the postures of the hand. 

I. INTRODUCTION

UMAN hand is an excellent example of versatile 
architecture which can easily accomplish numerous 

tasks with very least effort possible. Researchers have been 
trying to analyze the complex architecture of human hand. 
The extrinsic muscles which stretch over the forearm and the 
intrinsic muscles which are within the hand are responsible 
for all the actions of the hand. In most cases normal postures 
of the hand do not need much effort when compared to 
extreme postures which involve full extension or full flexion 
of fingers. For instance, American Sign Language (ASL) 
characters do not need much effort of muscles when 
compared to the extreme postures that are used here (refer to 
Methods). In other words, extreme postures require high 
magnitudes of potentials generated in muscles where as for 
normal postures very low magnitudes of potentials are 
generated which are not easily detectable by surface 
electrodes of EMG machine. Surface Electromyography 
(sEMG) has many advantages in the sense that it is 
noninvasive but it has many limitations because its reach to 
the muscles is very limited.  
 This raises the question of how far can sEMG signals of 
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Component Analysis (PCA). Studies based on PCA were 
also done by Braido and Zhang [3] to examine the temporal 
covariation between joint angles. In our experiments, it was 
found that number of principal components (PC’s) of sEMG 
signals in the case of ten extreme postures was same when 
compared to number of PC’s in the case of twenty postures 
and the number of PC’s of joint angles in the case of ten 
extreme postures was less when compared to the number of 
PC’s in the case of twenty postures. Results imply that 
surface EMG signals failed to predict normal postures. The 
physiological interpretation of the problem was supported 
quantitatively by PCA. Also, eigen vectors corresponding to 
PC’s revealed information which was in sync with anatomy 
of hand. 

II. M

ETHODS

A. Experimental setup 
The experimental setup consists of CyberGlove® equipped 

with 22 sensors which can measure angles at all the finger 
joints including distal inter phalangeal, proximal inter 
phalangeal and meta carpo phalangeal joints. Also in the 
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no additional variance obtained from normal postures as they 
did not produce sufficient activation potentials in the 
muscles which can differentiate them from extreme postures. 

IV. DISCUSSION

Results depict that the sEMG signals are not capable of 
predicting all postures of human hand. One can argue that 
this can be disproved with a better sophisticated EMG 
machine. But one cannot deny the fact that there are some 
natural postures of human hand which do not need much 
effort of the muscles. Also, there are some postures of the 
hand which differ only in activation potentials of intrinsic 
muscles in which cases postures cannot be predicted by 
measuring the activation potentials of just the extrinsic 
muscles. Many postures which include abduction and flexion 
of the fingers involve only intrinsic muscles which are local 
to the palm.  

In eigen vectors of covariance of sEMG signals it was 
consistently observed in almost all the subjects that last four 
muscles which are EI, EDM, APL and EPL had higher 
weights and same positive polarity for first PC. This suggests 
that thumb, index finger and little finger played a dominant 
role in these tested 20 postures. This is not just because the 
above listed four muscles are dedicated to these three 
fingers. All subjects felt more stress on these fingers. It is 
opined in the literature [5] that thumb always plays an 
important role in many actions of hand. These results were 
supported by PCA in our analysis. Finding the dominant 
muscles not only helps us to quantify physiological facts of 
hand but also helps in prosthetics. This can reduce the 
number of muscles to be considered in prosthetics. 

V. CONCLUSION

Surface EMG signals of the extrinsic muscles in the 
forearm cannot by themselves predict all postures of the 
human hand. The number of PC’s of sEMG signals remained 
same where as the number of PC’s of Glove signals which 
directly depict postures increased. This was successfully 
proved by PCA. 

Readers should consider the following points: 
1) Normal postures of the hand which are frequently used 

involuntarily by hand do not involve much effort of 
muscles. Even if they produce some lower magnitudes 
of activation potential in muscles they are not detectable 
by noninvasive surface electrodes. 

2) Some postures of the hand involve only internal muscles 
of the hand which do not differ from each other in 
activation potentials of just extrinsic muscles. 

Employing more subjects would make the analysis robust 
and might reveal dominant muscles to be used for 
prosthetics. 
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