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Abstract 

ECOG signals from the electrode on cortical surface may provide more stable long term 
recording. brain signals may be recorded either invasively with recording devices implanted 
directly into the cortex and non-invasively using EEG scalp electrode . ECOG is frequently used 
clinically to map epileptogenic region of the brain facilitate the surgical excision of operable 
focal lesions. Research attention has shifted to developing of controlling these prosthetic . 
Penetrating microelectrode array often used to decode action potential for cortical control. 
Several studies have demonstrated ECOG for decoding cortical activity. BCIs are direct neural 
interface provide control of prosthetic via direct of the individual brain signal. An efficient 
system, it is sufficient to acknowledge how can humans sense interpret and behave to the 
feedback that would be provided in prosthesis so, the sensory feedback fixed in the prosthetic 
leg. As a result clinical studies are investigating encoding of lower limb movement as well as 
it’s use for Interfacing with and controlling advanced prosthetic leg. 
 

Keywords: ECOG, BCI,brain, EEG, encoding, decoding, lower limb, prosthetic leg, sensory 
feedback. 
 
Introduction 

A result of accident or disease millions of the people suffer from a spinal cord injury. 
Technical aids have been developed to liberate these individuals but the effectiveness of these 
aids individual with sever disabilities is often limited by human machine interface. The concept 
of BCI has emerged over the last two decades of research as a promising alternatives. The 
ultimate goal of this research 

has been to create advanced communication interface that will allow an individual to control a 
device Such as prosthetic leg or computer with signals measured from the brain. The majority of 
these techniques have focused on ECOG data and these have shown that ECOG activity may be 
a good basis for control channel. Those different signal changes between these different 
phonemic classes of movements that can allow again to perform some device control, which is 
shown in figure 1. 
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Fig 1: BCI based on ECOG which generates control signal 
 
 

The brain computer interface bypasses the changed spinal cord to send the signals 
directly to leg muscles. In a typical BCI based on spontaneous ECOG the operator generates a 
“control signal” by consciously changing in cognitive state when he or she wants to control the 
device. 
 
BCI system have been developed using various neuro imaging modalities such as 
electroencephalography (EEG), magnitoenceplograply(MEG), functional neat infrared 
spectroscopy (FNIFS), functional magnetic resonance imaging (FMRI) and 
elctrocorticography(ECOG). 

BCI application, the system intimate. The period of control not the uses is expected to be 
consciously controlling the interface during the control period. At present most of the powered 
prosthetic legs can walk smoothly over a single terrain with predetermined gaits. Still a long-
term goal powered prosthetic leg is that they can be used freely not only on flat terrain but also 
an ramps, stares and other terrain. Some current prosthetic limbs require the amputee to 
slowdown, stop and then pass the switch button or do some action unrelated to ambulation 
during mode convention. IN, joint angle and angular velocity of the prosthetic leg, the 
interactive force between prosthetically and human and the prosthetic leg and environment or 
directly used to realize intention recognition. 
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The main contribution and mostly are lighted as follows. First, an MI-based BCI system is 
developed that allows prosthetic leg to be directly driven by human intention to walk on 
different terrains, then the biologically inspired gait trajectories of the stands phase and swing 
phase of the prosthetic leg are designed according to the ground reaction mode. In demonstrates 
manipulating prosthetic leg in away close to the normal physiological system making them 
more natural and convinced to use. 
 
Prosthesis 

Prostheses, from ancient Greek prosthesis, “ addition, application, attachment” are 
prosthetic implant is artificial device that replaces a missing body part, which may be lost 
through accident, disease, or a condition present at birth (congenital disorder) prostheses are 
intended to restore the normal function of the missing body part. Prostheses to advanced 
electronic system capable of dexterity and manipulation. The global robotic market size 
expected to expand 9.2% by 2027. A neuroprosthetic often and it has multiple names such as 
brain computer interface, brain machine interface, neurorobotics . Basically it’s a device that 
can monitor and decode electrical signals from an individual’s brain and convert that 
information to some type of machine control which is referred as control of external devices, 
neuroprosthetic limbs and leg controlled by electrodes , which is shown in figure 2. So, 
essentially some type of signal here from the brain is digitizing it , processing it and then 
analyzing it and such that interpret the intentions of this brain and converts it to some type of 
device control . Whether it 

would be something simple like controlling a cursor on a screen to something more 
intermediate in complexities such as controlling a wheelchair or some other type of machine to 
even controlling your own limbs or some robotic limbs , reference (1). And the idea is and the 
reason from a neurosurgical stand point , is that for people with spinal cord injury, stroke, neuro 
muscular disorders, who have severe motor impairment by accessing the brain directly , we can 
potentially create a shortcut around the disability and give them an ability to interact with their 
environment in a non – biologic way. Prosthesis can created by hand or software interface that 
helps creator design and analyze the Creation with computed generated 2D and 3D graphics as 
well as analysis and optimization tools. Some of these materials include plastics Such as 
Polyethylene, polypropylene, acrylics, polyurethane, wood and rubber (early prosthetics) light 
weight metals Such as titanium, aluminum composites such as carbon fibre, wheeled prosthesis 
have also been used extensively in the rehabilation of injured domestic animals, including dogs, 
cats, pigs, rabbits and turtles. Increasing cases of amputation, advancements in robotics space 
and rise in number of ulcers, diabetes and congenital abnormalities that lead to amputation are 
estimated to drive growth over the forecast period. The prosthetic operates on electric power 
without putting any extra stress or muscle tension on the wearer. This advantage of 
myoelectrical technology over MPC is anticipated to drive segment growth over the forecast 
period. 
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Fig2: neuroprosthetic limb controlled by electrodes 
 
Elctrocorticography 

Elctrocorticography (ECOG) or intracranial electroencephalography (iEEG) is a type of 
electrophysiological monitoring that users electrodes placed directly on exposed surface of 
brain to record electrical activity from the cerebral cortex, shown in figure 3(brain signal 
acquisition)and figure 4. 
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Fig3: brain signal acquisition 

Fig4: electrodes of ECOG 
 

Ecog offers temporal resolution of approximately 5cms and spatial resolution of 1cm. 
ECOG which is recorded from cortical surface while this method is invasive, the use of these 
electrodes that don’t penetrate the cortex may combine excellent signal fidelity with good long-
term stability. ECOG requires implantation of subdual electrodes. The local field potential 
gives a measure of the neural population in a sphere with a radius of 0.5-8mm around the 
tip of electrode with a sufficiently high sampling rate which is more than about 10khz, depth 
electrodes of ECOG can also measure action potential. Measurement are presented as an 
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ECOG which shows both amplitude (or power) and frequency of neural signals which are often 
divided into bands. 
 
Delta – 1 to 4Hz Theta – 4 to 8Hz Alpha 

– 7.5 to 12.5Hz Beta – 13 to 30Hz Gamma 

– 30 to 70Hz 

High gamma – greater than 70Hz. 

Super - kind of super position of a number of different frequencies. And each of these 
frequencies really represents different neural sources that give different information about 
the cognitive intentions, shown in figure 5 (superimposed physiologies). 

 
Fig5: superimposed physiologies 
 
 

The phase of low frequency oscillation such as alpha or theta play an important role in 
dynamically coordinating brain networks and biases probability that a group of neurons will fine 
action potentials. 
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And so broadly some of those sources are these lower frequencies such as Zeta, alpha, 
mu, beta and higher frequencies above 30hertz which are collectively referred to as gamma 
frequencies, shown in figure 6 (sources). 

 
 
Fig6: sources of lower and higher frequencies 
 

In EEG, low frequencies upward around 30 to 40Hertz and again refer to it often at 
times, the low frequency band. And when cortex becomes active power decreases and it’s 
broadly represented over cortex. In ECOG, we can see higher frequencies that shown in figure 
7(ECOG had access to higher frequency rhythms). And it tends to be anatomically constrained 
so a much smaller area of cortex becomes active with there high frequencies. So it’s different 
from between the low frequency band and high frequency band. 
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Fig7: ECOG has access to higher frequency rhythms 
 
 
Movement decoded in ECOG 

Movement can be decoded from the brain electrical activity owing to the existence of 
correlation between neural modulation and motor parameters, which is shown in figure 8 ( 
decoding) .Here, ECOG modulated correlated with movement of lower limb movement. BCI 
decoding algorithm converted neural modulation into the output signals such as limb position 
in space. The decoding algorithm leads to regarding the brain motor, sensory and cognitive 
mechanisms. The ECOG based BCIs reproduces the lower limb movement that person perform or 
imagine, which or recognized using a discrete classifies high spatial and temporal resolution of 
ECOG allows recognizing a movement type and executing them with an external device. 
Decoded the lower limb being moved from the signals recorded with a micro- ECOG grid 
that where placed directly on the 

surface of the brain (contralateral motor cortex). The large Neuronal populations electrical 
potentials are captured by ECOG recordings. Which is formed by synchronous dendritic 
potentials. 
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Fig8: movements decoding 
 

In ECOG, now we looked at the changes in high frequencies, again because access to 
those. At an active condition versus a rest condition and the difference between those two 
signal to control a cursor in one or two dimensions, which is shown in figure 9 (closing the 
loop ). 

 
Fig9: closing the loop 
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The thing is since gamma rhythms tend to be much more cortically constrained for instance. 
The regardless of whether the subject actually do the movement or imagined doing the 
movement, so this is somebody imaging moving their leg, the signal look very similar , which is 
illustrated in figure 10 ( higher frequencies have higher anatomy resolution ). So, that’s 
important from a BCI standpoint because don’t want to actually have to do a movement, 
especially if the subject is paralyzed, to create a signal to control the device. So, kind of real and 
imagined motor physiological are very similar. 
 

 
 
Fig10: higher frequencies have higher anatomic resolution 
 
Sensory feedback in prosthetic leg 
 

People with lower- limb amputation have reduced quality thanks to loss of sensory data 
which can be remodeled by artificial sensory feedback system engineered into protheses .For 
an effective system, it is important to understand how humans sense. Interpret and respond to 
the feedback that would be provided sensory feedback restoration in leg amputees that 
improves walking speed and sense what they are feeling. However, all the prosthetic limbs that 
exist at the movement operate in open loop control with the uses visually monitoring the limb. 
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The prosthetic limb lack any sensory feedback, so the user can’t tell what they are doing a 
where they are in space at any moment in time. Sensation is a 

vital part of limb control, receptors in our muscles, joints and skin send back a constant flow of 
information about what our limb is doing and where it is in space. An interface to control the 
prosthesis with the nerves present in the patient’s thigh, since show in figure 11. Sensor under 
the sole of the prosthetic foot that is transmitting the pressure information to the system 
controller which is transducing this external information into the language of the nerves system 
and from the electronic knee joint provide the nervous system with sensory information though 
the tiny electrodes which is implanted transversely into the residual nerve in the thigh. The 
language of the nervous system which is spoken by the stimulator that is injecting the current 
into the residual nerves by means of implanted neural interfaces electrodes are transversely 
crossing the nerve being able to selectively stimulate different sensation in this way we are 
able to dynamically transmit the sensory feedback information to the residual nerves of 
amputees and then the nature does the rest sensory nerve conveyed the information to the brain 
of the uses who is able to perceive it naturally intuitively and can adjust the walking pattern 
according this is how sense is restoring the walking the proper regular. An implantable neural 
stimulator a sense erised insole and a wireless external controller which transduces the pressure 
and movement information from the insole to the stimulator. 
 
One of the many challenges is the sheer number of neurons involved in communicating information to 
and from the lower limb. And so in order to provide feedback of we need to necessarily target a subset 
of those neurons. So, a significant part of this project is developing new electronics and electrodes with 
which can target particular parts of the nerve. Sensory feedback is to take electrical information from 
sensor filled to a prosthetic lower limb and convert them using biomechanical models and neural 
receptor models into artificial replicas of naturally occurring feedback patterns and then send those 
pattern to a neural implant that can stimulate the remaining nerves in the uses stump to send that 
information back to the brain. 
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Fig11: sensory feedback system in prosthetic leg  
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Conclusion 
 

ECOG is very valuable an important tool in human cognitive neuroscience because it’s 
so rare partially and because the signal quality is much better in this web clip. Real time 
decoding and BCI using ECOG experiments have been done. The neuroprosthetic sensor can 
restoring the walking in proper regular way to the future of prosthetics. Since working principle 
is entering international faces in United States of America essentially makes any more dream it 
has been tested extensively many animals and in few upper limb entities shown it’s possibility 
to restore the absence. Asian and diminish the phantom limb pain. So many years there are four 
million lower limb amputees all in Europe and USA and more over 3,50,000 now amputations 
and performed every year the cost of treating diseases of lower limb amputees related to lack of 
sensory feedback. Because of sensory feedback enabling them to touch and feel the world 
around them in an entirely natural way. 
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