
 

Abstract—On chip signal compression is one of the key 
technologies driving development of energy efficient 
biotelemetry devices. In this paper, we describe a novel 
architecture for analog-to-digital (A/D) conversion that 
combines sigma delta conversion with the spatial data 
compression in a single module. The architecture called 
multiple-input multiple-output (MIMO) sigma-delta is based 
on a min-max gradient descent optimization of a regularized 
cost function that naturally leads to an A/D formulation. 
Experimental results with simulated and recorded multi-
channel data demonstrate the effectiveness of the proposed 
architecture to eliminate cross-channel redundancy in high 
density microelectrode data, thus superceding the performance 
of parallel independent data converters in terms of its energy 
efficiency. 

I. INTRODUCTION

europrosthetic devices and Brain Machine Interfaces 
(BMIs) play a vital role in helping patients with severe 

motor disorders achieve a better lifestyle by enabling direct 
interface to the central nervous system at various levels. 
Invasive interfaces generally consist of an array of 
microelectrodes implanted subcutaneously to record 
electrical signals from neural structures of interest and 
selectively stimulate others. Most implantable electrode 
arrays interface with a biotelemetry system that consists of 
an array of analog-to-digital converters for digitizing and 
transmission of recorded data. Current advances in 
microfabrication technology have greatly accelerated the 
integration of high-density microelectrode arrays on a single 
device[1]. A typical state-of-the-art microelectrode array can 
have as many as 1000 electrodes integrated on a single 
device which significantly increases bandwidth requirements 
and hence power dissipation of the biotelemetry system. 
Next generation of prosthesis will host even larger number 
of electrodes and recording channels considering that 
approximately 30,000 neurons and 2.4x108 synapses 
(assuming 8,000 synapses/neuron) may exist in a cubic 
millimeter of cortex tissue [2]. Thus high data throughput 
requirement will necessitate signal compression 
functionality to be embedded directly on the sensor.  
Fortunately due to the characteristics of the extra-cellular 
surroundings and the array design constraints [1], large 
correlation is observed among noise processes across 
adjacent electrode channels. Moreover, if the array is closely 
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spaced, signals may exhibit significant correlation as well. 
Thus signal compression at the sensor can be achieved by 
using a spatio-temporal compression of neural signal, which 
had been a focus of our previous work. [3]. 

In this paper we describe architecture of a novel MIMO 
sigma-delta converter that combines analog-to-digital 
conversion with adaptive spatial compression. The 
architecture has significant advantages over conventional 
multi-channel A/D that are rigid and have minimal 
calibration ability to utilize spatial correlation between 
channels for data conversion. This procedure not only 
reduces the required data throughput but also reduces power 
dissipation of the front-end by eliminating redundant data 
converter paths. 

The paper is organized as follows: Section II first introduces 
an optimization based framework to illustrate the concept of 
parallel sigma delta conversion. Section III then uses the 
framework to obtain the architecture for the proposed 
MIMO sigma delta conversion. Section IV describes 
experimental results obtained using the MIMO sigma delta 
converter, based on recorded multi-channel neural data. 
Section V concludes with some final remarks. 

II. REGULARIZATION FRAMEWORK AND ��  CONVERTERS

In this section we introduce an optimization framework for 
deriving first-order sigma-delta converters. For the sake of 
simplicity we will first assume that the input to converter is a 
M  dimensional vector M��x that is constant with respect 
to time. We will show in the next section that this 
assumption is reasonable for oversampling data converters 
and we will extend the framework to introduce temporal 
variations. Let M��u represent an internal state vector 
which is used by the parallel converter to produce digital 
representation. Consider a regularized optimization problem 
given  by  

              xu1uu
uu
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where 1  represents a vector whose elements are unity.
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                                (a)                                                              (b)                                                               (c) 
    Figure 4: Functional verification of the MIMO sigma-delta converter for multi-channel neural data: (a) Original multi-
channel data (b) analog representation of digital output produced by the converter (c) reconstruction error in terms of mean 
square error for different OSR.

For the first set of experiments an 8 channel multi-
channel data was artificially generated. Figure 3(a) 
illustrates the multi-channel data where each channel is a 
random mixture of sinusoids with frequency 20Hz and 
40Hz. The multi-channel data was presented to a MIMO 
sigma delta converter implemented in software and the 
output digital stream was combined using a moving 
window averaging technique with window size equal to 
the oversampling ratio (OSR). The resultant analog 
representation is shown in Figure 3(b). It can be seen in 
the figure that after initial adaptation steps the output 
corresponding to first two channels converges to the 
fundamental sinusoids, where as the rest of the digital 
streams converged to an equivalent zero output. Thus this 
simple experiment demonstrates the functionality of 
MIMO sigma-delta to eliminate cross-channel 
redundancy. The first two digital streams were used to 
reconstruct the original recording using equation (12). 
Figure 3(c) shows the reconstruction error averaged over 
a time window of 2048 samples showing that the error 
indeed converges to zero, as the MIMO converter adapts.  
Similar experiments were repeated with an eight channel 
neural data recorded from dorsal cochlear nucleus of adult 
guinea pigs. The data was recorded at a sampling rate of 
20KHz and at a resolution of 16 bits. Figure 4(a) shows a 
clip of multi-channel recording for duration of 1.5 
seconds. It can be seen from highlighted portion of Figure 
4(a) that the data exhibits high degree of cross-channel 
correlation. Similar to the first experiment the MIMO 
converter output eliminates spatial redundancy between 
channels. An interesting observation in this experiment is 
that even though the statistics of the input signals were 
varying in time as shown in Figure 4(a) and (b), the de-
mixing matrix remains stationary during the duration of 
the conversion, which is illustrated through the 
reconstruction error graph in Figure 4(c). This validates 

the principle of operation of the MIMO converter where 
the multi-channel neural recording lie on a low-
dimensional manifold whose parameters are relatively 
stationary with respect to the signal statistics.  

V. CONCLUSIONS

In this paper we presented architecture of a novel 
MIMO sigma-delta converter that can be used for high 
density neural recording and biotelemetry applications. 
We have demonstrate the utility of the converter in 
eliminating cross-channel redundancy whereby reducing 
data throughput requirements and equivalently the power 
dissipation of any biotelemetry device. 
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