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Abstract
Recent high-density CMOS-based MEAs contain thousands of electrodes. Hence, an off-chip acquisition system performing data compression prior to visualization and analysis on a computer is required in order to handle the large amount of data generated by active MEAs. Since significant information is discarded with conventional spike detection algorithms, a delta compression algorithm is implemented on a Xilinx Virtex 5 FPGA. An experimental setup is developed in order to verify the functionality of the data acquisition system, implemented on the FPGA platform, independently from the CMOS front-end. It is shown that if the signal-to-noise ratio (SNR) of the input signal is higher or equal to 10 dB, delta compression is suitable for high-density MEAs.
1
Introduction
Modern MEAs are realized with increasingly high density of electrodes, causing stringent constraints on the CMOS circuits in charge of the analog front-end, analog to digital conversion and data transmission. Acquiring an array of 64 x 64 electrodes at a sampling rate of 10 kSamples/s generates an amount of data to be transmitted for processing equal to 490 M/Bs [1]. Thus, data compression has to be accomplished before analyzing the recorded data on a dedicated computer.
Conventional spike detection algorithms perform thresholding of the amplitude of the signal in order to capture the majority of action potentials. However, important information such as the neural activity above or below the threshold level is discarded. Delta compression has been presented as a possible solution [2]. The temporal derivative of the neural signal is calculated in the digital domain and its value transmitted only if it exceeds a determined threshold.
2
Readout System
The readout circuitry is targeted for a 128 x 128 CMOS-based MEA, as depicted in Fig. 1. Each readout channel, which consists of a low-noise amplifier connected to an 8-bit ADC, acquires data by scanning all electrodes in one zone. A zone is defined as a sub-array of 64 x 4-6 electrodes. In this preliminary study, 25 electrodes in one zone are sensed.

[image: image1.jpg]64 electrodes

-

>

4-6 electrodes

Zone 1

8-bit ADC

A X

[N/ __\

Zone 2

(] (]

/7 /¢

YV Vs





Fig. 1. Overview of the readout circuitry.

Considering zones of 64 x 4 electrodes, which correspond to 64 zones, the total data output rate is equal to 256 MB/s if a sampling frequency of 20 kHz and 8-bit ADCs are considered. A delta compression algorithm is thus implemented on a Xilinx Virtex 5 FPGA, as depicted in Fig. 2. A low-pass 30th order Finite Impulse Response (FIR) filter, which eliminates the signal high-frequency noise, and an Ethernet interface are also implemented. The delta compression algorithm is performed by computing the difference between two successive samples. For each pixel, when 256 samples have been acquired and temporarily saved on the FPGA, the transmitted data is either the recorded signal if the delta compression algorithm has detected activity, or the running average of the signal.
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Fig. 2. System overview and data flow.
3
Results
An experimental setup has been developed in order to verify the functionality of the data acquisition system, implemented on the FPGA, independently from the CMOS front-end. Artificial spikes generated with the tool presented in [3] are generated using an arbitrary waveform generator in order to simulate the recorded extracellular signals. This software allows varying the SNR of generated signals. The compression ratio and the false events versus the SNR of input signals are measured and presented in Fig. 3. The delta compression algorithm performance dramatically drops for SNRs smaller than 10 dB. Thus, for small SNRs, spike detection techniques based on the nonlinear energy operator, for example, should be used as a more appropriate solution [4], [5].
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Fig. 3. Compression ratio and number of false events versus the SNR of the artificial neural spikes.
4
Conclusion

A delta compression algorithm is implemented on a FPGA platform in order to compress neural recorded signals. If the SNR of the input signal is higher or equal to 10 dB, our experiments show that the delta compression is suitable for high-density CMOS-based MEAs.
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