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Low-power wearable sensors now have sufficiently high sampling rates and bandwidth to support
acquisition of electrophysiologic signals (e.g., ECG/EMG/ EEG) [1-3]. But, these higher sampling rates are
associated with higher power consumption, greatly reducing battery life [4, 5]. Thus, we examined average
power consumption in a commercial Bluetooth low energy microcontroller (TI CC2640R2 BLE Module)
while varying transmission power (maximum vs. minimum available), time interval between transmissions
(10 ms to 5 s), sampling frequency (1000 to 4000 Hz), and transmit payload size (all samples vs. one
“processed” value per interval); since each of these variants can influence power consumption [6, 7].
Neither sampling rate nor payload size noticeably altered power consumption. Increased transmit power,
as expected, increased power consumption. Longer transmit intervals reduced power consumption, with
most of this advantage occurring by intervals as small as 50-100 ms. Thus, relatively low latency (< 100
ms), low power signal acquisition is supported by these commercial modules, without particular regard to
payload size or sampling rate.

We developed a prototype wireless electrophysiologic acquisition system, applicable to ECG/EMG/EEG
signals, comprised of an analog front end and a Bluetooth low energy microcontroller (TI CC2640R2 BLE
Module). The front end (see [8]) consisted of an instrumentation amplifier (AD8422), passive band pass
filtering, and DC-shifting of the signal into the range of the on-board, unipolar, 12-bit ADC. A set of average
electrical current consumption measurements was made while varying all combinations of Bluetooth
transmission power (+5 dBm = maximum power, +0 dBm = minimum power), the time interval/latency
between transmissions (10, 20, 50, 100 ms), the sampling frequency (fsampie = 1000, 2000, 4000 Hz) and the
processing-transmission mode (transmit raw two-byte signal vs. transmit one byte per interval—
representing on-board signal processing, which greatly reduces channel bandwidth). Average current
consumption was measured by inserting a small resistance (1.2 Q) in series with the 3.3 V battery and then
averaging voltage across it for 30 s with a hand-held digital multimeter (RSR MAS830, resolution of 0.1
mV). We separately measured current in the analog front end and in the TI CC2640R2 BLE module.

For all conditions, the analog front end average current consumption was 0.8-0.9 mA. Neither sampling
rate nor processor-transmission mode substantively
altered this consumption (Table 1). These conditions Transmit Power = +5 dBm (Maximum)

vary the transmit payload, since longer intervals Raw Signal One Byte/Interval
communicate more samples per transmit cycle. Thus, the fsamote (Hz) fsamete (H2)

nples p -cycle. ’ Interval | 1000 | 2000 | 4000 | 1000 | 2000 | 4000
volume of data transmitted had no practical influence on oms | 30 30 31 | 30 30 30
Bluetooth module power consumption. 20ms | 19 19 19 [ 19 19 19

50 ms 1.2 1.2 NA 1.2 1.2 13

However, transmit power and interval had a noticeable 100ms | 10 ~ NA  NA | 10 11 10
Transmit Power = +0 dBm (Minimum)

influence on average current—larger transmit powers Raw Signal One Bvte/Interval
and shorter intervals led to larger currents. We further fsampte (Hz) fsampte (Hz)
tested transmit intervals of 500 ms, 1 s,2 s and 5 s (fsample Interval | 1000 | 2000 | 4000 | 1000 | 2000 | 4000
= 4000 Hz, Mode = one datum/cycle, lower transmit 10ms } 23 24 24 | 23 24 23
I h Bluetooth modul ¢ 20ms | 1.6 1.6 1.6 1.7 1.7 1.8
power). In each case, Blue ooth module average curren soms | 10 10 NA 10 0.9 10
was 0.8-0.9 mA—essentially its minimum. Thus, 100ms | 0.9 NA NA 0.9 NA NA
Bluetooth module current was maximum at the shortest Table 1. Average current consumption (mA), Tl BLE

transmit interval of 10 ms, (2.3 mA) but fell rapidly with Module CC2640R2 (excludes analog front end). “NA”
denotes packet size too large or unreliable




increasing interval, quickly approaching its minimum. Overall, power consumption was not substantively
influenced by sampling rate or payload size, and transmit intervals above ~50 ms consumed power
indistinguishable from minimum power. Transmit power, as expected, directly influenced power
consumption. In applications, choice of transmit power level will be influenced by the necessary transmit
distance and the ambient environmental electronic noise level [9, 10].

"This work supported by US Army Contract W81XWH-17-C-0167. Views, opinions and/or findings are the authors’ and should
not be construed as official Department of Army position, policy or decision unless so designated by other documentation.
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