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Designing compact, efficient and high
performing multiparameter patient monitors

Continuous measurement of patient vital signs like heart rate, respiration rate and blood oxygen saturation (SpO2) is crucial

for effective care, and the ability to measure those simultaneously makes multiparameter patient monitors increasingly

important.

Electronic patient monitors use noninvasive sensors attached to patients to collect and display physiological data. For

multiparameter patient monitors, one of the major challenges is achieving a compact size and low power consumption

while retaining high performance.

Today, patients that are confined to hospital beds are attached to bulky and expensive multiparameter patient monitors

with wires and are not mobile, preventing widespread usage in mobile nursing and home healthcare environments. There is

a need for compact multiparameter patient monitors that can be wirelessly attached to a patient and transmit data either

wired or wirelessly to display on a mobile phone, tablet or computer.

TI’s “Multiparameter front end reference design for vital signs patient monitor” is a compact, low-cost, low-power reference

design that incorporates the necessary front-end components to collect key vital signs.

The design captures parameters like electrocardiogram (ECG), SpO2, heart rate and respiration using the AFE4403 and the

ADS1292R biosensing front-end integrated circuits. The design interfaces to the Software-configurable cardiac pacemaker

detection module reference design to enable pace-pulse detection and connects to three 0.1 Celsius accurate temperature

sensors (TMP117) to measure skin temperature. To measure ECG, the design uses standard wet ECG electrodes, and it also

uses a transmissive type finger clip sensor to measure SpO2. The captured raw data is available for transfer to a back

end/processor or a PC over an isolated Universal Asynchronous Receiver Transmitter (UART) interface at 460.8 Kbps using

an onboard MSP432P401 microcontroller. A standard USB port or a lithium-ion battery charged from the USB powers the

design.

Figure 1 shows the reference design block diagram.

http://www.ti.com/tool/TIDA-01614
https://www.ti.com/product/AFE4403
https://www.ti.com/product/ADS1292R
http://www.ti.com/tool/tida-010005
https://www.ti.com/product/TMP117
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Figure 1: Multiparameter front-end subsystem for vital sign patient monitoring reference design

A graphical user interface (GUI) displays the captured waveform for a 5-second moving interval while basic filtering cleans

up noise such as common-mode interference from power, lights, etc. Figure 2 displays ECG results, respiration and SpO2,

along with heart rate in beats per minute, respiration number (breaths per minute), SpO2 percentage and temperature

values on a PC.

Figure 2: GUI displaying ECG, PPG, respiration, heart rate and skin temperature

Figure 3 shows a measured ECG, photoplethysmography (PPG), pacemaker, heart rate and temperature sensor data on a

computer. When a pace pulse is detected, a pace marker shows the presence of pace pulse as indicated by the top line in

Figure 3.

http://www.ti.com/content/dam/tinews/images/blogs/category/industrial/wwe/block-diagram/multiparameter-front-end-subsystem-vital%20sign-patient-monitoring-reference-design.png
http://www.ti.com/content/dam/tinews/images/blogs/category/industrial/wwe/screenshot/GUI-displaying-ECG-PPG-respiration-heart-rate-skin-temp.jpg
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Figure 3: GUI displaying ECG, PPG, pacemaker, heart rate and skin temperature

Conclusion
The reference design was created so that you can evaluate the devices working together. It comes with a design guide,

schematics, layout and bill of materials to help quickly evaluate and accelerate product development. It facilitates real-time

capture of vital sign parameters.

What are your biggest challenges in patient monitoring applications? Tell us in the comments.

Additional resources

Check out these blog posts:

“Going beyond traditional SpO2 measurement with multiwavelength optical measurements.”

“No strings attached: Creating next-generation wireless patient monitors.”

“Optical heart-rate sensors for biometric wearables.”

“10 lessons learned from 50-plus biometric wearable product development cycles.”

Download the Analog Design Journal article, "Improving battery life in wearable patient monitors and medical

patches."

Learn more about ultra-low power wired & wireless connectivity solutions across the SimpleLink MCU Platform:

www.ti.com/simplelink.

http://www.ti.com/content/dam/tinews/images/blogs/category/industrial/wwe/screenshot/GUI-displaying-ECG-PPG-pacemaker-heart-rate-skin-temp.jpg
http://e2e.ti.com/blogs_/b/industrial_strength/archive/2019/02/12/going-beyond-traditional-spo2-measurement-with-multiwavelength-optical-measurements
http://e2e.ti.com/blogs_/b/industrial_strength/archive/2018/06/29/no-strings-attached-creating-next-generation-wireless-patient-monitors
http://e2e.ti.com/blogs_/b/analogwire/archive/2018/05/03/optical-heart-rate-sensors-for-biometric-wearables
http://e2e.ti.com/blogs_/b/analogwire/archive/2018/05/21/10-lessons-learned-from-50-plus-biometric-wearable-product-development-cycles
http://www.ti.com/lit/pdf/slyt763?HQS=sys-ind-mhf-wirelesspatientmonitoring19-blog-adj-021219-wwe
http://www.ti.com/simplelink

