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Opiekun naukowy: Alexander MOLNAR?, Vitaly GERASIMOV*

OSOBISTY SYSTEM TELEMETRY CZNY DLA STRAZAKOW
Z OBSEUGA TZW. ROZSZERZONEJ RZECZYWISTOSCI (AR)

Streszczenie: W niniejszym artykule przedstawiono wyniki opracowania osobistego systemu
telemetrycznego dla strazakoéw. Skiada si¢ on z dwoch podsystemdw - mierzac parametry
ludzkiej dziatalno$ci i okres$lajac parametry Srodowiska. Wszystkie otrzymane dane wraz
z ostrzezeniami o zagrozeniach sg wy$wietlane w polu widzenia strazaka za pomocg okularé6w
AR, a takze za posrednictwem interfejsu Wi-Fi sa przenoszone do centrum zdalnej diagnostyki.
Mozliwe jest zapisanie wszystkich wskazan w lokalnym chronionym medium jako osobistej
czarnej skrzynki.

Stowa kluczowe: czujniki, mikrokontrolery, rozszerzona rzeczywisto$¢ (AR), telemetria
bezprzewodowa

PERSONAL TELEMETRY SYSTEM FOR FIREFIGHTERS WITH
AUGMENTED REALITY SUPPORT

Summary: In this paper, the results of developing a personal telemetry system for firefighters
are presented. It consists of two subsystems - measuring the parameters of human activity and
determining the parameters of the environment. All received data, together with warnings of
danger, are displayed in the field of view of the firefighter using AR glasses, and through the
Wi-Fi interface are transferred to the center of remote diagnostics. It is possible to store all the
indications in the local protected medium as a personal black box.

Keywords: sensors, microcontrollers, Augmented Reality, wireless telemetry.
1. Introduction

In recent times, glasses of Augmented Reality have gained special popularity. They
allow us to output additional information in the field of view of a person. The daily
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4 Ph.D., Mukachevo State University, Faculty of Economics, Management and Engineering,
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use of such systems is still limited by high cost. However, there are such professions
where the use of AR systems is fully justified. In our opinion, one of them can be
considered by employees of rescue services and firefighters. In conditions of poor
visibility, important additional information can be displayed on the AR-glasses
- a diagram of the rooms, information from different sensors and so on. Such
equipment can also warn about additional hazards (radiation, hazardous gases) that
can save many lives.

2. Implementation

We have developed a modular personal telemetry device. It allows you to determine
the physiological data of a person and the parameters of the environment. The system
consists of two modules (Fig.1). One of them is fixed on the patient's chest
with a special strap. In its design, electrodes for measuring ECG, skin resistance, and
chest expansion are built-in. As a measurement system, we chose the Maxim
Integrated hSensor platform [1]. The second module is attached to the belt. It contains:
a GPS module for locating; a level meter for radiation and ultraviolet radiation; sensor
for the concentration of dangerous gases. Modules are combined using the Bluetooth
LE radio channel. The received and preprocessed data via the built-in WEB server
(module 2) via the Wi-Fi interface are transmitted for remote monitoring and analysis.
The information also accumulates in a local secure drive based on an SD card. It acts
as a personal "black box" for cases of emergency radio communication loss. Module
2 is built on the basis of TI MSP-EXP430FR5994 [2] and Wi-Fi CC3100BOOST [3].
The received data together with warnings of danger are displayed in the field of view
of the firefighter through glasses of augmented reality. For these purposes we use
AR-glasses Intel/Recon - Recon Jet™ Pro [4].

2.1. Maxim Integrated hSensor platform

The Maxim developed integrated sensor platform for medical and high-end fitness
applications is called "hSensor" or MAXREFDES100#. The platform integrates one
bio potential analog front-end solution (MAX30003/MAX30004) providing ECG
waveforms and heart-rate detection, one pulse oximeter and heart-rate sensor
(MAX30101), two human body temperature sensors (MAX30205) one on the top side
and one on the bottom side, one 3-axis accelerometer, one 3D accelerometer and 3D
gyroscope, and one absolute barometric pressure sensor. The hSensor platform
supports the measurement of motion, precision skin temperature, and a variety of
biopotential measurements, including electrocardiography (ECG), electromyography
(EMGQG), and electroencephalography (EEG).

In addition, the hSensor platform also supports a variety of reflective photo
plethysmography measurements including pulse oximetry and heart rate (HR)
detection at three wavelengths, 880nm (infrared, IR), 660nm (red) and 537nm (green).
Bluetooth® low energy (BLE) radio is supported for configuration and data
collections. In addition, a direct-to-flash memory mode is supported for data
collection. The MAX32620 microcontroller lies at the center of the hSensor platform.
The following sensors are installed: MAX30003/MAX30004 biopotential analog
front-end (AFE), two MAX30205 human body temperature sensor, MAX30101 pulse
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oximeter and heart-rate sensor, LIS2DH 3-axis accelerometer, LSM6DS3 3D
accelerometer and 3D gyroscope, and BMP280 absolute barometric pressure sensor.
The accuracy of the MAX30205 meets the clinical thermometry specification of the
ASTM E1112 when soldered on the final PCB. The hSensor platform can be powered
by a CR2032-type coin cell battery.

Figure 1. Modular system of remote monitoring of the physiological state of a
person and environment parameters. 1 - hSensor from Maxim Integrated, 2 - MSP-
EXP430FR5994 based environment monitor systems

The biopotential channel has ESD protection, EMI filtering, internal lead biasing, DC
leads-off detection, ultra-low power leads-on detection during standby mode, and
extensive calibration voltages for built-in self-test. Soft power-up sequencing ensures
that no large transients are injected into the electrodes. The biopotential channel also
has high-input impedance, low noise, high CMRR, programmable gain, various low-
pass and high-pass filter options, and a high resolution analog-to-digital converter
(ADC). The biopotential channel is DC coupled, can handle large electrode voltage
offsets, and has a fast recovery mode to quickly recover from overdrive conditions,
such as defibrillation and electro surgery [1].

2.2. TI MSP-EXP430FR5994 LaunchPad ™ based environment monitor

Our modular telemetry device (Fig.3) allows us to determine the parameters of the
environment. It contains a GPS module for geolocation; a level meter for a, B, y
radiation and ultraviolet radiation; sensors for the concentration of dangerous gases;
temperature, atmosphere pressure and humidity. The received and preprocessed data
through the built-in WEB server via the Wi-Fi interface are transmitted for remote
monitoring and analysis. The information also accumulates in a local secure drive
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based on an SD card. It acts as a personal "black box" for cases of emergency radio
communication loss. The module is based on TI MSP-EXP430FR5994 and Wi-Fi
CC3100BOOST [3]. To provide the possibility of extending the functionality of the
telemetry system, it is possible to connect additional modules via the Bluetooth LE
interface. Such can be dust meters, specific gas concentration detectors, and other
rarely used sensors.

ABLyssy NO= 81141 PM

MAXREFDES100 DISCONNECT

Device address: 03:00:00:51:70:15

State Connected
MAX30205 1 ———
79.9F

9818

MAX30205 2
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‘,l\‘ LIS2DH

000000000000 |
BMP280
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m ECG HeartRate
W 00 -
00000000 T .

Start Mission

Figure 2. Android sample program interface for Maxim Integrated hSensor platform

The MSP-EXP430FR5994 LaunchPad™ is based on the ultra-low-power
MSP430FR5x FRAM microcontroller platform [2]. The board includes buttons and
LEDs for quick integration of a simple user interface as well as two unique features:
a microSD card slot allowing the user to interface with SD cards, as well as a super
capacitor (super cap) that acts like a rechargeable battering, enabling standalone
applications without an external power supply. The 16MHz MSP430FR5994 device
features 256KB of embedded FRAM (Ferroelectric Random Access Memory), a non-
volatile memory known for its ultra-low power, high endurance, and high speed write
access. Combined with the 8 KB of on-chip SRAM, users have access to 264KB of
memory to split between their data and code as they see fit. For example, a data
logging application can greatly benefit from the fast, low power writes into FRAM —
and all of that without fear of data-loss due to loss-of-power. The MSP430FR5994
includes the new Low-Energy Accelerator (LEA). This new hardware module delivers
fast, efficient, low-power vector math acceleration commonly found in digital signal
processing (DSP) applications. This makes it easy for the MSP430 to process
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incoming analog data in real-time. With benchmarks that outpace 32-bit ARM®
Cortex®-M0+ MCUs by more than 40x, this nimble MCU delivers performance with
exceedingly low power consumption. The device also includes a wide variety of
integrated peripherals including: communication ports, timers, real-time clock, AES
encryption and CRC error-checking accelerators, as well as the included analog
comparator and a multichannel ADC with its ultra-low power, window-based
interrupts.

Cc3100 Wi-Fi

BME280
Temperature
Humidity

SEN-11345 Geiger Counter Pressure

VEMLE070
UV-sensor

Cc2650 Bluetooth LE

Figure 3. Schematic structure of environment monitor

2.3. Sensors

When choosing the sensors used, preference was given to simple, easily accessible,
cheap and most importantly with low or ultra-low power consumption. It is also very
important that the necessary drivers and software are available and simple.

As a temperature, pressure and humidity sensor, we chose BME280 from Bosch
Sensortec [5]. The BME280 is an integrated environmental sensor developed
specifically for mobile applications where size and low power consumption are key
design constraints. The unit combines individual high linearity, high accuracy sensors
for pressure, humidity and temperature, designed for low current consumption
(3.6 pA @1Hz), long-term stability and high EMC robustness.

The humidity sensor features an extremely fast response time, which supports
performance requirements for emerging applications such as context awareness, and
high accuracy over a wide temperature range. The pressure sensor is an absolute
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barometric pressure sensor with features exceptionally high accuracy and resolution
at very low noise. The integrated temperature sensor has been optimized for very low
noise and high resolution. It is primarily used for temperature compensation of the
pressure and humidity sensors, and can be used for estimating ambient temperature.
The pressure sensing interval is 300...1100 hPa with £0.12 hPa relative accuracy and
resolution 0.18 Pa. Temperature sensing interval is 40...85°C with £1.0°C relative
accuracy and resolution 0.01°C. Humidity sensing interval is 0...100% with 1 %RH
relative accuracy and resolution 0.008 %RH.

To determine the level of ultraviolet radiation, it is very convenient to use VEML6070
from Vishay [6]. It is an advanced ultraviolet (UV) light sensor with I1>C protocol
interface. VEML6070’s adoption of Filtron™ UV technology provides the best
spectral sensitivity to cover UV spectrum sensing. It has an excellent temperature
compensation and a robust refresh rate setting that does not use an external RC low
pass filter. Software shutdown mode is provided, which reduces power consumption
to be less than 1 pA.

Table 1. A set of parameters that are measured by the system

Physiological Environment

- Body temperature - Air temperature

- ECG - Atmospheric pressure

- Heart rate - Humidity

- Saturation level - Radiation level (a, B, v)

- Resistance of the skin - The level of ultraviolet radiation
- Frequency and depth of breath - The level of harmful gases *

* - Carbon monoxide CO (1 - 1000 ppm), nitric oxide NO, (0.05 - 10 ppm), ethanol
C,HsOH (10 - 500 ppm), hydrogen H> (1 - 1000 ppm), ammonia NH3 (1 - 500 ppm),
methane CH4 (> 1000 ppm), propane C3Hg (> 1000 ppm), butane C4H;o (> 1000 ppm).

As a sensor of a,  and y particles, it was decided to use SEN-11345 SparkFun Geiger
Counter board, which is equipped with a built in ATMega328 microcontroller. The
board contains a high-voltage converter and is connected to host controller through
standard COM port.

One of the most difficult tasks in the design of mobile environmental monitoring
systems is the selection of gas sensors. Most of them consume 200-250 mA of current,
which is unacceptable when using battery power. A successful exception is the MiCS-
6814 gas sensor from SGX Sensortech [7]. The MiCS-6814 is a robust MEMS sensor
for the detection of pollution from automobile exhausts and for agricultural/industrial
odors. Because this chip has an analog output, for simplification of designing it is
easier to use Seeed Studio Grove — Multichannel Gas sensor. This microcontroller-
based module can detect many unhealthful gases, and three gases can be measured
simultaneously due to its multi channels, so it can help to monitor the concentration,
which is more than one gas. This board built with ATmegal 68PA, has an I°C interface
with programmable address. Heating power can be shut down for low power.

This set of sensors, if necessary, can be expanded in the future.
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Figure 4. Telemetry system data displayed in the field of view of the firefighter
through glasses of Augmented Reality

3. Telemetry System

The received and preprocessed data from sensors through the built-in WEB server via
the Wi-Fi interface are transmitted for remote monitoring and analysis. The
SimpleLink Wi-Fi CC3100 [3] solution provides the flexibility to add Wi-Fi to any
microcontroller (MCU). This Internet-on-a-chip™ solution contains all you need to
easily create IoT solutions — security, quick connection and cloud support.

To connect the Recon Jet™ Pro AR glasses we used the Cc2650 Bluetooth LE
module. Texas Instruments CC2650 SimpleLink™ Ultra-Low Power Wireless
Microcontrollers are wireless MCUs that target Bluetooth Smart, ZigBee and
6LoWPAN, and ZigBee RFACE remote control applications. These devices are
members of the CC26xx family of cost-effective, ultra-low power, 2.4GHz RF
devices. Very low active RF and MCU current and low-power mode current
consumption provide excellent battery lifetime and allow operation on small coin cell
batteries and in energy-harvesting applications. The CC2650 contains a 32-bit ARM
Cortex-M3 processor running at 48MHz as the main processor and a rich peripheral
feature set. This makes the CC2650 ideal for applications within a whole range of
products including industrial, consumer electronics, and medical one. The Bluetooth
Low Energy controller and the IEEE 802.15.4 MAC are embedded into ROM and are
partly running on a separate ARM Cortex®-MO processor. This architecture improves
overall system performance and power consumption and frees up flash memory for
the application.

Cc2650 Bluetooth LE module also provides the possibility of extending the
functionality of the telemetry system through connection of additional sensors.
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4. Software

The software development tools, which were used to be developed, include Code
Composer Studio (with unlimited possibilities and a huge library of ready to use
solutions), IDE Energia integrated development environment for Arduino compatible
developments [8] and MSPWare-Advanced system. To improve the energy
efficiency, we used separate optimizers such as EnergyTrace software.

5. Conclusion and summary

We have developed a personal telemetry system that collects information about the
firefighter’s health status, his activity and environmental parameters. All the
information received is analyzed for danger and transmitted to the glasses of
augmented reality and to the control center.

Total cost of the designed device in case of manufacture is about 2000$.

To increase the autonomy of the telemetry system it is advisable to use modern energy
harvesting systems for converting movement and deformation of the human body to
electricity [9].
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