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Continuous monitoring of patient’s state in intensive care units is crucial for displaying
critical conditions and identifying signs of clear consciousness. Traditional monitoring on
a bedside monitor represents digital value on the screen and has several shortcomings. The
observer’s perception of digital information is limited by visual acuity and affects the speed
of decision-making. The radio frequency range is increasingly overloaded with the devel-
opment of Internet of Things devices. It leads to numerous errors in the transmitted data.
The developed system is aimed at the comprehensive elimination of the shortcomings
through available means. An understandable visualization system is preferred for prompt
recognition of changes in the patient’s state, increasing the speed of perception of the ob-
server, and receiving information in the form of a data set. A data transmission system via
optical wireless communication is relevant for duplicative channel for displaying and elim-
inating the shortcomings of systems operating in the radio frequency range. The system
being developed is universal and can be used in a wide range of professional fields. In
particular, if the use of the radio frequency range is limited and the stability of the data
transmission channel to electromagnetic interference is essential.
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1. INTRODUCTION

Monitoring is the collection of information about an ob-
ject, which is processed, systematized, evaluated, ana-
lyzed digitally and visually presented in a convenient form
for the observer. Continuous monitoring of object’s state
(for example, patients with chronic disorders) is relevant
for intensive care units. Especially, physiological state of
patients with chronic impairment of consciousness needs
to be monitored.

Monitoring systems present the reduction of workload.
Traditional monitoring is carried out using wearable sensors
that collect basic patient’s vital signs and screens for their
visualization. In addition to the high workload on medical
staff, the ability of the observer is limited by visual acuity
and the minimum angle of view between the image and the

optical center of the eye (~ 1 arc minute) [1]. The value may
be smaller due to the long distance from patient to practice.
The data on a screen, therefore, may be difficult to distin-
guish. Additional disadvantages include the lack of mobil-
ity, high cost and the use of the radio frequency range for
data transmission. The healthcare system is undergoing a
shift from traditional systems to wearable devices. They are
applicable in direct contact with the body. Wearable devices
are equipped with sensing capabilities of user’s electrical
activity of the brain [2,3], heart rate, oxygen levels, body
temperature, blood pressure [4—6]. Special attention is de-
voted to wearable monitoring devices that are aimed at
providing emergency assistance to the elderly or patients at
home after rehabilitation [7]. Present monitoring systems
are designed to monitor user’s physiological state with nor-
mal physical activity and transmit data in a radio frequency
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Fig. 1. Block diagram of the visual display and data transmission system.

range, making them not applicable for continuous monitor-
ing in medical units, where the radio frequency range is lim-
ited. Optical wireless communication is more effective and
has several advantages: wide spectrum, resistance to elec-
tromagnetic interference, and high data transfer rate [8,9].

Comfort visual observing in existing monitoring sys-
tems is limited by visual acuity of observer and ability to
process digital information promptly. It is better adapted
to recognizing shapes, colors, and movements than for
reading digital values. By converting them into a simpli-
fied display form, the level of awareness is increased and
the cognitive load on the brain is reduced [10]. Thus, mon-
itoring can be supplemented by understandable visual dis-
play method for prompt decision-making and patient’s
safety.

Light-emitting diodes are used as indicators with a
given emission chromaticity and operation mode to dis-
play changes in physiological state [11]. A device with
matrix LED indicators for displaying character infor-
mation [12] was developed in 2018 by scientists from the
University of Tokyo together with the Japanese company
Dai Nippon Printing. However, in existing display meth-
ods a principle based on the link between the given emis-
sion chromaticity and parameter recognition is missing.

The existing systems for displaying the physiological
state are not enough to identify critical states in the ob-
server's field of view. There is no universal and mobile
system, providing visual and understandable display of
physiological changes and noise-free data transmission.
The proposed system will provide a clear visual display of
the object’s state, will be resistant to interference and

applicable in any area, where the radio frequency range is
limited, and resistance to interference is essential.

2. THE PRINCIPLE OF OPERATION

The block diagram of the developed system is shown in
Fig. 1. It consists of four functional blocks: color control
and data processing unit, visual display device, data trans-
mission unit, data receiving unit. Body temperature, blood
oxygen level and heart rate are reading parameters.

Two subsystems are being developed: a data visuali-
zation subsystem and a data transmission subsystem via
optical wireless communication. The visualization sub-
system is presented as follows: the sensors are connected
via the 12C bus-line to the microcontroller of the color
control and data processing unit. The signal is converted
on the microcontroller to digital values and compared
with a range of normal values. The patient’s condition is
displayed on a LED-based visual display device. The
emission chromaticity of the LED strip is controlled by
a microcontroller. The chromaticity and operation modes
of the LEDs change according to the object’s state: the
parameters are in the range of normal values; the param-
eters are outside the range of normal values. If controlled
parameters are outside the range of normal values, the
alarm signal from the microcontroller is transmitted to
the data transmission unit (subsystem for optical wireless
data transmission). Data packets are formed and trans-
mitted via an atmospheric optical communication chan-
nel using an array of infrared LEDs to the photodetector.
The optical information signal through the atmospheric
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Fig. 2. LED emission chromaticity on a visual display device: controlled parameter is lower than range of normal values (a); normal
state (b); controlled parameter is higher than range of normal values (c).

communication channel goes to the data receiving unit
and from the photodiodes goes the transimpedance am-
plifier afterwards. The amplifier converts the photodiode
photocurrent into the information signal voltage. The
output signal of the transimpedance amplifiers is in-
verted. The signal goes to the inverting adder to sum up
the signal and compensate for the inversion from the
transimpedance amplifiers. There is a high pass filter
(HPF) at the output of the inverting adder to exclude the
constant component of the signal and a low-pass filter
(LPF) to suppress high-order harmonics in the signal.
The signal goes to the analog-digital converter of the mi-
crocontroller in the data receiving unit. It analyzes, de-
crypts and transmits the decrypted packet to the converter
of the UART data exchange interface to the USB interface
for subsequent connection to a personal computer.

3. VISUAL DISPLAY DEVICE

The following criteria can be formulated for the type of
visual display device: safe heating on skin contact, low en-
ergy consumption, design and usability on the patient’s
body. A LED-based bracelet was proposed.

LED strip is located on the visual display device and
designed to display the physiological parameters of pa-
tients in several physiological states: the values of phys-
iological parameters are normal, the values of physiolog-
ical parameters are lower than normal values, the values
of physiological parameters are higher than normal val-
ues. LEDs glow in a range of cold or warm colors
(Fig. 2). The parameter is recognized by the operation
mode for each deviated parameter. For blood oxygen
level — sequential switching on of LEDs, body temper-
ature — changing the intensity of LED emission, pulse
rate — the frequency of flashing LEDs.

4. DATA TRANSMISSION AND DATA
RECEIVING UNIT

The data transmission and data receiving module are
demonstrated in Fig. 3. Optical model was presented by
authors in Ref. [13]. The distance between the data trans-
mission unit and the data receiving unit, where the maxi-
mum illumination distribution of the active region of the
photodiode, was determined. With the average optical
power of 54 uW at the 2 meters distance between units
and voltage drop of 122 mV received signal significantly
exceeds the noise level on the analog-digital converter,
which is about 15 units. 2 x 2 array of infrared LEDs and
2 x 2 array of photodetectors with LA 1576 lens is enough
to distinguish the signal.

The bandwidth of the data transmission module can be
calculated according to the formula:

1
fBW = A (D

27R,C;

where R; is the load resistance equal to 3600 Ohms and
C; is the photodiode capacity equal to 0.25 pF. The value

(a) (b)

Fig. 3. The data transmission module (a) and data receiving
module (b).
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Fig. 4. Computer model of the color control and data processing
unit (without cover).

of the operating frequency band of the photodiodes is
~ 170 MHz.

5. COLOR CONTROL AND DATA PROCESSING
UNIT

A protecting case and the printed circuit board are the
main elements of the color control and data processing
unit (Fig. 4). STM32H745Z1T6 chip is the main compo-
nent of the board. The sizes are selected to allow ease of
installation of the printed circuit board while maintaining
a high compactness.

6. SYSTEM LAYOUT

The layout of the designed system is shown in Fig. 5. The
layout consists of a pulse oximeter and heart rate sensor
SpO, MAX30102, a color control and data processing
unit, a visual display device, a data transmission unit and
a photodetector module. Checking the compliance of the
LED operation mode with the type of rejected parameters
is carried out by setting digital values in the microcontrol-
ler program.

7. RESULTS AND CONCLUSIONS

The developed system provides increased speed of data
perception by observer in comparison with existing dis-
play methods and transmits data via optical wireless com-
munication. A visual display method of physiological
changes has been developed for this purpose. The pro-
posed technical solution involves the collection of meas-
ured digitized values of physiological parameters and their
conversion into emission chromaticity and LED operation
modes on a visual display device. The bracelet was se-
lected as a type of visual display device.

Additionally, the block diagram of the system has been
developed, not previously used in the intensive care unit.

Fig. 5. Layout of the designed system.

It controls data from sensors, emission chromaticity, LED
operation mode and forms data packets for modulation of
the signal on the data transmission unit. A system layout
for visual display of changes in the physiological state of
patients and data transmission via optical wireless com-
munication is proposed. Heart rate, oxygen saturation and
body temperature were selected for the non-invasive mon-
itoring of the physiological state of patients. Data trans-
mission is carried out using optical wireless communica-
tion technology in infrared wavelength range.
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Cucrema BU3yaJibHOI0 0TOOPAaKeHUN U3MEHEeHUs (PU3HO0JT0THIECKOr0
COCTOSIHMA NMALMEHTOB ¢ XPOHUYECKUM HAPYUICHHEM COZHAHUA U
nepeaavu JaHHbIX M0 0eCMPOBOIHOM ONITUYECKOM CBSA3H

C.A.Bocrpuxosal, JI.C. lllupsie!, I.T'. Cmupuosa', B.E. Byrpos!, E.A. KonaparbeBa?>+*

! IHCTUTYT NEPCHIEKTUBHBIX CHCTEM IIEPENauu JaHHbIX, YHuBepcuter UTMO, Kpousepkckuii 1p., 1. 49, nut A,
Cankr-IlerepOypr, 197101, Poccust
2 PHXH um. npod. A.JI. TTonenosa, gpuanan ®PI'BY « HMULL um. B.A. Anmaszosay, yi. Maskosckoro, .12, Cankr-TletepOypr,
191014, Poccus
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4 ®I'BHY «DenepanbHblii HayYHO-KJIMHMYECKUH HEHTP PEAHUMATOJIOTUH U PeabUIUTONOrHIY, JIbITKUHO, 1. 777, KopIL. 1,
MockoBckas 00i1., 141534, Poccust

AnHoTauusi. HenpepsIBHBINH MOHUTOPUHT B OTACICHUSX HHTCHCHBHON TEPAINK BaXKEH A1 OTOOPaKESHHMSI KPUTHICCKUX COCTOSIHHI
Ye/I0OBEKA WIIM MPU3HAKOB SICHOTO CO3HAHMS. TPamgdIHOHHBINA ClI0COO 0TOOPaKeHNMs Ha TIPUKPOBATHEIX MOHUTOPAX MPEICTABISET U3
cebst oToOpakeHHe HU(PPOBBIX 3HAUCHHUIT HA dKpaHe U 00JaJaeT PsAIOM HEeJOCTaTKOB. Bocmpusitue undpoBoii napopmanuu Hadmo-
JaTelIeM B YCIOBHSX €r0 BBICOKOW 3arpy)KCHHOCTH OTPaHHYCHO OCTPOTO 3PEHMS M CYLIECTBEHHO BIIMSECT Ha CKOPOCTb HPHHSTHS
pewernst. C pa3sBUTHEM TEXHOJIOTHH IepeIadr JaHHBIX YBEIHIUBACTCS KOJIHIECTBO YCTPOUCTB, TPeOyIOMMX noakmodeHus k HTep-
HETY, YTO IPUBOJUT K OTPAHUYCHHUIO 110 MPOITYCKHOM CIIOCOGHOCTH PafgHOYaCTOTHOrO AMANa30Ha. DTO MOXKET SIBISITHCS IPUIMHON
HanM4ust GOJIBIIOrO KOJIMYECTBAa OLIMOOK B TIepeAaBacMblX JaHHBIX. Pa3pabarsiBacMas ONTHKO-3IEKTPOHHAS CHCTEMa BH3YaIbHOTO
OTOOpaKEHHST M3MEHEHHS (PU3HOIOTHYECKOTO COCTOSIHIS M IIepeaadr JaHHBIX 110 GECIPOBOIHOM ONTHYECKOM CBS3HM HAIPaBICHA HA
KOMIUTEKCHOE yCTPAHEHHE BBIICYIOMSHYTHIX HEIOCTATKOB B HCIIONB3yEMBIX CHCTEMaX JOCTYIHBIMU CPEACTBAMH. J{JIs OTIepaTHBHOTO
PAcIO3HaHHs H3MEHEHHS COCTOSHHUS OOBEKTA MPEAMOYTUTEIbHA IOHATHAS CHCTEMa BU3YaIN3aLNY, YBEIMIHBAIOLIAsi CKOPOCTh BOC-
OPHATHS HAOMIOAATENs M [O3BOJIIOINAs MONyYaTh HHPOPMALHIo 00 H3MEHEHHUSX B BHAC KOMIUIEKCA TAaHHBIX. B TO ke Bpemst st
obecriedeHus JyOInpyOLIero kaHaua oToOpakeHUs U yCTpaHEHH s HeJOCTaTKOB CUCTEM, Pa0OTAIOIINX B PAJIMOYaCTOTHOM JHAaIa30He,
aKkTyaJpHa CHCTEMa [epeIavy JAHHBIX 110 GeCIIPOBOIHOM ONTHIECKOM CBs3U. PaspabaTsiBacMast cCHCTEMA SIBISIETCS YHUBEPCATLHON U
MOJKeT OBITh IPUMEHHMA B LIHPOKOM CIIEKTPE MPOeCcCHOHANBHBIX obnacTei. B yacTHOCTH, KOTa MpUMEHEHHE PagHo4acTOTHOTO
JMana3oHa OrPaHUYCHO U BKHYIO POJIb UTPAeT yCTONYMBOCTD KaHAIA [IePeJadyd JAaHHBIX K dJICKTPOMArHUTHBIM IOMEXaM.

Knrouesvie ciosa: cucrema MOHHUTOPHHI'A; XPOHUYECKOC HAPYIIEHUE COZHAHUS; OTACIICHUE WHTECHCUBHOM TEpanuu
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