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1. CoBpemeHHBIC TeXHOJOrMHM, O00OpPyIOBaHHMEe W OCHAIeHHe, HCIOJb3yeMoe sl
onepaTuBHOIO MOOWJILHOTO MOHUTOPHHTIA B peajibHOM BpeMeHH
NcUX0(H3H0J0rHYECKOr0 COCTOSHUSI BOCHHOCIYKALUX 1JIs1 00ecnedeHHus] HA/IeKHOCTH

npo¢eccuOHATbHOM 1eSITeJIbHOCTH.

B Boopyxennbix cuiax crpan HATO B Hacrosiiee Bpemsi MAET MOCTPOCHHUE CHUCTEMBI
HporHo3preMero YIIpaBJICHUA COCTOAHHUEM 3J0POBbS BOCHHOCTYKAIUX B PaMKaX KOHICIIIUA
Prdictive Helath Management (PHM). [PPR]

[PPR] [Poropatich R. Predictive Health Management (PHM) for Human Assets — Military
Perspective. / University of Pittsburg// 2016 Annual PHM and DX Conferences, 2016 -
October,3
https://www.phmsociety.org/sites/phmsociety.org/files/Poropatich.PHM_.30CT2016.pdf]

B CHIA (B corpynuuuectBe ¢ Hopserueit, Ascrpanueii, @pannueii, Benukoobputanuein u
I'epamuueii) KiIrodeBble  pa3pabOTKuM  TexHojoruii  kouuenmuu PHM  mpousBoasrcs
O6’L€I[I/IH6HHBIMI/I YCUIIMAMU CICAYROIINUX HO,Z[paSI[CJICHI/Iﬁ BOOPYKCHHBIX CHIJI.

e US Army (USARIEM, MIT Lincoln Lab)

e US Navy (NHRC, ONR)

e US Marine Corps (School of Infantry-East, Marine Exp Rifle Squad)

e US Air Force (AFRL)

e DARPA (AugCog, Det & Comp Analysis of Psych)

e Combating Terrorism Technical Support Office (CTTSO)

e NSF (Nanosystems Engineering ResCntr: ASSIST)

e NASA (LifeGuard at NASA AMES)

e NIH/VA (Rehab & Behav syx with cognition/mood)

e NATO Panel (HFM RTG-260; Enhancing Warfighter Effectiveness with Wearable
BioSensors & Phys. Models)

Konnenmus PHM BHeapsercs B paMkax HaydyHO-TEXHUYECKHX pa3pabOTOK MHCCUU
Program Executive Office SOLDIER (PEO Soldier

http://www.peosoldier.army.mil/aboutus/mission.asp), HampaBieHHOH Ha pa3paboOTKy U

BHCAPCHUC JOCTYITHOI'O BBICOKOTCXHOJIOTHUYHOI'O 060pyI[OBaHI/I}I " SKHUIIUPOBKH, IMO3BOJIAROIINX
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YKpPeIuIsiTh 00ecrocOOHOCTh BOEGHHOCTY)KAILIMX BO BpeMsl OOEBBIX ONepanuii B HaCTOsIIEe
BpeMms u B Oynymem. CIIA sBiasieTcss eIMHCTBEHHON CTpaHOW B Mupe, rae cucteMbl RT-PSM
y)K€ UCIOJIB3YIOTCS B BOOPYKCHHBIX CHJIaXx. Bo BceX OCTabHBIX CTpaHax BEAYTCS B OCHOBHOM
UCCIIeIOBATENLCKUE pa0dOThl B JaHHOM HarpaBieHuu (mo coctossHuto Ha 2016 rox). C Touku
3peHHs 3amagHoro aHajau3a JOcTynHOW wuHpopmauuu B Poccunm pa3paboTku B JTaHHOM
Hanpasienuu Bexyrcs ¢ 2014 roxa (Tiurin, M. V., et al. (2014). Improvement of the health care

delivery system in war-time: monitoring of servicemen’s health status. Voenno-meditsinskii
Zhurnal, 335(1), 45-47.)
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Pa3paboTku B 001acTé BOCHHOTO OOMYHAMPOBAHHS, SKUIIMPOBKUA M OcHamieHus: Product
Manager Soldier Clothing and Individual Equipment (PM SCIE) nampaBicHbl Ha CO3qaHHE
WH/MBUIYAIBHBIX CHCTEM Ul TIOJJICP’KAaHUS COJIJAaT B OINEPATUBHOW CpeAe C IEJbI0
yAy4YIIEHUS. MX JKUBYYECTH, CHTYAllMOHHOH OCBEIOMIICHHOCTH, 3/I0POBbs, OE30MaCHOCTH,
MOOUITLHOCTH.

Paspabotku Project Manager Soldier Warrior (PM SWAR) HamnpaBiieHHbIC Ha CO3JaHHE
€IMHOW WHTETPUPOBAHHOW  CHCTEMBI, TPEJIHA3HAYCHHON JUIS  TOBBIMICHUS  0OEBOM

3 PEKTUBHOCTH, CHIDKEHHS 00€BOM HATPY3KH U MOBBIIICHHUS THOKOCTH MUCCHHU.

ApMeNCcKUil HayqYHO-UCCIIEA0BATEIbCKUI UHCTUTYT TUTHeHbl BoeHHoro Tpyaa USARIEM

(http://www.usariem.army.mil/index.cfm/about/divisions/bbmd) paspabarbiBaeT

OMOMEIMIIMHCKAE MOJCIN W HWHTErPHPYEMBIE B OECIPOBOIHBIE CETH (HDM3HOIIOTHUECCKHE
JATYMKH, KOTOPHIE TIIO3BOJISIOT IIPEACKA3bIBaTh W ONPEIENIATh yrpO3bl UL  3J0POBbS
BOEHHOCITYXKAIMX OT PU3MYECKUX MTOBPEIKIAIOMINX (DAKTOPOB, XUMUIECKUX arcHTOB M YCIIOBHI
OKpyXaroleid cpeabl B peanbHoM BpemeHu texuosormu Real Time Physiological Status
Monitoring (RT-PSM).

U.S. Army
Research Institute of
Environmental Medicine

Natick, Massachusetts

TECHNICAL NOTE NO. TN16-2
DATE March 2016
ADA 630142

REAL TIME PHYSIOLOGICAL STATUS MONITORING
(RT-PSM): ACCOMPLISHMENTS, REQUIREMENTS, AND
RESEARCH ROADMAP

Hnmocmpayua NeNe Cxpunuwiom 06102cku J{opodchoti Kapmul UCCIe008aHUll No CO30AHUIO
cucmemvl MOHUMOPUH2A DUIUOIOSUYECKUX NOKA3ameel B0eHHOCIYHCAWUX 8 PealbHOM
BpeMEHU HAYYHO-UCCe008amMeNbCKULL UHCmumym ucuervl goenno2o mpyoa USARIEM Apmuu

CILIA.
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Table 5. Summary of Key PSM-related Requirements Documents

Document/Office/Date

PSM-related Description

Performance
Requirement
Specifications, Warfighter
Physiological Status
Monitor (WPSM), AMEDD
C&S, July 2001

e Provide health and performance status data to Commanders,
battalion medical staff and the combat medic

e Provide Commanders with summary data about the capability
status of their troops and allow optimization of their physical
performance through appropriate interventions

e Enable combat medic to make better decisions regarding early
identification, location and triage priority and speed medical
responses. id, location and triage priority and speed medical
responses.

[initial and pre-planned product improvement capabilities detailed]

Initial Capabilities
Document, Theater
Combat Casualty Care
(TC3), HQDA, Oct 2007

e Advanced Casualty Locating and Remote Physiologic
Monitoring

Initial Capabilities
Document, Military
Operational Medicine,
USAMRMC, February
2008

e Continuous, real-time geographical Warfighter physiological
response data collection linked to environmental data

e Individual biosensors for Warfighter response to environment
conditions: battle stress, non-agent toxic chemicals, heat,
dehydration, battle stress response, and fatigue

o Artificial Intelligence (Al) system to assess Warfighter
performance capabilities, detect trends, and recommend
interventions to actual or impending injuries based on real-
time physiological status monitoring

Unnocmpayus NeNe Knrwouesas ookymenmayus, peenamenmupyrowas RT-PSM paspabomxu

goennozo nasznavenus. USARIEM, 2016.
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Document/Office/Date

PSM.-related Description

Joint Capabilities
Document, Joint Force
Health Protection, JROC,
January 2008

Capability to monitor health of forces engaged in military
operations by using items such as: individual health status
monitors; physiological sensor fusion, image analyses and
diagnostic and prognostic algorithms; improved medical
situational awareness interfaces

Initial Capabilities
Document, Joint Force
Health Protection, JROC,
February 2010

Monitor and measure factors, behaviors and psycho-motor
indicators for real-time evaluation of performance degradation
from stressful influences upon mission effectiveness

Provide timely, accurate information and analysis of chronic
and acute health threats, risks and outcomes across the
services for all military operations

Capability Develop.
Document, Soldier
Protection System, PEO
Soldier, April 2012

Attribute 11: Integrated Soldier Sensor System (ISSS): Work
towards integration of sensors to monitor and record head
accelerations, blast overpressures and physiological status...

Technical Statement of
Needs, Integrated Soldier

Sensor Suite, PEO Soldier,

Physiological status information, which will be used to monitor
Soldier health and safety, should include but should not be
limited to heart rate, core body temperature and one or more

February 2013 indices of work and heat strain and risk of heat exhaustion or
heat injury
Technology Transition ¢ RT-PSM will integrate new and existing thermal strain

Agreement, Real Time
Physiological Status
Monitoring System (RT-
PSM), RAD3 and
MSSPMO, April 2014

biomedical models, ultralow power sensor systems and short-
range communications using a modular open architecture
design

Solves current hardware problems - COTS systems are:
proprietary and difficult to integrate for Soldier applications;
have an unacceptable SWaP; lack military-specific human
factors and are generally not suitable for tactical environments
Initial system capability provides thermal-work strain status of
individuals and decision support tool for human performance
enhancement and to prevent physiological failure

Provide an improved low SWaP solution that uses short range
tunable narrow band wireless solution to connect leader
displays

Technology Transition
Agreement, USARIEM
Core Temperature
Estimation Algorithm,
RAD3, PMO-MSS, and
PEO Soldier/PM SPE,
August 2014

Specified as Government Furnished Equipment (GFE) to the
ISSS prime integrator, with requirement documented by the
Maneuver Center of Excellence in the Soldier Protection
System Capabilities Development Document (CDD), Atiribute
11 for the ISSS

Proponent has confirmed the gap exists and that a product
development effort is required to fill all or part of the gap

Initial Capabilities
Document, Marine Corps

Develop a new light-weight monitoring capability that can
be employed by the squad leader to monitor the health and

Expeditionary Rifle Squad, fitness of his squad during extended duration operations
MROC, March 2015
Endorsement of Real- ¢ Development of a body-worn biosensor network, providing

Time Physiclogical Status
Monitoring, Concepts
Development Division,

real-time health status information at an individual or squad
level
The sensor will provide real-time individualized heat strain

Hnniocmpayus NeNe [Ipooonscenue: Kniouesas dokymenmayus, pecnamenmupyrowas RT-PSM

paspabomxu goennozo naznavenus. USARIEM, 2016.
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Document/Office/Date PSM-related Description
Joint Capabilities ¢ Capability to monitor health of forces engaged in military
Document, Joint Force operations by using items such as: individual health status
Health Protection, JROC, monitors; physiological sensor fusion, image analyses and
January 2008 diagnostic and prognostic algorithms; improved medical

situational awareness interfaces

Initial Capabilities « Monitor and measure factors, behaviors and psycho-motor
Document, Joint Force indicators for real-time evaluation of performance degradation
Health Protection, JROC, from stressful influences upon mission effectiveness
February 2010 ¢ Provide timely, accurate information and analysis of chronic

and acute health threats, risks and outcomes across the
services for all military operations

Capability Develop. e Attribute 11: Integrated Soldier Sensor System (ISSS): Work
Document, Soldier towards integration of sensors to monitor and record head
Protection System, PEO accelerations, blast overpressures and physiological status. ..
Soldier, April 2012
Technical Statement of ¢ Physiological status information, which will be used to monitor
Needs, Integrated Soldier Soldier health and safety, should include but should not be
Sensor Suite, PEO Soldier, limited to heart rate, core body temperature and one or more
February 2013 indices of work and heat strain and risk of heat exhaustion or
heat injury
Technology Transition ¢ RT-PSM will integrate new and existing thermal strain
Agreement, Real Time biomedical models, ultralow power sensor systems and short-
Physiological Status range communications using a modular open architecture
Monitoring System (RT- design
PSM), RAD3 and ¢ Solves current hardware problems - COTS systems are:
MSSPMO, April 2014 proprietary and difficult to integrate for Soldier applications;

have an unacceptable SWaP; lack military-specific human
factors and are generally not suitable for tactical environments
¢ |Initial system capability provides thermal-work strain status of
individuals and decision support tool for human performance
enhancement and to prevent physiological failure
¢ Provide an improved low SWaP solution that uses short range
tunable narrow band wireless solution to connect leader

displays
Technology Transition * Specified as Government Furnished Equipment (GFE) to the
Agreement, USARIEM ISSS prime integrator, with requirement documented by the
Core Temperature Maneuver Center of Excellence in the Soldier Protection
Estimation Algorithm, System Capabilities Development Document (CDD), Attribute
RAD3, PMO-MSS, and 11 for the ISSS
PEO Soldier/PM SPE, « Proponent has confirmed the gap exists and that a product
August 2014 development effort is required to fill all or part of the gap
Initial Capabilities ¢ Develop a new light-weight monitoring capability that can
Document, Marine Corps be employed by the squad leader to monitor the health and
Expeditionary Rifle Squad, fitness of his squad during extended duration operations
MROC, March 2015
Endorsement of Real- ¢ Development of a body-worn biosensor network, providing
Time Physiological Status real-time health status information at an individual or squad
Monitoring, Concepts level
Development Division, ¢ The sensor will provide real-time individualized heat strain
Document/Office/Date PSM-related Description
Maneuver Center of information that can be used to guide work/rest decisions,
Excellence, October 2015 reduce risk of heat casualties, and improve overall Soldier and

squad performance

e This effort supports MCoE Priority Human Dimension and
small unit leader development and SD Focus Area #2 Soldier
integrated individual protective system

Unniocmpayus NeNe [Ipooonsicenue: Knouesas ookymenmayus, peeiamenmupyrouas RT-PSM

paspabomxu soennozo nasnauenus. USARIEM, 2016.
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Cucrembr RT-PSM  sgBnsiercs  4acThlO  COBPEMEHHOH  BBICOKOTEXHOJOTHYHOU
TEJIEMEIUIIUHBI, KOTOpasi MO3BOJISICT WHAMBHIYaTbHO IPOTHO3MPOBATH COCTOSIHUE 370POBBS
YeIIOBeKa U €ro (PU3UOJIOTHUECKOE COCTOSIHHE B PEAIbHOM BPEMEHH B KOHKPETHBIX YCIIOBHUSIX
BBHITIOJTHEHNSI BOCHHO-TIPO()ECCHOHANBHBIX 33a7ad B KOHKPETHOW Ccpele Mpu  TEeKyIleM
COCTOSIHUHM 3JI0POBBSI, BMECTO TOTO, YTOOBI IOJIAaraThCsl HA SMIMPUYECKOE MPOTHO3HPOBAHUE,
OCHOBAHHOE Ha MONYJISIIIMOHHBIX UCCIICTOBAHUSX.

BoNBIIMHCTBO CYMIECTBYIOMIMX KOMMEPYECKHX CHUCTEM MOOHMIBLHOTO (DHM3HOIOTHYECKOTO
MOHHTOPHHTAa HE YYUTHIBAIOT OCOOEHHOCTH OOEBOW Cpelbl, Kak MpaBWIO, HE WMEIOT
IPOBEPEHHBIX AJITOPUTMOB, KOTOPBIC JIENAIOT TOJC3HYI0 MHPOPMALUIO B PEXKHUME PEATbHOTO
BPEMEHU TOJIC3HOW M HE SIBIISIOTCS OTKPBITHIMU, YTOOBI OBITh MHTETPUPOBAHHBIMH B CIUHYIO
00eByI0 MH(OPMAIIMOHHYIO Cpely BOeHHOCTykamux. Boernsie cucrembl RT-PSM sBisiroTcs
MPUEMJIEMBIMHA JUTSI WCTIOJIB30BAaHUS BOCHHOCTY)KAIIUMU B JIFOOBIX YCJIOBHSIX H MOTYT
MPEJICTABIISITh HHPOPMAIIMIO B €IMHOM CTaHJIAPTE, UCIIOJIB3YEMOM B 0OCBBIX MH(POPMAITMOHHBIX

cpeaax, CUCTEMaAX U CCTAX. NPCAOCTABIISIIOT BAXKHYIO Z[eﬁCTBYIOHIYIO I/IH(i)OpMaI_II/IIO.

Hocumeie yctpoiictBa RT-PSM  koHTpOnmpoBath (U3MOJOTHYECKOE COCTOSHUE, KaK
OTJEIBHBIX COJJAAT, TaK M MOApA3[elIeHHs B ILEJIOM, oOecrednmBas CaMHUX COJIAT U HX
PYKOBOJCTBO HMH(popManueil o0 omnepaTMBHOM (DPU3HOJIOTUYECKOM CTaTyce, € IOMOLIbIO
KOTOPOTr'0 MOKHO IUIAHUPOBATh BBINOJIHEHUE MHUCCHUN ONTHMAaJIbHBIM 00pa3oM Mpeaymnpexas

BO3MOJKHEIC cOOU aganTanyu U OCTPOC Pa3sBUTUC COMAaTHYCCKOM U ICUXHYSCKOM IaTOJIOTHH.

Paspabotka cuctem RT-PSM Bemercs B coTpyaHMuYecTBE Bpaueil, (U3HOIOTOB,
OMOMEIMIIMHCKUX WH)KEHEPOB M BOEHHBIX TEXHWYECKHMX CrenuanuctoB. Llenbio BHeIpeHUs
cucreM RT-PSM sBisieTcsi BO3MOKHOCTh OMNEPATHBHO TONyYaTh W 00padaThiBaTh MacCHBEI
JaHHBIX TMOJe3HOW uHpopMauuu g o0ecnedyeHrus MaKCHUMaJbHOU 0€30MacHOCTH
BOCHHOCTYXAllUX W HauBbIClIed A(G(GEKTUBHOCTH  BBIOJHEHHS OOEBBIX 3a7ay C
MHUHUMAaJIbHBIMH TOTEPSIMH.

Boennsie oneparuBHbie cucteMbl RT-PSM obGecnieunBator:

1. Texuomormyeckoe TOBBIIEHHE 00€BOM HPPEKTUBHOCTH MYyTEM MPEIOCTABICHUS

UH/IMBUYaIbHOM MHPOPMALUU O (PU3UOJIOTMUYECKOM CTATyce KaXKJI0r0 BOCHHOCITYXAIIETO,

Y4acTBYIOLIETO B MMCCHM  JUI1 ONTHMMM3ALMM PpACHpEleNIeHHs 3aJad M HarpyskH,

IIOBBIIIICHUA CHTyaHHOHHOﬁ OCB€IOMJICHHOCTH KOMaHAOBaHMA.
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2. OmepaTuBHOE MPOTHO3MPOBAHUE MPUOIMKAIOIIETOCS CPhIBA CHCTEM aJalTalliyi CojjiaTa OT
CTPECCOBOM Harpy3ku ((hU3NIECKOM, IICUXOJIOTHIYSCKON M DKOJIOTHIESCKOM ).

3. Pannee oOHapyxeHHE BO3ICHCTBHS NOTEHLUUAIBHO ONACHBIX AareHToOB (XHMHUYECKHE,
Ouosornyeckue, paguanroHHbIe, IEKTPOMArHUTHBIE, TeMIepaTypHbIe, 0apOMETPUUYECKHE)
Y IPUOJIMIKEHUS HEOITO3HAHHBIX JKUBBIX CYILECTB (JIF0JIEH, )KUBOTHBIX ).

4. Jlerekuus MOBPEKICHUI M PaHEHUH C MoJaydel CUrHaja O HEOOXOAMMOCTH OKa3aHUS
MOMOIIM, MPOrHO3a COCTOSIHUS, OYEPEAHOCTH OKa3aHuid MU o0beMa HeoOXOoAuMOn
MEJIULIMHCKOM MOMOILIH.

5. OOHapyxeHHe KEePTB M TOCTPAIABIINX BO BHEIIHEH Cpelie, 3alpoc U mepeaada JaHHBIX 00
UX COCTOSIHUU (IIPH MOIKIIOUYEHUH K equHoi cpeae RT-PSM).

6. OOpatHas CBsI3b AJISl ONTUMHU3ALMNA (PU3NYECKON HArpy3KH MPU TPEHUPOBKAX M OOyUCHHH,
BbIPa0OTKHU ONTHUMAJILHOTO JIJIsl COCTOSIHMSI 3/10pOBbsl 00pa3a KHU3HU.

7. JlonrocpouHblii MOHUTOPUHI U JO3UMETPUS BO3JIEHCTBUS PA3IUYHBIX BUIOB U3IYyYEHHS C
IIPOrHO30M PUCKOB ISl 3710POBBSL.

8. MoHUTOPUHT (PU3HOJIOTHYECKOTO COCTOSIHMS W CHUTHAJIM3AIMS O Mpelenax TerIoBOro
BO3/ICICTBUS, YCTaIOCTHBIX MpeJieioB OTIOPHO-ABUTATEIHHOTO amnmapara,
HEHPOINCUXOJIOIMYECKOr0 CTaTyca Jijisl BBIIOJIHEHUS KOHKPETHONW MUCCHH.

9. MHCTpYMEHTHI MONJCPKKH MPHHATHUS PEHICHUH 110 MJIAHUPOBAHUIO MAPIIPYTa.

10. UHCcTpyMEHTBI MO TPEHHMHTY COJJAaT M MIAIIIMX KOMaHAMPOB 10 3(h(eKTUBHOCTH
BBITOJIHEHUS 0OEBBIX 33714, 0€30MaCHOCTH U BBIKUBAEMOCTH.

11. Cucrema uHpOpMallMOHHON MOAJIEPKKH IPU OKa3aHUM IMEPBOM MOMOIIU MPU PAHEHUSAX U
MOpPaXKEHUSIX.

[FKL]
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Continuum of monitoring: transition from performance to triage

Continuous
Readiness
Assessment

Status Monitoring Mode Casualty Event Warrior Medic Care || Evacuation
* Minimal Sensor Set * Injury Detector * Early Triage Mode
* Learn Your Warfighter * “911” Alert * Medic Assist
* Minimal Load * Treatment Monitoring
* Wear and Forget
User: Commander/soldier I Medic

Monitoring requirements and functions

Hnniocmpayua  NeNe  Kowmunyym — yoanemnoz2o  ncuxo@usuono2uyeckoco MOHUMoOpuHad
BO0EHHOCTYHCAWUX OJiIsl KOMAHOOBAHUSL U MEOUYUHCKOU CAYHCObl:  NOCMOSHHAA OYEHKA
bOoe2omogHoCmU, ABMOMAMUYECKAS OeMeKYUsi PaHEeHUL U NOGPENCOeHUU, 8bl0aia CUSHANA O
HeoOX00UMOCMU NOMOWU U I6AKYAYUU C 2e0N0KAYUElU, MOHUMOPUHS NAYUueHma, oo1e24arouui
MEOUYUHCKYIO COPMUPOBKY,  OKA3aHue MeOUYUHCKOU NOMOWU U MOHUMOPUHS COCMOAHUSA

panennozo (nocmpaodasuezo). USARIEM,2008.

[Friedl K.L. Military applications of soldier physiological monitoring / Friedl K.L.// Journal of
Science and Medicine in Sport, 2018 — June, 20: https://doi.org/10.1016/j.jsams.2018.06.004 ]

Apxutektypa cucrem RT-PSM

CucreMbl GMOMETUIIMHCKOTO TCUXO(PU3NOJIOTUYECKOTO MOHUTOPUHTA MUMEIOT OTKPBITYIO
JUIs pa3pabOTYMKOB apXUTEKTYpy, 00ecreunBatoT OOMEH JaHHBIMHU C MTOMOILBIO OECIIPOBOIHOM
CBSI3U, MOTYT HUCIOJIb30BaTh CTAHAApPTHbIE MOOWJIBHBIE TaKEThl, 00JIaal0T JIETKUM BECOM M

MaJIbIM HOTpe6J'IeHI/IeM OHEPTrUr, HE CTCCHAIOT JIBI/I)KCHHI;'I BOCHHOCITYXXaIlllnuX. HaHHI)Ie,
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nepenaBaemble  cucteMamu RT-PSM ucnonb3yrorcss koMaHAMpaMH HECKOJIBKUX YPOBHEH H

MEPCOHAIIOM MEIULIUHCKOMN CITYKOBI.

Early concept of wearable sensor data fusion to predict physiological outcomes

of relevance to military training and operational environments
Source: Karl Friedl & Janet Reece, 1999

CURRENT
PHYSIOLOGICAL
SENSORS/ MEASURCNENTS CONSEQUENCES OF CONCERN
@ Headband FEG and Oximetry Hypothermia
© Acoustic Hyperihermia
(Voice Stress and Content Analysis) Hypoxa
A Predict
© Dead Reckoning Module Metabolic Fatigue Significant
(3-Axis Accelerometer, GPS, : nifica
Magnetometer, Alimeter) Vigiance L apses Performance
O EKG, EMG', and = A—
: *, an
Thoradic Impedance Cardiography Psychologicd Stress n:d
© Body Core and Skin Temperature Inadequate Restorative Sleep nding

Desynchronization of
Gircadian Functions

Jolt, Blast, and Repeated

© NearInfrared (or Other) Techndlogy*
Tissue pH, Glucose, and Lactate

@ Wiist-Wom Actigraph

° Impact Exposure
Foot Contact (Weight/Locomotion) Toxic Substance Exposure
© Wireless Inter-Module Communication
FUTURE
* Concept

REAL TIME PHYSIOLOGICAL STATUS MONITORING (RT-PSM): ACCOMPLISHMENTS, REQUIREMENTS, AND RESEARCH ROADMAP —
USARIEM TECHNICAL NOTE NO. TN16-2; March 2016 ADA 630 142

Unnocmpayus NeNe Paunss xonyenyus (19992.) nocumsix 0amuuxos cucmemsvt MOHUMOPUH2A
@uzuonocuueckoco cocmosanus goennocayxcawux: 1. I'onosnvie oamuuku 331" u okcumempuu
Ha newme. 2. AKycmuyecKutl 0amuyux KOHMPOJsL YPOBHA CmMpecca No 2010CY U pPeyegomy
koumenmy. 3. [JHamuuxu nozuyuu u nonoxcenus: 3-x ocuwiii akcenepomemp, GPS,
mazHumomemp, gvicomomep. 4. IKI" oamuuk u damyux umneoanca (Conpomusienust) epyoHou
kiemku. 5. Temnepamypuovul Oamyux (a0pa mena u KOMCHOU memnepamypsl). 6.
HUngppaxpacnviti oamuux (NIR ouanaszona) ons onpedenenus PH maxneti, ypoeus enokosst u
aakmamos. 1. 3ansicmuoiii damuux mpaekmopuu pyku. 8. Jlamuuk eeca — onopui-osudicenus. 9.
becnposoonoii Mmooy obmena danHvIMU.

Onpedensemvle namonocuyecKue COCMOoAHUA: 2UN0- 2UNepmepMusl, 2UNOKCUS, MemadoIudecKasl
yemanocmoe,  HapyuieHust  60umenbHOCmu, NCUXON0CUYeCKULl

Odecudpamayus, cmpecc,

10
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HeaoeKk8amHblll PeHCUM CHA, OeCUHXPOHUIAYUS U HAPYUEHUS YUPKAOHBIX PUMMO8, 8030elicmeue

63Pbl6086, y()apoe, na()eHuﬂ, 6030€lCmBUsL MOKCUYECKUX seuecme.

Unit Level Physiological Status Monitor Schema

Information flow

Q ENnsors

Soidier A

e

Soldier B

\\
6 Sensors
Team Leader

Saldier C Headquarters Unit Soldier Team Status
| ik |

- L

Sensors

Unniocmpayus NeNe Cxema xomnoszuyuu pabomer cucmemvl RT-PSM obpasya 1999 2ooa:
nepeoaua OaHHbLIX OM CEeHCOPO8 HA MOOUTbHOU ycmpoltcmeo audepa epynnol (6 apmuu CILIIA
omcymcmeyem  KOHYenyus. MAaOwux KOMAHOUpos, Kak CHudcaowas 00ecnocooHocmy
noopasoenenuil) ¢ nociedyioueli nepeoadell OaHHbLIX HA 001aKo 05l 0Opabomku u nepeoavu

OaHHbIX 0 O0ECNOCOOHOCMU BOCHHOCAYHCAWUX U NOOPA30eNleHUsl HA UWMaOHble YCMPOUCmad.

11
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’
Pt 3

Warfighter Physiological Status Monitor — Initial Capability (WPSMIC)
2004-2006, led by USARIEM. The primary objective was to create a
wearable system that includes sensors, data processing and algorithms,
and local area network communications.

Hnniocmpayus  NoNe  Kouyenyuss  cucmemvr  RT-PSM  2004-2006 22. na ochose
cepmugpuyuposannoeo FDA (Food and Drug Administration) namenvnozo epyonoco oamuuxa
Equivital EQO01 npuzsoocmea komnanuu Hidalgo Ltd., KOMOpblLL  CMAl  8ANCHHIM
UHCMPYMEHMOM 015l NOLEBbIX UCCAe008AHUL OUCAHYUOHHO20 cOOPa (U3UONOSULECKUX OAHHBIX

(4CC, wacmoma Ovixanuil, KOJHCHAS MeMnepamypa,).

12
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Hnmocmpayus NeNe Hamenvnwiii epyonoeo oamuux Equivital EQOL (cnpasa) npouszeoocmea

xkomnanuu Hidalgo Ltd., o6pasya 2004 200a. http://www.equivital.com/ Cresa — cospemennas

mooenw Equivital EQO2, cocmosiwasn na soopyscenuu Apmuu CIIA.

HuTerpupoBannas coaaarckas ceHcopnas cucrema Apmun CLIA Integrated Soldier Sensor
System (ISSS) [ISSS. Technical Statement of Need: Integrated Soldier Sensor Suite. Statement of
Work, (2012). ISSS. Integrated Soldier Sensor System. FedBizOpps.gov.
https://www.fbo.gov/index?s=opportunity\&mode=form\&id=ff92a1f049411d67e4608b4c7f11361
2\&tab=core\&tabmode=list\&=. (2013). (Access date: 12 Mar 2015).]

B 2013 rony apmus Coennnenssix ltaroB ony0nmkoBana 3asBieHre 0 Hadaie padoT 1o
paspabotke Connarckas cencopras cucrema (ISSS). Kondurpyanus ISSS Bxiarouaet B cedst
JATYUKY 1IJIEMa, TATYNK U30BITOYHOTO JaBJICHHUS (IETEKIINH B3PHIBHOTO BO3/ICHCTBHSA), H
NCUXO0(PHU3HOIOTNYECKUIH MOHUTOP. DTa CUCTEMA SBISIOTCS OAHUM U3 3JIEMEHTOB MOJYJIbHON

cucteMbl 3amuThl conara (Soldier Protection System (SPS) http://asc.army.mil/web/portfolio-

item/soldier-protection-system-sps/ Pa3pabGoTkoii 3aHMMaeTCs 1IeIeBasi KCCIeA0BaTEIbCKas IPyIIna

HATO HFM-260 o "noBbItieHuto 60eBoi 23 PEeKTHBHOCTH COIIAT Yepe3 (pru3nonorndeckue
MO/IeNY, aHAIU3UpyeMble OMoCceHcopamu”’

[https://www.sto.nato.int/Lists/testl/activitydetails.aspx?1D=16111].
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+ Tier 3 plus

+ Baksbe Combat Stnt

+ Blast Peivic Protector

+ Load Distrbuson System

The modular Soldier Protection System (SPS) consists of five subsystems: Vital Torso Protection (VIP), Torso and Extremity
Protection (TEP), Integrated Head Protection System (IHPS), Transition Combat Eve Protection (TCEP), and Integrated Soldier
Sensor System (ISSS).

HUnnrocmpayus NeNe Mooynvuas cucmema 3awumul conoama ¢ UHMe2PUpOSAHHOU CUCEMOU
RT-PSM cencopos 1SSS.

WnTerpupoBanHas cuctema ceHcopos coizpara (ISSS), nossomsier nuaepam noxapaszaeneHuit
coOMpaTh, XpaHWUTh, AHAIM3MPOBATH JAHHbIE W IPHHAMATh OOOCHOBAaHHBIC TAKTHYECKUE
pelieHnsl B paMKax TEXHOJIOTHHM «ceTeBoil conpaty». Takxke cucrema |ISSS mcnonp3yercs B

cucrteme 6oesoit moaroroeku CONUS. https://www.nano.gov/node/1602

14
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-’v" A2 1]

Eye Movement Monitor

L \! Early seizure warning, chemical
N Exposure, fatigue, data read-out,
\-» b GPS

Smart Textiles
Energy & Flexible Displays

Thin flex batteries, flexible solar panels

Smart”Keychams

Environmental Monitoring
Air quality, temperature, humidity &
Ozone, radiation, electromagnetic
Feedback, nitrates in food, luminosity
(UVA, UVB), GPS location

Smari Tattoos

Medical & Environmental
Sensing

Blood 02, temperature, EEG, ECG and
EMG, vibrating alerts, voice commands

Wearables

Biometric data:
Cardiac monitoring, temperature
decreased performance warning, GPS
seizure warning, pulse ox,
accellerometer

Hnniocmpayusa NeNe [lepcnekmuenvie komnonenmoi cucmem RT-PSM sapybeorcnvix apmuii: 1.
Ymuvie ouxku: mpexune osudicenuil enas, npedynpexicoerue 0 nepeymomieHuu, nPuOIUNCeHUU
npucmyna, o100 ungopmayuu na oucnieu, GPS. 2. Ymublit mexkcmunv: moukue snacmuunvle
AKKYMYISIMOpHble damapeu 6 MeKCMUIbHbIX B0J0KHAX, 2NACMUYHbIE COTHeUHble NAHeNU 8
mekcmune 3. Ymuele conoamckue cemonwl: Monumopune xauecmea 6030yxa,
memnepamypbl, GIAHCHOCMU, INEKMPOMASHUMHBIX NOJeU, OnpedeieHue HUMpamos 6 nuuye,
akmugnocmo Y@ usnyuenus, GPS. 4. Ymnvie mamyupoexu — adzesusnvie anniukayuoHHvle

cencopul. (nanpumep Umana https://umanamedical.com/)- konmpons oxcueenayuu kposu, KT,

O0I, OMI, 6vb1600 npedynpesicoeHulli ¢ HOMOWDBIO GUOpayuU, YnpasieHue 20J10CO8bIMU
Kkomanoamu. 5. Ymmuwle uacwr: xapouomonumopune, 4CC, npedynpesxcoenue o6 usmeHeHUsx
memnepamypol, GPS u npedynpescoenus o nonadanuu 6 onacivie 30Hbl (Meppumopusl

npomueﬂuka), akcejiepomemp.
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Developmental Status of
Components of a Soldier
Mission Readiness Index
Base.d Ol:l Wearable Rested and Alert
Monitoring (fatigue limits)

Strain
lar-

“Attentional lapses

Musculoskeletal (EEG, act, eyes)

(impending injury)
Soldier Readiness Index

“Gait biomechanics
Decision Making  (GRF, act, EMG)

(m d

neuro ion)

“Movement & voice patterns
(act, voice, FAU)
Immu

efenses
(hosIUZfense
burden)

Biochemical responses * Algorithms will be enhanced by contextual information from
(odor, sweat Interleukins) environmental/chem sensors and personal history data

Unnmocmpayus NeNe Ochoenvie KOMHOHEHMbl (OPMUPOBAHUS 3AKTIOYEHUS O COCMOAHUU
BOCHHOCTYHCAWE20 8 PEealbHOM 6PEeMEHU. KapOuoBaCKyIAPHO-MemaboIudecKue JTuMumol
(memnepamypa aopa mena, YCC), oyenka ymomnenus - nposaivl eHumanus (anaiuz DI
Oeticmauti, 08UIHCEHUSL enas), cocmosiHue ONOPHO-08ULAMENTLHO20 annapama
(anexmpomuocpaghusi, mpaekmopusi O8UNCEHUL, NOJIONCEHUEe Mead, CUuld O0AsleHUs Ha ONopy
GRF), wetipoxoenumusnvie napamempuvl u HacmpoeHue (OyeHKa RAMmmepHO8 OBUNCCHUL U
20/10CA, 4ACMOMHblE XAPAKMEPUCUKU 20]10CA), OYeHKAd UMMYHumema (3anax nomad,
unmepnetikunol noma). Komnnexcnas oyenmxa cmpoumcs Ha ummezpayuu mux OAHHLIX C
JUYHOU UCmOopUell NoKA3amenel 60CHHOCIYICAWe20 U UHMeSPaYUU ¢ OAHHLIMU O COCMOSHUU

OKpyoscaloujeti cpeobi.

Cucrempr RT-PSM cocTosT W3 MJaTYMKOB, YCTPOWCTB W QJITOPHUTMOB JUIsI 0OpabOTKH

I/IH(l)OpMaI_II/II/I, €C XpaHCHHA U IICpCAavyr B pPCaJIbHOM BPEMCHHU JAHHBIX O (1)I/I3I/IOJ'IOI‘ NYCCKUX
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napaMeTpoB COJJAT, M oOecredeHus: MX O0e30macHOCTH M I(PQPEKTUBHOCTH BO BpeMs
BBITMIOJITHEHUS TPOPECCUOHANBHOMN 1€ATeIbHOCTH.

[Real time physiological status montoring (RT-PSM): accomplishments, requirements and
research roadmap. Technical Note NO. TN16-2, USARIEM, March, 2016 ]

Cucrembl RT-PSM no3BossiroT:

- YpaBiATh TEIUIOBOM M (PU3HUECKONU HArpy3KOM.

- OueHuBaTh ypoBeHb OUTENILHOCTH U HEHPOKOTHUTUBHOTO CTaTyca.

- OlleHUBaTh YTOMJICHUE U TIPEAYIPEKIATH IEPEyTOMIICHHUS.

- O11eHUBaTh BEPOSTHOCTH MPEIYNPEKIATH TPAaBMbI OTIOPHO-/IBUTATEILHOTO anmapara.

- KOHTpOHHpOBaTB ruaparanyio 1 IMTaHue.

[Mcuxodusunonorudeckuii MOHUTOP cucTeMbl ISSS mpousBomuT ogaBopemenHbId 3amep UCC,
TEMIEPATYPY KOXKH, KOHTPOJIUPYET ABHKEHUS Teja (C MOMOIIBI0 TPEXOCHOTO aKCEIepOMETPa),
a Tak)Ke KOHTPOJIMpOBaTh TEMIIEpaTypy siipa Tejla U TEIJIOBOW cTpecc (Ha OCHOBE aHallM3a
JaHHBIX CCPACUYHOIO pI/ITMa). TeMnepaTypa sgAapa TCiIa MOXKET OBITh MAaTEMATHYECKHU OL€HCHAa C
BBICOKOM TouHOCTBIO: -0.03 + 0.32° [Buller, M. J., et al. (2013). Estimation of human core
temperature from sequential heart rate observations. Physiological measurement, 34(7), 781.]
Ha ocnoBanum m3menennit YCC um Temmeparypbl pacCUMTHIBACTCS TCUXO(DHU3MOIOTHIECKUN
unnekc crpecca (PSI), kanubpyemsiit B ctenax [Moran, D. S., Shitzer, A., and Pandolf, K. B.
(1998). A physiological strain index to evaluate heat stress. American Journal of Physiology-
Regulatory, Integrative and Comparative Physiology, 275(1), R129-R134.] Dto mnoka3areb
SIBJISICTCS AIbHEHIIUM pa3BUTHEM TIOKa3aTes KUB/MEpTB/CTaTyC HEM3BECTEH B MPEABLAYIIEH
paspaboTke cucteMbl GoeBoro ¢usnosnornueckoro mouutoputrra Warfighter Physiological
Monitoring System (WPMS) Equivital™ wmonutop [Tharion, W. J., et al. (2013). Human
Factors Evaluation of the Hidalgo Equivital EQ-02 Physiological Status Monitoring System.
No. USARIEM-TR-T14-2. Army Research Institute of Environmental Medicine, Natick, MA,
Biophysics and Biomedical Monitoring Division.]

[Tonmyuyennsie nanabie 0 YCC u PSI nemoHCcTpupyoTcs conaty Ha O€CIpBOIHOM JTUCILIEE
(0uKkM, YMHBIE Yachl) U NEpeNaloTcs MO OECHPOBOAHBIM CETSM Ha 0a30BYI0 CTAHIMIO MU
yCcTpoicTBO nuaepa Muccun. CucremMa cocoOHa XpaHUTh JIaHHBIE O 72 YacaX MOHUTOPHWHTA,
UMeTh 3aps] OaTtapeil Ha 2 Hexenu paboThl. BHemHss Oatapess WM 3apsiiHOE YCTPOMCTBO
NOJICOCTMHSCTCS Yepe3 CTaHAapTHBI Micro-USB pasbem. dusndeckuii pazmep xaba He Oomnee

50 cMm3 ¢ BecoMm MeHee ~70 T.
17
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Baxneiimyto posib urpaet ucronb3zoBanue cucreM RT-PSM B niporniecce u3ydenus hpu3noioruu
BOCHHOT'O TPYZa B peasIbHBIX IOJEBBIX U OOEBBIX, a HE Ja0OPATOPHBIX yCIOBUAX. bmaromaps
HayyHOW wWH(OpMAIWK, TMOJy4eHHOH ¢ mnoMmompbio cucrteM RT-PSM, Obumn  BHECEHBI
CYIIECTBEHHBIC KOPPEKTHBBI B IIOJICBBIC PYKOBOJCTBA M HACTABJICHUS O PEXKHUMaxX HECECHUS
CIY’)KOBI W OTHBIXa, POTALMU JIMYHOTO COCTaBa B MPOLECCE BBINOJIHEHHUS MHCCHUH,
nepepacupeieieHlsl  Harpy30K — BHYTPM — HOJpPA3JeNeHH, YTO  MO3BOJMIIO  IOBBICUTH
00EroTOBHOCTh U MOBBICUTH 00€BYIO 3P PeKTUBHOCTh. OTKphITas miargopMa U MHTErpalus B
enunyo OoeByro wuH(popMmarmonHyo cpexy NETT Warior mo3Bosisier KOMaHIOBaHHUIO
OILICHUBATh COCTOSIHUE MHOTHX TMOJPA3JICIICHUl OJHOBPEMEHHO, OO0ecreunBasi HaJICHKHbBIN

WHCTPYMEHTAPUHN JUIsl IPUHATHUS ONITUMAJIBHBIX TAKTUYECKUX PELICHUN B pEaIbHOM BPEMEHH.

[Tnan passutus cuctem RT-PSM (o coctosinuio Ha 2016 roj) BKIOYaeT OnmKaiime 1neind B
BUJIC BHEJIPEHUS CHCTEM KOHTPOJS OJUTENBHOCTH W BHUMAHHUS U MOHMTOPUHIA COCTOSHMS
ONOPHO-JIBUTATENILHOIO ammnapara (OLEHKa YTOMJICHHMs M IPOTHO3HMPOBAaHHE TpPaBM U
HapyLICHUH ONOpHO-IBUTAaTEeNbHOro anmnapaTta). CpeJHECpOYHbIE €M Pa3BUTHUS CHCTEMBI
BKJIFOYQIOT MOHHUTOPHMHT M OLEHKY HEHPOKOTHHUTUBHOIO CTaTyca (IMOIMU W KOTHUTHBHBIM
craryc). IlepcieKTUBHBIE LIeIM BKIIIOYAIOT IPOrHO3UPOBAHUE PA3BUBAIOIMXCS 3a00JI€BaHUN U
HNOBPEXJICHUA OT BO3JEHCTBHUA areHTOB BHEIIHEH cpeabl (XUMHUYECKUE, paJHalliOHHBIE,
o6uonoruueckue, OMII ¢akropsr u T.1.). K mnepcnexkTtuBHBIM pa3paboTKaM OTHOCSITCS
NPWIOKEHUS Ui CaMOKOHTPOJII UM KOPPEKLIMH MOBENEHHUS JUIs BOEHHOCTYXKAIIMX B LEJIX
BbIpaOOTKH 3/70pOBOro o0Opa3a *XH3HH, pa3pab0oTKa aBTOMATHUYECKOTO JOKYMEHTHPOBAHUS

9KCIIO3UIHNU BOCHHOCITYKAalllUX BPEAOHOCHBIM (l)aKTOpaM Oprmammeﬁ CpCabl.

DjemMenTsl cucteM RT-PSM

1. Kontpojb TemioBoro crpecca. OmnpeaeneHue mpeneioB MPOU3BOAUTENFHOCTH B KAPKHUX
ycnoBusix. Hasnauenue: KoHTponb (DU3MOIOTMYECKOTO COCTOSHUSL CONAAT B YCIOBHUSAX
TCIIJIOBOTO BO3)1€I>'ICTBPI$[, IIOMOIIIb B HpI/IHSITI/II/I peHIeHI/Iﬁ 10 HpO}IOJ'DKI/ITe.]'IBHOCTI/I MHCCI/Iﬁ,
MOCTPOEHUS MAapIIPyTOB CJIEIOBaHUSA. TpPEHHUpPOBKA aJalTHUBHBIX BO3MOXXHOCTEH K
BBICOKOTEMIIEpaTypHbIM cpenaM. bropo Hammonanbuoit rBapauu CILIA BHeapsieT mepByro

Bepcuto cucteMbl WMD-CST.
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Parameters Models & Algorithms States
Yellow Red

Core Temperature (Tc) »{ =390

@

T, Heart Rate Physiologic Strain
Index (P’SI)
Actigraphy, Metabolic Rate

Heart Rate Method #1

R
Geo-Location, =
(Velocity), Weight, Metaholic Rate Estimated K
Load, Grade, Method #2 Te 3
Terrain Factor a
RF(“";;“' }:"'(': . Metabolic Rate PSI
ale, Kespiration Method #3 (Estimated Te
Rate & HR)
FavitS I, S, First Principles Model - Estimated Water Loss
Age, % Body Fat For Hydration Model
Skin Temperature (Tsk),
I'hreshold >
Heart Rate, Body Masgs =———————p- s »{ Alert
Algorithm

Index

Hﬂmocmpauu}l NoNo AJZZOpMI’I’lM aHaiuza CcoCmMoOAHUA BOCHHOCHYIHcaAuleco 6 Yeaiax KOHmMpOJiA

mennosozo cmpecca [Buller et al. Sport and Physical Activity in the Heat, 2010. - pp.163-189]

2. KonTponb BHHUMaHMs W OAUTEJHHOCTH. KOHTPOIb COCTOSHUS BHHMAHHS OIEPATOPOB U
BOAMTENCH, KapaynbHbIX. OmnpeneneHue MPOBaJOB BHUMAaHHMS M SMU30J0B MHUKpOcHa. B
HACTOsIIee BpeMsI NPOJEMOHCTPUPOBAHbI TEXHOJIOTUU KOHTPOJISE BHUMAHUS M OJUTEIBHOCTH B
MOJIEBBIX YCIIOBUSAX, OJHAKO TpeOyeTcss uX 1opaboTka I co3daHus Oosee yJoOHBIX
KOMIIAKTHBIX CUCTEM OOJIbIIIE€ HAJIe)KHOCTH.

3. KoHTpoab omopHo-ABMraTe/ibHOW  cucTreMbl. [IporHosupoBaHue  MHIMBUAYaJIbHOU
BBIHOCJIMBOCTH COJIJAT P BBIIIOJHEHUH MUCCHM Ha OCHOBE KOHTPOJIS ABUKCHUI, Harpy3KH Ha
OT0pY, KOHTPOJIsI OMOXUMHUYECKUX MOKa3aTeNlel MoTa U OKCUreHauu KpoBu. [Ipumensiercs kak
MHCTPYMEHT MpPHUHATHS pEIIeHUud Npu NepepacnpencieHud (U3NYecKUil Harpy3Ku BHYTpPU
noapasnenenuil. Pa3paboTaHbl  KOHLENTHl aHalW3a TOXOJKM M NPOTHO3UPOBAHUS
HaJBUTAIOILENCS TPABMBI.

4. KoHTpoab HepoINCUX0JI0rHYeCKOM cepsl. IIporuozupoBanue MPUOIMKEHUS
MICUXOJIOTHYECKOT0 IUCTPecca Ha OCHOBE KOHTPOJIS MOKa3aTeeil SMOIMOHAIBLHOTO COCTOSHUS,
KOTHUTHBHBIX (YHKUMN M YpOBHs cTpecca. MoOMIbHBIE MHCTPYMEHTBI KOHTPOJISI COCTOSHUS

BOCHHOCITYKAIllUX IOCJIC YCPCIIHOMO3TOBLIX TpPAaBM, 0O0EBBIX MCUXUYCCKUX TpaBM. Cucremsnl
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CTPOATCSA HAa OCHOBC KOHTPOJII HNATTCPHOB JABUKCHUSA, MHMUKU, I[BI/DKeHI/Iﬁ rjia3, aHallu3a
rojoca.

5. KoHTpoab (U3H0JOrMYECKOro crpecca W KOHTPOJIb MoOKa3aTejleldl 3alMTHBIX CHCTEM
opranuzma. Heo0Xo1uMoCTh BBISIBIICHUSI paHHUX MPU3HAKOB HEJEECIIOCOOHOCTH B PE3y/IbTaTe
BO3JICHCTBUS OKPYXKAIOIICH CPe/Ibl, TAKKX KaK 3arpsA3HEHUE BO3/yXa U MH(ECKIIMOHHBIC areHTHI,
JUIst moAiepkanus 3G(GEeKTUBHON AEATeIbHOCTH U CBOEBPEMEHHOIO MPUHSITHS 3allUTHBIX Mep.
Cucrema OCHOBaHa Ha aHaJM3€ JaTUYMKaX aHaIu3 aTMochepsl (030H U 3apa’keHHbIE YaCTHUIIbI) U

HoKa3aTesei paboThl KapAUOPECITUPATOPHON CHCTEMBI.

Cucrembl RT-PSM o6ecnieunBaroT B peajbHOM MaciiTade BpeMEHH HH(POPMAIHIO O
MHO>KECTBE aCIEKTOB (DU3MOJOTUYECKOTO COCTOSHUSI BOCHHOCTYXamuX. OHU MOTYT 00ecreunTh
OMOJIOTUYECKYI0O OOpaTHYIO CBSI3b, YTOOBI TIOMOYb TPEHUPOBATH M HCIOJIH30BATh TAKTUYCCKOE
JBIXaHUE ¥ KOHTPOJIb YPOBHS HEPBHO-TICHXUYIECKOTO BO30YKICHHUS, KOHTPOJIHPOBATH TEMIIEPATYPY
anpa Tela W KOXH, 4dacTtoTy asixanus, YCC, HachIIEHHME KPOBU KUCIOPOAOM, ONpEIeTIeCHUE
COHJIMBOCTH M YCTaJOCTH. (DU3MOIOTUYECKUH MOHUTOPHHI B PEaTbHOM BPEMEHH IT03BOJISET
MOBBICHTB 3 (YEKTUBHOCTh TPEHUPOBOK, IPEAOTBPATUTH TPABMbI U TIOBPEKICHUS BO BPEMS yUCHHI

WA Ha moJie 00s.

CeHcopHbIe TEXHOJIOTHH 1J1s1 cucteM RT-PSM.
Burrell C., Ryan J. Integrated Physiological Monitoring /Burrell C.,Ryan J. //Defence Research and
Development Canada.-Scientific Report DRDC-RDDC-2016-R207, 2016.- October.

1. YCC - yacToTa cepAedHbIX COKPALEHMIl - KJIIOUEBOW MoOKa3aTelb (PU3UOIOTHUECKOTO
craryca, KOppCJ’II/IpyIOH_[I/Iﬁ C YPOBHEM pacxoJa SHEPTruHr, YpOBHEM CTpECCa U TeMnepaTypoﬁ
snpa tena. Jns cuarus nmokazareneit YCC UCTIONB3YIOTCS CEHCOPHI B JIACTUYHBIX TIJIOTHO
NpWIIETrarouX K rpyau nojocax [Tharion, W. J., et al. (2013). Human Factors Evaluation of
the Hidalgo Equivital EQ-02 Physiological Status Monitoring System. No. USARIEM-TR-
T14-2. Army Research Institute of Environmental Medicine, Natick, MA, Biophysics and
Biomedical Monitoring Division.], mu60 B obneratonux teno maiikax [Carre Technologies
Inc (Hexoskin). Biometric Shirts for Performance Improvement and Sleep Tracking. Web:
<http://www.hexoskin.com/>. (Access date: 01 Feb. 2016)], B sienTax Ha 3ansctee [ Thomas,
S. S, et al. (2014). BioWatch—A wrist watch based signal acquisition system for

physiological signals including blood pressure. Engineering in Medicine and Biology
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Society (EMBC), 2014 36th Annual International Conference of the IEEE]., naTunkax na

mouke yxa [Ma, X., et al. (2014). Realtime physiological performance monitoring to prevent

fatigue in special forces soldiers. Northeast Bioengineering Conference (NEBEC), 2014
40th Annual. IEEE.].

-

Fig.2 Subject wearing T-shirt with sensors

Hnniocmpayus NeNe Maiika ¢ oamuuxamu, ucnonvsyemas ¢ RT-PSM cucmemax pymvincroti apmuu.
Jlamuuxu noseonsiom 00HO8pemMeHHO CcHumamsb diekmpoxapouoepammy (KT, YCC, ¢opmy
B0JIHbL NPU NAEeMU3Mo2paguu (8 m.u. 01 pacuema apmepualbHo20 0ANeHUs), OKCULEHAYUIO KPOBU
(SpO2), memnepamypy mena u npouzeooums obpabomky nonyuennvix oannsix. [Ciorap R.G. et al.
Analysis of physiological parameters during soldier's combat training.The 12th International
Scientific Conference “DEFENSE RESOURCES MANAGEMENT IN THE 2Ist CENTURY”
Brasov, November 9th-10th 2017]

Yactp natunkoB criocoOHa peructpuponaTh He Tonbko YCC, Ho u OKI', uro ncnonb3yercs
JUIs aHanu3a BapuabenpHOCTH cepaeunoro putma (HRV), koTopslii SBISETCS OJHMM W3
KJIFOYEBBIX MCUXO(PHU3HOIOTUYECKHX TOKa3aTened MCUXWYECKOH Harpy3kdh U YpOBHS
ncuxosmormonansaoro crpecca [Nickel, P. and Nachreiner, F. (2003). Sensitivity and

diagnosticity of the 0.1-Hz component of heart rate variability as an indicator of mental
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workload. Human Factors: The Journal of the Human Factors and Ergonomics Society,
45(4), 575-590.].

Y - wyacrora JbIXaHHUsl, BaXHBIM MOKa3zaTedb (U3MYECKOW HArpy3Kd, YpPOBHS
MCUXO3MOIIMOHAJIBHOTO CTpECCa, UBMCPACTCA NATUMKAMU B JICHTAX, OXBAaThIBAOIUX TI'PYAb.
HekoTtopble ceHCOpbl CHOCOOHBI aHAJIMW3UPOBATh JbIXaTeldbHble 00BEMBL. CyllecTByeT
TexHosorust uamepenus YJ[ ¢ momoripo Kamepsl cranaaptaoro cmaprdona (Chon, K. H.
and Mendelson, Y. (2014). Wearable Wireless Sensor for Multi-Scale Physiological
Monitoring. Worcester Polytechnic Institute, MA).

TOpaKaJ'[LHLIe JATYUKHU 6I/IOI/IMI[€)13HCZI AJI1 USMEPCHU A o0BeMa CCPACUHOTO BH6pOC& u
JIpyrux reMoauHaMHUecKuX mokasareneii [Bera, T.K. Bioelectrical Impedance Methods for
Noninvasive Health Monitoring: A Review. Journal of Medical Engineering, 2014.].
Hy.JILCOBaH OKCUMETPpUA - HACbIIICHHE KPOBH KHUHCJIOPOAOM — TpaaulIMOHHO
OKCHTCHAllUsl apTEepUATBbHON KPOBH HM3MEpSETCs Ha MepeepuilHbIX COCynax C MOMOIIBIO
CBETOAMOIHBIX CEHCOPOB (MH(PpaKpacHOe M3TydeHHE ONMKHETO IHUara3oHa) B JIaCTUYHBIX
JIeHTax Ha 3amscThe (yMHbIe dachl) [Thomas, S. S., et al. (2014). BioWatch—A wrist watch
based signal acquisition system for physiological signals including blood pressure.
Engineering in Medicine and Biology Society(EMBC), 2014 36th Annual International
Conference of the IEEE.], wiu unterpupoBannbix B nwiemsl (kacku) [Nitzan, M., Romem,
A., and Koppel, R. (2014). Pulse Oximetry: Fundamentals and Technology Update. Medical
Devices, (Auckland, N.Z.), 7, 231-239. PMC. Web. (1 February 2016).]

Ko:xnas TEMIIEpaATypa — CIYXXUT IMOKA3aTCJIEM JIA OMPCACIICHUA TCIIJIOBOTO CTpECCa WA
npenynpexaeHus oOMopoxkeHuid. JlaHHble O TemmepaType CHHUMAIOTCS C IIOMOIIbIO
KOHTAKTHBIX KOXXHbIX JaT4YHNKOB (B JJIaCTUYHBIX JICHTAaX HJIN aAI'C3UBHBIC HaKHeﬁKH) [Hell,
K. M., et al. (2016). British Military freezing cold injuries: a 13-year review. Journal of the
Royal Army Medical Corps, jramc-2015.].

TemnepaTypa siapa TeJia - ABJIIE€TCS BaXXHBIM IapaMETPOM JUIsl OEHKU (PH3HOIOTHYECKOTr0
CTaryCa B JKCTPCMAJIbHBIX YCJIOBUAX, B YaCTHOCTU IJId OLCHKU PpUCKA THIICPTCPMUU HIIU
TUIIOTCPpMHUU. 3aMepH MNPpOU3BOJAATCA C TIOMOIIBIO IIPOTJIATBIBACMBIX 6CCHpOBOI[HLIX
JATYMKOB-TIAJIIONG PAa30BOTO JACHCTBUSA, MO0 PaCUETHBIM METOJIOM IO TMapaMeTpaM MyJibca.
[Buller, M. J., et al. (2013). Estimation of human core temperature from sequential heart rate

observations. Physiological measurement, 34(7), 781.]
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7. YpoBeHb (M3M4YeCKOW AKTHBHOCTHM M KayecTBa CHa (II0 MOTOPHKE BO BpEMs CHA)
KOHTPOJIMPYETCS C MOMOIIBIO aKCcelepoMeTpoB (akTurpadoB), BKIIOUEHHBIX B HOCHMBIE
yCTPOMCTBA UM OOMYHIUPOBAHUE.

8. IlosoxkeHHe Teja M NMPU3HAKH PaHeHUH W MOBPe:KAeHUH (MPU3HAKKA PE3KHUX TaJCHUN)
KOHTPOJIUPYIOTCS C TIOMOIIBIO TPEXOCHBIX AaKCEIepoOMeTpoB. JlaTuWku (UKCHPYIOT
TPACKTOPHIO IBUKEHH, MOJI0XKEHHUE Tella U M03Y, 0 KOTOPHIM MOXKHO CYIUTh O XapaKTepe
MOJYYEHHBIX TMOBPSKICHUN U cocTossHuu mocTpanasmiero. [Witting, M. D. and Gallagher,
K. (2003). Unique cutpoints for sitting-to-standing orthostatic vital signs. The American
Journal of Emergency Medicine, 21(1), 45-47.]

9. MecromnoJiokeHHe (reoJJOKAIMUI0) MOXXHO OTCJICKHBATh C HMOMOIIBI0 TexHosoruu GPS,
KOTOpasi TeNepb BCTPOCHA BO MHOTHE HOCUMBIE (pU3UONIOTHYeCKUe AaTYuKu. OTCIeKUBaHNe
MECTOTIOJIOKEHHUS B PEXKHME PEATHbHOTO BPEMEHH MTPEJOCTABIISACT MOJIE3HYI0 HHPOPMAIUIO O
OTHOCHUTEIILHOM DAacCIOJIOKEHHH OOHIOB. BvicoToMep MOXET OBITh HCIIONB30BAH IS
OmnpeacIiCHud OTHOCUTCIBHOI'O BJIMSIHUM BLICOTHOM THIIOKCHMHM Ha KOTHUTUBHYIO U
buznyecKyo paboToCroCOOHOCTb.

10. Mo3roBasi aKTHMBHOCTb KOHTpOJHpyeTcs anekrposHuedanorpadpuueckumu (O0I)
JaTYMKaMH, KOHTAKTUPYIOIIUMHA C KO>K€H T'OJIOBBI (JIGHTI)I C JaT4YuKaMHu, allllJIMKallMOHHBIC
aJre3uBHbIC JATYUKU, WIM JaTYUKH B 1uieMax). AHanu3 OO akTyalleH Juisl OLEHKU YPOBHS
OUTEIHHOCTH U COHJIUBOCTH.

11. AprepuanbHoe [aBJjieHHe W3MEpAETCS HAa OCHOBAaHMUU BOJHOBOM COCTaBIISAOIIEH
nyJbCalliy JIydeBOW aprepuu Ha 3amsctbe. [Thomas, S. S., et al. (2014). BioWatch—A
wrist watch based signal acquisition system for physiological signals including blood
pressure. Engineering in Medicine and Biology Society (EMBC), 2014 36th Annual
International Conference of the IEEE.]

12. Ko:kHoe rajibBaHH4YecKOe COMPOTHBJIEHHE - M3MEPEHHE DIIEKTPUUYECKON MPOBOIMMOCTH
KOKH MCIIOJIb3YeTCs JIUIsl OlIeHKU ypoBHs ctpecca [Perala, C. H. and Sterling, B. S. (2007).
Galvanic Skin Response as a Measure of Soldier Stress. United States Army Research
Laboratory Technical Report, ARL-TR-4114.], ypoBus motootaenenus [Gerrett, N.,
Griggs, K. E., and Havenith, G. (2013). The production of sweat as measured by galvanic
skin conductance, epidermal hydration and regional sweat rate. Proceedings of the 15"
International Conference on Environmental Ergonomics, Queenstown, NZ.] u ypoBHs
neruapatanuu opranusma [Asogwa, C. O., Lai, D. T. H., and Collins, S. (2014). An

empirical measurement of body hydration using galvanic coupled signal characteristics.
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Proceedings of the 9th International Conference on Body Area Networks. ICST (Institute for
Computer Sciences, Social-Informatics and Telecommunications Engineering), pp. 342-
345.].

Yuapﬂaﬂ Harpy3ka Ha HOT'M aHAJIU3UPYCTCA C MOMOIIBIO TPEXOCHBIX aKCCIICPOMCTPOB UJIU
JaTYUKOB HArpy3kKu CTOIIBI. Ananns JAaHHBIX ITIO3BOJIICT BECTHM IIOACYUCT IIIAaros,
[IPOTHO3UPOBATh YTOMJICHHE U IEPEYTOMIIEHHE IO XapakTepy IIaroB, MOPEayNpeXIaTh
HpI/I6J'II/I>KaIOH_[I/IeC}I TpaBMbl OIIOPHO-ABHUI'ATCIBHOI'O allrapara, OnpeaciisaTb (baKT Ha,Z[eHI/Ifl
WIM TIOJIyYeHHUsT MUHHO-B3pBIBHBIX TpaBM. [Hoyt, R. W., et al. (2002). Combat medical
informatics: present and future. Proceedings of the AMIA Symposium. American Medical
Informatics Association. Hoyt, R. W., et al. (1994). Ambulatory foot contact monitor to
estimate metabolic cost of human locomotion. Journal of Applied Physiology, 76(4), 1818—
1822.]

daextpomuorpapussi (IMI') - MOHHTOPUHT DJIEKTPUYECKOH / HEBPOJIOTHYECKOM
AKTUBHOCTHU CKCJICTHBIX MBILIL UCITIOJB3YCTCA IJIA aHAJIM3a U IIPOTrHO3UPOBAHUA YTOMIICHMA,
JIETEKIIUH TIOBPEXKACHUM.

MOHP[TOpI/IHF OMOXHMMHYECKHX II0Ka3aTeJed Ha OCHOBE aHali3a CcocTaBa IOTa
peayin3yercss ¢ IOMOIIBIO JAaTYUKOB «Ia0opaTopusi B 4YMIIE» - peaiu3yeMoill B BHJE
aJIre3WBHBIX MaT4ell U «yMHBIX TaryupoBok» [Bandodkar, A. J., Jia, W., and Wang, J.
(2015). Tattoo-Based Wearable Electrochemical Devices: A Review. Electroanalysis, 27(3),
562-572. Soh, P. J., et al. (2015). Wearable Wireless Health Monitoring: Current
Developments, Challenges, and Future Trends. Microwave Magazine, IEEE, 16(4), 55-70.].
[TaTun criocoOHBI KOHTPOIMPOBaTh PH, ypoBeHb HaTpus, JJAKTATOB, KUCIOPOJA U JAPYTUX
3J1IeMEHTOB. M3BecTHBI pa3paboTKN KOMILJIEKCHBIX JATYUKOB (AIUAEpMalIbHAs 3JIEKTPOHUKA)
koHTposympyromux Takxke DK, D30I, OMI' u koxuHyro temneparypy [Kim, D.-H., et al.
(2011). Epidermal electronics. Science, 333(6044), 838-843.].

I_[aT‘{l/IK 1/136bITO'lHOFO/He}IOCTaTO‘IHOFO AaBJE€HUA — 14 JCETCKOUHM  B3PBIBHOI'O
BO3)1€fICTBI/I$[, pasrcpmMeTrU3anu.

3HeKTp00Ky.]I()Fpa(l)I/IH U JAaTYUK YaCTOThI muranui - Ilo3Bonser HU3MCPATH ABUKCHHUC
Tj1a3 1 UHTCHCUBHOCTbL MOPIraHUA. I/ICHOJILSyIOTCSI AaTYUKHU, BCTPOCHHBIC B «YMHBLIC OYKH»
WM «yMHBIN TIUIEM». AHAIU3 JBMKEHUW TIJ1a3 U 4aCTOThl MUTAHHWI MO3BOJISET ONPEIETAThH
BpoBeHb cTpecca wim yromnenus conpara. [KIM, Y.S. et al. Helmet-based Physiological
Signal Monitoring System. European Journal of Applied Physiology, 2009. vol. 105, no. 3,

p. 365-372. KIM, Y.S. et al. ECG, EOG Detection from Helmet Based System. In
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InformationTechnology Applications in Biomedicine, 2007. 6th International Special Topic
Conference on Information Technology Applications in Biomedicine. IEEE, 2007, p. 191-
193.

18. AkycTHYeckHe AaTYUKH. VICTIONB3YIOTCS AU 3alKMCH JaHHBIX U IEPETOBOPOB, aHAIIN3A
peun U ONpCACICHUA YPOBHA IICHXOJOTHMYCCKOro CTpecCa. MOI‘yT JOIIOJIHATH JaT4YHUKU

CEPACYHOIO pUTMA U AbIXAaTCIbHBIC JaTYHUKU.

Tab. 2. Overview of suitability of respective systems for a longterm use
in a specific military environment

s G % Diagnostics in . AT
Diagnostics in 8 Diagnostics in
3 s R 2 combat P A
Sensor Diagnostics small field ST individuals in
3 YomE s vehicles and
type in hospitals medical e : field
military means | .
centres L independently
of transport
Heart rate sensors suitable suitable suitable suitable
Electrocardiogram . N . .
iy “_ e suitable suitable suitable less suitable
Sensors
Blec C 0
EleLuoengephalf): suitable suitable suitable less suitable
raphy sensors
Respiratory rate : : 3 3
“p_l 3 " suitable suitable suitable suitable
SeNsors
Blo‘_)d p.rex. e suitable suitable suitable less suitable
Sensors
Pulse oximetry . i y .
7 Ametry suitable suitable suitable suitable
SeNsors
el otopietnys- o - 5 .
Otherph .[ Pluh) ) suitable suitable less suitable less suitable
mographic sensors
Thoracic electrical
bioimpedance suitable suitable less suitable less suitable
Sensors
Electrooculography
sensor/eyeblink suitable suitable less suitable less suitable
sensor
Acoustic sensors suitable suitable suitable suitable
ectromyog y > . o .
Elulrf e éraph) suitable suitable less suitable less suitable
Sensors
nperature P X > 3
Tﬂ_] p?’“_?“‘ suitable suitable suitable suitable
SENsors
alvanic ski 3 . ighly limi 3
Gal a.mE k.m‘ suitable suitable highly !nmﬂed unsuitable
TeSpONse Sensors use
spirati . ; ighly limi ighly limite
Per_ pnrau_on sintabl Sabi highly _|mnled highly ‘nmmd
SeNsors use use
.\' Otio! acking : y . -
fc h} 1 "“ﬂk'“c suitable suitable suitable suitable
Sensors
rain gauge : % . %
St ém ?au:c suitable suitable suitable suitable
sensor
pH level sensors suitable suitable less suitable unsuitable
acta vel 3 5 g 2
L‘“_ ale ]e_ - suitable suitable less suitable less suitable
Sensors
GluF()sr: I‘TVCI suitable suitable less suitable less suitable
Sensors
Other electrochemi- : oI
ohiv
cal sensors of suitable suitable hrchl_\u;mned unsuitable
homeostasis 3

Hnmocmpayus NeNe TIpumenumocms damuukosé pasiuuno2o muna 6 soennvix yeasx [Kutilek P. et
al. Wearable Systems and Methods for Monitoring Psychological and Physical Condition of

Soldiers/Kutilek P. et al.//Advances in Military Technology Vol. 12, No. 2 (2017), pp. 259-280]
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heart
rate
sensor

\

perspiration temperature three-axis
sensor sensors accelerometer

Fig. I Kit for monitoring the mental and physical condition of a single subject

Unniocmpayus NeNe RT-PSM eoopyorcennvix cun Hewickotl pecnyonruxu. Yeuwickue soopyaicernHvlie
cunvt ucnoavzyiom RT-PSM cucmemy, xomopas oyenusaem wacmomy cepOeunvix COKpauwjeHull,
yacmomy ObIXAHUs, mMemnepamypy meid U 3HAYEHUe YCKOPEHUS HA ONpPeOeleHHbIl MOMeHm
epemenu unu unmepsan epemeru 6o epems noneswvix yuenui. [SCHLENKER, J. et al. FlexiGuard:
Modular Biotelemetry System for Military Applications. In 2015 International Conference on
Military Technologies. Brno:1EEE, 2015, p. 1-6. DOI 10.1109/MILTECHS.2015.7153712.

HON, Z. et al. A Surveillance System for Enhancing the Safety of Rescue Teams,Komunikdcie,
2015, vol. 17, no. 1, p. 81-86.] Cucmema cobupaem u ananuszupyem Oanuvle om Oecnpo8OOHbIX
0amuuKos, u, UCNOIb3Ysl 3A0AHHbLE NOPO2OBblE 3HAYECHUS USMEPEMBIX NAPaAMEMPO8, ONpedeisiem
Quzuueckoe cocmosanue (Hanpumep, O0CMUICEHUe AHAIPOOHO20 NOPO2d, NOIONHCEHUSL

ceamenm mena, udeHmugukayus nepezpesa, ucmoujenue usuonrocuveckux pecypcos.) Taxoice
cucmema cobupaem oOanHvle 00 OKpyodicaroweli cpede (Hanpumep, HAlIUYUEe ONACHBIX GeUyeCms).
Ceo0Has ungopmayus npedcmasieHa 8 yoooHom unmepgetice 6 guoe epaghuieckoil ungopmayuu,

KOMopasi ucnoav3yemcsi O0jisk onmumusayuu npunsmus maxmuyeckux pewenuti. [Kutilek P. et al.
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Wearable Systems and Methods for Monitoring Psychological and Physical Condition of
Soldiers/Kutilek P. et al.//Advances in Military Technology Vol. 12, No. 2 (2017), pp. 259-280]
KoHuenuusi yaajieHHOT0 MOHHUTOPHHTa (U3MOJIOTHYECKMX NAapaMeTPOB BOEHHOCJIYKAIIHX
Boopy:keHnbix cuii Pymbeinuum [Ciorap R.G. et al. Analysis of physiological parameters during
soldier's combat training.The 12th International Scientific Conference “DEFENSE RESOURCES
MANAGEMENT IN THE 21st CENTURY” Brasov, November 9th-10th 2017]

B BoopyxeHHblx cuinax PymbiHuM wucnons3yoor cucteMy RT-PSM Cucrema monuTOpHHTa
3opoBbst conata (Soldier’s Health Monitoring Device — SHMD). Cucrema SHMD ocymiectBisiet
MOHHUTOPHUHT 3JiekTpokapauorpammbl (OKI'), miaerusmorpaduueckoil GOpMbl BOJHBI CEPACYHOTO
purma (YCC), Haceiienne kpoBu kuciopoaom (SpO2) u temmeparypsl tena [Ciorap R., Hritcu-
Luca C., Corciova C., Stan A., Zaharia D., “Home Monitoring Device for Cardiovascular
Diseases®, International Conference on Advancements of Medicine and Health Care through
Technology, Cluj-Napoca, Romania, Septembrie 23-26, 2009, IFBME Proceedings, vol.26, pp.49-
52 Ciorap R., Corciova C., Ciorap M.; Zaharia D., “Optimisation of the Treatment for Chronic
Disease Using an e-Health Sistem®, 7th International Symposium on Advanced Topics in Electrical
Engineering (ATEE) 2011, Bucuresti, May 12-14, 2011, pp.143-146]

[Tony4yeHHbIe MaHHBIE TEPENAIOTCS MO OECIPOBOAHBIM CETSIM Ha 0O0EBYI0 WH(POPMALMOHHYIO
craHuuioo MeauiuHckoro obecmeuenus (Combat Medical Support Station - CMSS), rae
uHpopMarusg obpabaTbiBaeTCsl U BHOCHTCS B 0a3y JaHHBIX. Takke B COCTaB MOJIYJS BXOJMT
wiatpopmMa Uil JIOCTyma Bpaded K JaHHBIM M CHCTEMa aBTOMAaTHYECKOH CUTHAIM3AIUU O
BO3MOYXHOM HapymIeHUH (U3UOJOTHUECKUX (DYHKIMI BOSHHOCTY)KAIIETO C Tepeaadei TaHHBIX O
paHEeHOM WM TIOCTpajaBiieM BoeHHbIM Meaukam. [Ciorap R., Andritoi D., Pomazan V., Petcu L.,
Ungureanu F., Zaharia D., “E-health System for Monitoring of Chronic Diseases”, 11th
International Congress of the ITUPESM/World Congress on Medical Physics and Biomedical
Engineering, Munich, Germany, September 7-12, 2009, IFBME Proceedings, vol.25, part.5,
pp.259-262

Pomazan V. M., Petcu L. C., Sintea S. R., Ciorap R., “Active Data Transportation and Processing
for Chronic Diseases Remote Monitoring®, International Conference on Signal Processing Systems
(ICSPS 2009), Singapore, May 15-17, 2009, pp.853-857]
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Instructions

Vital Signs Alarm

Fig.1 Diagram of monitoring system

Hnniocmpayua NeNe boesas RT-PSM cucmema Soldier’s Health Monitoring Device — SHMD

800pYIHCEeHHbIX cunl Pymvinuu.

J171s1 KOHTPOJIS TICUX03MOLMOHAIILHOTO COCTOSIHUS U aJalTallUOHHBIX BO3MOKHOCTEH (pe3niinaHca)
RT-PSM SHMD cucrtemMbl BOOpYXEHHbIX CHJI PyMBIHMM THpOM3BOAUT YACTOTHBIA aHAIM3
BapuabenbHocTH cepaeuHoro putma (BCP). IlpeoGnaganue HuskowyactotHoro cmnektpa BCP
CUMTAIOTCS BaXXHBIM  ICUXO(U3HOJOTHYECKHMM MapKEepPOM 3MOLMOHAIBHO-TICUXOJIOTUYECKUX
paccTpoiicTB ajanTalMd — CHOCOOHOCTHM BOEHHOCHYXKallero 3(pQeKTUBHO aganTHpPOBaThCS K
60eBOMY U ci1y)eOHOMY cTpeccy U ycnoBHsM cpelibl. BCP u3mensercst B 3aBUCMMOCTH OT BPEMEHHU

CYTOK, TCKYHICTO 35MOIMOHAIBHOTO COCTOAHUA, YaCTOTHI CCPACUHBIX COKpaH_IeHI/Iﬁ u YMCTBCHHOﬁ
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Harpys3Ku.

Fig.3. Variation of the RR interval

Histograms of RR interval values were also represented on each subject and each record.
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Fig.4 Sample of Histograms of RR interval
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Fig.5 The frequency array analysis of heart rate

-

Hnniocmpayus  NeNe  Oyenxa eapuabenvnocmu  cepoeunoco pumma 6 RT-PSM  cucmeme

800pYJHCEHHBIX Ul Pymvinuu.
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Konnenmus cnyraukoBoii RT-PSM TexnoJsiornu Kuraiickoi HapoaHoii apMuu

Xinfeng B.A., Ping Wang. Design of soldier status monitoring and command and control system
based on Beidou system / Xinfeng B.A., Ping Wang. //2012 2nd International Conference on
Computer Science and Network Technology (ICCSNT).2012 — December.

B Kwuraiickoii HapoIHOW apMHHM pealu3yeTcs KOHLEMNIUsA CIUSHUE CHCTEM CIAaceHUs
BOCHHOCIYXAIIUX U CUCTeMbl yrpasieHus O0oeBbiMu neiictBusmu (C2). Cucrema C2 mo3BossieT
JTUCTAHIIMOHHO TOTYYaTh B PEalbHOM BPEMEHHU JaHHBIC O (usnonormueckux napamerpax (HCC),
reOoNno3UIUU COJIaTa B CIYTHUKOBOW HaBUTAlIMOHHOW cucteme Beidou, oTtoOpakaTh daHHBIE Ha
JJIEKTPOHHOW KapTe M OOMEHHMBAThCS C COJNJIATOM KOPOTKUMHU COOOIIECHUSMHU. B cucreme
OTOOpaXkaroTCsi JaHHbIE O TpYIIEe KpPOBU BOEHHOCIYXAIIEro, XapakTepe IOJIyYeHHBIX

MTOBPEXKICHUM WM PAaHEHUM.

%
%
. 4.
§
4
d

‘...llll..’
““..-l"

Wa,
....

Beidou Command

Termiral A . | d
i 11 4

Vehicle Command and Individual Soldier Beidou Ground
Cortrol center Portable Terminal control center

Figure 1. Schematic diagram of soldier status monitoring and C2 system

Hnniocmpayua  NeNe  Hnmeepuposannas cucmema  ynpaseienus 6oem U CHACEHUs

soennocayscawux C2 Ha ocHoge cnymHukosoll cucmemul Hasueayuu Beidou.
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Fieure 12. Schematic diaeram of C2 Center interface

Unmocmpayus NeNe Humepdgpeiic cucmemovr C2 ¢ omobpadcenuem oannvix o YCC, epynne

KpOo8U nocmpaoasuiux.

Beidou
Camnmand Terminal

Beidou Interface

Sending Short Message Beidou Soldiers
Cotnmand ) Postticning Information
Module Transcerver Managemert Managermen

. Soldiers
Information

Database

Electronic

Map

Waounded
Identifying

Unniocmpayus NeNe Apxumexmypa obmerna oannvimu 6 cucmeme C2.
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BoeBbie MOOMJILHBIE NMPUWIOKEHUS I KOHTPOJA COCTOSIHUA 3J0POBbS BoeHHOCJ'Iy)KaIIII/IX:
yl]a.]]eHHbIﬁ MOHUTOPHUHI INallUEHTA, JOCTYIl K MeL[I/IIII/IHCKOﬁ AOKYMEHTAUHU (KapTO'lKI/I,
HCTOPUM 00JIe3HM) M0 3AIUIIEHHBIM TAKTHYECKMM MOOMJILHBIM CeTSIM.

Paspabomxu TATRC (Telemedicine and Advanced Technology Research Center United States
Army, Fort Gordon, GA) http://www.tatrc.org/www/default.html

https://www.facebook.com/thetatrc/

PykoBoasimue nmpuHIUIBI pa3padoTKku 00eBbIX MOOMJIBHBIX MPUJIOKEHHH MeINIHUHCKOIO

MOHHUTOPHHTA BOeHHOCy:Kammx cpeabl Mobile Health Care Environment — (MHCE-R).

VBs3aTh UCCIIEOBATEILCKUE YCUITUS € 3a/ladyaMH BCEX CITY»KO, 00€CeurBalOIUX KOHTPOJIb U
OKa3aHHe MEIMIIUHCKON ITOMOIIH B MOJIEBBIX (0OEBBIX YCIOBUSIX).

AnanTupoBaTh M HMHTEIPUPOBATH  JOCTYNHBIE HMMEIOIIMECS TOCYAAPCTBEHHBIE  WIIHU
KOMMEpUYECKHEe TEXHOJIOTHH, a HE pa3pabaThiBaTh HOBBIE.

YMeHbIINTH pa3Mep, BEC U CTOUMOCTb UCIIOJIb3yEMOT0 000py10BaHUSI.

BHenpsATe MeaMIMHCKUE MPUJIOKEHHS Ha YK€ BHEJIPEHHBIX LU(POBBIX YCTpOWCTBaX 0OIEro
MOJIb30BAaHMUS JJIS1 BOGHHBIX NMPUIIOKEHHUH (Oneparuii, pa3BeIku U JOTUCTUKH).

MakcuManbHO UCIHOJB30BaTh CETH OOIIEBOWCKOBOIO Ha3HAUY€HHs, a HE HCIOJIb30BaTh
W30JIMPOBAHHbBIE CETH MEIUIIMHCKOTO Ha3HAUEHUSI.

OI_ICHI/ITL MCIUIUHCKHUEC BO3MOKHOCTHU IIPOTOTHUIIOB B ITOJICBBIX YCIIOBUAX.
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Medical Information Exchange at Point of Injury

Calling in 9-Line
MEDEVAC
Request

4G LTE
Mobile Base
Station in
Squad MRAP

.Annsner |

=

4G LTE
L Base
e Station NETT Warrior
. ¢l mounted in End User
¥ b= " Aerostat Device (EUD)

Unnocmpayus NeNe Hcnonvzosanue 600e80ll UHGDOPMAYUOHHOU CUCTEMbL CUMYAYUOHHO20
opuenmuposanusi 01 Hazemuvix  onepayuu  Apmuu  CIIA  NETT  Warrior

(http://asc.army.mil/web/portfolio-item/soldier-nw/)  uwmezepuposannoic ¢ cpedy MHCE &

NOJIeBbIX YCI08UAX Ol 66004 U Nepeoayu OAHHBIX O NOCMpAdasuieM HaA mecme NOJyYeHUs.

boesoli mpaemsl Ha OCHOBe cemeti 4G C mobunbHbIMU OA308bIMU CMAHYUAMU as3poCcmaniiHozco

bazuposanus.
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‘Medical Information Exchange during Ground
MEDEVAC

NETT Warrior
End User
Device (EUD)

TEMPUS-pro
Operational
Telemedicine
System

Unniocmpayus NeNe Hcnonvzosanue ungopmayuonnou meduyurckot cucmemvt Apmuu CILIA
MHCE ¢ ucnonvzosanuem nonesoii menemeouyunckou cucmemsvt 1EMPUS-pro na smanax

MEOUYUHCKOU 268aKYaAYUU.

33[{8‘11/1 00eBbIX MCAUIIMHCKHUX IMOJICBbIX Te.]'leI/IH(l)OpMa].[I/IOHHLIX CHCTEM:

HoxymenTanus (BBOA HHGOpPMAIMK) O TMOJYYECHHOM TMOBPEKICHHUH HA MECTE TOJYUYCHHS
MOBPEXICHHUS. ABTOMAaTUYECKas M0Jaya CHUTHaja O PAHEHUU WIM TOBPEXKICHUU, TMAJICHUU
BOEHHOCITYXaIIero.

BGI[CHI/IG IIOCTOSAHHOI'O MCIUIIHUHCKOI'O TGJ'ICMOHI/ITOPI/IHFa OCHOBHBIX q)HSI/IOJIOFI/ILIeCKI/IX
roKasareJieit.

JoxymeHTanus oKa3plBa€MOM MEIUIIMHCKON TOMOIIY BO BPEMsI 3TAIOB 3BaKyaluu.

VnaneHHble KOHCYIbTAIlMU MO OKA3aHUIO TTOMOIIM Ha 3Tarax 3BaKyaluH.

WudopmaninonHasi mojJep:kka MNPUHATHS pEHIeHUH O TaKTUKEe OKa3aHWs MEIUIIMHCKON

IIOMOIIH.
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Obecneuenne Oe3omacHOro oOMeHa MEIUIIMHCKON wuH(popMaimeil Ha »JTamax OKazaHUs
MEAUIIMHCKON MTOMOIIH U YBaKyaliu.
Ilepenada U coxpaHeHHE ONMEPATUBHOW MEIUIIMHCKOW MH(POPMAIMH B MOCTOSIHHYI) HCTOPHIO

00J1€3HH BOCHHOCITYKAIIETO.

Medical Information Exchange during Air MEDEVAC

Flight medic
data entry &
telementoring
from
destination
MTF

RT-2033
Wideband
Network
Waveform
Radio

TEMPUS Pro
Operational
Telemedicine
System

Unnocmpayus NeNe Obmen meouyuHckou ungopmayuel 80 6pems 8030VUIHOU 28aKyayuu

Ppamnerno2o ¢ nomowvio yugposoi cemesoti paouocmanyuu RT-2033 .

Pa3pa6orkn TATRC B pamkax npoexkra Mobile Health Care Environment — (MHCE-R).

http://www.tatrc.org/www/labs-and-programs/mobile-health/key projects.html

IMpoext TATRC Telehealth 2.0
Oobecrieuenne 6e30MacHON yaaleHHONH KOHCYJIbTAIMHU MAlMEHTOB M0 MOOHMIBHBIM CETAM Yepe3

cMapTQOHBI BO BpeMsl MUCCHI1 BHE TIpeiesIoB KOHTUHEHTanbHOU yacT CILA.
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IIpoext TATRC Mood Tracker Study
I/IHTGI‘paHI/ISI MO6I/IJIBHOI>'I CUCTCMbl MOHUTOpPHHI'A MICUXOOMOIUOHAJIBHOTO COCTOAHHUA B CPEAY

MHCE.

ITIpoext TATRC Behavioral Change Coach

MoOunpHasi TEIeMEIUITMHCKAs CHUCTEMa, MOMOTAIoNasi BOSHHOCTYXAIIUM H30aBIATECS OT
NATTEPHOB WJIM CTPATETWid HEXENATEIIbHOTO TOBEIACHUS (arpeccusi, KypeHHue, aaKOTOJIH3M,
nepeeaHie, HEBHUMaHHWE K JeTsM, aenpeccust u T.m.). Ilpunoxenne BCC Mobile App
MIO3BOJISICT TIOJIB30BATEII0 UACHTH(PHUIIUPOBATh Y ce0sl HeXeNaTeIbHOE MOBEICHUE, OIPEICIIUTh
CTCTICHh BBIPAKEHHOCTH TMPOOJIEMBI, W TMPEIIOKUTH KOHTPOJIHUPYEMYIO CTPATETHIO TI0

u3MeHeHuto nopeaeHuss. Cucrema B HacTosiiiee Bpems uaterpupyercs B MHCE / mCare.

IlepcnexkTuBHbie  paspadorkm  U.S.  Army Institute of Surgical Research

www.usaisr.amedd.army.mil/

u Army Small Business Innovative Research (SBIR)

https://www.armysbir.army.mil/

B pamkax Tactical Combat Casualty Care (TCCC) RT-PSM cucrema mms AeTEKIHH,
KOHTPOJISI KPOBOTEYEHHMS U OICHKM KOMIIEHCATOPHOTO pPE3epPBHOrO MHAEKca (OlIeHKa
TUTIOBOJIEMHH) C TIOMOIIbIO 00pa0OTKU TaHHBIX OT JATYMKOB (pororuieTuaMorpaduu. JletaibHo

0 TEXHOJIOTUU; http://rdcr.org/wp-content/uploads/2018/05/Convertino-measuring-

compensatory-reserve-J-Trauma-Vol-82-N-6-Supplement-1.pdf
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System Intended functions Company/Agency | Funding

program/Year

Soldier Field Activity | Develop a practical wnst wom | Precision Control | USAMRDC grant

Monitoring System actigraph based on a novel Design, Inc. 1983
cantilevered beam motion
sensor

Ranger Overwatch Develop a PSM system with SARCOS DARPA 1995

PSM (ROPSM) fuzzy logic analysis to detect | Corporation
hypothermia in Ranger course

Reduced Ship’s Crew | Shipboard wireless sensor Draper labs, ARL, | NSWCCD 1996

by Virtual Presence PSM tracking of sailors in and multiple

(RSVP) SMART ship damage control | performers

Energy Requirements | Develop measurement Pennington Army DWHRP

and Activity Pattemns | techniques and characterize | Biomedical grant 1995+

of Men and Women energy and activity in the field | Research Lab

Biomedical Field Develop Biostat system with | SAIC & Precision | Army contract

Monitoring System sensor and data management | Control Design, funding 1995+
functions used at Dugway PG | Inc.

Medic Warror Incorporate Medic Warrior into | Raytheon Systems | Land Warrior
Land Warrior configuration, Co. Program 1998
with “9117 locator messaging

Crew Management Develop “Military Sleep Watch | Precision Control | Army A97-118

Device 2000" based on wrist-wom Design, Inc. SBIR 1997
actigraphy

Position Sensitive Modify dead reckoning Point Research Army A98-102

Physiologic Monitor module (DRM) for Corp./Honeywell SBIR 1998
physiologic/motion data and
locomotory energy costs

Miniature Increase data transmission Minimitter Corp. Army A00-064

Thermometer for reliability of multiplexed SBIR 2000

Remote Monitoring thermometer pill and skin
patches

Lifeguard Develop prototype remote Stanford University | NASA-Ames
wearable vital signs monitor ~2001
for astronauts, first
responders

Technologies for Develop minimally invasive Multiple RAD3 program

Metabolic Monitoring | sensor technologies for performers 2001-2006

research program continuous analyte monitoring

Computational Develop digital signal Precision Control | Army AO1-186

Microsystems for processing wrist actigraph Design, Inc. SBIR (Phase 1

Biomedical sensors with ballistic cardiogram only) 2001

Footstep Detection Develop method to Odic Incorporated | Army contract

Sensor Type and acoustically measure distance funding, 2001

Placement traversed from footsteps and
distance between boots
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System Intended functions Company/Agency | Funding

program/Year

Soldier Field Activity | Develop a practical wnst wom | Precision Control | USAMRDC grant

Monitoring System actigraph based on a novel Design, Inc. 1983
cantilevered beam motion
sensor

Ranger Overwatch Develop a PSM system with SARCOS DARPA 1995

PSM (ROPSM) fuzzy logic analysis to detect | Corporation
hypothemia in Ranger course

Reduced Ship’s Crew | Shipboard wireless sensor Draper labs, ARL, | NSWCCD 1996

by Virtual Presence PSM tracking of sailors in and multiple

(RSVP) SMART ship damage control | performers

Energy Requirements | Develop measurement Pennington Army DWHRP

and Activity Pattemns | techniques and characterize | Biomedical grant 1995+

of Men and Women energy and activity in the field | Research Lab

Biomedical Field Develop Biostat system with | SAIC & Precision | Army contract

Monitoring System sensor and data management | Control Design, funding 1995+
functions used at Dugway PG | Inc.

Medic Warrior Incorporate Medic Warrior into | Raytheon Systems | Land Warrior
Land Warrior configuration, Co. Program 1998
with “911" locator messaging

Crew Management Develop “Military Sleep Watch | Precision Control | Army A97-118

Device 2000" based on wrist-wom Design, Inc. SBIR 1997
actigraphy

Position Sensitive Modify dead reckoning Point Research Army A98-102

Physiologic Monitor module (DRM) for Corp./Honeywell SBIR 1998
physiologic/motion data and
locomotory energy costs

Miniature Increase data transmission Minimitter Corp. Army A0C-064

Thermometer for reliability of multiplexed SBIR 2000

Remote Monitoring thermometer pill and skin
patches

Lifeguard Develop prototype remote Stanford University | NASA-Ames
wearable vital signs monitor ~2001
for asfronauts, first
responders

Technologies for Develop minimally invasive Multiple RAD3 program

Metabolic Monitoring | sensor technologies for performers 2001-2006

research program continuous analyte monitoring

Computational Develop digital signal Precision Control | Army A01-186

Microsystems for processing wrist actigraph Design, Inc. SBIR (Phase 1

Biomedical sensors with ballistic cardiogram only) 2001

Footstep Detection Develop method to Odic Incorporated | Army contract

Sensor Type and acoustically measure distance funding, 2001

Placement traversed from footsteps and
distance between boots
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System Intended functions Company/Agency | Funding
program/Year

Integrated Short Advance SPARNET to TRL6 | Elintrix and Army contract
Range Low Bandwidth | with prototype network system | Innovative 2011
Wearable Networking | in relevant environment Wireless

Technologies
Squad Area Network | Demonstrate SAN radio Innovative Army contract
Communications network and repeater node, Wireless 2011
(SAN) sending physiological data Technologies
Tool for Design and Quantify effect of assistive CFD Research Army A13-083
Evaluation of Body devices on agility, energy Corp. SBIR 2013
Wearable Devices costs, and load carriage
Biomechanical Model human-system RE2, Inc. Army A13-083
Exoskeleton Simulator | interaction for prototyping of SBIR 2013
System (BESS) load carriage systems
Ultra Low-Power Develop ultralow power PSM | PsiKick Army A14-052
System on a Chip SoC that senses, processes SBIR 2014
(SoC) for PSM and communicates

information

Unniocmpayust NeNe Ilpooonscenue: Tabruya ucmopuu paspabomox RT-PSM mexnonoeuii ons

Apmuu CLIA. USARIEM, March, 2016

3anatentoBannuble RT-PSM Texnosiornu Apmuu CIIA

System Intended functions Company/Agency | Funding
program/Year

Integrated Short Advance SPARNET to TRL6 | Elintrix and Army contract
Range Low Bandwidth | with prototype network system | Innovative 2011
Wearable Networking | in relevant environment Wireless

Technologies
Squad Area Network | Demonstrate SAN radio Innovative Army contract
Communications network and repeater node, Wireless 2011
(SAN) sending physiological data Technologies
Tool for Design and Quantify effect of assistive CFD Research Army A13-083
Evaluation of Body devices on agility, energy Corp. SBIR 2013
Wearable Devices costs, and load carriage
Biomechanical Model human-system RE2, Inc. Army A13-083
Exoskeleton Simulator | interaction for prototyping of SBIR 2013
System (BESS) load carriage systems
Ultra Low-Power Develop ultralow power PSM | PsiKick Army A14-052
System on a Chip SoC that senses, processes SBIR 2014
(SoC) for PSM and communicates

information
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Unnocmpayus NeNe 3anamenmosanuvie mexnonocuu u ycmpoticmea RT-PSM Apmuu CILIIA.

USARIEM, March, 2016

Methodology to predict physiological impact of environmental stress
References: Matthew et al. 1993; 1997

Patent: Environmental Heat Stress Monitor. U.S. Patent Pending No. 2002/0009119, Jan 24,
2002 (SECARMY)

Methodology to track water consumption and hydration
References: Tharion, Karis & Hoyt, 2009; Montain, Latzka, Hoyt & Sawka, 2002

Patents: Electronic Drink-O-Meter (DOM) to Monitor Fluid Intake and Provide Fluid
Consumption Guidance. U.S. Patent Pending No. 2002/0129663, Mar 19, 2001 (SECARMY);
Gear-type Drink-o-Meter to Monitor Fluid Consumption. U.S. Patent No. 7,851,775, Dec 14,
2010 (SECARMY)

Methodology to regulate personal microclimate cooling with temperature sensors
References: Cheuvront, Kolka, Cadarette, et al. 2003

Patent: Body thermoregulation using skin temperature feedback. U.S. Patent No. 7,837,723,
Nov 23, 2010 (SECARMY)

Methodology to detect impacts to the body (Ballistic Impact Detection System)
References: Van Albert & Bruney, 2004

Patent: Ballistic Impact Detection System. U.S. Patent No. 7,660,692, Febr 9, 2010
(SECARMY)

Methodology for Soldier ambulatory physiologic data collection systems
References: Beidleman et al. 2003; 2004; Savell et al. 2004; Buller & Karis, 2007

Patent: Life Sign Detection and Health State Assessment System. U.S. Patent Pending No.
2014/0249430, Sept 4, 2014 (SECARMY) — USAMRMC licensed product; Apparatus and
System for Monitoring. U.S. Patent Pending No. 2013/0237772, Sept 12, 2013 (Hidalgo Ltd,
Cambridge)

Methodology for a magnetic induction-based personal area network system

References: Tatbul, Buller, Hoyt et al. 2004

Patent: System and Method for Short Range Wireless Communication. U.S. Patent No.
8,275,318, Sept 25, 2012 (SECARMY)

Methodology for remote core temperature estimation (heart rate method)
References: Buller et al. 2010; Buller et al. 2013

Patent: Estimation of Human Core Temperature Based on Heart Rate System and Method.
U_S. Patent Pending No. 2014/0180027, June 26, 2014 (SECARMY)

Unniocmpayus NeNe Ilpoodonsicenue: 3anamenmosantvle mexuonoeuu u yempoticmea RT-PSM

Apmuu CIIIA. USARIEM, March, 2016
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IIpumepnl U31eJIMii M TEXHOJOTHI, HCNOJIb3yeMbIX B cucTemMax RT-PSM.

Platform Characteristics

Initial system Objective systen\ Future Gen systaq

Body powered Brain-to-brain
\'@plantable i

Wear-and-forget
noninvasive

Internet of Things
Contextually Rich Predictions
Unniocmpayus NeNe Ilpoenoszupyemvle smanvl passumus cucmem RT-PSM: om xomnaxmmueix
HEUHBA3UBHBIX HOCUMBIX OAMUUKO8 «00el U 3a0blly K UMWIAHMUPYEMbIM Oam4uKam ¢
numanuemM om SHepauu mena (UMniIaHmupyemvle OeIK08o-epagenosvie NieHKU ¢ ceHepayuell
NeKMpoIHEpeUU om 08udCeHUll u menia Yen08eyecKo2o mena
https://onlinelibrary.wiley.com/doi/full/10.1002/aenm.201700358), K nepcnekmueHbLM

cucmemam nepedaqu OAHHBIX «MO32-MO32).
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Notional Soldier dashboard of the future, similar to modern car displays.

Soldier Wearable Monitoring System of the Future

Thermal Work Strain

Fatigue and Status Microclimate
Alertness Status Management
Controller

Wellness and -
Behavior Status % Enorgy Mcnitor
(cognition, mood,
impending illness)

Impending
Musculoskeletal Failure
Detection System

/ Outward Looking

Performance Statusof ~Environmental Threat
Exoskeleton System Detection System

Energy Metabolism
and Pacing

REAL TIME PHYSIOLOGICAL STATUS MONITORING (RT-PSM): ACCOMPLISHMENTS, REQUIREMENTS, AND RESEARCH
USARIEM TECHNICAL NOTE NO. TN16-2; March 2016 ADA 630 142

Unniocmpayusa NeNe Hoeonoeus konyenyuu RT-PSM no ananocuu c¢ cucmemou xommpons

COBPEMEHHBIX DNIEKMPOMOOUNEL.

MyuabTHCceHCcOpHBIH TpyaHoii naty Equivital TNR EQO2 u cucrema XpaHeHus U nepeaayu

nanubix LifeMonitor — ocHoBHoe, ucnoan3zyemoe B Apmuu CIIIA RT-PSM ycrpoiicTBo,

ceprupuunpoBannoe FDA.

http://www.equivital.com/products/tnr/sense-and-transmit

IMoanast undopmanus PDF:

http://www.equivital.com/assets/common/EQ02+ 08 Equivital Data Sheets v8 (003).pdf

CoBpemennbie Mojenu cucteM Equivital TnR EQO2 cobuparoT 1 npenarot Gu3HOI0ruuecKre

mynbTunapamerpel, Bitouas YCC, BCP, OKI, YJI, temneparypy siapa Teiaa U KOKHYIO

TEMIICPATYPY, KOKHOC TaJIbBAHUYCCKOEC COIIPOTUBIICHUE, JAHHBIC 00 YCKOPEHUHU IO TPEM OCIM

(TonoxeHwe Tena, JaHHBIC O TAJCHWH, JBMOKCHWH), JaHHBIC 1O OKCUTeHanuu KpoBu, GPS

IIO3UIIHIO, HHTel’paJ'IBHBIfI HHIACKC Onar OIIOJIy4Hs, HACTPAUBACMbBIC IIPCAYIPCIKIACHUS. Cucrembl
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pabortator 10 48 YacoB 0e3 mMOA3apsAKH, MEepeAaroT JaHHbIE MO OeCHpOBOAHBIM KaHAJaM,

XpaHAT JaHHbie 3a 50 1He Ha BHYTPEHHEW maMsATH.

Hnmocmpayus NeNe  Mynomucencopuwiti namu Equivital TnR EQ02 ¢ cucmemoii cobopa
obpabomku u nepeoauu oannvix LifeMonitor. Cencopor nosoti modenu 02 pacnonodcenvl 6

€601 NOOMbIULEYHOL 06Jzacmu, ymoowl opyacue 60 6pems UCnol1b306AHUA He 8030€LCmeB08aio

HA HUX.

Takke KOMMaHUs TPOU3BOAUT OoeByto uHTerpanbHylo RT-PSM cucremy Black Ghost
http://www.equivital.com/products/military https://youtu.be/\VVBblsmozOkc
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Training and Research BlackGhost System

#

SEM Bluetooth @ /3G/4G —

EqView Professional s EqView Mobile BlackGhost server

N

EqView Mobile

o

SEM Bluetooth USB — —

Bluetooth Dongle A— s—
EqView Radio Secure BlackGhost server
Professional Communications

Bluetooth

Hnmocmpayus NeNe Cmpykmypa nepedauu oannvix cucmemou Equivital LifeMonitor.

Hocumbiii matay AWARE (Active Wearable for Assessment and Remote Evaluation) ot
koMmanuu  VIiVONICS It MOHMTOPHHIa (PU3HOJIOTHYECKHMX JAAHHBIX O 00eBBIX

nopaxenusix. https://www.vivonics.com

Kommnanus Vivonics paspabarbiBaer MoOmibHyto cucteMmy AWARE-Active Wearable mis
JUCTAHIIMOHHOTO MOHUTOPUHTA U OIEHKH (DU3HOJIOTHYECKOTO COCTOSHUS pPaHEHHBIX U
MOPAKEHHBIX BOCHHOCHykamux.  KitoueBbiM HoBIecTBOM cucteMbl AWARE saBisercs
WHTETpaIUs aBTOMAaTHIECKOTo cOopa, Tepeiadn U yrpaBieHUs (U3HOIOTHIYSCKUMU JaHHBIMU B
eanHoM (opMar oOMeHa JaHHBIX IS YAYYIICHUS JTOKAIBHOTO U yJAJIEHHOTO MOHMTOPUHTA U
onenku. AWARE m103BOJIUT ONEpaTUBHO OIEHUBATh COCTOSIHHWE TOCTPAJaBIINX elIe 0
MOCTYIUICHUSI UX B MECTO OKa3aHUs METUITMHCKOM MTOMOIIN, YTO COKPATHUT ITOTEPIO BPEMEHHU Ha
MIEPBUYHBI OCMOTp, OLIEHKY COCTOSIHHS, MEIUIIMHCKYIO COPTHPOBKY W NMPUHSATHE PEIICHUS O
nedebHoN TakTuke. CrucreMa (UKCHPYEeT MOMEHT TPaBMbI (paHEHHS, MOBPEKICHUS) U BEIET
HENPEPBIBHYIO 3alHCh PETUCTPUPYEMBIX (PU3NOJOTMUECKUX TapaMeTpoB, KOTOPbIE MOTYT
ABTOMATHYECKH OIEHUBATHCS CHCTEMaMH HMCKYCCTBEHHOTO HWHTE/UICKTa W HCIIOJIB30BATHCS B

TCICMECIUITNHCKUX CUCTEMAX.
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Group Settings 10: 23912

"1D:23912 High HR

HR: 120 spm
HRV: 10 %
RR: 10 pm

Hanmocmpayus NeNel-3  Hocumviti camoxnerowutics namy AWARE om komnanuu Vivonics ozs

MOHUMOPpUHA @LBMOJZOZM’-!QCKUX OaHHbBIX PAHEHHBIX U NOPANCEHHBIX 60EHHOCTYHCAUUX.
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Kommnanuss VIVONICS Takxke pa3pabaThiBacT MOPTATHBHBIE CHUCTEMBI IS JKCIPECC OICHKU
BHYTPHUYEPEITHOTO JABJICHUS Yy TOCTPAJABIIMX C YepenmHO-mMo3roBbiMu TpaBMamu IPASS.
YCTpoiCTBO MOXKET HEMHBA3MBHO KOHTPOJIMPOBATH BHYTPHUUEPEMHOE JIaBJICHHE C MOMOIIbBIO
naT4ukoB OnmkHero wHppakpacHoro auamazoHa (NIR), takux jke, Kak HCHOJB3YIOTCS IS
perucTpanuu mynbcoBol okcuMmeTpuu. Cucrema oOecredrBaeT U3MEPEHHE BHYTPUUYEPEITHOTO
JIaBJICHUs B TCUYCHHE HECKOJBKHX CepaeuHbIX cokpamieHuil. [lopratuBubiii MonuTop IPASS
MOJKET UCMOJIb30BaTHCS B KIIMHUUECKUX HIIM TOJIEBBIX YCIOBUSIX.

Taxke Vivonics paspabaTbiBaeT CHCTEMbI Jisi OOHApPYKEHUS CKPBITBIX MOBPEKICHHIA
rOJIOBHOTO MO3Ta IIyTEM PErUCTpallK BU3yallbHO BbI3BaHHOTO moTeHiuana VEP Vivonics.

Bce osnemeHThl HMHTErpHpOBaHbl B €IUHYI0O MOOWJIBHYIO CHCTEMY, paboTaroulyr ¢

MOOMJILHBIMHU YCTpOﬁCTBaMH.

Hnnocmpayus NeNe  [lopmamusHwiti Mya1bmumoOaibHblil MOHUMOP OJisl NOJIEBOU OUACHOCTUKU
CKPbIMbIX NOBPEHCOEHULl 20J1086HO20 M0O32ad C NOMOWbIO UBMEPEHULl 6U3YATbHO Bbl36AHHbIX

NIEKMPUUECKUX NOMEHUUAIIOE.
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 J -

ICEPICC

ACTUAL BRAIN TEMP:

394C

W RATE

24 8 I/mln

Hnmocmpayusa NeNe  Tlonesaa cucmema unmpanasaibHO20 OXAANHCOEHUs 20JI06HO20 MO32a HA
0CHOBe KOHBEKYUU OXTIANCOEHHO20 8030YXA Ol COKPAWEHUS He2AMUBHBIX NOCIeOCMBULL D0e8blX
NOBPENCOCHULl 207I06HO20 MO320 30 CYEM YMEHbUleHUs NOCIMPASMAMUIecKoeo omekda Om

xomnanuu Vivonics.

YMmuas ogexaa «Smart Vesty - uHTerpupoBaHHasi B 0J1exK1y cucTeMa (pu3HoJI0rn4ecKoro

MoHuTOopuHra RT-PSM.

Pandian P.S. et al. Smart Vest: Wearable multi-parameter remote physiological monitoring
system / Pandian P.S. //Medical Engineering & Physics, 2008 Vol. 30, Iss. 4. — P. 466-477.

Hocumasi ¢usuonornyeckas cucreMa MOHMTOPHMHTA - 3TO MoOIOIIasicss pyOamika, B KOTOpPOi
WCIIOJBb3YyEeTCS MAacCCHUB JIATYUKOB, MOJKIIOYECHHBIX K LEHTPAJIbHOMY MPOLECCOPY C

MPUJIOKEHUEM JIJIsl HEMPEPHIBHOIO MOHUTOPUHTA (PU3UOJIOTUYECKUX CUTHAJIOB.
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Hnniocmpayus NeNe  Ymnwiii orcunem «Smart Vesty ons cucmemor RT-PSM monumopunea.

Smart Vest coctout n3 y1o0HOro AJis HOILIEHUS KWIETa C JaTYNKAMU, HHTETPUPOBAHHBIMU JIJIS
MOHHUTOpHHTA (prU3HOIOTHYECKUX MapaMeTpoB. Hocumas cucrema cOopa JaHHBIX pazpaboTaHa
C HCIOJb30BaHMEM MMKPOKOHTpPOJJIEpAa M COIpPsDKEHA C MOAYISIMH OECIpOBOIHOM CBS3U U
rinobanbHO cuctembl nosunmonupoBanus (GPS). KontpomupyembiMu usnonornyeckumu
CUTHaJIaMH  sIBJsitOTCsE  anekTpokapauorpamma  (OKID),  doromnerusmorpamma  (PPG),
TeMIeparypa Teja, KpOBSHOE NaBleHHe, rajibBaHudeckuil orBer koxu (GSR) u cepaeunslil
putM. ToHKasg ceTb NMPOBOJHMKOB B BOJIOKHAaX TKAaHU MEPENAET IAHHBIE O PAaHEHUAX WIH
HNOBPEXJCHUAX NPU HApyLIEHUM MX IenocTHocTH. IlomydeHHble (u3HOIOrHYecKue CUTHAIbI
NepealoTcs MO paJuoKaHaly Ha YHAJEHHBIM KOMIIBIOTEP CHUCTEMBI (PHU3HOJIOTHYECKOIO

MOHUTOPHHTA.
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IIpuMepbl cOBpeMeHHbIE H MEPCIEeKTHBHBIX CEHCOPOB, HCMOoJIb3yeMble B cucteMax RT-PSM

[IporaareiBaeMblii JaTYUK TeMIepaTypsbl sigpa Teaa CorTemp

http://www.hginc.net/cortemp-sensor-2/

Inner Epoxy Shell

Outer Silicone Coating
Communication Coils ~

: L] :
Printed Circuits and 3o e s
Electronic Components o2 =[5 - mperature
on Ceramic Substrates =113 Sensing Crystal

Silver Oxide
Battery

Hnniocmpayus NeNe Tpoznamwvieaemvlii memnepamypwiii oamuuk-nuntons CoreTemp.

Hatuuk Temmeparypel Tena ¢ cepiaeuHukoM CorTemp® Ingestible Core mnepemaer 1o
OecIIpOBOJIHBIM CETSAM TEMIIEpaTypy sJpa Tejla BO BpeMs MPOXOXKJIEHHs Yepe3 MHUILEeBapUTEIbHBIN
TpakT. JlaTuuk COAEp’KUT MHUKPOYMI, KBAPLEBbIM KPUCTAILI, KAaTYIIKY CBSI3U M MEYATHYIO IJIATy,
MHKAIICYJMPOBAHHbBIE B SMOKCUAHYIO O0OJOYKY MEIUIMHCKOTO Ha3HaueHus. JaT4uk mpoxXoauT
qyepe3 TeNOo IPU HOPMAJIbHOW CKOPOCTH NEPUCTANBTUKH, KOTOpas MO>KET BapbUpPOBAThCS OT 24 10
36 yacoB. [atunk CorTemp mpou3BoauT usMepeHus ¢ TouHocThio 10 + 0,1 °© C u ucnonp3yercs

KaK OJIHOPa30BOE YCTPOMCTBO.
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GPS System Fluid Intake W onitor
Ambient Temperature P Worn on Back
Worn on Belt

&= Core Toamperature Pill
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Life Sign Detection
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Slezp Performance Watch SkinTemperature

MNorn on \Wrist Hezarn Rate
Respiration Rate
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Body Oneniation
Waorn on Chest

Unnmocmpayus NeNe  Ilpoenamvuigaemviti memnepamypuviii. 0amyuK-nunions 68 cocmase
xkomnnexma cencopos cucmemor \Warfighter Physiologic Status Monitoring - Initial

Capability WPSM-IC (2004 200). Tabul. N et al. Confidence-based data management for
personal area sensor networks./Proceedings of the 1st Workshop on Data Management for
Sensor Networks, in conjunction with VLDB, DMSN 2004, Toronto, Canada, August 30, 2004

I'noxme ANIVIMKAIIMOHHbIC HAKOKHBIC CCHCOPBbI KYMHBIC TATYMPOBKHN

An B.W. et al. Smart Sensor Systems for Wearable Electronic Devices. Polymers - MDPIl.com -
2017- July.

CeHCopbl MOXHO KJIACCH(PUIIMPOBATh KaK MOHOAATUYUKHU, MU3MEPSIONIME TOJIBKO OJUH CHUTHAT U
MYJIBTIATYUKH, KOTOpPBIE U3MEPSAIOT JBa WU OoJibllle CUTHAJTOB. MOHO JaTYUKU MOKHO
KIIacCU(UIIMPOBATh KaK (U3MUECKHUE NATUYUKH, KOTOPHIE H3MEPSIOT TEeMIepaTypy, NaBlIeHUE U
MEXaHUYECKOE BO3ACHCTBUE, XMMHYECKUE [AaTYUKH, KOTOPBIE H3MEPSIIOT Ta3bl W HMOHBI, H
OMOCEHCOPBI, U3MeEpsIoNUe (U3NOIOTHUECKUE TTapaMETPHI.

ATNIUIMKAITMOHHBIC CEHCOPHI TMO3BOJIIOT BECTH MOHUTOPUHT CEPJICUHOTO PUTMA, HU3MEPSTHh
KPOBSHO€ W BHYTPUTJIA3HOE JIaBIIEHUE, TMONy4aTh JaHHbIE O JUHAMHUKE OHOXMMHYECKUX
nokaszateneil. CoOBpEMEHHbIE AaNIUIMKAIMOHHOE CEHCOPbl JJIUTEIbHOTO HOIIEHUS («yMHbIE

TaTYUPOBKW»  TO3BOJISIIOT CHUMATh HECKOJIBKO TMapaMeTpoB ((HU3HOJOTHMYECKUX CHUTHAJIOB)
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OJIHOBPEMEHHO U MepeaBaTh JaHHBIC MO0 OeCIpOBOMHBIM ceTsiM OnmxHero neiictusi (Bluetooth,
NFC, RFID). CoBpeMeHHBIE CEHCOPBI CTOSTCS Ha OCHOBE HAaHOMATCPHAJIOB, TaKUX, Kak

rpaeHOBbIE IUIEHKHU U KapOOHOBBIE HAHOTPYOKHU.

Hnniocmpayus NeNe Apxumexkmypa annauxayuonnozo mynvmoamyuxa ¢ oemexkyueti KT,
DOILOMI, qusuueckoi Haepysku, memnepamypul, omoniemusmozpaguu u 6ecnpo8ooHOU
nepeoaueti danuvix. Beaynum pa3paboTIYMKOM aNTIMKAIMOHHBIX CMapT-CEHCOPOB SIBIISIETCS TTPOd.
JIxon A. Pomxepc Cesepo-3anaaHoro YHUBEpCUTETA Nnnunoiica, CIIA.

http://rogersgroup.northwestern.edu/

I’IMlIJ'laHTPIpyeMbIe JATYUKH C IUTAHUEM 3Heprueifl Ye¢JI0BECYECCKOI'o TeJjaa.

Mosa I.M. et al. Ultrathin Graphene—Protein Supercapacitors for Miniaturized Bioelectronics/Mosa
I.M. et al. //Advanced Energy Materials, 2017, -Vol.7, - Iss.17

CJ'ICILYIOH.II/IM raroM pa3BUTHA 6I/IOCCHCOpHLIX TEXHOJIOTHI SBISCTCS BHCAPCHUC UMIIAHTUPYCMBIX
JaTYUKOB C JOJITOBPEMCHHBIM IHUTAHHUEM 3HCp1"PICI>i OT ueloBeueckoro Ttena. Hawmbonee
HepCHeKTHBHOﬁ TEXHOJIOTHEH SIBIISICTCS M3TOTOBJICHHE HUMIINTAHTUPYEMBIX 6I/IO3J'IeKTp0XI/IMI/I'-IGCKI/IX

KOHJIeHCaTopoB Ha ocHoBe Oenka (bEC), ¢ wucnoimb30BaHWEM HOBBIX HAHOKOMIIO3WTHBIX
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TeTepOCTPYKTYP, B KOTOpbIX 2D TuiacTUHBI W3 TpadeHOBOTO OKCHIA MPOHU3AHBI XUMHUYECKH
MOIU(PUIIMPOBAHHBIMU O€TKaMU MJICKOMHUTAIOIIMX. B KauecTBe SIEKTPOJIUTA HCIOIb3YeTCA
OMOJIOTMYECKHE JKUIKOCTH BHYTPEHHEH cpenbl opranu3ma. YcrpoiictBa bEC umeror tommuny 1
MKM, IOJHOCTbIO TMOKHE M HMMEIOT BBICOKYIO IUIOTHOCTh JHEPTUHU, CPABHUMYIO C TUIOTHOCTBIO
JUTHEBBIX TOHKOIUICHOYHBIX Oarapel, ONTUMAJIbHO Il T[HUTAaHUS HOBOTO ITOKOJICHUS

JOJITOBPEMCHHBIX MUHUATIOPHBIX UMIINIAHTUPYEMBIX YCTpOﬁCTB.
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