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“G_Sim” SOFTWARE PROVIDING SIMULATIONS OF HUMAN
PHYSIOLOGICAL RESPONSES TO +Gz ACCELERATIONS

Specialized software “G_Sim”, providing simulations of human physiological responses to dynamic Gz ac-
celerations, is created and tested. “G_Sim” is based on a previously developed and published quantitative
mathematical model (QMM) that describes human hemodynamics under given Gz profiles without or with
special protective tools and algorithms. “G_Sim” is a modern information technology realized as an auto-
nomic executive module in the Delphi Pascal environment. By default, the biological parameters of QMM
are tuned for the mean man, who is 175 cm in height and has a 70 kg mass. “G_Sim” has an intuitive user in-
terface (UI) that provides the user with procedures necessary to actualize characteristics of QMM, realize a
computer experiment (simulation), visualize its results in graph forms for analysis, and save the chosen data
for further analysis. The actualization concerns biological data associated with human sex, anthropometrics,
age, and non-biological characteristics including acceleration profiles, characteristics of the anti-G suit,
breathing techniques, and muscle stressing mode. Ul's special windows provide additional tunings of the
basic QMM. “G_Sim” upgrades the traditional training techniques on centrifuges and test flights. The novel
beneficial effect of “G_Sim” provides the future fighter pilot with realistic-like visual knowledge concerning
the dynamics of physiological and protective events. Therefore, simulations will clearly show ways to opti-
mize the combination of artificial protections to prevent negative effects (loss of vision or consciousness).
Such knowledge will shorten training and minimize the anthropogenic risk of serious injuries or catastro-
phes during the training. Test simulations presented in the paper mainly illustrate the potential of “G_Sim”
as an assistant informational technology.
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MNPOTPAMHE 3ABE3NEYEHHS «G_Sim» J1JI1 CAMY JISILIII
®I310JIOTTYHUX PEAKIIN JIFOJUHU HA +Gz IPUCKOPEHHSA

CTBOpEHO Ta MPOTECTOBAHO CIIELiajli30BaHe Mporpamue 3adesnedeHus «G_Simy, mo 3a0e31nedye MOIeIIOBaH-
Hs1 (i3i0JIOTIYHUX peakwiil JroIMHN Ha JuHaMidHi npuckopeHHs Gz. «G_Sim» 0a3yeTbes HaA paHilie po3poo-
JIeHi Ta oImyOIiKoBaHi KiTbKicHI MateMatndHi Mozer (KMM), sku onucyoTh reMOJIMHAMIKY JIFOJJUHH 32 33]1a-
HuMH nipodinsiMu Gz 6e3 a00 3 BUKOPHCTaHHSM CIEHiaIbHIX 3aXMCHUX IHCTPYMEHTIB 1 anroputMiB. « G Sim»
— cydacHa iH(opMaIliiiHa TeXHOJIOTis, peaizoBaHa y BUTJISAI aBTOHOMHOTO BHKOHABUOTO MOIYJIS B Cepeo-
Bumii Delphi Pascal. 3a 3amoBuyBanusaM Oionoriuni nmapamerpu QMM HamamToBaHi Ha CEPEIHBLOTO YOJIOBIKa,
axui Mae 3picT 175 cm i Bary 70 kr. «G_Sim» Mae iHTYITHBHO 3po3yMinuii iHTepdetic kopucrysada (IK), sxuit
Hajlae KOPHCTyBaudeBi TpoUEAypH, HEOOXimHI mans akryamizamii xapakrtepuctuk KMM, peamizamii
KOMII'FOTEPHOTO €KCIIEpUMEHTY (CUMYJIAMIT), Bi3yasi3alii Horo pe3ynpTaTiB y BUTIIAAL rpadikiB U aHATIZY Ta
30epekeHHs] BUOpaHWX JaHMX JUIS IOJAIBIIOTO aHalli3y. AKTyalli3allisi CTOCyeTbcs OlOJOTIYHMX JaHUX,
MOB’SI3aHUX 31 CTATTIO JIOJWHH, aHTPOIIOMETPUYHUMH MTOKa3HUKAMHM, BIKOM 1 HEO10JIOTIYHUMH XapaKTEePUCTH-
KaMH, BKJIIOYAIO4M MpoQili NPUCKOPEHHS, XapaKTepPUCTUKU aHTU-G KOCTIOMA, TEXHIKM JUXaHHS Ta PEeXHM
HaBaHTaXeHHs Ha M’si3u. Creuianbhi BikHa IK 3a0e3neuyioTh m0omaTKOBI HalamTyBaHHS ocHOBHOro KMM.
«G_Sim» BIOCKOHANIOE TPaguLiiiHI METOAM HaBYaHHS Ha IEHTpH(dyrax i TeCTOBUX MosboTax. HoBuil Kko-
pucHuii epextr «G_Sim» € B TOMY, 110 CUMYJBILI] HaAaloTh MalOyTHROMY IIOTY BHHHILYBaya peatiCTHYHI
Bi3yalIbHI YSIBH MIOA0 MTWHAMIKH (Di310JIOTIYHHX i 3aXUCHUX MOMAiNA. TaKuM YHMHOM, CHMYIIAIIT YiTKO TOKaXyTh
NUISXW OMTUMI3aIli] KOMOIHAIIT INTYYHUX 3aCO0IB 3aXHCTY JUIA 3a00iraHHS HEraTUBHUM edeKTaM (BTpaTa 30-
py uu cBigomocrti). Taki 3HaHHS CKOPOTATH HABYAHHS Ta MIHIMI3yIOTh aHTPOIOTCHHHUI PU3WK CEPHO3HUX
TpaBM abo karactpod) mix yac HaB4YaHHs. TecTOBe MOJENIOBAaHHS, MPEICTaBICHE B CTATTi, B OCHOBHOMY
imocTpye noreHnian «G_Sim» B IKOCTI JONOMDKHOI, iH(OpMAaIiifHOT TEXHOIOT1].

KnrouoBi croBa: mijIoT-BUHHMIIYBay, HABYaHHS, PU3UK, KatacTpoda, iHhopmaliiiHi TeXHOJOT1].
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Introduction

Modern high maneuverable fighter air-
craft is a source of rapid altering and often
highly sustained extreme accelerations [1-3].
Both physiological [4-9] and biotechnical
[10-12] problems that arose in parallel with
an increase in military aircraft's maneuvera-
bility have been properly investigated [4-18].

Human  physiology  evolutionarily
adapted to the one g Earth environment, can-
not provide adequate functioning of the brain
and eyes of a sitting person. These organs,
very sensitive to oxygen and glucose supply,
suffer in parallel with the decreasing of their
input blood pressure. Under accelerations,
the hydrostatic pressure increases propor-
tionally to the acceleration value. This addi-
tional factor creates opposite effects in ves-
sels located upper or lower the heart: in up-
per arteries blood inflows become difficult
while the flow toward body lower regions
becomes easier. In veins, alterations are op-
posite directions. The altered pressure gradi-
ents redistribute blood volumes worsening
the circulation at the cardiovascular scale.
Accelerations also alter the ventilation-
perfusion ratio in lungs [13,14].

Most critical are extreme value positive
(+Gz) accelerations acting in the direction of
head-legs, or negative (-Gz) accelerations
acting in the opposite direction [4-6]. In ter-
minal zones (brain, eyes), the lowered circu-
lation causes oxygen lack and worsens the
pilot’s vision and consciousness [9,12]. Un-
der -Gz, the elevated local blood pressure in
the eyes and brain causes rupture of micro-
scopic vessels and hemorrhages. Both the
value of Gz and the gradient of acceleration
change play an essential role in these events.

Under relatively slow (0.1-0.4 g/sec) lin-
early increasing +Gz accelerations, a mean
healthy person not using artificial protections
is operable for approximately +4Gz accelera-
tions [11]. Further elevation of the G-load
causes the G-lock phenomenon usually dis-
appearing after a break [2,6,8]. Modern
fighter aircrafts can provide acceleration
gradients exceeding 2 g/sec. This requires
special protection algorithms and devices.
Currently, typical protection algorithms in-
clude the use of special pneumatic or water-
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augmented anti-G suits, muscle stress, as
well as breathing with a positive pressure air
[1,11,17]. The adaptive protection algorithms
combining multiple methods depending on
the dynamics of accelerations are the most
effective. So, technologies helping to opti-
mize the use of protective methods and tools
are encouraged.

Traditionally, empiric research on cen-
trifuges is the main way for inventing more
effective protections [1,5,6-8]. Mathematical
models realized as special software [18-20]
showed additional ways for maximizing the
individual resistance of a pilot to the nega-
tive effects of accelerations. The experience
in the last area was taken into account during
the development of an advanced version of
basic models [21-23] necessary to create our
current version of “G_Sim” software which
i1s autonomic executive software oriented to
PC.

The goal of this article is to inform po-
tential users of our simulator about its pur-
pose and possibilities.

The user interface of “G _Sim”

Every interaction with “G_Sim” is pro-
vided by the user interface (UI). Its general
view presented in Fig.l. indicates that

“G_Sim” is oriented to problems associated
with dynamic accelerations that appear either
when employing a professional centrifuge or
during the piloting of military fighter air-
craft.

The mathematical model of cardiovascu-
lar physiology of a healthy and physically
well-trained human sitting in a standard avia-
tion chair is the basis of our simulator
[22,23]. Fig.1. also shows that standard pro-
tection tools are also modeling subjects.

In the upper left sector of Fig.1., one can
see eight special icons that provide the user
with all the procedures necessary to prepare
and execute a single computer experiment
(simulation).

The icon containing a picture of a sited
human and the abbreviation “SETS” is the
main one clicking which the user opens a
window shown in Fig.2.
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Fig. 1. General view of the user interface of “G_Sim”.
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Fig. 2. The main window form to prepare a single simulation. This image shows the expanded con-
tent of the operations that can be accessed by clicking on the menu bar “Protections”.
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Fig. 3. The window form provides settings of parameters that determine the acceleration profile.
Using the bottom-located form the user can construct an arbitrary acceleration profile imitating

complex combat maneuvers.

By clicking on the menu bar “Models” or “Interface Options”, the user can actualize the physiologi-

cal model.
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Fig. 4. Special window forms provide settings of parameters that determine actual parameters of
QMM: A) basic or personal model including the health level; B) activities of physiological mecha-

nisms controlling the circulation.
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The icon “GO” located in the central ar-
ea of Fig. 1. starts the program’s calculation
according to the actualized set of parameters.
According to the algorithm, the calculation is
over if special events (e.g., G-LOC) happen
or the time limit is used. Then, “G-Sim”
builds graphs presenting the dynamics of
model characteristics. They include both
physiological and technical data. The physio-
logical data concern blood pressures, flows,
and volumes in certain body parts. The tech-
nical data concerns specific parameters of
protection. Theoretically, the data set could
provide advanced experts with additional ca-
pabilities for investigating new algorithms for
protection optimization.

In this article, we illustrated only a part
of the information. The main window to il-
lustrate the most important information con-
tains three sections. Each combines a special
sub-set of variables (see Figures 5-9).

Fig.5. represents the basic data concern-
ing a relaxed healthy human sitting in an arm-
chair but without using any protection. The

bottom section presents the acceleration dy-
namics. The middle section presents the dy-
namics of the pressure PExt provided by a
compressor and six specific pressures (in this
simulation, pressures in three sections of the
pneumatic anti-G suit are not presented but
are calculated and can be illustrated using
specific activators). PExtThr, PMuscle, and
PBrLiq represent pressures in the thorax,
body muscles, and liquor respectively. Hemo-
dynamic variables are collected in the upper
section. In this case, end-systolic (APs) and
end-diastolic (APd) are not shown. MAP is
the mean pressure in the aortic arch, CO is the
cardiac output, SV is the stroke volume, HR
is the heart rate, MCAP, PES, and CVP repre-
sent mean pressures in the carotid sinus, eye
arteries, and central vein respectively. Verti-
cal dotted lines indicate time moments for
acceleration start and maximal levels. In this
simulation, neither G-LOC nor vision loss
happened: the simulation scenario was real-
ized totally.

v & PExt

I~ — PExtAbd
™ — PExtTgh
I~ — PExtShn

¥ == PE>aThr

¥ --- PMuscle
£ | ¥ == PBrLiq

-_— Gz
+Gz—Onset
- tGz—Max

Paints [T 2]

I Units

Fig. 5. The basic simulation illustrates the physiological responses of a relaxed healthy human to a
slow altering (0,1 g/sec) linear profile acceleration. The person sitting in an armchair does not use
protection. Before G-onset (marked with a first vertical dotted line) parameters indicate a practically
steady-state mode. At the 46th second of a load (marked with a second vertical dotted line), at a
value of G=4,35g, the program automatically activated break because of the G-LOC event.
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Fig. 6. A simulation scenario with a trapezoidal G-profile using a standard pneumatic anti-G suit,
natural breathing, and moderate muscle stress.
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Fig. 7. A simulation of a “Push-Pull” scenario using standard pneumatic anti-G suit, natural breath-
ing, and AGSM-technique with maximal muscle stress of 100 mm Hg accompanied with inspiration
time of 2 sec and duration of AG-stress of 20 sec.

As Fig. 7. illustrates, our “mean man” resisted up to 9g accelerations for a 20 sec plateau. Pay
attention that end-systolic (APs) and end-diastolic (APd) pressures are also shown.
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Fig. 8. A simulation of a trapezoidal acceleration scenario with a long-lasting plateau using a hy-
draulic anti-G suit, natural breathing, and special technique of AGSM (sharp inspirations of 2 sec,
maximal muscle stress of 100 mm Hg for 3 sec, and sharp expirations of 2 sec).
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Discussion

Not all the information concerning the
capabilities of our “G-Sim”, in particular,
describing functionalities of the icons of Ul
was presented in this article. In addition to the
space limit, another reason is that the version
of “G-Sim” used in this publication is not yet
the final software. We continue to work on
upgrading software to make it maximally use-
ful and convenient in practice.

Although the mean man model used in
this “G-Sim” already provides the student-
pilot with important visualized dynamics of
physiological and technical data. Every pilot
has specific anatomical, physiological, and
psychological individualities that potentially
can modify the pilot’s resistance to negative
effects of accelerations. Therefore, we are
working on algorithms that, being not very
complex, could provide the individualizations
of basic mathematical models. Principally, we
hope to achieve acceptable results using rela-
tively simple algorithms that correct initial
parameters of BMM mainly using passport

and anthropological data (namely, such data is
reflected in the window form in Figure 4A).

Another aspect of upgrading our “G-
Sim” we see in imitating characteristic phe-
nomena, caused by a deterioration of the eyes
and brain oxygen supply. We already have
created a model and program modules visual-
ly imitating: 1) the narrowing of the field of
peripheral vision including the loss of vision;
2) loss of consciousness as an extreme mani-
festation (G-lock).

Certainly, the main goal of our “G-Sim”
is to facilitate the pilot’s acquiring the needed
skills. In this context, an essential role does
play the factor of dynamics. As physical
events develop to speed, in-time counteracts
are extremely important to provide effective
resistance. “G-Sim” is the single technology
using which the student-pilot can imitate eve-
ry thinkable scenario and find the most effec-
tive combination of algorithms for maximiz-
ing the protective effect.

An additional use of “G-Sim” is that it
can be used to provide “post-factum” simula-
tions for analysis and understanding non-
trivial causes of failures.

— (=] >
— &S]

I - vHead
I~ -# WThor
— WHeart
¥ = ¥CawT
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— viL-upP
I~ — YL-WMED
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I~ — ¥Thighs
I — V¥Shanks
I~ — ¥Skin
I — vHands
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I — PExtAbd
I — PExtTgh
I — PExtShn

¥ == PE>AThr
I~ --- PMuscle
o | ¥ = PBrLiq

—_——Gz
+Gz—Onset
oo vGz—Max

%\' Points [T 2]
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Fig. 9. The simulation scenario described in Fig.5. This case the dynamics of blood volumes in cer-

tain body sections are illustrated.

Conclusion
Combat maneuvers of modern fighter
aircraft originate extreme accelerations nega-

tively influencing on pilot’s physiology and
operability. Until recently, empirical investi-
gations were the only way to develop and test
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protective methods and tools providing fighter
pilots functionality under combat maneuvers.
The main tools used for acquiring student
pilot initial skills necessary to resist the nega-
tive effects of dynamic extreme accelerations
were centrifuges. The skilling process of stu-
dent pilots of modern fighter aircraft is not
duly formalized yet. Our special computer
simulator “G-Sim” provides the user with a
user-friendly intuitive interface for construc-
tion and execution of a computer experiment
(a simulation) that visualizes additional dy-
namic variables concerning characteristics of
both human physiology and protections under
arbitrarily formed acceleration profiles. By
comparing human physiological responses
under different simulated scenarios (without
use of protections, with use of their different
combinations), student-pilots and their in-
structors can optimize the individually opti-
mal tactics for maximizing the resistance and
performance capability of the future fighter
pilot.
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