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Physiological warning indexes and alerting techniques for G-induced loss of consciousness: research progress
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[ Abstract ]| G-induced loss of consciousness (G-LOC) means that when the pilot is exposed to positive acceleration
(+Gz), the blood is rapidly transferred to the lower body due to inertial forces, results in acute cerebral ischemic and hypoxia
and loss of consciousness. G-LOC is highly likely to cause catastrophic consequences. Currently, there is no effective method
to avoid G-LOC. The fundamental strategy to solve this problem is to warn pilots of the potential danger of G-LOC by real-
time physiological monitoring and to alert them to take timely measures. Advances in technologies of wireless sensing
and artificial intelligence have made dynamic and accurate measurement possible. By reviewing the progress of sensitive
physiological indexes during high +GZ exposure, this paper analyzes the characteristics and significance of head level
hemodynamics, electroencephalogram, cerebral oxygen metabolism, electrocardiogram and electromyogram before and after
the occurrence of G-LOC, summarizing the existing alerting technologies and their deficiencies. It is concluded that multi-
index physiological monitoring combined with pilot physical signs and aircraft maneuvering status for a comprehensive
judgment is a future way for solving G-LOC early warning issues.
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2002 4F, FEFEIL A 559 2 G-LOC Filik, HAEFR
259 AT YR . WEBREET 1987 4F
F1 2005 4E43 HlMGT 2 iHA, G-LOC Y & 4k 3 4)
PR 19.3% F120.1% 4 0 IEAER, MR Z KT R
I G-LOC & Fy4RiE ™ . % G-LOC iy & LR
ik 82%, LR AE+4~+69 Gzl . B L
5 4 R tERe i PL T, ik +7 Gz bLal &
Frit %, ZREALRY CATIT 55 il fer o 38 1) £E B 60 g (i
G-LOC WY& LERA LT s

G-LOC J&—BeAF 22y 24 s (Y L iFIR S, 4
Fhi— B R e M —BOMIX R BRI s b, ’AT
BUATFEY) 3 min £ 2 B K A9 R A BE 78 2K 2 A
TIABRVERE 1Y o 2R RER S S B AT
PMEMEJ e, &R TR o EH A . HAT,
WA AT R+ Gz i J1 208 +4 Gz, TELHEPL
TS S SV E LS A P R 2 5 A T, e
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TR T A RS, T e A B R T B
PIBRAS, 7% 68 A A A I o — SRS b A I
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HWD, TE+7 Gz ERE, BRH m e i & 4
NSRS 3 LTV N 10111 = A N 117 s AN Y KA
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Z22~5s; M G-LOC KA, K i it T Ff %
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AL L, Sk B 8 A % T+ Gz M AR SO, XF
G-LOC WY& HAT H 2

1.12 T & i £ (lower body negative pressure,
LBNP) 1 Tty 3k 3 oo 5% & b LBNP i AR T £
P+ Gz AP, R T B LR S5 i 8
HHAE AL, R B S5 LBNP % & A A5 iR
A 4 IR (presyncopal symptom, PSS) , W £ 3k
S 1L R B K 0l O %) A8 AR RRAE . 7E PSS Hh U T
1 min, SZ2FHKARMIER (10.020.6) kPa Z[EE
(3.6£0.5) kPa, #SIIKIFLTE PSS A Ak I e 22 d
. BORES RN, SR LA IKIE T DIRe Tk
FACEEN, PSR IR i B d o Skl & B4
SR, 80 a0 ok i 3 T4 R AR AR B,
Wi 110 78 AL F7 AE ) % G-LOC T 4 & 5 5 % i
fH. WAHBFMNIE, £—6.67 kPa T EIEH T,
AT ki v 20y kPS40 FT 22 000 RRMEY 60%, 5
Jik 1l %846 A0 (arterial oxygen saturation, SaO, )
B W TR o R B0 R R4 1t o
B, W EIRE R BRI L, Hl il A
AE G-LOC HUENITE h HAT 25
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ok HE I 2 SR VR AT B, 5 3R e/
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e o 2 R R e EL DA o R B, H KRB RE
AT G I FEAIR, +9 Gz I, RE ] [ 2 X0 IR (E
1) 25%; J35b, HWKIE R 280 5 32805 Eivn
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122 AWEHRELA SEEREGESIRE
SURAERH 23838 b, ABATIC % 1T RATIE Sl A g
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B Lewis 45 41 1, 7E G-LOC % kI,
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P300 HR MR B S REAR, VORI 5 S, B s [R]
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13.1 & # W 4 4t F F (regional oxygenation
saturation, rSO,) &, FHEFEUINALIALK
FREAR L AE LBNPAE IR, AR ZE /i 4 150,
WEREAL, I SHE LSRR A AR W E ARG 2
SO, FEAK 7% LA L. HE I sh bk i 3 9 2> 50% LA I
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TR —ESH M.
132 444 4 i & @ (oxyhemoglobin,
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Eiken %5 " R B, BRI B 48 A K B AR A
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ST S AT R R TR T s 25 L
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15%c ANRZANE, ZIEhRXT + Gz SO 1A 1A 2: 57
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H L PR had e 2= P A g = R
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G-LOC JEAFIAERY, AT RB LTS 454 G g fafar . o0
PR AF Z IS ARLR B 25 A AR 5 PR R, BT
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15 Msdstr a2 T S BOULA MR
HFFR L L K (electromyogram, EMG ) PEAf;
KAT RN T B, KB RAT B STy Y
Ve, TR EMG 4R 08 A9 T F He i AL B
o 258 T RAT SRR, UES/INEEHER LA EE H
B LR EMG (R 8 " . Chen %300,
5 MITM AL, EMG BEEE N W . T
Pl B sV r A Rk

Choi 255 A % EMG A | F G-LOC Hi ‘%,
fib A 138 3 43 H € AT BN BERZ LAY EMG KR, 7F
EH &2 +Gz B BE, EMG 2230 R4 3000 1 L e,
Wsh; 78 G-LOC LA, LRI ShASKHLI, 5 ek
55, H, ROBLANCAR 25 G 46X H (integrated
absolute value, 1AV ) 1z Wi AL A UAC 46 F198 55 1) %
K (waveform length, WL ) 7E#E A G-LOC Hif
3 s B2 R, TR TA A TAV R WL 2 4]
G-LOC iR E B IE M AR &, A HEHET EMG
() G-LOC W& J5 k. 1E4 5 WEgEh, nl 2% jEx)
UG WURE . BE LU /0N R iy A4 3 o7 Ak 4 1o )
EMG Wi, 532 et 45 B2 EMG BYZAEfRAFAE,

FFEST. G-LOC Pk AR S 0 22 B0 S0 5 .
2 HEHAK

21 AT RRIBAFA S LR R A A
( blood oxygen saturation, SpO,) FIKFIEIGIR I
W A R RS AR S T SR DG B A R K
5 512 (photoplethysmography, PPG ) 4% A il
i, WHLPPG ARG E T4, Fhi. HiE,
RSB AL, e 7 [ 7 B R 1, 75 20t fin—
IR TIRSAR T REMNE S . ZERET, FHEMmHT
RINAS B B R R, (HAE RATIREE R, 28052
BT T, M AR R T

X[ IF & T —Fh 4 7 SPYDR [ 57 B PPG %
JRESVEAS, TONERAEE (R, IR ShLshm
B ) W, W — AR, LR E T
Joi, BEAE A TR AT BRSPS L A,
SPYDR (#1244 4b 1 5 ¢ [A] i) 2 A 2% BRI E D) BE,
M 3 B A SRR AE AR B AR 2 1l 2 AR
2B AL, I 5 2R P AT AE, SPYDR X
SpO, 281k 1 )2 7 Lb 5 #L PPG 15 Bt 50 s 77,
SPYDR 1 — i FH TR iRk PR 458 9 A L I 5% 4%,
REAS [RGB 2K

ECG i 9%z s T K. MEESELR, M
ML AT AR ME SR A I & . 3R AR T
47 5% KATAE RS BOD AL A
A, e T R AT R ECG, I, A
BT RS, ([F5ROopEmifaE, Il filE
A AT AR Sy F, IalEE R AT B R T AR A A
R
22 BWAFmASEEZR LTk, HALHE
%8 G-LOC FUE i 1 K&, &1 17 G-LOC il
MWK E ZGHFIAE 20 T4 90 AL, EEFF
HON T AR I R GRS L B A
JE R A W AT Bl e . MR . ECG FlEEG 552
Fh A BEAR AR AR AL, (HAESCBR AT, FEHERE B
AT B AR AR IR A S R KA T B
1B BRI 10 A HEFRS 6 4~ “HLL
SARBRAAZE G, AL A B A T
Wio SRAEMTEFREGIZIRE SRR . Sk F3h
Wk Sh . IRAKCESIIKE . SpO,. ZBiF4E ). EEG
B . P shESE U . BT IRIIAEIRAS | XA
IR R S ML A5 . A A 2SR
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AR, P RS R St G-LOC il
BHIKEZEEE T ERENRSES WLAMKE
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D2 RAT SUR S, A S, SRR HL
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B3 R 58, R4 T AT LR, e il
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EEXF s PERR L, 5 ENE AR R TR K
TR ZER IR FE RS (tactical aircrew integrated
life support system, TAILSS ) , £ Flt Wi ) A5 B
RNE| . TAILSS & — NS AR B2 [ 3 N
PRI TR R ST, i O AS R IER
AT AT AR A . 38 XSO 0y T rL R AT
ECG. A EMG. RIRANRE, ®Ai7k& PRyl
S PRI Sk K S-Sl ik 3 SpO, 1 EBG, A
THI B2 P R D A SR T W IR R 50 g IR it
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EATEEAI AT AR FRUEAR bR, FIWrE = SR,
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5LV A SR ARG 042 o H 6, ST Ah R v LA
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ZE0E, RAETRATA R 7285 I s )

3 N g
IR FET G-LOC A= B I A145 21 R B A i
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PLERAS BRI 7 228 BRI B A5 i . S
R, TESEPRZS R, /AT B A A B LW OK F-
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i e, WA 2EREIRIEK . G-LOC
RGN, AU AT RERE KRR
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