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Development of a Control Law to Pneumatic Control for an Anti-G Suit
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ABSTRACT

The highly maneuverable fighter aircraft such as F-22, F-16 and F-15have the high
maneuverability to maximize the combat performance, whereas the high maneuver
characteristics might degrade the pilot’'s mission efficiency due to fatigue’s increase by
exposing him to the high gravity and, in the worst case, the pilot could face GLOC
(Gravity-induced Loss Of Consciousness). The advanced aerospace company has
applied the various technologies to improve the pilot's tolerance to the gravity
acceleration, in order to prevent the pilot from entering the situation of the loss of
consciousness. Especially, the Anti-G Suit(AGS) equipment to protect the pilot against
the high gravity in flight could improve the mission success rate by decreasing the
pilot's fatigue in the combat maneuver as well as prevent the pilot from facing
GLOC. In this paper, a control algorithm is developed and verified to provide an
optimal air pressure to AGS according to the gravity increase during the high
performance maneuver. This result is expected, as the key technology, to contribute to
the KF-X(Korean Fighter eXperimental), project in the near future.

F-22, F-l6 3 F-15% 2 14d% AF7le AFAdsel Juss %’4611 1171°573 (highly
maneuverable)= R3kal itk o]& <la] iL7]E Aol 2FARE LT H7HEE(high gravity
acceleration)®l| =531 -‘T]i_‘?_(fatigue)«] F7I2 AFEE9 Aoyt A @ s, A Aol
= 924 (Gravity-induced Loss Of Consciousness, GLOC)ol| A& 4= 9} A% 31—‘*04
AoMe 2FAPE Aeg7EERd A F e WAS A A2 Jdske S

Hhx|ahe Thkst 715S gl Aestn ok o] 7H =52 (Anti-G Suit)& GLOCS.
2 A% 92 UL AT 5 U Wk ope, AT J)E Alo] 2FAY] H2E FAAZ
o2 AFAPFTES AL F UG B 1_T°ﬂ/‘1 254 15EH7] RdS 71‘E‘P°f—’-_

ato] a7)E Aol FE7IERS] Sl wel AGSel HAH Y TS AT 5 e Aol
agEE NEsta HSeidnh o2 A= Zr—?"ﬂ AANEe] X&Fd =G AF7| LA
(Korean Fighter eXperimental, KF-X)oll A 3 47]&-S 7Wdet=t 71oste]zt 7o)
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= 5719 AR 2 23N FHYS TINte =
stol a7]E Aldl FHAERTE 549 SUHE
a4 AgEa e FeARsle Argye AF ASsel riSE G9s Aed
Soigso) sl nFEtsEE agse Ay o ASESd JhEsEt. oldd @ 4
o mal o ol = A o) = FAB09 A HF AR F5ol AAN
(maneuvering)S T3 F UEF HAAHIL ) wol AWY  S=E AE 7] ALY
O[3 2Ey mrgew e wasds wE - ceE  EEEATIUREAL(  Korean
Hrlewt xEAe A % oxr)se] we  ighter eXperimental KE-X)of #471E el
Jge vAM, AF Ae 2FAe wzygss (1A¥ Ao sHEs
= Qs oas A4 (Grav1ty-1nduced Loss of
Consciousness, GLOC) & 4 Ath4,5]. ¥l F . SHIISE0 st A A
of 2FAF GLOCe] ’ﬂu%‘ 85, 23 @
3719 AojAgS FAFeEA AAE A TNE AES Y FA3 7)E AdE 128}
AlolatA] Zate] FF7E H g Aol AU o) wgsa, oYY nEYstEEE WA
711, o= F37] AR ool W % EF mu olyzl 2EAlAE S84 2L,
A g A & Atk 19919 °]F ><4 AL BE3AA ARE JSME ZEAYL FEF ol
Zo g GLOCO.Z 93] W43 37 /\hi 9 Fle AAE F9 vz REdHE Jdu11].
Agel EFAL ALE ANSH, NS F g 10 FHALEE A@ A4 UR WIS
715 @2 Atz Baside]. wEtd A gelye), Eg7lﬂ(pulmonary system) 4 & 7]
FEAAANN = 2FA] GLOCL 2 HE dd3) F(cardiovascular system) R 3417 Al (central
= &7 ALE W¥Ash] 913 GLOC WAIZI nervous system)ol 43S 31, ZEAMIA A
5 (protective mechanism)¥} H] 8] A o A] 2~ &l of] A 2 A0l Foj= Ao EN Bl Zr3t
AELR GLOCE  #ASE  7ls(detective &9 wmzTH12]. UYHMHOE +1 Gz FFOA
mechanism) & ZARBESIT TEli 2FAIE ] S Rele) P9k 100mmHgel 1L, wF 7hEAL

A& G FE7e Aojdds grsA X
o Frole Asor FE7le] vAGAd A
% LS AN TENE B Aol
2 frA(recovery mechanism)A| 7]
i‘%i_](fhght safety system)ol] 3t
Hsiglon, ojg3 A72Ad= F-
Hale HFE7ol A&\ AT7].
GLOC WA7|5oz2e 9
Hlol A FEI7IEE 8
(Anti-G Straining Maneuver)
ALY 7SR WA FEA7IAY, 718keA
) TEE AH =F4
angle)S A7ty ddHom EFAt TfafA]
THIEES 7”\/\]7]‘— ol ATH8,9].
aga 2FAPE FEske £53td TSRS
5 (Anti-G Suit, AGS) GLOC =
ayxe WHoz AEE
B dTdMe 255
°2 GLOC %7159l
= Asstr] A8 A

A
3w
q

p—

1sEdr] 24

AGSY F7|¢E =
GVE Aofsl= Alojdag]

4

Rl

5 Mdsta HAFEA AGSel AFsE F
71ks wEx AZgeA AFstr] fls P
(Proportional plus Integral) W2]2] £ A o]
(closed-loop controller)E 7f&stdct 1E]x
AGS7H BAFHUE A WadoR A7
H(time delay) 545 REfstal Aok whepa 3

f
RN

ol¢] A7t 30emE 7HHFTH, Z99o &
St(Eye-Level Blood Pressure, ELBP)> 78mmHg
2 FY7EE 93] 22-25mmHg/Gz A% 7
aghth %‘7%&7} (HBFeR I7HE BT,
& X (abdomen)?} Thel(leg) WEFoZ =3t &
‘ﬁ‘g E‘H]'é‘]'ﬂ] Q——’ 7}"(heart)ﬂ} N’E‘}ﬂ(upper
body) Hlsko 2 o] 77U} 7HASHA Hoh dukE
o8 +5Gze| Aol WY By, vy FF
oA el dgte 1165 mmHgE F243] F7}8lH
HH, ELBP= -10 mmHg 2 dA3HA At
[13]. ol#st PFo = ¥ (brain)¢t A4l (optic

+5 Gz +Max Gz

7emmbg  ---—-{@5) - -10 mmHg

100mmHg -~ - Ao oo A oo 100 mmHg- k- dx e sy bl

23mmHg -----Ledeh L

NORMAL

1165 mmHg. -

GREVOUT

BLACKOUT

Fig. 1. Effect of hydrostatic blood pressure

in accordance with gravity level[22]
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?15:]__/}:)]-0] ]/}‘E]_]/}_L‘ 4@ }\]O]:QA e /é }\]—(greyOU‘t)o] 2™ Solenoid Value Computer <] Gz's
gﬂlgé‘]—tﬁ’ O] E1§j— %7:“% 301 ? :l-LOﬂ Ou O] —6_{_:]1 Z;h;i:ltrf?‘cseiher ‘Amveva‘vecontm‘ls'So[eno‘rd\/a\ue
Q ;q ‘0;%_—0]_ T't_oil-o] 7]]_\3 ] ]% %Q O]—»;O: anti-G suit to achlevel f—>F 42 Can override the inertial

- - S .-_-?6—_-_- va\\{e to l_)eg\n filing the
(blackout)ell IUSHA a1, 3=3p7] ka4 it
3] o2& st @Al GLOCe whzlth dut .
Hog GLOCS 12% S¢te] bz ojalaty) “ i neia
Solencid
(absolute incapacitation)9} 12% &< HHF9]2
- L1. Mechanical
el (relative incapacitation)2 243 AL 9] 3]EA iy
_ e Mass-Spr
Zro] HR3 ZAoE IdHA o, B T dF '$ Inertal Controlisd

7175t B SE /4 (spatial disorientation) 3}

= A5 dojdri13].
II. G-Suit Al AH 27
ATHTMEERRE TS BHEsy] fsiA
FE710A AeE= Ez 1l Bhukale] ZHg-
she AGSE g H7MERECA sitile s doe
€95 WA, Bl %h% 7¥ete] defS A
Fogo EAE /M 94g€s I agx

CCP(Chest Counter Pressure)2} 37| A FEH= F
H7 S gigk AHEEW
Breathing for G, PBG)< 115

(posmve Pressure
RS RIS

7F 3Fdhe Atevtiae) g ’f‘,% EOFIL, 5 F
919 €S F7HA ELBPE A3 ATE 9
&= 3k 2 AoMe ZFAIA AlTH= AGS
of thal 3reks] A7fgich
3.1 Anti-G ¥ &2

ZHZAWH(Ant-G Valve, AGV)E  ©]| &3}
TH7IEES S3d wEk AGSe HHEI TV
(air pressure)= A& gth FYBWAZFTE AT H
= 37IE FEUEERS F4% Sl ug

AGSsel w23 A&stA AlFstr] M= A7
219] AGV7} &3l Fig. 2= 718242 AGV
o] AA JNdxs depdoh 23719 dE7ld=
Aigrxy Fxo HAFA 7]7:1]/“(mechanical)
AGVE AH83t9t 71414 AGVeE S871%
A7)0l wet AP 4s 471] o <) 7]74]
Moz WH7E JjH ] AGS F7Id= #
= TEE Q74 A7)l %it EEE B
Txolth a2y FYF Aojrt oHa,
o] =X FAZ FHIIERY ST
sHAl A skA] Este @] ot o]t
Bekstz] sl 71 1A WE &k
(solenoid) FEj ] 712 75& F718tH ;‘47
(electrical) AGVE 7)'Z3}ATH14]. Fig. 2°A]
HA) Eeolt WH = ZFALY Z2FL 22
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Fig. 2. Concept of anti-G valve[14]

o] &F7] AHE ZUHY 3l FH

HEETE S

7FE 7] Aol BB HE (inertial  valve)E 7] #H 5}
AGSel 7S AP AHees 7S (ready to
pressure) 0. & WE 3H 5A4S A Ik F W

A W8 = AJ g (steady state)dl| A TIPS =
st Bt o HEg AoE JhssiA vk 1
2]31 AAMRL(Armstrong Aero Medical Research
Laboratory)dl A=  $87145E2]  ¥H3kE(onset
rate)ol] thel WIZFSEA] Rkl AGSel wWE F7It

S BEFe) FA F3h= HF(High Flow) WE9] o
ZSR= _wlo}o% TEHMERY FFEET oYy, F
H7tEE wskEd disf wE SH 5A4S 2 &

U= BBS(Bang-Bang Servo)E 7NH3td AGVY
A5s A7 ub QoH15]. ey Ho] Sof

A& HF "9 #7123 AGVY] HFZ Aoj7|=
sk wE §H 549 HAES FUIY AAE
stal, ol9} tlEo] dF7|e A HHE VNt =z

SEtEEE s} Vel BAe AN
AZsH P dE 4TE AP ek

3.2 Anti-G FE

Figure 3> AGSS| 71 WH #4S vehd A
o8 %7l CSU-13B/P$} Zo] ®lwz 7hehst
TZ2 5709 F7]FHMY(bladder)Z TAAE AGS

& ustel =FAke] skl H83A Sk
AGSE H§FoM 1FANEEAA Ao] 3
wHoR Lol AL WAHL, Ao Wi
se AT sl 2EAke FEEA Y@
WS 2R Tt 1FGAEES WA
e T1E Aol 2E4) ASH AcsME 4
A AzE fdes AN ASY & gE
W] Utk wetd o2 near] A wHes
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Five Bladder Suit
Example : CSU-13 B/P

CSU-13 B/P plus PBG/CCPB
Example : Combat Edge

Extended(Twelve) Coverage Anti-G Suit (ECGS)
Plus PBG/CCPB
Example : EF-2000 AEA, F-22 ATAGS
v The ECGS covers the entire legs and feet with a continuous bladder

for uniform pressurization
v/ 60% Improvement in G-time tolerance

Fig. 3. History of anti-G suit development[23]

‘ EF-2000, AEA(AIRCREW EQUIPMENT ASSEMBLY) ‘

FLYING CLOTHING

HEA(HEAD EQUIPMENT ASSEMBLY )

= Aircrew Vest/Thermal Prot.
» Liquid Cooling Garment

* Helmet

* Oxygen Mask

» Communication Lead + Different Season Coveralls
* Flying Jacket

* FCAGT

Improve the Pilot's G-Endurance for High G

Fig. 4. EF-2000 AEAI[21]

COMBAT EDGE(COMBined Advanced Techno-
logy Enhanced Design G-Endurance)®} #©]
CCPe} 4 AF=H+= PBGE /Mdste 71&9
CSU-13B/Pell H-&-38to] AGSY] 7152 7HAAIA
ow, FAA EEHIL e 7Y HA AF7]9
Z-g3t3l AtH16]. PBGE 559 Ao +Gz =9
ZHEro] uig gide=w wH" wb ITH17]
PBGell AlF == & (positive pressure) +4Gz
o A AlZtete] 12 mmHge ¢HgS A¥FFo=
S7MA713, 49 GzollAl Hdl 60 mmHgS] =
S vhaIoh AGSOl Al dth wheEbx PBGE
FAF] AGSME Hxgoz ZFA vZE
2A71aL, TE7HEE e WS 5 ¢
FANAEH.

ANrA o2 ZFAE AGSM Ex AGSY #F
& glo] +4Gz7tA] A" F dukal B 9]
ou7], HL NunelAM e A2l ofshd
HeE PBGE ZFTA= AGSM glo] +7.5Gzell

ofN oy PN

29 4 Jdgxz BRadEnl Ao18]. o]y
COMBAT EDGE+ F-16 ¥ F-15 A%7] 59 11
A AF7l AHLHo &5 Yo g
ddiell 5o, v=H FHAME v F7F
HUE H&s9 tE(legs), HWol(hip), =
(ankles) 3 &7 F5 HIEE stk AAE
wale F24d Ade AGSE FH&3sta . m

o] A5, &F" NdEe ATAGS(Advanced
Technology Anti-G Suit)E 7l&3te] F-22¢] &
S3ta QITH19,20]. Fig. 4€ frHolA N
EF(Euro-Fighter)-2000¢1 ~ #-8¥® &FA4H|l
AEA(Aircrew Equipment Assembly)E YEH=
g, 71¥ Ans AMgste A5V 2FARG O
LR A T SAH 2EHRS} AFEAL] 2
e Adel & F A= sAH21].

IV. ®Mo{H& MHA

2 AelM= AGsel HAe FrIds ATS
71 Y3l A714 AGVE 7|wke 2 sl PI 73

o] HFZ Ao daEs AAT AdRAE A
goh aga AFEVMEREE AT 34T

a7lE Aele AdaA s7Ide Aed F 3l
e

3}
41 HgeTE

AGSeAM 275 = w71l Wg
MIL-DTL-87255A°1 4 A Alstar Sl= 715E &
57 (response characteristics), WH 3

14 Dutlet Pressure

X
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3
e ES Pt bl Pt P ]

=]
T
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D
g
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3
=
E
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Outlet Pressure (psig)

Fig. 5. Output pressure vs. gravity of the
Anti-G valve
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Anti-G Valve Transport § Suit Bladder |
Delay | |
|
-
B K
Feed . e-Ts | > Suit
Pressure Gz 1+bs Pressure

Fig. 6. Mathematical modeling of anti-G system

vibration), Z(leakage) % X% (temperature)
% 2ol 147H ULEOE T4 dem12],
HEA aTEEE FUNEE ta a7
g vy e

Fig. 5% MIL-DTL-87255A° A|Al= o] = T
bR e e7EHe 719 4‘”/45\— £
2 9F2 (outlet pressure)S YERATEH =
= THMERYE S A= 22 W, 7&5\— Al
= 5% Wl A’ (steady-state)ol] =Es}oo

:
i, $9 % Alole AFSHe] WA g}

Figure 6& AGS] 71A1Z FAEE
Aow FURBAZTE 7S Agste
(connecting hose), AGV % G-7E9] ¥
T

AZEH
715 Y
tnE]|EY dAE ¢ OH AGS?]
—’Fi" S| (mathematlcally) oz B
odehng) AT GHFE
Aol &= Q2o =F A
A <A (transport  delay)
bladder) = IR
AT WH

Ay o+>
A
=

FH(tightness)oll @& 5§
Al A f,:(tlme constant) 7]— 1% 12} & (1st order)
<~ (transfer function)@ =2 &3} T}

43 HolHE AHA

714 & wol= WH Aoje N 237
= vlag e 3o jFZ A o (open-loop
control) S HE3AoU, =¥ FESA

¥ 543 543 ¥
(overshoot) &S AAS

(closed-loop cont‘rol)—‘t:' g3kl 9\}11} F1g 7S
Mz Aolsle] FEE ey, Pl Aol
2e AEsiden, @9 FEEEY AGdY
(unit step G)oll i3l 18p81«] A3l
o AFHe 489S
(rise time) o2 WE FTHEANS ZEF 3t= A
ojgaglFS AASAT 1
e A3 BN WND GHE B AT
g W7 WEoEH 2EAY BALE A
o E3, 7|5 E Qs 4% FEERE
7F Aldls G-wE wWE F7de Aed
AEE 3= TY/IEE 2AE8(G Scheduler)
g AAsen, AANE S Table 13 20 &
Aol Atz sb= HIFAF A HA
SxT 2g olske RHEIHE AIrEodd=s =
SAbNA EAS AlFskA @71 98 o E
AgstA gon, ehtatA Frtste FHIMES
71’5 AI(SOR: Slow Onset Rate)dll= 2g-E
g5 Ay, F43% FHEE T 71E
(ROR: Rapid Onset Rate)oll Hi3|Are TH7HE
T Z7M&o] me 2AZYSIA 1g9AM 2g7)
Aol 7 Toﬂ tel F7IgS ATE F A=ESE 5

i
mNX
aQ
~|—4_04
ofs
oL
lo

1 e p1 oo K

Aot 2710 FHEde FHEEY JEFS 2
Al wAEsE g2r)e ZHErEE Hals

—O

EE ZFAL d8ste 2E0Y FYEE o
Ho] M8y o] 27}x AS
A, 2Z27re] ZH/EE HH
o2 sl E-ra ol A= ZFALe
tEr gEwss
Zg—ra &

= 1g%H

+Gz feedback
(gs) C
Gzgan

Aircraft _| G

Status Scheduler

=
:‘3‘0}51, 4g/sec °|F 4

1:]' < AF3stH, 3g/secoll A 4g/sec

Suit Pressure

Fideal K g

1+bs

Valve &

Suit Bladder

Improve the G-suit
pressurization by fast
response in case of
ROR(Rapid Onset Rate)

Compensator 2

Stick Variation _
Rate(lbs/rate) ‘\

Pitch +Gz Gx
?msk m(w e fee(;b::k = % Gzgan
g washuut S:heduler#l

washout Scheduler#2(3D)

Vdre
Speed
(k’:'lenis V s func(V)

[ Case #1. Pilot Stick Force Monitoring |

\
G; Variation
Rate(g/sec)

[ Case #2. Aircraft G Monitoring ]

Fig. 7. Closed-loop controllerof anti-G valve
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o

FHIME WAk VIHer ~AZEYsHT. g
L 2Fe] FHVMERE BEWEE ] dede
FAHoE 3FHEEE 4271 300 knot O]
gl Aol BAgor 9o =AM S =
A& F7F AASH 34r(high speed) Z7olTk
A4Ed F UAEE sAt =4, TE7EE Wt
& 7|9ke] Adt duES FHIIER WskEol
Eil

©

= =1
d Agole 2g%H 4gs ATt
4 d Afdde 1g7H 4Es Al
F3tH, 2g/secoll A 3g/sec Tt = AT 7]

=

A AATE L TR B RS V|EoR S
pov, F7reEe Bt H7EEERl ATLAS
(Aircraft, Trim, Linearization And Simulation)<}
AN Z2FAF H7FEHEQ] HQS  (Handling
Quality Simulator)E ©]-&3tHth Al@FFL 1L
= 20kftoll A &= FUt og AAIAY 1
93 e FEEE F76 o Au
49 $EE4L BARgen, FUNERY W
sheol o A7)e] wet grIe] AT B
SHSAC vAe dFES FrrskA

o
Ve S8l SEERe S 9 fhhol el
7t AlEHolAS AT HrlES Ml
-DTL-87255A0° A=} e 8F% FolA F

C

87255A°1 4 Q.-3}

TEA AT e

E BEA

Table 2. Test point and maneuver

N Alt | VCAS | Phi =
(kft) | (knots) |(deg)
20 450 60 | Max. Bank Turn
GLOC 300 60 Increase/
Protection | 20 400 60 Decrease Gz
500 60 SOR/ROR

Table 3. Result of AGV controller

Cas Lz Gzl QL Conversion| Res.
4 Mag.| Rate |Pressure Trreles) Char
€%l (gs) |(glsec)| (psi) .
1»3 1.8 1.6
1»5| max. 54 1.6
G |1»3 1 1.8 2.2 1
1»5 3 54 2.3
1»8| 5 | 108 20 oveterTOOt’
3» 1 0.0 16 Sfa te’
5»3| max. 18 1.8 as
Dec.|8»5 5.4 17 response
G |3»1 1 0.0 2.7
5»3 3 1.8 25
8»5 5 54 1.8

Table 1. Concept of gravity scheduler

SOR(Slow Onset Rate)

ROR(Rapid Onset Rate)

x5 H8 Hats

w N

(sikz, gemd/sec), S

stk < 3, 29 SE o
. &£ > 300knots &t

M3

no

3 &k

M =x 2cpe ZIIEE Bt w2 | 243 IS E Sl mE
=0 2cpje G-Suit o M= G-Suit 2 M HZ
Case #1 1. 2g Ols}, &= o|M3 1. stk > 4 1g 2E 22 H=2

3 < stk < 4, 2—1g 2=
> 300knots ZEH=

Case #2

o|lsl etzd o|AMl=
zeila s wsle 1. 29 Iol', oted O[X S

(Gz, glsec)

2 Gz <2 29 BE otz M=

1. Gz >3, 1g 2 o2 M=

2 2< Gz <3 2-1g 27=2




554 HEAH - FEE AT 2 S B RS
Ho 522 4 0}; e 8720 S FE3 B 2
ST 221 Y MEwe O Zw oty {gd J
ZX(desired pressure valve)®] FF& Aldl= g ©H " s
Ollﬂ«] Z38@ 7 (overshoot) S HEME #H4E of

AL Yehldon, F47del(steady state) 23} 354 Case #2
= A o].;(] 0‘%—9}\—@ 3 Fast response, But more overshoot

2+

5.3. xEdjl’%E ﬁ9'||§ﬂ'| "gjl' 12' 15; f_/ Blasic Controllerl

AR AGY Aol7le] ARAN BEAL ML o N
DTL-87255A°] #3483 S7ZA& W53k &2 of R
AoMe ZHAETY 7] @ WS wa A . ,“ sl(%u;er:‘eigt;r;e
DAAE e FPAaor FHE GHEO s
HA Y F7I4d L% A 317 %’4“3}04 AAS Alog a ! MmFasff::p’;ﬁsem_aseq
1YFS FIE ARE AAgH 2 e

Figure 81 9% %7]o| Z&3le TH/I&EE & y TrARcet
AZeE A83l9 4% 500knots, A= 20 Kftol L, O3sec T Basi Contoler
A zFALe FAVEE WHd oiF AlgdelA LI R I " L R
ARE YERNM, Table 4= Aojgdig)Fe] -
He gokst AnE YT Fig 8& 348 = Fig. 8. Simulation result (ROR +Gz)
HriEE ¥slES AT Z2FANY Ho o
o gk A Bl Afolth A WY A |
A MFZ AoE HE& FF §F 54l = §=
A 13 AlzE 54 Uehie AL B S e :
U, #Fx Aoj7} MLEJ AS WE SPEHo o
2718 A3t AL 2 5 9gok gy 3 : _ Fast response (same)
AGS X]—iﬂﬂ— 7]0 o ZHTJ— Hﬂﬂt V—\JQ‘E QO‘] 5 Basic, Case #1 & #2 Controller
Ao FAFHOZ 05%9 AIZAAS A

goz We FHASE 371 715 dANE W

g dAE A Xate DRl k. wEkA o]y

=
(‘H‘
| !
L

3 FAHL s3] Y ® 194 AAEE vkt Slow Response
- - . { (Open Loop)
Zol FAF FUNEE Zvbo] el A;elN i [N
- ea
ES AFTY F AEE = AojHHE 283} :*
Atk AP gES AFste Aoz FHZ) ’ ,
&xo WalgS swtoz el {1 A|Y)E A i st
Open-L Control
A3k HP-(Case#2)oll WE H}r S EAow F A i ey
ARl E@EE AGE BEAATE el LA A D A
At 1Y} oln] o= Hxo] FHIIEEIF FUt
3} o] A= sA How A7+AHCl xazsggur Fig. 9. Simulation result (SOR +Gz)
Table 4. Evaluation result of gravity scheduler
a2 o= = A
Case #1 SHIIETIF BUIs7] M 032 A | YMAEle HE FESls Ms2
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