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Figure 9
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Figure 14
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Figure 15
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FIG. 16
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Figure 32
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Figure 33
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Figure 36
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Figure 42

-




US 9,819,747 B2

Sheet 43 of 72

Nov. 14, 2017

U.S. Patent

¢t 2unbi

L4
o .

e -

)

.

e

7




U.S. Patent Nov. 14,2017 Sheet 44 of 72 US 9,819,747 B2

##‘G####Q%:_@h ;
(] '
!; @'&

#

----- o
] /g K
) o
3 g
& (Y] <t
) o« o
o & ~ o~
N d N
<~ F <
i
)
\:
)
L
L <
<r
o
L
o
K]
<t
= (72 207> ]
o O
o]
G ©
r o
OO0
«© <
W N

4325

-
z

4420~
4453~_



US 9,819,747 B2

Sheet 45 of 72

Nov. 14, 2017

U.S. Patent

Sv 'Ol

(ss:wwi:y) awy] pasdel

06:20:0 07'90:0 06°'G0:0 00G0:0 O0L¥0:0 02€0:0 0€20:0 O0v10:0 0S600:0 00:00:0
¢
> @
~N 6
AN /A AN 2l
Gl
8l
1z
(dI/doL) indybnouy)

| 9w GZ'0 |

_‘ ‘—
-

'
P, b4 o,
-
-
.
-
-
-’
-
-
-
,
.
.

sdqi



US 9,819,747 B2

Sheet 46 of 72

Nov. 14, 2017

U.S. Patent

9p 2.4nbi4




US 9,819,747 B2

Sheet 47 of 72

Nov. 14, 2017

U.S. Patent

L 9nbig

NNOILLVYOOTIV LOTS INIL NVIHLS "314VY 37gvisnradvy St 1O1S FNEL VINSD »
ONINVIYHLS "O4 LO1S FNILL d31LvOO0TTV NI LNITUS SINIITO »

Ov sy uodeag

VYISO

// _.II.III [eAISJUT UCDeag IIIIIL

weshjs VINSD weads

GGy

_ _

0a.ly 0ciy



US 9,819,747 B2

Sheet 48 of 72

Nov. 14, 2017

U.S. Patent

8 2Inbly

NOISIY A4I41D03dS FAISLNO HIAIMANYE TNVYHMOVE 10344V LON S304

(seomeq buligis "6'3) KINO ATIVO0T INVLIOdIWI VIVA Y04 INVATTIY o

038 NANL-AG-NINL (9 YO NMOQ HO dn (B 3g NvD SNOLLDFYIQ »

S3FULANS / SAOH 40 YIGWNN YO ‘SATIVANNOG SdD 39 NVD SNOIDIY
NOI93Y YO/ANY SNOILLDIYIA A3I4ID03dS FHL AINO FSUIAVYL SWYIYLS TYNOIOFY »

SIWVIELS TVNOIDIY



US 9,819,747 B2

Sheet 49 of 72

Nov. 14, 2017

U.S. Patent

6t a.nbi4

(9se 3s10M) SBUIGIS SEpNUL ‘SAYYMNMOA GNY SAUYMdN © INITTD WO dT »
‘(958D 1540M) SQUVMNMOAQ ANV SQUVMAN : IAON WOYS 41 »
"(ese0 1810M) ATNO QUYMNMOJ LOOYH INOY i »
RMOMIIN FHL NO FHIHM ANV WOYL FLYNIOTHO NVO AJHL »
ANIOV/INTYVL/,LOOY, TWIID0T IHL OL dN SF0D WNWINIW JHL LV e
AHOMULIN FULINT FHL SUIAVYL SWVIYLS STVEOTO

SWVAYLS Tva01O




US 9,819,747 B2

Sheet 50 of 72

Nov. 14, 2017

U.S. Patent

0S 2.nbi4

XOg YN
0805
090S ﬁww‘ 0205
d3avay VR H3avIy
WVIHLS \_/ Nvag [ OROMLIN
HIMBIA <
WVIHLS
005



US 9,819,747 B2

Sheet 51 of 72

Nov. 14, 2017

U.S. Patent

15 2inbid

081G

SEIREN &

GvlS

GE LS HIMIIN-{ YIaVIN -

6z Lg——{dIMIINiaava):

T~ 061S

SONIIHN00 ONY SNIDNTd WVYZHLS

0cls



US 9,819,747 B2

Sheet 52 of 72

Nov. 14, 2017

U.S. Patent

ZS 24nbyy

dINNS B'e
NOILYOIddY
ALHVd
QuiHL

A

04629

AUVHEIT IdY AUVHEIT [dY
NOILYDIMddY  NOLLYOIlddY
NOLLYOddY YAVl LdIdOSYAVT
VAL
ERNENETNE >
H31ldvay 0ves | «—> | 0EcS wﬂ%w
ALEYd e R
adiHL -

(sjgeinbyuonal)
S1HOdMIIN

H

(Buwim ejgeinBijunoal)
LINOWI0 SWYAHLS a3svd vAvT

AN

—— 0824

NIMIIA HIaV3

[HIMIINH HIQYIY




US 9,819,747 B2

Sheet 53 of 72

Nov. 14, 2017

U.S. Patent

€6 2inbi4

DT ST AT SN

ALV IERK

Sl PEERUNY

k]

S,

25 93

PRSI RTR
ARAILINWANTY Y,

BT SRS T 3 &

rassd $ei esrya

» gzagee.
By

TERFISVERN

FLOEE M WO

sy Arpvaad ¥E 64

THIE S0 ARE N

RIS SO B Yk DSOS SN LU B lefchle IR EIRAEEYE

3

D SOOI I

e SOTeRAPYSIU WO 25RYONG

SBLEBLT Y




US 9,819,747 B2

Sheet 54 of 72

Nov. 14, 2017

U.S. Patent

e i SPLIXa ] oPON JO I5t7] JOTPUTH MU Ll e e e e o o e e oo o e o s pt Apadoi]
man  SUINOJ, MOY qE], SIEIG JO I8T7] SDURA 1X91U07) JO 3517 " 1Xa | Ae]dsi(]
BIRQ PON 2119908 1Y SquL STITS JO ISt i AL¥HIOHd MAIA €H
pt uonoas suonoeg Aradorg 30 31 '
AAON 1XHd MHIA §H SOPON JO 151 1
NOISNALXH MAIA gH ==~ IO 08I UOISUalXH]

sapxadoid Jo 1817

1X9] U01300g

pT UO1}30g

onjEA

pIIXa, 9poN

s e e IXHL HOON MHIA §H

NOLLOIS AL¥3d0dd MAIA gH
¥

1X5 ] SPON 3O IST]

" OJU] OPON] STIOLIEA

(1 9PON

IdPULE

ooy

O,

PY pUBEITIO,)

SANVININGD
(ANTWN MHIA 9H

AAON MHIA dH

SINJE A THUN[OY) JO IS

e o £ 2 . s s e e s . s . v o o v

mmeossom e AOY GVL SOLVLS MHIA €H

SPURTUTIO,) JO 381 I_

uody

1Xa],

—

SMOY JO 181

ANHN IXHINOD MJIA 8H

(219 *qIpim ) opuy Aepdsyq wumo))

SUWNo)) JO ISk

IX3], awnjo))

JweN gel

SOUAIA] 1XU0)) JO IST]

SOPON JOIST]

NWNTOD 9V1L SOLLV.LS MHIA §H

vy SNLVLS MHIA gH

G QN3]

sqe ], snies Jo i8]

suonoeg Atadoid Jo 181

Bl o o a0 10 san o 100 e 1 ot 200 00 1o S 2o o 300 ¢ 2wt 0w 004 200 4 e S SUOISUAIXF] 1O 181']

MHIA gH

JIHSNOLLVTIEY ALLLNA LdO0d MHIA LvHd LdVHH



US 9,819,747 B2

Sheet 55 of 72

Nov. 14, 2017

U.S. Patent

GG 24nbi4

FPREDL
GOHEUITIB] PLoDY

HOHEHUOH
Frieny
RS N
WY o

PREREH




U.S. Patent Nov. 14,2017 Sheet 56 of 72 US 9,819,747 B2

f

Dual Control Loop

FIG. 56
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Single Control Loop
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Figure 66
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