100\

120~

1/26

Control Unit

122~
Region 2

105—"

122~
Region 2

122~
Region 2

107~

Transmitter or
Receiver

|~ 110-1

107~°

Transmitter or
Receiver

|~ 110-2

Transmizjter or
Receiver

107~

Transmitter or
Receiver

|~ 110-N

107~

|- 110-(N-1)

L — 102

122
Region 2

122
Region 2

122
Region 2

112~

Region 1

FIG. 1



214-1

FIG. 2



3/26

FIG. 4



4/26

505\‘
I
w %{514-2\
:i” >519
|
| 51227
s
¥
1 ;
|
d‘%%f514-1 :
‘ 517 B Sk
It
il Lo (el
“ﬂ'/ Tt S dl/ I
I \
507 ™\ 607



5/26

| 712-4

l| } 711-2
|’ S-712-3

} 713

}711-7
1

FIG. 7






1012-3

E\ 1007
FIG. 104 FIG. 108



8/26

1112-4

}1111-2
1112-3

1114-3
1114—2}1113

1114-1

1112-2

} 1111-1
1112-1

FIG. 11A FIG. 11B



: Rax d, 9 i
H : [
i _Library _ |
ViaRa . 1232-1~ : 1238
iy . Ahead-of- RiRa 6 g R d o
Vrgpg — LoRaCtOn™ g Signal Inversion P
. o
; s S
VioRe —_ 1232-2~ 1236
. - At-the-Tool |  Ff
P, o Subtraction—> Signal Inversion
+
ek 12342
! R
{ Library |

FIG. 12



VarA +V1aRA

i ah |
Venmn +Vrone mSUbtraction— Bit Signal ——
7BARB *+VTBRA Horizontal, .
+VrpRR H/ ( ) 1338
18°RB HV1B'RE’ .l ao 2
- *| Bty By h By
Vv V , albr May —— > Rah’ Rav
TARA V7ARA d, 9 ag
_— VTA'RA +VTA’RA'\1;332'2"\ Ahead-of— Inversion !
% Subtraction— Bit Signal ———
V1BRE ~V1BRE’ (Vertica)
~ViB'Re tV1B'RE R Ry
Viara + Viapa
+Vrpoa FVrron N\J332-3 At-the-Too! 1336
TWRA ViaRe N Subtacton}—  Signel —— Ps
D (Horizontal) ’ fh Aty
*Vre'RE *VTB'RE’ L
VIARA ~ VTARA \1332-4~ At-the-Tool .
~Viera*Viapg  jSubtraction}—> Signal —__} R—
TIBAB TBRB i Library :

—ViB'RB V1B°RE’

FIG. 13

92/0}



1410~

11/26

Control Activation of a Tool Downhole in a Well,
the Tool Having an Arrangement of Transmitters
and Receivers to Capture a Signal from A

First Region Relative to a Longitudinal Axis of the
Tool Such That Signal Contributions from a Second

Region Relative to the Longitudinal Axis are

Cancelable, Based on Placement of the Transmitters

and Receivers with Respect to Each Other.

1420~

y

Obtain an Ahead-of-Bit Signal

1430~

A J

Obtain an At-the-Tool Signal

1440~

Y

Perform an Inversion Operation
of the At- the-Tool Signal

1450~

Y

Perform an Inversion Operation of the
Ahead-of-Bit Signal Using the Determined
Property Resulting from Performing the
Inversion of the At-the-Tool Signal

FIG. 14




12/26

1502~

Ry  f=10KHz

3"

o o e o i o o . e aed

Formation

Rf=20 Q

1501~

Bed

Rb=1Q

FIG. 15



13/26

Point Where Ty Touches the Bed
Point Where Ty Touches the Bed\\

0.0365

0.036-

0.0355 / V

0.035 /

0.0345- //

0.034 .
-50 -40 -30 -20 -10 0 10 20 30 40 50

True Vertical Depth [Feet]
FIG. 16

Bt S

Magnitude of Voltage Ratio
Vr1R1/Vr1R2 [*]




14/26

10 20 30 40 a0

-10 0

True Vertical Depth [Feel]

-20

-30

-40

] T~

[saaibaqg] Nm:.h\_ / :.:.N\_
oney abejjop Jo aseyq

| I
(o= Lo S e O
T Q\l

[ ]

-50

o)
ey

FIG. 17



Received Volitage [V]

15/26

Real Vpead-of-Bit
------ Imag Vapead-of-Bit
x108 |77 Real Vt.the-Tool
7840~ _ 1. |
0 ii “*;j;}
s GIN ! :
o
-1.5 g
- | / T I
;/7é§43
2.5 T e S
3- S SO— £ |
.35 i :
4= | A
|
30 -20 0 20 30

-10 0 1
True Vertical Depth [Feel]

FIG. 18



16/26

I

i

S = e
[uruyo] A

4
T

)

= T

©© © < N O

IN}SISaY UOIjelI0] pajiaalf

20 30

10

-10 0
True Vertical Depth [Feet]

-20

~
@

FIG. 19



17/26

00

1 5  —
@ m / |
— :
Ao
l“m||llllllbﬂr llllllll
_ 1
G
b o
S
e o et e et e e wtat
|\.4
G
o
B G ( U IS SHQNI S R SO St —————
N S Y S

107

20 40 60 80

0
True Vertical Depth [Feel]

-40 -20

-60

FIG. 20



18/26

00

0
V1000

o m— s o E— i — i — —

0.1Q

o \ |
S
.1.11'..""" — b e s o s e =

nu%
!U
o

T

[I([ﬂ'lll-llull&lllll.lu
m
1

] _A * ]
() () (o= O D S SO (==}
44 (aV] o =t E.u N

clly s LHL1y so aseyy

20 40 60 80

0
True Vertical Depth [Feet]

-60 -40 -20

-80

FiG. 21



19/26

—— Real Vpneaq-of-Bit
...... Imag Vanead-of-Bit
------- Real Vat.the-Tool

Received Voltage

80 -60 40 -20 0 20 40 60 80
True Vertical Depth [Feel]

FIG. 22



00

20/26

i

G

D

S

Yooy
42 s
i N
JII"' lllll 'II'IT"I.D!
G

h o

S
N I [ iy S Ry SUSp— ——a— S——

l..\_

G

S
namll-l_||| ||||| St i et oo\t nle
e R il = I.nlh.-...nl"l_l.
&

wn

(I S T i S S
_
] i S e a—pe e fm G S S mm G e G -
G

T

[ [ 1 | |

O © © O O©O O O © O O ©
m S O N O 1D X M N ™

[uruiyg] Ayansisay uoijewiod parsanuf

60 -40 -20 0 20 40 60 80
True Vertical Depth [Feel]

-80

FIG. 23



21/26

[n] abejjon paaiasay

1 R I
o] i b1
v ; S
0 ! _2 9\
[ “ il il
D i | L=
| ) | =
. _ 0 lod
shnl i g e s S
FS D O Mgy~ F == S S IR R
I 1
— 1
i
i
I @il
< <o
Y YUE S
] S
] m [aX]
5 3 RN
S S _R.n o
R R BT
| © © Wipbigd
e m m et e e i L el el llfll.'lw t+l+l
DORNOH ]
I i i
IIVAVA ||I|4I o — I.J_i +l
® _ MG G
L O ! hicy e
& o NS 1S
) AT [
“ “.__ __V
| =
___. “"R R.
00 T | L i T
- T i1
ih s Y
S - | =
A o—

-40 -20 0 20 40 60
True Vertical Depth [Feet]

-60

FIG. 24



22/26

———

Real Vapead-of-Bit-h
Real Vapead-of-Bit-v
— Imag Vapeag-of-Bit-h
Imag Vaneaqd-of-Bit-v

50

oy
=
(=5

Received Voltage [V]

 Ftits | i'_

= =

1 il“V‘

I 4

- Y &

& '?’i"‘ 1Y Oy

I I\I ‘."1 'I %

| ',r ,'.‘I qu '."~\‘

i B e e

0! " 2543 o ] i
\ i .;'/' P !\ I N N
F b P A lpy % N
& It CoY
1 3

.‘k.ﬁ- | e | (e
:I \
Ag iy
i Y
\
!
1

35 ‘i\i
R |l‘.
iy

1o
it \a;
\
1

e i

-20

0 20

True Vertical Depth [Feet]
FIG. 25



23/26

PP o0 :

'0. 5 ] e RN 2 6‘:\3\‘56&%;5%*%@;35 o
= -1 W EW
= '?1\ ‘o !
£ 151 WY Foedr
S Wi
> LT ?
}B 21 KA T T
£ Vs ot
S 25 L4 .
[ @ Vi
o 3- | m}l

-3.5- N 2651

4~ |

afvtvrv'rr_{ﬁa&hhﬁlbi"“‘-=.-_-::r -
60 - 20 40 60
True Vertical Depth [Feet]

— RealV gheag-of it =00 —— eV grneoo) =0
===~ Real V pnag.of.it 0=157 —— RealV ppthe-roo/ 6=15
----- Real V ppeag.of-git 0=300 === RealV st tne.Too) 6=30
........ Real VAhead-of—Bit 9:6‘00 ---- Real VAt-the-Too/ 0=60

—o— Imag V ppead-of-Bit 9=0

—©--Imag V ppead-of-Bit 9= 150
~o--Imag V ppead-of-it =30
0~ Imag V gpead-of-Bit =60

FIG. 26



24/26

Received Voltage [V]

20 15 10 -5 0 5 10 15 20 25 30
True Vertical Depth [Feet]

— Real VAhead—of—Bit9=000 — RealV gt p-Tool 9=0
~ RealV pneag.or.git =19, — Real V pt.the-Tool =19
""" Real V phead-or-git 8=30° — = RealV pt.ig-Too) =30

- Real V ppegg-or-git =607 =~ RealV gt the-1o01 6=60

—== Imag V ghead-of it =0°
""" Imag V' apead-of-Bit ©=19
- - -Imag V pneag-of-Bit 9=30
=+~ Imag V ppeag-of-Bit ©=60

FIG. 27



25/26

2862~ 2867
Controller Peripheral Devices

2868~ 2863
Electronic Apparatus

2864~ Bus

Memory

2866~ 2805
Communications Unit Sensor Tool

FIG. 28



26/26

2900~
2902
2936
2907~ [
2952 WP
2934 I = 1 || 2906 | l,[]f.‘ 2904
=01 2974 ™~
s078 2908
| 2912
2070~] ]
| |-2918
(2905, - j —
- ~ 42915 ——
== | IR [T
2914 < 2920 2940 —
_ N ——-
{2905
a—— b=d B
\ — 2926

FIG. 29



