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(57) ABSTRACT
A control console for control of a medical surgical device
comprising at least one surgical mechanical arm, which
control console comprising: a control console base; at least
one user support coupled to said control console base; a
processor configured to receive data regarding a selected
surgical configuration of said at least one surgical mechani-
cal arm and at least one camera; an input arm support
coupled to said control console base; at least one input arm
comprising a plurality of sections sequentially coupled by
joints, coupled to and extending from said input arm support
where a direction of extension of said input arm, with
respect to said at least one user support is adjustable to
match an input arm configuration to said selected surgical
configuration, a camera view of said at least one surgical
mechanical arm thereby corresponding to a user view of said
input arm.

. PROCESSOR
110

SENSOR
108




Patent Application Publication  Sep. 13,2018 Sheet 1 of 35 US 2018/0256265 A1

100

102

174 PROCESSOR
106 110
N
SENSOR
108

FIG. 1



Patent Application Publication  Sep. 13,2018 Sheet 2 of 35 US 2018/0256265 A1

FIG. 2



Patent Application Publication  Sep. 13,2018 Sheet 3 of 35 US 2018/0256265 A1

328

/

5
Niysisiiiisisiiiisisiin

FIG. 38



Patent Application Publication  Sep. 13,2018 Sheet 4 of 35 US 2018/0256265 A1

@ T
R S o~ 349¢

o

!
1

FiG. 3C



Patent Application Publication  Sep. 13,2018 Sheet 5 of 35 US 2018/0256265 A1

306

seg 360 /

FiG. 3D



US 2018/0256265 A1

Sep. 13,2018 Sheet 6 of 35

Patent Application Publication

FiG. 3E



Patent Application Publication  Sep. 13,2018 Sheet 7 of 35 US 2018/0256265 A1

358 :
375 . T
\\
313
338 1
386
\
g -
| \
365 / f \
j 363 \\
/ 373

398 369

FIG. 3F



Patent Application Publication  Sep. 13,2018 Sheet 8 of 35 US 2018/0256265 A1

%

360 33% 358
| \
\ i

HG. 3H



Patent Application Publication  Sep. 13,2018 Sheet 9 of 35 US 2018/0256265 A1




Patent Application Publication  Sep. 13,2018 Sheet 10 of 35  US 2018/0256265 A1

424 422

426
FIG. 44



Patent Application Publication  Sep. 13,2018 Sheet 11 of 35  US 2018/0256265 A1

FiG. 48



US 2018/0256265 A1

Sep. 13,2018 Sheet 12 of 35

Patent Application Publication

426

494

900 903 309 J0UG 009 GO 00 X090 09 OUGK 0K VG VO VO V0K XU OO0 0ODN 00X 090 090 Ho0! 200K VN U0 OO V0K JVT POV POV YUK DY S0V TV 0B XV VIO PO 0% X

FiG. 4C



US 2018/0256265 A1

Sep. 13,2018 Sheet 13 of 35

Patent Application Publication

428

424

wuﬂwwa&mwwaﬂﬂwwwmnﬂnﬂ:uaﬂanﬂwwwmuwmu&mmwwwmumumwwu

FIG. 4D



Patent Application Publication  Sep. 13,2018 Sheet 14 of 35  US 2018/0256265 A1

562 ‘

FiG. 5



US 2018/0256265 A1

Sep. 13,2018 Sheet 15 of 35
FIG. 6A

<t
o3
\\ &

Patent Application Publication
638
638

FiG. 68



Patent Application Publication  Sep. 13,2018 Sheet 16 of 35  US 2018/0256265 A1

706

02

708 _

FliG. 7



Patent Application Publication  Sep. 13,2018 Sheet 17 of 35  US 2018/0256265 A1

806

802

FIG. 8



Patent Application Publication  Sep. 13,2018 Sheet 18 of 35  US 2018/0256265 A1

506

FG. 9



Patent Application Publication  Sep. 13,2018 Sheet 19 of 35  US 2018/0256265 A1

1006

1002

1001

FIG. 10



Patent Application Publication  Sep. 13,2018 Sheet 20 of 35  US 2018/0256265 A1

Select a surgical configuration for at least one surgical mechanical
arm and a camera configured to capture images of the surgical
mechanical arm/s by one or more of;
1100

! | y
Entering selection Positioning and/or Orientating input
through user inserting surgical arm/s
interface devices
1102 1104 1106

Position one or more input arm based on
the selected surgical configuration
1108

Optionally, check selected surgical configurations match
1110

FiG. 11



Patent Application Publication  Sep. 13,2018 Sheet 21 of 35  US 2018/0256265 A1

1200
1290
\\4 1214 \ 1209

FiG. 124



Patent Application Publication  Sep. 13,2018 Sheet 22 of 35  US 2018/0256265 A1

FiG. 128



Patent Application Publication  Sep. 13,2018 Sheet 23 of 35  US 2018/0256265 A1

1200

\ 1214

FiG. 12C



Patent Application Publication  Sep. 13,2018 Sheet 24 of 35  US 2018/0256265 A1

FiG. 13A

FiG. 138

FIG. 13C



Patent Application Publication  Sep. 13,2018 Sheet 25 of 35  US 2018/0256265 A1

FIG. 14A

FiG. 148

FiG. 14C




Patent Application Publication  Sep. 13,2018 Sheet 26 of 35  US 2018/0256265 A1




Patent Application Publication  Sep. 13,2018 Sheet 27 of 35  US 2018/0256265 A1

1600

FIG. 16



Patent Application Publication  Sep. 13,2018 Sheet 28 of 35  US 2018/0256265 A1

1734

1706 1746

// 1744

1728

1729 ]




Patent Application Publication  Sep. 13,2018 Sheet 29 of 35  US 2018/0256265 A1

1828

1844

1829 — [
Y o _M”,Q
TS 1848
FIG. 18A
1832
1828
1806

X/ 18346

1829 |

i

<

1848 ~
FIG. 188



Patent Application Publication  Sep. 13,2018 Sheet 30 of 35  US 2018/0256265 A1

Insert surgical mechanical arm into subject
1900

Retroflect surgical mechanical arm at shoulder joint using input device
1902

Pause control of surgical device by input device

1904

Optionally, straighten input device arm
1906

Optionally, pivot input device arm by 180° about attachment of arm
to console

1808
Oyptionally, adjust control console
1910

FiG. 19



Patent Application Publication  Sep. 13,2018 Sheet 31 of 35  US 2018/0256265 A1

FIG. 20



Patent Application Publication  Sep. 13,2018 Sheet 32 of 35  US 2018/0256265 A1

2175

2181

2101a

FiG. 21

Bend a distal bendable portion of a surgical arm, where the
bendable portions is distal of at least one other proximal bendable
portion, to partially retroflect the surgical arm

2200

Bend the proximal bendable portion to retroflect the arm
2202

FiG. 22



Patent Application Publication  Sep. 13,2018 Sheet 33 of 35  US 2018/0256265 A1

25 ; s

i
i
i
i
i
i
i
i

@ 3

3 R
FiG. 234 FiGG, 238
215 . ‘ 915

& 3

FIG. 23C FiG. 23D



Patent Application Publication  Sep. 13,2018 Sheet 34 of 35  US 2018/0256265 A1

FiG. 23E



Patent Application Publication  Sep. 13,2018 Sheet 35 of 35  US 2018/0256265 A1

FiG. 24A

21433

FIG. 248



US 2018/0256265 A1l

CONTROL CONSOLE FOR SURGICAL
DEVICE WITH MECHANICAL ARMS

RELATED APPLICATIONS

[0001] This application is a Continuation-In Part of U.S.
patent application Ser. No. 15/454,123 filed Mar. 9, 2017.
[0002] This application also claims the benefit of priority
under 35 USC § 119(e) of U.S. Provisional Patent Applica-
tion No. 62/583,582 filed Nov. 9, 2017.

[0003] This application is also related to:

[0004] PCT Patent Application No. PCT/IL2015/050893
filed on Sep. 4, 2015,

[0005] PCT Patent Application No. PCT/IL2015/050892
filed on Sep. 4, 2015,

[0006] PCT Patent Application No. PCT/IL2015/050891
filed on Sep. 4, 2015, and

[0007] PCT Patent Application No. PCT/IL2016/050976
filed Sep. 4, 2016.

[0008] The contents of all of the above are incorporated
herein by reference in their entirety.

FIELD AND BACKGROUND OF THE
INVENTION

[0009] The present invention, in some embodiments
thereof, relates to a control console and, more particularly,
but not exclusively, to a control console including at least
one control arm.

SUMMARY OF THE INVENTION

[0010] Following are examples of some embodiments of
the invention. Features of one example may be combined
with features of one or more other examples, unless
expressly prohibited and form additional examples of some
embodiments of the invention.

EXAMPLE 1

[0011] A control console for control of a medical surgical
device comprising at least one surgical mechanical arm,
which control console comprising:

[0012] a control console base

[0013] at least one user support coupled to said control
console base;

[0014] a processor configured to receive data regarding a

selected surgical configuration of said at least one surgical
mechanical arm and at least one cameta;

[0015] an input arm support coupled to said control con-
sole base;
[0016] at least one input arm comprising a plurality of

sections sequentially coupled by joints, coupled to and
extending from said input arm support where a direction of
extension of said input arm, with respect to said at least one
user support is adjustable to match an input arm configura-
tion to said selected surgical configuration, a camera view of
said at least one surgical mechanical arm thereby corre-
sponding to a user view of said input arm.

EXAMPLE 2

[0017] The control console according to Example 1, com-
prising a user interface;

[0018] wherein said processor is configured to receive at
least a portion of said data from said user interface.
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EXAMPLE 3

[0019] The control console according to any one of
Examples 1-2, comprising a user interface; wherein said user
interface is configured to display an indication of a selected
surgical configuration.

EXAMPLE 4

[0020] The control console according to any one of
Examples 1-3, comprising a user interface display config-
ured to display images collected by said camera.

EXAMPLE 5

[0021] The control console according to any one of
Examples 1-4, wherein said data comprises one or more of,
a direction of insertion of said at least one surgical mechani-
cal arm, a direction of insertion of said camera, a region of
insertion of said at least one surgical mechanical arm, a
region of insertion of said camera.

EXAMPLE 6

[0022] The control console according to any one of
Examples 1-5, wherein said processor is configured to
receive at least a portion of said data from at least one
control console sensor.

EXAMPLE 7

[0023] The control console according to Example 6,
wherein said at least one control console sensor is config-
ured to send a signal to said processor based on said
direction of extension of said input arm from said input arm
support.

EXAMPLE 8

[0024] The control console according to Example 7,
wherein said processor is configured to:

[0025] compare said signal to said data; and

[0026] generate an alarm upon identifying a discrepancy
between a selected surgical configuration and said direction
of extension of said input arm.

EXAMPLE 9

[0027] The control console according to any one of
Examples 7-8, wherein said processor is configured to:
[0028] compare said signal to said data; and

[0029] generate a signal disabling one or more actuator
configured to control movement of said surgical mechanical
upon identifying a discrepancy between a selected surgical
configuration and said direction of extension of said input
arm.

EXAMPLE 10

[0030] The control console according to any one of
Examples 1-9, wherein said processor is configured to
receive at least a portion of said data from said at least one
surgical mechanical arm.

EXAMPLE 11

[0031] The control console according to any one of
Examples 1-10, wherein said processor is configured to
receive at least a portion of said data from said camera.
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EXAMPLE 12

[0032] The control console according to any one of
Examples 1-11, wherein a separation between said at least
one input arm and said at least one user support is adjustable.

EXAMPLE 13

[0033] The control console according to any one of
Examples 1-12, wherein said at least one support comprises
a user seat.

EXAMPLE 14

[0034] The control console according to any one of
Examples 1-13, wherein said at least one support comprises
at least one user arm rest.

EXAMPLE 15

[0035] The control console according to any one of
Examples 1-14, comprising a first and a second input arm,
according to said at least one input arm.

EXAMPLE 16

[0036] The control console according to any one of
Examples 1-15, comprising at least one sensor configured to
generate an input arm signal based on a measured angle
between two of said input arm sections;

wherein said a processor is configured to:
0037] wherein said a p is configured
[0038] receive said input arm signal;
[0039] generate a control signal instructing movement

of said at least one surgical mechanical arm, based on
said input arm signal,

[0040] send said control signal to said surgical mechanical
arni.
EXAMPLE 17
[0041] A system comprising:
[0042] acontrol console according to any one of Examples
1-16;
[0043] at least one surgical mechanical arm;
[0044] at least one camera;
[0045] at least one sensor configured to measure one or
more of:
[0046] a position of said surgical mechanical arm with

respect to a position of said camera;

[0047] a location of insertion into a patient of said
surgical mechanical arm with respect to a location of
insertion into a patient of said camera;

[0048] a direction of insertion into a patient of said sur-
gical mechanical arm with respect to a direction of
insertion into a patient of said camera.

EXAMPLE 18
[0049] A surgical method comprising:
[0050] selecting a surgical approach for at least one sur-

gical mechanical arm and a laparoscopic camera; and
[0051] adjusting a direction of extension of an input arm
from an input arm support to correspond to said surgical
approach;

[0052] controlling movement of said surgical mechanical
arm using measured movement of said input arm.

Sep. 13,2018

EXAMPLE 19
[0053] The surgical method according to Example 18,
[0054] wherein said selecting comprises:
[0055] selecting a camera insertion direction of a laparo-

scopic camera into a patient;

[0056] selecting an arm insertion direction of a surgical
mechanical arm into said patient;

[0057] wherein said adjusting comprises:

[0058] adjusting a direction of extension of an input arm
from an input arm support with respect to a user support,
where:

[0059] when said camera insertion direction is away
from said arm insertion direction said input arm
extends away from said user support;

[0060] when said camera insertion direction is towards
from said arm insertion direction said input arm extends
towards said user support.

EXAMPLE 20

[0061] The method according to Example 19, wherein said
adjusting comprises adjusting a vertical angle of said direc-
tion of extension of said input arm to correspond to said
angle of insertion of said surgical mechanical arm with
respect to an angle of insertion of said laparoscopic camera.

EXAMPLE 21

[0062] The method according to any one of Examples
19-20, wherein said adjusting comprises adjusting a hori-
zontal angle of said direction of extension of said input arm
to correspond to said angle of insertion of said surgical
mechanical arm with respect to an angle of insertion of said
laparoscopic camera.

EXAMPLE 22

[0063] The method according to any one of Examples
19-21, wherein adjusting comprises adjusting a separation
between attachment of said user support and said input arm
support, to maintain a separation between a volume of
allowable positions of said input arm and said user support.

EXAMPLE 23

[0064] The surgical method according to Example 18,
[0065] wherein said selecting comprises: selecting a cam-
era insertion location of a laparoscopic camera into a
patient;
[0066] selecting an arm insertion location of a surgical
mechanical arm into said patient;
[0067] wherein said adjusting comprises:
[0068] comparing a separation between said camera inser-
tion location and an arm insertion location with a threshold;
[0069] adjusting a direction of extension of an input arm
from an input arm support with respect to a user support,
where:
[0070] when said separation is below said threshold said
input arm extends away from said user support;
[0071] when said separation is below said threshold
extends towards said user support.

EXAMPLE 24

[0072] A control console for control of a medical surgical
device comprising at least one surgical mechanical arm,
which control console comprising:
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[0073] an elongate control console base sized and shaped
for a user to comfortably sit astride said control console
base;

[0074] at least one input arm coupled to said control
console base and comprising a plurality of sections sequen-
tially coupled by joints;

[0075] at least one sensor configured to measure user
controlled movement of said sections; and

[0076] circuitry configured to receive a measurement sig-
nal from said sensor and to generate a control signal, based
on said measurement signal for control of movement of said
surgical mechanical arm.

EXAMPLE 25

[0077] The control console according to Example 24,
wherein said elongate base is 5-30 cm wide.

EXAMPLE 26

[0078] The control console according to any one of
Examples 24-25, wherein said elongate base is 0.5-2 m long.

EXAMPLE 27

[0079] The control console according to any one of
Examples 24-26, comprising a seat coupled to said base.

EXAMPLE 28

[0080] The control console according to Example 27,
wherein a position of said seat is adjustable with respect to
said base.

EXAMPLE 29

[0081] The control console according to any one of
Examples 27-28, wherein a separation between said at least
one input arm and said seat is adjustable.

EXAMPLE 30

[0082] The control console according to any one of
Examples 24-29, comprising one or more arm rest coupled
to said base.

EXAMPLE 31

[0083] The control console according to any one of
Examples 24-29, comprising two input arms according to
said input arm.

EXAMPLE 32

[0084] The control console according to any one of
Examples 24-31, wherein a footprint of said control console
is elongate.

EXAMPLE 33

[0085]
[0086]

A surgical method comprising:
providing a surgical mechanical arm comprising:
[0087] an elongate support portion;
[0088] a first bendable portion coupled to said elongate
support portion;
[0089] a second bendable portion coupled to said first
bendable portion;
[0090] a tool coupled to said second bendable portion:
[0091] positioning said surgical mechanical arm at a sur-
gical site;
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[0092] identifying a potential collision between said sur-
gical mechanical arm and an obstacle,

[0093] bending said surgical mechanical arm at said sec-
ond bendable portion; and

[0094] bending said surgical mechanical arm at said first
bendable portion.

EXAMPLE 34

[0095] The method according to Example 33, wherein said
identifying comprises: identifying, using a processor, based
on data received from one or more sensor.

EXAMPLE 35

[0096] The method according to Example 34, wherein said
one or more sensor includes a camera configured to collect
images including said obstacle and at least a portion of said
surgical mechanical arm.

EXAMPLE 36

[0097] The method according to any one of Examples
33-35, wherein said obstacle is an inner abdominal wall.

EXAMPLE 37

[0098] The method according to Example 36 wherein said
obstacle is an inner abdominal wall of an insufflated patient.

EXAMPLE 38

[0099] A surgical system for control of a surgical mechani-
cal arm, which system comprises:

[0100] at least one input arm comprising:
[0101] a first section rotatable about a first section axis;
[0102] asecond section rotatable about a second section
axis;
[0103] afirst bendable joint coupling said first and said

second sections,
[0104] where said first section axis and said second section
axis are not collinear, for all angles of bending of said first
bendable joint;
[0105] at least one sensor configured to measure move-
ment of one or more of said sections; and
[0106] circuitry configured to receive a measurement sig-
nal from said at least one sensor and to generate a control
signal, based on said measurement signal for control of
movement of said surgical mechanical arm.

EXAMPLE 39

[0107] The surgical system of Example 38, wherein said
where bending at said bendable joint changes an angle of
said first section axis with respect to said second section
axis.

EXAMPLE 40

[0108] The surgical system of Example 38, wherein said
first section is rotatable at a first rotational joint.

EXAMPLE 41

[0109] The surgical system of Example 40, wherein said
first rotational joint couples said first section to a support
section.
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EXAMPLE 42
[0110] The surgical system of Example 41, wherein said

first rotational joint couples a proximal portion of said first
section to said support section.

EXAMPLE 43

[0111] The surgical system of Example 42, wherein said
bendable joint couples a distal portion of said first portion to
a proximal portion of said second section.

EXAMPLE 44

[0112] The surgical system of Example 38, wherein said
second section is rotatable at a second rotational joint.

EXAMPLE 45

[0113] The surgical system of Example 38, wherein when
said input arm is in a straight configuration, said first axis
and said second axis are parallel.

EXAMPLE 46

[0114] The surgical system of Example 45, wherein, when
said input arm is in said straight configuration, there is an
offset between said first and said second axes.

EXAMPLE 47

[0115] The surgical system of Example 46, wherein said
offset is 0.01-5%, of a maximum portion cross sectional
thickness.

EXAMPLE 48

[0116] The surgical system of Example 46 wherein said
offset is 1-5 mm.

EXAMPLE 49

[0117] The surgical system according to Example 38,
wherein said axes of rotation of said rotational joints are at
different separations from an axis of flexion of a flexion joint
disposed between said rotational joints.

EXAMPLE 50

[0118] The surgical system according to Example 38,
where a difference in separation between said first axis and
said second axis as measured at an axis of flexion of said
bendable joint is 0.005-5% of a portion thickness.

EXAMPLE 51

[0119] The surgical system according to Example 38,
where a difference in separation between said first axis and
said second axis as measured at an axis of flexion of said
bendable joint is 1-5 mm.

EXAMPLE 52

[0120] The surgical system according to Example 38,
wherein saidbendable joint is a pivot joint.

EXAMPLE 53

[0121] The surgical system according to Example 50,
wherein said bendable joint is a pivot joint and said axis of
flexion is an axis of said pivot joint.
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EXAMPLE 54

[0122] The surgical system according to Example 38,
wherein said at least one sensor comprises a magnetic sensor
connected configured to measure movement of a magnet
mounted to one of said sections.

EXAMPLE 55

[0123] The surgical system according to Example 38,
wherein said at least one sensor comprises:

[0124] a first sensor configured to measure rotation of said
first section; and

[0125] a second sensor configured to measure rotation of
said second section.

EXAMPLE 56

[0126] The surgical system according to Example 55,
wherein said first sensor is a magnetic sensor configured to
configured to measure movement of a magnet configured to
rotate with said first section ;

[0127] wherein said second sensor is a magnetic sensor
configured to configured to measure movement of a magnet
configured to rotate with said second section.

EXAMPLE 57

[0128] The surgical system of Example 38, wherein said
bendable joint is bendable by at least 120°.

EXAMPLE 58

[0129] The surgical system of Example 38, wherein said
bendable joint is bendable by at least 180°.

EXAMPLE 59

[0130] The surgical system of Example 44, wherein said
second section is coupled at a distal end to a handle by
second bendable joint.

EXAMPLE 60

[0131] The surgical system of Example 59, wherein said
second section rotatable with respect to said handle about
said second rotational joint.

EXAMPLE 61
[0132] A method of surgical device control comprising:
[0133] providing an input arm including a first portion

rotatable about a first rotational joint coupled, by a bendable
joint, to a second portion rotatable by a second rotational
joint;

[0134] applying a torque to said first rotatable portion of
an input arm to rotate sais first rotatable portion about an
axis of rotation of said first rotational joint, where torque
transferred to said second rotatable portion is reduced by
transfer and is not sufficient to overcome friction at said
second rotational joint and rotate said second rotatable
portion.

EXAMPLE 62

[0135] The method of Example 61, wherein said axis of
rotation of said first portion and an axis of rotation of said
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second rotational joint is non-coaxial with said axis of said
first rotational joint reducing said torque transferred to said
second rotatable.

EXAMPLE 63
[0136] A surgical system comprising:
[0137] asurgical mechanical arm comprising a plurality of

sections sequentially coupled by joints;
[0138] an input device for control of a surgical mechanical
arm comprising:

[0139] a plurality of sections sequentially coupled by
input arm joints, where said plurality of sections
includes a handle;

[0140] at least one sensor configured to measure user
controlled movement of said sections;

[0141] auser interface disposed on said handle whereby
an orientation of said user interface moves under fric-
tion between a user and the user interface, as a user
moves the handle; and

[0142] circuitry configured to receive a measurement sig-
nal from said sensor and to generate a control signal, based
on said measurement signal for control of movement of said
surgical mechanical arm.

EXAMPLE 64

[0143] The surgical system according to Example 1, com-
prising at least one actuator configured to:

[0144] receive said control signal; and

[0145] move at least one of said surgical arm sections,
based on said control signal.

EXAMPLE 65

[0146] The surgical system according to any one of
Examples 63-64, comprising circuity configured to receive
a signal from said user interface and to generate a user
interface control signal, based on said signal received from
said user interface.

EXAMPLE 66

[0147] The surgical system according to Example 65,
comprising at least one actuator

[0148] configured to:
[0149] receive said user interface control signal; and
[0150] move at least one of said surgical arm sections,

based on said control signal.

EXAMPLE 67

[0151] The surgical system according to Example 66,
wherein said surgical mechanical arm comprises a surgical
tool;

[0152] wherein said actuator actuates said surgical tool.
EXAMPLE 68
[0153] The surgical system according to Example 67,

wherein said surgical tool is connected to a distal end of said
surgical mechanical arm.

EXAMPLE 69

[0154] The surgical system according to any one of
Examples 63-68, wherein said user interface is a switch.
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EXAMPLE 70

[0155] The surgical system according to Example 69,
wherein said user interface is biased in an open position.

EXAMPLE 71

[0156] The surgical system according to any one of
Examples 63-70, wherein friction between said user inter-
face and a user’s hand, when a user is touching the user
interface is sufficient to change an orientation of said user
interface as the user moves said handle.

EXAMPLE 72
[0157] A method of surgical device control comprising:
[0158] changing an orientation of a handle of an input

device with respect to a user hand,

[0159] adjusting an orientation of a user interface with
respect to said handle to maintain an orientation of a user
interface disposed on said handle with respect to said user
hand.

EXAMPLE 73

[0160] The method according to Example 72, wherein said
adjusting comprises moving said user interface under fric-
tion between at least a portion of said user interface and a
portion of a user’s hand.

EXAMPLE 74
[0161] A surgical system comprising:
[0162] asurgical mechanical arm comprising a plurality of

surgical arm sections sequentially coupled by surgical arm
joints;
[0163] an input arm comprising:
[0164] a plurality of input arm sections sequentially
coupled by input arm joints; and
[0165] an elongate handle, coupled to a distal end of said
input arm and comprising:

[0166] a rotatable body of said handle; and
[0167] a user interface coupled to said body;
[0168] at least one sensor configured to measure rotation

of said rotatable portion;

[0169] wherein a processor configured to receive a mea-
surement signal from said sensor and a user interface signal
from said user interface generates a control signal, based on
said measurement signal and said user interface signal,
instructing control of rotation of a surgical arm section.

EXAMPLE 75

[0170] The surgical system according to Example 74,
wherein said user interface is a second rotatable portion,
rotatable with respect to said handle.

EXAMPLE 76

[0171] The surgical system according to Example 75,
wherein said user interface is a dial coupled to said handle
and rotatable with respect to said handle.

EXAMPLE 77

[0172] The surgical system according to Example 76,
wherein said dial is disposed on an end of said handle
coupled to said input arm.
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EXAMPLE 78

[0173] The surgical system according to Example 74,
wherein said rotatable portion is an elongate body of said
handle, rotatable about a long axis of said elongate body.

EXAMPLE 79

[0174] The surgical system according to any one of
Examples 74-78, wherein said at least one sensor comprises
a magnetic sensor configured to measure movement of a
magnet configured to rotate with said rotatable portion.

EXAMPLE 80

[0175] The surgical system according to Example 75,
wherein said at least one sensor comprises:

[0176] a first sensor configured to measure rotation of said
rotatable portion; and a second sensor configured to measure
rotation of said second rotational portion.

EXAMPLE 81

[0177] The surgical system according to Example 80,
wherein said first sensor is a magnetic sensor configured to
configured to measure movement of a magnet configured to
rotate with said rotatable portion;

[0178] wherein said second sensor is a magnetic sensor
configured to configured to measure movement of a magnet
configured to rotate with said second rotatable portion.

EXAMPLE 82

[0179] A surgical system for control of a surgical mechani-
cal arm, which system comprises:

[0180] at least one input arm comprising:
[0181] a plurality of sections;
[0182] a plurality of joints sequentially coupling said

plurality of sections;

[0183] at least one sensor configured to measure move-
ment of one or more of said sections; and

[0184] a weight attached to one of said plurality of
sections which biases said one of said plurality of
sections to a null configuration, by movement under
gravity of said one of said plurality of sections about
one or more of said joints; and

[0185] circuitry configured to receive a measurement sig-

nal from said at least one sensor and to generate a control

signal, based on said measurement signal for control of

movement of said surgical mechanical arm.

EXAMPLE &3

[0186] The surgical system of Example 82, wherein said
weight is sufficient to overcome friction of movement of said
section about one or more joint coupling said section to one
or more adjacent section.

EXAMPLE 84

[0187] The surgical system according to any one of
Examples 82-83, wherein said joints include one or more
rotational joint.

EXAMPLE 85

[0188] The surgical system according to Example 84,
wherein said weight is coupled to a section which rotates
about a rotational joint;
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[0189] wherein said section rotates about said rotational
joint to return to said section to said null configuration.

EXAMPLE 86

[0190] The surgical system according to Example 85,
wherein said section is coupled to a flexion joint.

EXAMPLE 87

[0191] The surgical system according to Example 86,
wherein said flexion joint is bendable in a single bending
plane.

EXAMPLE 88

[0192] The surgical system according to any one of
Examples 86-87, wherein said at least one sensor is config-
ured to measure an angle at said flexion joint, where said
angle is an angle between adjacent sections connected by
said joint.

EXAMPLE 89

[0193] The surgical system according to Example 87,
wherein said flexion joint is bendable in one rotational
direction about said single bending plane from a straight
configuration.

EXAMPLE 90

[0194] The surgical system according to Example 89,
wherein said plurality of sections are coupled to a support.

EXAMPLE 91

[0195] The surgical system according to Example 90,
wherein said weight biases said flexion joint such that an
axis of said flexion joint is above a top of said support.

EXAMPLE 92

[0196] The surgical system according to Example 91,
wherein said weight biases said flexion joint in an orienta-
tion where bending at said flexion joint, by less than 90°,
about said single bending plane from a straight configuration
in said rotational direction moves a section distal and
adjacent to said flexion joint away from said support.

EXAMPLE 93

[0197] The surgical system according to any one of
Examples 90-92, wherein said weight biases said flexion
joint such that said rotational direction is in a generally
upwards direction.

EXAMPLE 94

[0198] The surgical system according to any one of
Examples 85-93, wherein a weight is coupled to an input
section adjacent to each said rotational joint.

EXAMPLE 95

[0199] The surgical system according to any one of
Examples 82-94, wherein said input arm sections are alter-
natively coupled by rotational and flexion joints.
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EXAMPLE 96

[0200] The surgical system according to Example 95,
wherein said flexion joints are bendable in a single bending
plane.

EXAMPLE 97

[0201] The surgical system according to Example 96,
wherein said flexion joints are bendable in one rotational
direction about said single bending plane from a straight
configuration.

EXAMPLE 98

[0202] The surgical system according to any one of
Examples 95-97, wherein one or more of said flexion joints
include ball bearings.

EXAMPLE 99

[0203] The surgical system according to any one of
Examples 95-97, wherein one or more of said rotational
joints include ball bearings.

EXAMPLE 100

[0204] The surgical system according to Example 82-99,
wherein said input arm includes a first flexion joint, a second
flexion joint, a first rotational joint and a second rotational
joint.

EXAMPLE 101

[0205] The surgical system according to Example 100,
[0206] wherein said first rotational joint couples a first
input arm section to an input arm support;

[0207] wherein said first flexion joint couples a second
input arm section to said first input arm section;

[0208] wherein said second rotational joint couples a third
input arm section to said second input arm section;

[0209] wherein said second flexion joint couples a fourth
input arm section to said third input arm section;

[0210] wherein a handle section is coupled to said third
input arm section.

EXAMPLE 102

[0211] The surgical system according to Example 101,
comprising:
[0212] a first weight coupled to said second section, said

first weight configured to maintain an axial orientation of
said second section.

EXAMPLE 103

[0213] The surgical system according to Example 102,
comprising:

[0214] asecond weight coupled to said fourth section, said
second weight configured to maintain an axial orientation of
said fourth section.

EXAMPLE 104

[0215] The surgical system of Example 97, wherein said
flexion joints are pivot joints.
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EXAMPLE 105

[0216] The surgical system of Example 97, wherein one or
more of said flexion joints are bendable by at least 120°.

EXAMPLE 106

[0217] The surgical system of Example 97, wherein one or
more of said flexion joints are bendable by at least 180°.

EXAMPLE 107

[0218] The surgical system of Example 97, wherein each
of said flexion joints are bendable by at least 120°.

EXAMPLE 108

[0219] The surgical system of Example 97, wherein each
of said flexion joints are bendable by at least 180°.

EXAMPLE 109

[0220] A surgical system comprising:
[0221] asurgical mechanical arm comprising a plurality of
surgical arm sections sequentially coupled by surgical arm
joints;
[0222] an input arm comprising:

[0223] a plurality of input arm sections sequentially

coupled by input arm joints; and

[0224] an elongate handle:

[0225] sized and shaped to be held between a human
adult’s thumb and one or more finger, where a
maximum dimension of said handle perpendicular to
a handle long axis is 5 mm-15 mm and a long axis
length of said handle is 20-200 mm;

[0226] coupled to a distal end of said input arm by a
flexion joint; and

[0227] extending proximally with respect to a most
distal input arm section so that a user grasping said
handle bends said flexion joint to hold said handle
above other portions of the input arm

[0228] at least one sensor configured to measure move-
ment of one or more of said sections; and

[0229] circuitry configured to receive a measurement

signal from said at least one sensor and to generate a

control signal, based on said measurement signal for

control of movement of said surgical mechanical arm.

EXAMPLE 110

[0230] The surgical system of Example 109, where one or
more of said plurality of sections are sized such that a user
holding said elongate handle is able to support one or more
section with the user’s palm of the hand holding the handle.

EXAMPLE 111

[0231] The surgical system of Example 110, wherein a
portion of said input arm includes a protrusion which
protrudes from a body of said input arm, said protrusion at
a distance from said handle and sized and shaped to be held
in a user’s palm of a hand holding the handle.

EXAMPLE 112

[0232] The surgical system of Example 111, wherein said
protrusion is at least a portion of a flexion joint.
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EXAMPLE 113

[0233] The surgical system according to Example 109,
wherein said input arms sections are alternatively coupled
by rotational and flexion joints.

EXAMPLE 114

[0234] The surgical system according to Example 113,
wherein said flexion joints are bendable in a single bending
plane.

EXAMPLE 115

[0235] The surgical system according to Example 114,
wherein one or more of said flexion joints is bendable by at
least 120°.

EXAMPLE 116

[0236] The surgical system according to Example 114,
wherein one or more of said flexion joints is bendable by at
least 180°.

EXAMPLE 117

[0237] The surgical system according to Example 116,
wherein said flexion joints are bendable in one rotational
direction about said single bending plane from a straight
configuration.

EXAMPLE 118

[0238] The surgical system according to any one of
Examples 109-117, wherein said input arm includes a first
flexion joint, a second flexion joint, a first rotational joint
and a second rotational joint.

EXAMPLE 119

[0239] The surgical system according to Example 118,
wherein said flexion joints are each bendable by at least
120°.

EXAMPLE 120

[0240] The surgical system according to any one of
Examples 109-119, wherein said handle extends proximally
with respect to a most distal input arm section.

EXAMPLE 121

[0241] The surgical system according to any one of
Examples 109-120, wherein said handle extends towards a
most distal input arm joint.

EXAMPLE 122

[0242] The surgical system according to Example 121,
wherein said most distal input arm joint is a flexion joint.

EXAMPLE 123

[0243] The surgical system according to any one of
Examples 109-122, wherein a long axis length of said handle
is 30-100% of a maximum length of said input arm.
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EXAMPLE 124

[0244] The surgical system according to any one of

Examples 109-123, wherein said handle comprises:

[0245] a rotatable portion;

[0246] at least one sensor configured to measure rotation

of said rotatable portion;

[0247] wherein a processor configured to receive a mea-
surement signal from said sensor generates a control
signal, based on said measurement signal, instructing
control of rotation of a surgical arm section.

EXAMPLE 125

[0248] The surgical system according to Example 124,
wherein said rotatable portion is a dial coupled to said
handle and rotatable with respect to said handle.

EXAMPLE 126

[0249] The surgical system according to Example 125,
wherein said dial is disposed on an end of said handle
coupled to said input arm.

EXAMPLE 127

[0250] The surgical system according to Example 124,
wherein said rotatable portion is an elongate body of said
handle, rotatable about a long axis of said elongate body.

EXAMPLE 128

[0251] The surgical system according to Example 124,

wherein said handle comprises a second rotatable portion;

[0252] wherein said at least one sensor is configured to
measure rotation of said second rotatable portion.

EXAMPLE 129

[0253] The surgical system according to Example 128,
wherein said first rotatable portion is a dial coupled to said
handle and rotatable with respect to said handle; and
[0254] wherein said second rotatable portion an elongate
body of said handle, rotatable about a long axis of said
elongate body.

EXAMPLE 130

[0255] The surgical system according to any one of
Examples 128-129, wherein said at least one sensor com-
prises:
[0256] a first sensor configured to measure rotation of
said first rotatable portion; and
[0257] a second sensor configured to measure rotation
of said second rotatable portion.

EXAMPLE 131

[0258] A control console for control of a medical surgical
device comprising;

[0259] a control console base;
[0260] a seat attached to said control console base;
[0261] an input arm attached to said control console base
comprising:
[0262] a support coupled to said control console base;
[0263] a proximal end coupled to said support;
[0264] a distal end;
[0265] a handle section;
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[0266] a plurality of sections sequentially coupled by
input arm joints,

[0267] extending from said proximal end where said
plurality of sections terminates at said distal end with
said handle section;

[0268] an armrest attached to said control console base;
[0269] a first volume of possible positions of said handle
section said first volume defined by lengths of said sections
and;

[0270] a second volume of user hand positions when a
user sitting at said seat resting a forearm of said user on said
armrest, said second volume defined by a position of said
armrest and by a size of said user arm;

[0271] wherein said first volume is contained by said
second volume, for average human adult arm dimensions.

EXAMPLE 132

[0272] The control console according to Example 131,
wherein said handle extends proximally with respect to a
most distal input arm section.

EXAMPLE 133

[0273] The control console according to any one of
Examples 131-132, wherein said handle extends towards a
most distal input arm joint.

EXAMPLE 134

[0274] The control console according to any one of
Examples 131-133, wherein a long axis length of said handle
is 30-100% of a maximum length of said input arm.

EXAMPLE 135

[0275] The control console according to any one of
Examples 131-134, wherein said first volume is a portion of
a sphere.

EXAMPLE 136

[0276] The control console according to Example 135,
wherein said sphere is of 200-500 mm diameter.

EXAMPLE 137

[0277] The control console according to any one of
Examples 131-136, wherein said second volume is a volume
of human adult hand positions.

EXAMPLE 138

[0278] The control console according to any of Examples
131-137, comprising a first input arm and a second input arm
coupled to said control base according to said input arm, said
first volume of said first input arm contained by a second
volume of a first user hand, said first volume of said second
input arm contained by a second volume of a second user
hand.

EXAMPLE 139

[0279] The control console according to Example 138,

comprising a first armrest and a second armrest;

[0280] wherein said second volume of said first user hand

1s defined by a position of said first armrest; and

[0281] wherein said second volume of said second user
hand is defined by a position of said second armrest.
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EXAMPLE 140

[0282] The control console according to any one of
Examples 131-139, wherein said input arms sections are
alternatively coupled by rotational and flexion joints.

EXAMPLE 141

[0283] The control console according to Example 140,
wherein said flexion joints are bendable in a single bending
plane.

EXAMPLE 142

[0284] The control console according to Example 141,
wherein said flexion joints are bendable in one rotational
direction about said single bending plane from a straight
configuration.

EXAMPLE 143

[0285] The control console according to any one of
Examples 131-142, wherein said input arm includes a first
flexion joint, a second flexion joint, a first rotational joint
and a second rotational joint.

[0286] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In
case of conflict, the patent specification, including defini-
tions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be
necessarily limiting.

[0287] Implementation of the method and/or system of
embodiments of the invention can involve performing or
completing selected tasks manually, automatically, or a
combination thereof. Moreover, according to actual instru-
mentation and equipment of embodiments of the method
and/or system of the invention, several selected tasks could
be implemented by hardware, by software or by firmware or
by a combination thereof using an operating system.
[0288] For example, hardware for performing selected
tasks according to embodiments of the invention could be
implemented as a chip or a circuit. As software, selected
tasks according to embodiments of the invention could be
implemented as a plurality of software instructions being
executed by a computer using any suitable operating system.
In an exemplary embodiment of the invention, one or more
tasks according to exemplary embodiments of method and/
or system as described herein are performed by a data
processor, such as a computing platform for executing a
plurality of instructions. Optionally, the data processor
includes a volatile memory for storing instructions and/or
data and/or a non-volatile storage, for example, a magnetic
hard-disk and/or removable media, for storing instructions
and/or data. Optionally, a network connection is provided as
well. A display and/or a user input device such as a keyboard
or mouse are optionally provided as well.

[0289] As will be appreciated by one skilled in the art,
aspects of the present disclosure may be embodied as a
system, method or computer program product. Accordingly,
aspects of the present disclosure may take the form of an
entirely hardware embodiment, an entirely software embodi-
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ment (including firmware, resident software, micro-code,
etc.) or an embodiment combining software and hardware
aspects that may all generally be referred to herein as a
“circuit,” “module” or “system.” Furthermore, some
embodiments of the present disclosure may take the form of
a computer program product embodied in one or more
computer readable medium(s) having computer readable
program code embodied thereon. Implementation of the
method and/or system of some embodiments of the disclo-
sure can involve performing and/or completing selected
tasks manually, automatically, or a combination thereof.
Moreover, according to actual instrumentation and equip-
ment of some embodiments of methods, systems, and/or
computer program products of the present disclosure, sev-
eral selected tasks could be implemented by hardware, by
software or by firmware and/or by a combination thereof,
e.g., using an operating system.

[0290] For example, hardware for performing selected
tasks according to some embodiments of the present disclo-
sure could be implemented as a chip or a circuit. As
software, selected tasks according to some embodiments of
the present disclosure could be implemented as a plurality of
software instructions being executed by a computer using
any suitable operating system. In an exemplary embodiment,
one or more tasks according to some exemplary embodi-
ments of method and/or system as described herein are
performed by a data processor. such as a computing platform
for executing a plurality of instructions. Optionally, the data
processor includes a volatile memory for storing instructions
and/or data and/or a non-volatile storage, for example, a
magnetic hard-disk and/or removable media, for storing
instructions and/or data. Optionally, a network connection is
provided as well. A display and/or a user input device such
as a keyboard or mouse are optionally provided as well.

[0291] Any combination of one or more computer read-
able medium(s) may be utilized for some embodiments. The
computer readable medium may be a computer readable
signal medium or a computer readable storage medium. A
computer readable storage medium may be, for example, but
not limited to, an electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor system, apparatus, or
device, or any suitable combination of the foregoing. More
specific examples (a non-exhaustive list) of the computer
readable storage medium would include the following: an
electrical connection having one or more wires, a portable
computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or Flash memory), an
optical fiber, a portable compact disc read-only memory
(CD-ROM), an optical storage device, a magnetic storage
device, or any suitable combination of the foregoing. In the
context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruc-
tion execution system, apparatus, or device.

[0292] A computer readable signal medium may include a
propagated data signal with computer readable program
code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of
a variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
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a program for use by or in connection with an instruction
execution system, apparatus, or device.

[0293] Program code embodied on a computer readable
medium and/or data used thereby may be transmitted using
any appropriate medium, including but not limited to wire-
less, wireline, optical fiber cable, RF, etc., or any suitable
combination of the foregoing.

[0294] Computer program code for carrying out opera-
tions for some embodiments of the present disclosure may
be written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
software package, partly on the user’s computer and partly
on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

[0295] Some embodiments of the present disclosure may
be described below with reference to flowchart illustrations
and/or block diagrams of methods, apparatus (systems) and
computer program products. It will be understood that each
block of the flowchart illustrations and/or block diagrams,
and combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
program instructions. These computer program instructions
may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable
data processing apparatus to produce a machine, such that
the instructions, which execute via the processor of the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.
[0296] These computer program instructions may also be
stored in a computer readable medium that can direct a
computer, other programmable data processing apparatus, or
other devices to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including instructions which
implement the function/act specified in the flowchart and/or
block diagram block or blocks.

[0297] The computer program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other devices to cause a series of opera-
tional steps to be performed on the computer, other pro-
grammable apparatus or other devices to produce a
computer implemented process such that the instructions
which execute on the computer or other programmable
apparatus provide processes for implementing the functions/
acts specified in the flowchart and/or block diagram block or
blocks.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0298] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown
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are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard,
the description taken with the drawings makes apparent to
those skilled in the art how embodiments of the invention
may be practiced.

[0299] In the drawings:

[0300] FIG. 1 is a simplified schematic of a surgical
system, according to some embodiments of the invention;
[0301] FIG. 2 is a simplified schematic of a surgical
system, according to some embodiments of the invention;
[0302] FIGS. 3A-B are simplified schematic views of a
control console, according to some embodiments of the
invention;

[0303] FIG. 3C is an enlarged portion of FIG. 3B accord-
ing to some embodiments of the invention;

[0304] FIG. 3D is a simplified schematic side view of an
input arm, according to some embodiments of the invention;
[0305] FIG. 3E is a simplified schematic view of an input
arm, according to some embodiments of the invention;
[0306] FIG. 3F is a simplified schematic cross sectional
view of a portion of an input device handle, according to
some embodiments of the invention;

[0307] FIGS. 3G-I are simplified schematic views of con-
figurations of an input arm and outer contours of potential
positions of the input arm, according to some embodiments
of the invention;

[0308] FIG. 4Ais a simplified schematic isometric view of
an input arm, according to some embodiments of the inven-
tion;

[0309] FIG. 4B is a simplified schematic section view of
an input arm, according to some embodiments of the inven-
tion;

[0310] FIG. 4C is a simplified schematic view of a portion
of an input device including a first rotational joint, according
to some embodiments, of the invention;

[0311] FIG. 4D is a simplified schematic view of a portion
of an input device including a second rotational joint,
according to some embodiments, of the invention;

[0312] FIG. 5 is a simplified schematic side view of an
input arm, according to some embodiments of the invention;
[0313] FIGS. 6A-B are simplified views of an input arm
handle, according to some embodiments of the invention;
[0314] FIGS. 7. 8, 9 and 10 are exemplary simplified
schematic configurations of an input arm and corresponding
configurations of a surgical mechanical arm, according to
some embodiments of the invention;

[0315] FIG. 11 is a flow chart of a method of surgical
device control, according to some embodiments of the
invention;

[0316] FIGS. 12A-C are simplified schematics of a surgi-
cal system including a control console configured for a
surgical configuration where a plurality of surgical devices
are inserted into a patient from different directions and/or at
different insertion regions, according to some embodiments
of the invention;

[0317] FIGS. 13A-B are simplified schematic side views
of a plurality of surgical devices inserted through the same
insertion region of a patient, according to some embodi-
ments of the invention;

[0318] FIG. 13C is a side view of a control console
configured to correspond to a surgical configuration of FIG.
13A and/or FIG. 13B, according to some embodiments of
the invention;
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[0319] FIG. 14A is a side view of a simplified schematic
of a plurality of surgical devices inserted through the same
insertion region of a patient, according to some embodi-
ments of the invention;

[0320] FIG. 14B is a top view of a simplified schematic of
a plurality of surgical devices inserted through the same
insertion region of a patient, according to some embodi-
ments of the invention;

[0321] FIG. 14C is a top view of a control console
configured to correspond to a surgical configuration of
FIGS. 14A-B, according to some embodiments of the inven-
tion;

[0322] FIG. 15 is a simplified schematic of a surgical
system including a control console configured for a surgical
configuration where a plurality of surgical mechanical arms
are inserted through a plurality of ports according to some
embodiments of the invention;

[0323] FIG. 16 is a simplified schematic of a surgical
system including a control console configured for a surgical
configuration where a plurality of surgical devices are
inserted into a patient at different insertion regions, accord-
ing to some embodiments of the invention;

[0324] FIG. 17A is a simplified schematic of a control
console where an input arm is orientated in a forwards
configuration, according to some embodiments of the inven-
tion;

[0325] FIG. 17B is a simplified schematic of a user using
a control console where an input arm is orientated in a
forwards configuration, according to some embodiments of
the invention;

[0326] FIG. 18A is a simplified schematic of a control
console where an input arm is orientated in a backwards
configuration, according to some embodiments of the inven-
tion;

[0327] FIG. 18B is a simplified schematic of a user using
a control console where an input arm is orientated in a
backwards configuration, according to some embodiments
of the invention;

[0328] FIG. 19 is a flow chart of a method of surgical
mechanical arm movement control, according to some
embodiments of the invention;

[0329] FIG. 20 is a simplified schematic of a user manipu-
lating an input arm, according to some embodiments of the
invention;

[0330] FIG. 21 is a simplified schematic side view of a
surgical mechanical arm, in different configurations, accord-
ing to some embodiments of the invention;

[0331] FIG. 22 is a flow chart of a method of surgical
device retroflection, according to some embodiments of the
invention;

[0332] FIGS. 23A-E are simplified schematic top views of
an input arm, according to some embodiments of the inven-
tion; and

[0333] FIGS. 24A-B are simplified schematic side views
of an input arm, according to some embodiments of the
invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0334] The present invention, in some embodiments
thereof, relates to a control console and, more particularly,
but not exclusively, to a control console including at least
one control arm.
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Overview

[0335] A broad aspect of some embodiments of the inven-
tion relates to a mobile control console including at least one
input arm for control of a surgical system including at least
one surgical device. In some embodiments, at least one
surgical device is a surgical mechanical arm where move-
ment of the surgical mechanical arm is controlled by mea-
sured movement of the input arm.

[0336] In some embodiments, the control console is con-
figured to be easily positioned and/or repositioned by a user
before and/or during a surgery. In some embodiments, user
control of the system, for example, at a control console, is
mechanically decoupled from the surgical instrument.
[0337] In some embodiments, a control console has an
elongate footprint, for example, with a footprint aspect ratio
of 1:1.1-1:20, or 1:1.1-1:5, or 1:1-1:3, or lower or higher or
intermediate ranges or aspect ratios. In some embodiments,
a control console base to which one or more input arm
and/or one or more user support are attached (e.g. base) is
elongate, e.g. with an aspect ratio of 1:1.1-1:20, or 1:1.1-1:5,
or 1:1-1:3, or lower or higher or intermediate ranges or
aspect ratios.

[0338] In some embodiments, the control console is con-
figured to be sat on by a user. In some embodiments, a use
sits astride a portion of the control console, for example
astride a control console base. In some embodiments, one or
more user support is coupled to the base and/or one or more
input arm.

[0339] In some embodiments, the base is configured so
that a user can move the control console with user feet e.g.
while the user sits astride the control console. For example,
where one or more wheel is coupled to the base where the
wheels have sufficiently low friction and/or the control
console is light enough for the user to move the control
console. For example, in some embodiments, the control
console includes one or more user support e.g. including a
user seat. In some embodiments, a weight of a user seated on
the control console contributes to stability of the control
console e.g. potentially enabling the console to be lighter.
[0340] For example, in some embodiments, the control
console is small (e.g. less than 3x2 meters, or less than 2x1
meters, or lower or higher or intermediate footprint areas or
ranges of footprint areas) and/or light (e.g. weighing less
than 200 kg, or less than 150 kg, or less than 100 kg, or about
80 kg, or 20-100 kg, or 60-80 kg, or about 72 kg or lower
or higher or intermediate weights or ranges of weights),
and/or moves under application of a small force e.g. moves
under a manual force easily applied by a single user, for
example, 1-50 Kgf, or 5-15 Kgf, or 7-12 Kgf, or about 10
Kgf, or lower or higher or intermediate ranges or forces In
some embodiments, the control console includes one or
more wheel on which the control console is configured to
move.

[0341] In some embodiments, the control console is con-
figured such that a user using the control console is able to
be positioned close to the patient being treated by the at least
one surgical instrument. For example, an average and/or
minimum distance between one or more edge (e.g. front
edge) of the control console and a center of a control console
seat 15 0.5-3 m, or 0.5-2 m or 0.8-1.3 m or 0.95-1.19 m or
about 1 m, for example, when the control console is not
sterile. In some embodiments, a distance between a side of
the control console and a center of a control seat is smaller,
for example, less than half the distance between a front
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(and/or back) edge of the control console and the seat for
example, 0.1-2 m, or 0.5-1.3 m or 0.5-1 or about.

[0342] In some embodiments, one or more pottion of the
control console is sterile. Potentially enabling the control
console to be positioned close to a patient. Where, in some
embodiments, an average and/or minimum distance between
one or more edge of the control console and a seat of the
control console is about 0.5-200 cm, or 1-50 cm, or 1-20 cm
or 1-10 cm or lower or higher or intermediate distances or
ranges.

[0343] In some embodiments, the control console is sized
and/or shaped such that the user is able to see at least a
portion of the patient whilst using the control console. For
example, in some embodiments, a maximum height of the
control console (e.g. height of top of a display) above a seat
of the control console is about 20-100 c¢m, or 20-70 cm or
30-60 cm, or 36-53 cm, or lower or higher or intermediate
distances or ranges.

[0344] In some embodiments, the control console is con-
figured (e.g. sized and/or shaped) to be positioned between
a patient’s legs e.g. where patient legs are spread e.g. when
one or more surgical device is inserted into a patient’s
undercarriage (e.g. through a natural orifice e.g. vagina
and/or anus).

[0345] In some embodiments, the control console is con-
figured to be located above a patient and/or for the user to
be positioned above the patient. Potentially providing a user
with improved view of the patient during use of the console.
In some embodiments, the control console is configured to
be connected (e.g. hung from) a ceiling.

[0346] A broad aspect of some embodiments of the inven-
tion relates to an input arm, where movement of the input
arm controls movement of a surgical arm and a direction of
extension of the input arm from a support with respect to a
user and/or user support is orientated, based on a spatial
relationship between the surgical arm and a camera, where
the user views images of the surgical arm collected by the
camera (e.g. on a user interface). In some embodiments, the
surgical arm and/or camera is inserted into a patient e.g.
during laparoscopic treatment of the patient. A potential
advantage of user control of a surgical arm by moving an
input arm, where a user view of the input arm corresponds
with a view of displayed images of the surgical arm is
intuitive control of the surgical arm by the user.

[0347] Insomeembodiments, the direction of extension of
the input arm is based on a direction of extension of the
surgical mechanical arm with respect to a field of view
(FOV) of the camera.

[0348] Insome embodiments, the surgical mechanical arm
includes a rigid portion coupled to a portion including at
least one joint e.g. a plurality of joints. In some embodi-
ments, the direction of extension of the input arm is based
on an angle of the surgical arm rigid portion with respect to
the camera. Where the angle of the surgical arm rigid portion
is measured with respect to a direction of insertion of the
camera e.g. an angle of a support of the camera and/or a
center of the camera’s FOV.

[0349] In some embodiments, insertion points (e.g. inci-
sion/s and/or ports) on a patient for a surgical arm and a
laparoscopic camera are selected and, in some embodiments,
a direction of extension of the input arm from an input arm
support is orientated based on a separation between the
insertion points.
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[0350] Where, for example, in some embodiments, the
surgical arm and camera are inserted through the same
region of a patient and the surgical arm is advanced further
into the patient than the camera, such that at least a portion
of the surgical arm (e.g. a distal end of the surgical arm) is
within the camera FOV. The input arm is adjusted to extend
away from the user and/or a user support (e.g. arm rest
and/or seat), in some embodiments, the camera view of the
surgical arm extending away from the camera corresponds
with the user’s view of the input arm extending away from
the user. Where extending away, in some embodiments,
means that proximal portion/s of the surgical arm are in the
foreground of the camera images and distal portion/s of the
surgical arm are in the background of camera images, at least
when the surgical arm is in a straight configuration. During
control of the surgical arm using the input arm, a configu-
ration of the input arm changes e.g. by bending of input arm
joints (e.g. towards the user). As, in some embodiments, the
surgical arm configuration is controlled by the input arm
configuration, when the configuration of the input arm
changes, in some embodiments, the user view of the input
arm and camera view of the surgical arm continue to
correspond.

[0351] Insome embodiments, insertion into a same region
of a patient is defined as where the arm and camera are
inserted into a patient with a small separation between
insertion points (e.g. 0-20 cm or 0-10 cm or 0-5 cm or lower
or higher or intermediate distances or ranges) and/or where
the arm and camera are inserted through a single port and/or
through a single incision and/or through the same natural
orifice (e.g. vagina, anus, mouth, esophagus, windpipe,
nostril, ear canal.

[0352] In some embodiments, when the surgical arm and
camera are inserted through different entry locations and/or
entry locations in different regions of a patient, and the
surgical arm is advanced towards the camera FOV, the input
arm is adjusted to extend towards the user and/or user
support. In some embodiments, the camera view of the
surgical arm then extends towards the camera corresponding
with the user’s view of the input arm which extends towards
the user.

[0353] Alternatively or additionally, in some embodi-
ments, the direction of extension of the input arm is orien-
tated based on an angle of entrance into the patient of the
camera and/or surgical arm.

[0354] In some embodiments, the surgical arm includes a
rigid support portion and, in some embodiments, a distal end
of the surgical arm including one more joint is coupled to the
rigid support portion (e.g. coupled to a distal end of the rigid
support portion). In some embodiments, the input arm is
orientated based on an angle of the support portion with
respect to an angle of entrance and/or FOV (e.g. center of the
FOV) of the camera.

[0355] In some embodiments, a control console includes
more than one input arm, movement of which is used to
control one or more surgical arms. In an exemplary embodi-
ment, each input arm is used to control a surgical arm, e.g.
in some embodiments, two surgical arms are used where one
movement of each of two input arms controls one of the
surgical arms.

[0356] In some embodiments, orientation of each input
arm is adjusted based on insertion points and/or angles of

Sep. 13,2018

insertion and/or angle of the support portion with respect to
the camera (e.g. as described above) for the corresponding
surgical arm.

[0357] In some embodiments, the input arms have two
possible configurations, extending towards a user and/or
user support and extending away from a user and/or user
support. In some embodiments, when vectors of insertion of
surgical mechanical arm/s and the camera are directed
towards each other, the input arm is adjusted to extend
towards the user. Conversely, in some embodiments, where
the vectors of insertion are directed in the same direction or
not directed towards each other, the input arm is adjusted to
extend away from the user.

[0358] In some embodiments, the input arms have a range
of configurations where vertical and/or horizontal angle of
extension of the input arm is adjustable, based on the angle
between (e.g. insertion angle) surgical mechanical arm/s and
the camera.

[0359] In some embodiments, a control console and/or a
system processor receives data regarding a selected surgical
configuration. Data, for example, including one or more of,
a number of entry port/s (e.g. for surgical mechanical arms),
position of entry port/s, an angle of entry of one or more
device (e.g. camera and/or surgical arm) a number of
devices, data regarding which device/s are inserted through
which entry port.

[0360] In some embodiments, a user selects a surgical
configuration through a system user interface (e.g. control
console user interface). For example, by selecting from a
menu of displayed options displayed on the user interface.
Alternatively or additionally, in some embodiments, a user
selects a surgical configuration by orientating input arm/s.
Alternatively or additionally, in some embodiments, a user
selects a surgical configuration by positioning and/or insert-
ing surgical devices.

[0361] In some embodiments, the processor receives data
regarding the surgical configuration from the user interface.
Alternatively or additionally, in some embodiments, a sys-
tem processor receives data regarding the surgical configu-
ration from one or more sensor. For example, one or more
sensor measuring orientation of input arm/s. For example,
one or more sensor measuring a separation and/or orienta-
tion of surgical devices (e.g. surgical arm/s and/or camera/s).

[0362] In some embodiments, orientation of extension of
control console input arm/s is adjusted, based on the selected
surgical configuration e.g. manually and/or automatically by
one or more actuator receiving instructions from the pro-
cessor. In some embodiments, surgical arm/s are inserted
and/or orientated based on the selected surgical configura-
tion e.g. manually and/or automatically by one or more
actuator receiving instructions from the processor.

[0363] A broad aspect of some embodiments of the inven-
tion relates to input arm/s which are configured for com-
fortable and fatigue free manipulation by a user. Where
measured movement of an input arm is used to control
movement of a surgical arm, the shape of the input arm, for
example, corresponding with the shape of the surgical arm.

[0364] An aspect of some embodiments of the invention
relates to control of a surgical mechanical arm using mea-
sured movement of a jointed input arm, where a user
manipulates the jointed input arm using hand and/or wrist
movement. In some embodiments, one user arm is used to
manipulate a single jointed input arm. For example, in some
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embodiments, the user manipulates a first input arm with
their left arm and a second input arm with their right arm.

[0365] In some embodiments, a volume of possible posi-
tions of one or more portion of a jointed input arm (e.g. an
input arm handle) is defined by input arm portion sizes and
range of angles at each joint. In some embodiments, the
input arm/s are configured so a user can move an input arm
through the volume using wrist movement of a single user
arm, where, for example, the user’s forearm remains on an
armrest.

[0366] In some embodiments, the control console is con-
figured for comfortable user by a user, where distance
between the input arms and/or between the input arms and
other portions of the control console (e.g. user support/s) is
selected for user comfort and/or is adjustable.

[0367] In some embodiments, positions of a plurality of
input arm segments coupled by freely moving joints are
controlled by a user grasping a single portion of the input
arm e.g. a distal portion of the input arm which, in some
embodiments, includes or is a handle.

[0368] An aspect of some embodiments of the invention
relates to an input arm, including a handle sized and shaped
for manipulation by a user where the user comfortably holds
the handle in a tripod grasp and/or in a prismatic finger grasp
(e.g. similar to grasps associated with holding an elongated
writing implement e.g. pencil, pen).

[0369] Insome embodiments, whilst holding the handle in
a tripod grasp, a user supports a portion of the device with
a user palm. A potential advantage being improved control
of a position of the portion of the device supported by the
palm. In some embodiments, the input device is sized and/or
shaped such that portion/s supported (e.g. directly contacted)
by a user palm when the user is holding the handle in a tripod
and/or prismatic finger grasp and/or supporting the handle
between user fingers, include a flexion joint (flexion joints
also herein termed “bendable joints™).

[0370] In some embodiments, the input arm includes one
or more lock, such that, when the input arm is released by
a user, the input arm remains in a last user-controlled
configuration before the release. In some embodiments, the
input arm includes one or more sensor (e.g. contact sensor
e.g. located in the input arm handle) which is used to detect
if a user (e.g. a user’s hand) is in contact with the handle
and/or is grasping the handle. In some embodiments, the
sensor/s provides a signal, which is analyzed by a processor
to assess whether the user’s hand is in contact with the
handle and/or is grasping the handle (e.g. by comparing the
sensor signal/s with threshold/s). In some embodiments, the
processor, upon identifying that a user has released the
handle, sends one or more signal to the input arm instructing
lock/s (e.g. which in some embodiments include motors
within the input device) to hold and/or lock the input arm in
the last position before user release. In some embodiments,
sensor signals are analyzed by the processor (e.g. continu-
ously and/or periodically) to identify resumption of contact
and/or grasp (grasp, in some embodiments, corresponding to
higher sensor values than contact which can be identified,
e.g. by comparison with a threshold). Where, in some
embodiments, upon identifying resumption of contact, the
processor sends control signal/s to the lock/s to release so
that the user can resume moving the input device to control
the surgical device.
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[0371] Abroad aspect of some embodiments of the inven-
tion relates to an input arm where a user is able to control
movement of the arm at joints independently.

[0372] An aspect of some embodiments of the invention
relates to biasing of an input arm into one or more configu-
ration. In some embodiments, biasing is by one or more
weights, attached to one or more portion of the input arm. In
some embodiments, a weight is attached to one or more
input arm portion. In some embodiments, the weight is
configured to return the input arm portion to which it is
attached (e.g. under gravity) to a null configuration. In some
embodiments, a portion to which the weight is attached is
coupled to another input arm portion by a rotational joint. In
some embodiments, a weight is coupled to a portion distal
of a rotational joint. For example, in some embodiments,
(e.g. when the input arm includes a first and a second
rotational joint) a weight is attached to a portion distal of a
first rotational joint and a portion distal of a second rota-
tional joint. In some embodiments, a weight is 10 g-1 kg, or
20 g-400 g, or 50 g-100 g, or lower or higher or intermediate
weights or ranges. In some embodiments, a weight is 0.1-10
times, or 0.1-0.5 times, or 0.1-5 times, or 1-5 times, or lower
or higher or intermediate multiples of a weight of a section
to which it is attached and/or a total weight of the input arm.
[0373] In some embodiments, weight/s return the input
arm to a straight configuration (e.g. where rotational axes are
parallel) upon release of the input arm. In some embodi-
ments, weight/s mean that rotation of one portion does not
result in rotation of a weighted portion of the input arm.
[0374] In some embodiments, a mass of a weight is
selected to provide sufficient torque to overcome friction
(e.g. at a rotational joint) to rotate a portion of the input arm
to which it is attached. In some embodiments, a mass of one
or more weights is selected to lower a center of gravity of
one or more portion of the input arm below a central long
axis of the input arm (e.g. in a straight configuration) and/or
one or more portion of the input arm.

[0375] In some embodiments, weight/s are configured to
return one or more portion of input arm, upon release, to a
null position e.g. under gravity. In some embodiments,
weights are selected to bias the input arm without increasing
weight of the input arm to a level where a user manipulating
the arm is fatigued easily.

[0376] Potentially, weighting of the input arm improves
user ability to control rotational joints individually. For
example, in some embodiments, (e.g. when a portion of the
arm between the rotational joints is in a straight configura-
tion) rotation of one rotational joint tends to generate
rotation in other rotational joint/s e.g. rotational joints proxi-
mal to the joint being rotated by a user. Potentially, weight-
ing at the rotational joint/s prevents and/or reduces the
extend of rotation of a joint due to rotation of another joint.
[0377] An aspect of some embodiments of the invention
relates to and input arm which includes more than one
rotational joint where the joints have different axes of
rotation when the arm is in a straight configuration. In some
embodiments, a bendable joint (e.g. pivot joint) connect the
rotational joints, for example the input arm including a first
rotatable section coupled to a second rotatable section by a
bendable joint. In some embodiments, axes of rotation of the
rotational joints have a different separation from an axis of
a flexion joint disposed between the rotational joints. In
some embodiments, the axes of the rotational joints are
parallel and axially offset from each other, in at least one
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direction, when the arm is in a straight configuration.
Potentially, offsetting the rotational joints improves user
ability to control rotational joints individually, for example,
when the user is grasping a single portion of the input device
(e.g. the handle). For example in some embodiments, rota-
tion of one rotational joint tends to generate rotation in other
rotational joint/s.

[0378] In some embodiments, the axial offset and/or dif-
ference in separation between the input axes and the flexion
joint therebetween is sufficiently small e.g. with respect to
one or more dimension of the input arm that a shape of the
input arm continues to correspond to a shape of a surgical
mechanical arm controlled by the input arm. In some
embodiments, the difference in separation and/or axial offset
is 0.5-20 mm, or 0.5-10 mm, or 0.5-5 mm, or about 3 mm,
or lower or higher or intermediate distances or ranges. In
some embodiments, the difference in separation and/or axial
offset is 0.01-5%, or 0.01-0.1%, about 5% or lower or higher
or intermediate percentages or ranges of a maximum input
arm portion thickness. In some embodiments, the difference
in separation and/or axial offset is 0.005-5%, or 0.010-0.2%,
about 0.015 or lower or higher or intermediate percentages
or ranges of a maximum input arm length. Where, in some
embodiments, the surgical mechanical arm rotational joints
are coaxial when the arm is in a straight configuration and/or
where axes of rotational joints have about the same separa-
tion from an axis of a flexion joint therebetween. In some
embodiments, a maximum length of an input arm is 5-50 cm,
or 5-30 cm, or 10-30 cm or 15-25 cm or about 19 cm. In
some embodiments, a maximum and/or average input por-
tion width (e.g. diameter of a tubular input portion) is 1-15
cm or 1-10 cm or 2-7 cm, or about 5.5 cm.

[0379] Abroad aspect of some embodiments of the inven-
tion relates to an input arm where control by a user of the
arm remains comfortable for a range of input arm configu-
rations, e.g. for a range of handle orientations with respect
to the user.

[0380] An aspect of some embodiments of the invention
relates to an input arm where more than one signal, gener-
ated by the input arm is used to control movement of a single
portion of a corresponding surgical mechanical arm. In some
embodiments, measured movement of more than one por-
tion (e.g. measurement by more than one sensor, each sensor
generating a signal) of the input arm is used to control
movement of a single portion of the surgical arm. In some
embodiments, measured movement of a portion of the input
device and a user interface (e.g. switch, button, dial) control
movement of a single portion of the surgical arm. In an
exemplary embodiment, both rotation of a body of an input
arm handle (e.g. about a handle long axis) and an input
device control rotation of a portion of the surgical arm e.g.
surgical arm end effector. In some embodiments, the user
interface is a rotation user interface e.g. a dial which, in
some embodiments, is disposed to an end of the handle
coupled to the input arm. Potentially, more than one control
(e.g. at the handle) for a single movement enables comfort-
able user control in different input arm configurations e.g.
different handle orientations.

[0381] An aspect of some embodiments of the invention
relates to an input arm user input with adjustable orientation.
In some embodiments, one or more input arm user interface
changes orientation with movement of the input arm. In
some embodiments, orientation changes due to friction
between a user and the user interface. For example, in an
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exemplary embodiment, a handle of an input arm includes a
user input, the orientation of which moves under friction
between a user finger and/or thumb as the handle is moved
by the user holding the handle. In some embodiments,
orientation of one or more user interface changes orientation
with respect to a moving input device portion under gravity
(e.g. the user interface is weighted) for example, the user
interface maintaining an orientation with respect to the
vertical for more than one (e.g. all) configuration of the input
arm. In some embodiments, one or more user interface
orientation is controlled by an actuator.

[0382] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention
is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or
methods set forth in the following description and/or illus-
trated in the drawings and/or the Examples. The invention is
capable of other embodiments or of being practiced or
carried out in various ways.

Exemplary Surgical System

[0383] FIG. 1 is a simplified schematic of a surgical
system 100, according to some embodiments of the inven-
tion.

[0384] In some embodiments, system 100 includes a sur-
gical mechanical arm 102. In some embodiments, surgical
mechanical arm 102 includes a first flexible portion 101
coupled to a second flexible portion 103, coupled to a tool
105. In some embodiments, a distal portion of the surgical
mechanical arm (e.g. including portions 101, 103, 105) is
coupled to a surgical mechanical arm support 107. In some
embodiments, support 107 is rigid.

[0385] Insome embodiments, surgical arm 102 is actuated
by a motor unit 104. In some embodiments, surgical
mechanical arm 102 is supplied with electrical power e.g.
for electrosurgery through motor unit 104. In some embodi-
ments, motor unit 104 receives electrosurgical power from
an electrosurgical power generator (not illustrated).

[0386] In some embodiments, system 100 includes an
input arm 106. In some embodiments, input arm includes a
first flexion joint 150 and a second flexion joint 152. In some
embodiments, system includes one or more sensor 108
which senses position of one or more portion of input arm
106. In some embodiments, sensor/s 108 measure movement
between portion/s of the input device, for example, flexion
at flexion joints 150. 150 and/or rotation about rotational
joint/s 160, 162, 174.

[0387] In some embodiments, system 100 includes a pro-
cessor 110 which receives a signal from sensor/s 108 and
generates one or more control signal. In some embodiments,
processor 110 sends the generated control signal to motor
unit 108 which, in some embodiments, actuates movement
of surgical mechanical arm 106, based on the control signal.

[0388] In some embodiments, the processor instructs the
motor unit to move the surgical mechanical arm into a
configuration where a shape of the surgical arm corresponds
to a shape of the input arm. For example, where the surgical
device has about the same angles between corresponding
segments as the input device. Where, in some embodiments,
angles between segments are measured as intersections
between central long axes of the arm at rotational joints. For
example, as illustrated by dashed lines on FIG. 1.
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[0389] FIG. 2 is a simplified schematic of a surgical
system 200, according to some embodiments of the inven-
tion.

[0390] In some embodiments, surgical system 200
includes at least one surgical mechanical arm, for example,
a plurality of surgical mechanical arms 202, 212 e.g. two
surgical mechanical arms. In some embodiments, surgical
mechanical arms are sized and/or shaped for insertion into a
human patient’s body 214.

[0391] In some embodiments, the system includes at least
one motor unit, for example, a plurality of motor units 204,
216, where, in some embodiments, each of surgical
mechanical arms 202, 204 is actuated by a motor unit. For
example, where a first surgical arm 202 is actuated by a first
motor unit 204 and/or a second surgical arm 212 is actuated
by a second motor unit 218.

[0392] In some embodiments, one or more motor unit
and/or one or more surgical arm is attached to a patient
support surface 220 (e.g. a bed), for example by a support
222. In an exemplary embodiment, one or more motor unit
is attached to patient support surface 220. A potential benefit
of the device being coupled to a bed is the ability to move
and/or change an angle of the bed, for example, during
surgery, while the device remains in the same position
relative to the bed and/or patient. Alternatively, or addition-
ally, in some embodiments, a device position with respect to
the patient and/or the bed is adjustable, for example, before
treatment with the device and/or during surgery.

[0393] In FIG. 2, patient 214 is illustrated in a suitable
position for insertion of the device into and/or through the
vagina (and/or anus and/or undercarriage), where, for
example, the patient’s legs are apart (e.g. elevated and/or
held apart e.g. held by stirrups which are not illustrated).
[0394] In some embodiments, surgical arms 202, 212 are
controlled (e.g. by a user 232) at a control console 228. In
some embodiments, movement of surgical arms 202, 212 is
controlled. In some embodiments, electrosurgical charging
of arms 202, 212 is controlled. In some embodiments, one
or more motor unit (e.g. each motor unit 204, 218) is
connected to control console via data and/or electrical
supply connections 242.

[0395] In some embodiments, control console 228
includes a plurality of user interfaces: In some embodi-
ments, control console 228 includes one or more input arm
206, 230, where the control console is configured to generate
control signals upon movement of the arm/s. For example,
in some embodiments, a processor (not illustrated) generates
control signals when input arm/s are moved (e.g. as
described regarding sensor 108 and processor 110, FIG. 1).
In some embodiments, one or more input arm includes an
additional user interface (not illustrated), for example, one
or more button and/or switch.

[0396] In some embodiments, control console includes a
display 234. In some embodiments, display 234 is config-
ured to display imaging of a surgical zone, for example, to
display images collected by a camera inserted into patient
214 e.g. with surgical arms 202, 212. In some embodiments,
display 234 is a touch screen configured to receive user
input, potentially providing a user input.

[0397] In some embodiments, control console 228
includes one or more additional user interface 240 (e.g.
button, switch) e.g. located on and/or near display 234.
[0398] In some embodiments, system 200 includes con-
nectivity to and/or includes an electrosurgical generator 224.
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In some embodiments, for example, as known in the art of
electrosurgery, electrosurgical generator 224 supplies high-
frequency (e.g. radio frequency) alternating polarity electri-
cal current. In some embodiments, electrosurgical generator
224 is configured to supply different frequencies and/or
powers, for example, suitable for cutting and/or coagulating
and/or desiccating and/or fulgurating tissue.

[0399] In some embodiments, electrosurgical generator
224 is a part of control console 228. Alternatively, in some
embodiments, electrosurgical generator 224 is a separate
device the control console and/or motor units, for example
including connectivity to the electrosurgical generator. For
example, in an exemplary embodiment, electrosurgical gen-
erator 224 is a Covidien Force FX ESU Electrosurgical
Generator. In some embodiments, supply to the motor units
is via cable/s 226 which are, for example, configured to
transfer radio frequency electrosurgical power.

[0400] In some embodiments, one or more surgical
mechanical arm 202, 212 is supplied with electrical power
by a motor unit to which the arm is attached. In some
embodiments, surgical arm/s are supplied (e.g. indirectly
through motor unit/s) with power by electrosurgical genera-
tor 224.

[0401] In some embodiments, electrosurgical generator
224 includes one or more user interface e.g. for control of
supply of electrosurgical power supply to arms 202, 212. In
some embodiments, the electrosurgical generator is con-
trolled by a control console user interface e.g. 234 and/or
240.

[0402] In some embodiments, control console includes a
foot pedal 236. Alternatively or additionally, foot pedal 236
is provided as part of and/or attached to electrosurgical
generator 224. In some embodiments, foot pedal 236 is
connected via a data and/or power connection 225 to elec-
trosurgical power generator 224. In some embodiments, foot
pedal 236 controls supply of electrosurgical power to the
surgical mechanical arm/s 202, 212.

[0403] In some embodiments, system 200 includes a pro-
cessor (not illustrated) configured to receive signal/s from
user input/s (e.g. one or more of input arm/s 206, 230,
display 234, additional user interface/s 240, foot pedal 236).
In some embodiments, the processor sends control signals to
motor units 204, 218 and/or electrosurgical generator 224
e.g. based on signal/s received from user input/s.

[0404] In some embodiments, the processor sends control
signals to control console actuator/s, for adjustment of
portion/s of the control console. For example, in some
embodiments, a user inputs a command through a user
interface (e.g. display 234) to adjust one or more portion of
the control console (e.g. position and/or orientation of input
arm/s, height of a user support). In some embodiments, the
processor generates a control signal, based on the user
inputted command, the processor, for example, then sending
the control signal to actuator/s to adjust the control console.
In some embodiments, the processor generates the signal
based on measurements, e.g. measured position/s and or
movement/s of input arm/s. For example, in some embodi-
ments, when input arms are moved (e.g. by a user) towards
a collision, in some embodiments, a separation between the
input arms is automatically increased, for example, by
movement of one or more input arm support.

[0405] In some embodiments, control console 228
includes a processor. Alternatively or additionally, in some
embodiments, processing is hosted by an external processor
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which is, for example, configured to receive user input
signal/s and/or send control signals to motor unit/s and/or
the electrosurgical generator.

[0406] In some embodiments, foot pedal 236 and/or elec-
trosurgical generator 224 include a processor configured to
generate control signals (e.g. based on sensed pressure of
user 232 pressing on portion/s of foot pedal 236). Where, for
example, electrical power supplied to motor units is varied
208, 210 based on the control signals. In some embodiments,
foot pedal control signals do not pass through a control
console processor.

[0407] In some embodiments, a first input arm 204 con-
trols movement of first surgical arm 202 and/or a second
input arm 230 controls movement of second surgical arm
212. In some embodiments, a user positions and/or moves an
input arm 206 by grasping an input arm handle 238.
[0408] In some embodiments, a system includes an elec-
trosurgical switching unit, for example, connected between
electrosurgical generator 212 and motor units 204, 218
which, for example, switches electrosurgical power supply
(e.g. on and/or off) from the electrosurgical generator, for
example, upon receiving a signal (e.g. from a electrosurgical
switching unit user interface and/or from an external pro-
Cessor).

Exemplary Control Console

[0409] FIGS. 3A-B are simplified schematic views of a
control console, according to some embodiments of the
invention.

[0410] FIG. 3C is an enlarged portion of FIG. 3B accord-
ing to some embodiments of the invention.

[0411] In some embodiments, control console 328
includes a first input arm 306 and a second input arm 330.
In some embodiments, two input arms are used to control
one, two, or more than two surgical mechanical arms.
Where, for example, a user selects surgical arms for control
with the surgical arms, for example, then changing and/or
switching the surgical arm selection.

[0412] Alternatively, in some embodiments, control con-
sole 328 includes one input arm and/or more than two input
arms, for example, 3, 1-10, 1-5 or lower or higher or
intermediate numbers of input arms. In some embodiments,
each input arm controls a surgical instrument (e.g. a surgical
mechanical arm). In some embodiments, more than one
input arm controls a surgical instrument and/or a single input
arm is used to control more than one surgical instrument.
[0413] Insome embodiments, movement of a camera, e.g.
laparoscopic camera, is controlled by movement of an input
arm. In some embodiments, a laparoscopic camera is
mounted on a mechanical arm, for example, forming or
replacing an end effector of a surgical mechanical arm (e.g.
as described elsewhere in this document). For example, in
some embodiments, a control console includes three input
arms, one for control of each of a first surgical arm, a second
surgical arm and a laparoscopic camera. In some embodi-
ments, a control console includes input arms of different
sizes. In some embodiments an input arm (e.g. a third input
arm) is smaller than other input arm/s. For example, in some
embodiments, a control console includes an input arm which
is sized for control by one or more user finger and/or thumb
and/or for control by a user by a single user hand, e.g.
without the user needing to move their hand from contact
with a handle (e.g. grip on the handle). In some embodi-
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ments, a miniature (e.g. with one or more dimension which
is half that of an input arm) third input arm is mounted to one
or more input arm.

[0414] In some embodiments, the control console is
mobile, for example, is configured to be moved around (e.g.
within an operating theatre). For example, in some embodi-
ments, the control console is sized and/or shaped for ease of
movement. For example, in some embodiments, control
console 328 has less than 3x2 meters, or less than 2x1
meters, or lower or higher or intermediate footprint areas or
ranges of footprint areas. For example, in some embodi-
ments, control console weighs less than 200 kg, or less than
150 kg, or less than 100 kg, or about 80 kg, 20-100 kg, or
60-80 kg, or about 72 kg or lower or higher or intermediate
weights or ranges of weights.

[0415] In some embodiments, control console 328
includes one or more wheel 348 which are, for example,
mounted to base 339. In some embodiments, one or more
wheel includes a lock and/or brake.

[0416] In some embodiments, an input arm is attached to
control console 328 by a stand. For example, first input arm
306 is attached to control console 328 by stand 370 and
second input arm 330 is attached to control console 328 by
second stand 371. In some embodiments, an orientation of
stand/s 370, 371 with respect to control console 328 is
adjustable. For example, in some embodiments, one or both
of the stands are rotatable about a stand long axis. Poten-
tially adjustability of a stand enables a user to adjust input
arm/s to desired position/s and/or orientations e.g. with
respect to a user and/or user support (e.g. seat 344 and/or
arm support/s 346). In some embodiments, height and/or
lateral position of one or more of stand/s 370, 371 is
adjustable. In some embodiments, a direction of extension of
input arm 306 from stand 300 is adjustable e.g. to change a
direction of extension of the arm with respect to a user
and/or user support. For example, in some embodiments,
input arm 306 is coupled to stand 370 by one or more joint
(e.g. as described regarding and/or illustrated joint 376, FIG.
3D).

[0417] In some embodiments, control console 328
includes one or more user support. For example, a seat 344
and/or one or more arm support 346.

[0418] In some embodiments, position of seat 344 and/or
arm supports 346 are adjustable. In some embodiments, the
seat and/or arm supports have adjustable height and/or
lateral position. For example, in some embodiments a base
329 of the control console includes one or more linear rail.
In an exemplary embodiment, seat 344 is linearly moveable
on base 329 along seat linear rail 345. In an exemplary
embodiments, seat 344 is height adjustable by a spring (e.g.
a gas spring) and lock where the spring urges the seat
towards a maximum height and the lock, when locked, holds
the seat at a selected height position.

[0419] In some embodiments, input arms 306, 330 and/or
arm rests 346 are coupled to base 339 by an arm base 341.
In some embodiments, arm base 341 is moveable with
respect to base 339 e.g. along one or more linear rails, for
example, arm base linear rails 343 for vertical movement. In
some embodiments, the arm base is moveable in direction/s
towards and/or away from a back end of the control console
337 and/or seat 344 (e.g. on another linear rail which is not
illustrated). In some embodiments, input arm/s and/or arm
rest/s are height adjustable with respect to arm base 341, for
example, along linear rails (not illustrated). In some embodi-
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ments, arm/s are moveable e.g. towards and/or away from
seat 344 and/or back end 337, for example, moving on linear
rail/s 351 on arm base 341. In an exemplary embodiment,
linear rail/s 351 for movement of input arm/s are located on
an underside of arm base 341. In some embodiments, for
example, alternatively or additionally to linear rails, arm
rest/s and/or input arm/s include spring and lock position
adjustment.

[0420] In some embodiments, a seat height (measured
from a lowest point of the wheels to a top surface of the seat)
is between and/or is adjustable between 200-700 mm or
390-530 mm, or lower or higher or intermediate distances or
ranges.

[0421] Insome embodiments, an arm support height (mea-
sured from a lowest point of the wheels to a top surface of
the seat) is between and/or is adjustable between 300-1000
mm or 670-840 mm, or lower or higher or intermediate
distances or ranges.

[0422] In some embodiments, a distance between arm rest
supports (e.g. an arm rest “reach”) is between and/or is
adjustable between 50-700 mm or 151-401 mm, or lower or
higher or intermediate distances or ranges.

[0423] Insome embodiments, an arm rest depth, where the
depth, d (FIG. 3A) is 100-200 mm or about 150 mm, or
lower or higher or intermediate distances or ranges.

[0424] In some embodiments, arm rests 346 are laterally
adjustable, e.g. with respect to base 329 is adjustable
between 10-400 mm or 81-241, or lower or higher or
intermediate distances or ranges.

[0425] In some embodiments, a seat diameter is 200-600
mm or about 380 mm, or lower or higher or intermediate
distances or ranges

[0426] In some embodiments, for example, in addition or
alternatively to changing on orientation of input arm/s a
position of one or more portion of the control console is
adjustable with respect to the input arms. For example, to
change a direction of extension of the arms with respect to
a user and/or user support, in some embodiments, the user
support/s are moved. For example, rotating portion/s of the
control console around the input arm/s e.g. rotating the seat
and/or arm supports e.g. around the input arm/s. In some
embodiments, the control console is configured for a user to
use the input arm from more than one viewing direction of
the input arm. For example, in some embodiments, the
control console includes more than one seat (and optionally
arm rest/s associated with each seat), where the seats are at
different positions around the input arm/s (e.g. one seat on
each side of the input arms, e.g. disposed on a base).
[0427] Insome embodiments, the control console includes
a display 334, for example, for display of imaging during
surgery (e.g. from a camera inserted with and/or mounted on
surgical arm/s). Optionally, display 334 is a touch screen and
is configured to receive user inputs. In some embodiments,
the console includes additional user interface/s, for example,
in some embodiments including one or more of an on/off
switch 340q, a light indicator 3405, and/or off button 340¢
(e.g. emergency off button), user interface/s on the input
army/s. In some embodiments, height and/or lateral position
of the display is adjustable. In some embodiments, an angle
of a plane of the display e.g. with respect the control console
and/or user is adjustable.

[0428] In some embodiments, control console 328
includes one or more storage compartment 325. In some
embodiments, a storage compartment 325 is located behind
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display 334. In some embodiments, storage compartment
324 includes one or more door 323. In FIG. 3A door 323 is
illustrated in an open position. In FIG. 3B, door 323 is
illustrated in a closed position. In some embodiments,
storage compartment 325 is sized and/or shaped to house
one or more surgical mechanical arm (e.g. surgical mechani-
cal arm 1 FIG. 1, 202, 212 FIG. 2, and/or one or more motor
unit (e.g. motor unit/s 204, 218, FIG. 2).

[0429] In some embodiments, control console includes
one or more power and/or data connection. For example, as
described regarding connections 242 and/or 224 and/or 226
of FIG. 2. In some embodiments, the control console
includes one or more socket for attachment thereto of power
and/or data connections. In an exemplary embodiment, a
front of control 347 console includes sockets 349. In some
embodiments, FIG. 3C illustrates an enlarged view of sock-
ets 349. In some embodiments, the control console includes
a power socket 349q, an earth socket 3495 and sockets for
connections to motor unit/s 349¢ which include, for
example, data and/or power sockets.

Exemplary Input Arm

[0430] FIG. 3D is a simplified schematic side view of an
input arm 306, according to some embodiments of the
invention. In some embodiments, a control console includes
more than one input arm, e.g. as described with respect to
FIGS. 3A-B.

[0431] In some embodiments. input arm 304 includes a
plurality of sections sequentially coupled by joints. In some
embodiments, joints alternate between rotational joints and
flexion joints. In some embodiments, input arm 304 includes
a proximal end 368 coupled to a stand 370 and a distal end
372.

[0432] In some embodiments, input arm 306 is coupled to
stand 370 by a stand connection joint 376. In some embodi-
ments, stand is a pivot joint. In some embodiments, rotation
of the arm about stand connection joint 376 changes an
orientation of input arm 304 with respect to stand 370.
[0433] In an exemplary embodiment, input arm 304
includes a first flexion joint 350 (also termed “shoulder
joint”) and a second flexion joint 352 (also termed “elbow
joint”).

[0434] In some embodiments, the flexion joints are inde-
pendently bendable (e.g. by a user). In some embodiments,
one or more of flexion joints 350, 352 are pivot joints. In
some embodiments, one or more of flexion joints has
restricted flexion, where, for example, a shape of the input
arm portions prevents flexion beyond a maximum angle. In
some embodiments, one or both of flexion joints has maxi-
mal flexion of about 180°.

[0435] In an exemplary embodiment, input arm 306
includes four sections, where, for example, a first section
354 is coupled to a 376 stand connection joint 376 by a first
rotational joint 360, first section 354 is coupled to a second
section 366 by a first flexion joint 350, second section 366
is coupled to a third section 364 by a second rotational joint
362, and third section 364 is coupled to a fourth section 358
by a second flexion joint 352.

[0436] In some embodiments, a user controls movement
of input arm 306 by holding a handle 338 (e.g. as described
regarding handle 2038, FIG. 20). In some embodiments,
handle 338 is attached to fourth portion 358 by a connector
375, where, in some embodiments, connector 375 is rigid.



US 2018/0256265 A1l

[0437] In some embodiments, handle 338 extends in a
direction towards second flexion joint from connector 375.
In some embodiments, handle 338 is has an elongate shape
where a long axis of the handle extends towards second
flexion joint from connector 375.

[0438] Extending towards e.g. instead of away from rota-
tional joint means that you can have the handle sized nicely
for gripping while not increasing the volume of the possible
positions. For example, in some embodiments a long axis
length of the handle is 10-100%. or 10-95% or 30-100%, or
30-95%, or lower or higher or intermediate percentages or
ranges of a maximum length of said input arm.

[0439] Optionally, in some embodiments, input arm 306
includes a third rotational joint 374. In some embodiments,
handle 338 is rotatable e.g. with respect to fourth portion 358
about third rotational joint 374.

[0440] In some embodiments, an orientation of stand 370
is adjustable, with respect to a control console (e.g. as
described regarding FIG. 3A).

[0441] Inan exemplary embodiment, button 378, activates
ability of movement of the input arm about joint 374, for
example, in some embodiments, input arm 306 is held (e.g.
locked) in position with respect to stand 370 and, in some
embodiments, pressing on the button enables rotation (e.g.
releasing a lock).

[0442] In some embodiments, to control movement of
input arm 306, a user grasps handle 338. In some embodi-
ments, handle 338 includes a loop 380, the user, for
example, inserting a finger (e.g. index finger) into loop 380.
In some embodiments, handle 338 includes one or more user
interface 382, 384, 386 (e.g. as described regarding FIGS.
6A-B). In some embodiments, while grasping handle 338, a
user interacts with one or more handle user interface 382,
384, 386 (e.g. as described regarding FIG. 20).

[0443] In some embodiments, input arm 306 is connected
to stand 370 by connectors 390 and 392 (in an exemplary
embodiment, connectors 390, 392 are bolts) which, when
removed, provide access to connection of the input arm to
stand 370 e.g. for removal and/or replacement of the input
arm from the stand.

[0444] FIG. 3E is a simplified schematic view of an input
arm 306, according to some embodiments of the invention.
In some embodiments, FIG. 3E illustrates a view of the input
arm 306 illustrated in FIG. 3A and/or FIG. 3D where covers
for portions of the arm and the handle have been removed to
provide a view of inner elements of the input arm.

[0445] In some embodiments, input arm 306 includes a
first and a second flexion joint 308, 320.

[0446] In some embodiments, segments move against
each other, during rotation of the segments about a flexion
joint. For example, in some embodiments, portion 362
moves against segment 356 during flexing of first flexion
joint 350. In some embodiments, movement of portions
against each other during flexion of one or more joint are
configured to have low friction movement. For example, in
some embodiments a first contacting portion having a brass
surface in contact with a second contacting portion having a
stainless steel surface.

[0447] In some embodiments, input arm 306 includes one
or more sensor, configured to measure flexion at flexion
joint/s and/or rotation at rotational joint/s. In some embodi-
ments, sensor/s measure angle/s at one or more joint e.g. an
orientation of one portion with respect to another portion,
where the portions are coupled by a joint. In some embodi-
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ments, one or more sensor is a magnetic differential sensor,
where, for example, a magnet is affixed to a first portion of
a joint and a magnetic sensor is affixed to second portion of
a joint which moves with respect to the first portion (e.g.
rotation and/or flexion). In some embodiments, the sensor
senses a change in magnetic field. In some embodiments,
magnetic sensor/s transfer sensor signal/s through cables,
e.g. to a processor. Alternatively or additionally, in some
embodiments, connection between sensor/s and a processor
is wireless.

[0448] In an exemplary embodiment, for one or more joint
e.g. for both the first and second rotational joints, the sensor
is connected to the more distal portion of the joint. In some
embodiments, in the case of magnetic sensing, the magnet is
connected to the more proximal portion of the joint. In some
embodiments, for one or more joint, the sensor is connected
to the more proximal portion of the joint and the magnet is
connected to the more distal portion of the joint. Where a
proximal end of the input arm is where it is connected to the
stand and the distal end of the arm is at the handle.

[0449] In some embodiments, a first magnetic sensor 395
senses rotation of first section 354 at first rotational joint 360
e.g. by sensing movement and/or rotation of a magnet (not
visible in FIG. 3E). In some embodiments, the magnet is
coupled to and/or mounted on and/or within a screw.

[0450] Insome embodiments, rotation of a second magnet
397 is measured e.g. by a magnetic sensor (not visible in
FIG. 3E) e.g. to measure flexion at first flexion joint 350.

[0451] Insome embodiments, a third magnetic sensor 399
senses rotation of second section 362 with respect to third
section 364 at second rotational joint 362 e.g. by sensing
rotation of a magnet (not visible in FIG. 3E). In some
embodiments, the magnet is mounted on and/or within a
screw.

[0452] In some embodiments, rotation of a forth magnet
361 is measured e.g. by a magnetic sensor (not visible in
FIG. 3E) e.g. to measure flexion at second flexion joint 352.

[0453] In some embodiments, a fifth magnetic sensor 398
senses movement e.g. rotation of dial user interface 386 e.g.
with respect to forth section 358 e.g. by sensing rotation of
amagnet which rotates with dial 386. In some embodiments,
sensed rotation of dial 386 is used to control rotation of a
surgical mechanical arm end effector. Alternatively or addi-
tionally, in some embodiments, handle 338 is rotatable about
a handle long axis e.g. as described regarding FIG. 3F.

[0454] In some embodiments, the input arm does not
include sensors. For example, movement of the input arm
being measured by sensor/s external to the input arm For
example, in some embodiments, movement of an input arm
is measured using motion capture technology where, for
example, in some embodiments, movement of the input arm
is inferred from images collected by one or more camera.

[0455] In some embodiments, electrical supply, for
example, for sensor/s and/or user inputs (e.g. on handle 338)
is supplied to input arm 306. In some embodiments, data
(e.g. from sensor/s within the input arm) is passed through
the arm.

[0456] For example, through a stand (not illustrated),
passing through stand connection joint 376. In some
embodiments, electrical supply and/or data is transferred
through one or more rotational joint by slip rings. For
example, first slip ring 394 transferring power and/or data
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from stand connection joint 376 to segment 356 and second
slip ring 396 transferring power and/or data from portion
366 to portion 362.

[0457] In some embodiments, stand connection joint 376
includes a slip ring (not illustrated) for transfer of electrical
power (and/or data) to the input arm through a stand (e.g.
stand 370 FIGS. 3A-B).

[0458] In some embodiments, cable/s pass power and/or
data across one or more of flexion joints 350, 352. In some
embodiments, the cables are sufficiently long and/or have
sufficient slack that flexion joints bend without tensioning
the cables. Alternatively, in some embodiments, flexion
joints also include slip rings for transfer of power and/or
data.

[0459] In some embodiments, handle 338 includes a slip
ring 367 for power supply to and/or data transfer to a handle
user interface (e.g. 384 FIG. 3B), where, an orientation of
the handle user interface is adjustable with respect to the
handle, e.g. as described regarding handle user interface 684
in FIGS. 6A-B.

[0460] In some embodiments, rotational joints (e.g. rota-
tional joints) 356, 394 share an axis of rotation.

[0461] FIG. 3F is a simplified schematic cross sectional
view of a portion of an input device handle 338, according
to some embodiments of the invention.

[0462] In some embodiments, control of a single move-
ment of a surgical mechanical arm is controlled by measured
movement of more than one input arm portion and/or
controlled by more than one input arm user interface. Where
a single movement is, for example, bending of a surgical
device joint, rotation of a surgical device joint, actuation of
a surgical device tool. In some embodiments, control sig-
nal/s for a single type of surgical device movement (e.g.
control signals controlling one or more actuator e.g. a single
surgical device actuator) are generated by more than one
sensor signal (e.g. from more than one sensor). In some
embodiments, a surgical mechanical arm movement is con-
trolled by both a movement of the input arm and by an input
arm user interface.

[0463] In an exemplary embodiment, both rotation of a
dial and rotation of a body 313 of handle of input device
handle 338 control rotation of a portion of a surgical
mechanical device, e.g. rotation of an end effector of the
surgical mechanical device. In some embodiments, an elon-
gate body 313 of the handle 338 which is grasped by a user
(e.g. as described and/or illustrated regarding handle body
2013 FIG. 20) is rotatable e.g. about a long axis of the body
of the handle.

[0464] Insome embodiments, one or more sensor 398, 363
detect rotation of two magnets 365 magnet 369. In some
embodiments, a fifth magnet 365 moves with movement of
user interface 386 where, for example, fifth magnet 365 is
connected to user interface 386. In some embodiments, e.g.
as described regarding FIGS. 3A-E, user interface 386 is a
dial. In some embodiments, a sixth magnet 369 rotates with
rotation of body 313 of handle. In some embodiments, a fifth
magnetic sensor 398 senses rotation of fifth magnet 365 and
a sixth magnetic sensor 363 senses rotation of sixth magnet
369. In some embodiments, the sensors have data and/or
power connections which run along and/or through a con-
necting portion 375 to an input arm forth section 358.
[0465] A potential benefit of dual rotation controls on the
handle is maintained ease of control, for different orienta-
tions and/or user grips on the handle. For example, in some
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orientations of the handle, it is difficult for a user to rotate the
handle, in which case, the user may use the dial and vice
versa, in orientations of the handle where it is difficult for the
user to rotate the dial.

[0466] In some embodiments, handle 338 includes a slip
ring 373 for transfer of power and/or data through handle
body 313, e.g. to one or more user interface e.g. 382, 384
FIG. 3D.

[0467] Although magnets and magnetic sensors in FIG. 3F
have been termed “fifth” and “sixth” it is to be understood
that, in some embodiments, the handle illustrated in FIG. 3F
is part of an input arm with less or more than six magnets
and/or magnetic sensors.

[0468] FIG. 4A is a simplified schematic isometric view of
an input arm 406, according to some embodiments of the
invention.

[0469] FIG. 4B is a simplified schematic section view of
an input arm 406, according to some embodiments of the
invention.

[0470] In some embodiments, FIG. 4B is a sectional view
of the input arm illustrated in FIG. 4A.

[0471] In an exemplary embodiment, input arm 406
includes four sections, where, for example, a first section
454 is coupled to a 476 stand connection joint 476 by a first
rotational joint 460, first section 453 is coupled to a second
section 466 by a first flexion joint 450, second section 466
is coupled to a third section 464 by a second rotational joint
462, and third section 464 is coupled to a fourth section 458
by a second flexion joint 452.

[0472] In some embodiments one or more flexion joint
includes ball bearings 452a, 450a, and/or one or more
rotational joint includes ball bearings e.g. 426a FIG. 4C,
428a FIG. 4D, potential benefits being robustness of the
joint and/or smooth movement and/or low friction move-
ment of portions of the input arm about the joint.

[0473] In some embodiments, input arm 406 includes one
or more slip ring, 494, 496, for example, the slip ring/s
located at rotational joints for example, for transfer of power
and/or data through the input arm 406 (e.g. as described
regarding slip rings 394, 394 FIG. 3E).

[0474] In some embodiments, cable/s pass power and/or
data across one or more of flexion joints 450, 452. In some
embodiments, the cables are sufficiently long and/or have
sufficient slack that flexion joints bend without tensioning
the cables. Alternatively, in some embodiments, flexion
joints also include slip rings for transfer of power and/or
data.

[0475] FIG. 4C is a simplified schematic view of a portion
of an input device including a first rotational joint 426,
according to some embodiments, of the invention.

[0476] FIG. 4D is a simplified schematic view of a portion
of an input device including a second rotational joint 428,
according to some embodiments, of the invention.

[0477] In some embodiments, FIGS. 4C-D are enlarged
portions of FIG. 4B.

[0478] In some embodiments, FIG. 4C illustrates a part of
support portion 476 and a part of first portion 420. In some
embodiments, FIG. 4D illustrates a part of second portion
422 and a part of third portion 424.

[0479] In some embodiments, one or more rotational joint
includes ball bearings 426a, 428a. Potentially, ball bearings
reduce friction at the joints.
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[0480] In some embodiments, relative rotation of portions
of the input device coupled at a rotational joint is measured
by one or more sensor.

[0481] For example, referring to FIG. 4C, in some
embodiments, a magnet 427 is mounted on a shaft (not
visible in FIG. 4C) where first portion 420 is rotatable about
the shaft. In some embodiments, a magnetic sensor 429,
located within the first portion 420 senses rotation of the
shaft with respect to the first portion. In some embodiments,
the magnet and magnetic sensor are co-axial, for example,
the magnetic sensor detecting change in magnetic field.
[0482] For example, referring to FIG. 4D, in some
embodiments, a magnet 415 is mounted on shaft 431 where
second portion 422 is rotatable about shaft 431. In some
embodiments, a magnetic sensor 433, located within the
third portion 424 senses rotation of the shaft with respect to
third portion 424. In some embodiments, the magnet and
magnetic sensor are co-axial, for example, the magnetic
sensor detecting change in magnetic field.

[0483] Visible in FIG. 4D are cables for transfer of power
and/or data 335. In some embodiments, do not terminate as
illustrated but extend through the joint.

Exemplary Volume of Input Arm Configurations

[0484] In some embodiments, the size and shape of the
volume of possible positions of the input arm is defined by
length of portions of the input device and range of rotation
and flexion of the joints.

[0485] FIGS. 3G-I are simplified schematic views of con-
figurations of an input arm 306 and outer contours 383, 385
of potential positions of the input arm, according to some
embodiments of the invention. In some embodiments, the
volume of possible positions of input arm 306 is enclosed
and/or partially described by spheres centered on a first
flexion joint 350.

[0486] FIG. 3G illustrates a single configuration of input
arm 306 and, in some embodiments, contour 338 illustrates
possible positions possible positions of a distal end of an
input arm fourth portion 358. In some embodiments contour
338 is a semicircle centered on first flexion joint and/or a
portion of a circle, the edges of which are defined by stand
370 and flexion joints 350, 352 which, in some embodi-
ments, each open to a maximum angle. Where, in some
embodiments the maximum angle is 170-250°, or 170-220°,
or about 180° or lower or higher or intermediate angles or
ranges e.g. as illustrated in FIG. 3G. In some embodiments,
input arm is rotatable about a first rotation joint 350 meaning
that a volume of possible positions of the input arm includes
a portion of a sphere (e.g. a hemisphere) extending above a
top and/or distal end (where, in some embodiments the top
is the distal end) of stand 370. Where stand 370, in some
embodiments, prevents rotation of arm portions distal of the
first flexion joint about the first flexion joint of more than
about 170-250°, or 170-220°, or about 180° or lower or
higher or intermediate angles or ranges.

[0487] In some embodiments, once flexion joints are
rotated about first rotational joint 360 such that the flexion
joints are below the top and/or distal end of stand 370, e.g.
disposed in space laterally around stand 360, the volume of
possible positons of the input arm is reduced. For example,
to a quarter sphere, where contour 387 FIG. 3H illustrates
possible positions of the distal end of fourth section 358 for
the input arm configuration illustrated in FIG. 3H.
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[0488] Referring now to FIG. 31, in some embodiments,
an elongate handle 338 extending from fourth portion 358,
extends a volume of possible positions of the input arm, for
at least some angles of rotation of first flexion joint 350
and/or angles of rotation of second flexion joint 352. Where
the volume, at least in some regions, is extended to a contour
of a sphere 385 centered on first rotational joint 350.
[0489] In some embodiments, a volume of possible posi-
tions of an input arm is approximately spherical, where a
diameter of the sphere is 100-800 mm, or 100-500 mm or
about 370 mm, or lower or higher or intermediate ranges or
values.

[0490] Insome embodiments, a control console includes a
plurality of input arms (e.g. two) where the volume of
possible positions of the input arm is the same shape and/or
size. Alternatively, in some embodiments, a control console
includes input arms where the volume of potential positions
of one input arm is different in shape and/or size to that of
another input arm, input arms, for example, being different
sizes and/or with different possible extent of rotation and/or
flexion at rotational joints and flexion joints respectively.
[0491] In some embodiments, an input arm is configured
such that a user comfortably moves the input arm throughout
the volume of possible positions of the arm using wrist
movement of a single arm, where, for example, user fore-
arms remain resting on armrests. In some embodiments,
both of two input arms are configured such that the user
comfortably controls movement of each arm with wrist
movement of one hand.

[0492] In some embodiments, a separation between
attachment of the input arms to the control console (e.g.
separation between centers of stands 370, 371 FIG. 3A) is
selected for user comfort. In some embodiments, separation
is reduced below a sum of the lengths of the input arms, the
input arms potentially colliding. A potential benefit of input
arms being close together being user comfort (e.g. when a
user comtrols an input arm with each user hand). In some
embodiments, separation between a center of extension of a
proximal arm portion from a stand and/or a separation
between stand long axes 50-500 mm, or 200-500 mm, or
about 340 mm, or lower or higher or intermediate ranges or
values.

[0493] In some embodiments, different input arms, e.g. as
described in this document (e.g. input arm 106 FIG. 1, 206,
230 FIG. 2, 306 FIGS. 3A-F, 406 FIGS. 4A-D, 506 FIG. 5)
have a volume of possible positions including one or more
feature as described in this section “Exemplary volume of
input arm configurations” and/or illustrated in one or more
of the figures to which this section refers.

Exemplary Biasing of Exemplary Input Arm

[0494] Returning back now to FIG. 4B, in some embodi-
ments, input arm 406 is biased. For example, by one or more
weight which is e.g. attached to one or more input arm
portion e.g. attached to and/or within a hollow (e.g. tubular)
arm portion. In an exemplary embodiment, combined
weights of weights 430 and 432 bias first portion 420 about
axis 426a and weight 534 biases weight of second portion
424 about axis 428a.

[0495] In some embodiments, the input arm is biased (e.g.
one or more weight is selected) to return the input arm to a
null position e.g. under gravity e.g. upon a user releasing the
input arm.
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[0496] In some embodiments, a weight is selected to
generate suflicient torque to overcome friction in moving
(e.g. rotating) one or more portion of the input arm. In some
embodiments, a weight is selected to maintain a center of
gravity of one or more portion (e.g. a portion, the entire input
arm) below a central long axis of the portion and/or input
arm.

[0497] In some embodiments, a weight on a portion is
configured to return the portion, under gravity, to an null
orientation, upon release of the portion. In an exemplary
embodiment, weights 420 and 432 together weigh 100-200
g, or 130-150 g or about 140 g or lower or higher or
intermediate ranges or weights. In some embodiments, one
or more of weights 434, 436, 438 include (e.g. are con-
structed from) stainless steel.

[0498] Alternatively or additionally, in some embodi-
ments, biasing is implemented e.g. using magnetic biasing
and/or using one or more actuator e.g. one or more spring,
one or more motor.

[0499] In some embodiments, the input arm is biased so
that the null position is where flexion joints are disposed at
a further separation from an input arm support and/or
attachment of the input arm to the console (e.g. stand 370
FIG. 3D) than other portions of the input arm. For example,
in some embodiments (e.g. as illustrated in FIG. 3D) attach-
ment of the input arm extends downwards and the null
position (e.g. as illustrated in FIGS. 3A and 3D) is where the
flexion joints are above other portion/s of the arm. In some
embodiments, a null position is where the arm is straight,
e.g. with each flexion joint open to about 180° (e.g. as
illustrated in FIGS. 3A and 3D). A potential benefit of this
being that the flexion joints are biased in a position that
bending of the joints is not restricted by the input arm
support (e.g. stand 370 FIG. 3D). A further potential benefit
is ease of manipulation of the input arms by the user, where,
for example, bending the input arms upwards, in some
embodiments is more comfortable and/or easier to control
than bending the input arms downwards.

[0500] In some embodiments, biasing forces (e.g. weight
of the weights) are selected such that movement of the input
arm/s has enough inertia that accidental movement of the
input arm does not occur and/or so that but not so much
inertial that moving the input arms causes excessive user
fatigue.

[0501] FIG. 5 is a simplified schematic side view of an
input arm 506, according to some embodiments of the
invention.

[0502] In an exemplary embodiment, input arm 506
includes four sections, where, for example, a first section
554 is coupled to a 576 stand connection joint 576 by a first
rotational joint 560, first section 553 is coupled to a second
section 566 by a first flexion joint 550, second section 566
is coupled to a third section 564 by a second rotational joint
562, and third section 564 is coupled to a fourth section 558
by a second flexion joint 552.

[0503] In some embodiments, one or more portion of the
input arm is weighted. For example, input arm including one
or more of weights 530, 534 where weighting, for example,
includes one or more feature as described and/or illustrated
regarding weights 430, 434 FIG. 5.

Sep. 13,2018

Exemplary Method of Retroflection, Exemplary Control of
Retroflection

[0504] FIG. 21 is a simplified schematic side view of a
surgical mechanical arm, in different configurations, accord-
ing to some embodiments of the invention.

[0505] In some embodiments, bending (e.g. retroflection)
movement of a surgical mechanical arm is controlled to
reduce an area (e.g. within a patient) in which the arm is
located, for example, during part of a surgical procedure. In
some embodiments, the mechanical arm is controlled to
prevent contact or collision of the arm with an obstacle
2177. In some embodiments, the obstacle is a portion of
patient tissue for example, an inner wall of the abdomen. In
some embodiments, the surgical arm is inserted into a
patient through an incision where, in some embodiments, the
patient has been insufflated. Insulation, for example, pro-
viding a working area 2179 for the surgical device within the
patient, where the working area is, in some embodiments, at
least partially bounded by user tissue 2177, where, in some
embodiments, user tissue is an inner wall of the abdomen.
[0506] In some embodiments, the surgical device is a
surgical mechanical arm including a plurality of flexible
portions 2101a-c, 2103a-c, disposed between a proximal
and a distal end of the surgical arm. Where, in some
embodiments, a proximal end 2181 of the arm is coupled to
actuator/s configured to actuate movement of the surgical
arm and, in some embodiments, the distal and is coupled to
an end effector. In some embodiments, the end effector
2105a-¢ is configured to be electrically charged e.g. for
electrosurgery.

[0507] FIG. 21 illustrates retroflection of the surgical arm
to configuration C with (illustrated by configuration B) and
without (illustrated by configuration A) contacting and/or
broaching boundary 2177.

[0508] FIG. 22 is a flow chart of a method of surgical
device retroflection, according to some embodiments of the
invention.

[0509] At, 2200, in some embodiments, a bendable por-
tion distal of one or more other bendable portions of a
surgical mechanical arm is bent. In some embodiments, the
most distal bendable portion of the surgical arm is bent.
[0510] At, 2202, in some embodiments, a proximal bend-
able portion is bent to retroflect the surgical arm.

[0511] Insome embodiments, a surgical mechanical arm is
retroflected as described and/or illustrated regarding FIGS.
21-22, upon identifying potential collision of the surgical
arm with an obstacle, which is, in some embodiments, the
abdominal wall.

[0512] In some embodiments, a user identifies the poten-
tial collision e.g. using images collected by a laparoscopic
camera. In some embodiments, the user then retroflects the
arm by manipulating an input arm controlling the surgical
arm. For example, by first bending an input arm second
flexion joint and then bending an input arm first flection joint
(e.g. flexion joints as described in one or more embodiment,
elsewhere in this document).

[0513] Insome embodiments, the surgical system includes
circuitry configured to identify a possible collision (e.g.
hosted by one or more processor, e.g. processor 110 FIG. 1).
For example, in some embodiments, a possible collision is
identified using data from one or more sensor and/or one or
more camera and/or imaging data from one or more imager
(e.g. CT, MRI, ultrasound, x-ray).
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[0514] In some embodiments, upon identifying a possible
collision, control instructions are displayed to a user, for
example, by one or more user interface e.g. user interface/s
234, 240 F1G. 2). In some embodiments, instructions include
display e.g. visual and/or audio guiding retroflection e.g. by
first bending an input arm second flexion joint and then
bending an input arm first flexion joint.

[0515] In some embodiments, upon identifying a possible
collision, a user interface and/or the surgical device is
prevented from bending into a collision.

[0516] For example, in some embodiments, upon detect-
ing a collision, movement/s of the input arm are prevented
(e.g. by one or more brake) and/or control of the surgical arm
by movements of the input arm is disabled and/or movement
of the surgical arm is stopped.

[0517] For example, in some embodiments, if user
manipulation of the input device would cause the surgical
device to collide, a shape of the surgical device fails to
correspond and/or match that of the input device. For
example, in some embodiments, a user retroflects the input
device arm by bending the input arm at the first input device
flexion joint. Circuitry then changes the control signal to
instruct bending at the second bendable portion followed by
bending at the first bendable portion.

[0518] FIGS. 23A-E are simplified schematic top views of
an input arm, according to some embodiments of the inven-
tion.

[0519] FIGS. 24A-B are simplified schematic side views
of an input arm, according to some embodiments of the
invention.

[0520] In some embodiments, FIGS. 23A-E and FIGS.
24A-B illustrate control of retroflection of a surgical arm,
e.g. as described above. In some embodiments, solid contour
lines illustrate a contour of a path of an input device handle
2338 FIGS. 23A-F, 2438 FIGS. 24A-B during retroflection.
[0521] A potential benefit of retroflection e.g. as described
above e.g. where a first input device flexion joint is bent and
then a second input device joint is bent is that the path that
a user’s hand follows (e.g. while holding the handle) during
retroflection is sized to be comfortable for a user e.g. sized
and/or shaped for control by user wrist movement. For
example, where the contour extends to a lesser extent than
that of a contour where retroflection is by only bending the
first flexion joint 2350, 2450 e.g. as illustrated by dashed line
contours 2411 FIG. 23E, 2411 FIG. 24A. For example where
the contour extends further than that of a contour 2355, 2455
where retroflection is by only bending the second flexion
joint 2352, 2452, a potential benefit being ease of accurate
control of bending when the contour is of a larger extent.

Exemplary Rotational Joints

[0522] Referring back now to FIG. 4B. In some embodi-
ments, an input arm includes one or more rotational joint
which, when the arm is in a straight configuration (e.g. when
flexion joints are 450, 452 are opened to 180°, e.g. as
illustrated in FIG. 4B) is axially offset from one or more
other rotation joint, where axially offset refers to the joints
not sharing an axis of rotation.

[0523] In some embodiments, an axis of rotation 426a of
first rotational joint 426 of first rotational joint 426 an axis
of rotation of 428a of second rotational joint 428 have
different separations from one or more flexion joint.
[0524] In some embodiments, the separation of axes of
rotation 426a, 428a from flexion joint/s is in at least one
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direction, or in more than one direction. In some embodi-
ments, difference in separation is in one direction only.

[0525] Insomeembodiments, when the arm is in a straight
configuration, axis 426q is parallel to axis 4285. When
rotational joints are co-axial torque applied by a user at the
handle to rotate one of the rotational joints, for example,
when arm portion/s between the rotational joints are in a
straight configuration, tends to cause rotation of both joints.
Potentially, axial offset, when the arm is in a straight
configuration of enables a user holding a portion of the input
arm (e.g. handle 438, e.g. with a single hand) to control (e.g.
manually) position of joints individually.

Exemplary Input Arm Handle

[0526] In an exemplary embodiment, user interfaces
located on an input arm handle are used to control one or
more of linear motion, tool actuation and pause-resume of
control for one or more surgical mechanical arm.

[0527] FIGS. 6A-B are simplified views of an input arm
handle 638, according to some embodiments of the inven-
tion.

[0528] In some embodiments, handle 638 includes con-
trols for linear movement of a surgical mechanical arm. In
an exemplary embodiment, handle 638 includes a first
button 682a to control (e.g. activate) linear advancement and
a second button 6825 (e.g. to activate) to control linear
retraction of a surgical mechanical arm.

[0529] Insome embodiments, handle 638 includes an user
interface 682¢ which, in some embodiments, is a button, for
pausing of control of a surgical mechanical arm by the input
arm to which handle 638 is attached. In some embodiments,
pausing is of movement of a single surgical arm, in some
embodiments, pausing is of a plurality of surgical arms, e.g.
two and/or all surgical arms of the system.

[0530] Insome embodiments, handle 638 includes an user
interface which, in some embodiments, is a rotation knob
686, for control of rotation of a surgical mechanical device
tool (e.g. tool 105 FIG. 15). In some embodiments, a user
rotates the rotation knob 686 to rotate the tool.

[0531] In an exemplary embodiment, input arm handle
includes a lever button 684. In some embodiments, a user
presses on lever button 684 to control activation of a surgical
device tool, for example, opening and/or closing of a tool
(e.g. tool 105 FIG. 1). Exemplary surgical device tools
include grasper, scissors. In an exemplary embodiment, a
user presses on lever button 684 to open a tool and releases
the button (in some embodiments, lever button 684 is
protruding as illustrated in FIGS. 6A-B when in a relaxed
state, e.g. in some embodiments, the lever button is spring
biased to an open position).

[0532] In some embodiments, an orientation of one or
more user interface is adjustable with respect to the handle.
In an exemplary embodiment, an orientation of lever button
684 is adjustable with respect to handle 638. FIG. 6B
illustrates a different orientation of lever button 684 than that
illustrated in FIG. 6A. In some embodiments, lever button
684 freely rotates, for example, with friction under a user’s
thumb, e.g. as the handle is moved by the user. In some
embodiments, electrical and data contacts to the lever switch
are attached by a slip ring (not illustrated).
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Exemplary Input Arm Configurations and Corresponding
Exemplary Surgical Arm Configurations

[0533] FIGS. 7-10 are exemplary simplified schematic
configurations of an input arm and corresponding configu-
rations of a surgical mechanical arm, according to some
embodiments of the invention.

[0534] FIG. 7 illustrates an exemplary configuration
where an input arm 706 is in a straight configuration where
central long axes 704 of input arm segments are aligned and
a corresponding configuration of a surgical mechanical arm
702a, where central long axes 708 of surgical mechanical
arm flexible portions are aligned.

[0535] FIG. 8 illustrates an exemplary configuration
where an input arm 806 is retroflected by bending at second
flexion joint 852 which is fully flexed to an angle c.i. In some
embodiments, angle ci is 100-300°, or 150-250°, or 170-
220° or lower or higher or intermediate angles or ranges. In
an exemplary embodiment, ai is about 210°. FIG. 8 illus-
trates an exemplary corresponding configuration of a surgi-
cal mechanical arm 802, where the surgical arm is retro-
flected by an angle as which corresponds to angle ai, e.g. is
the same as angle o and/or is within 0-5° or 0-10° of angle
ai and/or is within 0.1-5% of ad, or larger or smaller or
intermediate angles, ranges or percentages.

[0536] FIG. 9 illustrates an exemplary configuration
where an input arm 906 is retroflected to about 180° by
partial bending at first flexion joint 950 and second flexion
joint 952. FIG. 9 illustrates an exemplary corresponding
configuration of a surgical mechanical arm 902, which is
retroflected by about 180° by partial bending of first flexible
portion 901 and second flexible portion 903.

[0537] FIG. 10 illustrates rotation of an input arm 1006
about a first rotational joint 1060 and corresponding rotation
of a surgical mechanical arm 1002 at a first flexible portion
1001.

Exemplary Adjustment of Exemplary Control Console

[0538] In some embodiments, position of portion/s of the
control console are adjusted to enable particular configura-
tion/s of surgical arm/s, where of surgical arm configuration
(e.g. including bending angle of flexible portions and/or
rotational angle at rotational joints) is based on measured
configuration of the input device (e.g. including bending
angle at flexion joints and/or rotational angle at rotational
joints).

[0539] For example, in embodiments where surgical arms
are directed towards each other, input arms are positioned
such that the input arms do not interfere (e.g. touch and/or
collide with) each other. For example, in some embodi-
ments, position of attachment of two input arms to the
control console is separated by a distance which is at least
a sum of the lengths of the two input arms. For example, in
some embodiments, input arms are positioned with different
heights of attachment to the control console, for example,
such that when the input arms are directed towards each
other, one arm is below the other.

[0540] In some embodiments, position and/or orientation
of control console portion/s (e.g. input arm/s, support/s,
display/s) is adjusted for user comfort. In some embodi-
ments, for different configurations of the input arms (e.g.
oriented away or towards each other, e.g. bent or straight),
position and/or orientation of attachment of input arm/s to
the control console is adjusted. For example, in some
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embodiments, where input arms are directed towards each
other, distance between attachments of the arms to the
control console is increased, e.g. providing a user with more
space.

[0541] In some embodiments, position of portion/s of the
control console are adjusted for user comfort, for example,
in some embodiments, a separation between attachment of
input arms to the control console and/or between arm rest/s
is selected for a comfortable separation between user arms.
For example, in some embodiments, e.g. where input arms
are angles away from each other and/or when the arms are
bent, separation between attachment is reduced below a sum
of the lengths of the input arms, e.g. closer input arms being
more comfortable for a user to control (e.g. when a user
controls an input arm with each user arm).

[0542] In some embodiments, positioning of the input
arm/s is manual. Where, for example, a user manually
moves Alternatively or additionally, in some embodiments,
orienting of the input arm/s is at least partially automatic, for
example where actuator/s move the input arm/s based on a
signal received from a processor, where, in some embodi-
ments, a processor generates the signal upon receiving a user
input.

Exemplary Corresponding Configurations

[0543] FIG. 11 is a flow chart of a method of surgical
device control, according to some embodiments of the
invention.

[0544] At 1100, in some embodiments, a surgical configu-
ration is selected for a plurality of surgical devices including
at least one camera. In some embodiments, a surgical
configuration is selected for at least one surgical mechanical
arm (e.g. two surgical mechanical arms) and a camera
configured to capture images of the surgical mechanical
arny/s.

[0545] In some embodiments, the surgical configuration
includes laparoscopic insertion of one or more surgical
device, for example, the surgical arm/s and/or camera e.g.
through one or more surgical.

[0546] In some embodiments, a surgical configuration
includes insertion point/s and/or region/s through which
surgical devices (e.g. camera and/or surgical arm/s) are
inserted. For example, including selecting a number and/or
a shape and/or location of insertion points.

[0547] Exemplary insertion points include a natural body
orifice, an incised opening (e.g. including an incision in a
natural body orifice) and/or any other opening allowing
access to the patient’s body. In some embodiments, a port
element (e.g. a laparoscopic port) is coupled to a patient’s
body at an insertion point and through which one or more
surgical instrument (e.g. surgical arm, camera) accesses the
patient’s body.

[0548] In some embodiments, a surgical configuration
includes an angle of entry of one or more surgical device into
the patient, e.g. of one or more surgical arm into the patient
and/or of one or more camera into the patient. For example
an angle of at least a portion of surgical arm (e.g. a surgical
arm rigid support portion) with respect to a surface of a
patient.

[0549] An exemplary surgical configuration is, for
example, where all surgical devices, e.g. one or more
surgical mechanical arm and/or a camera are inserted
through a single incision and/or port (e.g. single port lapa-
roscopic surgery SILS). In some embodiments, the single
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port is within a natural orifice (e.g. vagina, anus, mouth,
nostril, ear canal, esophagus, trachea).

[0550] A further exemplary surgical configuration is, for
example, where a plurality of surgical devices are inserted
through a plurality of incisions and/or ports, for example,
where surgical arm/s are inserted through a different port to
a camera, for example where a plurality of surgical arms are
inserted through more than one port.

[0551] In some embodiments, a surgical configuration is
selected by one or more of steps 1102, 1104, 1106.

[0552] At 1102, in some embodiments, a user selects one
or more feature (e.g. as described regarding step 1100) of a
surgical configuration through a user interface e.g. user
interface 234 and/or 240 FIG. 2, e.g. display 334 FIG. 3A.
In some embodiments, a user selects a surgical configuration
from a set of surgical configurations e.g. stored in a memory.
For example, in some embodiments, a user selects a surgical
configuration from a display of surgical configuration
options.

[0553] In an exemplary embodiment, the system includes
two surgical configurations, a surgical configuration where a
camera and at least one surgical arm are inserted into a
patient in a same direction through a single incision, and a
surgical configuration where the camera and at least one
surgical arm are inserted into a patient in different directions
through different incisions.

[0554] In some embodiments, a user enters data into the
user interface and a processor receiving the data generates,
from the data, a surgical configuration. For example, in some
embodiments, a user selects a surgical procedure and/or
enters and/or accesses information regarding a patient (e.g.
imaging data). The processor then uses the entered and/or
accessed data to select a surgical configuration.

[0555] At 1104, in some embodiments, a user selects a
surgical configuration by positioning and/or inserting surgi-
cal devices. Where, for example, one or more sensor senses
a position and/or angle of entry of the surgical devices. In
some embodiments, the sensor is part of a surgical device.
For example, in some embodiments, the sensor is the
laparoscopic camera, and images collected by the camera
e.g. of one or more surgical arm e.g. identifying a spatial
relationship between the surgical arm and the camera, are
used to detect a selected surgical configuration. For
example, in some embodiments, a position sensor (e.g.
which, in some embodiments, is part of one or more of the
surgical devices) includes a position sensor e.g. sensing a
spatial relationship between the surgical devices (e.g. sur-
gical arm/s and a camera).

[0556] At 1106, in some embodiments, a user selects a
surgical configuration by orientating one or more input arm.
In some embodiments, a sensed orientation of the input arm
(e.g. direction of extension of the input arm from a stand e.g.
stand 370 FIG. 3A) is used to define one or more feature of
a surgical configuration. In some embodiments, additionally
or alternatively, a sensed position of a user’s line of sight is
used in selecting the surgical configuration. For example, in
some embodiments, a position of a user’s head and/or line
of sight is sensed using one or more position sensor and/or
using a camera (e.g. where a user’s line of sight is measured
by identifying facial feature/s in collected camera images).
In some embodiments, a user’s line of sight is inferred from
collected data e.g. user height e.g. inputted by the user into
the user interface.
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[0557] At 1108, in some embodiments, one or more por-
tion of a control console is positioned based on and/or
corresponding to the selected surgical configuration, for
example, one or more input arm (e.g. input arm/s 306, 330
FIGS. 3A-B). In some embodiments, positioning is before a
start to treatment (e.g. before surgical arm/s are inserted into
a patient). Optionally, in some embodiments, positioning is
during a treatment e.g. as direction of surgical arm/s changes
during treatment.

[0558] At 1110, optionally, in some embodiments, selected
surgical configurations are compared to check that they
match. For example, in some embodiments, a processor
compares a surgical configuration selected at a user interface
with a sensed configuration of surgical device/s and/or
portion/s of the control console (e.g. of the input arm/s). In
some embodiments, if a discrepancy is detected an alarm is
issued (e.g. through a user interface) and/or part of the
surgical system e.g. electrosurgical power e.g. actuation of
surgical arms is disabled.

[0559] In some embodiments, a surgical configuration
selected and the control console is configured (e.g. by
adjusting the orientation of one or more input arm) before
surgical devices are set up and/or treatment using surgical
device/s is initiated.

[0560] In some illustrations (e.g. FIGS. 12A-16), dashed
lines emanating from a camera represent a FOV of the
camera.

[0561] FIGS. 12A-C are simplified schematics of a surgi-
cal system including a control console 1228 configured for
a surgical configuration where a plurality of surgical devices
1202, 1290 are inserted into a patient 1214 from different
directions and/or at different insertion regions, according to
some embodiments of the invention.

[0562] In some embodiments, at least a first and a second
surgical device are inserted into patient 1214. For example,
in some embodiments, the first surgical device is a camera,
which is inserted and then a second surgical device, a
surgical mechanical arm is inserted (or a plurality of surgical
mechanical arms). In some embodiments, camera images
provide feedback to a user for control of insertion of the
surgical arm/s. In some embodiments, surgical arm/s are
inserted until the surgical arm/s are within the camera FOV.
[0563] Alternatively, in some embodiments, surgical
arm/s are inserted and then a camera is inserted.

[0564] In some embodiments, the patient’s abdominal
cavity is insufflated e.g. before and/or after insertion of
camera 1290 and/or surgical arm 1202,

[0565] In some embodiments, a surgical mechanical arm
1202 e.g. as illustrated in FIG. 12A, is inserted through a
undercarriage and/or patient’s pelvic floor and/or through an
natural orifice e.g. vagina, anus and the camera is inserted
through an abdominal incision e.g. through the umbilicus.

[0566] In some embodiments, control console 1228
includes at least one input arm 1206 where measured
movement of the input arm is used to control movement of
surgical mechanical arm 1202.

[0567] In some embodiments, for example, as described
regarding FIG. 11, an orientation of input arm 1206, with
respect to a user’s line of sight 1232 and/or with respect to
a user support, corresponds with an orientation of surgical
arm 1202 with respect to a camera 1290 view of surgical arm
1202.

[0568] In some embodiments, input device arm 1206 has
two possible configurations. Where, for example, a first
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configuration illustrated in FIG. 12A is where the input arm
extends towards a user where an angle of extension of a
proximal portion of the input arm from a long axis of support
1270 (and/or to the vertical) is e.g. about 90°. In some
embodiments, a second configuration is illustrated in FIG.
13C where an angle of extension of a proximal portion of the
input arm from a support 1370 is away from the user e.g. at
an angle of about 270° from the vertical and/or from a long
axis of support 1370.

[0569] Insome embodiments, an angle of extension of the
input arm perpendicular to the vertical and/or to the long
axis of support 1270 is not adjusted to correspond to the
surgical configuration. For example, the angle being
adjusted for user comfort and/or the input device having a
fixed angle of extension e.g. for each of the two possible
configurations.

[0570] In some embodiments, e.g. for selecting a corre-
sponding input arm configuration to a surgical configuration,
a vector of a direction of insertion 1209 of camera 1290 is
projected onto an axis 1219 of a direction of insertion of
surgical arm device 1202. In some embodiments, if the
vectors of insertion 1221 of surgical arm 1202 and a
projected vector 1217 of the camera are towards each other,
then an input arm corresponding to the first or second
surgical device is orientated towards a user, for example, in
a first configuration e.g. as described above and/or as
illustrated in FIG. 12A. The surgical arm insertion vector
may be projected onto an axis of a direction of insertion of
the camera to achieve the same result.

[0571] Insome embodiments, a user manually matches the
input device configuration to a surgical device configuration.
Additionally or alternatively, in some embodiments, one or
more sensor performs the vector analysis e.g. as described
above.

[0572] In some embodiments, the input device configura-
tion is selected based on insertion points, where, in some
embodiments, for insertion through different points (e.g.
different ports), the first input device configuration is
selected, where the input arm extends towards the user is
selected. In some embodiments, when insertion is through a
same area and/or orifice and/or incision, the second input
device configuration is selected, where the input arm
extends away from the user (e.g. as illustrated in FIGS.
13A-C).

[0573] In some embodiments, the control console is con-
figured by changing an orientation of an input arm support
1270 with respect to one or more user support, for example
a user seat 1244 (and/or user arm rest/s which are not
illustrated in FIG. 12A). In some embodiments, to configure
the control console, an orientation of the input arm, e.g. an
orientation of extension of the input arm from support 1270
is adjustable by moving the input arm with respect to a
control console base 1229 (e.g. rotating the input arm about
a joint 1276 by which it is attached to support 1270 e.g. as
described regarding joint 376 FIGS. 3A, 30).

[0574] In some embodiments, an angle in a vertical plane
and/or a plane of a support 1270 long axis is based on e.g.
matched to correspond to a surgical configuration. For
example, as illustrated by in FIG. 12B, an angle, 02, of
extension of an input arm 1206, with respect to a user’s view
vector 1232 is based on an angle 01 between a camera
insertion vector 1290 and a surgical arm insertion vector
1221. In some embodiments, input arm 1206 is continuously
adjustable in the vertical plane and/or a plane of a long axis
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of support 1270 e.g. between 90-180° of the vertical and/or
a plane of a long axis of support. In some embodiments,
input arm 1206 has a discrete number of configurations e.g.
between 90-180° the vertical and/or a plane of a long axis of
support.

[0575] In some embodiments, FIG. 12B illustrates the
surgical system of FIG. 12A after retroflection of surgical
arm 1202 the retroflection controlled by retroflection of
input arm 1206.

[0576] In some embodiments, during use of the surgical
system, the surgical arm/s moves with respect to the camera.
For example, as illustrated by FIG. 12C where surgical arm
1202 has been retroflected e.g. to treat a surgical target (e.g.
as described in U.S. patent application Ser. No. 15/401,045).
In some embodiments, as a configuration of surgical arm
1202 is controlled and/or or matched to movement of input
arm 1206, when the configuration of the surgical arm
changes during use of the system, the input arm configura-
tion continues to correspond to the surgical arm.

[0577] FIGS. 13A-B are simplified schematic side views
of a plurality of surgical devices 1390, 1392 inserted through
the same insertion region of a patient 1314, according to
some embodiments of the invention.

[0578] FIG. 13C is a side view of a control console 1328
configured to correspond to a surgical configuration of FIG.
13A and/or FIG. 13B, according to some embodiments of
the invention.

[0579] In some embodiments, e.g. as illustrated by FIG.
13A surgical mechanical arm/s 1302 and camera 1390 are
inserted through an abdominal port and/or incision e.g. in
the umbilicus.

[0580] In some embodiments, e.g. as illustrated by FIG.
13B, surgical mechanical arm/s 1302 and camera 1390 are
inserted through the same port, for example, through a port
within a natural orifice e.g. the vagina.

[0581] For example, as described above, in some embodi-
ments, FIG. 13C illustrates a second input device configu-
ration.

[0582] FIG. 14A is a side view of a simplified schematic
of a plurality of surgical devices 1490, 1402 inserted through
the same insertion region of a patient 1414, according to
some embodiments of the invention.

[0583] FIG. 14B is a top view of a simplified schematic of
a plurality of surgical devices 1490, 1402 inserted through
the same insertion region of a patient 1414, according to
some embodiments of the invention.

[0584] FIG. 14C is a top view of a control console
configured to correspond to a surgical configuration of
FIGS. 14A-B, according to some embodiments of the inven-
tion.

[0585] In some embodiments, an angle in a horizontal
plane and/or a plane perpendicular to a support 1470 long
axis 1s based on e.g. matched to correspond to a surgical
configuration. For example, as illustrated by in FIG. 14C, an
angle, a.2°, of extension of an input arm 1406, with respect
to a user’s view vector 1432 is based on an angle a1°
between a camera insertion vector 1490 and a surgical arm
insertion vector 1421. In some embodiments, input arm
1406 is continuously adjustable in the horizontal plane
and/or a plane perpendicular to a long axis of support 1470
e.g. between 90-180°. In some embodiments, input arm
1206 has a discrete number of configurations e.g. between
90-180°.
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[0586] FIG. 15 is a simplified schematic of a surgical
system including a control console 1528 configured for a
surgical configuration where a plurality of surgical mechani-
cal arms 1502, 1512 are inserted through a plurality of ports
according to some embodiments of the invention. In some
embodiments, ports are illustrated as circles.

[0587] Insome embodiments, an orientation of input arms
1506, 1530 with respect to a user (e.g. sitting on seat 1544)
and/or with respect to the control console, is based on
general direction of approach of a surgical mechanical arm
through a port and/or into a patient. For example, as illus-
trated in FIG. 15, surgical mechanical arms 1502, 1512 are
inserted through ports and directed towards each other (e.g.
to approach a surgical target) and input arms 1506, 1530 are
angled towards each other. In some embodiments, e.g. as
described with respect to FIGS. 14A-C, angles of extension
of input arm/s 1530, 1506 are based on (e.g. matched to
correspond to) angles of insertion of surgical arms 1502, 15
with respect to an angle of insertion of camera 1590.
[0588] FIG. 16 is a simplified schematic of a surgical
system including a control console 1628 configured for a
surgical configuration where a plurality of surgical devices
1202, 1290 are inserted into a patient 1214 at different
insertion regions, according to some embodiments of the
invention. In some embodiments, camera 1690 is inserted
through a different insertion point than surgical arm/s 1602
but the devices 1690, 1602 extend in the same general
direction (e.g. a vector of insertion of one of the devices
projected onto an axis of the vector of insertion of the other
device are not directed towards each other, are directed in
the same direction). In some embodiments, input arm 1628
extends away from user 1632, when different entrance points
and/or ports are used for camera 1590 and surgical arm/s
1602.

Exemplary Adjusting of Exemplary Control Console for
Exemplary Corresponding Configurations

[0589] FIG. 17A is a simplified schematic of a control
console 1728 where an input arm 1706 is orientated in a
forwards configuration, according to some embodiments of
the invention.

[0590] FIG. 17B is a simplified schematic of a user 1732
using a control console 1728 where an input arm 1706 is
orientated in a forwards configuration, according to some
embodiments of the invention.

[0591] FIG. 18A is a simplified schematic of a control
console 1828 where an input arm 1806 is orientated in a
backwards configuration, according to some embodiments
of the invention.

[0592] FIG. 18B is a simplified schematic of a user 1832
using a control console 1828 where an input arm 1806 is
orientated in a backwards configuration, according to some
embodiments of the invention.

[0593] In FIGS. 17A-B and 18A-B a single input arm
(1706, 1806) is visible, however, in some embodiments,
(e.g. as illustrated in FIGS. 3A-B), control console 1728
includes more than one input arm, for example, two input
arms. In some embodiments, movement and/or orientation
of input arm 1706, 1806 (e.g. as described below) is per-
formed for additional input arm/s (e.g. a second input arm),
simultaneously and/or sequentially and/or alternatively to
movement with input arm 1706, 1806.

[0594] In some embodiments, a user adjusts one or more
portion of a control console. In an exemplary embodiment,
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when orientation of input arm/s is changed e.g. for a
different surgical configuration e.g. as described regarding
step 1908, FIG. 19 and/or FIGS. 17A-B, and/or one or more
portion of a control console is adjusted. For example, as
described regarding step 1910 of FIG. 19.

[0595] In some embodiments, one or more adjustment of
the control console is illustrated by changes illustrated
between FIGS. 17A-B and FIGS. 18A-B.

[0596] For example, in some embodiments a height of one
or more portion of the control console is adjusted, e.g. a
height of the portion from the ground and/or height of the
portion with respect to one or more other components of the
control console e.g. with respect to the input arm 1706,
1806. For example, in some embodiments, a height of a seat
1744, 1844 and/or arm rest/s 1746 and/or a display 1734,
1834 is adjusted.

[0597] For example, in some embodiments, lateral posi-
tion of one or more portion of the control console is adjusted,
e.g. a position of the portion with respect to the input arm/s
1706, 1806. For example, in some embodiments, a lateral
position of a seat 1744, 1844 and/or arm rest/s 1746 and/or
a display 1734, 1834 is adjusted.

Exemplary User Control of Exemplary Input Arm

[0598] In some embodiments, a user controls an input by
grasping a 1722 handle of input arm 1706. In an exemplary
embodiment, when input arm/s 1706 are moved from a
forwards position (e.g. illustrated by FIGS. 17A-B) to a
backwards position (e.g. as illustrated by FIGS. 18A-B) a
position of a handle 1738 of the input arm moves in a
direction towards a user (user direction) and/or away from
display 1734 and moves to a position lower (e.g. with
respect to the ground). In some embodiments, for example,
potentially improving comfort for a user one or more of arm
rest/s 1746 and/or seat 1844 and/or display 1824 are moved
lower and/or towards in a user direction. In some embodi-
ments, an angle of display 1824 is changed, for example
with respect to an attachment of the display to the control
console.

[0599] In some embodiments, one or more of display
1734, input arm 1706 (and, in some embodiments, addi-
tional input arm/s), arm rest 1746 (and, in some embodi-
ments, additional arm rest/s, e.g. in some embodiments,
control console includes an arm rest for each input arm), and
seat 1744 are mounted to a base 1739 and/or are moveable
(e.g. with respect to the base) on horizontal and/or vertical
rails e.g. disposed within and/or mounted on the base. In
some embodiments, one or more component is released to
effect upwards vertical movement (e.g. is biased by a gas
spring) and/or downwards force is exerted to effect down-
wards vertical movement (and/or to lower the component
onto base 1729, 1829). Alternatively or additionally, in some
embodiments, one or more component (e.g. seat) is attached
to the base by a screw attachment and vertical movement is
effected by rotating the component. In some embodiments,
a component (e.g. seat 1744) is locked into a desired
position.

Exemplary Controlled Retroflection of Input and Surgical
Arms

[0600] In some embodiments, one or more portion of a
control console is adjusted during a surgical procedure. For
example, in some embodiments, an angle of connection of
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an articulated input arm configured to control movement of
a surgical mechanical arm, with respect to a support is
changed. In some embodiments, the input arm is used to
retroflect the surgical arm, within a patient’s body, an angle
of connection of the input arm to a support is then changed,
without moving the surgical arm (e.g. control is paused).
Optionally, in some embodiments, position of one or more
portion of a control console to which the input arm is
attached is changed, e.g. a position of a seat and/or a position
of arm rest/s and/or a position of one or more display. In
some embodiments, after change of angle of the input arm
and/or position of control console portion/s are changed,
control of surgical arm movements by the input arm are
resumed.

[0601] FIG. 19 is a flow chart of a method of surgical
mechanical arm movement control, according to some
embodiments of the invention. In some embodiments, the
steps of the flow chart of FIG. 19 are performed using a
single input arm to control movement of a single surgical
mechanical arm. Alternatively, in some embodiments, more
than one input arm is used in control and/or more than one
surgical mechanical arm is controlled. The steps of the flow
chart of FIG. 19 are performed by movement of a first input
arm to control movement of a first surgical mechanical arm
and by movement of a second input arm to control move-
ment of a second surgical mechanical arm where control of
the arms (e.g. insertion and/or retroflection) is simultaneous
and/or sequential and/or alternating.

[0602] At 1900 a surgical mechanical arm is inserted into
a subject. In some embodiments, the surgical mechanical
arm is inserted manually. In some embodiments, a user
controls automated insertion of the surgical mechanical arm.
For example, in some embodiments, a user inputs control
instructions through one or more user interface to control
linear movement of the surgical mechanical arm (e.g. but-
tons 682a, 6826 FIGS. 6A-B). Where linear movement, is
for example, effected by one or more actuators (actuation of
linear movement of the surgical mechanical arm e.g. as
described in U.S. patent application Ser. No. 15/501,862).

[0603] In some embodiments, insertion of the mechanical
arm is partially manual and partially automated. For
example, a user positioning and/or partially inserting the
surgical mechanical arm, with further insertion being auto-
mated.

[0604] At 1902 the surgical mechanical arm is retro-
flected.
[0605] In some embodiments, surgical mechanical arm is

retroflected by bending at a first flexible portion (e.g. first
flexible portion 101 FIG. 1). For example, where bending is
controlled by a user bending a first flexion joint of an input
device e.g. 350 FIGS. 3A-1, 550 FIG. 5.

[0606] In some embodiments, surgical mechanical arm is
retroflected by bending at a second flexible portion where, in
some embodiments, bending is controlled by a user bending
a first flexion joint of an input device. For example, as
illustrated in FIG. 8.

[0607] In some embodiments, surgical mechanical arm is
retroflected by bending at a first flexible portion and a
second flexible portion, where, in some embodiments, bend-
ing is controlled by a user bending a first and a second
flexion joint of an input device. For example, as illustrated
in FIG. 9.

[0608] In some embodiments, steps 1900 and 1902 occur,
concurrently, at least partially. For example, in some
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embodiments, the surgical mechanical arm is inserted as it is
retroflected, e.g. linear advancement movements alternating
with bending at one or more surgical mechanical arm
flexible portion and/or linear advancement movements
occurring concurrently with bending at one or more surgical
mechanical arm flexible portion.

[0609] At 1904, in some embodiments, control of move-
ment of the surgical mechanical arm is paused. For example,
in some embodiments, a user enters a pause instruction
through a user interface (e.g. by pressing on button 682¢
FIG. 16)

[0610] At 1906, in some embodiments, optionally, the
input arm is straightened.

[0611] At 1908, in some embodiments, an angle of the
input arm with respect to a control console to which it is
attached is changed. For example, in an exemplary embodi-
ment, the input arm is rotated about a joint (e.g. stand
connection joint 376 FIG. 3D) from a first position where a
direction of the arm is generally extending towards a user to
a second positon where the arm is generally extending away
from a user. In some embodiments, the input arm is rotated
by 180°.

[0612] At 1910, in some embodiments, portion/s of the
control console are adjusted for use of the input arms in the
second position. For example, position of one or more of
arm rests (e.g. 346 FIG. 3A), a seat (e.g. 344 FIG. 3A), a
display (324 FIG. 3A).

[0613] In some embodiments the order of steps 1906,
1908 and 1910 is interchangeable.

Exemplary User Control of Exemplary Input Arm

[0614] FIG. 20 is a simplified schematic of a user 2032
manipulating an input arm 2006, according to some embodi-
ments of the invention.

[0615] In some embodiments, user 2032 holds a handle
2038 between one or more a finger 2032/ (some fingers are
not visible in FIG. 20) and a thumb 2032z. In some embodi-
ments, a user holds handle 2038 in a tripod grasp and/or in
a prismatic finger grasp (e.g. similar to grasps associated
with holding an elongated writing implement). In some
embodiments, a user grasps the handle in a palmar grasp e.g.
wrapping fingers and the thumb around a length of the
handle.

[0616] In some embodiments, handle 2038 is sized and/or
shaped for a user to comfortably hold the handle between an
adult finger and thumb (e.g. in a tripod and/or prismatic
grasp) and/or for a user to grasp the handle (e.g. in a palmar
grasp). For example where an average width (e.g. diameter)
1s 2 mm-150 mm, or 5 mm-100 mm, or 10-50 mm, or 20-60
mm, or about 40 mm, or lower or higher or intermediate
dimensions or ranges. In some embodiments, handle 2038 is
elongate, for example, with a length which enables grasp/s
described above. For example with a long axis length of
10-300 mm, or 20-200 mm, or 50-150 mm, or 70-130 mm
or 90-130 mm, or 100-120 mm, or about 110 mm or lower
or higher or intermediate lengths or ranges. In some embodi-
ments, handle 2038 has a generally cylindrical shape.

[0617] In some embodiments, a user holds handle 2038
such that a user thumb 2032¢ is positioned over a user
interface 2084 (e.g. a lever button, e.g. 384 FIG. 3D, 684
FIGS. 6A-B). In some embodiments, handle 2084 includes
a plurality of user interfaces 2082 are positioned on the
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handle such that a user is able to control the plurality of user
interfaces with the user’s thumb e.g. without changing user
grasp on the handle.

[0618] In some embodiments, handle 2038 is configured
(e.g. sized and/or shaped) such that a user with a thumb at
user interface 2084 is able (e.g. concurrently) to control a
user interface 2086 disposed at an end (e.g. proximal end) of
the handle (e.g. 386 FIG. 3D, 686, FIGS. 6A-B). For
example, using a user’s finger e.g. without changing user
grasp on the handle and/or while the user’s thumb remains
in a region of user interface 2084. Where, for example, dial
user interface 2086 is 10-150 mm, or 10-100 mm or 10-50
mm or lower or higher or intermediate distances from user
interface 2084.

[0619] Insomeembodiments, user 2032 supports a second
flexion joint 2052 in the user’s palm e.g. as illustrated in
FIG. 20. Potentially, this grasp enables the user to control
position of both second flexion joint 2052 and a first flexion
joint 2050, e.g. by force exerted by the user at the handle
(e.g. with the user’s finger/s and/or thumb) and/or at the first
flexion joint (e.g. with the user’s palm).

[0620] In some embodiments, one or more input arm user
interface is used to control a surgical mechanical arm, e.g.
actuation of an arm tool e.g. opening and/or closing of a tool
(e.g. gripper, scissors e.g. 105 FIG. 1), for example, as
described regarding FIG. 3F. Alternatively or additionally, in
some embodiments, input device user interface/s are used to
control other portions of the system, for example, the display
of the control console (e.g. display 334 FIG. 3A).

[0621] In some embodiments, input arm and/or control
console user interfaces control linear movement of the
surgical arm (e.g. into and/or out of a patient) and/or pausing
and/or resuming of control of movement of the surgical arm
by the input arm. e.g. as described regarding user interfaces
682a-c FIG. 6A.

[0622] Insomeembodiments, handle 2038 includes one or
more finger loop, through with a user inserts a finger, e.g. as
described and/or illustrated regarding loop 380 FIG. 3D.

General

[0623] It is expected that during the life of a patent
maturing from this application many relevant control con-
soles for surgical systems will be developed and the scope
of the terms control console, input arm, surgical mechanical
arm is intended to include all such new technologies a priori.
[0624] As used herein the term “about” refers to +20%.
[0625] The terms “comprises™, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

[0626] The term “consisting of” means “including and
limited to™.
[0627] The term “consisting essentially of” means that the

composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
ingredients, steps and/or parts do not materially alter the
basic and novel characteristics of the claimed composition,
method or structure.

[0628] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0629] Throughout this application, various embodiments
of this invention may be presented in a range format. It
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should be understood that the description in range format is
merely for convenience and brevity and should not be
construed as an inflexible limitation on the scope of the
invention. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
subranges as well as individual numerical values within that
range. For example, description of a range such as from 1 to
6 should be considered to have specifically disclosed sub-
ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from
2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual
numbers within that range, for example, 1, 2, 3, 4, 5, and 6.
This applies regardless of the breadth of the range.

[0630] Whenever a numerical range is indicated herein, it
is meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals ther-
ebetween.

[0631] As used herein the term “method” refers to man-
ners, means, techniques and procedures for accomplishing a
given task including, but not limited to, those manners,
means, techniques and procedures either known to, or read-
ily developed from known manners, means, techniques and
procedures by practitioners of the chemical, pharmacologi-
cal, biological, biochemical and medical arts.

[0632] As used herein, the term “treating” includes abro-
gating, substantially inhibiting, slowing or reversing the
progression of a condition, substantially ameliorating clini-
cal or aesthetical symptoms of a condition or substantially
preventing the appearance of clinical or aesthetical symp-
toms of a condition.

[0633] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable subcombination or as suitable in any other
described embodiment of the invention. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.

[0634] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims.

[0635] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent
application was specifically and individually indicated to be
incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as neces-
sarily limiting.
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What is claimed is:

1. A control console for control of a medical surgical
device comprising at least one surgical mechanical arm,
which control console comprising:

a control console base

at least one user support coupled to said control console
base;

a processor configured to receive data regarding a selected
surgical configuration of said at least one surgical
mechanical arm and at least one camera;

an input arm support coupled to said control console base;

at least one input arm comprising a plurality of sections
sequentially coupled by joints, coupled to and extend-
ing from said input arm support where a direction of
extension of said input arm, with respect to said at least
one user support is adjustable to match an input arm
configuration to said selected surgical configuration, a
camera view of said at least one surgical mechanical
arm thereby corresponding to a user view of said input
arm.

2. The control console according to claim 1, comprising

a user interface;

wherein said processor is configured to receive at least a
portion of said data from said user interface.

3. The control console according to claim 2, wherein said
user interface is configured to display an indication of a
selected surgical configuration.

4. The control console according to claim 3, comprising
a user interface display configured to display images col-
lected by said camera.

5. The control console according to claim 1, wherein said
data comprises one or more of, a direction of insertion of
said at least one surgical mechanical arm, a direction of
insertion of said camera, a region of insertion of said at least
one surgical mechanical arm, a region of insertion of said
camera.

6. The control console according to claim 1, wherein said
processor is configured to receive at least a portion of said
data from at least one control console sensor.

7. The control console according to claim 6, wherein said
at least one control console sensor is configured to send a
signal to said processor based on said direction of extension
of said input arm from said input arm support.

8. The control console according to claim 7, wherein said
processor is configured to:

compare said signal to said data; and

generate an alarm upon identifying a discrepancy between
a selected surgical configuration and said direction of
extension of said input arm.

9. The control console according to claim 7, wherein said

processor is configured to:

compare said signal to said data; and

generate a signal disabling one or more actuator config-
ured to control movement of said surgical mechanical
upon identifying a discrepancy between a selected
surgical configuration and said direction of extension of
said input arm.

10. The control console according to claim 1, wherein said
processor is configured to receive at least a portion of said
data from said at least one surgical mechanical arm.

11. The control console according to claim 1, wherein said
processor is configured to receive at least a portion of said
data from said camera.

Sep. 13,2018

12. The control console according to claim 1, wherein a
separation between said at least one input arm and said at
least one user support is adjustable.

13. The control console according to claim 1, wherein said
at least one support comprises a user seat.

14. The control console according to claim 1, wherein said
at least one support comprises at least one user arm rest.

15. The control console according to claim 1, comprising
a first and a second input arm, according to said at least one
input arm.

16. The control console according to claim 1, comprising
at least one sensor configured to generate an input arm signal
based on a measured angle between two of said input arm
sections;

wherein said a processor is configured to:

receive said input arm signal,

generate a control signal instructing movement of said
at least one surgical mechanical arm, based on said
input arm signal;

send said control signal to said surgical mechanical
arm.

17. A system comprising:

a control console according to claim 1,

at least one surgical mechanical arm;

at least one camera;

at least one sensor configured to measure one or more of:

a position of said surgical mechanical arm with respect
to a position of said camera;

a location of insertion into a patient of said surgical
mechanical arm with respect to a location of inser-
tion into a patient of said camera;

a direction of insertion into a patient of said surgical
mechanical arm with respect to a direction of inser-
tion into a patient of said camera.

18. A surgical method comprising;

selecting a surgical approach for at least one surgical

mechanical arm and a laparoscopic camera; and

adjusting a direction of extension of an input arm from an
input arm support to correspond to said surgical
approach;

controlling movement of said surgical mechanical arm

using measured movement of said input arm.

19. The surgical method according to claim 18,
wherein said selecting comprises:

selecting a camera insertion direction of a laparoscopic

camera into a patient;

selecting an arm insertion direction of a surgical mechani-

cal arm into said patient;

wherein said adjusting comprises:

adjusting a direction of extension of an input arm from an

input arm support with respect to a user support, where:

when said camera insertion direction is away from said
arm insertion direction said input arm extends away
from said user support;

when said camera insertion direction is towards from
said arm insertion direction said input arm extends
towards said user support.

20. The method according to claim 19, wherein said
adjusting comprises adjusting a vertical angle of said direc-
tion of extension of said input arm to correspond to said
angle of insertion of said surgical mechanical arm with
respect to an angle of insertion of said laparoscopic camera.

21. The method according to claim 19, wherein said
adjusting comprises adjusting a horizontal angle of said
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direction of extension of said input arm to correspond to said
angle of insertion of said surgical mechanical arm with
respect to an angle of insertion of said laparoscopic camera.

22. The method according to claim 19, wherein adjusting
comprises adjusting a separation between attachment of said
user support and said input arm support, to maintain a
separation between a volume of allowable positions of said
input arm and said user support.

23. The surgical method according to claim 18,
wherein said selecting comprises: selecting a camera inset-
tion location of a laparoscopic camera into a patient;

selecting an arm insertion location of a surgical mechani-

cal arm into said patient;
wherein said adjusting comprises:
comparing a separation between said camera insertion
location and an arm insertion location with a threshold;
adjusting a direction of extension of an input arm from an
input arm support with respect to a user support, where:
when said separation is below said threshold said input
arm extends away from said user support;
when said separation is below said threshold extends
towards said user support.

24. A control console for control of a medical surgical
device comprising at least one surgical mechanical arm,
which control console comprising:

Sep. 13,2018

an elongate control console base sized and shaped for a
user to comfortably sit astride said control console
base;

at least one input arm coupled to said control console base
and comprising a plurality of sections sequentially
coupled by joints;

at least one sensor configured to measure user controlled
movement of said sections; and

circuitry configured to receive a measurement signal from
said sensor and to generate a control signal, based on
said measurement signal for control of movement of
said surgical mechanical arm.

25. The control console according to claim 24, comprising

one or more of:

a seat coupled to said base; and

one or more arm rest coupled to said base;

wherein one of more of:

a position of said seat is adjustable with respect to said
base; and

a separation between said at least one input arm and said
seat is adjustable.

26. The control console according to claim 24, comprising

two input arms according to said input arm.

* ok %k
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