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INTERFACE BETWEEN A SURGEON AND AN
AUTOMATED ASSISTANT AND METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part applica-
tion of International Application No. PCT/IL/2008/000994,
filed Jul. 17, 2008, which, in turn, claimed the benefit of
Israeli Patent Application No. 184664, filed Jul. 17, 2007, the
contents of which are incorporated by reference. In addition,
this application further claims the benefit of U.S. Provisional
Patent Application No. 61/114,760, filed Jan. 15, 2009, the
content of which is incorporated by reference herein.

TECHNICAL FIELD

[0002] This patent relates generally to endoscope guided
surgical instruments and procedures, and in particular to
interfaces that allow identification of the spatial position of a
laparoscope during endoscopic surgery.

BACKGROUND ART

[0003] During laparoscopic surgery it is often required to
shift the spatial placement of the endoscope in order to
present the surgeon with an optimal view. Conventional lap-
aroscopic surgery makes use of either human assistants who
manually shift the instrumentation or alternatively of robotic
automated assistants. Automated assistants utilize interfaces
that enable the surgeon to direct the mechanical movement of
the assistant, achieving a shift in the camera view. U.S. Pat.
No. 6,714,841 discloses an automated camera endoscope in
which the surgeon is fitted with a head mounted light source
that transmits his head movements to a sensor, forming an
interface that converts said movements to directions for the
mechanical movement of the automated assistant. Alternative
automated assistants incorporate a voice operated interface, a
directional key interface, or other navigational interfaces. The
main disadvantage of the above interfaces is that they are
based on cumbersome operations for starting and stopping
movement directions that requires the surgeon’s constant
attention.

[0004] An article titled “A method for estimating the real
time Positions of a moving object in wireless telemetry appli-
cations using RF sensors” by K. Arshak was recently pub-
lished. The article relates to locating a transmitting object
using multiple receiving antenna sensors located at various
place surrounding the transmitting device. The receiver
antennas are assumed to be omni directional and the location
of the transmitter is achieved through distance estimation
(i.e., triangulation) from each of the receiving antenna.
[0005] The distance from the transmitter is estimated by
measuring the received signal strength (RSS) of the received
signal:

RSS=P;~P;(do)-10n log,o(d/d0)+X,,

calculated in decibel, P is the transmitted power, P, (d,,) is the
path loss for a reference distance d,, 1 is the pass loss expo-
nent, d is the distance between the transmitter and the receiver
and X is a Gaussian random variable.

[0006] Therefore, the signal received is proportional to
transmit power (P), the 1) power of distance to the transmit-
ter, normally in free space n=2, if all is known except the
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distance, it can be resolved from the above mentioned equa-
tion, a distance can be calculated from each of the receiving
antenna

[0007] The object (transmitter) location is at the intersec-
tion of spheres with every distance which is the respective
sphere radius (i.e., Triangulation).

[0008] Arshak states in the article that other method such as
time of arrival, time differences of arrival and angle of arrival
are not feasible due to dense multipath environment. Yet
more, if the transmit power 1s unknown, unstable or inaccu-
rate; or if the propagation factor is unknown then Arshak’s
method won’t be valid.

[0009] Therefore there is still a long felt need for a method
which will enable the relative position of the transmitter (and
thus the medical instrument).

[0010] Researchhas suggested that these systems divert the
surgeons focus from the major task at hand. Therefore tech-
nologies based on various kinds of positioning systems have
been developed to simplify interfacing control. These tech-
nologies still fail to address another complicating interface
aspect of laparoscopic surgery, however, as they do not allow
the surgeon to signal both to the automated assistant and to
surgical colleagues on which surgical instrument his attention
1s focused.

[0011] Thus, there is a long-felt need for a device that
would allow the surgeon to identify to the laparoscopic com-
puting system as well as to surgical colleagues to which
surgical instrument attention is to be directed, thereby direct-
ing the view provided by the endoscope to the selected area of
interest.

SUMMARY OF THE INVENTION

[0012] Therefore, in accordance with a preferred embodi-
ment of the present invention, it is an object of the present
invention to disclose an interface between a surgeon and an
automated assistant, comprising () at least one array com-
prising N RF transmitters, where N is a positive integer; (b)
one RF receiver, provided with at least two directional
antenna; (c) means for attaching said RF transmitter array to
at least one surgical tool; and, (d) a computerized operating
system adapted to record the received signal strength (RSS)
received by said RF receiver and to calculate therefrom the
position of each of said N RF transmitters, and further
adapted to provide automatically the results of said calcula-
tion to the human operator of said interface. It is within the
essence of the invention wherein said computerized operating
system calculates at least one of the parameters chosen from
the group consisting of (a) the angle from which the signal
had been received; (b) the spatial location of said at least one
surgical tool; (c) the path of said at least one surgical tool; (d)
the spatial location of the point of insertion of said at least one
surgical tool into the body of a patient; () the spatial location
of the tip of said at least one surgical tool; (f) matching each
RF transmitter code with each calculated spatial location of
said at least one surgical tool and/or said tip of said at least one
surgical tool, and further wherein said computerized operat-
ing system provides automatically the results of said calcu-
lation to the human operator of said interface.

[0013] TItis a further object of this invention to disclose such
an interface, further comprising an endoscopic device.
[0014] TItis a further object of this invention to disclose such
an interface, wherein said endoscopic device comprises opti-
cal imaging means, and further wherein said computerized
operating system calculates at least one of the parameters
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chosen from the group consisting of (a) the spatial location of
said at least one surgical tool; (b) the path of said at least one
surgical tool; (¢) the spatial location of the point of insertion
of said at least one surgical tool into the body of a patient; (d)
the spatial location of the tip of said at least one surgical tool,
(e) matching each RF transmitter code with each calculated
spatial location of said at least one surgical tool and/or said tip
of said at least one surgical tool; (f) the predicted appearance
of said at least one surgical tool within said optical image; (g)
if more than one of said at least one surgical tools appears
simultaneously in said optical image, distinguishing among
said more than at least surgical tools appearing in said optical
image, and further wherein said computerized operating sys-
tem provides automatically the results of said calculation to
the human operator of said interface.

[0015] Ttisa further object of this invention to disclose such
an interface, further comprising (a) a automated assistant for
said endoscopic device; and (b) means for interfacing said
computerized operating system to said automated assistant. It
is within the essence of the invention wherein said comput-
erized operating system calculates at least one of the param-
eters chosen from the group consisting of (a) the spatial
location of said at least one surgical tool; (b) the path of said
atleast one surgical tool; (¢) the spatial location of the point of
insertion of said at least one surgical tool into the body of a
patient; (d) the spatial location of the tip of said at least one
surgical tool; (¢) matching each RF transmitter code with
each calculated spatial location of said at least one surgical
tool and/or said tip of said at least one surgical tool; (f) a
desired new location for said endoscopic device; (g) com-
mand protocol means for directing said automated assistant
via said interface to maneuver said endoscopic device to a
desired new location, and further wherein said computerized
operating system provides automatically the results of said
calculation to the human operator of said interface.

[0016] Ttisa further object of this invention to disclose such
an interface, wherein said endoscopic device comprises opti-
cal imaging means, and further wherein said computerized
operating system calculates at least one of the parameters
chosen from the group consisting of (a) the spatial location of
said at least one surgical tool; (b) the path of said at least one
surgical tool; (¢) the spatial location of the point of insertion
of said at least one surgical tool into the body of a patient; (d)
the spatial location of the tip of said at least one surgical tool,
(e) matching each RF transmitter code with each calculated
spatial location of said at least one surgical tool and/or said tip
of said at least one surgical tool; (f) the predicted appearance
of said at least one surgical tool within said optical image; (g)
if more than one of said at least one surgical tools appears
simultaneously in said optical image, distinguishing among
said more than at least surgical tools appearing in said optical
image; (h) a desired new location for said optical imaging
means; (i) a command protocol for directing said automated
assistant via said interface to maneuver said endoscopic
device to a desired new location, and further wherein said
computerized operating system provides automatically the
results of said calculation to the human operator of said inter-
face.

[0017] Itisa further object of this invention to disclose such
an interface, wherein said computer controller additionally
transmits a command protocol to said automated assistant via
said interface to maneuver said endoscopic device to a desired
new location.
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[0018] Itis a further object of this invention to disclose such
an interface, wherein said interface is adapted for manual
operation, whereby each of said N transmitters transmits in
response to acommand signal from the human operator of the
interface.

[0019] Itis a further object of this invention to disclose such
an interface, wherein said interface is adapted for automatic
operation, whereby each of said N transmitters transmits con-
tinuously.

[0020] Ttis a further object ofthis invention to disclose such
an interface, wherein said interface is adapted for automatic
operation, whereby each of'said N transmitters transmits con-
tinuously and further wherein said computer transmits said
calculated parameters for each of said N transmitters in
response to acommand signal from the human operator of the
interface.

[0021] Itis a further object of this invention to disclose such
an interface, wherein said antenna array comprises at least
one directional antenna.

[0022] Itis a further object of this invention to disclose such
an interface, wherein said transmitters transmit in the 430
MHz ISM band.

[0023] Itis a further object of this invention to disclose such
an interface, wherein M=1, and further wherein said receiver
array is adapted to determine the angle whose vertex is the
location of said antenna array and which is subtended by the
line connecting any two of said N transmitters.

[0024] TItis a further object of this invention to disclose such
an interface, wherein said interface comprises M receivers, M
is an integer higher than 1; and further wherein said M receiv-
ers are adapted to determine the location of each of said N
transmitters by triangulation.

[0025] Ttis a further object ofthis invention to disclose such
an interface, wherein said transmitters transmit a modulated
signal, said modulation chosen from the group consisting of
(a) frequency modulation, (b) amplitude modulation.

[0026] Itis a further object of thisinvention to disclose such
an interface, wherein said modulation occurs at a frequency
of about 1.5 kHz.

[0027] Ttis a further object of this invention to disclose such
an interface, wherein each of said N RF transmitters is modu-
lated at a different frequency.

[0028] Itis a further object of this invention to disclose such
an interface, wherein said N modulation frequencies are cho-
sen from the band of frequencies spanning the range of from
about 1.0 kHz to about 1.5 kHz.

[0029] Itis a further object of this invention to disclose such
an interface, wherein receiver is a single conversion receiver.
[0030] It is a further object of this invention to disclose a
method for calculating positional parameters of a laparo-
scopic surgical tool, comprising the steps of (a) obtaining an
interface for a laparoscope, said interface comprising (i) at
least one array comprising N RF transmitters, where N is a
positive integer, (i) one RF receiver provided with at least
two directional antenna; (iii) a computerized operating sys-
tem adapted to record the received signal strength RSS
received by each antenna of said RF receiver and to calculate
therefrom the position of each of said N RF transmitters, and
further adapted to provide automatically the results of said
calculation to the human operator of said interface; (b) obtain-
ing a surgical tool; (c) attaching said RF transmitter array to
said surgical tool; (d) measuring the received signal strength
(RSS) from said N RF transmitters received at each of said
directional antenna of said RF receivers; and (e) calculating
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spatial parameters relating to each of said N transmitters
according to a predetermined protocol. It is in the essence of
the invention wherein said step of calculating said parameters
of'each of said N transmitters yields positional parameters of
said laparoscope surgical tool, said positional parameters is
selected from a group consisting of (a) the angle from which
the signal had been received; (b) the spatial location of said at
least one surgical tool; (¢) the path of said at least one surgical
tool; (d) the spatial location of the point of insertion of said at
least one surgical tool into the body of a patient; (e) the spatial
location of the tip of said at least one surgical tool; (f) match-
ing each RF transmitter code with each calculated spatial
location of' said at least one surgical tool and/or said tip of said
at least one surgical tool, and further wherein said computer-
ized operating system provides automatically the results of
said calculation to the human operator of said interface.

[0031] Tt is a further object of this invention to disclose a
method for controlling the position of an endoscopic device,
comprising the steps of (a) obtaining an interface between a
surgeon and an automated assistant, said interface comprising
(1) at least one array comprising N RF transmitters, where N
is a positive integer, (ii) one RF receiver provided with at least
two directional antenna; (iii) a computerized operating sys-
tem adapted to record the received signal strength RSS
received by each antenna of said RF receiver and to calculate
therefrom the position of each of said N RF transmitters, and
further adapted to provide automatically the results of said
calculation to the human operator of said interface; (iv) an
automated assistant for said endoscopic device; and, (v)
means for interfacing said computerized operating system to
said automated assistant; (b) obtaining a surgical tool; (c)
attaching said RF transmitter array to said surgical tool; (d)
measuring the received signal strength (RSS) from said N RF
transmitters received at each of said directional antenna of
said RF receivers; (e) calculating spatial parameters relating
to location of each of said N transmitters; (f) calculating a
desired new position for said endoscopic device; (g) sending
a command from said computerized operating system to said
automated assistant via said interfacing means to maneuver
said endoscopic device to said desired new location; and, (h)
maneuvering said endoscopic device to said desired new
location

[0032] Itisinthe essence of the invention wherein said step
of calculating said parameters of each of said N transmitters
yields positional parameters of said laparoscope surgical tool,
said positional parameters is selected from a group consisting
of (a) the angle from which the signal had been received; (b)
the spatial location of said at least one surgical tool; (c) the
path of said at least one surgical tool; (d) the spatial location
of the point of insertion of said at least one surgical tool into
the body of a patient; (e) the spatial location of the tip of said
at least one surgical tool; (f) matching each RF transmitter
code with each calculated spatial location of said at least one
surgical tool and/or said tip of said at least one surgical tool,
and further wherein said computerized operating system pro-
vides automatically the results of said calculation to the
human operator of said interface.

[0033] TItisa further object of this invention to disclose such
an interface, wherein said endoscopic device comprises opti-
cal imaging means, and further comprising the additional
steps of (a) determining said position of said surgical tool
relative to the image frame; and (b) maneuvering said optical
imaging means such that said surgical tool appears at a pre-
determined location within said image frame.
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[0034] Itisa further object of this invention to provide such
a method, wherein each of said N transmitters transmits in
response to a signal from the human operator of said inter-
face.
[0035] Itisa further object of this invention to provide such
a method, wherein each of said N transmitters transmits con-
tinuously.
[0036] The device of the present invention has many tech-
nological advantages, among them:
[0037] Simplifying the communication
between surgeon and automated assistants.
[0038] Seamless interaction with conventional comput-
erized automated endoscope systems.
[0039] Simplicity of construction and reliability.
[0040] User-friendliness.
[0041] Additional features and advantages of the inven-
tion will become apparent from the following drawings
and description.

interface

BRIEF DESCRIPTION OF DRAWINGS

[0042] For a better understanding of the invention with
regard to the embodiments thereof, reference is made to the
accompanying drawings (not to scale), in which like numer-
als designate corresponding sections or elements throughout,
and in which:

[0043] FIG. 1A shows a general schematic view of surgical
tool positioning svstem that detects the location of a surgical
tool at the time the surgeon activates the surgical tool trans-
mitter (manual mode),

[0044] FIG. 1B shows a general schematic view of surgical
tool positioning system that detects the location of surgical
tools continuously (continuous automatic mode);

[0045] FIG. 2A is a diagram demonstrating sequential
transmit operation;

[0046] FIG. 2B is a diagram demonstrating periodic trans-
mit operation, with unequal rates for left and right transmit-
ters;

[0047] FIG. 2C is a diagram demonstrating simultaneous
transmit operation with different frequencies;

[0048] FIGS. 3@ and 35 is a schematic view of the antenna
pattern,

[0049] FIG. 4A shows the system block diagram;

[0050] FIG. 4B shows antenna set block diagram;

[0051] FIG. 4C shows the receiver internal block diagram;
[0052] FIG. 4D shows the controller/sequencer block dia-
gram,;

[0053] FIG. 5 shows system control software operation
flow;

[0054] FIG. 6A shows the antenna switching pattern during

periodic transmit operation;

[0055] FIG. 6B shows the antenna switching pattern during
sequential transmit operation;

[0056] FIG. 7A shows an example of a planar antenna
structure;

[0057] FIG. 7B shows an example of a spatial antenna
structure,

[0058] FIG. 7C shows an example of a spatial antenna
mounted on the camera holder mechanism;

[0059] FIG. 8A shows an example of using the location
system in abdominal laparoscopic surgery;

[0060] FIG. 8B shows an example of using the location
system in knee endoscopic surgery; and,
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[0061] FIG. 8C shows an example of using the location
system in shoulder endoscopic surgery.

DETAIL DESCRIPTION OF THE INVENTION

[0062] Thepresent invention is utilized to improve upon the
interface between surgeon and automated assistants by com-
municating the surgeon’s current instrument of choice, sup-
plying location data to the image processing computing soft-
ware thereby directing the endoscope to focus on said choice.
The technology relies on marrying a conventional laparo-
scopic system with data obtained from small RF transmitters
attached to a surgical tool. It will be apparent to one skilled in
the art that there are several embodiments of the invention that
differ in details of construction, without affecting the essen-
tial nature thereof, and therefore the invention is not limited
by that which is illustrated in the figures and described in the
specification, but only as indicated in the accompanying
claims, with the proper scope determined only by the broadest
interpretation of said claims.

[0063] The present invention provides an interface between
a surgeon and an automated assistant, comprising (a) at least
one array comprising N RF transmitters, where N is a positive
integer; (b) one RF receiver, said receiver provided with at
least one directional antenna; (c) means for attaching said RF
transmitter array to at least one surgical tool; and, (d) a com-
puterized operating system adapted to record the relative
signal strength received by said RF receiver and to calculate
therefrom the position of each of said N RF transmitters, and
further adapted to provide automatically the results of said
calculation to the human operator of said interface. It is within
the essence of the invention wherein said computerized oper-
ating system calculates at least one of the parameters chosen
from the group consisting of (a) the spatial location of said at
least one surgical tool; (b) the path of said at least one surgical
100l; (c) the spatial location of the point of insertion of said at
least one surgical tool into the body of a patient; (d) the spatial
location of the tip of said at least one surgical tool; (e) match-
ing each RF transmitter code with each calculated spatial
location of' said at least one surgical tool and/or said tip of said
at least one surgical tool, and further wherein said computer-
ized operating system provides automatically the results of
said calculation to the human operator of said interface.

[0064] As usedherein, the term ‘automated assistant’ refers
to any mechanical device (including but not limited to a
robotic device) that can maneuver and control the position of
a surgical or endoscopic instrument, and that can in addition
be adapted to receive commands from a remote source.

[0065] Asusedherein, theterm ‘Antenna Gain’ refers to the
ratio of the radiation intensity of an antenna in a given direc-
tion to the intensity that would be produced by a hypothetical
ideal antenna that radiates equally in all directions (isotropi-
cally) and has no losses.

[0066] As used herein, when referring to transmission of
information to a human, the term ‘provide’ refers to any
process (visual, tactile, or auditory) by which an instrument,
computer, controller, or any other mechanical or electronic
device can report the results of a calculation or other opera-
tion to a human operator.

[0067] As used herein, the term ‘automatic’ or ‘automati-
cally’ refers to any process that proceeds without the neces-
sity of direct intervention or action on the part of a human
being.
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[0068] In one of the preferred embodiments of the inven-
tion, any desired surgical instrument is fitted with an RF
transmitter, and selection is achieved by depressing its button.

[0069] The invention describes two methods of operation:

[0070] A manual method, in which a transmitter emits RF
signal only when the surgeon presses a button located e.g., on
one of the arms (either left or right—but not both simulta-
neously), the system then indicating the direction of that arm;
and,

[0071] Anautomatic method, in which all transmitters con-
tinuously emit RF signal and the system tracks the direction
of all transmitters simultaneously. When the surgeon presses
a button of one of the transmitters, the system output is the
direction and location of the specific transmitter.

[0072] The term “about” refers hereinafter to a range of
25% below or above the referred value. The automatic mode
has some advantages over the manual mode because the sys-
tem can make use of history track files in order to filter the
data and apply prediction algorithms. The continuous stream
of data also allows the software to compute additional impor-
tant data such as the insertion point of each tool, and the
predicted tools location on the image.

[0073] System operation will be explained for both
MANUAL-(sequential), and AUTOMATIC (periodic or
simultaneous) modes. In order to simplify the explanation a
system used to locate the positions and directions of only 2
surgical tools is described, but the method described can be
used with minor changes to locate the position of any number
of surgical tools used in any laparoscopic surgeries.

[0074] Reference is now made to FIG. 1a which schemati-
cally describes the surgical tool positioning MANUAL sys-
tem according to one embodiment of the invention. An
antenna 31 is set and a receiver is preferably mounted on, or
near, the robotic camera holder. Two identical transmitters,
ie., (i) transmitter 11 mounted on surgical tool 10; and (ii),
transmitter 21 mounted on surgical tool 20 are provided. A
control and processing function controller 40 is further pro-
vided, being either a laptop PC or an embedded controller.

[0075] As described above, in the MANUAL system the
transmitter emits RF signal only when the surgeon presses
upon the surgical instrument the surgeon desires to track.
Once the transmitter transmits a signal, the receiver commu-
nicates with the controller and instructs the tracking of the
medical instrument desired by the surgeon.

[0076] Reference is now made to FIG. 15 which schemati-
cally describes the surgical tools positioning AUTOMATIC
system according to yet another embodiment of the invention.

[0077] As described above, in the AUTOMATIC system
the transmitter continuously emits RF signals. Therefore, the
receiver constantly communicates with the controller.

[0078] The transmitters 11 and 21 can operate in one of
three modes: (a) sequential/manual mode, as shown in FIG.
2a, upon the surgeon’s pressing an appropriate button
(manual mode); (b) periodic/automatic mode as shown in
FIG. 24, in which the transmitters attached to the two tools
provide pulsed signals at different pulse rates; or (c) simulta-
neous/automatic mode, as shown in FIG. 2c¢, in which the two
transmitters transmit simultaneously and continuously, but at
different radio frequencies. In all three modes, the receiver
can detect and process individual reception from any one of
the two tools and identify which transmission belongs to
which tool.
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[0079] Reference is now made to FIGS. 3, 4a through 44,
and 5, in which further details of the system operation are
illustrated.
[0080] The receiver receives sequentially the signal of each
tool through the antenna set, the antenna set comprising at
least one (preferably) multiple directional antennas array as
shown in FIG. 7a, where at least one of the antenna is con-
nected to the receiver.
[0081] In order to locate the transmitter, at least two direc-
tional patterns are required as illustrated in FIG. 3a. The
figure illustrates a typical antenna’s pattern as a function of
the signal’s angle and of the intensity.
[0082] Alternatively, the transmitted signal may be modu-
lated (in different embodiments of the invention, either (a)
frequency modulation or (b) amplitude modulation or (c)
both FM and AM simultaneously). Thus, in order to identify
the arm from which the transmission is being received, each
transmitter has a different modulation frequency. Hence an
easier detection of the arm is enabled.
[0083] In general once the correct transmitter has been
identified, the following mathematical analysis is performed:
[0084] The direction of each transmitter (and hence the
desired instrument) is calculated by using a at least one
receiver, preferably one receiver, having at least 2 directional
antennas, preferably 3.
[0085] The received signal strength (RSS) is a function of
the distance (d) between the receiver and the transmitter (i.e.,
the instrument); the strength of the transmitted signal (P); the
path loss exponent (ii); and the antenna’s gain (Gr).
[0086] Since all the antenna are co-located, the ratio of the
RSS will be the ratio between the antennas’ gain.
[0087] Therefore, by knowing how the gain’s ratio varies
with the angle—one can calculate the angle from which the
signal has been transmitted.
[0088] The above mentioned mathematical analysis is per-
formed based on the following facts:

[0089] 1. The method uses several directional antenna

that are co-located as a set of receiving antenna; and,
[0090] 2. The transmitter is assumed to be located some-
where around the receiving antenna set.
[0091] As described, the method is adapted to find only the
direction of the transmit antenna by comparing the received
power from all antenna in the set.
[0092] Ascommonly known, the received power depend on
the transmit power (P;), the distance from receiving to trans-
mit antenna (d) and on the receiving antenna gain (Gr(i)) in
the direction of the transmitter.
[0093] Since the set of antenna are co-located (the transmit
power (P), the distance from receiving to transmit antenna
(d) et cetera are eliminated) and the ratio of the receiving
signal strength (RSS) is as follows:
RSS(antenna,)-RSS(antenna, )=Gr(antenna,)-Gr(an-
tenna)

[0094] As can be seen, the difference in the RSS does not
depend upon the transmit power P (since the P, received by
each antenna is the same), and it does not depend upon the
distance (since the received antenna are co-located).
[0095] From the difference set of RSS, the difference in the
gain between the receiving antennas is known.
[0096] Since the received antenna are directional, the gain
pattern is unambiguously depend upon the angular position-
ing of the transmitter (and hence the instrument). Therefore,
the angular position and hence the direction can be resolved in
unambiguously manner from the gain difference.
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[0097] Therefore, by knowing how the gain’s ratio varies
with the angle—one can calculate the angle from which the
signal has been transmitted (see FIG. 35). As illustrated in
FIG. 3b, once the RSS differences is know, the angle is from
which the signal is being sent (i.e., the angular location of the
transmitter and hence the instrument) can be calculated.
[0098] It should be noted that the above mentioned calcu-
lation is much less sensitive to multipath environment found
whilst applying the methods in laparoscopic surgeries.
[0099] According to another embodiment of the invention,
the antenna array has more than two patterns, allowing the
system to identify the direction of the tool with a finer reso-
lution. Reference is now made to FIG. 75, in which a non-
limiting example of an additional embodiment is illustrated,
in which the antenna array comprises four directional pat-
terns: left, right, forward and aft. From the direction from
which the strongest reception is received, the system is able to
identify the sector in space in which the tool is located.
Moreover, from interpolation of the received power from all
antenna patterns, even finer directional resolution is possible.
[0100] The receiver detects the received signal power for
each antenna in the array and reports it to the controller. The
controller then resolves the directions of the two tools relative
to antenna 31.

[0101] Transmitters 11 and 21 shown in FIG. 4a may trans-
mit in a wide range of frequencies; a typical frequency is the
ISM band of 430 MHz. Transmission is done at very low
power, generally below about 1 mW.

[0102] The transmitted signal is modulated (in different
embodiments of the invention, either (a) frequency modula-
tion or (b) amplitude modulation or (c) both FM and AM
simultaneously). In a preferred embodiment, the modulation
is performed at an audio rate ofabout 1.5 kHz. The transmitter
uses a built-in antenna. In order to identify the arm from
which the transmission is being received, each transmitter has
a different modulation frequency. In a preferred embodiment
of the invention, the frequencies are located within the band
encompassing the range of from about 1.0 kHz to about 1.5
kHz.

[0103] The signal for each transmitter is received by all
antennas in the array (see F1G. 45 above). The antennas in the
array typically comprise three very short dipoles mounted on
the edge of an equal edge three-legged star or circle, as shown
in FIGS. 7a and 7b. The diameter of the circle or three-legged
star is about 8 to 12 cm for operation at about 430 MHz. The
use of the antenna array to identify the beam pattern is illus-
trated schematically in FIG. 4b. The antenna pattern is formed
by combining the signal received by each antenna with dif-
ferent delays and signal weights. In order to set the pattern, in
atypical embodiment, each antenna output is split into several
equal power signals and a sample of each antenna signal is
combined into one directional output. Which output is being
measured is selected by an external switch.

[0104] The receiver receives the signal in sequence from
each directional pattern and detects the signal power in any
pattern for the signals from both tools; from the power ratio
the signal direction is calculated. For example, for a two
pattern antenna (left and right) if the signal from left antenna
is much stronger than from right one, then the signal must
have arrived from the left and vice versa. In parallel, the signal
modulation as transmitted is detected and the modulation
frequency is measured. Since each transmitter has a different
modulation frequency, identification of the transmitter from
which a particular signal originates is straightforward.
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[0105] The receiver may be of any type, but in order to
reduce the cost, size and power consumption, in a preferred
embodiment, the receiver is a single conversion receiver that
converts the input signal to base band. The receiver block
diagram is shown in FIG. 4¢. The receiver operation is as
follows: the RF input is filtered around the transmitter fre-
quency band then passed through a variable attenuator con-
trolled by the system controller. Next, it is then amplified and
then down converted using a Quadrate mixer and a local
oscillator. The mixer outputs are the IF baseband: I (in phase)
and Q (Quadrate) outputs, which are filtered by two low pass
filters (e.g., about 30 kHz) then amplified. The base band
signal powers are then detected. The DC power relative to the
signal power is selected in sequence. The analog signal is then
passed to an analog to digital converter (ADC), following
which the total received power is computed digitally.

[0106] In an additional embodiment of the invention (not
illustrated), the base band signal is analog to digital con-
verted, so that the power of both the I and the Q channel is
converted to a digital value.

[0107] The local oscillator frequency is locked by the PLL
to the XTAL reference oscillator, controlled by the system
controller.

[0108] In order to ensure that received signal is within a
limited range the receiver gain is adjusted automatically
(AGO).

[0109] Finally, as shown in FI1G. 44, the digital signal power
is transferred to the system controller, where the controller
calculates from the time of reception from which tool it is
received and from which antenna pattern, using the power the
controller compute the tool direction for each of the two tools.
[0110] The controller includes a timer based sequencer,
preferably built into the microprocessor timing unit, that
switches the receiver antenna, and in case of multiple fre-
quency transmission, sets the receiver frequency sequentially.
[0111] The operation sequence of the system is illustrated
schematically in FIG. 5, which shows the system control
software operation flow:

[0112] [1] The AD signal is averaged to detect the aver-
age amplitude, averaging being done over one dwell
duration (“X” indicates the output after averaging);

[0113] [2] Signal presence is detected when X is above a
predetermined threshold;

[0114] [3] Average amplitude X is saved in a vector array
(Aver_A (n), n={1,2, . . . N}) if signal is present, the
storage being done on the appropriate anterna number
place in the array;

[0115] [4] If for a given antenna, signal is present on N
successive dwell durations, the signal direction is calcu-
lated;

[0116] [5] The modulation (in the particular embodiment
illustrated, AM) is detected from the signal power input;

[0117] [6] The modulation frequency is measured; and,

[0118] [7] From the measured frequency, the arm type is
detected; in the case of weak signal or simultaneous
transmission, the module reports “can’t decide,” indicat-
ing a garbage signal.

[0119] In embodiments in which the transmitter operates
periodically, both transmitters operate for a fraction of the
time then switch off, then switch on again and so on with a
constant or random cycle periodicity, each transmitter trans-
mitting with a different transmission pulse cycle time in order
to ensure that transmissions will not overlap at all times but
only at times separated by t,t,, where t; and t, are the pulse
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cycle times of the two transmitters. In parallel, the receiver
sequentially switches the receiver channel among the differ-
ent antennas and dwells on each antenna for a fixed dwell
time. From the level of signal received, the system determines
whether or not a signal is present. If a single signal is present
either from the right arm or left arm transmitter, the direction
of the signal is calculated from the signal strength received
from different antennas, and the arm is identified from the
internal modulation frequency. In case of coincident simulta-
neous transmit the receiver cannot identify the signal modu-
lation therefore the measurement is rejected. In an additional
embodiment, the system tracks the transmission period cycle
of each arm and predicts the simultaneous transmission times
in order better to identify which arm’s signal is being
detected.

[0120] Inorder to ensure that the direction of a single trans-
mission can be calculated (if only a single transmission is
received), the “transmit on” duration is at least (N+1) X dwell
intervals, where N is the number of antenna outputs. This
ensures that the transmission is received during at least N
successive dwell times, allowing the system to calculate its
direction. For example if the receiver antenna is switched in
sequence staying on for 10 ms (i.e., a 10 ms antenna dwell
time) in each pattern out of two patterns, then the total antenna
switch time cycle is 20 ms, and the transmitter switch on time
is required to last for at least 30 msec. For example, in one
embodiment of the invention, the transmit on/off cycle times
are 120 ms and 150 ms for the left and right arm transmitter
respectively. Each transmitter is on for 30 ms and off for the
rest of the time. The antenna switch versus transmit periodic
operation is shown in FIG. 6a.

[0121] Incase of sequential transmission, each transmitter
should be on for at least (N+1) X dwell intervals (receiver
antenna dwell time). The antenna switch versus transmit
sequential operation is shown in FIG. 6b.

[0122] Inembodiments in which the two transmitters oper-
ate at different frequencies, the receiver scans all antenna
patterns at the first frequency, then switches to the second
frequency and scans all antenna patterns again, then returns to
the first frequency, and so on.

[0123] Reference is now made to FIG. 7a, which illustrates
an embodiment of the invention in which the directional
antenna array has a planar structure. The short dipoles at each
segment 72a,b,¢ are covered to protect the wires and the
circuits from humidity and mechanical fractures. The arms
73a,b,c are made of any appropriate flexible material.

[0124] Reference is now made to FIG. 75, which illustrates
an embodiment of the invention in which the directional
antenna array has a non-planar spatial structure. The fourth
short dipole at segment 724 is not located in the plane that
contains segments 72¢,b,¢. This arrangement allows the sys-
tem to compute the spatial direction of the RF transmitter.

[0125] Reference is now made to FIG. 7¢, which shows the
antenna located on an automated automated assistant maneu-
vering system according to one embodiment of the invention.

[0126] Reference is now made to FIGS. 84,5,¢, which illus-
trate in a non-limiting manner some types of surgeries in
which the location system disclosed in the present invention
can be vtilized.

[0127] FIG. 8a shows an example of using the location
system in abdominal laparoscopic surgery.

[0128] FIG. 85 shows an example of using the location
system in knee endoscopic surgery.
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[0129] Lastly, FIG. 8¢ shows an example of using the loca-
tion system in shoulder endoscopic surgery.

What is claimed is:

1. An interface between a surgeon and an automated assis-
tant, comprising;

a. at least one array comprising N RF transmitters, where N

is a positive integer;

b. at least one RF receiver provided with at least two direc-
tional antenna;

c. means for attaching said RF transmitter array to at least
one surgical tool; and,

d. a computerized operating system adapted to record the
received signal strength (RSS) received by each antenna
of said one RF receiver and to calculate therefrom the
position of each of said N RF transmitters, and further
adapted to provide automatically the results of said cal-
culation to said surgeon;

said computerized operating system is adapted to calculate at
least one of the parameters chosen from the group consisting
of (a) the angle from which the signal had been received; (b)
the spatial location of said at least one surgical tool; (c) the
path of said at least one surgical tool; (d) the spatial location
of the point of insertion of said at least one surgical tool into
the body of a patient; (e) the spatial location of the tip of said
at least one surgical tool; (f) matching each RF transmitter
code with each calculated spatial location of said at least one
surgical tool and/or said tip of said at least one surgical tool,
said computerized operating system performs said calcula-
tions and provides automatically the results of said calcula-
tions to the human operator of said interface;

wherein said calculation performed by said computerized
operating system is a non-triangulation calculation.

2. The interface of claim 1, further comprising an endo-
scopic device; wherein said endoscopic device comprises
optical imaging means, and further wherein said computer-
ized operating system calculates at least one of the parameters
chosen from the group consisting of (a) the spatial location of
said at least one surgical tool; (b) the path of said at least one
surgical tool; (¢) the spatial location of the point of insertion
of said at least one surgical tool into the body of a patient; (d)
the spatial location of the tip of said at least one surgical tool,
(e) matching each RF transmitter code with each calculated
spatial location of said at least one surgical tool and/or said tip
of said at least one surgical tool; (f) the predicted appearance
of said at least one surgical tool within said optical image; (g)
if more than one of said at least one surgical tools appears
simultaneously in said optical image, distinguishing among
said more than at least surgical tools appearing in said optical
image, and further wherein said computerized operating sys-
tem provides automatically the results of said calculation to
the human operator of said interface.

3. The interface of claim 1, further comprising

a. an endoscopic device;

b. an automated assistant for said endoscopic device; and

c. means for interfacing said computerized operating sys-
tem to said automated assistant;

wherein said computerized operating system calculates at
least one of the parameters chosen from the group consisting
of (a) the spatial location of said at least one surgical tool; (b)
the path of said at least one surgical tool; (¢) the spatial
location of the point of insertion of said at least one surgical
tool into the body of a patient; (d) the spatial location of the tip
of said at least one surgical tool; (¢) matching each RF trans-
mitter code with each calculated spatial location of said at
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least one surgical tool and/or said tip of said at least one
surgical tool; (f) a desired new location for said endoscopic
device; (g) command protocol means for directing said auto-
mated assistant via said interface to maneuver said endo-
scopic device to a desired new location, and further wherein
said computerized operating system provides automatically
the results of said calculation to the human operator of said
interface.

4. The interface of claim 3, wherein said endoscopic device
comprises optical imaging means, and further wherein said
computetized operating system calculates at least one of the
parameters chosen from the group consisting of (a) the spatial
location of said at least one surgical tool; (b) the path of said
atleast one surgical tool; (c) the spatial location of the point of
insertion of said at least one surgical tool into the body of a
patient; (d) the spatial location of the tip of said at least one
surgical tool; (e) matching each RF transmitter code with
each calculated spatial location of said at least one surgical
tool and/or said tip of said at least one surgical tool; (f) the
predicted appearance of said at least one surgical tool within
said optical image; (g) if more than one of said at least one
surgical tools appears simultaneously in said optical image,
distingnishing among said more than at least surgical tools
appearing in said optical image; (h) a desired new location for
said optical imaging means; (i) a command protocol for
directing said automated assistant via said interface to
maneuver said endoscopic device to a desired new location,
and further wherein said computerized operating system pro-
vides automatically the results of said calculation to the
human operator of said interface.

5. The interface of claim 4, wherein said computer control-
ler additionally transmits a command protocol to said auto-
mated assistant via said interface to maneuver said endo-
scopic device to a desired new location.

6. The interface of claim 1, wherein said interface is
adapted for automatic operation, whereby each of said N
transmitters transmits continuously.

7. The interface of claim 1, wherein said interface is
adapted for automatic operation, whereby each of said N
transmitters transmits continuously, and further wherein said
computer transmits said calculated parameters for each of
said N transmitters in response to a command signal from the
human operator of the interface.

8. The interface of claim 1, wherein said antenna array
comprises at least one directional antenna.

9. The interface of claim 1, wherein said receiver array is
adapted to determine the angle whose vertex is the location of
said antenna array and which is subtended by the line con-
necting any two of said N transmitters.

10. The interface of claim 1, wherein said interface com-
prises M receivers, M is an integer higher than 1; and further
wherein said M receivers are adapted to determine the loca-
tion of each of said N transmitters by triangulation.

11. The interface of claim 1, wherein said N RF transmit-
ters transmit in the 430 MHz ISM band.

12. The interface of claim 1, wherein said transmitters
transmit a modulated signal, said modulation chosen from the
group consisting of (a) frequency modulation occurs around
a frequency of about 1.5 kHz, (b) amplitude modulation.

13. The interface of claim 12, wherein each of said N RF
transmitters is modulated at a different frequency.

14. The interface of claim 13, wherein said N modulated
frequencies are spanning range of frequencies from about 1.0
kHz 10 about 1.5 kHz.
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15. The interface of any one of claims 1, wherein said

receiver is a single conversion receiver.

16. A method for providing the 3D positional parameters of

a laparoscopic surgical tool, comprising the steps of

a. obtaining an interface for a laparoscope, said interface
comprising (i) at least one array comprising N RF trans-
mitters, where N is a positive integer, (i1) at least one RF
receiver provided with at least two directional antenna;
(iii) a computerized operating system adapted to record
the received signal strength RSS received by each
antenna of said RF receiver and to calculate therefrom
the position of each of said N RF transmitters, and fur-
ther adapted to provide automatically the results of said
calculation to the human operator of said interface;

b. obtaining a surgical tool;

c. attaching said RF transmitter array to said surgical tool,

d. measuring the received signal strength (RSS) from said
N RF transmitters received at each of said directional
antenna of said RF receivers;

e. providing said 3D positional and/or spatial parameters
relating to each of said N transmitters according to a
predetermined protocol;

wherein said step of providing said 3D positional and/or
spatial parameters of each of said N transmitters yields posi-
tional parameters of said laparoscope surgical tool, said posi-
tional parameters is selected from a group consisting of (a) the
angle from which the signal had been received; (b) the spatial
location of said at least one surgical tool; (¢) the path of said
at least one surgical tool; (d) the spatial location of the point
of insertion of said at least one surgical tool into the body of
a patient; (e) the spatial location of the tip of said at least one
surgical tool; (f) matching each RF transmitter code with each
calculated spatial location of said at least one surgical tool
and/or said tip of said at least one surgical tool, and further
wherein said computerized operating system provides auto-
matically the results of said calculation to the human operator
of said interface; further wherein said step of providing said
3D positional and/or spatial parameters is performed without
using triangulation.

17. A method for controlling the position of an endoscopic

device, comprising the steps of:

a. obtaining an interface between a surgeon and an auto-
mated assistant, said interface comprising (i) at least one
array comprising N RF transmitters, where N is a posi-
tive integer, (ii) at least one RF receiver provided with at
least two directional antenna; (iii) a computerized oper-
ating system adapted to record the received signal
strength RSS received by each antenna of said RF
receiver and to calculate therefrom the position of each
of said N RF transmitters, and further adapted to provide
automatically the results of said calculation to the
human operator of said interface; (iv) an automated
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assistant for said endoscopic device; and, (v) means for
interfacing said computerized operating system to said
automated assistant;

b. obtaining a surgical tool,

c. attaching said RF transmitter array to said surgical tool,

d. measuring the received signal strength (RSS) from said
N RF transmitters received at each of said directional
antenna of said RF receivers;

e. calculating spatial parameters relating to each of said N
transmitters according to a predetermined protocol;

f. calculating a desired new position for said endoscopic
device;

g. sending a command from said computerized operating
system to said automated assistant via said interfacing
means to maneuver said endoscopic device to said
desired new location; and,

h. maneuvering said endoscopic device to said desired new
location; thereby controlling said position of said endo-
scopic device;

wherein said step of calculating said parameters of each of
said N transmitters yields positional parameters of said lap-
aroscope surgical tool, said positional parameters is selected
from a group consisting of (a) the angle from which the signal
had been received; (b) the spatial location of said at least one
surgical tool; (c) the path of said at least one surgical tool; (d)
the spatial location of the point of insertion of said at least one
surgical tool into the body of a patient; () the spatial location
of the tip of said at least one surgical tool; (f) matching each
RF transmitter code with each calculated spatial location of
said at least one surgical tool and/or said tip of said at least one
surgical tool, and further wherein said computerized operat-
ing system provides automatically the results of said calcu-
lation to the human operator of said interface; further wherein
said step of calculating said spatial parameters is performed
without using triangulation.

18. The method of claim 17, wherein said endoscopic
device comprises optical imaging means, and further com-
prising the additional steps of

a. determining said position of said surgical tool relative to
the image frame according to a predetermined protocol;

b. maneuvering said optical imaging means such that said
surgical tool appears at a predetermined location within
said image frame.

19. The method of any one of claims 16, additionally
comprising step of transmitting either a continuously or a
non- continuously signal from each of said N transmitters in
response to a signal from the human operator of said inter-
face.

20. The method of any one of claims 17, additionally
comprising step of transmitting either a continuously or a
non- continuously signal from each of said N transmitters in
response to a signal from the human operator of said
interface.
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