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( 57 ) ABSTRACT 
A surgical instrument is disclosed . The surgical instrument 
comprises an end effector comprising an ultrasonic blade 
and a clamp arm . The clamp arm is movable relative to the 
ultrasonic blade to transition the end effector through dif 
ferent closure stages between an open configuration and a 
closed configuration to clamp tissue between the ultrasonic 
blade and the clamp arm . The surgical instrument further 
comprises a transducer configured to generate an ultrasonic 
energy output , a waveguide configured to transmit the 
ultrasonic energy output to the ultrasonic blade , and a sensor 
configured to transmit sensor signals indicative of the clo 
sure stages of the end effector . The surgical instrument 
further comprises a control circuit configured to receive the 
sensor signals and select an operational mode from opera 
tional modes delivering different ultrasonic energy outputs 
from the transducer based on the received sensor signals . 
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SITUATIONAL AWARENESS OF 
ELECTROSURGICAL SYSTEMS 

CAL PLATFORM , filed Dec . 28 , 2017 , to U . S . Provisional 
Patent Application Ser . No . 62 / 611 , 340 , titled CLOUD 
BASED MEDICAL ANALYTICS , filed Dec . 28 , 2017 , and 
to U . S . Provisional Patent Application Ser . No . 62 / 611 , 339 , 
titled ROBOT ASSISTED SURGICAL PLATFORM , filed 
Dec . 28 , 2017 , the disclosure of each of which is herein 
incorporated by reference in its entirety . 

BACKGROUND 
[ 0009 ] In a surgical environment , smart energy devices 
may be needed in a smart energy architecture environment . 

FIGURES 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] The present application claims priority under 35 
U . S . C . $ 119 ( e ) to U . S . Provisional Patent Application No . 
62 / 721 , 995 , titled CONTROLLING AN ULTRASONIC 
SURGICAL INSTRUMENT ACCORDING TO TISSUE 
LOCATION , filed on Aug . 23 , 2018 , the disclosure of which 
is herein incorporated by reference in its entirety . 
[ 0002 ] The present application claims priority under 35 
U . S . C . $ 119 ( e ) to U . S . Provisional Patent Application No . 
62 / 721 , 998 , titled SITUATIONAL AWARENESS OF 
ELECTROSURGICAL SYSTEMS , filed on Aug . 23 , 2018 , 
the disclosure of which is herein incorporated by reference 
in its entirety . 
[ 0003 ] The present application claims priority under 35 
U . S . C . $ 119 ( e ) to U . S . Provisional Patent Application No . 
62 / 721 , 999 , titled INTERRUPTION OF ENERGY DUE TO 
INADVERTENT CAPACITIVE COUPLING , filed on Aug . 
23 , 2018 , the disclosure of which is herein incorporated by 
reference in its entirety . 
[ 0004 ] The present application claims priority under 35 
U . S . C . $ 119 ( e ) to U . S . Provisional Patent Application No . 
62 / 721 , 994 , titled BIPOLAR COMBINATION DEVICE 
THAT AUTOMATICALLY ADJUSTS PRESSURE 
BASED ON ENERGY MODALITY , filed on Aug . 23 , 2018 , 
the disclosure of which is herein incorporated by reference 
in its entirety . 
10005 ] The present application claims priority under 35 
U . S . C . $ 119 ( e ) to U . S . Provisional Patent Application No . 
62 / 721 , 996 , titled RADIO FREQUENCY ENERGY 
DEVICE FOR DELIVERING COMBINED ELECTRICAL 
SIGNALS , filed on Aug . 23 , 2018 , the disclosure of which 
is herein incorporated by reference in its entirety . 
[ 0006 ] The present application also claims priority under 
35 U . S . C . $ 119 ( e ) to U . S . Provisional Patent Application 
No . 62 / 692 , 747 , titled SMART ACTIVATION OF AN 
ENERGY DEVICE BY ANOTHER DEVICE , filed on Jun . 
30 , 2018 , to U . S . Provisional Patent Application No . 62 / 692 , 
748 , titled SMART ENERGY ARCHITECTURE , filed on 
Jun . 30 , 2018 , and to U . S . Provisional Patent Application 
No . 62 / 692 , 768 , titled SMART ENERGY DEVICES , filed 
on Jun . 30 , 2018 , the disclosure of each of which is herein 
incorporated by reference in its entirety . 
10007 ] . This application also claims the benefit of priority 
under 35 U . S . C . $ 119 ( e ) to U . S . Provisional Patent Appli 
cation No . 62 / 650 , 898 filed on Mar . 30 , 2018 , titled 
CAPACITIVE COUPLED RETURN PATH PAD WITH 
SEPARABLE ARRAY ELEMENTS , to U . S . Provisional 
Patent Application Ser . No . 62 / 650 , 887 , titled SURGICAL 
SYSTEMS WITH OPTIMIZED SENSING CAPABILI 
TIES , filed Mar . 30 , 2018 , to U . S . Provisional Patent Appli 
cation Ser . No . 62 / 650 , 882 , titled SMOKE EVACUATION 
MODULE FOR INTERACTIVE SURGICAL PLAT 
FORM , filed Mar . 30 , 2018 , and to U . S . Provisional Patent 
Application Ser . No . 62 / 650 , 877 , titled SURGICAL 
SMOKE EVACUATION SENSING AND CONTROLS , 
filed Mar . 30 , 2018 , the disclosure of each of which is herein 
incorporated by reference in its entirety . 
[ 0008 ] This application also claims the benefit of priority 
under 35 U . S . C . $ 119 ( e ) to U . S . Provisional Patent Appli 
cation Ser . No . 62 / 611 , 341 , titled INTERACTIVE SURGI - 

[ 0010 ] The features of various aspects are set forth with 
particularity in the appended claims . The various aspects , 
however , both as to organization and methods of operation , 
together with further objects and advantages thereof , may 
best be understood by reference to the following description , 
taken in conjunction with the accompanying drawings as 
follows . 
[ 0011 ] FIG . 1 is a block diagram of a computer - imple 
mented interactive surgical system , in accordance with at 
least one aspect of the present disclosure . 
[ 0012 ] FIG . 2 is a surgical system being used to perform 
a surgical procedure in an operating room , in accordance 
with at least one aspect of the present disclosure . 
[ 0013 ] FIG . 3 is a surgical hub paired with a visualization 
system , a robotic system , and an intelligent instrument , in 
accordance with at least one aspect of the present disclosure . 
[ 0014 ] FIG . 4 is a partial perspective view of a surgical 
hub enclosure , and of a combo generator module slidably 
receivable in a drawer of the surgical hub enclosure , in 
accordance with at least one aspect of the present disclosure . 
[ 0015 ] FIG . 5 is a perspective view of a combo generator 
module with bipolar , ultrasonic , and monopolar contacts and 
a smoke evacuation component , in accordance with at least 
one aspect of the present disclosure . 
[ 0016 ] FIG . 6 illustrates individual power bus attachments 
for a plurality of lateral docking ports of a lateral modular 
housing configured to receive a plurality of modules , in 
accordance with at least one aspect of the present disclosure . 
[ 00171 . FIG . 7 illustrates a vertical modular housing con 
figured to receive a plurality of modules , in accordance with 
at least one aspect of the present disclosure . 
[ 0018 ] FIG . 8 illustrates a surgical data network compris 
ing a modular communication hub configured to connect 
modular devices located in one or more operating theaters of 
a healthcare facility , or any room in a healthcare facility 
specially equipped for surgical operations , to the cloud , in 
accordance with at least one aspect of the present disclosure . 
[ 0019 ] FIG . 9 illustrates a computer - implemented interac 
tive surgical system , in accordance with at least one aspect 
of the present disclosure . 
[ 0020 ] FIG . 10 illustrates a surgical hub comprising a 
plurality of modules coupled to the modular control tower , 
in accordance with at least one aspect of the present disclo 
sure . 
[ 0021 ] FIG . 11 illustrates one aspect of a Universal Serial 
Bus ( USB ) network hub device , in accordance with at least 
one aspect of the present disclosure . 
[ 0022 ] FIG . 12 illustrates a logic diagram of a control 
system of a surgical instrument or tool , in accordance with 
at least one aspect of the present disclosure . 
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[ 0023 ] FIG . 13 illustrates a control circuit configured to 
control aspects of the surgical instrument or tool , in accor 
dance with at least one aspect of the present disclosure . 
[ 0024 ] FIG . 14 illustrates a combinational logic circuit 
configured to control aspects of the surgical instrument or 
tool , in accordance with at least one aspect of the present 
disclosure . 
[ 0025 ] FIG . 15 illustrates a sequential logic circuit con 
figured to control aspects of the surgical instrument or tool , 
in accordance with at least one aspect of the present disclo 
sure . 
[ 0026 ] FIG . 16 illustrates a surgical instrument or tool 
comprising a plurality of motors which can be activated to 
perform various functions , in accordance with at least one 
aspect of the present disclosure . 
[ 0027 ] FIG . 17 is a schematic diagram of a robotic surgical 
instrument configured to operate a surgical tool described 
herein , in accordance with at least one aspect of the present 
disclosure . 
[ 0028 ] FIG . 18 illustrates a block diagram of a surgical 
instrument programmed to control the distal translation of a 
displacement member , in accordance with at least one aspect 
of the present disclosure . 
[ 0029 ] FIG . 19 is a schematic diagram of a surgical 
instrument configured to control various functions , in accor 
dance with at least one aspect of the present disclosure . 
[ 0030 ] FIG . 20 is a system configured to execute adaptive 
ultrasonic blade control algorithms in a surgical data net 
work comprising a modular communication hub , in accor 
dance with at least one aspect of the present disclosure . 
[ 0031 ] FIG . 21 illustrates an example of a generator , in 
accordance with at least one aspect of the present disclosure . 
[ 0032 ] FIG . 22 is a surgical system comprising a generator 
and various surgical instruments usable therewith , in accor 
dance with at least one aspect of the present disclosure . 
[ 0033 ] FIG . 23 is an end effector , in accordance with at 
least one aspect of the present disclosure . 
[ 0034 ] FIG . 24 is a diagram of the surgical system of FIG . 
22 , in accordance with at least one aspect of the present 
disclosure . 
00351 . FIG . 25 is a model illustrating motional branch 
current , in accordance with at least one aspect of the present 
disclosure . 
[ 0036 ] FIG . 26 is a structural view of a generator archi 
tecture , in accordance with at least one aspect of the present 
disclosure . 
[ 0037 ] FIGS . 27A - 27C are functional views of a generator 
architecture , in accordance with at least one aspect of the 
present disclosure . 
[ 0038 ] FIGS . 28A - 28B are structural and functional 
aspects of a generator , in accordance with at least one aspect 
of the present disclosure . 
[ 0039 ] FIG . 29 is a schematic diagram of one aspect of an 
ultrasonic drive circuit . 
[ 0040 ] FIG . 30 is a schematic diagram of the transformer 
coupled to the ultrasonic drive circuit shown in FIG . 29 , in 
accordance with at least one aspect of the present disclosure . 
0041 ] FIG . 31 is a schematic diagram of the transformer 
shown in FIG . 30 coupled to a test circuit , in accordance 
with at least one aspect of the present disclosure . 
[ 0042 ] FIG . 32 is a schematic diagram of a control circuit , 
in accordance with at least one aspect of the present disclo 

[ 0043 ] FIG . 33 shows a simplified block circuit diagram 
illustrating another electrical circuit contained within a 
modular ultrasonic surgical instrument , in accordance with 
at least one aspect of the present disclosure . 
[ 0044 ] FIG . 34 illustrates a generator circuit partitioned 
into multiple stages , in accordance with at least one aspect 
of the present disclosure . 
10045 ) FIG . 35 illustrates a generator circuit partitioned 
into multiple stages where a first stage circuit is common to 
the second stage circuit , in accordance with at least one 
aspect of the present disclosure . 
[ 0046 ] FIG . 36 is a schematic diagram of one aspect of a 
drive circuit configured for driving a high - frequency current 
( RF ) , in accordance with at least one aspect of the present 
disclosure . 
[ 0047 ] FIG . 37 is a schematic diagram of the transformer 
coupled to the RF drive circuit shown in FIG . 34 , in 
accordance with at least one aspect of the present disclosure . 
[ 0048 ] FIG . 38 is a schematic diagram of a circuit com 
prising separate power sources for high power energy / drive 
circuits and low power circuits , according to one aspect of 
the resent disclosure . 
10049 ] FIG . 39 illustrates a control circuit that allows a 
dual generator system to switch between the RF generator 
and the ultrasonic generator energy modalities for a surgical 
instrument . 
10050 ] FIG . 40 illustrates a diagram of one aspect of a 
surgical instrument comprising a feedback system for use 
with a surgical instrument , according to one aspect of the 
resent disclosure . 
[ 0051 ] FIG . 41 illustrates one aspect of a fundamental 
architecture for a digital synthesis circuit such as a direct 
digital synthesis ( DDS ) circuit configured to generate a 
plurality of wave shapes for the electrical signal waveform 
for use in a surgical instrument , in accordance with at least 
one aspect of the present disclosure . 
[ 0052 ] FIG . 42 illustrates one aspect of direct digital 
synthesis ( DDS ) circuit configured to generate a plurality of 
wave shapes for the electrical signal waveform for use in 
surgical instrument , in accordance with at least one aspect of 
the present disclosure . 

[ 0053 ] FIG . 43 illustrates one cycle of a discrete time 
digital electrical signal waveform , in accordance with at 
least one aspect of the present disclosure of an analog 
waveform ( shown superimposed over a discrete time digital 
electrical signal waveform for comparison purposes ) , in 
accordance with at least one aspect of the present disclosure . 
[ 0054 ] FIG . 44 is a diagram of a control system configured 
to provide progressive closure of a closure member as it 
advances distally to close the clamp arm to apply a closure 
force load at a desired rate according to one aspect of this 
disclosure . 
[ 0055 ] FIG . 45 illustrates a proportional - integral - deriva 
tive ( PID ) controller feedback control system according to 
one aspect of this disclosure . 
[ 0056 ] FIG . 46 is an elevational exploded view of modular 
handheld ultrasonic surgical instrument showing the left 
shell half removed from a handle assembly exposing a 
device identifier communicatively coupled to the multi - lead 
handle terminal assembly in accordance with one aspect of 
the present disclosure . sure . 
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[ 0057 ] FIG . 47 is a detail view of a trigger portion and 
switch of the ultrasonic surgical instrument shown in FIG . 
46 , in accordance with at least one aspect of the present 
disclosure . 
[ 0058 ] FIG . 48 is a fragmentary , enlarged perspective 
view of an end effector from a distal end with a jaw member 
in an open position , in accordance with at least one aspect 
of the present disclosure . 
[ 0059 ] FIG . 49 is a system diagram of a segmented circuit 
comprising a plurality of independently operated circuit 
segments , in accordance with at least one aspect of the 
present disclosure . 
[ 0060 ] FIG . 50 is a circuit diagram of various components 
of a surgical instrument with motor control functions , in 
accordance with at least one aspect of the present disclosure . 
[ 0061 ] FIG . 51 illustrates one aspect of an end effector 
comprising RF data sensors located on the jaw member , in 
accordance with at least one aspect of the present disclosure . 
[ 0062 ] FIG . 52 illustrates one aspect of the flexible circuit 
shown in FIG . 51 in which the sensors may be mounted to 
or formed integrally therewith , in accordance with at least 
one aspect of the present disclosure . 
[ 0063 ] FIG . 53 is an alternative system for controlling the 
frequency of an ultrasonic electromechanical system and 
detecting the impedance thereof , in accordance with at least 
one aspect of the present disclosure . 
10064 ) FIG . 54 is a spectra of the same ultrasonic device 
with a variety of different states and conditions of the end 
effector where phase and magnitude of the impedance of an 
ultrasonic transducer are plotted as a function of frequency , 
in accordance with at least one aspect of the present disclo 
sure . 
[ 0065 ] FIG . 55 is a graphical representation of a plot of a 
set of 3D training data S , where ultrasonic transducer 
impedance magnitude and phase are plotted as a function of 
frequency , in accordance with at least one aspect of the 
present disclosure . 
[ 0066 ] FIG . 56 is a logic flow diagram depicting a control 
program or a logic configuration to determine jaw conditions 
based on the complex impedance characteristic pattern ( fin 
gerprint ) , in accordance with at least one aspect of the 
present disclosure . 
[ 0067 ] FIG . 57 is a circle plot of complex impedance 
plotted as an imaginary component versus real components 
of a piezoelectric vibrator , in accordance with at least one 
aspect of the present disclosure . 
[ 0068 ] FIG . 58 is a circle plot of complex admittance 
plotted as an imaginary component versus real components 
of a piezoelectric vibrator , in accordance with at least one 
aspect of the present disclosure . 
[ 0069 ] FIG . 59 is a circle plot of complex admittance for 
a 55 . 5 kHz ultrasonic piezoelectric transducer . 
[ 0070 ] FIG . 60 is a graphical display of an impedance 
analyzer showing impedance / admittance circle plots for an 
ultrasonic device with the jaw open and no loading where 
red depicts admittance and blue depicts impedance , in 
accordance with at least one aspect of the present disclosure . 
[ 0071 ] FIG . 61 is a graphical display of an impedance 
analyzer showing impedance / admittance circle plots for an 
ultrasonic device with the jaw clamped on dry chamois 
where red depicts admittance and blue depicts impedance , in 
accordance with at least one aspect of the present disclosure . 
10072 ] FIG . 62 is a graphical display of an impedance 
analyzer showing impedance / admittance circle plots for an 

ultrasonic device with the jaw tip clamped on moist chamois 
where red depicts admittance and blue depicts impedance , in 
accordance with at least one aspect of the present disclosure . 
[ 0073 ] FIG . 63 is a graphical display of an impedance 
analyzer showing impedance / admittance circle plots for an 
ultrasonic device with the jaw fully clamped on moist 
chamois where red depicts admittance and blue depicts 
impedance , in accordance with at least one aspect of the 
present disclosure . 
[ 0074 ] FIG . 64 is a graphical display of an impedance 
analyzer showing impedance / admittance plots where fre 
quency is swept from 48 kHz to 62 kHz to capture multiple 
resonances of an ultrasonic device with the jaw open where 
the gray overlay is to help see the circles , in accordance with 
at least one aspect of the present disclosure . 
[ 0075 ] FIG . 65 is a logic flow diagram of a process 
depicting a control program or a logic configuration to 
determine jaw conditions based on estimates of the radius 
and offsets of an impedance / admittance circle , in accordance 
with at least one aspect of the present disclosure . 
10076 ] FIGS . 66A - 66B are complex impedance spectra of 
the same ultrasonic device with a cold ( blue ) and hot ( red ) 
ultrasonic blade , in accordance with at least one aspect of the 
present disclosure , where 
[ 0077 ] FIG . 66A is a graphical representation of imped 
ance phase angle as a function of resonant frequency of the 
same ultrasonic device with a cold ( blue ) and hot ( red ) 
ultrasonic blade ; and 
[ 0078 ] FIG . 66B is a graphical representation of imped 
ance magnitude as a function of resonant frequency of the 
same ultrasonic device with a cold ( blue ) and hot ( red ) 
ultrasonic blade . 
[ 0079 ] FIG . 67 is a diagram of a Kalman filter to improve 
temperature estimator and state space model based on 
impedance across an ultrasonic transducer measured at a 
variety of frequencies , in accordance with at least one aspect 
of the present disclosure . 
[ 0080 ] FIG . 68 are three probability distributions 
employed by a state estimator of the Kalman filter shown in 
FIG . 67 to maximize estimates , in accordance with at least 
one aspect of the present disclosure . 
[ 0081 ] FIG . 69A is a graphical representation of tempera 
ture versus time of an ultrasonic device with no temperature 
control reaching a maximum temperature of 490° C . 
[ 0082 ] FIG . 69B is a graphical representation of tempera 
ture versus time of an ultrasonic device with temperature 
control reaching a maximum temperature of 320° C . , in 
accordance with at least one aspect of the present disclosure . 
[ 0083 ] FIGS . 70A - 70B are graphical representations of 
feedback control to adjust ultrasonic power applied to an 
ultrasonic transducer when a sudden drop in temperature of 
an ultrasonic blade is detected , where 
10084 ] FIG . 70A is a graphical representation of ultrasonic 
power as a function of time ; and 
[ 0085 ] FIG . 70B is a plot of ultrasonic blade temperature 
as a function of time , in accordance with at least one aspect 
of the present disclosure . 
[ 0086 ] FIG . 71 is a logic flow diagram of a process 
depicting a control program or a logic configuration to 
control the temperature of an ultrasonic blade , in accordance 
with at least one aspect of the present disclosure . 
[ 0087 ] FIG . 72 is a timeline depicting situational aware 
ness of a surgical hub , in accordance with at least one aspect 
of the present disclosure . 
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[ 0088 ] FIG . 73 illustrates an end effector of an electrosur 
gical instrument , in accordance with at least one aspect of 
the present disclosure . 
[ 0089 ] FIG . 74 is a graph of amplitude vs time depicting 
therapeutic cycles generated by a transducer of an electro 
surgical instrument , in accordance with at least one aspect of 
the present disclosure . 
[ 0090 ] FIG . 75A illustrates various closure stages of the 
end effector of FIG . 73 . 
[ 0091 ] FIG . 75B illustrates various closure stages of the 
end effector of FIG . 73 . 
[ 0092 ] FIG . 76 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
selecting an energy operational mode of an electrosurgical 
instrument , in accordance with at least one aspect of the 
present disclosure . 
[ 0093 ] FIG . 77 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
selecting an energy operational mode of an electrosurgical 
instrument , in accordance with at least one aspect of the 
present disclosure . 
[ 0094 ] FIG . 78 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
selecting an energy operational mode of an electrosurgical 
instrument , in accordance with at least one aspect of the 
present disclosure . 
[ 0095 ] FIG . 78A is a schematic illustration of a tissue 
contact circuit showing the completion of the circuit upon 
contact with tissue a pair of spaced apart contact plates . 
10096 ] FIG . 79 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
selecting an energy operational mode of an electrosurgical 
instrument , in accordance with at least one aspect of the 
present disclosure . 
10097 ] FIG . 80 is a schematic diagram illustrating a con 
trol circuit including an absolute positioning system , in 
accordance with at least one aspect of the present disclosure . 
[ 0098 ] FIG . 81 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
switching between energy operational modes of an electro 
surgical instrument , in accordance with at least one aspect of 
the present disclosure . 
[ 0099 ] FIG . 82 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
adjusting energy delivered to tissue clamped by an end 
effector of an electrosurgical instrument and energy deliv 
ered to a motor of the electrosurgical instrument based on 
predetermined thresholds of a monitored parameter , in 
accordance with at least one aspect of the present disclosure . 
[ 0100 ] FIG . 83 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
adjusting different electromechanical systems of an ultra 
sonic surgical instrument based on predetermined thresholds 
of a monitored parameter , in accordance with at least one 
aspect of the present disclosure . 
[ 0101 ] FIG . 84 is a graph representing tissue impedance 
( Z ) , Power ( P ) , and force ( F ) at a distal portion ( tip ) of an 
end effector of an electrosurgical instrument clamping the 
tissue , the tissue impedance ( Z ) , Power ( P ) , and force ( F ) 
being plotted on the Y - axis against time ( t ) on the X - axis , in 
accordance with at least one aspect of the present disclosure . 
[ 0102 ] FIG . 85 is a graph representing power ( P ) as a 
function of time ( t ) in a diagnostic mode ( top graph ) and in 
a response mode ( bottom graph ) . 

( 0103 ] FIG . 86 is a logic flow diagram of a process 
depicting a control program or a logic configuration to detect 
and compensate for immersion of an ultrasonic blade into a 
liquid , in accordance with at least one aspect of the present 
disclosure . 
[ 0104 ] FIG . 87 depicts a graphical representation of power 
( p ) delivered to an end effector and tissue temperature as 
functions of a closure driver displacement , in accordance 
with at least one aspect of the present disclosure . 
[ 0105 ] FIG . 88 is a logic flow diagram of a process 
depicting a control program or a logic configuration to detect 
and compensate for immersion of an ultrasonic blade into a 
liquid , in accordance with at least one aspect of the present 
disclosure . 
[ 0106 ] FIG . 89 is a graph including four graphs , where the 
first graph from the top represents voltage ( V ) and current ( I ) 
versus time ( t ) , the second graph represents power ( P ) versus 
time ( t ) , the third graph represents temperature ( T ) versus 
time ( t ) , and the fourth graph represents tissue impedance 
( Z ) versus time ( t ) , in accordance with at least one aspect of 
the present disclosure . 
[ 0107 ] FIG . 90 is a logic flow diagram of a process 
depicting a control program or a logic configuration that 
utilizes values of tissue impedance ( Z ) as trigger conditions 
for stepping up voltage ( V ) toward the end of a tissue 
treatment cycle applied by an end effector of an electrosur 
gical instrument to tissue , in accordance with at least one 
aspect of the present disclosure . 
[ 0108 ] FIG . 91 is a logic flow diagram of a process 
depicting a control program or a logic configuration that 
utilizes values of temperature ( T ) as trigger conditions for 
stepping up voltage ( V ) toward the end of a tissue treatment 
cycle applied by an end effector of an electrosurgical instru 
ment to tissue , in accordance with at least one aspect of the 
present disclosure . 
[ 0109 ] FIG . 92 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
adjusting power ( P ) to an RF component of a combo device 
based on temperature ( T ) monitored by an ultrasonic com 
ponent of the combo device , in accordance with at least one 
aspect of the present disclosure . 
[ 0110 ] FIG . 93 is a graph including three graphs , where 
the first graph from the top represents power ( P ) delivered to 
tissue captured between jaws of a bipolar RF component of 
a combo device , where the second graph represents tissue 
temperature as measured by an ultrasonic component of the 
combo device , and where the third graph represents dual 
non - therapeutic frequencies employed by the ultrasonic 
component to determine tissue temperature , in accordance 
with at least one aspect of the present disclosure . 
10111 ] FIG . 94 is a logic flow diagram of a process 
depicting a control program or a logic configuration for 
actively adjusting frequency of RF waveform of an RF 
electrosurgical instrument or an RF component of a combo 
device based on measured tissue impedance , in accordance 
with at least one aspect of the present disclosure . 

SUMMARY 
[ 0112 ] In various embodiments , a surgical instrument is 
disclosed that comprises an end effector comprising an 
ultrasonic blade and a clamp arm . The clamp arm is movable 
relative to the ultrasonic blade to transition the end effector 
through different closure stages between an open configu 
ration and a closed configuration to clamp tissue between the 
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ultrasonic blade and the clamp arm . The surgical instrument 
further comprises a transducer configured to generate an 
ultrasonic energy output , a waveguide configured to transmit 
the ultrasonic energy output to the ultrasonic blade , and a 
sensor configured to transmit sensor signals indicative of the 
closure stages of the end effector . The surgical instrument 
further comprises a control circuit configured to receive the 
sensor signals and select an operational mode from opera 
tional modes delivering different ultrasonic energy outputs 
from the transducer based on the received sensor signals . 
[ 0113 ] In various embodiments , a surgical instrument is 
disclosed that comprises an end effector comprising an 
ultrasonic blade and a clamp arm . The clamp arm is movable 
relative to the ultrasonic blade to transition the end effector 
through different closure stages between an open configu 
ration and a closed configuration to clamp tissue between the 
ultrasonic blade and the clamp arm . The closure stages 
comprise a first closure stage and a second closure stage 
after the first closure stage . The surgical instrument further 
comprises a transducer configured to generate an ultrasonic 
energy output , a waveguide configured to transmit the 
ultrasonic energy output to the ultrasonic blade , and a sensor 
circuit configured to transmit a sensor signal indicative of 
detecting an initial contact of the clamp arm with the tissue . 
The surgical instrument further comprises a control circuit 
configured to receive the sensor signal , cause the transducer 
to generate a first ultrasonic energy output in response to 
receiving the sensor signal in the first closure stage , and 
cause the transducer to generate a second ultrasonic energy 
output greater than the first ultrasonic output in response to 
receiving the sensor signal in the second closure stage . 

DESCRIPTION 
[ 0114 ] Applicant of the present application owns the fol 
lowing U . S . patent applications , filed on Aug . 28 , 2018 , the 
disclosure of each of which is herein incorporated by 
reference in its entirety : 

[ 0115 ] U . S . patent application Docket No . 
END8536USNP2 / 180107 - 2 , titled ESTIMATING 
STATE OF ULTRASONIC END EFFECTOR AND 
CONTROL SYSTEM THEREFOR ; 

[ 0116 ] U . S . patent application Docket No . 
END8560USNP2 / 180106 - 2 , titled TEMPERATURE 
CONTROL OF ULTRASONIC END EFFECTOR 
AND CONTROL SYSTEM THEREFOR ; 

[ 0117 ] U . S . patent application Docket No . 
END8561USNP1 / 180144 - 1 , titled RADIO FRE 
QUENCY ENERGY DEVICE FOR DELIVERING 
COMBINED ELECTRICAL SIGNALS ; 

[ 0118 ] U . S . patent application Docket No . 
END8563USNP1 / 180139 - 1 , titled CONTROLLING 
AN ULTRASONIC SURGICAL INSTRUMENT 
ACCORDING TO TISSUE LOCATION ; 

[ 0119 ] U . S . patent application Docket No . 
END8563USNP2 / 180139 - 2 , titled CONTROLLING 
ACTIVATION OF AN ULTRASONIC SURGICAL 
INSTRUMENT ACCORDING TO THE PRESENCE 
OF TISSUE ; 

[ 0120 ) U . S . patent application Docket No . 
END8563USNP3 / 180139 - 3 , titled DETERMINING 
TISSUE COMPOSITION VIA AN ULTRASONIC 
SYSTEM ; 

[ 0121 ] U . S . patent application Docket No . 
END8563USNP4 / 180139 - 4 , titled DETERMINING 

THE STATE OF AN ULTRASONIC ELECTROME 
CHANICAL SYSTEM ACCORDING TO FRE 
QUENCY SHIFT ; 

[ 0122 ] U . S . patent application Docket No . 
END8563USNP5 / 180139 - 5 , titled DETERMINING 
THE STATE OF AN ULTRASONIC END EFFEC 
TOR ; 

[ 0123 ] U . S . patent application Docket No . 
END8564USNP2 / 180140 - 2 , titled MECHANISMS 
FOR CONTROLLING DIFFERENT ELECTROME 
CHANICAL SYSTEMS OF AN ELECTROSURGI 
CAL INSTRUMENT ; 

[ 0124 ] U . S . patent application Docket No . 
END8564USNP3 / 180140 - 3 , titled DETECTION OF 
END EFFECTOR IMMERSION IN LIQUID ; 

( 0125 ) U . S . patent application Docket No . 
END8565USNP1 / 180142 - 1 , titled INTERRUPTION 
OF ENERGY DUE TO INADVERTENT CAPACI 
TIVE COUPLING ; 

( 0126 ] U . S . patent application Docket No . 
END8565USNP2 / 180142 - 2 , titled INCREASING 
RADIO FREQUENCY TO CREATE PAD - LESS 
MONOPOLAR LOOP ; 

[ 0127 ] U . S . patent application Docket No . 
END8566USNP1 / 180143 - 1 , titled BIPOLAR COM 
BINATION DEVICE THAT AUTOMATICALLY 
ADJUSTS PRESSURE BASED ON ENERGY 
MODALITY ; and 

[ 0128 ] U . S . patent application Docket No . 
END8573USNP1 / 180145 - 1 , titled ACTIVATION OF 
ENERGY DEVICES . 

[ 0129 ] Applicant of the present application owns the fol 
lowing U . S . patent applications , filed on Aug . 23 , 2018 , the 
disclosure of each of which is herein incorporated by 
reference in its entirety : 

[ 0130 ] U . S . Provisional Patent Application No . 62 / 721 , 
995 , titled CONTROLLING AN ULTRASONIC SUR 
GICAL INSTRUMENT ACCORDING TO TISSUE 
LOCATION ; 

[ 0131 ] U . S . Provisional Patent Application No . 62 / 721 , 
998 , titled SITUATIONAL AWARENESS OF ELEC 
TROSURGICAL SYSTEMS ; 

[ 0132 ] U . S . Provisional Patent Application No . 62 / 721 , 
999 , titled INTERRUPTION OF ENERGY DUE TO 
INADVERTENT CAPACITIVE COUPLING ; 

[ 0133 ] U . S . Provisional Patent Application No . 62 / 721 , 
994 , titled BIPOLAR COMBINATION DEVICE 
THAT AUTOMATICALLY ADJUSTS PRESSURE 
BASED ON ENERGY MODALITY , and 

10134 ] U . S . Provisional Patent Application No . 62 / 721 , 
996 , titled RADIO FREQUENCY ENERGY DEVICE 
FOR DELIVERING COMBINED ELECTRICAL 
SIGNALS . 

[ 0135 ] Applicant of the present application owns the fol 
lowing U . S . patent applications , filed on Jun . 30 , 2018 , the 
disclosure of each of which is herein incorporated by 
reference in its entirety : 

[ 0136 ] U . S . Provisional Patent Application No . 62 / 692 , 
747 , titled SMART ACTIVATION OF AN ENERGY 
DEVICE BY ANOTHER DEVICE ; 

[ 0137 ] U . S . Provisional Patent Application No . 62 / 692 , 
748 , titled SMART ENERGY ARCHITECTURE ; and 

[ 0138 ] U . S . Provisional Patent Application No . 62 / 692 , 
768 , titled SMART ENERGY DEVICES . 
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[ 0139 ] Applicant of the present application owns the fol 
lowing U . S . patent applications , filed on Jun . 29 , 2018 , the 
disclosure of each of which is herein incorporated by 
reference in its entirety : 

[ 0140 ] U . S . patent application Ser . No . 16 / 024 , 090 , 
titled CAPACITIVE COUPLED RETURN PATH PAD 
WITH SEPARABLE ARRAY ELEMENTS ; 

10141 ] U . S . patent application Ser . No . 16 / 024 . 057 , 
titled CONTROLLING A SURGICAL INSTRUMENT 
ACCORDING TO SENSED CLOSURE PARAM 
ETERS ; 

[ 0142 ] U . S . patent application Ser . No . 16 / 024 , 067 , 
titled SYSTEMS FOR ADJUSTING END EFFECTOR 
PARAMETERS BASED ON PERIOPERATIVE 
INFORMATION ; 

[ 0143 ] U . S . patent application Ser . No . 16 / 024 , 075 , 
titled SAFETY SYSTEMS FOR SMART POWERED 
SURGICAL STAPLING ; 

[ 0144 ] U . S . patent application Ser . No . 16 / 024 , 083 , 
titled SAFETY SYSTEMS FOR SMART POWERED 
SURGICAL STAPLING ; 

[ 0145 ] U . S . patent application Ser . No . 16 / 024 , 094 , 
titled SURGICAL SYSTEMS FOR DETECTING 
END EFFECTOR TISSUE DISTRIBUTION 
IRREGULARITIES ; 

[ 0146 ] U . S . patent application Ser . No . 16 / 024 , 138 , 
titled SYSTEMS FOR DETECTING PROXIMITY OF 
SURGICAL END EFFECTOR TO CANCEROUS 
TISSUE ; 

10147 ] U . S . patent application Ser . No . 16 / 024 , 150 , 
titled SURGICAL INSTRUMENT CARTRIDGE 
SENSOR ASSEMBLIES ; 

[ 0148 ] U . S . patent application Ser . No . 16 / 024 , 160 , 
titled VARIABLE OUTPUT CARTRIDGE SENSOR 
ASSEMBLY ; 

[ 0149 ] U . S . patent application Ser . No . 16 / 024 , 124 , 
titled SURGICAL INSTRUMENT HAVING A FLEX 
IBLE ELECTRODE ; 

[ 0150 ] U . S . patent application Ser . No . 16 / 024 , 132 , 
titled SURGICAL INSTRUMENT HAVING A FLEX 
IBLE CIRCUIT ; 

0151 ] U . S . patent application Ser . No . 16 / 024 , 141 , 
titled SURGICAL INSTRUMENT WITH A TISSUE 
MARKING ASSEMBLY ; 

10152 ] U . S . patent application Ser . No . 16 / 024 , 162 , 
titled SURGICAL SYSTEMS WITH PRIORITIZED 
DATA TRANSMISSION CAPABILITIES : 

10153 ] U . S . patent application Ser . No . 16 / 024 , 066 , 
titled SURGICAL EVACUATION SENSING AND 
MOTOR CONTROL ; 

10154 ] U . S . patent application Ser . No . 16 / 024 , 096 , 
titled SURGICAL EVACUATION SENSOR 
ARRANGEMENTS ; 

[ 0155 ] U . S . patent application Ser . No . 16 / 024 , 116 , 
titled SURGICAL EVACUATION FLOW PATHS ; 

10156 ] U . S . patent application Ser . No . 16 / 024 , 149 , 
titled SURGICAL EVACUATION SENSING AND 
GENERATOR CONTROL ; 

[ 0157 ] U . S . patent application Ser . No . 16 / 024 , 180 , 
titled SURGICAL EVACUATION SENSING AND 
DISPLAY ; 

[ 0158 ] U . S . patent application Ser . No . 16 / 024 , 245 , 
titled COMMUNICATION OF SMOKE EVACUA 
TION SYSTEM PARAMETERS TO HUB OR 

CLOUD IN SMOKE EVACUATION MODULE FOR 
INTERACTIVE SURGICAL PLATFORM ; 

[ 0159 ] U . S . patent application Ser . No . 16 / 024 , 258 , 
titled SMOKE EVACUATION SYSTEM INCLUD 
ING A SEGMENTED CONTROL CIRCUIT FOR 
INTERACTIVE SURGICAL PLATFORM ; 

[ 0160 ] U . S . patent application Ser . No . 16 / 024 , 265 , 
titled SURGICAL EVACUATION SYSTEM WITH A 
COMMUNICATION CIRCUIT FOR COMMUNICA 
TION BETWEEN A FILTER AND A SMOKE 
EVACUATION DEVICE ; and 

[ 0161 ] U . S . patent application Ser . No . 16 / 024 , 273 , 
titled DUAL IN - SERIES LARGE AND SMALL 
DROPLET FILTERS . 

[ 0162 ] Applicant of the present application owns the fol 
lowing U . S . Provisional patent applications , filed on Jun . 28 , 
2018 , the disclosure of each of which is herein incorporated 
by reference in its entirety : 

[ 0163 ] U . S . Provisional Patent Application Ser . No . 
62 / 691 , 228 , titled A METHOD OF USING REIN 
FORCED FLEX CIRCUITS WITH MULTIPLE SEN 
SORS WITH ELECTROSURGICAL DEVICES ; 

[ 0164 ] U . S . Provisional Patent Application Ser . No . 
62 / 691 , 227 , titled CONTROLLING A SURGICAL 
INSTRUMENT ACCORDING TO SENSED CLO 
SURE PARAMETERS ; 

0165 ] U . S . Provisional Patent Application Ser . No . 
62 / 691 , 230 , titled SURGICAL INSTRUMENT HAV 
ING A FLEXIBLE ELECTRODE ; 

0166 ) U . S . Provisional Patent Application Ser . No . 
62 / 691 , 219 , titled SURGICAL EVACUATION SENS 
ING AND MOTOR CONTROL ; 

[ 0167 ] U . S . Provisional Patent Application Ser . No . 
62 / 691 , 257 , titled COMMUNICATION OF SMOKE 
EVACUATION SYSTEM PARAMETERS TO HUB 
OR CLOUD IN SMOKE EVACUATION MODULE 
FOR INTERACTIVE SURGICAL PLATFORM ; 

10168 ] U . S . Provisional Patent Application Ser . No . 
62 / 691 , 262 , titled SURGICAL EVACUATION SYS 
TEM WITH A COMMUNICATION CIRCUIT FOR 
COMMUNICATION BETWEEN A FILTER AND A 
SMOKE EVACUATION DEVICE ; and 

[ 0169 ] U . S . Provisional Patent Application Ser . No . 
62 / 691 , 251 , titled DUAL IN - SERIES LARGE AND 
SMALL DROPLET FILTERS . 

[ 0170 ] Applicant of the present application owns the fol 
lowing U . S . Provisional patent application , filed on Apr . 19 , 
2018 , the disclosure of each of which is herein incorporated 
by reference in its entirety : 

[ 0171 ] U . S . Provisional Patent Application Ser . No . 
62 / 659 , 900 , titled METHOD OF HUB COMMUNI 
CATION . 

[ 0172 ] Applicant of the present application owns the fol 
lowing U . S . Provisional patent applications , filed on Mar . 
30 , 2018 , the disclosure of each of which is herein incor 
porated by reference in its entirety : 

[ 0173 ] U . S . Provisional Patent Application No . 62 / 650 , 
898 filed on Mar . 30 , 2018 , titled CAPACITIVE 
COUPLED RETURN PATH PAD WITH SEPA 
RABLE ARRAY ELEMENTS ; 

[ 0174 ] U . S . Provisional Patent Application Ser . No . 
62 / 650 , 887 , titled SURGICAL SYSTEMS WITH 
OPTIMIZED SENSING CAPABILITIES ; 

DADA TRA 
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[ 0175 ] U . S . Provisional Patent Application Ser . No . 
62 / 650 , 882 , titled SMOKE EVACUATION MODULE 
FOR INTERACTIVE SURGICAL PLATFORM ; and 

[ 0176 ] U . S . Provisional Patent Application Ser . No . 
62 / 650 , 877 , titled SURGICAL SMOKE EVACUA 
TION SENSING AND CONTROLS 

[ 0177 ] Applicant of the present application owns the fol 
lowing U . S . patent applications , filed on Mar . 29 , 2018 , the 
disclosure of each of which is herein incorporated by 
reference in its entirety : 

[ 0178 ] U . S . patent application Ser . No . 15 / 940 , 641 , 
titled INTERACTIVE SURGICAL SYSTEMS WITH 
ENCRYPTED COMMUNICATION CAPABILITIES ; 

[ 0179 ] U . S . patent application Ser . No . 15 / 940 , 648 , 
titled INTERACTIVE SURGICAL SYSTEMS WITH 
CONDITION HANDLING OF DEVICES AND 
DATA CAPABILITIES ; 

[ 0180 ] U . S . patent application Ser . No . 15 / 940 , 656 , 
titled SURGICAL HUB COORDINATION OF CON 
TROL AND COMMUNICATION OF OPERATING 
ROOM DEVICES ; 

[ 0181 ] U . S . patent application Ser . No . 15 / 940 , 666 , 
titled SPATIAL AWARENESS OF SURGICAL HUBS 
IN OPERATING ROOMS ; 

[ 0182 ] U . S . patent application Ser . No . 15 / 940 , 670 , 
titled COOPERATIVE UTILIZATION OF DATA 
DERIVED FROM SECONDARY SOURCES BY 
INTELLIGENT SURGICAL HUBS ; 

[ 0183 ] U . S . patent application Ser . No . 15 / 940 , 677 , 
titled SURGICAL HUB CONTROL ARRANGE 
MENTS ; 

[ 0184 ] U . S . patent application Ser . No . 15 / 940 , 632 , 
titled DATA STRIPPING METHOD TO INTERRO 
GATE PATIENT RECORDS AND CREATE ANONY 
MIZED RECORD ; 

[ 0185 ] U . S . patent application Ser . No . 15 / 940 , 640 , 
titled COMMUNICATION HUB AND STORAGE 
DEVICE FOR STORING PARAMETERS AND STA 
TUS OF A SURGICAL DEVICE TO BE SHARED 
WITH CLOUD BASED ANALYTICS SYSTEMS ; 

( 0186 ] U . S . patent application Ser . No . 15 / 940 , 645 , 
titled SELF DESCRIBING DATA PACKETS GENER 
ATED AT AN ISSUING INSTRUMENT ; 

10187 ] U . S . patent application Ser . No . 15 / 940 , 649 , 
titled DATA PAIRING TO INTERCONNECT A 
DEVICE MEASURED PARAMETER WITH AN 
OUTCOME ; 

[ 0188 ] U . S . patent application Ser . No . 15 / 940 , 654 , 
titled SURGICAL HUB SITUATIONAL AWARE 
NESS ; 

[ 0189 ] U . S . patent application Ser . No . 15 / 940 , 663 , 
titled SURGICAL SYSTEM DISTRIBUTED PRO 
CESSING ; 

[ 0190 ] U . S . patent application Ser . No . 15 / 940 , 668 , 
titled AGGREGATION AND REPORTING OF SUR 
GICAL HUB DATA ; 

[ 0191 ] U . S . patent application Ser . No . 15 / 940 , 671 , 
titled SURGICAL HUB SPATIAL AWARENESS TO 
DETERMINE DEVICES IN OPERATING THE 
ATER ; 

[ 0192 ] U . S . patent application Ser . No . 15 / 940 , 686 , 
titled DISPLAY OF ALIGNMENT OF STAPLE CAR 
TRIDGE TO PRIOR LINEAR STAPLE LINE ; 

[ 0193 ] U . S . patent application Ser . No . 15 / 940 , 700 , 
titled STERILE FIELD INTERACTIVE CONTROL 
DISPLAYS ; 

[ 0194 ) U . S . patent application Ser . No . 15 / 940 , 629 , 
titled COMPUTER IMPLEMENTED INTERACTIVE 
SURGICAL SYSTEMS ; 

[ 0195 ] U . S . patent application Ser . No . 15 / 940 , 704 , 
titled USE OF LASER LIGHT AND RED - GREEN 
BLUE COLORATION TO DETERMINE PROPER 
TIES OF BACK SCATTERED LIGHT ; 

[ 0196 ] U . S . patent application Ser . No . 15 / 940 , 722 , 
titled CHARACTERIZATION OF TISSUE IRREGU 
LARITIES THROUGH THE USE OF MONO - CHRO 
MATIC LIGHT REFRACTIVITY ; and 

[ 0197 ] U . S . patent application Ser . No . 15 / 940 , 742 , 
titled DUAL CMOS ARRAY IMAGING . 

0198 ) U . S . patent application Ser . No . 15 / 940 , 636 , 
titled ADAPTIVE CONTROL PROGRAM UPDATES 
FOR SURGICAL DEVICES ; 

[ 0199 ] U . S . patent application Ser . No . 15 / 940 , 653 , 
titled ADAPTIVE CONTROL PROGRAM UPDATES 
FOR SURGICAL HUBS ; 

[ 0200 ] U . S . patent application Ser . No . 15 / 940 , 660 , 
titled CLOUD - BASED MEDICAL ANALYTICS FOR 
CUSTOMIZATION AND RECOMMENDATIONS 
TO A USER ; 

[ 0201 ] U . S . patent application Ser . No . 15 / 940 , 679 , 
titled CLOUD - BASED MEDICAL ANALYTICS FOR 
LINKING OF LOCAL USAGE TRENDS WITH THE 
RESOURCE ACQUISITION BEHAVIORS OF 
LARGER DATA SET ; 

[ 0202 ] U . S . patent application Ser . No . 15 / 940 , 694 , 
titled CLOUD - BASED MEDICAL ANALYTICS FOR 
MEDICAL FACILITY SEGMENTED INDIVIDUAL 
IZATION OF INSTRUMENT FUNCTION ; 

[ 0203 ] U . S . patent application Ser . No . 15 / 940 , 634 , 
titled CLOUD - BASED MEDICAL ANALYTICS FOR 
SECURITY AND AUTHENTICATION TRENDS 
AND REACTIVE MEASURES ; 

[ 0204 ] U . S . patent application Ser . No . 15 / 940 , 706 , 
titled DATA HANDLING AND PRIORITIZATION IN 
A CLOUD ANALYTICS NETWORK ; and 

[ 0205 ] U . S . patent application Ser . No . 15 / 940 , 675 , 
titled CLOUD INTERFACE FOR COUPLED SURGI 
CAL DEVICES . 

[ 0206 ] U . S . patent application Ser . No . 15 / 940 , 627 , 
titled DRIVE ARRANGEMENTS FOR ROBOT - AS 
SISTED SURGICAL PLATFORMS ; 

[ 0207 ] U . S . patent application Ser . No . 15 / 940 , 637 , 
titled COMMUNICATION ARRANGEMENTS FOR 
ROBOT - ASSISTED SURGICAL PLATFORMS ; 

[ 0208 ] U . S . patent application Ser . No . 15 / 940 , 642 , 
titled CONTROLS FOR ROBOT - ASSISTED SURGI 
CAL PLATFORMS ; 

10209 ] U . S . patent application Ser . No . 15 / 940 , 676 , 
titled AUTOMATIC TOOL ADJUSTMENTS FOR 
ROBOT - ASSISTED SURGICAL PLATFORMS ; 

[ 0210 ] U . S . patent application Ser . No . 15 / 940 , 680 , 
titled CONTROLLERS FOR ROBOT - ASSISTED 
SURGICAL PLATFORMS ; 

10211 ] U . S . patent application Ser . No . 15 / 940 , 683 , 
titled COOPERATIVE SURGICAL ACTIONS FOR 
ROBOT - ASSISTED SURGICAL PLATFORMS ; 
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0212 ] U . S . patent application Ser . No . 15 / 940 , 690 , 
titled DISPLAY ARRANGEMENTS FOR ROBOT 
ASSISTED SURGICAL PLATFORMS ; and 

[ 0213 ] U . S . patent application Ser . No . 15 / 940 , 711 , 
titled SENSING ARRANGEMENTS FOR ROBOT 
ASSISTED SURGICAL PLATFORMS . 

[ 0214 ] Applicant of the present application owns the fol 
lowing U . S . Provisional patent applications , filed on Mar . 
28 , 2018 , the disclosure of each of which is herein incor 
porated by reference in its entirety : 

[ 0215 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 302 , titled INTERACTIVE SURGICAL SYS 
TEMS WITH ENCRYPTED COMMUNICATION 
CAPABILITIES ; 

[ 0216 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 294 , titled DATA STRIPPING METHOD TO 
INTERROGATE PATIENT RECORDS AND CRE 
ATE ANONYMIZED RECORD ; 

[ 0217 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 300 , titled SURGICAL HUB SITUATIONAL 
AWARENESS ; 

[ 0218 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 309 , titled SURGICAL HUB SPATIAL 
AWARENESS TO DETERMINE DEVICES IN 
OPERATING THEATER ; 

[ 0219 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 310 , titled COMPUTER IMPLEMENTED 
INTERACTIVE SURGICAL SYSTEMS ; 

[ 0220 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 291 , titled USE OF LASER LIGHT AND RED 
GREEN - BLUE COLORATION TO DETERMINE 
PROPERTIES OF BACK SCATTERED LIGHT ; 

[ 0221 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 296 , titled ADAPTIVE CONTROL PRO 
GRAM UPDATES FOR SURGICAL DEVICES ; 

[ 0222 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 333 , titled CLOUD - BASED MEDICAL ANA 
LYTICS FOR CUSTOMIZATION AND RECOM 
MENDATIONS TO A USER ; 

[ 0223 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 327 , titled CLOUD - BASED MEDICAL ANA 
LYTICS FOR SECURITY AND AUTHENTICATION 
TRENDS AND REACTIVE MEASURES ; 

[ 0224 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 315 , titled DATA HANDLING AND PRIORI 
TIZATION IN A CLOUD ANALYTICS NETWORK ; 

( 0225 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 313 , titled CLOUD INTERFACE FOR 
COUPLED SURGICAL DEVICES ; 

[ 0226 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 320 , titled DRIVE ARRANGEMENTS FOR 
ROBOT - ASSISTED SURGICAL PLATFORMS ; 

[ 0227 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 307 , titled AUTOMATIC TOOL ADJUST 
MENTS FOR ROBOT - ASSISTED SURGICAL PLAT 
FORMS ; and 

[ 0228 ] U . S . Provisional Patent Application Ser . No . 
62 / 649 , 323 , titled SENSING ARRANGEMENTS FOR 
ROBOT - ASSISTED SURGICAL PLATFORMS . 

[ 0229 ] Applicant of the present application owns the fol 
lowing U . S . Provisional patent applications , filed on Mar . 8 , 
2018 , the disclosure of each of which is herein incorporated 
by reference in its entirety : 

[ 0230 ] U . S . Provisional Patent Application Ser . No . 
62 / 640 , 417 , titled TEMPERATURE CONTROL IN 
ULTRASONIC DEVICE AND CONTROL SYSTEM 
THEREFOR ; and 

[ 0231 ] U . S . Provisional Patent Application Ser . No . 
62 / 640 , 415 , titled ESTIMATING STATE OF ULTRA 
SONIC END EFFECTOR AND CONTROL SYSTEM 
THEREFOR . 

[ 0232 ] Applicant of the present application owns the fol 
lowing U . S . Provisional patent applications , filed on Dec . 
28 , 2017 , the disclosure of each of which is herein incor 
porated by reference in its entirety : 

[ 0233 ] U . S . Provisional Patent Application Serial No . 
U . S . Provisional Patent Application Ser . No . 62 / 611 , 
341 , titled INTERACTIVE SURGICAL PLATFORM ; 

[ 0234 ] U . S . Provisional Patent Application Ser . No . 
62 / 611 , 340 , titled CLOUD - BASED MEDICAL ANA 
LYTICS ; and 

[ 0235 ] U . S . Provisional Patent Application Ser . No . 
62 / 611 , 339 , titled ROBOT ASSISTED SURGICAL 
PLATFORM . 

[ 0236 ] Before explaining various aspects of surgical 
devices and generators in detail , it should be noted that the 
illustrative examples are not limited in application or use to 
the details of construction and arrangement of parts illus 
trated in the accompanying drawings and description . The 
illustrative examples may be implemented or incorporated in 
other aspects , variations and modifications , and may be 
practiced or carried out in various ways . Further , unless 
otherwise indicated , the terms and expressions employed 
herein have been chosen for the purpose of describing the 
illustrative examples for the convenience of the reader and 
are not for the purpose of limitation thereof . Also , it will be 
appreciated that one or more of the following - described 
aspects , expressions of aspects , and / or examples , can be 
combined with any one or more of the other following 
described aspects , expressions of aspects and / or examples . 
[ 0237 ] Various aspects are directed to improved ultrasonic 
surgical devices , electrosurgical devices and generators for 
use therewith . Aspects of the ultrasonic surgical devices can 
be configured for transecting and / or coagulating tissue dur 
ing surgical procedures , for example . Aspects of the elec 
trosurgical devices can be configured for transecting , coagu 
lating , scaling , welding and / or desiccating tissue during 
surgical procedures , for example . 
[ 0238 ] Referring to FIG . 1 , a computer - implemented inter 
active surgical system 100 includes one or more surgical 
systems 102 and a cloud - based system ( e . g . , the cloud 104 
that may include a remote server 113 coupled to a storage 
device 105 ) . Each surgical system 102 includes at least one 
surgical hub 106 in communication with the cloud 104 that 
may include a remote server 113 . In one example , as 
illustrated in FIG . 1 , the surgical system 102 includes a 
visualization system 108 , a robotic system 110 , and a 
handheld intelligent surgical instrument 112 , which are 
configured to communicate with one another and / or the hub 
106 . In some aspects , a surgical system 102 may include an 
M number of hubs 106 , an N number of visualization 
systems 108 , an O number of robotic systems 110 , and a P 
number of handheld intelligent surgical instruments 112 , 
where M , N , O , and P are integers greater than or equal to 
one . 
[ 0239 ] FIG . 3 depicts an example of a surgical system 102 
being used to perform a surgical procedure on a patient who 
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is lying down on an operating table 114 in a surgical 
operating room 116 . A robotic system 110 is used in the 
surgical procedure as a part of the surgical system 102 . The 
robotic system 110 includes a surgeon ' s console 118 , a 
patient side cart 120 ( surgical robot ) , and a surgical robotic 
hub 122 . The patient side cart 120 can manipulate at least 
one removably coupled surgical tool 117 through a mini 
mally invasive incision in the body of the patient while the 
surgeon views the surgical site through the surgeon ' s con 
sole 118 . An image of the surgical site can be obtained by a 
medical imaging device 124 , which can be manipulated by 
the patient side cart 120 to orient the imaging device 124 . 
The robotic hub 122 can be used to process the images of the 
surgical site for subsequent display to the surgeon through 
the surgeon ' s console 118 . 
[ 0240 ) Other types of robotic systems can be readily 
adapted for use with the surgical system 102 . Various 
examples of robotic systems and surgical tools that are 
suitable for use with the present disclosure are described in 
U . S . Provisional Patent Application Ser . No . 621611 , 339 , 
titled ROBOT ASSISTED SURGICAL PLATFORM , filed 
Dec . 28 , 2017 , the disclosure of which is herein incorporated 
by reference in its entirety . 
[ 0241 ] Various examples of cloud - based analytics that are 
performed by the cloud 104 , and are suitable for use with the 
present disclosure , are described in U . S . Provisional Patent 
Application Ser . No . 62 / 611 , 340 , titled CLOUD - BASED 
MEDICAL ANALYTICS , filed Dec . 28 , 2017 , the disclo 
sure of which is herein incorporated by reference in its 
entirety . 
[ 0242 ] In various aspects , the imaging device 124 includes 
at least one image sensor and one or more optical compo 
nents . Suitable image sensors include , but are not limited to , 
Charge - Coupled Device ( CCD ) sensors and Complementary 
Metal - Oxide Semiconductor ( CMOS ) sensors . 
[ 0243 ] The optical components of the imaging device 124 
may include one or more illumination sources and / or one or 
more lenses . The one or more illumination sources may be 
directed to illuminate portions of the surgical field . The one 
or more image sensors may receive light reflected or 
refracted from the surgical field , including light reflected or 
refracted from tissue and / or surgical instruments . 
[ 0244 ] The one or more illumination sources may be 
configured to radiate electromagnetic energy in the visible 
spectrum as well as the invisible spectrum . The visible 
spectrum , sometimes referred to as the optical spectrum or 
luminous spectrum , is that portion of the electromagnetic 
spectrum that is visible to ( i . e . , can be detected by the 
human eye and may be referred to as visible light or simply 
light . A typical human eye will respond to wavelengths in air 
that are from about 380 nm to about 750 nm . 
[ 0245 ] The invisible spectrum ( i . e . , the non - luminous 
spectrum ) is that portion of the electromagnetic spectrum 
that lies below and above the visible spectrum ( i . e . , wave 
lengths below about 380 nm and above about 750 nm ) . The 
invisible spectrum is not detectable by the human eye . 
Wavelengths greater than about 750 nm are longer than the 
red visible spectrum , and they become invisible infrared 
( IR ) , microwave , and radio electromagnetic radiation . 
Wavelengths less than about 380 nm are shorter than the 
violet spectrum , and they become invisible ultraviolet , X - ray , 
and gamma ray electromagnetic radiation . 
[ 0246 ] In various aspects , the imaging device 124 is 
configured for use in a minimally invasive procedure . 

Examples of imaging devices suitable for use with the 
present disclosure include , but not limited to , an arthro 
scope , angioscope , bronchoscope , choledochoscope , 
colonoscope , cytoscope , duodenoscope , enteroscope , esoph 
agogastro - duodenoscope ( gastroscope ) , endoscope , laryn 
goscope , nasopharyngo - neproscope , sigmoidoscope , thora 
coscope , and ureteroscope . 
[ 0247 ] In one aspect , the imaging device employs multi 
spectrum monitoring to discriminate topography and under 
lying structures . A multi - spectral image is one that captures 
image data within specific wavelength ranges across the 
electromagnetic spectrum . The wavelengths may be sepa 
rated by filters or by the use of instruments that are sensitive 
to particular wavelengths , including light from frequencies 
beyond the visible light range , e . g . , IR and ultraviolet . 
Spectral imaging can allow extraction of additional infor 
mation the human eye fails to capture with its receptors for 
red , green , and blue . The use of multi - spectral imaging is 
described in greater detail under the heading “ Advanced 
Imaging Acquisition Module ” in U . S . Provisional Patent 
Application Ser . No . 62 / 611 , 341 , titled INTERACTIVE 
SURGICAL PLATFORM , filed Dec . 28 , 2017 , the disclo 
sure of which is herein incorporated by reference in its 
entirety . Multi - spectrum monitoring can be a useful tool in 
relocating a surgical field after a surgical task is completed 
to perform one or more of the previously described tests on 
the treated tissue . 
[ 0248 ] It is axiomatic that strict sterilization of the oper 
ating room and surgical equipment is required during any 
surgery . The strict hygiene and sterilization conditions 
required in a " surgical theater , " i . e . , an operating or treat 
ment room , necessitate the highest possible sterility of all 
medical devices and equipment . Part of that sterilization 
process is the need to sterilize anything that comes in contact 
with the patient or penetrates the sterile field , including the 
imaging device 124 and its attachments and components . It 
will be appreciated that the sterile field may be considered 
a specified area , such as within a tray or on a sterile towel , 
that is considered free of microorganisms , or the sterile field 
may be considered an area , immediately around a patient , 
who has been prepared for a surgical procedure . The sterile 
field may include the scrubbed team members , who are 
properly attired , and all furniture and fixtures in the area . 
[ 0249 ] In various aspects , the visualization system 108 
includes one or more imaging sensors , one or more image 
processing units , one or more storage arrays , and one or 
more displays that are strategically arranged with respect to 
the sterile field , as illustrated in FIG . 2 . In one aspect , the 
visualization system 108 includes an interface for HL7 , 
PACS , and EMR . Various components of the visualization 
system 108 are described under the heading “ Advanced 
Imaging Acquisition Module ” in U . S . Provisional Patent 
Application Ser . No . 62 / 611 , 341 , titled INTERACTIVE 
SURGICAL PLATFORM , filed Dec . 28 , 2017 , the disclo 
sure of which is herein incorporated by reference in its 
entirety . 
[ 0250 ] As illustrated in FIG . 2 , a primary display 119 is 
positioned in the sterile field to be visible to an operator at 
the operating table 114 . In addition , a visualization tower 
111 is positioned outside the sterile field . The visualization 
tower 111 includes a first non - sterile display 107 and a 
second non - sterile display 109 , which face away from each 
other . The visualization system 108 , guided by the hub 106 , 
is configured to utilize the displays 107 , 109 , and 119 to 










































































































































































