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TREATMENT SYSTEM , CONTROL DEVICE , 
AND CONTROL METHOD 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application is a continuation of International 
Application No. PCT / JP2020 / 000470 , filed on Jan. 9 , 2020 , 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND 

1. Technical Field 

temporal change amount of the living tissue based on 
movement of the treatment instrument relative to any one of 
a predetermined point and a predetermined area in the 
captured image , and execute an instruction to stop supply of 
the electric power to the treatment instrument in response to 
determining that the incision of the living tissue has been 
completed . 
[ 0007 ] In some embodiments , provided is a control 
method that is performed by a processor of a control device . 
The method includes acquiring a captured image capturing 
a living tissue during a state in which a treatment energy is 
applied from an end effector to the living tissue , determining 
whether incision of the living tissue has been completed 
based on the captured image by calculating a temporal 
change amount of the living tissue based on movement of a 
treatment instrument relative to any one of a predetermined 
point and a predetermined area in the captured image , and 
executing an instruction to stop supply of an electric power 
to the treatment instrument in response to determining that 
the incision of the living tissue has been completed . 
[ 0008 ] The above and other features , advantages and tech 
nical and industrial significance of this disclosure will be 
better understood by reading the following detailed descrip 
tion of presently preferred embodiments of the disclosure , 
when considered in connection with the accompanying 
drawings . 

[ 0002 ] The present disclosure relates to a treatment sys 
tem , a control device , and a control method . 

2. Related Art 

[ 0003 ] In the related art , a treatment instrument to incise 
a living tissue by applying a treatment energy to the living 
tissue from an end effector according to a supplied electric 
power has been known . 
[ 0004 ] To treat a living tissue by using the treatment 
instrument , an operator causes a control device to supply an 
electric power to a treatment instrument by operating a foot 
switch or the like , to apply a treatment energy to a living 
tissue from an end effector . Moreover , the operator sees a 
captured image that is captured by an endoscope and dis 
played on a display device , and thereby recognizes whether 
incision of the living tissue has been completed . The opera 
tor then stops the supply of the electric power to the 
treatment instrument from the control device by operating 
the footswitch or the like . 

BRIEF DESCRIPTION OF THE DRAWINGS 

a 

SUMMARY 

[ 0005 ] In some embodiments , a treatment system includes 
a treatment instrument configured to apply a treatment 
energy to a living tissue from an end effector according to a 
supplied electric power to incise the living tissue , an imag 
ing device configured to generate a captured image captur 
ing the living tissue during a state in which the treatment 
energy is applied from the end effector to the living tissue , 
and a control device including a processor configured to 
control operation of the imaging device , the processor being 
configured to : acquire the captured image from the imaging 
device , calculate a temporal change amount of the living 
tissue based on movement of the treatment instrument 
relative to any one of a predetermined point and a prede 
termined area in the captured image as a determination 
value , determine whether incision of the living tissue has 
been completed based on the determination value , and in 
response to determining that the incision of the living tissue 
has been completed , execute an instruction to stop supply of 
the electric power to the treatment instrument . 
[ 0006 ] In some embodiments , a control device includes a 
processor configured to control operation of an imaging 
device when applying treatment energy by a treatment 
instrument to a living tissue from an end effector according 
to a supplied electric power to incise the living tissue . The 
processor is configured to acquire a captured image captur 
ing the living tissue during a state in which the treatment 
energy is applied from the end effector to the living tissue , 
determine whether incision of the living tissue has been 
completed based on the captured image by calculating a 

[ 0009 ] FIG . 1 is a diagram illustrating a treatment system 
according to a first embodiment ; 
[ 0010 ] FIG . 2 is a flowchart illustrating a control method 
performed by a first processor ; 
[ 0011 ] FIG . 3 is a diagram explaining device recognition 
processing ( step S2 ) ; 
[ 0012 ] FIG . 4 is a diagram explaining first determination 
processing ( step S4 ) ; 
[ 0013 ] FIG . 5 is a diagram further explaining the first 
determination processing ( step S4 ) ; 
[ 0014 ] FIG . 6 is a diagram further explaining the first 
determination processing ( step S4 ) ; 
[ 0015 ] FIG . 7 is a flowchart illustrating a control method 
according to a second embodiment ; 
[ 0016 ] FIG . 8 is a diagram explaining second determina 
tion processing ( step S4A ) ; 
[ 0017 ] FIG . 9 is a diagram further explaining the second 
determination processing ( step S4A ) ; 
[ 0018 ] FIG . 10 is a flowchart illustrating a control method 
according to a third embodiment ; 
[ 0019 ] FIG . 11 is a diagram explaining third determination 
processing ( step S4B ) ; 
[ 0020 ] FIG . 12 is a diagram further explaining the third 
determination processing ( step S4B ) ; 
[ 0021 ] FIG . 13 is a diagram further explaining third deter 
mination processing ( step S4B ) ; 
[ 0022 ] FIG . 14 is a flowchart illustrating a control method 
according to a fourth embodiment ; 
[ 0023 ] FIG . 15 is a diagram explaining fourth determina 
tion processing ( step S4C ) ; 
[ 0024 ] FIG . 16 is a diagram further explaining the fourth 
determination processing ( step S4C ) ; 
[ 0025 ) FIG . 17 is a flowchart illustrating a control method 
according to a fifth embodiment ; 
[ 0026 ] FIG . 18 is a flowchart illustrating a control method 
according to a sixth embodiment ; and 

a 

a 

a 
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[ 0027 ] FIG . 19 is a diagram illustrating a modification of 
the third embodiment . 2 

DETAILED DESCRIPTION 

[ 0028 ] Hereinafter , modes to implement the disclosure 
( hereinafter , embodiments ) will be explained with reference 
to the drawings . The embodiments explained below are not 
intended to limit the disclosure . Furthermore , like reference 
symbols are given to like parts throughout the description of 
the drawings . 

First Embodiment 

[ 0029 ] Schematic Configuration of Treatment System 
[ 0030 ] FIG . 1 is a diagram illustrating a treatment system 
according to a first embodiment . 
[ 0031 ] A treatment system 1 is a system that treats a living 
tissue to be treated ( hereinafter , described as target site ) in 
a living body while observing the inside of the living body . 
This treatment system includes an endoscope device 2 , a 
display device 3 , and a treatment device 4 as illustrated in 
FIG . 1 . 
[ 0032 ] Hereinafter , configurations of the endoscope 
device 2 and the treatment device 4 will be explained 
sequentially . 
[ 0033 ] Configuration of Endoscope Device 
[ 0034 ] The endoscope device 2 is a device to observe the 
inside of a living body . This endoscope device 2 includes a 
scope 21 and a control device 22 as illustrated in FIG . 1 . 
[ 0035 ] The scope 21 corresponds to an imaging device . 
This scope 21 is inserted into the living body , and captures 
an image of the inside of the living body . In the first 
embodiment , the scope 21 is flexible , and has a long thin 
shape , and is constituted of so - called flexible endoscope 
inserted into a living body . The scope 21 is detachably 
connected to the control device 22 by a connector ( not 
illustrated ) . The scope 21 includes an illumination lens 211 , 
an objective lens 212 , an imaging unit 213 , and an operating 
unit 214 as illustrated in FIG . 1 . 
[ 0036 ] The illumination lens 211 is arranged at a distal end 
of the scope 21 , facing an emitting end of a light guide 23 
( FIG . 1 ) . Light emitted from the light guide 23 passes 
through the illumination lens 211 , and then irradiated to the 
inside of a living body . 
[ 0037 ] The objective lens 212 is arranged at a distal end of 
the scope 21. The objective lens 212 takes in light that has 
been irradiated to the inside of the living body from the 
illumination lens 211 and then reflected from the inside of 
the living body ( subject image ) , to form an image on an 
acceptance surface of the naging unit 213 . 
[ 0038 ] The imaging unit 213 generates a captured image 
by capturing the subject image formed by the objective lens 
212 under control of the control device 22. The imaging unit 
213 outputs the generated captured image to the control 
device 22 . 
[ 0039 ] The operating unit 214 has various kinds of 
switches ( not illustrated ) arrange therein to accept a user 
operation made by a user , such as a doctor . The operating 
unit 214 then outputs an operating signal according to the 
operation to the control device 22 . 
[ 0040 ] The control device 22 is constituted of a central 
processing unit ( CPU ) , a field - programmable gate array 
( FPGA ) , and the like , and overall controls operation of the 
scope 21 and the display device 3. This control device 22 

includes an analog processing unit 221 , an A / D converter 
222 , an image processing unit 223 , a video - output 1 / F unit 
224 , a first processor 225 , a memory 226 , and a light source 
device 227 as illustrated in FIG . 1 . 
[ 0041 ] The analog processing unit receives a captured 
image ( analog signal ) from the scope 21 , and performs 
analog processing , such as clamp processing and noise 
removal processing ( correlated double sampling ( CDS ) ) 
with respect to the captured image . 
[ 0042 ] The A / D converter 222 A / D converts the captured 
image ( analog signal ) subjected to the analog processing , 
and outputs the converted captured image ( digital signal ) . 
[ 0043 ] The image processing unit 223 performs various 
kinds of image processing with respect to a captured image 
input thereto , using various kinds of parameters for image 
processing that are stored in the memory 226 , under control 
of the first processor 225. Examples of the various kinds of 
image processing include optical black subtraction process 
ing , white balance ( WB ) adjustment processing , demosaic 
ing processing , color matrix arithmetic processing , gamma 
correction processing , color reproduction processing , edge 
enhancement processing , and the like . 
[ 0044 ] The video - output I / F unit 224 is constituted of a 
digital analog converter ( DAC ) encoder , or the like , and 
generates a video signal for display based on the captured 
image ( digital signal ) subjected to various kinds of image 
processing by the image processing unit 223. The video 
output I / F unit 224 outputs the video signal for display to the 
display device 3 . 
[ 0045 ] The display device 3 is constituted of a display 
using liquid crystal , organic electroluminescence ( EL ) , or 
the like . The display device 3 receives a video signal for 
display input therein from the video - output I / F unit 224 , and 
displays a captured image based on the video signal for 
display . 
[ 0046 ] The light source device 227 includes a light source 
228 and a light source driver 229 as illustrated in FIG . 1. In 
the first embodiment , the light source device 227 is config 
ured to be integrated in the control device 22 , but not limited 
thereto , it may be configured to be independent from the 
control device 22 . 
[ 0047 ] The light source 228 is constituted of , for example , 
a white light emitting diode ( LED ) or the like , and emits 
light according to a supplied electric power . The light 
emitted from the light source 228 passes through the light 
guide 23 and the illumination lens 211 , and then irradiated 
to the inside of a living body . 
[ 0048 ] The light source driver 229 supplies an electric 
power to the light source 228 under control of the first 
processor 225 . 
[ 0049 ] The first processor 225 corresponds to a processor . 
The first processor 225 is constituted of , for example , a 
CPU , an FPGA , or the like and controls operation of the 
scope 21 , operation of the display device 3 , and overall 
operation of the control device 22. Moreover , the control 
device 22 and a generator 43 ( FIG . 1 ) that constitutes the 
treatment device 4 are detachably connected to each other by 
a third electric cable C3 ( FIG . 1 ) . The first processor 225 
controls operation of the generator 43 through the third 
electric cable C3 . Detailed functions of the first processor 
225 will be explained in “ Control Method Performed by 
First Processor ” described later . 
[ 0050 ] The memory 226 stores a program executed by the 
first processor 225 , information necessary for processing by 
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the first processor 225 , various kinds of parameters for the 
image processing described above , and the like . 
[ 0051 ] [ Configuration of Treatment Device ) 
[ 0052 ] The treatment device 4 treats a target site by 
applying a treatment energy to the target site . A treatment 
that can be performed by the treatment device 4 according 
to the first embodiment is a treatment for performing coagu 
lation and incision of a target site , or a treatment for 
performing only incision of a target site . Hereinafter , for 
convenience of explanation , the treatment will be described 
as incision . Moreover , at least any one of an ultrasonic 
energy , a high frequency energy , and a thermal energy can 
be an example of the treatment energy . Applying an ultra 
sonic energy to a target site means applying an ultrasonic 
vibration to the target site . Moreover , applying a high 
frequency energy to a target site means applying a high 
frequency electric current to the target site . Furthermore , to 
apply a thermal energy to a target site means propagating 
heat generated by a heater or the like to the target site . This 
treatment device 4 includes a first treatment device 41 and 
a second treatment device 42 , and the generator 43 as 
illustrated in FIG . 1 . 
[ 0053 ] The treatment device 4 is selectable to be used in 
a state in which the first treatment device 41 and the 
generator 43 are connected through the first electric cable C1 
( FIG . 1 ) or a state in which the second treatment device 42 
and the generator 43 are connected through the second 
electric cable C2 ( FIG . 1 ) depending on a treatment method , 
a type of target site , and the like . 
[ 0054 ] The first treatment device 41 corresponds to the 
treatment instrument , and is a clamp type treatment device 
that incises a target site while gripping the target site . The 
first treatment device 41 includes , as illustrated in FIG . 1 , 
first holding case 411 , an operating knob 412 , a first switch 
413 , a shaft 414 , and a gripping portion 415 . 
[ 0055 ] The first holding case 411 supports the entire first 
treatment device 41. This first holding case 411 includes , as 
illustrated in FIG . 1 , a holding - case main unit 416 that is 
positioned on a center axis Axl ( FIG . 1 ) of the shaft 414 , and 
a fixing handle 417 that extends downward from the hold 
ing - case main unit 416 in FIG . 1 and that is held by an 
operator . 
[ 0056 ] The operating knob 412 is pivotably supported 
about the first holding case 411 , and accepts an opening 
closing operation by an operator . 
[ 0057 ] The first switch 413 is arranged , being exposed to 
the outside from the first holding case 411 , and accepts 
depression by the operator ( hereinafter , described as first 
treatment - start operation ) . The first switch 413 outputs an 
operation signal according to the first treatment - start opera 
tion to the generator 43 through the first electric cable C1 . 
[ 0058 ] The shaft 414 has a cylindrical shape , and its end 
portion on a proximal end side ( right side in FIG . 1 ) is 
connected to the holding case main unit 416. Moreover , to 
an end portion on a distal end side ( left side in FIG . 1 ) of the 
shaft 414 , the gripping portion 415 is attached . Inside the 
shaft 414 , an opening closing mechanism ( not illustrated ) 
that causes a first and a second grippers 418 , 419 constitut 
ing the gripping portion 415 to open and close according to 
an opening / closing operation made by an operator with 
respect to the operating knob 412 is arranged . 
[ 0059 ] The gripping portion 415 corresponds to the end 
effector . This gripping portion 415 is a portion that incise a 

target site while gripping the target site . This gripping 
portion 415 includes the first and the second grippers 418 , 
419 as illustrated in FIG . 1 . 
[ 0060 ] The first and the second grippers 418 , 419 corre 
spond to a pair of grippers , and can grip a target site by 
opening and closing in a direction of an arrow R1 ( FIG . 1 ) 
according to the opening closing operation by the operator 
made with respect to the operating knob 412. At least one of 
the first and the second grippers 418 , 419 applies a treatment 
energy to a gripped target site under control of the generator 
43. Thus , the target site is incised . 
[ 0061 ] The second treatment device 42 corresponds to the 
treatment instrument , and is a non - clamp type device that 
incise a target site in a state in which it is in contact with the 
target site , being incapable of gripping a target site . This 
second treatment device 42 includes , as illustrated in FIG . 1 , 
a second holding case 421 , a second switch 422 , and an end 
effector 423 . 
[ 0062 ] The second holding case 421 has a substantially 
cylindrical shape extending along a center axis Ax2 , and 
supports the end effector 423 . 
[ 0063 ] The second switch 422 is arranged being exposed 
to the outside of the second holding case 421 , and accepts 
depression by an operator ( hereinafter , described as second 
treatment - start operation ) . The second switch 422 outputs an 
operation signal according to the second treatment - start 
operation to the generator 43 through the second electric 
cable C2 . 
[ 0064 ] The end effector 423 has a long shape extending 
along the center axis Ax2 , and is attached inside the second 
holding case 421 in a state in which an end portion on a 
distal end side ( left side in FIG . 1 ) is exposed to the outside . 
The end effector 423 applies a treatment energy to a target 
site from an end portion in a state in which the end portion 
on the distal end side is in contact with the target site under 
control of the generator 43. Thus , the target site is incised . 
[ 0065 ] The generator 43 is constituted of a CPU , an 
FPGA , and the like , and overall controls operation of the 
first treatment device 41 connected through the first electric 
cable C1 , or operation of the second treatment device 42 
connected through the electric cable C2 . This generator 43 
includes a treatment - energy output unit 431 and a second 
processor 432 as illustrated in FIG . 1 . 
[ 0066 ] The treatment - energy output unit 431 supplies an 
electric power necessary for applying a treatment energy to 
a target site to the first treatment device 41 that is connected 
through the first electric cable C1 , or to the second treatment 
device 42 that is connected through the second electric cable 
C2 under control of the second processor 432 . 
[ 0067 ] For example , when the first treatment device 41 is 
configured to apply an ultrasonic energy to a target site , the 
first treatment device 41 has an ultrasound transducer that 
generates an ultrasonic vibration according to an electric 
power supplied from the treatment - energy output unit 431 . 
One of the first and the second grippers 418 , 419 is consti 
tuted of a vibration transmission member that transmits the 
ultrasonic vibration , and applies the transmitted ultrasonic 
vibration to a target site gripped between the first and the 
second grippers 418 , 419 . 
[ 0068 ] When the second treatment device 42 is configured 
to apply an ultrasonic energy to a target site , the second 
treatment device 42 has an ultrasound transducer that gen 
erates an ultrasonic vibration according to an electric power 
supplied from the treatment - energy output unit . The end 

a 
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effector 423 is constituted of a vibration transmission mem 
ber that transmits the ultrasonic vibration , and applies the 
transmitted ultrasonic vibration to a target site . 
[ 0069 ] Moreover , for example , when the first treatment 
device 41 is configured to apply a high frequency energy to 
a target site , the first and the second grippers 418 , 419 
respectively include an electrode to which an electric power 
is supplied from the treatment - energy output unit 431. As the 
electric power is supplied to the pair of electrodes , a high 
frequency current flows through a target site gripped 
between the pair of electrodes . 
[ 0070 ] When the second treatment device 42 is configured 
to apply a high frequency energy to a target site , the end 
effector 423 includes an electrode that is supplied with an 
electric power from the treatment - energy output unit 431 to 
a portion between itself and a return electrode attached on a 
surface of a subject . As the electric power is supplied to the 
portion between the electrode and the return electrode , a 
high frequency current flows through a target site positioned 
between the end effector 423 and the return electrode . 
[ 0071 ] Furthermore , for example , when the first treatment 
device 41 is configured to apply a thermal energy to a target 
site , at least one of the first and the second grippers 418 , 419 
has a heater that generates heat according to an electric 
power supplied from the treatment - energy output unit 431 . 
At least one of the first and the second grippers 418 , 419 
transmits heat of the heater to a target site gripped between 
the first and the second grippers 418 and 419 according to 
the supply of the electric power . 
[ 0072 ] When the second treatment device 42 is configured 
to apply a thermal energy to a target site , the end effector 423 
has a heater that generates heat according to an electric 
power supplied from the treatment - energy output unit 431 . 
The end effector 423 transmits heat of the heater to the target 
site according to the supply of the electric power . 
[ 0073 ] The second processor 432 is constituted of , for 
example , a CPU , an FPGA , or the like . The second processor 
432 performs incision control according to the first treat 
ment - start operation by an operator with respect to the first 
switch 413 , or the second treatment - start operation with 
respect to the second switch 422. The incision control is a 
control to incise a target site by causing the treatment - energy 
output unit 431 to supply an electric power to the first 
treatment device 41 or the second treatment device 42 , and 
by applying a treatment energy to the target site . 
[ 0074 ] [ Control Method Performed by First Processor ] 
[ 0075 ] Next , a control method performed by the first 
processor 225 will be explained . 
[ 0076 ] FIG . 2 is a flowchart illustrating the control method 
performed by the first processor 225 . 
[ 0077 ] In the following , the first and the second treatment 
devices 41 , 42 are collectively described as treatment device 
40 for convenience of explanation . 
[ 0078 ] First , the first processor 225 sequentially acquires 
captured images ( digital signals ) that capture the inside of a 
living body taken by the imaging unit 213 , and that have 
passed through the analog processing unit 221 , the A / D 
converter 222 , and the image processing unit 223 in a frame 
unit ( step S1 ) . 
[ 0079 ] In the first embodiment , at step Si , the first pro 
cessor 225 acquires a captured image that captures the inside 
of a living body taken by the imaging unit 213 , and that has 
passed through the analog processing unit 221 , the A / D 
converter 222 , and the image processing unit 223 , but it is 

not limited thereto . For example , at step S1 , the first pro 
cessor 225 may acquire a captured image that captures the 
inside of a living body taken by the imaging unit 213 , and 
that has passed through the analog processing unit 221 and 
the A / D converter 222 ( captured image before subjected to 
various kinds of image processing by the image processing 
unit 223 ) . 
[ 0080 ] After step Si , the first processor 225 performs 
device recognition processing described below ( step S2 ) . 
[ 0081 ] FIG . 3 is a diagram explaining the device recog 
nition processing ( step S2 ) . Specifically , FIG . 3 illustrates a 
captured image F1 acquired at step S1 . In FIG . 3 , a case in 
which the first treatment device 41 out of the first and the 
second treatment devices 41 , 42 is used is illustrated . 
[ 0082 ] First , the first processor 225 extracts , as illustrated 
in FIG . 3 , an area Arl constituted of pixels having a pixel 
value of a specific color ( for example , silver ) unique to the 
treatment device 40 in the captured image F1 . 
[ 0083 ] Next , the first processor 225 determines whether 
the extracted area Arl extends linearly from an edge of the 
captured image F1 . 
[ 0084 ] When it is determined that it extends linearly from 
the edge of the captured image F1 , the first processor 225 
recognizes that the area Arl is the treatment device 40 ( the 
first treatment device 41 in the case of FIG . 3 ) shown in the 
captured image F1 . 
[ 0085 ] The first processor 225 performs the device recog 
nition processing ( step S2 ) described above sequentially in 
a frame unit with respect to the captured image acquired 
sequentially at step S1 . 
[ 0086 ] After step S2 , the first processor 225 monitors all 
the time whether the processing start operation ( in the first 
embodiment , the first processing - start operation or the sec 
ond processing - start operation ) has been performed ( step 
S3 ) . When the first processing - start operation or the second 
processing - start operation has been performed , the second 
processor 432 starts incision control . That is , application of 
a treatment energy with respect to a target site LT ( FIG . 3 ) 
from the gripping portion 415 or the end effector 423 is 
started . Moreover , the second processor 432 outputs a signal 
indicating that the treatment start operation has been per 
formed to the first processor 225 through the third electric 
cable C3 . The first processor 225 determines that the pro 
cessing start operation has been performed based on the 
signal . 
[ 0087 ] When it is determined that the treatment start 
operation has been performed ( step S3 : YES ) , the first 
processor 225 performs first determination processing 
described below ( step S4 ) . 
[ 0088 ] FIG . 4 to FIG . 6 are diagrams explaining the first 
determination processing ( step S4 ) . Specifically , FIG . 4 and 
FIG . 5 illustrate captured images F2 , F3 that are acquired at 
step S1 . Moreover , the captured image F2 illustrated in FIG . 
4 is an image capturing a state before the target site LT is 
incised . The captured image F3 is an image capturing a state 
soon after the target site LT is incised . In FIG . 4 and FIG . 5 , 
similarly to FIG . 3 , a case in which the first treatment device 
41 is used out of the first and the second treatment devices 
41 , 42 is illustrated . Furthermore , in FIG.5 , a position of the 
first treatment device 41 in the state illustrated in FIG . 4 is 
indicated by a broken line . FIG . 6 is a diagram illustrating 
a behavior of a moving speed of the treatment device 40 ( the 
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first treatment device 41 in the case of FIG . 4 and FIG . 5 ) 
after the treatment energy is started to be applied to the target 
site LT . 
[ 0089 ] First , the first processor 225 identifies a feature 
point P1 ( FIG . 4 , FIG . 5 ) having a feature in pixel value or 
shape in the area Arl ( the treatment device 40 ) extracted at 
step S2 . The first processor 225 sequentially identifies the 
feature point P1 in a frame unit from the captured images 
acquired sequentially at step S1 . The respective feature 
points P1 in the respective captured images ( for example , the 
captured images F2 , F3 ) are an identical portion on a subject 
( the treatment device 40 ) . 
[ 0090 ] Next , the first processor 225 calculates a moving 
speed of the treatment device 40 by dividing a difference 
( the number of pixels ) D1 ( FIG . 5 ) in coordinate value 
between the feature point P1 of a captured image ( for 
example , the captured image F3 ) of the present frame 
( hereinafter , described as current frame ) and the feature 
point P1 of a captured image next previous to the current 
frame ( for example , the captured image F2 ) by time between 
the frames . The first processor 225 sequentially calculates 
the moving speed of the treatment device 40 for the captured 
images acquired sequentially at step S1 in a frame unit . The 
moving speed of the treatment device 40 corresponds to a 
determination value . 
[ 0091 ] The moving speed of the treatment device 
described above is calculated based on the captured image of 
the current frame and the captured image of the next 
previous frame , but it is not limited thereto , and it may 
calculated based on a captured image of the current frame 
and a captured image several frames before the current 
frame . 
[ 0092 ] Next , the first processor 225 compares the calcu 
lated moving speed of the treatment device 40 with a first 
threshold Th ( FIG . 6 ) sequentially . When the moving speed 
of the treatment device 40 becomes equal to or higher than 
the threshold Th1 , the first processor 225 determines that 
incision of the target site LT has been completed ( detects 
completion of incision of the target site LT ) . The first 
threshold Th1 is stored in the memory 226 as information 
necessary for processing of the first processor 225 . 
[ 0093 ] When the target site LT is to be incised by using the 
clamp type first treatment device 41 , an operator first makes 
the target site LT be under tension , while gripping the target 
site LT with the first and the second grippers 418 , 419 ( state 
illustrated in FIG . 4 ) . After setting this condition , the opera 
tor performs the first processing - start operation with respect 
to the first switch 413. Therefore , as it is found when FIG . 
4 and FIG . 5 are compared , the first and the second grippers 
418 , 419 move at a high speed by reaction when the target 
site LT is incised as they have been pulling the target site LT . 
In other words , when the target site LT is incised , the moving 
speed of the treatment device 40 described above momen 
tary becomes equal to or higher than the first threshold Th1 
as illustrated in FIG . 6 . 
[ 0094 ] When completion of incision of the target site LT 
is detected ( step S5 : YES ) , the first processor 225 instructs 
the generator 43 ( the second processer 432 ) to stop the 
output to through the third electric cable C3 ( step S6 ) . Thus , 
the second processor 432 stops supply of an electric power 
to the treatment device 40 ( stops the operation of the 
treatment - energy output unit 431 ) . 
[ 0095 ] According to the first embodiment explained 
above , following effects are obtained . 

[ 0096 ] The control device 22 according to the first 
embodiment determines whether incision of the target site 
LT has been completed based on a captured image ( for 
example , the captured images F1 to F3 ) capturing a state in 
which the treatment energy is applied to the target site LT by 
the gripping portion 415 or the end effector 423 , and stops 
the supply of the electric power to the treatment device 40 
when it is determined that incision of the target site LT has 
been completed . That is , determination whether incision of 
the target site LT has been completed is not performed by 
visual confirmation by an operator , but is performed by the 
control device 22 and , furthermore , stop of supply of an 
electric power to the treatment device 40 is not performed by 
an operation by the operator , but is performed by the control 
device 22 . 
[ 0097 ] Therefore , a time lag from completion of incision 
of the target site LT to stop of supply of an electric power to 
the treatment device 40 can be resolved . Accordingly , it is 
possible to avoid supply of unnecessary power to the treat 
ment device 40 , and to reduce a load on the treatment device 
40 . 
[ 0098 ] Moreover , in the control device 22 according to the 
first embodiment , the moving speed of the treatment device 
40 described above is adopted as a determination value . 
[ 0099 ] Therefore , by using a typical phenomenon that 
occurs at the time of incision of the target site LT in the 
treatment device 40 , completion of incision of the target site 
LT can be favorably determined . The typical phenomenon is , 
as described above , a phenomenon that “ the first and the 
second grippers 418 , 419 move at a high speed by reaction 
when the target site LT is incised as they have been pulling 
the target site LT ” . 
[ 0100 ] Moreover , in the control device 22 according to the 
first embodiment , out of subjects taken in the captured 
images ( for example , the captured images F1 to F3 ) , an 
object extending linearly from an edge of the captured image 
is detected as the first and the second grippers 418 , 419 ( the 
device recognition processing ( step S2 ) ) . 
[ 0101 ] Therefore , by using a typical way of appearance of 
the treatment device 40 shown in the captured image , the 
treatment device 40 can be favorably recognized . 
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Second Embodiment 2 

a 

[ 0102 ] Next , a second embodiment will be explained . 
[ 0103 ] In the following explanation , identical reference 
symbols are given to components similar to those of the first 
embodiment described above , and their detailed explanation 
will be omitted or simplified . 
[ 0104 ] FIG . 7 is a flowchart illustrating a control method 
according to the second embodiment . 
[ 0105 ] In the second embodiment , as illustrated in FIG . 7 , 
a control method performed by the first processor 225 is 
different from the first embodiment described above . 
[ 0106 ] In the control method according to the second 
embodiment , as illustrated in FIG . 7 , steps S4A , S5A are 
adopted instead of steps S4 , S5 in the control method ( FIG . 
2 ) explained in the first embodiment described above . In the 
following , steps S4A , S5A will be explained mainly . 
[ 0107 ] Step S4A is performed when it is determined that 
the processing start operation has been performed ( step S3 : 
YES ) . 
[ 0108 ] Specifically , the first processor 225 performs sec 
ond determination processing described below at step S4A . 
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[ 0116 ] Next , the first processor 225 sequentially compares 
the calculated first and second moving speeds of the treat 
ment device 40 with the first threshold Th1 . The first 
processor 225 detects completion of incision of the target 
site LT when both the first and the second moving speeds of 
the treatment device 40 become equal to or higher than the 
first threshold Th1 . 
[ 0117 ] When completion of incision of the target site LT is 
detected ( step S5A : YES ) , the first processor 225 shifts to 
step S6 . 
[ 0118 ] According to the second embodiment explained 
above , besides effects similar to those of the first embodi 
ment described above , following effects are obtained . 
[ 0119 ] In the control device 22 according to the second 
embodiment , the first and the second moving speeds of the 
treatment device 40 relative to the feature points P3 , P4 in 
the target site LT are adopted as the determination value . 
[ 0120 ] Therefore , an influence of hand shake of a scopist 
holding the scope 21 with hands can be cancelled , and 
completion of incision of the target site LT can be accurately 
determined . 
[ 0121 ] Particularly , the first and the second moving speeds 
of the treatment device 40 are adopted as the determination 
value . Therefore , for example , compared to when only one 
of the first and the second moving speeds is adopted as the 
determination value , as more than one value is used as the 
determination value , erroneous determination is suppressed , 
and completion of incision of the target site LT can be more 
accurately determined . 

a 

Third Embodiment 

[ 0109 ] FIG . 8 and FIG . 9 are diagrams explaining the 
second determination processing ( step S4A ) . Specifically , 
FIG . 8 an FIG . 9 illustrate captured images F4 , F5 acquired 
at step Si . Moreover , the captured image F4 illustrated in 
FIG . 8 is an image capturing a state similar to that of the 
captured image F2 illustrated in FIG . 4. The captured image 
F5 illustrated in FIG . 9 is an image capturing a state similar 
to that of the captured image F3 illustrated in FIG . 5 . 
[ 0110 ] First , the first processor 225 identifies a feature 
point P2 ( FIG . 8 , FIG . 9 ) having a feature in pixel value and 
shape in the area Arl ( the treatment device 40 ) extracted at 
step S2 . The first processor 225 sequentially identifies the 
feature point P2 in a frame unit from the captured images 
sequentially acquired at step Si . The respective feature 
points P2 in the respective captured images ( for example , the 
captured images F4 , F5 ) are an identical portion on a subject 
( the treatment device 40 ) . 
[ 0111 ] Next , the first processor 225 identifies feature 
points P3 , P4 ( FIG . 8 , FIG . 9 ) having a feature in pixel value 
and shape in the target site LT adjacent to the area Arl ( the 
treatment device 40 ) extracted at step S2 . The first processor 
225 sequentially identifies the feature points P3 , P4 ( FIG . 8 , 
FIG . 9 ) in a frame unit from the captured images sequen 
tially acquired at step S2 . The first processor 225 sequen 
tially identifies the feature points P3 , P4 in a frame unit from 
the captured images sequentially acquired at step S1 . The 
respective feature points P3 identified in the respective 
captured images ( for example , the captured images F4 , F5 ) 
are an identical portion on a subject ( the target site LT ) . 
Similarly , the respective feature points P4 identified in the 
respective captured images ( for example , the captured 
images F4 , F5 ) are an identical portion on the subject ( the 
target site LT ) . 
[ 0112 ] Next , the first processor 225 calculates a distance 
( the number of pixels ) D2 between the feature points P2 and 
P3 , and a distance ( the number of pixels ) D3 between the 
feature points P2 and P4 , respectively in the captured images 
of the same frame ( for example , the captured image F4 or the 
captured image F5 ) . The first processor 225 sequentially 
performs calculation of the distances D2 , D3 in a frame unit 
in the captured images sequentially acquired at step Si . 
[ 0113 ] Next , the first processor 225 calculates a first 
moving speed of the treatment device 40 by dividing a 
difference ( the number of pixels ) between the difference D2 
in the captured image of the current frame ( for example , the 
captured image F5 ) and the distance D2 in the captured 
image of the next previous frame ( for example , the captured 
image F4 ) by time between the frames . The first moving 
speed of the treatment device 40 means a moving speed of 
the treatment device 40 ( the feature point P2 ) relative to the 
feature point P3 as a reference point . The first processor 225 
sequentially performs calculation of the first moving speed 
of the treatment device 40 in a frame unit for the captured 
images sequentially acquired at step Si . 
[ 0114 ] The treatment device 40 explained above corre 
sponds to a determination value . 
[ 0115 ] The first and the second moving speeds of the 
treatment device 40 described above are respectively calcu 
lated based on the captured image of the current frame and 
the captured image of the next previous frame , but not 
limited thereto , they may respectively be calculated based 
on the captured image of the current frame and a captured 
image several frames before the current frame . 
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[ 0122 ] Next , a third embodiment will be explained . 
[ 0123 ] In the following explanation , identical reference 
symbols are given to components similar to those of the first 
embodiment described above , and their detailed explanation 
will be omitted or simplified . 
[ 0124 ] FIG . 10 is a flowchart illustrating a control method 
according to a third embodiment . 
[ 0125 ] In the third embodiment , as illustrated in FIG . 10 , 
the control method performed by the first processor 225 is 
different from that of the first embodiment described above . 
[ 0126 ] In the control method according to the third 
embodiment , as illustrated in FIG . 10 , steps S4B , S5B are 
adopted instead of steps S4 , S5 in the control method ( FIG . 
2 ) explained in the first embodiment described above . In the 
following , steps S4B , S5B will be explained mainly . 
[ 0127 ] Step S4B is performed when it is determined that 
the processing start operation has been performed ( step S3 : 
YES ) . 
[ 0128 ] Specifically , the first processor 225 performs third 
determination processing described below at step S4B . 
[ 0129 ] FIG . 11 to FIG . 13 are diagrams explaining the 
third determination processing ( step S4B ) . Specifically , FIG . 
11 an FIG . 12 illustrate captured images F6 , F7 acquired at 
step S1 . Moreover , the captured image F6 illustrated in FIG . 
11 is an image capturing a state similar to that of the captured 
image F2 illustrated in FIG . 4. The captured image F7 
illustrated in FIG . 12 is an image capturing a state similar to 
that of the captured image F3 illustrated in FIG . 5. FIG . 13 
is a diagram illustrating a behavior of fluctuation speed of 
pixel level in an area Ar2 ( FIG . 11 , FIG . 12 ) after application 
of a treatment energy to the target site LT . 
[ 0130 ] First , the first processor 225 identifies the area Ar2 
( FIG . 11 , FIG . 12 ) adjacent to the area Arl ( the treatment 
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target site LT is pulled while gripping the target site LT is 
used , completion of incision of the target site LT can be 
favorably detected . 

Fourth Embodiment 

a 

device 40 ) extracted at step S2 . The first processor 225 
sequentially identifies the area Ar2 in a frame unit from the 
captured images sequentially acquired at step S1 . The 
respective areas Ar2 identified in the respective captured 
images ( for example , the captured images F6 , F7 ) are areas 
having an identical positional relationship with respect to the 
respective areas Arl ( the treatment device 40 ) extracted in 
the respective captured images . 
[ 0131 ] Next , the first processor 225 calculates a mean 
value of pixel level of respective pixels in the area Ar2 in the 
captured image ( for example , the captured image F6 or the 
captured image F7 ) of the same frame . Examples of the pixel 
level include a pixel value ( RGB value ) of a pixel , a 
brightness value according to a Y signal ( brightness signal ) . 
The first processor 225 sequentially performs calculation of 
a mean value of the pixel level of the respective pixels in the 
area Ar2 in a frame unit for the captured images sequentially 
acquired at step S1 . 
[ 0132 ] Next , the first processor 225 calculates a fluctua 
tion speed of pixel level by dividing a difference between the 
mean value of pixel level of the respective pixels in the area 
Ar2 in the captured image of the current frame ( for example , 
the captured image F7 ) and the mean value of pixel level of 
the respective pixels in the area Ar2 in the captured image 
of the next previous frame ( for example , the captured image 
F6 ) by time between the frames . The fluctuation speed of 
pixel value corresponds to the determination value . 
[ 0133 ] The fluctuation speeds of pixel level described 
above is calculated based on a captured image of the current 
frame and a captured image of the next previous frame , but 
not limited thereto , they may respectively be calculated 
based on a captured image of the current frame and a 
captured image several frames before the current frame . 
[ 0134 ] Next , the first processor 225 sequentially compares 
the calculated fluctuation speeds of pixel level with a second 
threshold Th2 ( FIG . 13 ) . The first processor 225 detects 
completion of incision of the target site LT when the 
fluctuation speed of pixel level becomes equal to or higher 
than the second threshold Th2 . The second threshold Th2 is 
stored in the memory 226 as information necessary for the 
processing of the first processor 225 . 
[ 0135 ] When the target site LT is incised , as it is found 
when FIG . 11 and FIG . 12 are compared , the target site LT 
adjacent to the gripping portion 415 is incised to be sepa 
rated , and respectively moves apart from the gripping por 
tion 415 quickly . In other words , because the target site LT 
that has been present in the area Ar2 rapidly moves away and 
disappears therefrom when the target site LT is incised , the 
fluctuation speed of pixel level described above momentary 
becomes equal to or higher than the second threshold Th2 as 
illustrated in FIG . 13 . 
[ 0136 ] When completion of incision of the target site LT 
is detected ( step S5B : YES ) , the first processor 225 shifts to 

[ 0140 ] Next , a fourth embodiment will be explained . 
[ 0141 ] In the following explanation , identical reference 
symbols are given to components similar to those of the first 
embodiment described above , and their detailed explanation 
will be omitted or simplifie 
[ 0142 ] FIG . 14 is a flowchart illustrating a control method 
according to the fourth embodiment . 
[ 0143 ] In the fourth embodiment , as illustrated in FIG . 14 , 
the control method performed by the first processor 225 is 
different from the first embodiment described above . 
[ 0144 ] In the control method according to the fourth 
embodiment , as illustrated in FIG . 14 , steps S4C , S5C are 
adopted instead of steps S4 , S5 in the control method ( FIG . 
2 ) explained in the first embodiment described above . In the 
following , steps S4C , S5C will be explained mainly . 
[ 0145 ] Step S4C is performed when it is determined that 
the processing start operation has been performed ( step S3 : 
YES ) . 
[ 0146 ] Specifically , the first processor 225 performs fourth 
determination processing described below at step S4C . 
[ 0147 ] FIG . 15 and FIG . 16 are diagrams explaining the 
fourth determination processing ( step S4C ) . Specifically , 
FIG . 15 an FIG . 16 illustrate captured images F8 , F9 
acquired at step S1 . Moreover , the captured image F8 
illustrated in FIG . 15 is an image capturing a state similar to 
that of the captured image F2 illustrated in FIG . 4. The 
captured image F9 illustrated in FIG . 16 is an image 
capturing a state similar to that of the captured image F3 
illustrated in FIG . 5 . 
[ 0148 ] First , the first processor 225 identifies a feature 
points P5 , P6 ( FIG . 15 , FIG . 16 ) having a feature in pixel 
value and shape in the target site LT adjacent to the area Ari 
( the treatment device 40 ) extracted at step S2 . The first 
processor 225 sequentially identifies the feature points P5 , 
P6 in a frame unit from the captured images sequentially 
acquired at step S1 . The respective feature points P5 iden 
tified in the respective captured images ( for example , the 
captured images F8 , F9 ) are an identical portion on a subject 
( the target site LT ) . Similarly , the respective feature points 
P6 identified in the respective captured images ( for example , 
the captured images F8 , F9 ) are an identical portion on a 
subject ( the target site LT ) . 
[ 0149 ] Next , the first processor 225 calculates a distance 
( the number of pixels ) D4 between the feature points P5 and 
P6 in the captured image of the same frame ( for example , the 
captured image F8 or the captured image F9 ) . The first 
processor 225 sequentially performs calculation of the dis 
tance D4 in a frame unit in the captured images sequentially 
acquired at step Si . 
[ 0150 ] Next , the first processor 225 calculates a moving 
speed of the target site LT by dividing a difference ( the 
number of pixels ) between the distance D4 in the captured 
image of the current frame ( for example , the captured image 
F9 ) and the distance D4 in the captured image of the next 
previous frame ( for example , the captured image F8 ) by time 
between the frames . The first processor 225 sequentially 
calculates the moving speed of the target site LT for the 

step S6 . 
[ 0137 ] According to the third embodiment explained 
above , besides effects similar to those of the first embodi 
ment described above , following effects are obtained . 
[ 0138 ] In the control device 22 according to the third 
embodiment , the fluctuation speed of pixel level is adopted 
as the determination value . 
[ 0139 ] Therefore , also when the non - clamp type second 
treatment device 42 other than the clamp type first treatment 
device 41 that incise the target site LT in a state in which the 
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captured images acquired sequentially at step S1 in a frame 
unit . The moving speed of the target site LT corresponds to 
the determination value . 
[ 0151 ] The moving speed of the target site LT described 
above is calculated based on the captured image of the 
current frame and the captured image of the next previous 
frame , but not limited thereto , it may be calculated based on 
the captured image of the current frame and a captured 
image several frames before the current frame . 
[ 0152 ] Next , the first processor 225 sequentially compares 
the calculated moving speed of the target site LT with a third 
threshold Th3 . The first processor 225 detects completion of 
incision of the target site LT when the moving speed of the 
target site LT becomes equal to or higher than the third 
threshold Th3 . The third threshold is stored in the memory 
226 as information necessary for the processing of the first 
processor 225 . 
[ 0153 ] When the target site LT is incised , as it is found 
when FIG . 15 and FIG . 16 are compared , the target site LT 
adjacent to the gripping portion 415 is incised to be sepa 
rated , and respectively moves apart from the gripping por 
tion 415 at a high speed . In other words , when the target site 
LT is incised , the moving speed of the target site LT 
described above momentary becomes equal to or higher than 
the third threshold Th3 . 
[ 0154 ] When completion of incision of the target site LT 
is detected ( step S5C : YES ) , the first processor 225 shifts to 

clamp type ) shown in a captured image by image recogni 
tion n ( artificial intelligence ( AI ) ) using the training model . 
[ 0163 ] Step S7D is performed after the device recognition 
processing ( step S2 ) . 
[ 0164 ] Specifically , the first processor 225 performs type 
determination processing to determine the type of the treat 
ment device 40 ( type of the first treatment device 41 : clamp 
type , type of the second treatment device 42 : non - clamp 
type ) shown in a captured image acquired at step Si , by the 
image recognition using the training model stored in the 
memory 226 ( step S7D ) . 
[ 0165 ] Thereafter , the first processor 225 shifts to step S3 . 
[ 0166 ] Step S8D is performed when the processing start 
operation has been performed ( step S3 : YES ) . 
[ 0167 ] Specifically , the first processor 225 determines 
whether the type of the treatment device 40 shown in the 
captured image is determined by the type determination 
processing ( step S7D ) as the clamp type ( step S8D ) . 
[ 0168 ] When the type of the treatment device 40 is deter 
mined as the clamp type ( step S8D : YES ) , the first processor 
225 shifts to step S4 . 
[ 0169 ] On the other hand , when the treatment device 40 is 
determined as the non - clamp type ( step S8D : NO ) , the first 
processor 225 shifts to step S4B . When completion of 
incision of the target site LT is detected at step S4B ( step 
S5B : YES ) , the first processor 225 shifts to step S6 . 
[ 0170 ) According to the fifth embodiment explained 
above , besides effects similar to those of the first embodi 
ment described above , following effects are obtained . 
[ 0171 ] According to the control device 22 according to the 
fifth embodiment , because the type determination process 
ing ( step S7D ) described above is performed , appropriate 
determination processing ( processing of determining 
whether incision of the target site LT has been completed ) 
according to the type of the treatment device 40 can be 
performed . 

step 86 . 
[ 0155 ] Also when the moving speed of the target site LT 
described above is adopted as the determination value as in 
the fourth embodiment explained above , effects similar to 
those of the first and the third embodiments can be obtained . 

Fifth Embodiment 

Sixth Embodiment 
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[ 0156 ] Next , a fifth embodiment will be explained . 
[ 0157 ] In the following explanation , identical reference 
symbols are given to components similar to those of the first 
embodiment described above , and their detailed explanation 
will be omitted or simplified . 
[ 0158 ] FIG . 17 is a flowchart illustrating a control method 
according to the fifth embodiment . 
[ 0159 ] In the fifth embodiment , as illustrated in FIG . 17 , 
the control method performed by the first processor 225 is 
different from the first embodiment described above . 
[ 0160 ] In the control method according to the fifth 
embodiment , as illustrated in FIG . 17 , steps S7D , S8D and 
steps S4B , S5B explained in the third embodiment described 
above are added to the control method ( FIG . 2 ) explained in 
the first embodiment described above . In the following , 
steps S7D , S8D will be explained mainly . 
[ 0161 ] In the fifth embodiment , a training model described 
below is stored in the memory 226 as information necessary 
for processing of the first processor 225 . 
[ 0162 ] The training model is provided for each type of the 
treatment device 40 ( type of the first treatment device 41 ; 
clamp type , type of the second treatment device 42 : non 
clamp type ) , and is a model that is trained by machine 
learning ( for example , deep learning , or the like ) to learn a 
feature of the treatment device 40 based on captured image 
( training image ) capturing the treatment device 40. The first 
processor 225 is enabled to determine the type of the 
treatment device 40 ( type of the first treatment device 41 : 
clamp type , type of the second treatment device 42 : non 

[ 0172 ] Next , a sixth embodiment will be explained . 
[ 0173 ] In the following explanation , identical reference 
symbols are given to components similar to those of the first 
embodiment described above , and their detailed explanation 
will be omitted or simplified . 
[ 0174 ] FIG . 18 is a flowchart illustrating a control method 
according to the sixth embodiment . In the sixth embodiment , 
as illustrated in FIG . 18 , the control method performed by 
the first processor 225 is different from that of the first 
embodiment described above . 
[ 0175 ] In the control method according to the sixth 
embodiment , as illustrated in FIG . 18 , steps S4E , S5E1 , and 
S5E2 are adopted instead of steps S4 , S5 in the control 
method ( FIG . 2 ) explained in the first embodiment described 
above , and step S9E is added . In the following , steps S4E , 
S5E1 , S5E2 , S9E will be explained mainly . 
[ 0176 ] Step S4E is performed when it is determined that 
the processing start operation has been performed ( step S3 : 
YES ) . 
[ 0177 ] Specifically , the first processor 225 performs the 
first determination processing ( step S4 ) explained in the first 
embodiment described above , and the third determination 
processing ( step S4B ) explained in the third embodiment 
described above in parallel ( step S4E ) . 
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[ 0178 ] When completion of incision of the target site LT 
is detected as a result of the first determination processing 
( step S5E1 : YES ) , the first processor 225 shifts to step S6 . 
[ 0179 ] On the other hand , even when completion of inci 
sion of the target site LT cannot be detected as a result of the 
first determination processing ( step S5E1 : NO ) , if comple 
tion of incision of the target site LT is detected as a result of 
the third determination processing ( step S5E2 : YES ) , the 
first processor 225 shifts to step S6 . 
[ 0180 ] When completion of incision of the target site LT 
cannot be detected as a result of the first and the third 
determination processing ( steps S5E1 , S5E2 : NO ) , the first 
processor 225 controls operation of the display device 3 , and 
causes the display device 3 to display an alert ( image ) 
indicating that completion of incision of the target site LT 
cannot be detected ( step S9E ) . 
[ 0181 ] As for the alert , in addition to displaying on the 
display device 3 , it may be configured to output the alert 
from a speaker , or to output the alert by lighting or flashing 
an LED or the like arranged on the control device 22 . 
[ 0182 ] According to the sixth embodiment explained 
above , besides effects similar to those of the first and the 
third embodiments described above , following effects are 
obtained . 
[ 0183 ] When the typical phenomenon that occurs at the 
time of incision of the target site LT is a phenomenon that 
the scope 21 moves in a direction of the optical axis , 
completion of incision of the target site LT cannot be 
detected by the first determination processing even though 
the target site has been incised . 
[ 0184 ] In the control device 22 according to the sixth 
embodiment , the first and the third determination processing 
is performed in parallel ( step S4E ) , and even when comple 
tion of incision of the target site LT cannot be detected as a 
result of the first determination processing ( step S5E1 : NO ) , 
if completion of incision of the target site LT is detected as 
a result of the third determination processing ( step S5E2 : 
YES ) , supply of an electric power to the treatment device 40 
is stopped ( step S6 ) . Therefore , even when the typical 
phenomenon that occurs at the time of incision of the target 
site LT in the treatment device 40 is a phenomenon that the 
scope 21 moves in the direction of optical axis , completion 
of incision of the target site LT can be detected , and the 
supply of an electric power to the treatment device 40 can be 
stopped . 

of the target site LT ) after the treatment energy is started to 
be applied to the target site LT may be adopted as the 
determination value . Moreover , as the determination value , 
the moving speed of the treatment device 40 , the first and the 
second moving speeds of the treatment device 40 , the 
fluctuation speed of pixel level , and the moving speed of the 
target site LT , and the moving amount of the feature point 
P1 , the distance D between the feature points P2 and P3 , the 
distance D3 between the feature points P2 , and P4 , the mean 
value of pixel level of the respective pixels in the area Ar2 , 
and the distance D4 between the feature points P5 and P6 
after the start of application of a treatment energy to the 
target site LT may be combined . 
[ 0187 ] FIG . 19 is a diagram illustrating a modification of 
the third embodiment . Specifically , FIG . 19 is a diagram 
illustrating a behavior of the mean value of pixel level 
( brightness value ) of respective pixels in the area Ar2 after 
the start of application of the treatment energy to the target 
site LT . 
[ 0188 ] For example , if the mean value of pixel level 
( brightness value ) of the respective pixels in the area Ar2 is 
adopted as the determination value , when the target site LT 
is incised , the target site LT moves from the area Ar2 and 
disappears therefrom , and a portion less likely to be illumi 
nated by the illumination light then enters the area Ar2 . 
Therefore , when the target site LT is incised , the mean value 
decreases to be equal to or lower than the second threshold 
Th2 as illustrated in FIG . 19. That is , the first processor 225 
detects completion of incision of the target site LT when the 
mean value becomes equal to or lower than the second 
threshold Th2 . 
[ 0189 ] In the second embodiment described above , as the 
determination value , the first and the second moving speeds 
based on the distances D2 , D3 from the feature points P3 , P4 
in the target site LT to the feature point P2 in the treatment 
device 40 are adopted , but it is not limited thereto . Three or 
more moving speeds based on three or more distances from 
three or more feature points in the target site LT to one 
feature point in the treatment device 40 may be adopted as 
the determination value . Moreover , conversely , plural mov 
ing speeds based on plural distances from one feature point 
in the target site LT to plural feature points in the treatment 
device 40 may be adopted as the determination value . 
Furthermore , plural moving speeds based on plural distances 
from plural feature points in the target site LT to plural 
feature points in the treatment device 40 may be adopted as 
the determination value . 
[ 0190 ] In the fifth embodiment described above , a con 
figuration in which instead of the first determination pro 
cessing ( steps S4 , S5 ) , the second determination processing 
( steps S4A , S5A ) is performed may be adopted . Moreover , 
in the fifth embodiment described above , a configuration in 
which instead of the third determination processing ( steps 
S4B , S5B ) , the fourth determination processing ( steps S4C , 
S5C ) is performed may be adopted . 
[ 0191 ] Similarly , in the sixth embodiment , a configuration 
in which the second determination processing is performed 
instead of the first determination processing may be adopted . 
Furthermore , in the sixth embodiment , a configuration in 
which the fourth determination processing is performed 
instead of the third determination processing may be 
adopted . 
[ 0192 ] In the first to the sixth embodiments , the common 
generator 43 is used for the first and the second treatment 

Other Embodiments 
[ 0185 ] The embodiments to implement the disclosure 
have so far been explained , but the disclosure is not to be 
limited to the first to the sixth embodiments . 
[ 0186 ] In the first to the sixth embodiments , as the deter 
mination value , the moving speed of the treatment device 
40 , the first and the second moving speed of the treatment 
device 40 , the fluctuation speed of pixel level , and the 
moving speed of the target site LT have been adopted , but it 
is not limited thereto . For example , a moving amount of the 
feature point P1 ( corresponding to a moving amount of the 
treatment device 40 ) , the distance D2 between the feature 
points P2 and P3 ( corresponding to a moving amount of the 
treatment device 40 ) , the distance D3 between the feature 
points P2 and P4 ( corresponding to a moving amount of the 
treatment device 40 ) , a mean value of pixel level of respec 
tive pixels in the area Ar2 , and the distance D4 between the 
feature points P5 and P6 ( corresponding to a moving amount 
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devices 41 , 42 , but it is not limited thereto , and generators 
may be provided respectively to the first treatment device 41 
and the second treatment device 42 . 
[ 0193 ] In the first to the sixth embodiments described 
above , the scope 21 is constituted of a flexible endoscope , 
but it is not limited thereto . Instead of the scope 21 , a 
component combining a rigid endoscope and a camera head 
may be adopted . 
[ 0194 ] In the first to the sixth embodiments described 
above , as the treatment instrument , a robotics treatment 
instrument ( for example , refer to Japanese Patent No. 
4960112 ) that includes plural arms , a joint portion that 
connects the arms in a relatively movable manner , and a 
driving mechanism that drives the arms by actuating the 
joint portion may be adopted . 
[ 0195 ] In the first to the sixth embodiments described 
above , the device recognition processing ( step S2 ) may be 
performed , similarly to the type determination processing 
( step S7D ) , by image recognition using a training model 
image recognition using AI ) . 
[ 0196 ] In the first to the sixth embodiments described 
above , the control method illustrated in FIG . 2 , FIG . 7 , FIG . 
10 , FIG . 14 , FIG . 17 , and FIG . 18 may be performed by the 
second processor 432. That is , it may be configured to make 
the second processor 432 , not the first processor 225 , 
function as the processor . 
[ 0197 ] In the first to the sixth embodiments described 
above , the control method illustrated in FIG . 2 , FIG . 7 , FIG . 
10 , FIG . 14 , FIG . 17 , and FIG . 18 may be performed by 
plural processors . That is , the processor according to the 
disclosure may be constituted of plural processors , not 
limited to one . 
[ 0198 ] According to the treatment system , the control 
device , and the control method according to the disclosure , 
it is possible to avoid supply of unnecessary power to a 
treatment instrument , and to reduce a load on the treatment 
instrument . 
[ 0199 ] Additional advantages and modifications will read 
ily occur to those skilled in the art . Therefore , the disclosure 
in its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein . 
Accordingly , various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents . 
What is claimed is : 
1. A treatment system comprising : 
a treatment instrument configured to apply a treatment 

energy to a living tissue from an end effector according 
to a supplied electric power to incise the living tissue ; 

an imaging device configured to generate a captured 
image capturing the living tissue during a state in which 
the treatment energy is applied from the end effector to 
the living tissue ; and 

a control device including a processor configured to 
control operation of the imaging device , the processor 
being configured to : 
acquire the captured image from the imaging device , 
calculate a temporal change amount of the living tissue 

based on movement of the treatment instrument 
relative to any one of a predetermined point and a 
predetermined area in the captured image as a deter 
mination value , 

determine whether incision of the living tissue has been 
completed based on the determination value , and 

in response to determining that the incision of the living 
tissue has been completed , execute an instruction to 
stop supply of the electric power to the treatment 
instrument . 

2. The treatment system according to claim 1 , further 
comprising a memory configured to store a first threshold , 
wherein : 

the end effector includes a gripper configured to grip the 
living tissue , the end effector being configured to apply 
the treatment energy to the living tissue through the 
gripper , and 

the processor is configured to : 
calculate , based on the captured image , at least one of 

a moving amount and a moving speed of the gripper 
after the treatment energy is started to be applied to 
the living tissue , as the determination value to deter 
mine whether the incision of the living tissue is 
completed , and 

determine that the incision of the living tissue has been 
completed when the determination value becomes 
equal to or higher than the first threshold . 

3. The treatment system according to claim 2 , wherein the 
processor is configured to detect an object that extends 
linearly from an edge of the captured image out of a plurality 
of objects shown in the captured image , as the gripper . 

4. The treatment system according to claim 2 , wherein the 
processor is configured to calculate , based on the captured 
image , at least one of a moving amount and a moving speed 
of a specific point on the gripper after the treatment energy 
is started to be applied to the living tissue , as the determi 
nation value . 

5. The treatment system according to claim 2 , wherein the 
processor is configured to : 

set , based on the captured image , a specific point in the 
living tissue adjacent to the gripper to a reference point , 
and 

calculate at least one of a moving amount and a moving 
speed of a specific point on the gripper from the 
reference point after the treatment energy is started to 
be applied to the living tissue , as the determination 
value . 

6. The treatment system according to claim 1 , further 
comprising a memory configured to store a second thresh 
old , wherein : 

the processor is configured to : 
calculate , based on the captured image , at least one of 

a pixel level of an area adjacent to the end effector 
and a fluctuation speed of the pixel level , as the 
determination value to determine the incision of the 
living tissue has been completed , and 

determine whether the incision of the living tissue has 
been completed by comparing the determination 
value to the second threshold . 

7. The treatment system according to claim 1 , further 
comprising a memory configured to store a third threshold , 
wherein : 

the processor is configured to : 
calculate , based on the captured image , at least one of 

a moving amount and a moving speed of the living 
tissue adjacent to the end effector after the treatment 
energy is started to be applied to the living tissue , as 

2 

a 
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the determination value to determine whether the 
incision of the living tissue has been completed , and 

determine that the incision of the living tissue has been 
completed when the determination value becomes 
equal to or larger than the third threshold value . 

8. The treatment system according to claim 1 , wherein the 
processor is configured to : 

determine a type of the treatment instrument based on the 
captured image , and 

perform determination processing according to the deter 
mined type of the treatment instrument out of a plu 
rality of kinds of determination processing to determine 
whether the incision of the living tissue has been 
completed 

9. A control device comprising : 
a processor configured to control operation of an imaging 

device when applying a treatment energy by a treat 
ment instrument to a living tissue from an end effector 
according to a supplied electric power to incise the 
living tissue , the processor being configured to : 
acquire a captured image capturing the living tissue 

during a state in which the treatment energy is 
applied from the end effector to the living tissue , 

determine whether incision of the living tissue has been 
completed based on the captured image by calculat 
ing a temporal change amount of the living tissue 
based on movement of the treatment instrument 
relative to any one of a predetermined point and a 
predetermined area in the captured image , and 

execute an instruction to stop supply of the electric 
power to the treatment instrument in response to 
determining that the incision of the living tissue has 
been completed . 

10. A control method that is performed by a processor of 
a control device , the method comprising : 

acquiring a captured image capturing a living tissue 
during a state in which a treatment energy is applied 
from an end effector to the living tissue ; 

determining whether incision of the living tissue has been 
completed based on the captured image by calculating 
a temporal change amount of the living tissue based on 
movement of a treatment instrument relative to any one 
of a predetermined point and a predetermined area in 
the captured image ; and 

executing an instruction to stop supply of an electric 
power to the treatment instrument in response to deter 
mining that the incision of the living tissue has been 
completed . 

11. The treatment system according to claim 2 , wherein 
the processor is configured to detect the gripper from a 
plurality of objects shown in the captured image , based on 
a color in the captured image . 

12. The treatment system according to claim 7 , wherein 
the processor is configured to calculate at least one of a 
moving amount and a moving speed among a plurality of 
feature points of the living tissue adjacent to the end effector , 
as the determination value to determine whether the incision 
of the living tissue has been completed . 

13. The treatment system according to claim 1 , wherein 
the treatment energy is at least one of an ultrasonic vibration , 
a high - frequency electric current , and heat . 

14. The treatment system according to claim 1 , wherein 
the end effector is configured to apply the treatment energy 
to the living tissue while gripping the living tissue to be 
under tension such that a moving amount of the living tissue 
immediately changes when the incision of the living tissue 
has been completed . 

15. The treatment system according to claim 1 , wherein 
the processor is configured to recognize a type of the 
treatment instrument by performing image recognition that 
has been trained to learn a shape of the treatment instrument 
on objects shown in the captured image . 

* * * * 


