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Cloud-controlled process model for constant pressure laparoscopic surgery
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[ Abstract] During the operation, the abdominal cavity pressure of the human body needs to be kept constant, and appropriate
amount of CO, filling or releasing is required to achieve the purpose of maintaining the abdominal cavity pressure of the human body
constant. The injection of CO, is controlled by the valve opening. This paper proposes a cloud control process model for constant
pressure laparoscopic surgery. In the research, the patient’s physiological information is classified , and the corresponding surgical
data set is filtered out. After that in the data set,the DTW algorithm is used to calculate the curve similarity of the valve opening
degree with time in multiple operations of various patients, and the surgical procedures with similar curve changes are screened out.
Then, Apriori is used to further explore strongly correlated surgical procedures, and the events are used that cause the valve opening
to conduct the cutting operation process for forming the operation process control segment. Finally, the polynomial curve fitting
method is used to fit the surgical process segments, and a set of key—value pairs of events in various patient operations—process
control segments is obtained, thereby a cloud control process model of patient laparoscopic surgery is established. The simulation
experiments of the front—end model show that the model can ensure that the constant duration of abdominal pressure during
laparoscopic surgery is about 90%.
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Tab. 1 Definition and description of surgical procedures
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Fig. 1 System of constant pressure laparoscopic surgery
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Fig. 2 Process model of cloud control
2.1 HEXEX EX3 FREET#HIE EAEEERT

EX1 FERRESRE R (P) Jeds MAK
WD o RN T ARG e v of B 25 AR IR I FEA
CO, AR AR E UM, AT 1 12 A= RE 5 A2 % Hi 2k
AR,

EX2 FRIEEH MRSFF TR
e e R e T 5k 2 P i 7 2 18 P ML M s i 2
Herh WIITEE RS R

FHAS R -0 E G E N ETE
W2,

®2 FREBRE=HHEMS

Tab. 2 Properties of surgical procedure events
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Tab. 3 Properties of surgical effects
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Fig. 3 Representation and correspondence of laparoscopic surgical
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Fig. 6 The module of process standardization
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Tab. 4 The event—process control segment correspondence and the fitting results
Fito > & 25 FrEEf ] ¢ HJiRRR2E (RMSE)

E, S(1) =-2761% +18.98 1> - 29.84 > + 17.271 — 1.525¢™ " + Vs 0s:<4 0.83

E, f(2) = 2.232t + 17.94 + Vs 0<s:=<10 1.76

Ey S(t) = Vs 0<:=<20 0.00

E, f(t) ==3.32t+0.197 5+ Vs 0<:<5 0.43

Es J() ==0.73508 +0.1524% = 27171 + Vs 0s:<4 0.73

Eg f(t) =-0.085¢" + 7.092t — 4.564 + Vs 0<:<5 1.47

E; S(1) =-2.845: - 0.816 + Vs 0<:<5 0.36

Eg f(t) = 6.5sint + 0.998 + Vs 0<:=<10 0.18

Ey f(t) =0 0=<:=<40 0.00
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Fig. 7 The effects comparison of cloud platform control and

manual control
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Fig. 8 Initialization of valve opening changes
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Fig. 9 Updates of key—value pairs of event—process control segment
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Tab. 5 The effects of the valve controlled in different ways

WA i ?fﬁ]?ﬁ‘ﬁﬂﬁﬂl‘i %%‘éﬂﬁﬂl‘? REEES
] i 1] (TR)/ %
0-~7, 22.53 18.36 18.50
Vv, £5 4.76 4.03 15.33
V, 10 6.87 5.62 18.19
v, =15 8.65 7.06 18.38
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Tab. 6 Simulation experimental data

FA ek PR EEEE O RuEXR
P53 e BKss mEss BHEZs (SR) /%
16 485 437 48 90.01
2 19 500 447 53 89.40
3 20 515 460 55 89.03
4 28 600 538 62 89.67
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