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Abstract

Objective: An electronic control module for the endoscopic suture device was designed to realize
the precise control of the suture action of the suture device and bring convenience to the endos-
copic suture device. Methods: The mechanical structure, electronic control module and control
algorithm of the transanal endoscopic suture device were designed, and the prototype experi-
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mental platform was built to test the output performance of the motor and the prototype. Results:
Under no load, the maximum relative error of motor speed is 7.36%, and there is a relationship
between motor speed n and PWM signal: n = 4.023 x D - 74.1. The theoretical calculation of
stitching action is basically consistent with the test data. Conclusion: The electronic control system
designed in this paper can realize the control of the suture action of the transanal endoscopic su-
ture device, which can provide reference for subsequent suture automation.
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S5 E B E R TE S BROR R R IR 1, 2018 4R45 B R RAE T A e P IR 58 3 400, JET-50CH
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A NIPELE R, BRI BOR, RSN H R AR T RN el g8 5484 . 1 J. Shang [14]/%
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ZNLTTN BT AR ZEH, M TTFREEGMFE. R L AER] M ESRIEE =, NaEE 4R
P B OA TR 20, SNLNEEGHREGIEE. B’ 26 710K/, K EERm
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2.1. KIIARES S TIERE

SRR GRIBAUIE, W 1. EZERFR. B X EREER . N5k, e s
. W, EEE . ORI . S HEANUREERS, B — X HE U R0 ) AR A N £ Se Lk b e s
AN LR B E)), N ez SR ORI IR 22 RS, [N 22 R 5 M L Dok 2k TR B, N2 IKBh 4% G
OXSN ML S T DU AT ATLAL),  Fa ) A T e 7 58 A S B« N T RERE MR RN M4 & 123, 2
SERIZ N R, WRIEHLIE 35 R H 58 A is 3 e 3 % i #2a[16] [17]:

(1
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Figure 1. Mechanical mechanism diagram of transanal endoscopic suture device
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2.2. BRI

LA A BTSE G A% R b T B el g . A MLORBD . B . FaBE. Y a R IBTRRZH
WP 20 L% T Ja, EROS T R R ARE S, IF b A B A B PWM A5 53 i F LK
Z LB IK N AL RS . FLBERC I, AL B A R PR AR i R 8 e L5 5 St A, i A e
PWM i 4% HSEBUG UL S A I, SR S FELIRE S L, s o U S 38 7 i sl 25 e 5% 3 2 DAL R
RS E R .

2.2.1. FiEEHR

FIH EE A IR S il PWM EBHME S L. w3 S S LUK R 4%
TARREAS B EBRTESRSE I, ABFFiEH STC AR ¥ STC89CS52RC H  HLAE N EIEE Fr. STC89CS2
Fe—AARIIRE = EREI 51 AR COMSS itz il 35, A fEL AR T g, A FH 17 51 FLARAS IR B[ 18]
STC89C52 H i 8K 774 Flash, 512 77 RAM, 32 N 1/O [, AR ERGERIFSH. NTHER
GREP IR K T #, W E RS FAMUETIEE, CH340G o8 f & —> USB ¥ 8 it v, H
R SERLE P S EAIHLZ 8] UART @15 .
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Figure 2. Composition of control system of transanal endoscopic suture device
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2.2.2. HHLIEENIELR

HLMLIR BN AR H 75 B i BB LI IE . P & PWM . FMLEE AR N 12 V, T 88 i
WA SV, BIGEWRE R TeiE, 5 St LR 3] B 4% i) T R 5 FLAL .

HHLIR S HCR T 4 A = A A HO AR IREh L, A R B LA 3, 24 PWMA S A\ = FLP A
5, PWMB BINKHTE S, Q2. Q3. Q6. Q7 i, Ql. Q4. Q5. Q8 XM, HJith B il A, #%
AL IR 4 PWMA R{KHESF, PWMB A& R, Q1. Q4. Q5. Q8 Fil, Q2. Q3. Q6.
Q7 Klbr, HFH A WA B, #EHIENE . 24 PWMA 5 PWMB M AE SHIE, #54E f-F 5% H-F
S, BT “RIZE7 ORA. EIEEEE A VO DHEH TTL S5 RIA] 58 i A HLRBK S & PWM B .

Figure 3. Motor drive circuit diagram
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2.2.3. YRR RIRIR

AR ) EL IR SO F B BRI T 5t 44 FEHLA PR A B ) JGA25-370-35.5k, HINLSHUN R4 1, H
MUE A B RS 3, 1k i RIS 5 11 AB WIAHAIRL, YmlD2sS5 LRI MRS, ML —
l, Zwidds A RS B AR 11 DMK E 5.
Table 1. Motor parameter list
= 1. BHSHR

4 /RPM WIELL g HER/PPR O HUEHIE/NV  BUEHAVA  FERH/KeCm  EiE/g

170 35.5 11 12 0.3 0.69 88
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Figure 4. Encoder output pulse diagram
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Figure 5. Program flow chart
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FEERENLSEIT QAT LA MR RN S 42 A B B X R LW, WK 6 s, LT e 12V
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Figure 6. Prototype platform
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Figure 7. Motor duty ratio and motor speed
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N TR FRRECC RGN, SR PWM (55 A, 6 B sicBadi b5 23 Bk B 5 2 50 4 HE
SR B A R 72 . IR ZELIRIN R R 2,

Table 2. Motor speed error table
2. BHERIRER

fi 2 /% 25 30 35 40 45 50
i3 /rpm 26.475 46.59 66.705 86.82 106.935 127.05
SR # /rpm 24.526 43.55 64.967 82.656 99.757 118.65
AHXF R ZE /% 7.36 6.25 2.6 4.8 6.7 6.61

I HTRIRL, B RS EAD R 2, R R A SRS FE NS . UM B (B R P9 AR A% B)
WS IHIRE  fREh A FE IR BRSE)  ARXHIE Zh (B0 22 5L SRR M AR X 1S 3h 55) . I S e b b s . 38
PSR BhARE . SN A% BB AR TR 5 (7 ZOR BRAR LA AR X iR 2

3.2. BEBHNKFRDH

N T BN BE G B B RS R R, 75 2D SRR AL O B S ST HLRA % i 5 R W LA o el e A 1%
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Figure 8. (a) Angle measurement diagram of front end actuator; (b) Diagram of suture motion
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AL SRS F LI BE S AT 00 = 397, BBk AN S @, P LR R AR, 0 AT R ST ML B i
M, EEULESR, R IR E RICEFA%L, 7R Origin2021 4 B LA M ST AT Il 12
R ZEIE 8(b)).
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B S5 ih 28 5 30 i 28 AF AR R B AR MEAI DG b BIREE IRl 1 4B I8 sh LA BUR BN AR,
4. ¥W1ig
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