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Abstract

Bronchoscopic robots play an important role in doctors’ diagnosis and treatment of infectious
disease patients and other surgeries that require remote treatment. Traditional bronchoscopic
robots have poor PID control performance, making it difficult to meet the position tracking per-
formance requirements of master-slave synchronous control in this surgery. To address this issue,
a bronchial robot system and a supporting master-slave IALO-BP-PID robot control algorithm have
been designed. BP-PID controller dynamically changes PID controller parameters during equipment
response through Adaptive learning ability, so that the system has better control performance.
However, the performance of traditional BP neural networks is greatly affected by the initial val-
ues of network parameters. In response to this problem, a BP PID control method based on the
improved ant lion algorithm (IALO) was proposed to optimize the weights. Adaptive coefficients
and inverse adjustment factors were introduced into the traditional ant lion algorithm (ALO) to
improve the optimization performance of the algorithm. Tests on six benchmark functions have
shown that the improved algorithm has better convergence and optimization capabilities than the
original algorithm compared to other optimization algorithms. By using the improved ant lion al-
gorithm (IALO) to select initial parameter values for the BP neural network and real-time online
adjustment of the neural network, offline coarse and online fine tuning of the neural network
model was achieved, improving the performance of the neural network. Compared with the simu-
lation of traditional PID control algorithm, the system of this control algorithm has no overshoot
and the adjustment time has been shortened by seven eighths, making the control of the bronchial
robot have better stability and follow-up, which has certain practical significance.
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Figure 1. Block diagram of bronchoscopy robot control system
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Figure 2. Construction of the main end operation section

2. EiniR{ERMAIE

SETuREO FRIEHIER

Figure 3. Construction of the slave end operation section
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Figure 5. Geometric model of bronchoscopy tube
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Table 2. Standard test function
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DOI: 10.12677/m05.2023.126535 5905 jE L NN


https://doi.org/10.12677/mos.2023.126535

Kk 5%

Continued

IALO
ALO
PSO
FA
IALO
ALO
PSO
FA
IALO
ALO
PSO

FA

1.84
4.52
1.73e+6
9.3e+6
3.46e-2
0.18
2.66
2.73
2.98
17.46
75.76

63.04

2.93

2.70

1.93e+6

1.36e+7

0.09

0.13

0.66

0.75

9.01

9.83

20.29

13.82

P30T T IALO Bk, ALO 5y, PSO ByEFl FA BEEAEAH FINR 261 o6tk g 1) 2 A B Jt v g
B 4 N2 IEFEAERBIILEE R . W 3 aTRLAEH, IALO ki Hpth SIS 1 8 A St BAbR
HEZE, TE g pR HOR b s SR RUR BRI T TN BB R ISR, 7 2 0 sk R T T — B DY AN
K6 N

ERSOREE, RIS 7R T SRR R AR I R INRE ), $em T REERE

AN R B St Zexf L
3.4. IALO-BP-PID #&#II8%

BP-PID #z il % 1] DL 50 A 5 5K PID BISRIE, A1 BP #1258 I 2% 1) B & M f8 I 7E 3h &L 2 7 EH 30135 PID
SR — A B A HIE NS JT 3 H 8%, 4 F 1ALO BiE 3RS BP #8245 S5 W) E LA i R G da il PERE

Hyzihas s EmE 7 fros.

f1 2
- 10° - 102
10°r IALO | 1 IALO ) IALO
e — ALO ALO <
104 3 10"f
103k 10°F
| i
2 10%F 7 EloTf
bt Jutd
10'F 1072F
10°F 1073
. 1 . 4 .
0 50 100 %% 50 100 9% 50 100
ERIREL ERIREL ERIREL
DOI: 10.12677/m0s.2023.126535 5906 e RSE TR


https://doi.org/10.12677/mos.2023.126535

K

4 5 6
10° - 102 - 102 -
L IALO IALO \ \ ——IALO
S ALO ALO i ALO
PSO PSO PSO
108 FA |1 10'F FA |1 FA
il
0%
]
102F
0 L -2 .
0% 50 100 9% 50 100 0 50 100
AR AL AR

Figure 6. Convergence curve comparison chart

& 6. Wrsphekt bt &
Jacobian¥EP%E

RIRIATS
] A
r(k)g ek) [ oip Uk Lzl V(K

i
BP

MEsH

4

BOIRE %

Figure 7. Structure of IALO-BP-PID controller
[ 7. IALO-BP-PID 1% 22 H04E#

B3 PID SRR 45 2 {8 r (k) S A y (k) B2 1E e (k) BEATERHI[L7], JLammisk
%uﬁﬁjﬁ:
)=k, [e(k)-e(k-1)]+ke(k)+ky[e(k)+e(k-2)-2e(k-1)] (22)

BP A 22 X 28 R 72 S A1 T 5K 05 B PRI e o £ ) 2% 0L ) R RS ) L, S 2 i N P o) 2 A
MR 2 —. HEAZ - RS2 - @i 28k 8 fos.
ﬁ¢,X=Mmﬁan%W%M%%Aﬁ%,E$i¢%AW%W%%Aﬁ%%

X =[-Le(k).e(k)—e(k-1).e(k)-2e(k-1)+e(k-2)]+ W=[w,w,;,wy; ] j=12-mAH

vzmwwk.m]kjasAwE%AFﬁ@AF%y«W@mﬁ@ B4 R 5 KA T %
W Faa EER A

net, =" WX, j=12m

y,-=f(netj),J:1,2,...,m (23)

DOI: 10.12677/m0s.2023.126535 5907 e RSE TR


https://doi.org/10.12677/mos.2023.126535

K 5

BREE
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Figure 11. Simulation diagram and local enlarged diagram of each control algorithm
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