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A distributed proximity sensor module design for continuum manipulator

WANG Yimeng, XU Lisong, GUO Jian

( School of Automation, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China )

Abstract: To address the challenges of precise positioning and dynamic obstacle avoidance for continuum robotic arms in complex
operational scenarios, and to ensure the stability and reliability of their motion control, this paper designs a low-cost distributed proximity
sensor module and details its implementation method, tailored to its flexible bending and spatially constrained physical structure. At the
power supply level, the module uses a linear regulator TLV767 to build a voltage-stabilizing circuit that outputs a stable 2. 8 V operating
voltage. The core control unit is an ultra-low-power microcontroller STM32L431, which achieves efficient communication with four TOF
distance sensors VL6180X through both hardware IIC and software-simulated IIC interfaces. This allows distance measurement within a 0—
200 mm range with 1 mm resolution, accurately capturing surrounding environmental information. For integrated communication and power
supply design, the STM32L.431 uses a CAN bus interface paired with an enhanced CAN communication chip TCAN1044 to establish a
bidirectional communication link with adjacent sensor modules and the host computer. Simultaneously, it utilizes the CAN communication
socket to supplement the voltage regulator’s power supply, meeting the modular demands of a distributed system. The storage module
employs an industrial-grade I’°C EEPROM chip M24C64 to ensure persistent and reliable parameter storage. In terms of structural design, a
circular semi-open shape is adopted to greatly optimize spatial adaptability for mounting on the curved surfaces of continuum robotic arms.
To address measurement errors caused by environmental noise, variations in target surface reflectivity, and strong light interference, the SG
smoothing filter algorithm is introduced for data preprocessing. Experimental results show that this significantly reduces the impact of
environmental noise, target surface characteristics, and ambient light on measurement results, improving data stability and providing
accurate perception for the robotic arm’s motion decision-making.

Keywords : continuous robotic arm; distributed; distance sensor; Savitzky-Golay smoothing filtering; denoising; CAN bus
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Schematic diagram of a continuum robotic

arm equipped with a proximity sensor
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Fig.2  Module function block diagram

KT R EE A I R B AIR R G R
WD B AR AREI | 2 T I R 28 3 G AL A A e 1)
Hiw, S T ST A FFET TOF A (15 2 3 01 55 4% i g
W H VL6180X , 5 Hifth Jy vk A Hb HLAA TR/ RS o B
T I SE S PR B A A RE T AR T IR B [ I R
AT LR B I 156 2 DA% Ji ST 38 d5c s 9 AR R S )
L R T FH S (B T H AR 5, S 0~ 100 mm FRORS HED B

CAN BRIt T £ 0 LA CAN B2k
5 CAN 1815 TCAN1044 Z 5105 F | BE % 52 PR >4 Ay 4

Yo 5 RIS HEAE 4 B BESOR L BRI
2 ERPAR ST

2.1 BRIEBRIFEHST

FERa T R UR B G R bk B R TR MR R AR
TLV767 2565 A, i1t CAN B2k 5 B 0 B4 e | Aoz
HUERAE 5 V LR HL it SRR R R 2 i 40 5 nT LASRAS AR
SEIY 2.8 V i HLH fE 45 vt A BEBA T 15 R BT RN
CAN JEf5HIT,



Hzh b3 R 5 5 H

26 Techniques of Automation and Applications

2026 4F 45 % 4

2.2 fEREREIT
VL6180X SR 1 in ., Moi&/Bas spoid i 11C 8
R =05 o AL BRPAST [ TC A6 AR | I f2cdi J3E 1)
fERRERBICHEHE 2.8 V IR, B—A-rfuO b 3 s H#S
XFRE T 4 MEBRERHRTT , BRI ST Z (A [A] B8 90° LA
JE LB LEARN U — & 360° 77 [ (1Y B2 B &
R1 VL6ISOX TES¥

Tab.1 Main parameters of VL6180X
S5 ¢l
) & B 0~100 mm
R RAME RS 4.8 mmx2. 8 mmx1.0 mm
AHNF R 850 nm
ftrg 2.6~3.0V
PR 1 mm
2.3 HULAMEERT
2.3.1 fHEHoT

HhC A 3RO R B A it A% A B TT B WD B Ak B A
MR , Tk I S RO A B R AR s
AR O T8 o 11C 3815 1% i 26 1% B 2T, (1 =91 1R
EJE TR IE R TAE . A ke T M24Co4 RN R
(R4 RS e L TR B T HH 1 2.8V U FL it
2.3.2 EEESH

R S IR AR G A | S AR RN B Ak A 7 DA
KB F o0 A BB TC B S5 R BE T PR T Ak
P27 STM32 KN AE & 51 MCU " iy STM321431 & 515
F, HeEPRE S 48 B IR UFQFPN48(7 mmx7 mm) 2% |+
A3/ IS A AENUE PR /IS Tl A H O B S8 00 i
(TR TN LN S g g
2.4 CAN Z&£BfE®

CAN EVEIE 700 7 A7 BT AT 28 3 1% SR A A e 22 [
HIME B AR S EAHLZ A A IEAS . CAN B4yt
PEPE T TCAN1044 251, 5Z+F CAN fil FD CAN {5, LA
2.9 mmx2. 8 mm K/, iE G A AU NS/ A R E R,
[ E CAN o238 {5 47 )86 1 R s A3 5 v ik 11, DAL
ey YA R/

3 BRI
3.1 mEZWMARX

I FH 2 SEAAATUBR R 119 A 22 I A SR A A B R
FLHGAL RS IR AR o B 8 B B B B8 A B 5
BRESFE A AE Al ALl i T S S B AR AL
PR 932 Bl ke B AR 85 B B T BE . M TR AR in
3R,

SRR AT . b H S e A BB 5T A i AE
M24C64 s IR L S50 S eE TG & 58 ) 1IC 38 fF
Xof AT AL A UEAT R 4 AL B B RAS o, R I ml DA i b A7
ML TAR IR AR B, BRI 3% 2 4 ; 37 282 DA% B A%
e sz HRUPE B 000 B Ak Ry 22 K B I AT 1 T 10 D D /b
MG Bh A2 ), S 3 a A R B () A A S A A 4R T

AE , A T DU R S WL AW 328 2l e L2 e il 4

R A 1

Kol ik 7

ELH4

w@$Mﬁ5&@

IRbEIR e

\ 4
waﬁ&ﬂﬁ&} |mem% |

3 BRHEITERREE
Fig.3 Software workflow diagram
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Fig.4 Schematic diagram of a single proximity

sensor module installation
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