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System Design and Control Method of Spiral Moxibustion Robot
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Abstract: Thunder-fire moxibustion belongs to a kind of moxibustion. The efficacy of thunder-fire moxi-
bustion is closely related to the moxibustion methods. Different ailments require different methods. Spi-
ral moxibustion, as a thunder-fire moxibustion method, has a great therapeutic effect on many ailments.
In addition, manually spiral moxibustion has the problem of poor accuracy and temperature control, but
the current equipment that can replace manual moxibustion treatment can not realize the spiral moxibustion
method. In this study, a control method is designed to simulate the spiral moxibustion method of tradi-
tional Chinese medicine, which was applied to moxibustion robots. CoppeliaSim is used to simulate the
trajectory planning of the robotic arm for spiral moxibustion and the Modified D-H parametric method is
used to establish the kinematic equations of the robot. Then the positive kinematics analysis and cubic

polynomial trajectory planning are used to control the real moxibustion robot. Finally, through real
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robotic arm testing, the actual trajectory error of 30 spiral moxibustion methods is obtained, which is

within the allowable range of error.

Therefore, the motion accuracy of the spiral moxibustion control

method meets the requirements of most moxibustion applications effectively.

Key words: thunder-fire moxibustion; spiral moxibustion; moxibustion robot; trajectory planning; kine-

matic analysis
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Fig. 1 Opverall structure of moxibustion robot
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TEE 8 1, (X0, Yo, Zo) WAL NIERHALFR R
(X, Y, Z)(G=1,2, 60 M HLAF A AT 1 A
PRAR . MRAEHLAE NIz sl , n] DIZRA3 s A
ik D-HZHL, W3k 1 R,

®1 HERARKED-HSHFE
Tab.1 Modified D-H parameters of robot

ATAETEE/ ()

o /(") a;y/mm d/mm 0,/()

i

1 0 0 240.5 0 —180~+180
2 90 0 0 0, —130~+130
3 0 256 0 05 —135~+135
4 90 0 210 0, —180~+180
5 —90 0 0 05 —128~+128
6 90 0 —144 A —360~+4-360

T LA, iR, a0 EFT RIS
BE, a AEFTHIRIE , d iSRRI IRFSEERS, 0. 5%
TR,

T RE SCAEFF A bR 2 FIAR R A EEAT S5, W] LA
FAESEE IR MARIERT AR AR Z Al AE
] LLGE ik A bR AL RIS S e F-F- A% 0k
ST, SRR

i 'T=R.(a;)D.(a; 1)R.(0:)D.(d.), (2)

i lT:
cos d; —sind, 0 a;
sind;cosa; ; cosf;cosa; ; —sina;, , —d;sina;
sind;sina; , cosd;sina;, ; cosa; ; d,cosa;
0 0 0 1

(3



444 il

R

i 2025 455 4 1

g3

A T AT X TR i 1 ARSI ARG 5
R, OF RO A h5 2 FI 5 X RN Z il i) e e e &5
D, ORMD.O g 45 5 Fl5E X b5 Z -7 52 s %L
3R 1 PR S BURA (2) AT LI B4 AT Y
AR

T 5 0 0

o — S1 C1 0 0

1 0 0 1 2405/
0O 0 0 1
_62 So 0] O—

S R

’ So Co 0 0 ’
L 0 0 1]
7(‘3 33 O 2567

op—| % G 0 O ’
O O 1 0
L0 0 0 1]

0 0 —1
Sa Cy 0 0

¢ —ss 0 0
i 0 0 1 O
’ —ss —cs 0 0Ff
0 0O 0 1

o, Hcos O ISEE ; s, N sind, B985 5 T %t
BLASAEHE R s (T, 2T, {T, T, JT, 5T 535 0 &
AN I AR AR B o 3K S 3 AT 460 R I 32 3fe Ak
REAS BB A gy AH X T AR bR 2R A7 8 228 1Y 2
AR ST, G FR .

n, 0, a, p.

n,\" 0)’ a}' p}’
n. 0: a. P:

0 0 1
WAL W o T, ST, ST, (T, [T, ;T HUA
X (5, ATLIfS3]

ST={T 3T T T = L (5)

C152355 )+ ( Cy81 7 C1C2354 )557
$182385)H(—crcs—

co(cs(crCagcy =+ 515,)—
(c:

Cr(uﬁ ‘23+62%5 )*5235456,
(
(—

Cg (67 3C481 C|‘4) fzs«"l&)“‘m

cs(epst— cremsy)—(es(creomey T 5150)— 189385 ) S

0, = cs(—cres— C235150) (05 (Co30081 — €150) 7 $15255) 565

0. = CS0381 —(C4C5893 T €2385) S,

A, = 105825 T (C1Co3Cs T+ 515485,

Ay, == 5851523 Feaeasi — crsi)ss,

Q.= 2305 C485355,

P = 256010, 4 2106525 — 144(¢ 552 (€ can0s 4 515, 85),
£y =2560,5) + 2108555 + 144(— 55155 — (a5 — €182)55),
pe=240.5+ 2565, — 210c5; + 144(cp05 —

Cy82385 ),

(6)
AH: BT REILERR, 2 cos(0+6,)=cy,
sin(0,+0,)=s;0

2.3 ZREWMAHLTML

HUBCE Bhas $LR0 (4 B 1 B AR MU % 4 | 1F
B BRE B AT, DO EAES AT R S S 1Y
23 VR AR o B ) mT LA g A A A5 £
Ji eSO Y A B A R R R B AT
TR R RSP o A =k 2T A,
BRI A5 A2 6] 2279 200 2 W S AGE S
b, FTDABSIERL SR AR | 45 1k R

C W) UG A2 R I 20 B ST L SRR, Af
DA FH = B 22 30 2SR A £ 5T A B R R 11
MBS, |

0(t)=ay+ at+ a.t* + a,t’, D)

R) 3 B 20 12 1 200 14 565 B R A7 R Y
AL N

0(0)=0,, 0(¢,)=10,, 9(0)=0, 6(1,)=0, (8)
A 0 HRTAR I 2N ST FBE 5 0 M2 kR ZI ) 2¢
T, WILRITZIRNZE 20 ST F R EE R 0,

LR D B —B A S5, AT A3 A R
PRECH
6(1)=a, + 2a,t + 3a,t2, €]
AR (D~D, =mzuRECh
ay=~=0,,
a; =0,
aZZ%(ﬁf—é’o), (10>
l
ajf—% (0,— 00,
Ly

A A0 AT T AR AT f 5 A 437 ' 3



CEVEE 172 1)

BRI e LS NI R GE BT B A5 vk (R e 2245) 445

Jiv 2 R ) =R I, (HAZ A (U T
U RSSO A B Z TR B

TENUBCE Bl AR R, 0] =k 2 1A
(EE SGEIA R IE . HFRICTT A B LUK AT 2 3))
HRRE AU A i — R AN B AT ML, AT AR ER-AIL
LA NS o AR 6 Y 2 2l B 2 ST A e E]R 1 d
ez sl i B okt IS TCRY S, i Redl, e
IS BRI L o il 22 1] R AR LA A A E—
S I 1] 5 PAY ) A0 7 A Ao s P S JRE R £ T i
RIS ALY 2R, anfEl 9 Frs o

2.0

—e—X 1
——i2) o0-0-6-6-6-6
L5r| %413 bl 1
_o_.ﬁﬁ—‘m

- x= Y|
LOrZ 5 e

T frad

0 05 10 15 20 25 30 35
FsF ] /s
(a) KATMEE
12 ‘ ‘ ‘ ‘
—e—X i1
| |——31)
—=— 23
08} |]-o- %
« - - %S
o | |-e- e
\\E_, 04 , " PR RV, |
J@ﬁ r = @ 7
& | o
:L‘,l @
* —‘\?eoeoeﬁee-oeﬁeof 4
h-|
-0.41 ‘B-E-D-E-D-E-D-EE-EEI—I}F{ 1

0 05 10 15 20 25 30 35
s 8] /s

(h) ATy iy
9 BETS R E L 2

Fig. 9 Curves of changes of joint parameters over time
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Fig. 13 Snapshots of robotic arm performing the planar spiral

moxibustion method
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Fig. 14 Snapshots of the robotic arm performing the 3D spiral
moxibustion method
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Tab. 4 Error analysis of spiral moxibustion method
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