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Abstract: A control system for 1470-nm high-power semiconductor laser lipolysis was designed to real-
ize safe and stable operation. The driving module, temperature control module, main control module,
and man-machine interaction module of the control system were studied. First, a field-programmable
gate array and a power feedback loop were used to realize a digitally controlled constant current source
and constant power control, respectively, to drive the 1470-nm high-power laser and weak laser red
indicator. SCM was responsible for the implementation of RS232 protocol analysis. Second, the digit-
al analog proportional-integral-derivative control was used to drive a thermoelectric cooler according to
the feedback of the negative temperature coefficient to realize the temperature control of the laser.
Then, the microprocessor-based master control module and human-computer interaction module were

designed to realize the display and storage of the output data and the driving of the touch screen. Fi-
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nally, the Microcontroller Development Kit platform was used to carry out intermodulation and tes-

ting of the whole machine control system. The experimental results show that the deviation between

the output power and the set power is less than 2%, and the safety performance of the entire device

conforms to the national standard of medical electrical safety. The proposed control system can satisfy

the requirements of 1470-nm high-power semiconductor laser lipolysis and ensure high safety and

strong antijamming and stabilization.
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Fig. 1 Principle diagram of laser lipolysis control system
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Fig. 3 Characteristic curve of laser
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Fig.5 Basic structure diagram of laser power supply module
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Tab. 1 Test result of power stability (W)
H 5 S Ty # i 2% /
MmE 1R 2 3W Ak S CPHME %
0.50 0.50 0.50 0.51 0.51 0.51 0.506 1.20
1 1.00 1.00 1.00 1.00 1.00 1.000 0.00
1.5 1.49 1.49 1.49 1.49 1.49 1.490 0.67
2 1.98 1.98 1.98 1.98 1.98 1.980 1.00
2.5 2,47 2,47 2,47 2.47 2.47 2.470 1.20
3 2.98 2.98 2.99 2.99 2.99 2.986 0.47
3.5 3.48 3.48 3.49 3.47 3.48 3.480 0.57
4 3.97 3.97 3.97 3.96 3.97 3.968 0.80
4.5 4.47 4,47 4,48 4.47 4.48 4.474 0.58
5 4.98 4.98 4.98 4.98 4.97 4.978 0.44
5.5 5.46 5.45 5.45 5.44 5.45 5.450 0.91
6 5.93 5.92 5.93 5.92 5.91 5.922 1.30
6.5 6.42 6.41 6.42 6.42 6.40 6.414 1.32
7 6.88 6.89 6.88 6.89 6.90 6.888 1.60
7.5 7.42  7.41 7.41 7.42 7.41 7.414 1.15
8 7.94 7.93 7.92 7.93 7.92 7.928 0.90
8.5 8.42 8.42 8.42 8.43 8.42 8.422 0.92
9 8.91 8.90 8.92 8.91 8.87 8.902 1.09
9.5 9.41 9.41 9.38 9.41 9.41 9.404 1.01
10 9.89 9.86 9.91 9.87 9.90 9.886 1.14
10.5 10.38 10.37 10.38 10.39 10.3810.380 1.14
11 10.87 10.85 10.86 10.84 10.87 10.858 1.29
11.5 11.36 11.33 11.33 11.37 11.36 11.350 1.30
12 11.84 11.83 11.83 11.82 11.8111.826 1.45




1902 e K TR 526 %
50 mmELbK W) mm AT O — i 00 A T HE BB B e T FRLIAT L 45 SR AN IR HIR
éé I|||I L4 AR 0.001 mA, L —HEH 0. 001 mA; it I
I | 2 LT TE AR H 0. 193 mA. BB 0. 377

Deviation/%

5 Ll
q;’12 0.8
§ '||||||| | :
6 0.4
0.2

1234567891011121314151617181920212223
Measurement time

[=R

& 10 EARD 2 S0 Dy 3258 08 B 52 O 2 U i 45
Fig. 10 Test result of deviation between target pow-

er and average of measured power

PO FL R R R T R R S BLROL R
SE i PR R O 1 B e R E R IR B R IR SO
P YR K Bl H B SR B S At Y o O k. AR
i ok P BEL A3 R R B i 3K Bl e A B I A DR A
il o B i A S A O AR R A B A B A AR
i B LR R e v G R A L AL A ) RTOA 9 Y
WOt s P-1FRPEM 2, H ROt i e f th . ik
B aE R R B L 2 R B )R 22 )
T 200 AE SUVFRY DA 22 YU TRLY B R T O6
H AR TR R 22 A
4.4 EHREMRENL

K e B R CS550 £ 51 /Y B A T FRL O

2 & Uk

(1] &%, A4 EREEOES ND = YAP #OUTEF

EATR N AR Ak FFR . EF
J&,2018,37(1) :125-129.
LI W, ZHOU W. Application effect of semiconduc-
tor laser and ND : YAP laser in tooth whitening
[1]. Journal of Southeast University: Medical Sci-
ence Edition,2018,37(1):125-129. (in Chinese)

(2] ZEMe. ik RA,F. m Uk SRHO6 R [ B

FOIARERMELT]. o5 4% T42.2010,18(9)
:1951-1958.
WANG Y, ZHANG Y, QIN L, et al.. Measure-
ment of packaging-induced strain in high power di-
ode laser bar[J]. Opt. Precision Eng. ,2010,18(9)
:1951-1958. (in Chinese)

(3] 3paEa, A4 -F. 2B WBOE M S R 5555 B VA 9T
I LE (60 1) A9 I PR J7 2% W€ [T ). 06 R &2 A
2017,7(1) :104-106.

mA ;R H CS50 F 41 A i e 34 8 1 & ALY
Tiif 52 F Hs BB 7« 76 7 FL 38 3 R A DR 47 422 b A1 5 35
1 Z [t Rk 5] 4 000 V2R CS5800/Y & 41 Ky
2z Hi Fh BRSO T S ML B b s BB R
MR FH 0. 02 Q. MK RATE GB 9706. 1-2007 B
FHHA AR 1 #0442 458 F AR e X v o f B Bl
P DGR L BE RS I DR A VAR TT AN T B 22 4k

AR SCRRAE B2 R 2 RO 7 IR 22 4 LR
HAIELR AR T 1470 nm KIhRE FRBOGHE
REET RS M BT R 07 2 R A T 1470
nm R I) 3R BOEH IR 15 1 R G0 19 2544 AT A R
B SRR K Bl R Bl P AR R | T P R AT AL
L BERAEIAT TOTIE. )i, Xt IR B P il LR
P LSRR ML S S R AR e MR AT T
I, SEHAE A W - B B A DR 5 i T R
I 22 /0T 200 % A VEREAT & IR R R &
230 AR MERY K,

GUO J J, ZHOU H P. Clinical effect of the treat-
ment of hyperlipidemia (60 cases) by using semi-
conductor laser equipment for vascular external irra-
diation treatment[J]. Clinical Application,2017,7
(1) :104-106. (in Chinese)

(4] dRAhgm, s F. 2 S AR BOL IR 7 8 R P 3R K 1

RREGIRWEL)]. ar 125 TEIAHLE,
2017,13(5) :294-295.
ZHANG X H, SHEN G. Clinical observation of ster-
oid-dependent dermatitis treated by diode laser [ J].
Journal of Tissue Engineering and Reconstructive
Surgery,2017,13(5) :294 -295. (in Chinese)

(5] &F. PRI TR &M O ESH7 8%
m; L], B 97 3 4-,2017,30020) (104,

QIAN J. The application of semiconductor laser in
patients with recurrent oral ulcer[J]. Medical E-
quipment, 2017,30(20) :104. (in Chinese)

[6] SRwedh,skiiE, 4 B . 1470 nm 2} FARBOCRIT
B TS R A B IS R R[], ILAX i R 2 7 A
% %,2017,9(3) :190-192.



5 8 4]

T A1 470 nm RIPRAEFARBOCH IR R Rt

1903

(7]

(8]

(9]

[10]

[11]

[12]

QIU X F, ZHANG H R, YANG G SH. Advances
in the treatment of benign prostatic hyperplasia by
1 470 nm semiconductor laser[J]. Journal of Con-
temporary Urologic and Reproductive Oncology,
2017,9(3) :190-192. (in Chinese)
BB, B YR R AR L O BRI UK 8 IR R
FAEMBITI]. A3 # % T4.2016,24(2) :309-
318.
DONG D F, ZHOU W H, JI RY. Design of pre-
cise tracking system of laser tracker[J]. Opt. Pre-
cision Eng. , 2016,24(2) :309-318. (in Chinese)
2 B EEIRIRR . FL BOLB I BORTE R R
wHizwW RN )] k¥ HE 42,2011, 19
(2):284-296.
LIUJ R, HU ZH Y. ZHANG ZH R. Laser spec-
troscopy applied to combustion diagnostics [ ] J.
Opt. Precision Eng., 2011,19(2):284-296. (in
Chinese)
AR EAR A AR A WO R RS RY BUTH T A
)], A% H % T42,2017,25(10) 12752-2758.
LIN J R, MENG W, YANG L H. Two-face recip-
rocal orientation for laser tracker[J]. Opt Preci-
sion Eng. » 2017,25(10) :2752-2758. (in Chinese)
FEER,RRE, RS ET Yb: YAG/Cr*!
YAG/YAG 84 MR asishil Q#otss)]. 2%
M % T42,2018,26(1) :55-61.
LIJ ZH, CHEN ZH Q, ZHU S Q. Passively Q-
switched laser with a Yb : YAG/Cr*' : YAG/
YAG composite crystal [ J1. Opt. Precision Eng. ,
2018,26(1) :55-61. (in Chinese)
APFELBERG D B. Results of multicenter study of
laser-assisted liposuction[]J]. Clin. Plast. Surg. ,
1996,23(4):713 -719.
GOLDMAN A, SCHAVELZON D, BLUGERMAN

G. Liposuction using Nd : YA laser. International

EE B A

BT (1981 —) . &, HF MK HE AN
+ L BIBF ST 61 . A 2 S0, 2004 4E T
TR 2 R AR 2 22 01, 2010 4EF
IR Be K 4 627 K S LA 5 4 2T
S8 P AR AR 2 7, BN B 2
oA\ & W K . E-mail:

dongnn@sibet. ac. cn.

[13]

[14]

[15]

[16]

[17]

[18]

Abs [J]. Plast Reconstr.
2497.
BADIN A Z, MORAES L M, GONDEK L, et

Surg. s 2003, 111(7):

al.. Laserlipolysis: flaccidity under control []J].
Aesthetic Plast Surg. , 2002, 26(5):335-339.
BADIN A Z. GONDEK L B, GARCIA M ], et
al.. Analysis of laser lipolysis effects on human
tissue samples obtained from liposuction[ J]. Aes-
thetic Plast Surg. ,» 2005, 29(4):281 -286.

237, 1470 nm F FARAN KA F 09 37 B A
AR ke lE R RLD]. TN B ERR
2, 2013.

L1 Q. Clinical Study of a New Type of Body
Contouring Method for 1470 nm Semiconductor
Laser[D]. Guangzhou: Southern Medical Univer-
sitys 2013. (in Chinese)

DEBOBRATO D, STEPHANIE R, PERRY R, et
al.. A high-throughput comparative characteriza-
tion of laser-induced soft tissue damage using 3D
digital microscopy[J]. Lasersin Medical Science,
2013, 28(2):657-668.

EACFFRBOE B RS E[D] KEF K
BT R 2009.

WANG Y. Analysis and Research for the Ther-
mal Characteristic of the Semiconductor Laser
[D]. Changchun:Changchun University of Science
and Technology, 2009. (in Chinese)

KEM, T e AL, Foefr. 5. — MR ZH A
FHREOGRTAER RGBT, & AR,
2018(1):31.

ZHANG ZH P, DING X D, JI X Q, et al.. De-
sign of a dual wavelength multimode semiconductor

laser therapeutic apparatus control system [ ] ].

High and New Science and Technology, 2018
(1):31.

(in Chinese)

ERIT 1981 ), % MRAg H bkt A
T4 AFFE 51,2004 4 F R BFH T K%
PeAg2E 2547, 2009 4F F op [ B 2 B
KBS &AL W B 52 i 3R A
M, FENFEREFER K
W 5E K v Fl . E-mail: cuijj @ sibet.

ac. cn.



