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Design of High-precision Position Control System for Continuous
Manual Exercise Medical Devices
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ABSTRACT

In modern society, the incidence of various joint diseases such as degenerative arthritis is steadily increasing with
the increase of the elderly population. For the effective treatment of these diseases, the demand for CPM medical
devices that increase the range of motion of the joint is increasing, and if a patient is unable to perform exercise on
his or her own, it plays a role in helping joint recovery through repetitive and continuous manual exercise to prevent
joint stiffness, promote blood circulation, and improve tissue flexibility to shorten the recovery period after joint
surgery to efficiently proceed with the rehabilitation process. Due to the uncertainty of the angle measurement
method currently in use, it is difficult to accurately evaluate the patient's exercise amount required to improve the
range of motion, which can negatively affect the reliability of CPM medical devices and the patient's willingness to
rehabilitate. Therefore, a new technology using encoders and angle sensors is needed to overcome the problems
arising from the method measured using only the existing Potentiometer.
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Fig. 1. U.S. continuous passive motion devices market size
by type, 2015 - 2026(USD Miillion).
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Fig. 2. System configuration of CPM.

=
Encoder

EEPROM

2 =eolMe dEsE25(CPM) 2=r)7]9] 1
AR Ao} ALEE AT 8 4 842E= MCU,
1500:1 7]ojef2, Alo]E =gtolH IC(A4955), QlsiH, ZH=
AA7} s23bE e, AAE == Fig 294 Atk 2MHz
ARM Cortex-M3 o 7]HFe] MCU<QI STM32F103CB= t}
gt FH GH e A Ao AE AlEsie, KE
& 9% PWM ASE st ofd21 41585 YA
g2 st 7k glojEE A2tk CPM Al 2o A

ARESHIL Qli= A49SS AlolE EgfelH ICE PWMAOlE
Fofl e AUt Aol & st HF &4 75 E3 7t
AL glom, ¢PAgE e e fla BF Kok |
At 7)eS Zeekal ok ERF HEO| 2 EAE A
2] S8 mES] 2L FaAl7lE FloaAT} ALg-
=0, 7 AL HPotentiomeen ol 4 22 E= ER] $17])
oPdREI AT E AD WZHE F3l A dolEE AT
sfo] 7t ZAo] ek HEw Ao] ofghg Sael
£ e mEvt SAstEA Ay BA Al Zelst
o] CPMY] 1 E 3|A £x9} AU A0S Fth
o]yt A|AEL A&7} AATE &5 W9l £nE
Hote] Adatol Bate] HBS BIHOR Birk o2
23] CPM ©]27]719] 1T 917 AlolS sho] BAko]
g A& ans sk Al
2.2 Potentiometer 2} Encoder & 0|2¢t 113
2 Xl 54

2.2.1 A H(Encoder)

2 =RolMe 2O Id 2o AE
2470 A4TE BA A5 Agetel B4 Wk 2t
8 AASRe SSAelN AR SORRSID 3
(Optical Encoder)S AH8-3Hf. °l AT =
w2 3 £eE AFid, d4EEE «15717]0
=, J_E_,] ;(«]\:HH_Q_ 6‘]:&]—/\]7;] Z‘—{;—” A/K]—jq. BA]—
0= 5143 4ol A, olele A5 A 2 o
A& 7FEEsto] HE] M55 ALlgitt

‘,L

1
%
o%
H1
>& rlr Nl @ |

A phase

TIM1_CH1
TIM1_CH2
B phase

Fig. 3. Encoder interface structure.
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Table 1. AD values recorded at 5° intervals

Array | Angle Array | Angle

3 | 1 | AP 3 | o | AP
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[9] 55 1846 | [25] 135 | 2776
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[12] 70 2007 | [28] 150 | 2969
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Table 2. Timer measurement results by stage

o E%_AIG%OM_*J 5-}011?1_6} BEE) i_ﬂ

® || =) (=)
1A 60 60.16 60.35 6025 | +0.25
29HA | 45.1 45.03 44.64 44.84 | -0.26
3Al | 36.1 36.23 36.03 36.13 | +0.03
4HA 30 29.49 30.11 2075 | -0.25
STA | 257 25.55 25.44 2550 | -0.2
6TAl | 225 22.99 21.90 2245 | -05
THA 20 20.17 20.04 20.11 | +0.11
8THA 18.2 18.21 18.18 18.19 | +0.01
oAl | 167 16.56 16.44 1650 | -0.2
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