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Evaluation of Age-Related Effects on Protective Responses

Using a Reinforcement Learning—Based Tripping-Fall Simulator
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With the rapid aging of the population, the importance of motion analysis for reducing fall-related injuries in
older adults has increased. In this study, a protective motion generation model was developed using reinforcement
learning to control joint torques of the support leg and upper limbs, and motions that reduce hand impact force at ground
contact were analyzed. The results showed that younger individuals exhibited lower hand impact forces compared with
older individuals. Furthermore, reducing impact force was associated with shock absorption by elbow flexion at contact
and prolongation of fall time through an increase in the total torque of the support leg during falling.
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Fig.1 Simulation of tripping fall motion
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Fig.2 Schematic of the spring-damper model

Table 1 Parameter values of the spring-damper model
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Table 2 Range of motion limits for each joint

Parameter Value
a; (N/mm?) 0.0834
a, (N/mm?) 0.0108
B (N/mm?) 22.7993
B, (N/mm?) 52.0146
¢, (N/(mm/s)) 0.9593
¢, (N/(mm/s)) 0.7947

Joint Direction Range of Motion [deg]
Ankle Dorsal flexion 0-20
Plantar flexion 0-—45
Knee Flexion 0-130
Extension 0
Hip Flexion 0-125
Extension 0-15
Lumber Flexion 0-45
Extension 0-30
Shoulder Flexion 0—180
Extension 0-50
Elbow Flexion 0-145
Extension 0-5
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Fig.3 Reinforcement learning framework

Table 3 Maximum torque and maximum torque change rate of each

joint
Joint Direction Max Torque Max Torque
[Nm] Change Rate
[Nm /0.1 ms]
Young | Elderly | Young | Elderly

Ankle Dorsal 45 35 0.030 0.020

flexion
Plantar 150 100 0.100 0.070

flexion
Knee Flexion 100 70 0.130 0.080
Extension 260 180 0.130 0.080
Hip Flexion 130 90 0.075 0.045
Extension 150 100 0.075 0.045
Lumber Flexion 300 200 0.150 0.089
Extension 200 150 0.150 0.089
Shoulder | Flexion 80 60 0.050 0.030
Extension 100 80 0.050 0.030
Elbow Flexion 65 40 0.040 0.015
Extension 65 40 0.040 0.015
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Fig.4 Peak impact force under the seven conditions
(*: p-value<0.017, **: p-value<0.0033(Bonferroni correction))

52 SZZEEMRTER
512 SEM OfER AR, ABFFETIE, Hisfflh o3RO
MV mEEERR L UCESR L, IEHE, BBIE, MBI,

No. 26-2 Proceedings of the 2026 JSME Conference on Robotics and Mechatronics, Fukuoka, Japan, June 28-July 1, 2026
2P1-N10(3)



RO MV R BN L Uiz, £, Biro LIk
AR LOBEESIARELS TN T NEBELHE L TERL,
JB BB X ORI oA R, A A BRI L Lz,

T VA, ¥2(49) = 304.596 (p<0.001), CFI=0.789,
TLI=0.716, RMSEA=0.150, SRMR=0.096 T& ~7=. [KFE
RORE ZOHEETIE, MEEIFROIFEHOMR MLy & — #x
BIRERE] — PetiRso FRBEIRIAME — BiEo Tk T
B - HE®)] ORBIZBOWTAHBERADOBEBRPHER I N
(FEAALRE f=—0.17, p<0.001). &5, BB OIZEMH
DR MV BERTIBIEELOR AR &L, BEHEDS 0.54, %
BEEI2Y 0.63, MBI 0.56, E%@#l%f%ot B
O IR E 2 R TIEEEROR A i, FEEEA
A 022, FBEEIAIEEN 034 THoTe.

@ppon—leg joint torque during fall

| Fall duration | | Center-of-mass vertical velocity at contact |

0.14 -0.48

v, -0.13 0.36

Upper limb angle Upper limb angular velocity
at contact at contact

-0.05 -0.82

| Hand vertical velocity at contact |

0.84

Peak impact force

Fig.5 Results of structural equation modeling (circles indicate
latent variables and rectangles indicate observed variables)
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