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Development of a Real-Time Excavator Rollover Risk Prediction System
Based on IMU Using ZMP Theory
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Abstract

Excavator rollovers are a major safety concern in construction sites, often caused by excessive loads, steep slopes, or improper operation.

Current systems mainly provide post-accident alerts,

lacking preventive measures. This study presents a real-time rollover risk prediction

system using IMU sensors and Zero Moment Point (ZMP) theory. A scaled excavator model with multiple IMU sensors (MPU6050,

MPU9250) was tested under flat ground, inclined slopes (10°,

30°), and varying bucket loads. Sensor data were integrated with

RecurDyn and MATLAB to calculate ZMP relative to the support polygon. Results showed that ZMP deviations outside the support area

effectively indicate instability, enabling rollover risk prediction. Calibration coefficients were introduced to reduce slope-induced errors,

improving accuracy. The proposed system classifies stability into safe, caution, and danger zones, providing intuitive real-time warnings. This

research demonstrates the potential of sensor-based monitoring to enhance excavator safety and prevent rollover accidents.

7|YE : 2%7| MEALD, ZMP(Zero Moment Point), IMU(Inertial Measurement Unit)
Keywords : Excavator Rollover, ZMP(Zero Moment Point), IMU(Inertial Measurement Unit)
27 FA0 AYOR TR AN 4R 85 WabbA w
1. M2 a1l A7 AT
olo] B ATE 4% Al MUAAME F2keta At

wal wAET A8 Ane Addel A JUY W
ohAEh A e W% Y Ak A S olols

TE /\PL gt 01—? 75‘1 ko 9 B Aol 2HE
93 9lo], AMRLE AR dWskeE dlde A7 EAIS
t} o HA37] Y8l < IMU(nertial Measurement Unit)
283 A B2 B3 ZRES BopolA e &
ZMP(Zero Moment Point) o]&o] &=2&k7] b <ol
gigtog F&Ewy k. MU AlAE 71871, 7HEE,
ANTFo R 24T 4 glon ZMPE AAH U
/Ao T JrHE 5 Qo] =32] A& 93
of &Ao" g rleaith ZMP o8& &8t fR
‘é 2016)2 AA =27 MU AAE HE3 =& 1A
Al2E"llE N - AFE R oL AdE T2 A9 9 A

ruTm

A=

bodo rfr

mlm

gk
3

X ox
= 2
-p:
mlm

(o3

(Corresponding  author Department of  Architectural
Engineering, Inha University, mjchoi@inha.ac.kr)

o] A= 20269 % FxATAGE A7 Aol o7 Ao o
F9l. FAMS: RS-2024-00337975

A=} WA S5S thEdsle] ZMPE A= ozH Ry
Zy 2 2 #A0NA AE S Hrlske] AP g
AE B3t 3t}

& %xg o3 w4 B BAM by g B} dueEe =5
of Btk BUW olZ A29E PRSILA Bk

B AT Aske 23] A% AnE A AIY 5 9
Ak B Wk AN, GF AA) A A

82 918 Je BEg Aoz svac.

2. O|EX Hi&
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