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Abstract: Monorail cranes have an irreplaceable role in the auxiliary transport system in complex deep mine environment, which directly
affects the transport safety performance and efficient energy utilization due to the current inability to effectively and accurately identify the
load quality and track slope of monorail cranes. For this reason, this paper proposes a method for identifying key parameters of safety per-
formance of unmanned monorail cranes in mines based on DFFRLS-AEKF. Based on the structural characteristics of the monorail crane
and the characteristics of track transportation, a longitudinal dynamics model is established for the load mass and track slope with strong
coupling relationship; the parameters of the longitudinal dynamics model are identified online in real time based on the operational data
and the recursive least squares algorithm with dynamic forgetting factor to achieve the accurate decoupling of the load mass and track
slope; and based on the decoupled longitudinal dynamics model and the identified model parameters, the current load mass identification is

dynamically modified. Based on the decoupled longitudinal dynamics model and the identified model parameters, the current load quality
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recognition value is dynamically corrected to eliminate the error and complete the high-precision recognition of load quality; from the

identified longitudinal dynamics model parameters and operation data, the Sage-Husa adaptive extended Kalman filter algorithm is ap-

plied to dynamically update the system noise covariance and error covariance, filter out the environmental noise interference, adjust and

correct the current track slope value in real time, and ensure the accuracy of track slope recognition. Accuracy. The simulation and practic-

al application show that the error between the load mass recognition value and the actual value is within 3.2% and the error between the

running track slope recognition value and the actual value is within 5.3% under various working conditions. The method achieves real-time

and accurate acquisition of key parameters of the safety performance of the unmanned monorail crane, effectively reduces the occurrence

of safety accidents of the unmanned monorail crane, and significantly improves the efficient utilization of energy of the unmanned mono-

rail crane.
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Fig.7 Estimation results and errors of track slope in Section 1
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Table 1 Root mean square error and real-time perform-

ance of each algorithm during section 1

T8 B~ 12 RMSE PRI A/
FFRLS 5.197 1.150
EKF 3.657 1.180
DFFRLS 3.065 1.100

B e RMSE U 7] /s
FFRLS 0.131 1.490
RLS-EKF 0.096 1.460
EKF 0.281 1.500
DFFRLS-AEKF 0.053 1.430
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Fig.8 Load mass estimation results and errors of section 2
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Fig.9 Slope estimation results and errors of section 2 track
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Table 2 Root mean square Error and real-time perform-

ance of each algorithm during section 2

T a3 o R — 12 RMSE PR [ /s
FFRLS 5.197 1.370
EKF 4.602 1.360
DFFRLS 4295 1.310

R R RMSE PR fi /s
FFRLS 0.149 1.600
RLS-EKF 0.057 1.550
EKF 0.058 1.610
DFFRLS-AEKF 0.031 1.520
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Fig.10 Actual vehicle test scenario diagram
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Table 3 Parameters related to test vehicle parameters

R0 <15 T T 20/ 20
AR /m 18.1 RS H/ (e min ™) 2600
A ST R /m 1.04 TR /m 1.45
R (kg m®) 2 R EA/m 0.175
o REEG] JI/kN 80 l3h 1 RN 120~160
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Fig.11 Identification results of vehicle test on parallel and as-

cending ramps
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Table 4 Real vehicle tests the root mean square error and

real-time performance of each algorithm

Tar o B~ RMSE P fi /s
FFRLS 151.804 1.370
EKF 187.989 1.360
DFFRLS 123.234 1.320

WY RMSE U [E)/s
FFRLS 0.468 1.660
RLS-EKF 0.388 1.630
EKF 0.427 1.650
DFFRLS-AEKF 0.328 1.620
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