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Abstract-This paper proposes an actuator fault detection and 

isolation (FDI) scheme for quadrotor unmanned aerial vehicle 

(UA V) with cable-suspended load. First, a linear parameter

varying (LPV) model of quadrotor UA V is established, in which 

the effects of cable-suspended load are considered. Then, a state 

boundary-based FDI design is systemically presented. A bank of 

interval observers is constructed to build the preliminary upper 

and lower boundaries of system states under healthy conditions, 

where H_ I H
00 

performance is applied to enhance its robustness 

against disturbances and sensitivity to faults. Furthermore, a 

novel updating strategy is further proposed to periodically adjust 

state boundaries to cope with the effects of varying wind 

disturbances. Finally, based on the QDrone platform, 

experimental tests under random faults are carried out to verify 

the effectiveness and performance of the proposed scheme. 

Index Terms-Fault detection and isolation, interval observers, 

state boundary, quadrotor UAV, H_ I H
00 

performance 

I. INTRODUCTION

Quadrotor UAVs are used in various fields such as aerial 
photography, agriculture, and geographical mapping [1]. 
Among them, UA V logistics is one of the emerging 
application areas, which can realize package delivery, 
firefighting, and post-disaster medical rescue [2], [3]. 
Compared with transportation modes equipped with grippers 
or cargo boxes, cable-suspended transportation is more 
efficient, and it preserves agility without bringing additional 
body inertia, which is more attractive [4]. However, due to the 
swing movement of the suspended load, the quadrotor UA V 
with cable-suspended load has higher demands for flight 
safety and reliability [5]. Furthermore, quadrotor UAV has 
inherent under-actuation and strong-coupled characteristics [6]. 
Thus, prompt fault diagnosis is of great significance to flight 
safety as well as engineering applications of quadrotor UAVs. 

Fault diagnosis methods include model-based and data
driven. Considering that many researchers have studied 
physical characteristics and operating principles of UAVs in
depth, established mathematical models to describe their 
behavior, and the fault data acquisition is not trivial, model
based approaches are more attractive [7],[8]. Fault diagnosis 
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can be directly achieved by fault estimation, which can 
reconstruct the fault signal in real time [9],[10]. However, 
direct fault estimation generally requires that the fault signal 
and its derivatives are continuously differentiable [11],[12] 
and its transient performance is also difficult to guarantee, 
which would directly affect its accuracy as well as reliability. 
Thus, state estimation can be used instead to perform 
preceding fault detection and isolation through residual 
evaluation to ensure reliable system health monitoring and 
fault diagnosis. State estimation-based fault detection (FD) 
can achieve more prompt and accurate abnormality alerts [13]. 
Observer-based methods can be well integrated with the 
analysis of system dynamics and be implemented online in 
real-time, which are extensively used. In [14], a neural 
adaptive observer-based method was designed to detect 
actuator and sensor faults of quadrotor UAVs. Cen et. al [15] 
developed an adaptive Thau observer to estimate system states 
and generate residuals for actuator FD of quadrotor UAV. For 
attenuating the effects of inevitable model uncertainties and 

disturbances, H
00 

performance and L
00 

performance are often 

applied [16], [17]. While guaranteeing robustness against 
disturbances, it is also necessary to improve sensitivity to 
faults. Among methods that consider fault sensitivity and 
disturbance robustness performances simultaneously, those 

with H_ I H
00 

performance or H_ I L
00 

performance are more 

appealing. H_ I H
00 

theory was originally proposed by [18], 

and gradually developed and employed thereafter [17], [19]. 

Zhang et. al [20] designed a state observer with H_ I H
00 

performance for achieving steering actuator FD. In [17], a 

comprehensive H_ I L
00 

fault detector was designed where 

residual generation and threshold computation are achieved 
simultaneously. 

For systems with multiple actuators, fault isolation (FI) is 
further needed, which determines the location of the faulty 
component and facilitates follow-up remedial actions [21]. In 
[22], a robust state observer was designed to generate 
residuals, and a scheme of binary logic was proposed to isolate 
the actuator fault of quadrotor UA V by combining the analysis 
of residual variation. However, it can only deal with the case 
of a single actuator fault. It is a more attractive strategy to 
design a bank of observers and to decouple fault from 
generated residuals. In [23], an observer bank was designed to 
detect and isolate sensor faults of quadrotor UAV. Li et. al [24] 
completed the fault location of a microsatellite attitude control 
system by a bank of multi-objective nonlinear observers and a 
fault decouple scheme. 

In most state observer-based methods, fault detection and 
isolation are realized by comparing the consistency of the 


























