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UAV System Modeling for Reliability and Availability Analysis

Seulki Lee’, Dong Seong Kim and Jong Sou Park’

ABSTRACT

UAV is one kind of the aircraft, so it has a special characteristic that cannot be repaired when a failure occurs during
mission, and most of critical failures might lead a crash, that is a huge cost loss. Therefore it needs to be evaluated to the
possibility of successful mission accomplishment by availability and reliability analysis. In this paper, we divide the UAV
system (UAS) into mission state and idle state after that construct each model. In idle state we use fault tree for modeling
the system, in mission state, we use continuous time Markov-chain (CTMC) for representing changes of the system by
mission progress, fault tree for detailed components, and implement using SHARPE (Symbolic Hierarchical Automated

Reliability and Performance Evaluator) tool. We calculate mission availability and mission reliability by using these models.

Key Words : Availability, Continuous Time Markov-Chain(CTMC), Fault Tree, Reliability, Unmanned Aerial
Vehicle(UAV), Unmanned Aircraft System(UAS)
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Table 1. State Transition Parameters for CTMC Model
Params Description

MTTTO Mean time to take off

MTTMC Mean time to mission completion
MTTML Mean time to manual landing

MTTAL Mean time to autonomous landing

1/MUu_RCR | Mean time to repair RC Receiver

1/MU_FCC | Mean time to repair FCC

1/Delta_Pre | Mean time for flight preparation

1/Mu_ALL Mean time to rebuild all components

C_TO Coverage factor for take off
C_ML Coverage factor for manual landing
C_AL Coverage factor for autonomous

landing
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Table 2. Input Parameters for Fault Trees of ldle State

and Mission State

EH
o

Component Value Component Value
GPS_IMU 25,000 hours | RAM 480,000 hours
CPU_FCC 1,340,280 hours | Power 670,000 hours
Memory_FCC 556,000 hours | HDD 600,000 hours
Flash_FCC 1,914,059 hours | OS 1,440 hours
Modem 197,100 hours | GCS 1,000 hours
DC Power 470,000 hours | OS_FCC 10,000 hours
Servo 5,000 hours P_FCC 5,000 hours
DC Motor 50,000 hours Firmware_SS 10,000 hours
CPU_PC 2,500,000 hours

rdeolAel  UAS  u4E3  lamFCCeq,

lamRCReq., lamSSeq.& 73171 9l 27+ Fault
TreeE AL e 3H9 HEHUES MITF(Mean
Time To Failure)E T8t <& 2>9F o] Uehfigl
o A9 FErH & CPUPCS, RAMB,
Power{5], OS[5], HDD[6], GPS_IMU[7], CPU_FCC8],
Memory FCC[9], Flash FCC[10], Modem[11], DC
Power[12], Servo[13], DC Motor[l4]E TIFALE
=3 78491, GCS, 08 FCC, P_FCC, Firware SS=

FANE A$ST:

I 3 AMEs Sdll Y2 lamFCCeq., lamRCReq.,
lamSSeq. Z=t 2t
Table 3. Mean Time to Failure of lamFCCeq.,
lamRCReq., lamSSeaq.

Component MTTF
lamFCCeq. 487 hours
lamSSeq. 890 hours
lamRCRea. 98,549 hours
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Table 4. Input Parameters for Availability Model

Params Value
MTTTO 5 minutes
MTTMC 2 hour
MTTML 10 minutes
MTTAL 20 minutes
1/Mu_RCR 3 hours
1/Mu_FCC 5 hours
1/Delta_Pre 30 minutes
1/Mu_ALL 3 days
C_TO 0.998
C_ML 0.998
C_AL 0.9
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Table 5. Availability of Mission State.

Output Value
MTTF 1.96298568e+002
MTTR 4.55153756e+001
Steady State Availability 8.53262930e-001
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Table 6. Mean Time to Failure of Idle State.

Output Value
MTTF 3.13841462e+002
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Table 7. Reliability of Mission State.

Mission
Duration

Takeoff
Reliability

Mission
Reliability

Landing
Reliability

30 minutes

9.9869E-01

9.9648E-01

9.9585E-01

1 hours

9.9869E-01

9.9459E-01

9.9397E-01

90 minutes

9.9869E-01

9.9271E-01

9.9209E-01

2 hours

9.9869E-01

9.9084E-01

9.9022E-01
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