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[Abstract]

Flight data recorder (FDR) for accident investigation is required to comply with EUROCAE(ED-112) standard so that flight
data can be restored when exposed to extreme conditions due to aircraft crash. Since the ED-112 standard defines the general
requirements for all aircraft, it is essential to analyze detailed requirements for FDR software to apply appropriate requirements
selectively according to the configuration and operation concept of a specific aircraft. In this paper, the software requirements
applicable to unmanned aircraft will be analyzed and the FDR software design will be proposed. Also, a software verification
method for each requirement will be presented to verify that the implemented software is designed to satisfy all requirements.
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Table 1. Requirements of ED-112 for UAV flight data recorder

ED-112 Requirements

Requirements for UAV flight data recorder

2-1.4.2 Monitoring of proper operation

- Pre-flight checking and in-flight monitoring

a. Loss of system electrical power

b. Failure of the acquisition and processing equipment

c. Failure of the recording medium

d. Failure of the recorder to store the information in the recording medium
e. The absence of the recorder and/or the acquisition equipment

2-1.5 Start and termination of recording

- Recording start : prior to the aircraft moving under its own power
- Recording termination : the aircraft is no longer capable of moving under its own power

2-1.11 Recorder synchronisation

- Synchronised in time with any other required recording to within 1 second.

2-5.3.8 Inadvertent turnoff

- Protection shall be provided to prevent the inadvertent turnoff of the equipment.

2-5.3.11 Recorder operation

- In order to ensure reliable operation, particularly under the abnormal conditions, the
means provided to automatically stop the recorder should rely on more than one device.

4-1.2 Funtional segregation

- Where two or more types of flight recording functions are combined, the recorder shall
be designed that a failure of one function does not impair the operation of any of the others.

4-1.2.1 Recording medium segregation and
partitioning

- The recording mechanism shall be designed such that loss of data from multiple recording
functions cannot result from the loss of a single memory device.

1-1.3.2 Classes of voice recorder
11-1.3.2 Classes of flight data recorder

- Voice recorder : data recorded during the last 2 hours of its operation
- Flight data recorder : data recorded during the last 25 hours of its operation

11-2.1.4 Recording technology

- The method of retrieval shall not alter, or re-write, the data in the recording medium.
- Non-availability of a single memory device does not lead to the loss of more than 16
seconds of contiguous data.

11-2.1.7 Erasure of recorded data

- Except for the overwriting of the oldest data by new information, no means for the erasure
of the record shall be provided in the recorder.

11-3.2.1  Start-up
interruptions

and effects of power

- Recording within 10 seconds, and built in test shall be completed within 60 seconds
- At normal power level, interruptions with a duration of 200 millisecond or less shall have
no effect on the recorder.

11-3.2.2 Recording delay

- The delay between data acquisition and recording in the recording medium shall not
exceed 0.5 seconds.
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Table 2. Test case for verification of recording stop

Data Test case

Left landing gear = on or off

Weight-on- Right landing gear = on or off
wheel Nose landing gear = on or off
— 2% = 8 cases
Normal or abnormal
—2x2CH=4 cases
Altitude < Alt_th or Altitude > Alt_th
GPS sensor

—2x2CH =4 cases

Velocity < Vel_th or Velocity > Vel_th
—2x2CH =4 cases

Normal or abnormal
—2x2CH=4 cases

Air data sensor
Velocity < Vel_th or Velocity > Vel_th

—2x2CH =4 cases

Elapsed time < Time_th or
Monitoring time | Elapsed time > Time_th

— 2 cases

Total 214 = 16,384 cases
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Recovered flight data

1553B Bus monitoring data

2061,'2061. 2071, ' 2061, 2091, 2041, "20B1, 201, 2001, '20E1, 201, 2101, °21 W3 ‘2011, *2001,*2031, ' 2041, 201, 2041, ' 281, ‘2001, 2001,
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'8061, 3061, '39071. '5081, 9091, 901, 'n §'E=?-!1 3021, " 081, "9081, "S041, '8081, '30C1, °
Identical data
433113 "401C. ' 40 L 40FC. 410 433113 "401C, " 400C.
433114 "501C. 500 1433114 "S01C, 508
433115 "01C. 433115 "301C.
33116 "301C 433116 "301C. 302
233117 "601C, o 1433117 "601C, "BO
1433118 “701C, 71 433118 10
433118 "801C. "B 433118 "801C
433120 “A01C. 1433120 " A01C
H33121 ‘s01C. “B1 {33121 801 G
433122 "C01C. (1" [433122 "(01C C0ac.,
|33123 "DO1C, 'DOEC, "D o |I381Zi 'DO1C, "DOEC, 'D03c,
Identical data
J8 13. d[8xtz =2l oo|e AE Znt
Fig. 13. Verification of flight data restoration
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Table 3. Verification of overwrite

Before recording After recording
S_0_X.fdr
S_1_X.fdr
::i:i;g: Deleted
S_4_X.fdr
S_5_X.fdr
S_6_X.fdr S_6_X.fdr
S_7_X.fdr S_7_Xfdr
S_8_X.fdr S_8_X.fdr
S_9_X.fdr S_9_X.fdr
S_10_X.fdr S_10_X.fdr
S_11_X.fdr S_11_X.fdr
S_12_X.fdr S_12_X.fdr
S_13_X.fdr S_13_X.fdr
S_14_X.fdr S_14_X.fdr
S_15_X.fdr S_15_X.fdr
S_16_X.fdr S_16_X.fdr
S_17_X.fdr
S_18_X.fdr
S_19_X.fdr
NA S_20_X.fdr
S_21_X.fdr
S_22_X.fdr
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