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[Abstract]

Flight control computers for unmanned aerial vehicles are avionics that require high reliability and are generally designed to be
multiplexed for margins on failures. The multiplexed flight control computer should include an interface through discrete signals
and CCDL for synchronization and fault separation between channels. With the development of unmanned aerial vehicle
technology, various types of platforms such as AAM and LPI are being developed in the private and military, which require
advanced control performance for high-performance flight control and SWaP optimization of onboard equipment. In this paper, we
designed a optimized flight control computer architecture for unmanned aerial vehicles for multiplexing processing and performed
a software design for input and output control. In addition, input/output processing performance was evaluated through the
implemented flight control computer and input/output software.

Key word : Avionics, Cross channel data link, Flight control computer, Operational flight program, Unmanned aerial
vehicle.
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E 1. vlAMoiAFE MY
Table. 1. Specification of FLCC

Category Specification
— 1LRU 2CH redundancy
- IFCC CH Interface: CCDL(LVDS)
Function — CPU Processor: PowerPC MPC5xxx
— 10 Processor: ARM Cortex—M3
— Fault detection and isolation
- BIT(CBIT/IBIT/PBIT)
— CAN 6c¢ch
— RS-232/422/485
Interface - Ethernet, Analog/Discrete
- 1553B
Temperature — Conductive Cooling
P - -40C ~ +55C
Weight — Max 4.5kg
Size — Max 176(W) x 164(D) x 200(H) mm
Power - +28VDC, MIL-STD-704F, 50ms Hold-up
- Max 50W
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APM(B)

]
Al
T
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Backplane
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Fig. 1. Configuration of FLCC
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Table. 1. Command List of input/output software

Command List

Function

DIN discrete input processing

DOUT discrete output processing

AIN analog input processing

AOUT analog output processing

Delay delay processing

End of List command list termination processing

Set Up Data Link

redundant channel data transmission setting

Block Transfer

redundant channel block data transfer

Self Test self test
Can Tx CAN transmission processing
Can Rx Init CAN receive initialization
12C Read 12C data receive processing
UART Tx UART transmission processing
UART Rx Init UART receive initialization
[ FLCC1/0 SW ]
ﬁo Operational Modq [ Interrupt ]‘[ 10P Self Test ]‘[ Command ] [ ccoL ]
l INT Mode ] [ ggﬂﬁmawn ] l SRAM Memoryren] [ gffﬂ':::ﬂ'gp“t ] [ CCoLTx ]
[ DLE Mode ] [ NDConvCompIeﬂo} [ DPRAM MemoryTet] [ Discrete Output ] [ CCDLRx l
Interrupt Command
Analog Input
[ COMMAND Mode ] [T\MERmten'upl ] [ FLASH MemoryTeﬂ] [ Command ] [ CAN ]
[D\SABLEMode ] [E"N Data Receive ] [NANDMemDryTesl] [A”E‘DQ Output ] [CANTx ]
nterrupt Command
[ Initialization ] [Acraiumrmpl I [CANfundiDnTest ] [g;:z’“m ] [CANRX I
[ Processor Init ] [ ‘ND” Masksble I [ CCDL Function Test ] [ End of List ] [ CAN Controler Check I
nterrupt Command
[Memnry/kegisler\nil] [ FDR ] [\ZCfundiDnTeﬂ ] [g‘;‘:‘r‘“?:‘; Link ] [ ¢ ]
[ CAN Init ] [ Flight Data Record l [ UART Function Test ] [ g‘”‘“’a”""" ] [ 20Tk l
ommand
[ccmlmt ] [FthIDath ] [oncessorfundionT}s! [ge'”“‘ ] [I?CRx ]
ommand
. CAN Transmit
[ D/A-A/D Conv Test ] [ Command ] [ UART ]
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[ Elhemﬂfundinﬂe%( [ Read 12C ] [ UART Rx l
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() |
[UARTRE(eive\nit ] [mm N I
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Command

a8 3. &3 AZEYof Ccscl A
Fig. 3. Configuration of input/output software CSCI
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Table. 3. Input/output software test cases and results

olr
0K

7t

No.Test Case (T|me ax
us)
1 |End of List 18.80
2 |Analog Input + End of List 48.10
3 |Analog Output + End of List 55.39
4 |Discrete Input + End of List 22.59
5 |Discrete Output + End of List 51.09
6 |CAN Tx(500,000 bps, 8byte) + End of List 42.48
7 |UART Tx(115,200 bps, 32byte) + End of List 61.97
CCDL Tx(100MHz clk, 32bit, 32byte)+ CCDL Rx
8 . 158.33
+ End of List
Analog Input + Analog Output + Discrete Input +
9 Discrete Output + CAN Tx + UART Tx + CCDL Tx + 300.35
CCDL Rx +End of List
| Test(Casel =|
" fl . A
Current Mean Min Max | Std Dev Count
13.60us| 14.6Plus 18.60us [J16.80ys . 96%.11ns [SO
Test [Case2 -
Current Mean Min | -MaT -| Std Dev Count
37.4%us| 37.3psus 36.20us [ 48.10ys | 2.7907us |50
Test |Case3 -
Current | Mean Min I | StdDev  [Count
44.00us|  45.215us 48.70us 155 39 4 1.#423u5 50
| Test|Cased i
Current Mean Min. | | St Count
19.30us|  20.0p2us 1890us 122 59 Q?Olus 50
Test [Case5 ml
==
Current Mean Min Max | | Std,De Count
i A gpeus 70us |ysioous | 2i7tius [0
| Test|Case6 =
Current Mean Min ; | | Std Dev Count
31.78us  33.1Plus 31.57us 142 48 2.1131us |50
| Test|Case7 o
Current Mean Min Max | Std,Dev Count
B4.88us 5 .2|39us 51.28us |1 61.970s L.?698u5 50
Test (Case8 ;
Current Mean Mijn | -Max | Std Dev Count
» 151.1505 146.D9us 142.93us 1 153.3%us” 3. ‘3ﬁ996us 50
| Test|Case9
Current Mean Min _MaT | Std Dev Count
289.95us  293.B0us  288.96us|p 300.3%us_ 3.§308us |50

a8 5. Al 7lolx E Ms 58 Znt
Fig. 5. Test results for each Test case
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