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Abstract: Aiming at the fault alarm requirement of a certain type of aircraft, a new type of airborne integrated alarm system is
designed. The system adopts modular design idea, and the acquisition part is composed of multi-slice shift register 5S4HC165
cascade, which can reduce the number of control pins; the main control part uses the heterogeneous processing scheme of DSP
and FPGA, which not only ensures the real-time processing of information, but also enriches the interactive ability of the
interface; the output part uses a single FPGA to control the alarm lamp box, giving full play to the system advantages of
centralized alarm and hierarchical processing. potential. Ground debugging experiments show that the system can accurately
judge the aircraft warning information, and quickly notify the pilot according to the degree of emergency. The scheme is simple
to implement, and the interface is scalable, so it has high practical value with strong portability and expansibility.
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1. Introduction

With the rapid development of aviation technology, internal
sensors and electronic equipment on the aircraft are becoming
more and more complex, the pilot needs to face massive flight
data when performing the corresponding tasks. [1] Once some
abnormal information is omitted, serious accidents may occur.
So a kind of specific system is urgently needed in the cockpit
of aircraft to assist the pilot to receive status information of
each airborne system, when the aircraft fall into dangerous
situation, the pilot can be alerted in time to ensure flight safety
[2].

In the common aircraft warning system, the warning system

is very important for the evaluation of the health of the aircraft.

Nowadays, the common alarm system mostly adopts the
control system based on single chip microcomputer. With the
increase of sensors for monitoring the flight status of aircraft,
the monitored aircraft state parameters have become more and
more complicated [3]. Traditional MCU processing systems
will face difficulties in multitasking management and
peripherals. This article is proposed in this context [4].

This paper designed an airplane integrated alarm system
based on FPGA and DSP, the system analyzes the fault
information of each system on the aircraft, and alarms in the

form of light or voice, so that the pilot can accurately and
quickly find out the operating status of the airplane, and take
timely measures to reduce the probability of accidents [5].

2. System Design

The integrated alarm system consists of the following four
parts: acquisition module, control module, output module and
alarming lamp box, the design idea is shown in Figure 1. The
status data that the system needs to process comes from two
places, one is the discrete signal read by the acquisition
module, theother is the RS-422A data packet sent by an
electromechanical management computer. The control
module obtains the alarm of each airborne subsystem by
analyzing the above two parts of information, which plays an
artificial voice on the inner communication box according to
priority. The alarm information can be sent to the output
module and airborne multi-function display via 422 channels.
The output module controls the alarming lamp box in a
specific way, and prompts the pilot to pay attention to the
current abnormal condition with the light blinked.



65

Jianhua Li et al.:

A Design of New Airborne Integrated Alarm System

C +24V lamp box
acquisition module control module output module C
serial )| serial indicator light
1# signal board port3 1 port3 alternative IV
(backup) self-test lamp
L CLK ceri
2# signal board SH/LD scna)l . ) .smz;l serial | front multi-
(64bit/2-output) DATAZ) port portz portd Y| function display
DATA3 |
DATA3 2
L. fe—
32;@?[ board F serial ) seial serial rear multi
(64bit/2-output) Y S . < e
P portl portl portS | function display
SOUND serial port0

==

Dl electromechanical

inner

management computer

communication box

Figure 1. System design block diagram.

3. Hardware Design
3.1. Acquisition Module Design

The acquisition module is the input of the integrated alarm
system. It consists of three signal boards, two of which work
and one for backup, and is responsible for reading the discrete
signals of the airborne equipment. The signal board is
designed with 54HC165 chip [6]. The 54HC165 is an 8-bit
high speed shift register. When the enable signal SH/LD is
valid, the parallel data A~F is output bit by bit from the QH

terminal under the control of the clock CLK, each acquisition
cycle takes 32 clock cycles. All signal boards of the
acquisition module share a set of clock and enable signal, but
each retains two independent data channels DATA 1 and
DATA_2. Each data channel is composed of four 54HC165
shift register cascading, which can realize serial acquisition
of 32 discrete signals, the schematic diagram is shown in
Figure 2. The control module controls CLK and SH/LD to
read all 128-bit discrete signals of the acquisition module
through the DATA2 1, DATA2 2, DATA3 1 and DATA3 2,
which greatly saves pin resources.
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Figure 2. The schematic diagram of acquisition module.

3.2. Control Module Design

The control module is the core of the integrated alarm
system. It consists of a DSP processor and an FPGA
processor. It is responsible for the process scheduling of the
entire system, the schematic diagram is shown in Figure 3 [7].
The DSP judges the alarm information, and the FPGA reads
and converts the external data, the two exchange information
through 16-bit XINTF bus with frequency of 67.5MHz. The
system has a total of 64 alarm voices, all stored in the DSP

expansion 16M Flash. When DSP obtains the external
information from the FPGA, it first judges based on
multi-redundancy technology, removes the false condition,
generates alarm information and sends it to the output
Module; then search for the corresponding data from Flash,
and write to VS1053 chip through SPI interface. VS1053 is a
MP3 audio decoder with 2KB memory buffer, which
converts MP3 data sent by DSP into alarm voice playing on
the inner communication box.
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Figure 3. The schematic diagram of control module.

3.3. Output Module Design

The output module is the output of the integrated alarm
system. It consists of an FPGA processor and several RS422
transceiver chips [8]. It is responsible for the control of
alarming lamp box and the real-time transmission of alarm
commands, the schematic diagram is shown in Figure 4. There
are two kinds of 422 data packet sent by the control module.
One is the alarm information for other systems, which is
forwarded by RS422 transceiver chip to realize the
synchronous output of 3-way instructions; The other is the
control information for the alarming lamp box, which is
analyzed by FPGA processor to realize three states switching

of 11-way indicator light: on, off, and blinking. According to
the design requirements, the brightness of alarming lamp box
has two levels: day and night, the luminance in the day state is
510 cd/m’, and the luminance in the night state is 25 cd/m’. In
order to achieve this function, the output module is designed
with 24V/7V voltage converting circuits which is controlled
by FPGA processor. When the aircraft is in day state, the 24V
power output is enabled, when in night state, the 7V power
output is enabled, It realizes the brightness of alarming lamp
display in two states: light-dark, which is convenient for pilots
to use in day or night.
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Figure 4. The schematic diagram of output module.

4. Software Design
4.1. Software Flow

The DSP program of the integrated alarm system needs to
complete the following tasks:

(1) Obtain the discrete information from the acquisition
module by XINTF bus interface, according to protocol
analysis;

(2) Obtain the RS422 data packet from the
electromechanical management computer by XINTF bus

interface, according to protocol analysis;

(3) Play alarm voice according to the alarm information;

(4) Update the status of the alarming lamp box according to
the alarm information, and send them to the output module;

(5) Generate alarm commands according to the alarm
information, and send them to the output module.

The program architecture uses time slice circular scheme,
each task is a process which sets an identifier. When main
program timing cycle arrives, it polls whether the next
process is started, otherwise, the previous process keeps
running until the end. The advantage of this design is that all
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tasks of the integrated alarm system can be executed within
specified time, if a task cannot be returned within a long
period of time, it will not preempt the execution cycle of
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other tasks. As the frequency is high enough, it can be
considered that the processor performing all tasks in parallel,
the architecture of the software system is shown in Figure 5.
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Figure 5. The software architecture diagram of integrated alarm system.
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Figure 6. Alarm processing flow chart.

4.2. Alarm Processing Flow

According to the urgency of flight safety, the alarm
information can be divided into five levels: dangerous level,
warning level, attention level, prompt level and status level,
the processing priority is successively decreased [9]. Since it
takes time to play an artificial voice, if there are multiple
alarms in the aircraft, queue-jumping algorithm for the

high-priority alarm which is advanced is used for playing
artificial voices, the software must first deal with the
high-priority voice, and then the low-priority voice, no alarm
information is allowed to be missed in this process [10].

In order to achieve the above functions, the software has
created five alarm queues in different levels. The DSP obtains
the status information of each airborne device, updates the alarm
information table, and processes as the following steps [11].
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1. Poll the alarm information table, if no new alarm is found,
go to step 3 [12];

2. If there are new alarms, push into different queues
according to the priority [13];

3. Poll all the alarm queues, if queue element is empty, go
to step 7;

4. Pull out the highest priority alarm currently, update
queues [14];

5. Read the status information, confirm whether the alarm
exists, if not, go to step 7 [15];

6. If the alarm still exists, play artificial voices [16];

7. The process ends;

The flow diagram is shown in Figure 6.

5. Conclusion

This paper designed an integrated alarm system based on
modularization. The system collects device information on
the aircraft and notifies the pilot in the form of voice or light
by priority. The ground experiment shows that the system is
designed reasonable, it can judge the aircraft warning
information accurately, play artificial voices hierarchical, and
warn the crew of the airplane to deal with problems in time,
which greatly improves flight safety.
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