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Development of a novel MLS controller based on embedded ARM
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Abstract: The controller plays an important role in microwave landing system(MLS) navigation equipment. The embedded
advanced reduced-instruction-set-computing(RISC) machine(ARM) is introduced to develop a new MLS controller based on
the functional requirements. A design including hardware and software of an ARM system is given. The hardware design in-
volves a ARM smallest system and its interface. C/OS-1I, a good real-time operating system (RTOS), is introduced in the
software design. The task partitioning and management are also involved. The experimental results demonstrate that the em-
bedded ARM technique is an effective way in the complex multi-task system, and it meets the high integration and real-time

processing requirements of the navigation equipment.
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0 Introduction

The microwave landing system, abbreviated
MLS, is a new precision approach guidance standard
adopted by International Civil Aviation Organiza-
tion (ICAO)"". The MLS ground stations transmit
signals, providing an aircraft with the azimuth, ele-
vation and distance. Besides, a complete monitoring
capability is essential. That is, the system must
monitor the transmitted signals. When the system
fails, or the monitoring parameter exceeds the
range of allowable error, it alarms in time and auto-
matically switches to the backup or turn off the
transmitted signals to ensure reliability and integri-
ty. In the past, these functions are assigned to dif-
ferent units, each of which performs a single task.
Data are exchanged frequently between them by
low-speed serial bus such as RS422. For example, in
the MLS480, the ground stations made in Italy, six
circuit boards, 230 mm X 230 mm, cooperates to
achieve the above functions, on which hundreds of
discrete components are mounted. Simple tasks are
performed by micro control units (MCUs ) such as
8031 and 8088 . This results in poor reliability and
scalability.

Now a new embedded technology, advanced re-
duced-instruction-set-computing ( RISC ) machine
(ARM), can change this situation. ARM is a 32-bit
processor architecture with small size, powerful in-
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struction set and rich interfaces” . It has been the
dominant member in the embedded microprocessor
family with high performance, high integration and
low cost. Now ARM has been adopted in so many
fields as industrial control, wireless communication,
signal processing and network. In this paper, the
functions of a new MLS controller are redefined,
and then the embedded ARM is introduced to design
the MLS controller.

1 MLS controller

A MLS controller is the “brain” for the MLS
ground equipment® . Its task includes as follows.

1) Accept instructions from a portable terminal or
the front panel to switch the transmitter on or off.

2) Display the device status.

3) Receive the monitoring data from some units,
compare them with the threshold and decide to
switch or power off in no more than 1 s.

4) Monitor the environment by sensors and bat-
tery in real time and send the alarm.

5) Synchronize between the azimuth station and
the elevation one.

6) Store the user level information and the alarm
records.

The second listed above is critical for the MLS. It
secures the safety for an aircraft ready for landing
when the MLS ground station is in fault” . The sig-
nal relationship between a MLS controller and other
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units is shown in Fig. 1.
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In Fig. 1, the MLS controller communicates with
portable terminal, the transmission control unit, the
remote control unit and another station by bus. The
environmental sensors output for the environment is
digital 0/1, while the battery output is analog direct
current.

2 Hardware design

2.1 Bus selection

The bus among the controller and other function
units affects the reliability greatly. A large amount
of data on the bus is exchanged to meet the require-
ments of real-time data processing and reaction. So
a high-speed and robust bus is necessary to the sys-
tem. In this paper, controller area network (CAN)
bus is introduced.

CAN bus is a device interconnection control net-
work. Compared with other buses, CAN bus is con-
sidered to be one of the most promising field bus
with outstanding reliability, timeliness and flexibili-
ty. Its fastest speed can be 1 Mbps within the dis-
tance of 40 m. It can work at point-to-point, point-
to-multipoint and broadcast mode'® . It can meet
the needs of the design based on its characteristics.

For CAN bus application, CAN controller and
transceiver should be considered. Now many types
of MCUs including ARM integrated CAN control-
ler. LPC2290, one of the NXP ARM described in
the next section, is an example. For CAN transceiv-
er, TIA1050 is a good choice.

2.2 ARM selection

ARM is available in different cores, such as
ARM7, ARMY, ectc. ARM7TDMI is enough for
general applications. Its good processing capacity
can be no less than 60 Mbps, and meet most of real-
time requirements. Also, its architecture facilitates
debugging " .

So in our design the NXP ARM LPC2290 is select-
ed, which is based on a 16/32 bit ARM7TDMI-S
CPU with real-time simulation and embedded trace

support. It embeds many resources and interfaces,
such as 16 KB static RAM, 8-channel 10-bit A/D
converter, two 16C550 compatible UARTS and fast
I°C. Moreover, LPC2290 integrates two CAN con-
trollers compatible with CAN2.0B, which can be
accessed by 32-bit registers and RAM™ . Because
there is no Flash program memory and no enough
RAM for data cache in LPC2290, generally external
memory expansion is necessarym. The ARM mini-
mum system with 2 Mb Flash (SST39VF1601) and
512 Kb RAM (ISSI IS61LV25616AL) are designed
in application.

2.3 Overall design

The novel MLS controller consists of a ARM core
board, power and peripheral interface circuit in
hardware. The signal conditioning circuit, two seri-
al port level translators, two CAN transceivers and
JTAG interface compose the peripherals. The hard-
ware scheme is shown in Fig.2.
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Fig.2 Hardware structure diagram

In Fig.2, MAX3232, level conversion chip from
TTL to RS232, is used for UARTO. In the way the
controller can communicate with a portable termi-
nal. For UARTI, the bus is converted into isolated
RS485 for station synchronization. CANI1 is used to
communicate with other units at the speed of 500
Kbps, while the isolated CAN2 is used to communi-
cate with a remote controller at a low speed of 50
Kbps. Serial E'ROM (AT 24C256) can store user lo-
gin information to verify the identity of the user. It
also stores alarm records, such as time, alarm
source and data. Because the analog signals like bat-
tery levels can not be connected to A/D converter in
the ARM directly, they must be conditioned to 0 —
3.3 V. There are Fourteen analog signals should be
conditioned, and a MUX (ADG706) is adopted. A
precision reference (TL431) is reserved for the fif-
teen channels of the MUX in order to test the A/D
converter. The signal conditioning circuit, MUX
and the A/D converter embedded in the ARM thus
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form the data acquisition system. Because 1/O of the
ARM can afford enough current to drive the trans-
mitters and the antennas, driving circuit like
TLP521 is necessary.

Fig. 3 shows the real controller. The part in the
red rectangle is the ARM core board, including
LPC2290, RAM, flash memory and so on.

Fig.3 Real controller

3 Software design

3.1 RTOS

The MLS controller is a multi-task system, and it
requires real-time processing and reaction. The tra-
ditional design based on the foreground/background
systems would be too complex, and real-time pro-
cessing can not be guaranteed. Thus real-time oper-
ating system (RTOS) is a good way.

Among the matured RTOS, micro operating sys-
tem (pC/OS-1) is an open source code embedded op-
erating system, whose kernel is pre-emptive. In ad-
dition, the code of pC/OS-II, written in C language
mostly, is short and easy for porting based on dif-
ferent hardware platform such as ARM and digital
signal processor (DSP)"".

3.2 Software hierarchy
In RTOS, software hierarchy is shown in Fig.4.
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Fig.4 Software hierarchy

The software mainly consists of hardware drivers,
interrupts, middleware and applications.

Porting the pC/OS—]]C based on LPC2290 is the

first step. Hardware drivers refer to the basic regis-
ter accessing, such as UART, I°C, CAN, A/D aod
10. Interrupts includes UART, I’C and CAN. Mid-
dleware is the mature function library. In pC/OS-II,
application means task partitioning and manage-
ment. Each task is assigned different RAM and pri-
ority. Tasks can be synchronized by semaphore,
message box or message queue' .

Table 1 lists the tasks and their characteristics.
The smaller the number of the priority level is, the
higher priority the task occupies.

Table 1 Tasks partitioning
RAM allocation

Task name Priority

(bytes)
Serial 0(RS232) RX 2 1024
Serial 0(RS232) data processing 3 1024
CAN1 RX 4 4 096
CANI data processing 5 512
Serial 1(RS485) RX 6 512
A/D sampling 7 512
CAN2 RX 8 512

4 Experimental results

After hardware debugging and software program-
ming are finished, the controller, together with
other units, is assembled in cabinet for experimental
test""'. The layout of the cabinet is shown in Fig.5.
A simplified CAN bus application layer protocol is
customized, and it performs effectively'? .

Fig.5 Controller (the first board inner) in the cabinet

Fig. 6 gives an example of the software interface
in the portable terminal communicating with the
controller. More importantly, the fact that the con-
troller responses in no more than one second when a
fault occurs shows that the embedded ARM has high
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performance.
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Fig.6 Virtual panel communicating with controller

5 Conclusion

In this paper, the embedded ARM is introduced
to design a new MLS controller for the first time.
Besides, CAN bus is introduced in the controller to
exchange data with other units. Embedded hard-
ware platform based on pC/OS-II RTOS facilitate
system development. The novel MLS controller
with small size (230 mm X230 mm) can perform the
same functions of those six circuit boards. It is
proved to be more stable and reliable in experim-
ents. It also provides an effective way to design
navigation system. In fact, the platform based on t-

he embedded ARM has been also adopted in new
navigation equipment.
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