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1. INTRODUCTION

Recently, an aircraft landing service using the Instrument 

Landing System (ILS) is facing a number of limits in terms 

of landing efficiency and economical feasibility. Therefore, 

many countries pursue a strategy for providing a GNSS 

based aircraft landing service instead of the existing ground 

based navigation equipment (e.g., VOR, NDB, and ILS) 

(Jun et al. 2010). The Ground Based Augmentation System 

(GBAS), which was developed as part of this effort, is a 

system that provides the precision approach service and 

precision positioning service to guide the runway landing of 

aircraft located within a 20NM radius of airport. The actual 

development of GBAS has been conducted in the United 

States and Europe since the mid-1990s. As the SLS-4000 

model, which is a GBAS ground subsystem of Honeywell 

Company from the United Sates, obtained the Category I 

(CAT-I) level product certification by the Federal Aviation 

Administration (FAA) in September 2009, the research 

on the applicability of GBAS is actively being carried out 

around the globe (Bea et al. 2011, Jeong et al. 2012).

The countries that are currently conducting research 
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on the GBAS include the United States, Germany, Spain, 

Japan, Brazil, and Australia. Also, in Korea, the research on 

the development of GBAS operational technology has been 

performed from September 2010 to establish a domestic 

GBAS CAT-I certification system by the Korea Aerospace 

Research Institute. In the case of Germany, by installing the 

SLS-4000 of Honeywell Company at the Bremen Airport, 

the GBAS operational approval was obtained in February 

2012 for the first time in the world, and it is currently in 

operational use by the Air Berlin (Dunkel 2012, Weber & 

Dunkel 2011, Weber 2011). The Newark Airport in the United 

States obtained the operational approval in September 

2012 for the second time in the world, and additionally, the 

Houston Airport in the United States and the Malaga Airport 

in Spain are conducting research with the goal of obtaining 

the operational approval in 2013 (Alvarez & Callejo 2012).

In the case of Korea, construction is in progress from 

January 2013 to install the SLS-4000 of Honeywell Company 

from the United States at the Gimpo International Airport 

which was selected as the domestic GBAS testing airport, 

and the installation is expected to be completed by the end 

of June 2013. After the completion of SLS-4000 equipment 

installation at the airport, by sequentially performing 

the ground testing and evaluation and flight testing and 

evaluation, it will be evaluated whether the functions and 

performance of SLS-4000 at the Gimpo International Airport 

satisfy the CAT-I service requirements.
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Therefore, in order to smoothly perform the ground and 

flight testing and evaluation that will be carried out from the 

latter half of this year to the first half of next year, customized 

equipment is required which can be loaded on a car and 

an aircraft and can evaluate the GBAS ground and flight 

testing and evaluation items stipulated by the International 

Civil Aviation Organization (ICAO) (ICAO Doc 8071 Vol. II 

2007, ICAO Annex 10 Vol. I 2006, EUROCAE ED-114 2003, 

FAA-order-8200.1C 2005). In this paper, the hardware 

and software design of GBAS onboard test equipment is 

described which was specially customized for the GBAS 

ground and flight testing and evaluation.

2. OVERVIEW ON GBAS ONBOARD TEST 
EQUIPMENT

T h e  p u r p o s e  o f  G BA S  o n b o a rd  t e s t  e q u i p m e nt 

development is to evaluate the functions and performance 

required for the equipment, prior to commissioning, 

after the installation of GBAS ground subsystem at the 

airport. At the pre-commissioning phase, the functions 

and performance required for the GBAS ground subsystem 

should be evaluated through the ground and flight testing 

and evaluation items stipulated by the ICAO 8071 Vol. II as 

shown in Table 1. Therefore, for the hardware and software 

design of GBAS onboard test equipment, the hardware 

components and software functional requirements 

necessary for the test were obtained by examining the 

testing and evaluation items stipulated by the ICAO 8071 

Vol. II.

As for the GBAS ground and flight testing and evaluation 

items shown in Table 1, the testing and evaluation is broadly 

divided into GBAS position accuracy evaluation, continuity 

evaluation, consistency evaluation of VHF Data Broadcast 

(VDB) message, VDB field strength evaluation, signal 

interference evaluation of VDB and Global Positioning 

System (GPS), and validity evaluation of approach 

procedure. Therefore, the major functional requirements for 

the GBAS onboard test equipment to perform the test are as 

follows.

 Reception of GPS satellite signal, GBAS VDB signal, and

   DGPS correction signal

 Generation of aircraft navigation data, landing guidance

    data, and flight trajectory data

 Gathering and analysis of VDB and GPS radio wave output

 Simple performance monitoring for GBAS navigation

    and landing guidance data 

 Display and storage for the input/output data of measuring

   devices

On the other hand, as the GBAS onboard test equipment 

will be used for both the ground testing and evaluation and 

flight testing and evaluation, the equipment was designed 

to be operated independently on a car and an aircraft by 

constructing a customized independent system as shown 

in Fig. 1. Also, based on the previously obtained functional 

requirements, the onboard test equipment was designed 

so that it can output and display aircraft navigation 

data(position, velocity, and time), approach guidance data, 

and VDB field strength and signal interference data by 

receiving the VDB signal transmitted from GBAS ground 

subsystem and the GPS satellite signal, and that it can store 

all the collected data for post processing. Moreover, the 

equipment was designed to have a monitoring function for 

its own GBAS navigation and approach data so that it can 

perform simple performance evaluation in real time.

3. HARDWARE DESIGN

3.1 Hardware components and functions

As shown in Table 2, the hardware of GBAS onboard 

test equipment is composed of controller, measuring 

devices, power supply, display unit, antennas, and rack. 

The measuring devices are again composed of Multi-

Mode Receiver (MMR), RF power meter, Differential GPS 

Table 1.  GBAS functional requirements (ICAO Doc 8071 Vol. II 2007).

Parameter Annex 10 vol. I Testing
Position domain accuracy (functional test)

Pseudorange domain accuracy
Continuity (GBAS ground system)
Ground Pseudorange Uncertainty
Tropospheric delay and residual tropospheric
Uncertainty
GCID indication
Residual ionospheric uncertainty
Reference antenna phase centre position accuracy
FAS data points accuracy
Integrity monitoring for GNSS ranging sources
Resistance to interference (range signal)
Procedure validation
Runway surface coverage
Message block header
Data content
VDB coverage
Carrier frequency /Carrier frequency stability
Monitering
TDMA slot monitoring
VDB transmitter power monitor
Power in adjacent channels

3.7.2.4.1 & Table 
3.7.2.4-1
App. B 3.6.7.1.1
App. B 3.6.7.1.3
App. B 3.6.7.2.2.4
App. B 3.6.7.2.3.1

App. B 3.6.7.2.3.2
App. B 3.6.7.2.3.5
App. B 3.6.7.2.3.3
App. B 3.6.7.2.4.1
App. B 3.6.7.2.6
App. B 3.7
-
3.7.3.5.3.2
App. B 3.6.3.4.1
App. B 3.6.4

3.7.3.5.4.1
App. B 3.6.7.3
App. B 3.6.7.3.1.2
App. B 3.6.7.3.1.3
3.7.3.5.4.5

F/G

G
G
G
G

F/G
G
G
G
F

F/G
F
G
G

F/G

G

G
G
G
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(DGPS) receiver, and spectrum analyzer. The controller 

controls and stores the input/output data of MMR, RF power 

meter, spectrum analyzer, and DGPS receiver which are 

the measuring devices, the display unit displays the data 

outputted from the controller for user, and the power supply 

provides the power necessary for the controller, measuring 

devices, and display unit. The measuring devices generate 

various measurement data needed for GBAS performance 

evaluation by receiving the GPS signal, VDB signal, and DGPS 

correction signal. The antennas consist of 1 GPS antenna, 1 

VHF antenna, and 1 DGPS modem antenna, and provide a 

signal to each measuring device via each splitter. The rack 

fastens each component, and protects from external shock.

As for the detailed function of each measuring device, 

the MMR generates the aircraft navigation data and landing 

guidance data by receiving the GPS signal and GBAS VDB 

signal which are received via the GPS antenna and VHF 

antenna. The RF power meter measures the VDB field 

strength, the spectrum analyzer measures the GPS and VDB 

signal interference, and the DGPS receiver generates the 

precision navigation data using a Real Time Kinematic (RTK) 

survey technique. The position data, which is outputted 

from the DGPS receiver, is used as the reference trajectory 

of an aircraft and a car, and will be utilized for the accuracy 

of GBAS position data outputted from the MMR and the 

various performance monitoring functions.

Table 2.  Equipment component list.

Level 1 Level2 Level3

GBAS
onboard test 
equipment

Controller

Computer
ARINC 429 interface card
Analog/Digital interface card
Chassis

Measuring devices

MMR
RF power meter
DGPS receiver (equipped DGPS modem)
Spectrum analyzer

Power supply
Power distributor
DC to AC converter
Battery

Display unit
Monitor/Keyboard
Notebook

Antennas

GPS antenna
DGPS modem antenna
VHF antenna
Splitter

Rack

VHF Antenna

RRA 1

RRA 2

SmartPath Cabinet
RRA 3

DGPS Modem Antenna

GBAS Ground System

GPS Antenna

DGPS Receiver

MMR

RF Power Meter

Controller

Display Unit

VHF Antenna

GBAS Onboard Test Equipment

Power Supply

GPS Satellite

DGPS Modem Antenna

DGPS Reference Station

Spectrum Analyzer

GPS Satellite

GPS Satellite

GPS Satellite

RRA 4

Fig. 1. Concept of GBAS onboard test equipment operation.
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Fig. 2. Hardware interface of the GBAS onboard test equipment.

Fig. 3. Software functional requirements.
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3.2 Hardware interface

Fig. 2 shows the interface among each component of 

GBAS onboard test equipment, and the controller was 

designed to transmit and receive the control command and 

output data for each measuring device. The controller uses 

the ARINC 429 communication to transmit and receive the 

input/output data for the MMR, the USB communication for 

the RF power meter and spectrum analyzer, and the RS232 

communication for the DGPS receiver.

4. SOFTWARE DESIGN

4.1 Software functional requirements

The functional requirements of GBAS onboard test 

equipment software for performing the ground and flight 

testing and evaluation on the GBAS ground subsystem 

were designed so that they are broadly divided into system 

control function, output data display function, simple 

performance monitoring function for the GBAS navigation 

and approach data, and input/output data storage function 

for each component of measuring device as shown in Fig. 

3, and the detailed design decisions for the functional 

requirements were defined as shown in Table 3.

4.2 Design of software architecture

The onboard test equipment software operates on the 

controller of onboard test equipment as shown in Fig. 4. The 

software controls each measuring device and outputs the 

navigation and landing guidance data, the VDB message 

and VDB field strength data, and the status of GPS satellite 

in real time. The software was designed to have a separate 

control module for each measuring device to enable 

independent control and operation of each measuring 

device. When the RTK is available, the software performs the 

comparison operation for the two navigation data outputted 

from the MMR and DGPS receiver, and through this process, 

performs the simple performance monitoring function for 

the GBAS navigation data. Also, the onboard test equipment 

software is able to check the status of each measuring 

device with the self test function, and immediately outputs 

the fault data to operator when there is a problem. For each 

measuring device, the control input data and output data 

are separated and stored. 4.3 Software CSCI

For the GBAS onboard test equipment software, an 

architectural analysis/design technique was applied which 

Table 3.  Design decisions for software functional requirements.

Detailed function Design decisions

Integrated system
control

The integrated system control comprehensively 
controls the architecture and algorithm of GBAS 
onboard test equipment software.

MMR control

The MMR is broadly divided into navigation mode 
and approach mode depending on operation type. 
The navigation mode is divided into GPS navigation 
mode and GBAS navigation mode, and the approach 
mode is divided into ILS mode and GLS mode. 
The GBAS onboard test equipment generates and 
controls the function necessary for each operation 
mode of MMR.

RF power meter
control

Generates and controls the functions necessary for 
the RF power meter operation.

DGPS receiver control
Generates and controls the functions necessary 
for performing the RTK navigation mode of DGPS 
receiver.

Spectrum analyzer
control

Generates and controls the functions necessary for 
the GPS and VDB signal interference analysis.

Status display
Displays the result of self test for each measuring 
device.

Approach guidance
display

Displays the approach guidance data such as course 
deviation, runway azimuth, and airport ID which are 
outputted for each approach mode of MMR.

MMR navigation data
display

Displays the navigation data such as position, 
velocity, time, and satellite status which are 
outputted for each navigation mode of MMR.

VDB message display
Displays the GBAS VDB message outputted from the 
MMR.

VDB field strength
display

Displays the VDB field strength outputted from the 
RF power meter.

DGPS navigation data
display

Displays the time and satellite status along with the 
precision position and velocity data outputted from 
the DGPS receiver.

Signal interference
display

Displays the GPS and VDB signal interference data 
outputted from the spectrum analyzer.

Protection level
monitoring

When the MMR is in GLS mode, it monitors the 
approach service protection level data outputted 
from the MMR by comparing with the alarm limit 
standard depending on GLS grade.

Position error
monitoring

When the RTK is available, it monitors the accuracy 
of navigation data outputted from the MMR based 
on the precision position data obtained from the 
RTK.

Course deviation
monitoring

When the RTK is available and the MMR is in GLS 
mode, it monitors the accuracy of aircraft vertical/
lateral course deviation data outputted from the 
MMR.

LTP/FTP distance
monitoring 

When the RTK is available and the MMR is in GLS 
mode, it monitors the accuracy of the distance data 
from aircraft to Landing Threshold Point/Fictitious 
Threshold Point (LTP/FTP) outputted from the 
MMR.

Input/Output data
storage

Separates and stores the input data and output data 
of each measuring device.
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performs the modular design by matching the function 

and characteristic for each Computer Software Unit 

(CSU) of Computer Software Configuration Item (CSCI) 

considering the scalability and maintainability. The CSCI 

of GBAS onboard test equipment software was designed as 

shown in Fig. 5 based on the detailed software functional 

requirements defined in Fig. 3.

4.4 Execution concept of software

Fig. 6 shows the execution concept diagram of onboard 

test equipment software. When the onboard test equipment 

Fig. 5. CSCI of GBAS onboard test equipment.

Fig. 4. Connection architecture of hardware and software.
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Fig. 6. Execution concept of software.

CSCI execution file is performed after applying the power 

to the onboard test equipment, an integrity system control 

program controls each measuring device by calling the 

self test function, MMR control function, RF power meter 

control function, DGPS receiver control function, and 

spectrum analyzer control function, and simultaneously 

stores the input and output data of each measuring device 

by calling the input/output data storage function. The self 

test function and each measuring device control function, 

which were called, again display the output data by calling 

the status display function, MMR navigation data display 

function, approach guidance data display function, VDB 

message display function, VDB field strength display 

function, DGPS navigation data display function, and signal 

interference display function. And when the MMR and 

DGPS receiver are available, the protection level monitoring 

function, position error monitoring function, course 

deviation monitoring function, and LTP/FTP distance 

monitoring function are also called.

5. CONCLUSIONS

When the GBAS ground subsystem is installed at the 

airport, the functions and performance of the system should 

be evaluated at the pre-commissioning phase. Therefore, 

this paper examined the GBAS onboard test equipment 

which was designed to independently perform the GBAS 

ground testing and flight testing on a car and an aircraft. In 

this paper, the hardware components necessary for the GBAS 

onboard test equipment were presented, and the function 

of each component and the hardware interface among each 

component were described. Regarding the software, the 

software functions required for the testing and evaluation were 

summarized, and the software CSCI and execution concept 

which were designed based on the functional requirements 

were described. The GBAS onboard test equipment is currently 

being manufactured based on the design described in this 

paper, and the ground testing and evaluation for the Honeywell 

SLS-4000 installed at the Gimpo International Airport will be 

carried out using the equipment in the latter half of this year.
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