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FOREWORD 
 
This report was prepared by Special Committee 159 (SC-159) and approved by the RTCA Program 
Management Committee (PMC) on December 13, 2006.   
 
RTCA, Inc. is a not-for-profit corporation formed to advance the art and science of aviation and aviation 
electronic systems for the benefit of the public.  The organization functions as a Federal Advisory 
Committee and develops consensus based recommendations on contemporary aviation issues.  RTCA's 
objectives include but are not limited to: 

• coalescing aviation system user and provider technical requirements in a manner that helps 
government and industry meet their mutual objectives and responsibilities; 

• analyzing and recommending solutions to the system technical issues that aviation faces as it 
continues to pursue increased safety, system capacity and efficiency; 

• developing consensus on the application of pertinent technology to fulfill user and provider 
requirements, including development of minimum operational performance standards for electronic 
systems and equipment that support aviation; and 

• assisting in developing the appropriate technical material upon which positions for the International 
Civil Aviation Organization and the International Telecommunication Union and other appropriate 
international organizations can be based. 

The organization's recommendations are often used as the basis for government and private sector 
decisions as well as the foundation for many Federal Aviation Administration Technical Standard Orders. 

Since RTCA is not an official agency of the United States Government, its recommendations may not be 
regarded as statements of official government policy unless so enunciated by the U. S. government 
organization or agency having statutory jurisdiction over any matters to which the recommendations 
relate. 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-301-pdf/


 

  

 
 
 
 
 
 
 
 
 
 
 
 

This page was intentionally left blank. 
 
 
 
 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-301-pdf/


 

i 

TABLE OF CONTENTS 
 

1. PURPOSE AND SCOPE ....................................................................................................................... 1 

1.1 Introduction ...................................................................................................................................1 
1.2 System Overview ..........................................................................................................................2 
1.3 Operational Applications...............................................................................................................2 
1.4 Intended Function..........................................................................................................................2 
1.5 Operational Goals..........................................................................................................................2 
1.6 Assumptions ..................................................................................................................................2 
1.7 Test Procedures .............................................................................................................................2 
1.8 Definition of Terms.......................................................................................................................3 

2. EQUIPMENT PERFORMANCE REQUIREMENTS AND TEST PROCEDURES............................ 5 

2.1 General Requirements ...................................................................................................................5 
2.1.1 Airworthiness.................................................................................................................5 
2.1.2 Intended Function ..........................................................................................................5 
2.1.3 Federal Communications Commission Rules................................................................5 
2.1.4 Fire Protection ...............................................................................................................5 
2.1.5 Effects of a Test .............................................................................................................5 

2.2 GNSS Active Antenna Unit Performance - Standard Conditions .................................................5 
2.2.1 GPS L1 Operating Frequency Range ............................................................................5 
2.2.2 Antenna Unit Output VSWR and Impedance................................................................5 
2.2.3 Antenna Unit Relative Radiation Pattern and Passive Element Gain............................6 

2.2.3.1 Antenna Unit Relative Radiation Pattern...............................................................6 
2.2.3.2 Passive Element Gain ............................................................................................6 

2.2.4 Polarization and Axial Ratio..........................................................................................7 
2.2.5 G/T Ratio .......................................................................................................................7 
2.2.6 Total Transducer Gain and Gain Compression..............................................................7 

2.2.6.1 Minimum Boresight Total Transducer Gain..........................................................7 
2.2.6.2 Active Sub-assembly Transducer Gain..................................................................7 
2.2.6.3 Boresight Transducer Gain Compression Point.....................................................8 

2.2.7 Output Load Stability ....................................................................................................8 
2.2.8 Boresight Relative Gain Frequency Response...............................................................9 

2.2.8.1 -3 dB Relative Response Frequencies....................................................................9 
2.2.8.2 Maximum Boresight Relative Frequency Response..............................................9 

2.2.9 Burnout Protection.........................................................................................................9 
2.2.10 Pulse Power Saturation Recovery Time ........................................................................9 
2.2.11 Group Delay Requirements .........................................................................................10 

2.2.11.1 Boresight Differential Group Delay versus Frequency .......................................10 
2.2.11.2 Group Delay Versus Aspect Angle......................................................................10 

2.2.12 DC Power Interface .....................................................................................................11 
2.3 Equipment Performance - Environmental Conditions ................................................................11 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-301-pdf/


   

 ii 

2.3.1 Specific Environmental Test Conditions .....................................................................12 
2.3.2 Temperature and Altitude Tests (DO-160E, Section 4.0) ...........................................12 

2.3.2.1 Operating Low Temperature Test ........................................................................12 
2.3.2.2 High Operating Temperature Test .......................................................................12 
2.3.2.3 Altitude Test ........................................................................................................13 

2.3.3 Temperature Variation Test (DO-160E, Section 5.0)..................................................14 
2.3.4 Humidity Test (DO-160E, Section 6.0).......................................................................14 
2.3.5 Shock Tests (DO-160E, Section 7.0)...........................................................................14 

2.3.5.1 Operational Shocks ..............................................................................................14 
2.3.5.2 Crash Safety Shocks ............................................................................................14 

2.3.6 Vibration Test (DO-160E, Section 8.0).......................................................................14 
2.3.7 Explosion Test (DO-160E, Section 9.0) ......................................................................15 
2.3.8 Waterproofness Tests (DO-160E, Section 10.0) .........................................................15 
2.3.9 Fluids Susceptibility Tests (DO-160E, Section 11.0)..................................................15 

2.3.9.1 Spray Test ............................................................................................................15 
2.3.9.2 Immersion Test ....................................................................................................15 

2.3.10 Sand and Dust Test (DO-160E, Section 12.0) .............................................................16 
2.3.11 Fungus Resistance Test (DO-160E, Section 13.0) ......................................................16 
2.3.12 Salt Spray Test (DO-160E, Section 14.0)....................................................................16 
2.3.13 Magnetic Effect Test (DO-160E, Section 15.0) ..........................................................16 
2.3.14 Power Input Tests (DO-160E, Section 16.0) ...............................................................16 
2.3.15 Voltage Spike Conducted Test (DO-160E, Section 17.0) ...........................................16 
2.3.16 Audio Frequency Conducted Susceptibility Test (DO-160E, Section 18.0) ...............17 
2.3.17 Induced Signal Susceptibility Test (DO-160E, Section 19.0) .....................................17 
2.3.18 Radio Frequency Susceptibility Test (Radiated & Conducted) (DO-160E, Section 20.0)

.....................................................................................................................................17 
2.3.18.1 Conducted Susceptibility Performance................................................................17 
2.3.18.2 Radiated Susceptibility Performance...................................................................17 

2.3.19 Emission of Radio Frequency Energy Test (DO-160E, Section 21.0) ........................17 
2.3.20 Lightning Induced Transient Susceptibility (DO-160E, Section 22.0) .......................18 
2.3.21 Lightning Direct Effects (DO-160E, Section 23.0) .....................................................18 
2.3.22 Icing (DO-160E, Section 24.0)....................................................................................18 

2.4 Equipment Test Procedures.........................................................................................................18 
2.4.1 Test Conditions............................................................................................................19 

2.4.1.1 Power Input Voltage ............................................................................................19 
2.4.1.2 Power Frequency .................................................................................................19 
2.4.1.3 Antenna Installation.............................................................................................19 
2.4.1.4 Ambient Conditions.............................................................................................20 
2.4.1.5 Warm-Up Period..................................................................................................20 
2.4.1.6 Connected Loads..................................................................................................20 
2.4.1.7 Antenna Ground Plane.........................................................................................20 
2.4.1.8 Antenna Measurement Range ..............................................................................20 
2.4.1.9 Test Frequencies ..................................................................................................21 

2.4.2 GNSS Antenna Unit Tests ...........................................................................................21 
2.4.2.1 Antenna Unit Output VSWR and Impedance Test (Section 2.2.2) .....................21 
2.4.2.2 Radiation Pattern Gain and Transfer Phase Test (Sections 2.2.3, .5, .6, .8, .11) .22 
2.4.2.3 Polarization and Boresight Axial Ratio Test (Section 2.2.4)...............................23 
2.4.2.4 Total Output Noise Test (Section 2.2.5) ..............................................................24 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-301-pdf/


 

iii 

2.4.2.5 Active Antenna Unit Output Load Stability Test (Section 2.2.7)........................24 
2.4.2.6 High Radiated Power Performance Tests ............................................................25 

2.4.3 Active Antenna Sub-assembly Tests ...........................................................................27 
2.4.3.1 Active Sub-assembly RF Gain Response and Noise Temperature Test ..............27 
2.4.3.2 Active Unit Radiated Hot-Cold Noise and Boresight Signal Performance Test .29 
2.4.3.3 Active Sub-assembly Burnout Protection Test ....................................................31 

3. INSTALLED EQUIPMENT PERFORMANCE.................................................................................. 33 

4. EQUIPMENT OPERATIONAL PERFORMANCE CHARACTERISTICS ...................................... 35 
MEMBERSHIP………………………………………………………………………………………………37 

APPENDIX A 

A.   G/T Ratio Measurement Theory and Application to receiver System analysis and Test……………….A-1 
A.1  GNSS Active Antenna G/T Ratio Measurement Theory…………….……………………………A-2 

A.1.1  Antenna Unit Total Transducer Gain………………………………………….……………A-2 
A.1.2  Antenna Unit Output Noise Power Density………………………………………………...A-2 
A.1.3  G/T Ratio Calculation…………………………………………………………………..…..A-3 
A.1.4  Relationship of G/T Ratio to Receiver System Input Signal-to-Noise Density Ratio………A-3 

A.2  Other Measurement Approaches and Associated Uncertainties in Conversion to G/T……………A-4 
A.2.1 Anechoic Chamber Measurement of Antenna Unit Output Noise Power Density………A-4 
A.2.2 Radiated Hot-Cold Chamber Measurement of Active Sub-assembly Performance….….A-5 
A.2.3  Separate Measurements Passive Antenna Element and Active Sub-assembly………….A-7 

A.3  Receiver System Test Application of Total Transducer Gain and G/T Ratio………………….….A-8 
A.3.1  General GNSS Receiver System Test Set-up Considerations…………………………..A-8 
A.3.2 Transformation of Antenna Input Signal and Noise Levels to Receiver Input Values......A-9 

A.4  References……………………………………………………………………………..…………..A-10 
 

TABLE OF FIGURES 
 
Figure 2-1  Representative Active Antenna Block Diagram.........................................................................6 
Figure 2-2  Minimum Input 1 dB Gain Compression Point vs. Frequency ..................................................8 
Figure 2-3  Frequency Selectivity Requirements........................................................................................10 
Figure 2-4  Antenna Measurement Range ..................................................................................................21 
Figure 2-5  Output VSWR and Total Output Noise Test Set-Up ...............................................................22 
Figure 2-6  Boresight 1 dB Gain Compression and Recovery Time Test Set-up .......................................26 
Figure 2-7  Active Sub-assembly Gain and Noise Temperature Test Set-up .............................................28 
Figure 2-8  Radiated Hot-Cold Noise and Boresight Signal Test Setup.....................................................31 
Figure 2-9  Active Sub-assembly Burnout Protection Test Set-up .............................................................32 
Figure A-1 Simplified GNSS Active Antenna Unit Block Diagram…………………………………………A-2 

Figure A-2 Radiated Hot-Cold Active Sub-assembly Noise /Gain Test Set-up…………………………….A-6 

Figure A-3 GNSS Receiver System Installation Diagram……….………………………………………….A-9 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-301-pdf/


   

 iv 

TABLE OF TABLES 
 
Table 2-1  Relative Radiation Pattern versus Elevation Angle.....................................................................6 
Table 2-2  Maximum Boresight Relative Frequency Response....................................................................9 
Table 2-3  Environmental Test Condition Categories.................................................................................13 
Table 2-4  Test Cross Reference .................................................................................................................19 
Table 2-5  Gain Compression and Recovery Time* Test Settings .............................................................27 
 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/rtca-do-301-pdf/


  1 

© 2006 RTCA, Inc. 

1. PURPOSE AND SCOPE 

1.1 Introduction 

This document contains minimum operational performance standards (MOPS) for GNSS 
airborne active antenna equipment designed to use the GPS or Gallileo L1 frequency 
augmented by other systems/equipment/techniques as appropriate to meet the performance 
requirements for primary means of navigation for en route, terminal, non-precision, and 
precision approach phases of flight.  An active antenna is one integrated with a preamplifier. 
Minimum requirements for passive designs are specified in DO-228 and DO-228, Change 1.  
 
Section 1.0 of this document provides information and assumptions needed to understand the 
rationale for equipment characteristics and requirements stated in the remaining sections.  It 
describes typical equipment applications and operational goals, and forms the basis for the 
standards stated in Sections 2.0 through 4.0. 
 
Section 2.0 contains the minimum performance standards for the equipment.  These 
standards define required performance under standard operating conditions and stressed 
physical environmental conditions.  It also details the recommended bench test procedures 
necessary to demonstrate compliance. 
 
Section 3.0 describes the performance required of the installed equipment.  Tests for the 
installed equipment are included when performance cannot be adequately determined 
through bench testing. 
 
Section 4.0 describes the operational characteristics for equipment installations, and defines 
conditions that will assure the operator that operations can be conducted safely and reliably 
in the expected operational environment. 
 
Compliance with these standards by manufacturers, installers, and users is recommended as 
one means of assuring that the equipment will satisfactorily perform its intended function(s) 
under conditions normally encountered in routine aeronautical operations. 
 
The word "equipment" as used in this document includes all components or units necessary 
(as determined by the equipment manufacturer or installer) for the equipment to properly 
perform its intended function. 
 
It is recognized that any regulatory application of these standards is the responsibility of 
appropriate government agencies. 
 
Inasmuch as the measured values of equipment performance characteristics may be a 
function of the measurement method, standard test conditions and methods of test are 
recommended in this document. 
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