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ABSTRACT 

 
A recent Air Traffic Management (ATM) initiative has reduced certain oceanic routes from a 
2,000-foot vertical separation minimum to a 1,000-foot (300 m) separation minimum between 
flight levels of 29,000 feet and 41,000 feet.  As a result of this initiative, an aircraft transitioning 
from the Continental United States (CONUS) to Europe or Asia will be required to have a 
validated, certified altimeter reporting system within the specified tolerances. The aging military 
airframes are not currently Reduced Vertical Separation Minimum (RVSM) certified.  The 
impact on military deployment time to foreign theatres as well as high-fuel cost makes this a 
high-priority DoD issue. 
 
This paper describes the test and evaluation (T&E) challenge, viable solutions and test method 
for meeting the RVSM requirements in an approved, affordable, and least down-time (minimal 
aircraft modification) manner. The test method described herein utilizes a PACER aircraft in 
formation with the RVSM candidate aircraft. The RVSM is just one of the many Global Air 
Traffic Management (GATM) requirements which must be met for military aircraft to fly within 
premium airspace during overseas deployment.  The commercial equivalent of GATM is 
Communications Navigation and Surveillance/Air Traffic Management (CNS/ATM).  Our focus 
will be on meeting the RVSM certification requirements as related to the test environment. 
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INTRODUCTION 

 
In 1974 the FAA working with the international arena committed resources to the International 
Civil Aviation Organization Review of General Concept of Separation Panel (ICAO RGCSP) 
which was tasked to add the study of vertical separation to its work program.  The national and 
international working groups studying RVSM reviewed the data and analysis.  The major results 
and conclusions of this program are contained in the Summary Report of United States Studies on 
1,000 foot Vertical Separation Above Flight Level 290 (29,000 feet), which was completed in 
July 1988.  The ICAO RGCSP published two major reports, which have provided the basis for 
the development of RVSM implementation documents.  The first major report published by the 
RGCSP was the [1] RGCSP/6 (Montreal 28 November-15 December 1988), which was 
published in two volumes.  Volume 1 summarized the major conclusions reached by the panel 
and by individual states.  Volume 2 presented the complete RVSM study reports of 
EUROCONTROL, the U.S., Japan, Canada, and the USSR.  The second was the [2] Report of 
RGCSP/7 (Montreal, 30 October-20 November 1990).  This report contains the draft Manual on 
Implementation of  a 300 M (1,000 ft) Vertical Separation Minimum (VSM) between FL290 
(29,000 ft) and FL410 (41,000 ft) Inclusive.  This material was approved by the ICAO Air 
Navigation Commission in February 1991 and published as [3] ICAO Document 9574.  This 
manual provides guidance for RVSM implementation planning, airworthiness requirements, 
flight crew procedures, ATC considerations, and system performance monitoring.  The FAA has 
provided [4] 91-RVSM Interim Guidance Material on The Approval Of Operators/Aircraft For 
RVSM Operations. The Air Force Major Commands (MAJCOMs), Support Program Office’s 
(SPOs), and local Combined Test Facilities (CTFs) are working closely with the Global Air 
Traffic Operations/Mobility Command and Control (GATO/MC2) Support Program Office and 
the Air Force Flight Standards Agency (AFFSA) to meet RVSM requirements. Related Federal 
Aviation Requirement (FAR) sections are: [5] 91.705, [6] 91.411, [7] FAR Part 145, [8] FAR 
Part 121, [9] FAR Part 135, and [10] FAR Part 43. 
 
A team was established at Edwards AFB as part of the T&E community to study the possibility 
of meeting RVSM requirements based on the interim guidance 91-RVSM under section 9 
AIRWORTHINESS APPROVAL, subsection (5) “Data Requirements,” using the PACER Aircraft 
method.  The result of this study was an FAA approved method. 
 
Traditional solutions for validating altimeter accuracy have used the costly trailing cone 
installation/modification to airframes. This paper will outline the aircraft instrumentation 
requirements, suggested data parameters, and test method using the PACER aircraft.  In addition 
to meeting the RVSM requirements, it should be noted that the data collected during the RVSM 
test will also be valuable in meeting some of the objectives in the Required Navigation 
Performance (RNP) requirements. The proposed method will result in tremendous savings, 
minimal structural modification (zero exterior), and minimum down time for operational aircraft. 
 
 
 

 
 



 
 

AIRCRAFT INSTRUMENTATION REQUIREMENTS 

 
The RVSM candidate will require: [4] 
 
1. Two independent altitude measurement systems.  Each system should be composed of the 

following elements: 
a. Cross-coupled static source/system, provided with ice protection if located in 

areas subject to ice accretion 
 

b. Equipment for measuring static pressure sensed by the static source, converting it 
to pressure altitude and displaying the pressure altitude to the flightcrew 

 

c. Equipment for providing a digitally coded signal corresponding to the displayed 
pressure altitude, for automatic altitude reporting purposes 

 

d. Static source error correction (SSEC), if needed to meet the performance 
requirements of 91-RVSM paragraphs 7c(3) and 7c(4) or 7c(7), as appropriate 

  
e. The equipment fit should provide reference signals for automatic control and 

alerting at selected altitude.  These signals should preferably be derived from an 
altitude measurement system meeting the full requirements of the 91-RVSM 
document, but must in all cases enable the requirements of paragraphs 8b(6) and 
8c to be met. 

 
2. One Secondary Surveillance Radar (SSR) altitude reporting transponder.  If only one is 

fitted, it should have the capability for switching to operate from either altitude measurement 
system. 

 
3. An altitude alert system. 
 
4. An automatic altitude control system. 
 
The list of instrumentation requirements presents unique test considerations for the various 
airframes, which may require flight in the RVSM airspace.  Not all aircraft are so equipped and 
therefore may require special consideration when validating the ASE.  Further, a number of 
operational airframes within the Department of Defense (DoD) inventory have begun some 
testing with the traditional trailing-cone method.  If the test data using the PACER falls within 
the same specified envelope as the trailing-cone test, it is possible to gain a group certification 
with the combination of test methods.  It is suggested that the PACER method be employed for 
RVSM candidates who have not undergone RVSM testing on their group aircraft using the 
standard trailing-cone method. 
 
 
 
 



DEFINITIONS 

 
1. ALTIMETRY SYSTEM ERROR (ASE) – The difference between the pressure altitude 

displayed to the flightcrew when referenced to International Standard Atmosphere (ISA) 
standard ground pressure setting (29.92 in. Hg/1013.25 hPa) and free-stream pressure 
altitude. 

2. BASIC ENVELOPE – Aircraft’s routine operating flight levels, speeds, and altitudes. 
3. FULL ENVELOPE – Entire range of aircraft’s operating capability. 
4. GROUP AIRCRAFT – Aircraft with nominally identical design having the same static and 

avionics systems. 
5. NON-GROUP AIRCRAFT – Individual aircraft with unique static or avionics systems. 
6. ARDS – Advanced Range Data System which provides real-time and postflight GPS 

solut ions utilizing RAJPO airborne and ground equipment. 
 

 
RVSM Altimetry System Error Requirements 

 
Figure 1 describes the RVSM tolerances required to meet the certification criteria. 

FIGURE 1 

Note: 
An example of the basic envelope described in Figure 1 would be .60 to .70 M between FL290-FL350  
 
The full envelope would be the minimum to maximum speeds at each altitude (lowest to highest) 
at various center of gravities, gross weights, and configurations. 
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For the purposes of this paper we will separate the test data collection into two categories, 
the raw data collection and postflight processed time space position information (TSPI) 
data.   
 

The raw data collection will require the following configurations: 
 
1. Analog collection on the DAS PC-104 with 40 Meg PCMCIA card on both the 

PACER aircraft and the RVSM candidate. 
2. Digital collection of aircraft 1553 data bus information using an encoder and 8mm 

tape recorder on the RVSM candidate only. 
3. ARDS/GPS collection on 40-85 Meg PCMCIA card on both the PACER RPS and 

RVSM candidate pallet. 
 

Figures 2 and 3 illustrate the data collection concept for the RVSM candidate. 
NOTE:  Drawings are courtesy of 412TW/TSI and may vary with application. 

 
 
 



FIGURE 2 

Power Junction Unit 

Signal Conditioner 

Dual  Sonic  Transducer 
#1 

Dual  Sonic  Transducer 
#2 

Dual  Sonic  Transducer 
#3 

Encoder 

TCG 

A/C 28 VDC In 

Total Air Temp 

Pitot  Pres . (Pilot) 
Static  Pres . (Pilot) 

Pitot  Pres . (Co-Pilot) 
Static  Pres . (Co-Pilot) 

Pitot  Pres . (AUX.) 
Static  Pres . (AUX.) 

1553 DATA BUS 

IRIG B 

Cockpit Control Panel 

AOA (Right) 
AOA (Left) 

     8mm Recorder 

         PC104             

FIGURE 3 

Power Conditioner 

Transducers  

PC-104 and Encoder/8mm 
Recorder 



RECORDED PARAMETERS 

 
q ANALOG    TRANSDUCER   STORAGE 

- Pitot-Static(3)   SONIX    PC-104 
- AOA    Aircraft pick-off   PC-104 
- IRIG-B   Time-Code Generator   PC-104 
- Total Air Temp.  PACER 

 
q DIGITAL 

- Uncorrected Altitude  1553 Data Bus              Encoder/8mm recorder 
- Uncorrected Airspeed  1553 Data Bus              Encoder/8mm recorder 
- Uncorrected Mach Number 1553 Data Bus             Encoder/8mm recorder 
- Groundspeed   1553 Data Bus              Encoder/8mm recorder 
- Track Angle    1553 Data Bus              Encoder/8mm recorder 
- Heading Angle   1553 Data Bus              Encoder/8mm recorder 
- Windspeed   1553 Data Bus              Encoder/8mm recorder 
- Wind Direction  1553 Data Bus              Encoder/8mm recorder 
- Total Air Temperature 1553 Data Bus              Encoder/8mm recorder 

 
TSPI GPS DATA COLLECTION CONCEPT 

 
Figure 4 illustrates the TSPI GPS data collection concept.  An F-16 or F-15 PACER 
aircraft at the AFFTC is capable of carrying a standard GPS instrumentation pod.  The 
RVSM candidate aircraft will carry a GPS pallet containing the same components as the 
pod on the PACER.  The only difference will be an external antenna, which may be 
mounted on some heavy aircraft sextant ports or may use existing GPS antennas.  
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The TSPI data collection is a crucial portion of the test and evaluation.  This data will 
provide absolute altitude measurements as well as the vertical altitude deltas between the 
PACER aircraft and the RVSM candidate during formation flight. The GPS data 
collected on each aircraft will be provided by 10 channel all- in-view GPS receivers with   
fiber-optic inertial measurement units (F/O IMU) and RF data- link transceivers.  The 
transceivers will provide real- time data analysis during flight by displaying a selectable 
down-link rate of the message 17 navigation solution from the receiver(s) on a display.  
This display will provide background mapping and ground control intercept (GCI) 
displays as well as current state vector information.  The GPS health status will be 
monitored by the ARDS ground control system. Differential GPS (DGPS) will be 
provided real- time and post- flight.  The TSPI data collected during the test will be 
merged and time correlated with the raw-data collection.  The TSPI data will also be 
archived and may be used for future evaluations on tests such as the required navigation 
performance (RNP).   
 

POSTFLIGHT PROCESSING OF RAW AND TSPI DATA 

 
The raw data collected from the RVSM candidate 1553 avionics bus will be processed 
using a 1553 decoder and PC.  International Range Instrumentation Group - B (IRIG-B) 
timing will be recorded on the audio track of the 8mm tape. Data will be in the ASCII tab 
deliminated format. The Pitot-static data collected on the PC-104 PCMCIA card will be 
merged with the 1553 and TSPI data at a user defined output rate. 
 
It is extremely important to provide the data production team with a current aircraft bus 
interface control document (ICD) in order to locate bit words and headers for the data 
processing catalog build. 
 
The TSPI best estimate of trajectory (BET) output results from a postflight state-of-the-
art Kalman Filtering process.  There are 128 engineering parameters to choose from 
based on the information provided by the postflight solution.  The Kalman Filtering 
algorithim contains 119 filtering states; (9) INS states, (21) accelerometer states, (30) 
gyro states and (59) GPS states. 
 
The completed data product will be placed on CD-ROM for the customer.  Specific 
engineering parameters may be printed out as well as plots of the TSPI data collection.  



NOTIONAL TEST SCHEDULE 
 
Figure 5 provides a notional test schedule. The Space Position Optical Radar Tracking 
(SPORT) ATC facility at Edwards provides a dedicated mission controller throughout the 
test flight.  The SPORT is located in the Ridley Mission Control Center.  The AFFTC 
also has an FAA Terminal Radar Approach Control (call sign JOSHUA) located on the 
base.  JOSHUA controls the larger R-2508 airspace and works closely with a vast 
number of test missions conducted in R2508 airspace outside of the R-2515 SPORT 
controlled airspace. The RVSM testing can also be integrated with other GATM testing at 
Edwards using GATM support facilities such as the ATC Communication Test Facility 
and Avionics System Test (ACTFAST). 
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IMPORTANT CONSIDERATIONS 

 
It will be important to get involved early in the formation of a test plan working group 
(TPWG).  This group will outline the requirements and specific test parameters needed 
for certification.  In addition, it will be important to perform leak tests on the Pitot-static 
systems and provide Configuration Control Board (CCB) authorization to our systems 
integration group for the mod.  A recent weight test should be well documented and if 
one is not available, Edwards can conduct the weight test.   

 
CONCLUSION 

 
A great deal of work has gone into establishing a Center Of Expertise in the area of 
GATM certification testing at Edwards Air Force Base.  One of the benefits of this effort 
has been the establishment of an approved RVSM certification test procedure utilizing 
the PACER aircraft.  This is far more affordable, requires less down time for operational 
aircraft, and meets the current 91-RVSM guidelines.  The actual test method described in 
this paper has avoided specifics due to the unique applications required for the various 
aircraft types.  The challenge to the T&E community at Edwards has been and will 
continue to be the ability to meet each test objective and the certification requirement 
matrix as defined by the manufacturer, AFFSA, MAJCOM’s, the FAA, and ICAO.   
 
 

REFERENCES 

 
[1] RGCSP/6 Montreal 18 November-15 December 1988 

 
[2] RGCSP/7 Montreal 30 October-20 November 1990 

 
[3] ICAO Document 9574 February 1991 

 
[4] FAA 91-RVSM June 30, 1999 

 
[5] FAA FAR 91.705 

 
[6] FAA FAR 91.411 

 
[7] FAA FAR Part 145 

 
[8] FAR Part 121 

  
[9] FAR Part 135 

 
[10] FAR Part 43  




