
	CSA Summary Sheet (Double Click to Open)
	Insert document control number here

	Chief System Safety Engineer ______________________
	Requesting Organization:  Insert FAA or other requestor here

	Title/Subject:  Insert title of qualitative or quantitative Comparative Safety Assessment (CSA) here
	Date:  Insert preparation date and subsequent revisions and dates here (e.g. August 1, 2001, Rev. A, October 16, 2001)

	Subject Description: [preset to Body Text] Insert subject description of Comparative Safety Assessment here
Problem Statement: [preset to Heading 6]:
Insert a problem statement paragraph here - (e.g. “The Academy of Model Airplane Aeronautics (AMA) members want to add capabilities to their radio control (RC) aircraft models to operate on frequencies within the 49.8 MHz range presently reserved for radio control of models other than aircraft.  While the frequencies of 49.830 MHz, 49.845 MHz, 49.860 MHz, 49.875 MHz, and 49.890 MHz are authorized, power output is limited to 100 Milliwatts amplitude modulated control signals and therefore is not recommended for control of model aircraft by today’s restrictions.  The AMA’s reason for wanting to transmit and receive at 49 MHz instead of the presently authorized frequencies of 72 MHz is that baseband amplifiers are more readily available on today’s market which would permit higher transmitter power to be used and would enable AMA model enthusiasts to competitively operate aircraft at greater distances.  Their additional claim is that with the advent of 49 MHz digital wireless telephone products, the cost to produce the radio control transmitters and receivers is 40% less than the cost to produce the presently acceptable 72 MHz analog transmitters and receivers.

Should RC model aircraft enthusiasts be permitted to operate at 49 MHz with higher-power output transmitters with digital modulation, which could interfere with nearby 49 MHz wireless telephone communications, or conversely could such nearby telephone transmitters interfere with model aircraft operations, thus causing loss of control that could lead to hazards.)

Expand upon conditions warranting CSA in the following paragraphs [restrict to three to five total] - (e.g. Fiercer “dog-fight” and pylon competition in expanded areas of operation are attainable with higher RC transmitter power output operating at 49 MHz compared with the lower-power output of 100 Milliwatts as the Federal Communications Commission (FCC) rules now limit for 49 MHz or with RC transmitters operating at 72 MHz frequencies.  The safety related question is:

a. With operations possible at greater distances from a digital time division multiple access RC transmitter accorded through increased power output, would there be a higher likelihood of injury or loss of aircraft resulting from potential loss of positive control of the RC model aircraft?

The AMA deems safety for spectators, participants, and contest personnel to be of the utmost importance.  Hazardous flying over the racecourse or any flying over controlled spectator areas or pits during competition is a “black flag offense.”  Loss of control of an aircraft can be hazardous especially for officials judging a dog-fight or pylon competition whether on or off the course.

The functional analysis performed against the analog 72 MHz RC transmitters found several spurious emissions of the control signals were possible due to poor propagation factors and interference from other 72 MHz digital-proportional and amplitude modulated RC transmitters operating in close proximity within the competition areas, which could cause loss of control of one or more RC model aircraft.  The functional analysis also showed that the 72 MHz analog superhetrodyne receivers generally provided little harmonic signal rejection to cross-and inter-modulation, thus leading to possible contamination of a received signal controlling one or more axis of a given RC model aircraft operating on the course, in close proximity to another RC model aircraft operating on or at an adjacent frequency.  One mitigating factor in the perturbance of the analog control signals or as a consequence of reduced received signal-to-noise is that the RC model aircraft would assume a level-flight condition, albeit under previously commanded engine power, thus possibly reducing injury to personnel within the immediate vicinity of the race course or operating area.  However, such condition could lead to hazards outside of the area through loss of positive radio frequency control.

The functional analysis performed against the digital 49 MHz frequency or phase modulated digital time division multiple access RC transmitters at 100 milliwatts output power revealed fewer spurious emissions of the control signals however, when the power output was increased to 3 watts, some spectral splatter was observed due to poor construction of the specimen RC transmitter.  It is likely that such splatter condition could be diminished with a better-designed and manufactured RC transmitter.  Regardless, it is unlikely, that several compatible digital 49 MHz receivers all operating on adjacent frequencies within a group or cluster of other 49 MHz transmitters that such spectral splatter would be a factor influencing control of the RC model aircraft.  The functional analysis revealed no other anomalous behavior of the transmitted signal at 3 watts, however, the question as to whether the 49 MHz receivers operating in the far-field or at greater distances from their respective transmitters would sustain adequate signal-to-noise to ensure positive control.  The functional analysis also revealed that with the 49 MHz RC model transmitters and receivers that it was possible to transmit increased data so that control of the engine, as well as the control surfaces could be established, thus enabling the handler to maintain positive control and assure the safety of the model aircraft in unexpected, adverse operating conditions.

b.
Does the likelihood of radio frequency interference generated by close proximity portable telephones operated at 49 MHz cause interference substantial enough to cause loss of control that could result in injury or property damage, or possible loss of life.”)

	Background: [preset to Heading 6] Insert background statement below [restrict to two to three paragraphs, if possible]
(e.g. “The AMA has sanctioned model aircraft radio control operations for the past 28 years and has encouraged member modelers to engage in responsible operations of remotely operated aircraft and other models.  The AMA credo is that safety is paramount to the continued growth and success of the model aircraft industry.  In fact, the association requires that all their members sign a declaration of safe operational intent and are committed to their credo.

The AMA supports further technology development and encourages improved functional capability of model aircraft control.  The expanded use and higher output power of 49 MHz transmitters used for control of model aircraft would facilitate such development.  Additional capability would be offered and safer operation would be assured with higher-power output.  However, vulnerability to interference from local wireless equipment such as portable telephones and other personal communications equipment may reduce safety of remote control operations.  Therefore, the AMA has requested that the FAA conduct a comparative safety assessment.

In turn, the FAA has requested the AMA, to define its operational safety objectives within the existing FCC rules governing remote model controls.  In recent history the FAA has recorded several incidents that have occurred in RC controlled model aircraft competition, which could have resulted in serious injury and property damage.  The loss of the model aircraft is not considered hazardous in itself, provided there are no lethal or hazardous fuel or other emissions, which could result from such loss.

The FCC has established an RF power output limit of 100 milliwatts for all transmitters operating in the 49 MHz public service band be limited to the maximum frequency or phase modulated deviation of ± 5.0 kHz.  With the output power increased to as much as 3.0 watts, the maximum power deviation limit would be ± 4.5 kHz, thus limiting the power spectral bandwidth to 2.7 watts maximum.  With this power spectral bandwidth, the likelihood of interference with 49 MHz wireless telephone communications equipment should be minimal.

Notwithstanding, this qualitative comparative safety assessment is used to validate the assumptions established in the high-level functional analysis.  Such comparative safety assessment is contained within the following sections.”)

Insert alternatives description table with explanations below – (e.g. “The following table depicts proposed alternatives to satisfy mission needs as they exist and are anticipated to evolve:



	Alternatives

Mission Need

Description

recommended approach

· Alternative A –
No change

· Retain current practice of using 72 MHz and low power 49 MHz transmitters with fewer control functions and less dependability

· Make no allowance for 49 MHz TDMA modulated transmitters to operate at higher-power output thus limiting use to 72 MHz digital proportional transmitters with less control functions and less capability

· Perform analysis on 72 MHz transmitters and low power 49 MHz transmitters to determine risk in possible loss of control

· Alternative B – Allow use of higher-power output 49 MHz TDMA transmitters

· Control model aircraft functions and operate at greater distances from remote control transmitters

· Provide for use of higher-power output 49 MHz TDMA transmitters and more sophisticated receivers which would offer more control functions and capabilities with greater control range of operations

· Perform analysis and tests to determine interference and other factors influencing operation with higher-power 49 MHz TDMA modulated transmitters and develop proposal to promote monitored or registered use



	CSA Objective: [preset to Heading 6] Insert objective statement below [restrict to one to two paragraphs]
(e.g. “This CSA is a qualitative safety assessment that provides management with a listing of hazards associated with a change, along with a risk assessment for each alternative-hazard combination that is considered.  The objective of this CSA is to provide the FAA and the FCC with some degree of confidence in proceeding investigation of the proposed Alternatives.”)

	Alternatives [preset to Heading 8] Insert alternatives below [preset to TOC 4]

	3Alternative A – No change


3Alternative B – Allow use of higher-power output 49 MHz TDMA transmitters




	Risk Profile of Alternatives
	Insert related Risk Assessment Matrix for alternatives above (and below, if required)

Procedures for preparing the Risk Assessment Matrices as illustrated:

1. Modify the graphic in PowerPoint to include the Risk Assessment Code (symbols) for all applicable alternatives.

2. Save the file in “Windows Metafile” (.wmf)

3. Return to Word, insert the graphic into this section by clicking on “Insert”, then “Picture”, then click on “Windows Metafile”.

[image: image1.wmf]No Safety 

Effect                                            

5          

Minor                                            

4            

Major                                            

3            

Hazardous                                            

2            

Catastrophic                                            

1            

Frequent

A

Probable          

B

Remote          

C

Extremely 

Remote         

D

Extremely 

Improbable       

E

*  Unacceptable with Single Point and

Common Cause Failures

High Risk

Medium Risk

Low Risk

Severity

Likelihood

*




	Description of Alternatives [preset to Heading 8] Insert corresponding description of alternatives

	Alternative A – No change
	· Retain current practice of using 72 MHz and low power 49 MHz transmitters with fewer control functions and less dependability.

· Make no allowance for 49 MHz TDMA transmitters to operate at higher-power output thus limiting use to 72 MHz digital proportional transmitters with fewer control functions and less capability.

	Alternative B – Allow use of higher-power output 49 MHz TDMA transmitters
	· Control model aircraft functions and operate at greater distances from remote control transmitters.

· Provide for use of higher-power 49 MHz TDMA transmitters and more sophisticated receivers which would offer more control functions and capabilities with greater control range of operations.


	Preliminary Hazards List [preset to Heading 8] Insert Hazard Description and Risk Assessment Codes

	Hazard
	Risk Assessment Code (RAC)

	Hazard Condition Description
	Alternative A
	Alternative B

	AMA-001 – Radio transmitter/receiver fails to provide control or model aircraft
6
	2B
	2D

	More hazards may be identified and classified accordingly
	--
	--


	Safety Assessment Summary [preset to Heading 8] Insert Assumptions, Requirements, and Recommendations


	Assumptions:

For the purpose of this assessment, the following assumptions were made:  (1) The FCC would permit power increases to 3 watts operating on the frequencies of 49.830 MHz, 49.845 MHz, 49.860 MHz, 49.875 MHz, and 49.890 MHz; (2) Spurious emissions caused by spectral splatter of the TDMA modulation with 90% duty cycle for maximum model aircraft control was within the allowable limits; and, (3) No unacceptable interference was detected by commercial, off-the-shelf wireless telephone equipment likely to be operated in the vicinity of the model aircraft activity.

	Candidate Requirements:

Alternative A – No change

The AMA would continue to sanction the use of 72 MHz digital proportional transmitters and allow the use of 49 MHz digital proportional transmitters operating under the current restriction of 100 milliwatts.

Alternative B – Allow use of higher-power output 49 MHz TDMA transmitters that would provide greater usable range, be less susceptible to RF interference, and consequently provide higher probability of control in environments surrounded by other radio control modelers.

The AMA would sanction the use of the 49 MHz band with higher-power output, and would require each user to register their transmitter with the AMA, who in turn would be required to obtain a master radio station license through the FCC.  Every radio control transmitter manufacturer would be required to obtain license under FCC regulations for authorization to manufacturer and make their products available to the market.

	Recommendations and Summary:

Alternative A is both a status quo option and an assumption that the use of 72 MHz digital proportional transmitter/receiver radio control equipment is safe.

Alternative B recommends the adoption of the use of the 49 MHz band with higher-power output and containing more control intelligence that would provide additional capability and positive control ability of model aircraft.  The AMA’s request and the FAA’s response to the request to perform an Comparative Safety Assessment and tests to determine interference and other factors influencing operation with higher-power 49 MHz TDMA modulated transmitters and develop proposal to promote monitored or registered use was warranted.

This Comparative Safety Assessment concludes that added control and safety would result from the permission to use higher-power 49 MHz TDMA transmitters and receivers that are more agile.  The advantages to be realized from such use are increased control and operational capability that enables the modeler to operate in competitive areas, among spectators and participants with greater confidence in performance and with greater safety and protections against risk of injury or loss or life.


	Hazard Classification Rationale Worksheet [preset to Heading 8] Insert Hazard Details

	Application:  Positive radio control [preset to Heading 7]

	AMA-001 – Radio transmitter/receiver fails to provide control or model aircraft [preset to Heading 1]

	RAC
	With low-power 49 MHz or 72 MHz transmitter
Severity: 2
Likelihood: B
Assessment: HI
	With high-power output 49 MHz transmitter
Severity: 2
Likelihood: D
Assessment: MD
	
	
	

	Hazard Description
	The loss of model aircraft control in spectator events and among competitors is possible is the radio transmitter and receiver link is interrupted due to reduced signal-to-noise conditions.  The effects of loss of may result in injury or loss of life.  It is more likely to occur with lower-powered transmitters operating with digital proportional modulation than it is with higher-powered output transmitters using protected modulation schemes.  The hazard is explicitly probable when operating in and around buildings or other metal objects and when within an “RF rich” environment when among other modelers when the probability for interference is possible, thus causing loss of control of the aircraft.

	Rationale for Severity
	Loss of model aircraft

The causal factors associated with this hazard are the loss of control of the model aircraft.  The severity is considered hazardous since the worst credible condition would result in injury and possibly limited loss of life and/or property damage.

	Rationale for Likelihood
	Alternative A – Make no allowance for 49 MHz TDMA modulated transmitters to operate at higher-power output thus limiting use to 72 MHz digital proportional transmitters with less control functions and less capability.  This would result in a hazard likelihood of B.

Alternative B – Allow use of higher-power output 49 MHz TDMA transmitters that would provide greater usable range, be less susceptible to RF interference, and consequently provide higher probability of control in environments surrounded by other radio control modelers.  With these controls in place, the likelihood code of D is assigned.
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Note:  Numerals in each symbol are the number of hazards for each alternative.  Positions of one or more symbols in the same block does not imply a greater severity or likelihood.





With low-power 49 MHz or 72MHz transmitter





With high-power output 49 MHz transmitter
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