Statement from Airservices Australia
in Support of CASA’s Exemption Application to
HREOC
in respect of the
proposed Civil Aviation Safety Regulation Part 67
Colour Vision Standard

The existing aviation medical standards for colour blindness were developed many years ago for an aviation era that by today’s standards would be considered prehistoric. In those days, radar technology was in its infancy and consequently surveillance equipment was rudimentary and monochrome – indeed even the number and types of aircraft (and hence variance in aircraft performance) was minimal when compared to the contemporary aviation era. Decades ago, a system for signalling to pilots without radio was established. It relied on the pilot (and the air traffic controller) being able to discern the difference between red, green and white. Essentially, the red and green colours have a similar meaning to pilots as they do to for the average “civilian” – red is for danger or stop; green is for safe or go.

Today however, quite apart from the airspace congestion with ever-increasing permutations of aircraft performance, technology has progressed to a point where we no longer use raw radar (which is basically a binary surveillance tool – on or off). Instead, we use technology like…

· secondary surveillance radar where there is a substantial amount of data regarding the aircraft disposition transmitted from the aircraft on the underlying radio signal; or

· satellite ADS (automatic dependent surveillance) and GPS (global positioning system) – again where complex aircraft disposition (and now also control instructional) data is relayed between aircraft systems and ground-based systems (perhaps via space-born systems); etc

This data is then interpreted or encoded and transmitted by the ground-based or airborne equipment and displayed on modern colour screen Air Situation Displays on the ground and in “glass cockpit” displays (colour cathode ray tubes) in the aircraft cockpit.

The use of colour is to reduce the screen clutter that would occur in a monochrome situation and to assist controllers and pilots alike to readily identify particular types of information that may be more relevant to the particular circumstance than some of the other information displayed concurrently (but in different colours). An example might be to use the colour red (or shades of red) to display information for situations where urgent attention to an issue is required by either the pilot or the controller – the altitude numbers might turn a shade of yellow and then, ultimately, red (depending on the degree of deviation) when a pilot allows his aircraft to deviate from an assigned altitude. In the congested airspace around some of our busy airports, early detection of such deviation would be critical for the safety of our air navigation system. There are many such examples.

Air situation displays typically have a number of display “layers” each with their own set of colours – some layers where the colour is also a code to which a meaning has been ascribed, other layers where the colour is used to segregate information.
A monochrome display would quickly become crowded with information to a point where it would be difficult for a controller (or a pilot) to instantaneously recognise an emerging safety issue – eg two aircraft straying too close to each other (infringing the minimum separation standards that might apply at the time).

Even where there is both an aural and a visual alarm (as in some situations), the aural alarm simply alerts the controller that something needs attention. The colour of the relevant Air Situation Display data will attract the controller’s attention and also convey information to the controller – eg yellow – the situation is becoming critical, or red – the situation is critical and requires immediate attention.

The aviation industry has only just begun to develop aides of this type for controllers. Today Airservices Australia has a colour palette (for controllers) which consists of 43 colours (refer attached Appendix 1). The equipment has a capacity of literally millions of colours – although realistically, it is not expected that even a colour normal controller will be able to distinguish between subtle changes in shade. It is for this reason that professionals in the field of both optometry and colour perception, are engaged. Indeed, it is also necessary to consider the environmental lighting and the behaviour of the screens themselves (to ambient lighting and also to ageing). Because of such interactions, there is a considerable reliance on the ability of the controller to perceive the differences in colour when that colour might be affected (quite differently at times) by the ambient lighting, by the age of the screen and associated hardware producing the colour and finally on the fatigue levels of the controller concerned. Air traffic control is a shiftwork environment. As such, Airservices Australia subjects controllers to a certain amount of fatigue. Care is taken to not place controllers in a position where they will be required to perform complex and critical tasks under high fatigue levels. This is achieved by such things as roster design, education, rest breaks, etc. Nevertheless, there will be occasions when all of the various factors influencing the shade of the displayed colour will cause that colour to appear slightly different to the “design”. It is imperative that controllers are able to operate within the variability that is inherent in the system. Advice confirms that only colour normal individuals are likely to have such an ability. Furthermore, if there is any doubt that an individual cannot work within this variability and accurately respond to the situations presented (in colour), then Airservices Australia will be unable to meet its first legislated requirement (refer Air Services Act 1995) to…

8.(1)  [Airservices Australia] has the following functions:

(a) providing facilities to permit the safe navigation of aircraft within Australian-administered airspace;

Further…
9.(1)  In exercising its powers and performing its functions, [Airservices Australia] must regard the safety of air navigation as the most important consideration.

This primacy of safety is reinforced by both ICAO and CASA viz…
From ICAO Annex 1…
6.2.4  Colour Perception Requirements

Contracting States shall use such methods of examination as will guarantee reliable testing of colour perception.
6.2.4.1  The applicant shall be required to demonstrate the ability to perceive readily those colours the perception of which is necessary for the safe performance of duties.

From the Civil Aviation Regulations 1988 – Schedule 1 
Colour Perception
34.  A person must be able to demonstrate the ability to distinguish readily those colours the perception of which is necessary for the safe exercise of privileges, or performance of duties, under the licence to which the medical standard applies.

Airservices Australia takes its responsibility for ensuring safe air navigation very seriously. Our decision in 1999, as a prelude to the introduction of the new colour screen technology, was not taken lightly. It also followed extensive discussions with and a report from a pre-eminent specialist in colour vision, Professor Barry Cole from the School of Optometry, University of Melbourne. Professor Cole visited one of our centres to examine the colour palette, was provided technical specifications of our colour palette and applied this information to the (para-phrased) question…
Can Airservices Australia reasonably expect all Class 3 Medical Certificate holders to perform safely and unimpaired in its proposed new colour screen environment?

His analysis determined that people who failed the Ishihara test and passed the Farnsworth Lantern test could not be expected to perform unimpaired and that therefore, safety was potentially compromised. This situation was untenable for Airservices Australia. Accordingly, it was at that time that Airservices Australia determined that future air traffic control applicants would not be suitable unless they passed the Ishihara test.

A paper written in 1986 by Professor BL Cole and colleague, WA MacDonald, and published in a British journal for Ophthalmologists and Optometrists, chronicles research undertaken and then analysed and reported. In the Conclusion, the authors make the following points…
1. People with defective colour vision have been shown to have slower response times and make more errors with a complex colour-coded visual display than do those people with normal colour vision. It is well established that people with abnormal colour vision have difficulty with colour codes when colour is used connotatively; that is, when specific meanings are attached to the colours.
Comment:
In modern colour screen based technology such as that now in use throughout Australia, colour coding does indeed have specific meanings. It is not just a tool used to segregate information. As controllers grow more and more comfortable with the technology, so it is anticipated that new colours will be used to convey additional (and operationally critical) information.
2. People with defective colour vision can be at a disadvantage when endeavouring to extract information from complex visual displays that are denotatively colour coded.
Comment:
Denotatively colour coded displays are used to segregate information. The technology in use in Australia uses this technique on some of the layers visible on both the Air Situation Display and on adjacent displays which carry information which is operationally relevant to the controller and at times, also critical.
3. Colour-coded video displays of complex information are now often used in many occupations (eg aviation and aerospace occupations and increasingly, also in medicine) and there may be a need to impose colour vision standards for persons using those displays where the information displayed has to be interpreted and acted upon quickly and without error.

Comment:
Clearly, such is now the case for air traffic control within Australia. Airservices Australia cannot ignore the potential reduction in Safety. Indeed, the Air Services Act requires that safety is a prime consideration for Airservices Australia in conducting its business. Colour coded video displays are now also in use in many Air Traffic Control towers. It is only a matter of time before they are in use in every control tower.
Some have argued that Airservices Australia ought to develop some kind of practical test that applicants who have failed the Ishihara test could undertake and hence “establish” themselves as being able to be “safe”. There are four primary constraints to such a proposal…
1. To ascertain, in a practical test, whether safety will be compromised, requires the practical test to also be contextual. For the test to be truly contextual, it really needs to be conducted on a properly trained air traffic controller, because the responses required are those of a “normal” and “colour normal” air traffic controller. The problem is though, that it cannot be ascertained that, for a colour “abnormal” person, the training is appropriate or “complete” because the training is also conducted using colour-coded screen based technology. The cost to train each controller is very high. For management to expend such a cost with no reasonable prospect that the applicant will pass both the medical standard and the competency standard, would be irresponsible.
2. There is also the question of selecting the colour palette to test. The palette is constantly evolving. There are currently 43 colours in the palette, but this figure is expected to grow as technology evolves (eg LCD and plasma screens) and as controllers respond to this technology with more procedural diversity aimed at improving the service whilst protecting the integrity of the air navigation system. Accordingly, a test would need to be “generic” or, alternatively, be re-developed every time there was a change to the colour palette. The latter would be untenable.
3. The environment and the disposition of the controller are also important considerations. The environment includes the ambient conditions, lighting, adjacent “colour” distractions (eg reflections and shadows, sunlight permeation, etc). It also includes the state of the hardware (the age of the equipment, the serviceability of the equipment – ie within specification but approaching the limit) and the controller’s own personal settings (what brightness and contrast settings have been applied by the controller).
4. The disposition of the controller includes consideration of the physiological state of the controller – in particular, how rested/fatigued is the controller, for how long has the controller been working with a screen since commencing shift; how many rest breaks and what duration. 
To develop and validate a practical test (or tests) that consider all of the permutations and then controls for each variable, is an extremely arduous and expense task. If Airservices Australia (and/or other employers where staff would be required to use colour-coded screen based technology) was required to develop such a testing regime, it would constitute an imposition of undue and unwarranted hardship.
The Ishihara pseudoisochromatic 24-plate test is a validated test that has been extensively used throughout the world. Applicants who pass this test will be able to perceive the colours and act upon them quickly and safely in all circumstances.
Pregnancy Medical Standard

Airservices Australia has successfully lobbied CASA to consider the particular circumstances pertaining to pregnant air traffic controllers quite separately from its consideration of the circumstances of a pregnant pilot.
Airservices Australia supports CASA’s contention that pregnancy issues in the cockpit could have quite serious implications on the safety of air navigation. However, provided certain conditions (eg other staff around, immediate access to assistance, etc) are met, the circumstances for a pregnant air traffic controller succumbing to her pregnancy are such that there would be no deleterious affect on the safety of air navigation.

CASA has appropriately differentiated between these two professions to the satisfaction of Airservices Australia. The proposed pregnancy medical standard has also been supported by the Civil Air Operations Officers Association (the air traffic controller union).
APPENDIX 1 – COLOURS
Each colour is defined with a brightness dependence. A single colour defined with 2 different brightness is in fact 2 colours. A single colour defined with a blinking is also a separate colour (the blinking rate may be hardware dependant).
4 sets of colours (or graphic plans) are available:

1. X visual in which are all non graphic colours (windows). 4 planes are used to give 16 colours, but only 15 are available for use. The first colour is reserved for the system as a transparent colour. This set is also used for AIF static data (bitmap) display.

2. Graphic visual, used in the Main Window and Second Window which includes:

· 4 planes for tracks are used th give 16 colours, but only 15 are available for use. The first colour is reserved for the system as a transparent colour.

· 3 planes for maps are used to gives 8 colours, but only 7 are available for use.

3. An extra set (1 colour) is defined for the special use of dynamic drawing (creation of private maps, BRL, graphic aids,...

4. The cursor which has a separate definition and allows 2 colours.

The following tables give the definition of these colours. Each table represents a category of colours.

· The 1st column gives the index number of the colour.

· The 2nd column gives the short name used in the Operator Handbook.

· The 3rd column gives the use.

· The 4th column gives the colour itself in HLS values with its brightness dependence adjustment.

· The 5th column gives the minimum and the maximum brightness values.

· The 6th column gives the colour itself in RGB values.

Note: These definitions are only set for illustrative purpose. They are defined in Red, Green, Blue or H, L, S values for a better meaning. The real values can be different.

1. X VISUAL Set – 16 colours in 4 planes
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2. GRAPHIC VISUAL Set – 16 Track colour definition
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3. MAP COLOUR DEFINITION – 8 Maps colour definition
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4. DYNAMIC DRAWING COLOUR DEFINITION
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5. CURSOR COLOUR DEFINITION
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