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1. INTRODUCTION 

Today, distance-based radar separation minima, including those associated with wake vortex, are 
applied by ATC to arriving aircraft operating under IFR at European aerodromes. Such minima are 
applied independent of weather (e.g.: wind conditions). 
 
Where distance-based radar separation minima are applied to an arrival stream of aircraft, in 
conditions of strong headwind, the times taken to cover these minima, as a result of reduced 
aircraft ground speeds, increases, resulting in decreases in runway throughput, which in turn have 
serious consequences to operational efficiencies. It is suggested that if time-based separations 
were to be applied, instead of distance based separations, in combination with suitable support 
systems and the use of appropriate ATC working methods/procedures, this loss of landing rate 
could be recovered. 
 
The EUROCONTROL Time-Based Separation (TBS) Project is investigating the feasibility, with 
respect to safety and controller workload, of a new concept of applying separation minima between 
successive arrivals on final approach.  
In this concept, the existing distance-based radar separation minima would be translated into 
equivalent minimum time intervals derived from nominal aircraft ground speeds operating on final 
approach in zero wind conditions.  
Application of minimum time-based separation intervals on final approach, as opposed to minimum 
distance-based radar separation minima, could also be applied consistently across all wind 
conditions, thereby affording the possibility to sustain runway arrival throughput rates in headwind 
conditions. 
 
As a function of wind conditions and the weight categories of landing aircraft pairs, such minimum 
time intervals would be represented to ATC in the form of leader/trailer lines, of calculated lengths, 
associated with individual aircraft radar position symbols. In this way, ATC would be applying time-
based separation minima in terms of metrics which are conducive to the provision of a radar 
control service. More generally, the TBS project will investigate possibilities of preventing loss of 
runway throughput under strong wind conditions while maintaining the required level of safety. 
 
Where results of other EUROCONTROL wake-vortex related research result in processes for 
reductions in the existing ICAO radar distance-based separation minima, the associated TBS 
minima will be adapted accordingly. 
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TBS Project Rationale 
The main objective of the TBS Project is to demonstrate the feasibility, from the perspectives of 
safety and operations, of the application of time-based separation minima for arrivals under all 
wind conditions. This will be done through due consideration of the safety, operational and human 
factor issues involved. 
 
TBS Project Scope 
Although benefits from TBS are derived from headwind conditions, it is anticipated that the same 
support tools and working methods can be used in all wind conditions (including zero wind). In this 
way, requirements associated with transitioning to/from distance-based separation minima would 
remain transparent. 
 
Report Structure 
The report is built around the following structure: 

• Section 1 introduces the TBS operational concept along with its rationale as well as the 
structure of the report. 

• Section 2 presents the high-level objectives associated to the December 2007 validation 
exercises. 

• Section 0 refines the high-level objectives presented in section 2 and introduces indicators, 
metrics as well as hypothesis regarding the data to be collected. 

• Section 4 details the experimental design that was selected to support the data collection 
specified in section 0 and provide evidence to validate the TBS operational concept. 
Information about the detailed data requirements is also given in this section as well as a 
description of the techniques that will be used to analyse the results. 

• Section 5 presents in details the environment that will be simulated during the December 2007 
RTS: sectors, runway characteristics, wind scenarios, traffic load… 

• Section 6 summarises the main features of the HMI and how they are to be used during the 
experiments. 

• Section 7 makes a full presentation of the results. 
• Section 8 concludes the report by summarising the main results in view of the hypothesis and 
low-level objectives that were stated in section 0. Recommendations for future validation 
exercises are also provided. 

 
Additional materials, in particular about the questionnaires that have been used to support the 
collection of information, are also provided within the different annexes attached to the report.  
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2. OBJECTIVES OF THE TBS REAL-TIME SIMULATION 

Further to the rationale for TBS described in the introduction, the following high-level objectives are 
identified for the December 2007 TBS real-time simulation: 
 
Objective A:  
To evaluate the impact of headwind strength on the use of TBS in terms of runway throughput and 
controller acceptability. 
 
Objective B:   
To evaluate the impact of the proportion of heavy traffic on the use of TBS in terms of ATCOs’ 
working methods and acceptability. 
 
Objective C:  
To assess the effect of unexpected windshear on a sequence of arrival traffic using TBS in terms 
of the actions of the controllers to recover the situation, the impact on their workload, the impact on 
runway throughput, and impact on the time spacing between successive landings. 
 
Objective D:  
To compare the actual spacing provided by the controllers in the simulation with the TBS 
theoretical minimum spacing and extract explanations of the differences (if any) with regard to 
controller working practises, spacing support tools and understanding of the TBS concept.  
 



EUROCONTROL  Results from the December 2007 Time-based Separations Real-Time Simulation Exercices 
 

 Project TBS – EEC Report No. 411
 
4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank 



Results from the December 2007 Time-based Separations Real-Time Simulation Exercices EUROCONTROL  
 

Project TBS – EEC Report No. 411  
 

5

3. INDICATORS, METRICS AND RELATED HYPOTHESIS AND LOW-LEVEL 
OBJECTIVES 

3.1. OBJECTIVES A AND B 

A. To evaluate the impact of headwind strength on the use of TBS in terms of runway 
throughput and controller acceptability. 

B. To evaluate the impact of the proportion of heavy traffic on the use of TBS in terms of 
ATCOs’ working methods and acceptability. 

 
Indicators and metrics: 

•  Runway throughput, 
•  Required and achieved time separation between 2 successive landings, 
•  Achieved distance separation between 2 successive landings, 
• Time spent on R/T 
• Number of clearances of each type: speed instructions, level (climb or descent, including 
instructions about rate of climb/descent), heading (vectoring or direct), other(transfer, 
identification, request for information…) 

•  Subjective Workload,  
• Answers to questionnaires/debriefings about the difficulty to deal with a strong headwind 
condtions and heavy aircraft compared to Medium ones 

 
Related Hypothesis/low-level objectives: 

A. 1. For a same traffic mix, under different wind conditions, the achieved runway 
throughput stays the same; 

A. 2. Under different wind conditions, the  distributions of the achieved time-separation 
between 2 landings for the different aircraft pairs stays the same;  

A. 3. Under stronger wind conditions, the distance separation between successive aircraft 
is reduced; 

A. 4. Under different wind conditions, the subjective workload of the controllers stays the 
same; 

B. 1. The wake turbulence category of the aircraft impacts the time and distance 
separations that are applied; 

B. 2. The subjective workload of the controllers is not impacted by the wake turbulence 
category of the aircraft; 

B. 3. The number of clearances that are issued per aircraft (& per type of clearance) is 
impacted by the wind scenario and the wake category of the aircraft. 
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3.2. OBJECTIVE C 

C. To assess the effect of unexpected windshear on a sequence of arrival traffic using TBS in 
terms of the actions of the controllers to recover the situation, the impact on their workload, the 
impact on runway throughput, and impact on the time spacing between successive landings. 

 
Indicators and metrics: 
• Questionnaires and interviews about the windshear scenario 
• Questionnaires and interviews about the spacing practices under turbulent wind conditions 
 
Related Hypothesis/low-level objectives: 

C. 1.  To specify the need for a safety net to warn the ATCOs about windshear 
C. 2. To identify the changes of spacing practices that are linked to a wind scenario with 

windshear 
 

3.3. OBJECTIVE D 

D. To compare the actual spacing provided by the controllers in the simulation with the TBS 
theoretical minimum spacing and extract explanations of the differences (if any) with regard to 
controller working practises, spacing support tools and understanding of the TBS concept.  

 
Indicators and metrics: 
• Required and achieved distance separation between 2 successive landings, 
• Questionnaires and interviews about the spacing practices 

 
Related Hypothesis/low-level objectives: 

D. 1. To evaluate the spacing practices of the controllers under different wind conditions 
and according to the aircraft pairs. 

D. 2. To identify the separation infringements 
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4. EXPERIMENTAL DESIGN 

The main objectives of this exercise are to evaluate the impact of TBS under different wind 
conditions and to identify the changes in the working practices that could be associated to the 
wake category of the aircraft.  
ATCOs from 2 different German ACCs have been provided for 2 weeks: 4 different ATCOs for 
each week of work (5 days).  
The set-up of the platform facility will enable to run 2 exercises in parallel:  2 identical airports will 
be simulated with identical single runways that will be fully dedicated to arrivals and identical 
STARs, receiving an identical traffic, but the wind can be different at the 2 airports. 

4.1. SCENARIOS 

To be able to evaluate the impact of TBS under different wind conditions and to identify the 
changes of working practices that could be associated to the wake category of the aircraft, the 
experimental conditions have been characterised by 2 parameters: the traffic sample (which is a 
traffic mix) and the wind scenario. 
 
Traffic: 

• 2 traffic mixes (TM)  with different percentages of Heavy H and Medium M aircraft: TM1 (25%H 
/ 70%M / 5%L) and TM2 (45%H / 50%M / 5%L) 

• For each TM, one variation: TM1a and TM1b; TM2a and TM2b 
Wind: 

• 2 wind scenarios: 5kts, 20kts (headwind component on the ground) 
• A Wind shear (WS) scenario will also be tested: sudden change of headwind from 30kts to 
0kts during the exercise. 

Proposed exercise timing: 
• Rise of traffic load for 10 to 15 minutes 
• Then a period of 60 minutes will be measured for later analysis 

 
In order to achieve a full factorial experimental design, the number of experimental conditions to be 
tested is the following: 

8 ATCOS × 2 wind scenarios × 2 TM = 32 exercises 
2 experimental conditions are measured per exercise, 16 per week (8 sessions of 2 exercises run 
in parallel), and 32 at the end of the simulation (2 weeks). 
 
Based on the availability of the controllers and the time that will be necessary for training, 11 
measured sessions (each of 2 exercises run in parallel) will be available for each week of the 
simulation. As 1 spare session (of 2 exercises) will be kept in case of a platform failure each 
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week, 3 additional sessions will be left to analyse the impact of specific “extreme” scenarios: 
• Wind shear: one session with TM2(a or b) 
• System failure: complete disappearance of the TTP (see 6.3) and of the sequencing 

tool with TM1(a or b) with headwind 20kts 
• Heavy traffic: traffic mix with 60%H / 40%M, wind 20kts 

 
More information about the airspace, sectors and scenarios is provided in Section 5. 

4.2. EXPERIMENTAL DESIGN 

A within-subject design that enables a comparison for each ATCO of the different experimental 
conditions will be used. The data collected with such a design is analysed by comparing the 
difference in behaviour between 2 given scenarios over all the ATCOs. This type of design is used 
to limit the individual variability of each human participant within the analysis of an experiment. The 
experimental conditions will not be presented in the same order to each ATCO in order to 
counterbalance the learning effect of the TBS operational concept. 

Table 4-1:  Number of exercises per experimental conditions 

 5 kts 20 kts 

TM1a 4 4 

TM1b 4 4 

TM2a 4 4 

TM2b 4 4 

Code for the exercise:  
Traffic sample / headwind 1st group (headwind 2nd group) / Id of extreme scenario 

With: 
• Traffic sample = TM(1 or 2)(a or b)  
• Headwind 1st group = 5, 20 or WS (wind shear) 
• In brackets, the wind scenario for the 2nd group of controllers (the order in which it is presented 
is counterbalance compared to the order for the 1st group). 

• The 3 extreme scenarios will be identified thanks to a “WS” (wind shear), “SF” (System 
Failure) and “HT” (heavy traffic). 

 
Controllers work by pairs: ATCO1 and ATCO2. When ATCO1 sequence the a/c, ATCO2 is 
delivering the traffic to the runway with TBS (and vice-versa): 

• When ATCO1 delivers the traffic, both controllers will work on TM1(or2)a. 
• When ATCO2 delivers the traffic, both controllers will work on TM1(or2)b. 
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Planning Week 1 
 

Monday Tuesday Wednesday Thursday Friday 

Briefing TM1a / 5(20) TM1a /20(5) TM1b / 20(5) TM2b/WS(WS) 

Training TM2b / 20(5) HT/20(20) TM1a/20(20)/SF(SF) Spare 

 Lunch Lunch Lunch Lunch 

TM1b / 5(20) Training 

TM2a / 20(5) 

 
TM2b/5(20) 

 
TM2a /5(20) 

 

Final 
questionnaire 

& 
debriefing 

 
Planning Week 2 
 

Monday Tuesday Wednesday Thursday Friday 

Briefing TM2a / 5(20) 
 

TM2a /20(5) 
 

TM2b / 20(5) TM2a/WS(WS) 

Training TM1b / 20(5) HT/20(20) TM1b/20(20)/SF(SF) 
 

Spare 

 Lunch Lunch Lunch Lunch 

TM2b / 5(20)  
 

Training TM1a / 20(5) 

 
TM1b/5(20) 

 
TM1a /5(20) 

 

Final 
questionnaire 

& 
debriefing 

 

4.3. DATA COLLECTION 

The data requirements are issued from the indicators and metrics identified in Section 0. 
 
Automated Recordings: 

• Wake category of each aircraft, 
• R/T communication: time spent on R/T, 
• Clearances of each type, 
• Time over the threshold for each aircraft: considered to be the landing time, 
•  Required time separation between each pair of aircraft from the moment both have captured 
the ILS, 

•  Length of the TTP between each pair of aircraft from the moment both have captured the ILS, 
•  Distance separation between each pair of aircraft from the moment both have captured the 
ILS. 
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Questionnaires, debriefings, observations about: 
• Subjective Workload,  
• Perceived Safety, 
• The difficulty to deal with a strong headwind condtions,  
• The difficulty to deal with heavy aircraft compared to Medium ones, 
• The spacing practices, 
• The windshear and other “extreme” scenarios. 
 
A post-exercise questionnaire (see ANNEX B: was distributed after each measured run to the 
participants: this one mainly dedicated to subjective workload analysis, safety feeling and 
situational awareness. It was complemented by an optional Safety debriefing sheet (see 
ANNEX B:  to capture, debrief and analyse some safety critical events that happened during 
this last run. A post-simulation questionnaire (see ANNEX D: ) was also distributed to the 
participants on the last day of the week. 

4.4. PROPOSED ANALYSIS 

The following sections are not a complete and precise description of the theory lying behind the 
techniques that were chosen to analyse the data; but rather introduce these techniques at a high-
level so that the results presented later can be understandable to most of the readers, whatever 
their background is. 
The following techniques have a common goal: identifying “statistically significant differences” in 
the different indicators linked to the experimental conditions, i.e. either to the wind scenario or to 
the traffic mix, or to the combination of both. The expression: “statistically significant difference” is 
used in an attempt to generalise the results of the experiment to a more general and global 
population of ATCOs. It can also be re-written as: “Within a given probability, it can be generalised 
that there exists a difference between the indicators measured under different experimental 
conditions”. This probability is called the “level of significance” of the analysis. For this report, we 
will always use a level of significance equal to 95%.  
These types of analysis will only be performed to evaluate the impact of TBS on different types of 
aircraft and under different constant wind conditions. Under non-nominal conditions, i.e. for the 
“wind shear”, “system failure” or “heavy traffic” scenarios, no statistical analyses will be performed, 
due to the limited number of observation: the analysis will only be based on the subjective 
feedbacks of the controllers that were collected during the debriefings. 
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4.4.1. ANOVA Analysis 

 The results of an ANOVA analysis will be displayed in this report within a table similar to Table 
4-2. This statistical technique identifies which experimental conditions impact the considered 
measurements and how this can be generalised. In the case of the chosen example, the analysed 
measurement is an indicator of the subjective feeling of the participants about the impact of the 
wind management over their subjective workload. Looking at the last column, named p, is sufficient 
to interpret the results: a value lower than 0.05 indicates that the considered experimental 
condition has a statistically significant impact on the measurements with a 95% probability. The 
description of the other columns is not necessary to understand the results. 

Table 4-2: ANOVA results for the overall workload of the controllers 

 
Degr. of 

Freedom 

wind mngmt

SS 

wind mngmt

MS 

wind mngmt

F 

wind mngmt 

p 

Intercept 1 731.5313 731.5313 280.1077 0.000000 

TM 1 0.2813 0.2813 0.1077 0.745228 

wind 1 52.5313 52.5313 20.1145 0.000113 

TM*wind 1 1.5313 1.5313 0.5863 0.450251 

Error 28 73.1250 2.6116   

Total 31 127.4688    

 
In the case of Table 4-2, the results show that the scores indicating the subjectif impact of the wind 
management over the overall workload of the participants, here identified as “wind mngmt”, are 
significantly different depending on the wind scenario. The line corresponding to the experimental 
factor that impacts the results is also displayed in red. More information about this particular 
analysis of the overall subjective workload is provided in ANNEX C:  
If this technique is efficient to identify the experimental factor, or factors, that significantly impact 
the indicators, it is nevertheless not adequate to compare the measurements under different values 
of the experimental factors, and find out, for example, for which value of the experimental factor, 
the measurements are the greatest.  

4.4.2. Means and their Intervals of Confidence 

They complement the ANOVA analysis. The means and intervals of confidence are displayed 
within a 2 dimensional graph, such as the one presented in Figure 4-1. In this example, the graph 
displays the mean subjective overall workload of the participants in the TBS experiment 
respectively under 5kt headwind conditions (L) and under 20kt headwind condition (H). The 
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intervals of confidence for these means are represented as vertical bars centred on the means.  
An interval of confidence is representative of the variability of the scores under the same 
experimental conditions: the wider the interval is, the more variable the scores are. The size of the 
interval of confidence is also dependent of the number of observations: for a given experimental 
condition, the more observations are available, the smaller the interval of confidence is.  
The intervals of confidence are used to extend the results of an experiment over a limited number 
of subjects, in the case of the example: 8, to a greater and more general population of ATCOs. The 
interval of confidence represents an estimate, within a given level of significance (95%), of the 
“real” mean, i.e., the value of the mean score for a greater population of ATCOs. To evaluate 
whether the scores under 2 different experimental conditions are the same or not, the intervals of 
confidence are compared: 

• If the values within these 2 intervals of confidence overlap, then there is, statistically, no 
difference between the means; 

• If the values within the 2 intervals of confidence do not overlap, then there is a statistically 
significant difference between the means. 

With 8 measurements per experimental condition (wind scenario and traffic mix), the width of the 
intervals of confidence was greater than if more subjects could have been available. One 
consequence is that it can become more difficult to identify differences between the scores under 
the different experimental conditions. 

Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 4-1:  Means and intervals of confidence for the overall workload under different wind 

conditions 

Even if the mean workload for the stronger headwind scenario is greater than the one obtained 
under lower wind conditions, it is not possible to identify any statistically significant effect due to the 
difference of wind scenario: the values within each interval of confidence overlap and thus indicate 
no significant difference.  
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A statistically significant difference might have been measured if more ATCOs had participated in 
the experiment, but with the available results, it is not possible to conclude. However, the width of 
the intervals of confidence is quite reduced compared to the possible range of the answers (from 0 
to 10): it indicates a great consistency between the scores of the different participants, thus a good 
level of agreement between them, and then indicates that the final conclusion is very likely to be 
that there is no difference in terms of perceived overall workload for the different wind conditions. 
In particular, this answers partially Objective A as the headwind strength does not seem to impact 
the overall workload of the controllers. Let us note that the analysis of the mean is sufficient when 
the measurements are normally distributed. When it is not the case, as for the scores of a 
questionnaire, additional analyses are necessary, like non-parametric testing. 

4.4.3. Non Parametric-Testing 

There exist many techniques that match this terminology but all those will not be detailed in this 
section. Their main common characteristic is that they do not only consider the mean of a random 
variable, like the mean of the scores of the ATCOs under different experimental conditions as in 
Figure 4-1, but also the whole distribution of the observed measurements. These techniques are 
considered to be more powerful, especially when few observations can be available, as for the 
TBS real-time simulation.  
The technique that has been used to analyse the post-exercise questionnaires, which is called the 
“Wilcoxon-Mann-Whitney” test, performs pair-wise comparisons of the scores: the scores of a 
same ATCO are compared under 2 different experimental conditions. The technique then looks at 
the distribution of these differences over the 8 participants to analyse whether the difference is 
close to 0, i.e. no statistically significant difference due to the change of experimental condition, or 
if this difference is rather positive or negative. This type of analysis has been performed to 
complement and confirm the results of the ANOVA analyses and of the means and intervals of 
confidence. Another type of non parametric test, called the “Mann-Whitney Uniform” test, has also 
been performed to compare the distributions of the time and distance separations between 
successive landings under the 2 different wind scenarios. 

4.4.4. Boxplots and Outlier Identification 

The boxplot is a graph that represents the distribution of a sample of observations from a given 
random variable, e.g the time separation between two successive aircraft of a given type. Several 
representations of the boxplot exist but the one displayed in this document is of the following type: 
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Figure 4-2: Boxplot for the distribution of a given sample of observations 

• Q1 is the lower quartile: 25% of the observations within the sample are lower than Q1 
• Q3 is the upper quartile: 75% of the observations of the sample are lower than Q3 
• The Median corresponds to the number compared to which 50% of the observations are lower 
and 50% greater. 

The outliers are all observations whose values are outside of the interval that is indicated on the 
graph by the limits called “upper limit” and “lower limit”: 

Lower limit  =  Q1- 1.5 (Q3-Q1);  
Upper limit  =  Q3+ 1.5 (Q3-Q1)] 

The extremes are observations which values are identified as “aberrant” in view of the distribution 
of the overall observations. The process to identify them is complex and not relevant for this 
document. The analysis of the extremes and outliers will be used to eliminate measurements of 
time or distance separation that could be associated to a lower level of demand, i.e. no need for 
separations close to the minima, or to bad performance of the aircraft (pilot errors, system failures, 
no speed reduction on final or too-early a speed reduction), thus not relevant to be considered. 
 
 
 
 

Range 
Q3 : upper quartile

  Q1 : lower quartile 

Median 

 

 

 Lower limit 

Upper limit 
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5. SIMULATED ENVIRONMENT 

5.1. AIRSPACE & SECTORISATION 

The simulated enviroNMent for the simulation consists of 2 generic airports and their associated 
arrival routes (STAR). Departures will not be simulated. Each airport has one arrival runway and 
four STARs. Only arrivals on RWY 27 will be simulated. 
Simplified maps of the simulated airspace can be found in the ANNEX A: of this document.  
 
AIRPORTS & RUNWAYS 

 

Name ARP RWY Magnetic 
Heading 

Threshold Coordinates 

27 270 THY27 4855N26 00223E44 LFYP 4855N33 
00222E35 

09 090 THY09 4855N26 00221E31 

27 270 THZ27 4455N26 00223E44 LFZP 4455N33 
00222E35 

09 090 THZ09 4455N26 00221E31 

 
ATC SECTORS 

 
Each airport will have 2 measured approach positions. The IN position is the Initial Approach 
position and the ITM position is the Final Director position. The TWR position is a non measured 
position. 
 

Name 
Associated 

APT 
Controller 
Number 

Pilot Number Frequency 

IN Y LFYP 3 21 & 22 121.15 

ITM Y LFYP 2 23 & 24 126.42 

TWR Y LFYP 9 - 128.40 

IN Z LFZP 4 13 & 14 127.75 

ITM Z LFZP 6 32 & 33 131.65 

TWR Z LFZP 7 - 133.20 
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5.2. METEO 

3 different wind scenarios will be introduced during the simulation in order to achieve and measure 
objective 1 and 3. 
 

5 knots Headwind 
20 knots Headwind 

20 knots Headwind with windshear 
 

5.3. TRAFFIC SAMPLES 

5 different traffic samples, with a different mixture of HEAVY, MEDIUM and LIGHT aircraft will be 
used during the simulation. 
 

Traffic Sample 
Name 

% HEAVY % MEDIUM % LIGHT 
Theoretical Runway 

Throughput 

TBS1 25% 70% 5% 42 aircraft/hour 

TBS2 25% 70% 5% 47 aircraft/hour 

TBS3 45% 50% 5% 44 aircraft/hour 

TBS4 45% 50% 5% 44 aircraft/hour 

TBS5 60% 40% 0% 45 aircraft/hour 
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6. THE HUMAN MACHINE INTERFACE 

It is not the intention to fully describe here the Human Machine Interface (HMI) that will be used 
during the simulation. Only a small introduction of what to be expected will be presented.  
The first day of each session will be dedicated to training exercises so that the participants can 
explore in more detail the possibilities of the HMI. 

6.1. RADAR LABELS 

The radar labels used for the simulation contain only basic aircraft data such as callsign, wake 
turbulence category, actual flightlevel/altitude, tendency indicator and groundspeed  
Different colour states are used to indicate the status of a flight: 

White for Assumed flights 
Pink for Pending flights 
Grey for Unconcerned flights 
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Interaction via the radar label is limited to the following functions: 
 

• Assume / Transfer via a Left Mouse Click on the callsign. 
 

 
 
• Access to Extended Flight Plan window to display full Flight details in a separated 

window via a Right Mouse Click on the callsign. 
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6.2. RADAR TOOLBOX 

The radar toolbox is by default positioned in the upper left hand corner of the radar screen and is 
used to set up the radarscreen. 
 

 

6.3. TRAILING TARGET POSITION (TTP) 

Since controllers will be required to separate aircraft using TIME values instead of DISTANCE, a 
controller assistance tool, the Trailing Target Position (TTP) will be introduced. This tool shows to 
the controller the allowed minimum separation between two consecutive aircraft on final approach. 
The length of the displayed “vector” depends of the pair of aircraft concerned (HEAVY-HEAVY, 
HEAVY-MEDIUM…), the ICAO separation minimum, the Ground Speed and True Air Speed of the 
Follower aircraft, and of Headwind component. 
 
However, the displayed length will never be less than 2,5 NM, which corresponds to the Minimum 
Radar Separation (MRS) to be used during the simulation, and will never be longer than the 
currently used ICAO Distance Based Wake Turbulence Separation minima. 
 
For the localizer turn on, assuming a ground speed of 180 kts under no wind conditions (155kts for 
the Light aircraft), the time-based separation minima displayed in Table 6-1 will be applied instead 
of the current ICAO distance-based separation minima (in Table 6-2). 
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Table 6-1:  Time-based separation minima for Localiser turn on 

FOLLOWER Time Based WTC 

Separation Minima HEAVY MEDIUM LIGHT 

HEAVY 80 sec 100 sec 140 sec 

MEDIUM 60 sec 60 sec 120 sec 

LE
A

D
ER

 

LIGHT 60 sec 60 sec 60 sec 

Table 6-2: ICAO distance-based separation minima 

FOLLOWER Distance Based WTC 

Separation Minima HEAVY MEDIUM LIGHT 

HEAVY 4 NM 5 NM 6 NM 

MEDIUM 3 NM 3 NM 5 NM 

LE
A

D
ER

 

LIGHT 3 NM 3 NM 3 NM 

TTP’s will only be displayed in an area located around the extended centreline of the landing 
runway in use. 
 

 
As an additional feature, once the TTP is displayed, the radar label will indicate the Wake 
Turbulence Category of the follower aircraft. 
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6.4. TBS LIST 

The TBS List indicates the landing order of the aircraft for each runway, calculated by the 
simulator. 
 

 
Controllers will have to manually change the landing order if they change the proposed landing 
order provided by the system. 
It is of utmost importance that this landing list reflects the landing order decided by the controllers, 
because the system will calculate the spacing required between successive landings from the 
order displayed in the TBS List. 
 
In case an aircraft performs a go-around, the controller will be required to place the concerned 
aircraft in the TBS Hold list until he/she has decided where in the landing order the concerned 
aircraft will be re-introduced.  
 

 
 

6.5. FLIGHT PROGRESS STRIPS 

For every flight, one paper strip shall be printed. 
An example of such a flight progress strip can be found below. 
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6.6. SAFETY NET 

The length of the TTP is monitored and stored in the system. In case its length increases for a 
sufficient period of time (around 30 seconds), the TTP becomes red and blinks to warn the 
controller. It is then mandatory to reverse to DBS operations. This is possible thanks to the “DBS” 
button available on the radar toolbox (see 6.2) that, once clicked, modifies the radar display and 
replaces the TTP displayed with Time-base separations by a TTP displayed with the standard 
ICAO minimum distance-separations. This increase of the TTP can be associated either to a 
decrease of the headwind component, to an acceleration of the TAS of the aircraft, or to a 
combination of both. This feature was used during some of the scenarios of the real-time 
simulation that were designed to study the impact of windshear on TBS operations. 

 



Results from the December 2007 Time-based Separations Real-Time Simulation Exercices EUROCONTROL  
 

Project TBS – EEC Report No. 411  
 

23

7.  RESULTS 

7.1. PROBLEM REPORT 

A few platform failures happened during the measured exercises. These mainly induced a loss of 
the recordings but none of these damaged the experimental design and the quality of the data that 
was kept for the analysis.  
One system failure during the first week induced a disappearance of the TTP and thus provided to 
the participants an additional opportunity to be confronted to a safety critical situation that was de-
briefed (see 7.2.2). 
Nevertheless, lots of pilots errors were observed due to utilisation of newly trained pseudo-pilots 
that were not familiar to the approach operations on the EEC RTS platform. As a result, there was 
a significant increase of R/T communication either to correct the wrong pilot inputs, or to repeat a 
second time the initial clearance. This was mentioned to be a nuisance by all the participants at 
different levels, either during the debriefings or within the questionnaires. It was thus decided not 
to perform any analysis on the time spent on R/T communication and on the clearances as 
the recorded data was likely to be impacted by these pilot errors and the pilots’ learning effect, 
impacts that would have biaised the analysis of the impact of TBS itself. 

7.2. SUBJECTIVE ASSESSMENT 

The following results come from the analysis of the post-exercise and post-simulation 
questionnaires as well as from the debriefing sessions with the participants. The results extracted 
in this section represent only a partial analysis of the questions that were asked to the ATCOs. 
Their full analysis can be found in ANNEX C: and ANNEX D: The numerical analysis of the scores 
of the questionnaires was only performed on the ITM position that was really the only one 
managing the spacing of the aircraft with TBS and the TTP, from the capture of the localiser to the 
runway threshold whereas the INI position was rather building and updating the sequence.  
It is nonetheless important to mention that the results provided do not only refer to the use of TBS 
but also to the use of the TTP that translates the time separations back into distances. “The 
vectoring to the minimum is much easier with than without a TTP, because you do not have to 
count the mileage on final anymore” as mentioned one of the participating controllers. Amongst the 
other comments can also be found the following: 

• “A major help is the TTP”;  
• “a TTP based on mileage would as well be helpful”,  
• “Using the TTP, vectoring becomes more precise!!” 

In fact, they all agreed that “the TTP reduces the workload, either with TBS or with distance-based 
separations (DBS)” and thus the subjective measurements from the controllers were also a lot 
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related to the use of the TTP than to the use of TBS itself, even if, with the 20kt headwind scenario, 
the length of the TTP was smaller and changing compared to the 5kt headwind conditions. 

7.2.1. Subjective Workload 

The overall workload stays quite high, around 7 over 10, whatever the wind scenario or the traffic-
mix. No statistically-significant impact, either linked to the wind strength or to the traffic-mix, is 
measured according to the ANOVA analysis or to the comparaison of the means, as shown in 
Figure 7-1: the perceived workload with TBS is thus consistent whatever the wind and the traffic-
mix. One can observe a slight tendency to increase of the mean for the traffic-samples with more 
Heavy aircraft and also under the stronger headwind conditions, nevertheless with the reduced 
number of observation, and with the fact that the scores were only integers between 1 and 10, this 
difference cannot be generalised. This result is confirmed by the non-parametric testing. 

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals

6.88
7.387.25

7.75

TM1 TM2

Traffic Mix

0

1

2

3

4

5

6

7

8

9

10

w
or

kl
oa

d

 wind  L
 wind  H

 

Figure 7-1: Means and interval of confidence of the overall workload depending on the different experimental 

conditions 

One comment mentioned by one of the participants, is anyhow of interest for the working practices 
with TBS and the TTP: “You have to work a lot of speed control, more than normal. Once you know 
this, it is nice working. Especially under strong wind conditions: working was easier than normal”.  
This comment suggests that the use of TBS with a TTP may induce an increase of speed 
instructions, thus possibly of the workload of the controllers. Such an impact on the number of 
speed instructions was not visible during the experiments. This seems to show that the increase 
number of speed adjustements may be rather linked to the use of the TTP rather than to the use of 
TBS itself. Nevertheless, the analysis of the speed instructions was certainly biaised by the high 
number of pilots’ errors (see 7.1), as it seems logical that, as the length of the TTP changes with 
TBS, additional speed adjustments may become necessary either to stay close to the TTP or to 
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avoid a separation infringement. Let us note that this need for additional speed adjustements may 
become quite critical under real wind conditions and may limit the benefits of TBS as ATCOs may 
apply additional buffers to cope with the unpredictable changes of length of the TTP. Regarding the 
wind impact, several participants mentioned that they would appreciate to get a better picture of 
the wind information along the glide to assist them in spacing the aircraft: such information could 
be downlinked by datalink from the aircraft.  
Such an impact on the number of speed adjustements, which may limit the benefits of TBS as 
some pilots may refuse to manually implement them, requires further investigations. Nevertheless, 
this negative impact may become negligeable with aircraft equipped with an advanced FMS that 
could automatically compensate such wind and spacing changes by automated speed 
adjustements.  
Within the post-exercise questionnaire, additional questions about the potential cause of the 
workload were asked: impact of radio communication, impact of traffic load, impact of HMI 
problems, impact of wind management, impact of the speed management associated to the 
discrepancies in landing speeds of the aircraft. The average impacts over the whole exercises are 
shown in Figure 7-2. They show that the greatest impacts were associated to the level of traffic 
and, to the number of radio communications. This is a logical output, as the traffic was intentionally 
built to be very heavy-loaded to force the ATCOs to operate with spacing between aircraft as close 
as possible to the separation minima and get the best out of TBS usage. The effort associated to 
the radio communications could also be partially linked to the great number of pilot errors that 
could be observed (see 7.1). 
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Figure 7-2: Impact of different aspects on the overall subjective Workload of the participants 

The results were consistent around the average values displayed in Figure 7-2, whatever the 
experimental conditions, except for the wind management and the speed management. The impact 
of the wind management was felt to be more effort-consuming under the stronger headwind 
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conditions, which is more detailed in 7.2.3, whereas no significant impact of the experimental 
parameters was observed for the management of the landing speed discrepancies. Nevertheless, 
for the average impact on the overall workload of the landing speeds discrepancies, a great 
variation in the subjective assessments could be observed (see ANNEX C: ): this could be worth 
further analysing with more observations. Anyhow, the controllers rather mentioned that this 
management of the landing speed discrepancies was probably not any more difficult than it is 
already today.  

7.2.2. Safety Feeling 

To the question: “Did the TBS concept enable you to deliver the traffic safely during the last run?”, 
all the participants selected “Yes” as their answer, apart from once. But, as it happened during one 
of the first exercises, this could be explained by a controller who was not familiar either with the 
level of traffic, sector configuration, TBS operations or with a combination of al these elements. 
Another question asked within the post-exercise questionnaires was the following: “How 
easy/difficult was it to keep a clear picture of the situation?” This question deals with the perceived 
situational awareness of the controllers during the exercise. No significant difference linked to the 
experimental conditions, traffic mix and/or wind scenario, can be identified from the statistical 
analysis. It thus means that the situational awareness during TBS operations is not affected by any 
of these. On average, the level of situational awareness is close to a score of 5, thus stays at a 
reasonable level. 

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 7-3: Means and intervals of confidence for the level of difficulty to maintain a clear picture of the situation 

during the exercise (from 0: very easy to 10: very difficult) 

Nevertheless, during the debriefings, the ATCOs mentionned two limitations to the safety under 
normal operations with TBS and the TTP: 
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• The sequence must be kept up-to-date: otherwise, the TTP may have an incorrect length. In 
order to avoid such a situation, the ATCOs proposed to put in place a safety net to check the 
sequence of the next 6 or 7 aircraft that are to land (e.g. compare the distance to the threshold of 
these aircraft to estimate the real sequence and compare it to the one identified by the system to 
display the TTP). With a proper HMI, this would warn the controller of the discrepancy and would 
allow them to update the sequence, if this can still be feasible. Otherwise, the updating of the 
sequence could be done automatically. Nevertheless, in case of parallel runways dedicated to 
arrivals, building such a safety could become more difficult, in particular to deal with aircraft that 
are transferred to another runway at the last minute. Such an issue will have to be carefully 
analysed before TBS is implemented. In particular, the interactions between TBS and the AMAN, 
from which the sequence should be identified, will have to clearly identified and mapped to trace 
all the safety issues. 

• According to the participants, the TTP should enable them to operate closer to the separation 
minimum thanks to the precise (decreasing) reference displayed on their radar screens: this 
statement could not be verified as no scenarios without a TTP were run during the experiments of 
December 2007. If this is the case, more separation infringements would be likely to happen. 
Many separation infringements were actually identified during the exercises (see 7.4.1) which 
confirm the controllers’ concern, a situation that could even be worsened under real wind 
conditions as the wind changes will also add changes of the separation minimum. These 
separation infringements are likely to increase the risk to encounter a wake turbulence as well as 
they may generate more go-arounds as TBS is designed to assist the controller close to the 
landing of the aircraft under his/her responsibility. Such risks will not to be accepted by the pilots 
and the airlines. Nevertheless, with approapriate training and possibly with an additional buffer to 
the TTP (e.g. +0.1 or +0.2NM), the number of separation infringements should be reduced. 
Nevertheless, using additional separation buffers may limit the benefits of TBS operations. 

Some specific safety issues related to the wind management, in particular to wind shear 
conditions, do also exist but they are detailed in section 7.2.3. Regarding these, the controllers 
suggested to run further experiments with extreme changing wind conditions in order to further test 
the concept and clearly identify the conditions under which distance-based separations (DBS) 
should be preferred.  
In case of a failure of the TTP inducing its disappearance (see 7.1), the participants also 
identified a potential risk for the operations: a risk not so much different from the risk induced by a 
radar failure. In such a case, additional spacing will be added between the aircraft in order to go 
back to distance-based spacing, and go-arounds will be implemented if it is deemed necessary. All 
ATCOs highlighted that it will logically increase their workload. Such a situation will have to be 
addressed through proper training. Let us note that working with distance-based separation without 
the help of a reference, such as the TTP, may need to be addressed specifically during regular 
training as the controllers may lose this skill if the TTP, or any similar tool, becomes part of the 
standard operations.  
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7.2.3. Impact of the Wind Management 

A specific question was asked to the participants within the post-exercise questionnaires. The 
answers were impacted by the experimental conditions, specifically by the wind. This result is also 
confirmed by the non-parametric testing. As it can be seen in Figure 7-4, under the 20kt headwind 
scenario, the score is significantly higher than the one obtained with 5kt headwind conditions.  
In fact, this result is also in line with the feeling of the controllers when they have to deal with 
significant wind conditions during real operations: “In strong wind conditions, it is harder to 
establish a sequence with accurate spacing (with not too much space in between)”; “You still have 
to build your own personal buffer to deal with the compression on short final, […] depending on the 
wind, the weather, the tower controller and controllers' character”. It was also mentioned during the 
debriefings that the wind management is particularly difficult in their everyday work when dealing 
with varying wind conditions, i.e when turning on final to capture the glide and when dealing with 
wind variations along the glide slope. This problem does not seem to be directly linked to TBS 
operations as the ATCOs felt that the wind management associated to TBS operations was similar 
compared to current operations.  
However, to counter-balance this increased workload under strong wind conditions, the 
participants also added: “the way of providing separation is easier due to the TTP. […] All the other 
control measures and circumstances will stay the same; no matter it is distance-based or time-
based separations”. One can thus conclude that the TTP is a tool that could reduce the ATCOs’ 
perceived workload. This could not be checked with the experimental design put in place, but it 
seems that the subjective workload with the TTP (either used with TBS or DBS) would probably 
have been significantly lower compared to a situation with no TTP (and DBS). This could be worth 
further investigating. 

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 7-4: Means and intervals of confidence for the part of overall workload linked to the wind management 

per experimental condition 
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Regarding the windshear scenario, the participants mentioned that, despite the fact that the wind 
simulated was not realistic, it was however useful to think about the possible impact of such a 
scenario. They highlighted the fact that such a situation was a constant preoccupation under 
current operations with real wind conditions. Under such conditions, they normally apply an 
additional buffer to avoid a separation infringement, thus potentially impacting negatively the 
runway throughput. This impact will not probably be much different with TBS than with DBS. They 
also suggested an additional display where the wind information along the glide slope could be 
made available (either separate or within their radar screen) to help them to anticipate such a 
situation and adapt their own personal safety buffer in order to avoid separation infringements. 
 
Nevertheless, with realistic turbulent wind conditions, an additional issue specifically associated to 
TBS operations may arise: the separation minima will be constantly changing, even though it 
should be on average decreasing, thus adding a supplementary level of difficulty that may require 
additional speed adjustements (as mentioned in section 7.2.1) and/or an additional buffer to the 
one already put in place with DBS during turbulent wind conditions. Such a situation with too many 
changes in the length of the TTP may be a condition under which operations should be reversed to 
DBS and this will have to be further investigated. The controllers insisted on the fact that the wind 
characteristics under which TBS operations should be preferred to DBS will have to be well 
specified and validated before the concept becomes operational and that they should be warned 
once it is safe to apply them. Such information could be made available through the display of the 
wind characteristics along the glide slope, a display that all controllers found potentially useful to do 
their job: i.e. to decide of speed adjustements or anticipate changes in the wind characteristics in 
order to avoid separation infringements and optimise the spacing of aircraft.  

7.2.4. Impact of the Heavy Aircraft 

It is significantly more difficult to deal with Heavy aircraft in traffic-mix TM2 than in TM1 (see Figure 
7-5). This statistically significant result is also visible with the non-parametric testing. Nevertheless, 
this effect may not be linked to the TBS concept of operations itselft as such an answer could be 
simply linked to the fact that there were more Heavy aircraft in TM2 than in TM1. It is however 
possible that dealing with Heavy aircraft is more difficult, as Heavy aircraft land at faster speeds 
which can induce a quicker compression of the distance separation with some preceeding aircraft 
and also impose a lesser flexibility in terms of speed adjustements. Nevertheless, nothing 
particular was reported within the questionnaires or mentioned during the debriefings to confirm 
this result and the average level of difficulty stays close to 5 indicating no particular operational 
concern for the controllers. The ATCOs only mentionned that they kept the same working methods 
to deal with the Heavy traffic with TBS and the TTP than with the actual procedures. As a 
conclusion, dealing with Heavy traffic may be more difficult than with other types of aircraft, but it 
does not seem to be any different compared to what happens with current operational procedures. 
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Traffic Mix * Wind Scenario; Least Square Means

Vertical bars denote 0.95 confidence intervals

3.75

5.13
4.75

5.75

TM1 TM2

Traffic Mix

0

1

2

3

4

5

6

7

8

9

10

H
ow

 d
iff

ic
ul

t w
as

 it
 to

 d
ea

l w
ith

 H
ea

vy
 a

irc
ra

ft?

 wind  L
 wind  H

 

Figure 7-5: Means and intervals of confidence for the level of difficulty to deal with heavy aircraft per 

experimental conditions (from 0: very easy to 10: very difficult) 

7.2.5. Additional Comments on Working Practices from the Questionnaires and Debriefings 

A. How difficult was it to sequence the traffic? 
No particular difficulty was identified to sequence the traffic (see Figure 7-6), with scores on 
average close to 5. The wind scenario and the traffic mix also have no significant influence over 
the scores of the controllers who stayed consistent throughout the exercises during the real-time 
simulation. The main issues reported about the sequencing of the traffic are related to the HMI of 
the sequencing tool (see ANNEX C: ), and to a safety issue for TBS: “It must be assured that the 
TBS list is always up-to-date”. The controllers suggested that the controller acting on the final 
approach should also have the possibility to use the sequencing tool and update the sequence, 
and that a monitoring tool could be implemented as a safety net to check the sequence for the next 
5-7 aircraft that are to land. It is planned in the future that the sequence for TBS will be built from 
an AMAN that should be operational at all the major European airports. 
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Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 7-6: Means and intervals of confidence for the level of difficulty to sequence the traffic per experimental 

condition (from 0: very easy to 10: very difficult) 

B. How easy/difficult was it to reach the TTP when the Leader aircraft lands? 
With scores around 6, the level of difficulty to reach the TTP stays close to the average (see Figure 
7-7), with a slight tendency to be demanding, which can be easily explained with the high traffic 
load of the exercises run during the real-time simulation. Mainly, this is linked to the fact that “you 
still have to build your own personal buffer to deal with the compression on short final”. 
  

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 7-7: Means and intervals of confidence for the level of difficulty to reach the TTP per experimental 

condition (from 0: very easy to 10: very difficult) 
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From the statistical analyses, no significant impacts are detected: the use of TBS is thus not 
impacted by the weather or the traffic-mix, and the level of effort required to reach the TTP stays at 
a reasonable level.  
The controllers noticed the change in length of the TTP associated to the TBS operations, but they 
also mentioned that this was not an issue for them and that they could get used to it and handle it 
easily after a few runs without much additional effort. Let us note that this management of 
changing minimum distance-based separations could become more difficult in case of turbulent 
wind conditions that will add changes to the length of the TTP (see 7.2.3). Additional speed 
instructions may be required (see 7.2.1) or separation infringements may occur if aircraft are too 
close to the displayed separation minimum. Other studies may be necessary to analyse the impact 
of such wind scenarios. Nevertheless, the introduction of advanced FMS that would automatically 
adjust the speed of the aircraft to counterbalance the wind change and adapt the spacing to the 
changing spacing requirements may reduce this negative impact. Such a level of equipment is 
already partially available with the “managed speed mode” of Airbus. 
 
C. HMI Design and Information Requirements 
TTP Display 
The TTP was, according to the participants, the major improvement to their current operations, 
facilitating in particular the capture of the localiser, especially during strong headwind conditions. 
The ATCOs even suggested that the TTP could be configured to accommodate distance 
separations, either ICAO separation minima or a constant distance separation, like a 6NM one, 
that could be required in case of bad weather conditions (snow, low visibility…). The TTP display 
could also include additional spacing to allow for departures under mixed-mode operations. 
No particular comment was made about the TTP used during the exercises. One controller 
suggested that the TTP could point towards the Follower aircraft, but the others rejected this 
solution during the debriefing as it could be confusing for their perception of the situation. It was 
also asked to the participants if they would like a “drag-and-drop” functionality that would allow 
moving the TTP towards the Follower aircraft to fine-tune the spacing: this solution was 
unanimously rejected as too time-consuming. 
 
Identifying and Building the Sequence 
This is fundamental to ensure the safety of the operations (see 7.2.2). Controllers insisted on the 
fact that they should be able to update the sequence up to the last minutes before the landing. 
Regarding the effort that is necessary for an ATCO who is in charge of the traffic from before the 
capture of the localiser to the outer-marker, changing the sequence must be quick and easy. As 
the sequence should be made available through the AMAN, this may require additional validation 
for this specific interaction between the AMAN and TBS operations. 
The controllers also suggested a safety net (see 7.2.2) to monitor the sequence and check that 
the applied sequence is the same as the one identified within the system, at least for the next 6 or 
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7 aircraft that are to land. 
Highlighting in a specific colour the callsigns of the Heavy and Light aircraft was found particularly 
useful to manage the spacing and the speed adjustements of the aircraft. On the contrary, 
indicating the wake turbulence category of the aircraft behind the one that was selected was not 
deemed necessary as the ATCOs mentioned they were more concerned by what was happening 
in front of this aircraft rather than by what was happening behind it. Besides, the information about 
the wake category was already available either through the highlighting of the callsigns or from the 
actual size of the TTP, providing the sequence was accurate.  
 
Additional Information Requirements 
As mentioned in sections 7.2.1 and 7.2.3, the ATCOs would appreciate to have access to more 
information about the wind along the glide slope. If this information can be made available for TBS 
operations, then they would appreciate that this wind information could be displayed on or close 
to their radar-screens. This information could help them to anticipate the impact of turbulent wind 
conditions, windshear situations and thus adapt the spacing and the speed of the aircraft 
accordingly in timelier manner and thus avoid separation infringements with their associated risks 
(mainly wake encounters and/or go-arounds). 

7.3. RUNWAY THROUGHPUT 

The Wilcoxon-Mann-Whitney test (see 4.4.3) has been used to compare the runway throughput 
under different wind scenarios. The test has analysed the differences in the runway throughput for 
a same traffic sample under the 2 different wind scenarios that were simulated:  

• L: for 5kt headwind conditions 
• H: for 20kt constant headwind 

 
The test shows no significant difference, even though the probability for the significance is quite 
low and close to the 5% that show a significant difference. This is confirmed when representing the 
distribution of the runway throughput for the different wind scenarios: Figure 7-8, Figure 7-10 and 
Figure 8-2 respectively represent the distribution of the runway throughput for different wind 
scenarios, first for all traffic samples, then separately for the traffic samples with traffic-mix TM1 
and with traffic-mix TM2.  
In fact, it gets difficult to identify any significant differences with a variable such as the runway 
throughput that is a discrete variable: a difference by 1 or 2 aircraft is significant in terms of its 
impact on the overall traffic management, but it is not necessarily identified by statistical tests 
which deal better with continuous variables. Furthermore, the tests here deal with a quite a low 
number of observations when it is up to statistical analysis: 8 when analysing the impact of the 
wind scenario on a single type of traffic-mix, 16 otherwise. This also explains why no significant 
difference could be measured. 
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Figure 7-8, Figure 7-9, Figure 7-10, and Figure 7-11 show a tendency to a decrease of the runway 
throughput under the 20kt headwind scenario, this tendency being more obvious in the case of 
TM1. This tends to show that, despite TBS are in use, the runway throughput can still be reduced.  
This could be a consequence of what has been pointed out also within the post-exercise 
questionnaires (in 7.2.3): it is more difficult to deal with strong headwind conditions and thus, even 
if lower separations are applied, a reduction of the runway throughput may still be observed. 
Nevertheless, this observation does not disprove the benefits of TBS operations under significant 
headwind conditions as such operations could still be beneficial for the runway throughput when 
comparing current operations with TBS and a TTP for significant headwind conditions. Besides, the 
benefits of TBS seem obvious when looking at 7.4.3 that shows a significant reduction of the 
spacing between aircraft with TBS under the stronger headwind scenario. Furthermore, the 
benefits of TBS were constrained by the fact the distance separations could never be smaller than 
2.5NM (see 6.3): this could explain why, for TM1 that has a majority of M aircraft, the throughput 
shown in Figure 7-10 seems to be more reduced under the stronger headwind scenario than for 
TM2 (see Figure 7-11). 
When it is up to analysing the impact of the traffic-mix on the runway throughput, less impact is 
identified when comparing the runway throughput obtained for the 2 traffic mixes. This is visible in 
Figure 7-12. In fact, the graphs tend to indicate a slightly reduced runway throughput with TM2, a 
logical result when you deal with more Heavy aircrafts that necessitate to be separated from the 
rest of the traffic by greater distances than in TM1.  
To complement this analysis, an analysis of the time separations between successive landings is 
performed in 7.4.2. 
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Figure 7-8: Boxplot for the runway throughput under different wind scenarios 
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Figure 7-9: Boxplot for the difference in runway throughput between L-H wind conditions 
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Figure 7-10: Boxplot for the runway throughput associated to TM1 under different wind scenarios 
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Figure 7-11: Boxplot for the runway thoughput associated to TM2 under different wind scenarios 

 
Box & Whisker Plot

 Median 
 25%-75% 
 Min-Max 

37.0
36.5

TM1 TM2
30

32

34

36

38

40

42

 

Figure 7-12: Boxplot for the runway throughput under different traffic mixes. 
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7.4. SEPARATION ANALYSIS AT THE RUNWAY THRESHOLD 

Different types of separations were collected from the recordings during the TBS real-time 
simulation of 2007. Amongst these recordings are time separations between successive landings, 
the spacing between the Leader and Follower aircraft pairs along with its accuracy compared to 
the TTP when the Leader aircraft lands. Their analysis is presented within this section. 
In total, 1134 separations were processed. The observations that were analysed are decomposed 
as indicated in Table 7-1. The L letter in brackets indicates the number of observations from the 5kt 
headwind scenario, whereas the H indicated the number of observations that were collected from 
the 20kt headwind scenarios. 

Table 7-1: Number of analysed separations by type of Leader-Follower type 

  Follower 
  Heavy Medium Light 

Heavy 
 

74 (L) 
69 (H) 

113 (L) 
116 (H) 

7 (L) 
10 (H) 

Medium 
 

114 (L) 
112(H) 

216 (L) 
216 (H) 

19 (L) 
16 (H) Le

ad
er

  

Light 
 

9(L) 
11(H) 

18(L) 
14(H) 

- 
- 

In other word: 
• 38.1% for Medium-Medium pairs,  
• 20.2% for Heavy-Medium,  
• 19.8% for Medium-Heavy,  
• 12.6% for Heavy-Heavy,  
• 3.1% for Medium-Light. 
• 1.8% for Light-Heavy,  
• 2.8% for Light-Medium, and  
• 1.5% for Heavy-Light. 

7.4.1. Separation Infringements 

A separation infringement is detected whenever the separation between the Leader and the 
Follower aircraft is smaller that the length of the TTP, i.e. the recommended minimum distance at 
this time. In fact, when the Leader lands, 31.4% of the 1134 separations between the Leader and 
the Follower were smaller than the TTP, thus indicating a significant number of cases when the 
recommended minimum is not applied. This high figure must be taken cautiously for several 
reasons that are independent of TBS operations. The simulated environment (airport configuration, 
traffic mix and flows, controller position display…) was different from the one the controllers are 
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used to. Furthermore, a lack of realism in the performances of some aircraft types, as well as poor 
performances of some pseudo-pilots (7.1) and a limited amount of training also contributed to this 
figure. After some closer analysis, it could be identified that the number of separation infringements 
tended to decrease with more practice of TBS operations. 
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Figure 7-13: Distribution of separation infringements independently of the a/c pairs of the wind scenario 

Nevertheless, a number of infringements may still remain which may highlight one safety issue of 
the concept, maybe linked to the HMI of the TTP: it may be difficult for the controllers to adjust 
precisely the position of the aircraft to the end of the TTP due to the respective thickness of their 
representations on the radar screen. Nevertheless, this is in line with a comment made by the 
ATCOs and already mentioned in section 7.2.2: more separation infringements should happen 
than under current operations as the TTP enables to operate closer to the separation minimum. 
This statement could not be verified as no scenarios without the TTP were simulated during the 
December exercises. This may be worth further investigating and the use of a supplementary 
buffer, either in time or in distance, may be recommended for the future implementation of the TTP.  
Figure 7-13 gives an idea of the range of these separations infringements: around 45% are lower 
than 0.3NM, 78% are lower than 0.5NM and around 90% lower than 0.8NM.  

7.4.2. Time Separation and Spacing Precision 

For the pairs with Light aircraft, the mean (1st line of the table), and standard deviations, an 
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indicator of the variability of the observations around the mean (2nd line), are indicated in Table 7-2. 

Table 7-2: Means and standard deviations for the time separation between 2 landings for pairs of aircraft 

including Light aircraft. 

 Light-Medium Light-Heavy Medium-Light Heavy-Light 

5kt 
headwind 

79.0s 
7.6s 

77.8s 
8.7s 

126.1s 
15.2s 

143.6s 
8.52s 

20kt 
headwind 

76.8s 
23.7s 

81.8s 
11.0s 

122.8s 
27.3s 

162.8s 
15.8s 

The great standard deviations indicate the need for filtering the outliers and the extreme values 
(see 4.4.4). After this filtering, too few observations were left for the corresponding pairs and thus 
no further statistical analyses will be performed on these pairs of aircraft. For the other pairs of 
aircraft separations, the outliers and extremes (see 4.4.4) have been taken out of the observations 
in order to avoid keeping observations relating to a lower level of demand, i.e. no need for 
separations close to the minima, or to a bad performance of the aircraft (e.g. pilot errors, no speed 
reduction on final or too-early a speed reduction). The separation infringements were also taken 
out for the analysis. 
For the pairs made of Heavy and Medium aircraft, the following number of observations per pair 
and per wind scenario were kept and analysed. 

Table 7-3: Number of observations kept for analysis per type of aircraft pair and wind scenario 

Follower  
Heavy Medium 

Heavy 
 

49 (L) 
50 (H) 

75 (L) 
91 (H) 

Le
ad

er
  

Medium 
 

64 (L) 
59 (H) 

115 (L) 
98 (H) 

The means and standard deviations computed after the filtering process for the corresponding 
pairs are indicated in Table 7-4. A detailed analysis per type of pairs is performed in the following 
sub-sections. 

Table 7-4: Means and standards deviations for the pairs made of Heavy and Medium aircraft per wind scenario. 

 Medium-Medium Heavy-Medium Medium-Heavy Heavy-Heavy 

5kt 
headwind 

82.5s 
10.2s 

123.8s 
11.3s 

82.6s 
10.5s 

100.6s 
6.7s 

20kt 
headwind 

90.9s 
10.13s 

136.4s 
12.0s 

82.8s 
8.6s 

104.2s 
9.2s 
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Medium-Medium 
Histogram of the time separation at landing between MEDIUM-MEDIUM aircraft
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Figure 7-14: Distribution of the time separation between successive landings for MEDIUM-MEDIUM aircraft, 5kt 

headwind conditions 
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Figure 7-15: Distribution of the time separation between successive landings for MEDIUM-MEDIUM aircraft, 20kt 

headwind conditions 
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The Mann-Whitney Uniform test shows a significant difference between the 5kt headwind scenario 
and the 20kt headwind one. The histograms in Figure 7-14 and Figure 7-15 show that the time 
separation tends to be greater in the case of the strong headwind cenario, which would tend to 
explain why the runway throughput could be lower, as observed in 7.3. Let us note that this could 
also be explained by the fact that the reduction of distance separation induced by the use of TBS 
under the 20kt headwind scenario was never lower than 2.5NM: TBS could thus not be used to its 
maximum capacity. 
 
There is no statistically significant difference when comparing the spacing precision, i.e. the 
distance between the end of the TTP and the Follower aircraft, under the 2 different wind 
scenarios. In more than 50% of the cases, the aircraft are within 0.5NM of the end of the TTP. 
However, the 2 distributions could indicate a tendency in case of the 20kt headwind scenario, to a 
less precise adjustment. This may indicate that the ATCOs use an additional personal safety buffer 
to deal with the management of the a/c in case of stronger wind conditions. Such a consideration 
could be worth further investigating as the controllers mentioned that the wind management was 
anyway a source of extra workload. But the controllers may also be simply reluctant to reduce the 
spacing between the aircraft. 
 
The distribution of the spacing precision also seems to indicate more separation infringements 
under the 5kt headwind scenario than under the 20kt headwind one, which can also result from the 
use of smaller additional personal safety buffers for the 5kt headwind scenario than for the 20kt 
one.  
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Figure 7-16: Histogram of the spacing precision for 5kt headwind conditions 
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Histogram of the distance separation between the TTP and the Follower between MEDIUM-MEDIUM aircraft
when the Leader lands

(20kt headwind conditions)
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Figure 7-17: Histogram of the spacing precision for 20kt headwind conditions 

Heavy-Medium 
The same result as for the Medium-Medium pairs can be seen: the time separation between the 
aircraft at landing is significantly greater under the 20kt headwind scenario than under the 5kt 
headwind one. In fact, part of this difference could be linked to a less accurate precision of the 
spacing for the 20kt wind scenario for the Follower aircraft compared to the TTP (see Figure 7-20 
and Figure 7-21 : the difference in the distributions is close to be significant, thus indicating a 
possible difference). The comment made for the Medium-Medium aircraft is still valid: controllers 
may need an extra buffer to deal with significant headwind conditions. 
 
The ATCOs may also be reluctant to reduce the spacing below the ICAO separation minimum, 
especially as the reduction of the separation minima is more significant with a greater initial ICAO 
separation minimum. Nevertheless, this could also be associated to the fact that the Medium 
aircraft are also slower than the Heavy ones: in this case an expension of the separation happens, 
an expension that may be difficult to fully compensate without earlier separation infringements. 
 
The distribution of the spacing precision, as for the Medium-Medium pairs, seems to indicate more 
separation infringements under the 5kt headwind scenario than under the 20kt headwind one, 
which could be associated to different buffers used by the controllers under different wind 
scenarios.  
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Histogram of the time separation at landing between HEAVY-MEDIUM aircraft
(5kt headwind conditions)
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Figure 7-18: Distribution of the time separation between successive landings for HEAVY-MEDIUM aircraft, 5kt 

headwind conditions 
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Figure 7-19: Distribution of the time separation between successive landings for HEAVY-MEDIUM aircraft, 20kt 

headwind conditions 
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Histogram of the distance separation between the TTP and the Follower between HEAVY-MEDIUM aircraft
when the Leader lands

(5kt headwind conditions)
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Figure 7-20: Histogram of the spacing precision for 5kt headwind conditions 
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Figure 7-21: Histogram of the spacing precision for 20kt headwind conditions 
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Medium-Heavy 
Histogram of the time separation at landing between MEDIUM-HEAVY aircraft

(5kt headwind conditions)
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Figure 7-22: Distribution of the time separation between successive landings for MEDIUM-HEAVY aircraft, 5kt 

headwind conditions 
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Figure 7-23: Distribution of the time separation between successive landings for MEDIUM-HEAVY aircraft, 20kt 

headwind conditions 
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Histogram of the distance separation between the TTP and the Follower between MEDIUM-HEAVY aircraft
when the Leader lands

(5kt headwind conditions)
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Figure 7-24: Histogram of the spacing precision for 5kt headwind conditions 
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Figure 7-25: Histogram of the spacing precision for 20kt headwind conditions 
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For Medium-Heavy pairs, the non-parametric tests identify no difference between the distributions 
under the 2 different wind conditions and the comparison between the spacing precisions tends to 
indicate the contrary for this pair of aircraft than for the Medium-Medium and Heavy-Medium ones: 
the spacing is almost significantly more precise in case of 20kt headwind conditions than under 5kt 
headwind conditions (see Figure 7-24 and Figure 7-25). This could be explained simply by 2 
factors: 

• The Heavy aircraft are faster than the Medium ones and thus catch them up more easily than 
Medium aircraft; 

• The compression of the time separation that happens when a faster aircraft follows a slower 
one tends to be more important when the headwind component is greater. This was 
demonstrated in the initial feasibility study that can be found here.1 

As a consequence, the separation infringements seem this time to have been more numerous 
for the 20kt headwind scenario than for the 5kt headwind one: adding a supplementary time 
separation to reduce the risk of separation infringements seems necessary to ensure the safety 
of the operations. 

 
Heavy-Heavy 
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Figure 7-26: Distribution of the time separation between successive landings for HEAVY-HEAVY aircraft, 5kt 

headwind conditions 

 

                                                 
1 http://www.eurocontrol.fr/Newsletter/2003/December/Time_Based/Overview.htm  
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The time separation between the successive landings is nearly significantly lower under 20kt 
headwind conditions than under the 5kt headwind ones. No significant differences in terms of the 
spacing accuracy can be identified, even though a lesser precision under the 20kt headwind 
scenario could be identified as for the Medium-Medium and Heavy-Medium pairs. It is risky here to 
make any conclusions as the number of observations for this type of pair of aircraft stays too 
reduced to generalise such a behaviour (about 13% of the studied separations). Measurements 
from other experiments could be useful in that respect in order to refine the spacing practices of 
the controllers, including without TBS operations.  
 
According to the distribution of the spacing precision, more separation infringements seemed to 
take place for the 5kt headwind scenario than for the 20 kt headwind scenario one, thus confirming 
earlier identification of the use of greater buffers under the stronger headwind scenario. 
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Figure 7-27: Distribution of the time separation between successive landings for HEAVY-HEAVY aircraft, 20kt 

headwind conditions 
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Histogram of the distance separation between the TTP and the Follower between HEAVY-HEAVY aircraft
when the Leader lands

(5kt headwind conditions)
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Figure 7-28: Histogram of the spacing precision for 5kt headwind conditions 

 
Histogram of the distance separat ion between the TTP and the Follower between HEAVY-HEAVY aircraft

when the Leader lands
(20kt headwind conditions)

16.00%

24.00%

30.00%

12.00%

8.00% 8.00%

2.00%

0.00%

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

distance separation between the TTP and the Follower (in NM)

0

2

4

6

8

10

12

14

16

N
o 

of
 o

bs

 

Figure 7-29: Histogram of the spacing precision for 20kt headwind conditions 

 
Conclusions on the time separation and spacing practices 
The achieved time separation over the runway threshold was most of the time greater than the 
theoretical one that was well in line with the values displayed in Table 6-2. This can be attributed to 
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several causes: 
•  The ATCOs only occasionally spaced the aircraft with exact separation minima, thus adding 
some extra time separation: i.g. it takes around 10 seconds to fly an additional 0.5NM distance 
at 180kt, 15 seconds to fly the 0.5NM distance at 120kt.  

• The length of the TTP was never smaller than 2.5NM, thus limiting the benefits of TBS 
operations, in particular with traffic mixes that contain a lot of Medium aircraft. 

• Discrepancies between landing speed can induce either some time expansion, when the 
Follower is slower than the Leader, or compression, when the Follower is faster than the 
Leader. This can add some additional differences between the time separations.  

• The length of the TTP is calculated from the real-time speed characteristics of the Follower 
aircraft. It thus does not take into account the fact that, during the last phase of flight, the 
aircraft will slow down. Equation (2) of Section 7.4.3 that represents the length of the TTP is a 
function that decreases when the TAS decreases, providing the headwind component stays 
the same. The displayed TTP thus tends to overestimate the distance separation that will really 
have to be applied when the Leader aircraft lands. The controllers may thus not be able to fully 
anticipate this separation reduction, Regarding this last point, an update of the algorithm may 
be necessary to achieve a better time-based separation. 

The runway throughput was not fully recovered under the 20kt headwind scenarios compared to 
the 5kt headwind one: if this can be explained by the fact that the TTP could never be smaller than 
2.5NM, thus limiting the benefits of TBS operations, this could also be associated to the spacing 
practices. ATCOs seem to apply a greater separation buffer under stronger headwind conditions, a 
practice that can be expected to stay the same under real operations. As a matter of fact, ATCOs 
mentioned that they normally apply additional safety margins under strong wind conditions to cope 
with more frequent turbulent wind conditions, possible gusts, wind falls or wind shear. This is the 
reason why TBS operations should really be compared to current operations, without a TTP, to 
evaluate its benefits: it is likely that the throughput may not be fully maintained compared to calm 
wind conditions, but one can expect that the achieved throughput with TBS will be greater than 
under DBS current operations.  
Regarding the separation infringements, these should be reduced once the ATCOs become 
familiar with the concept of operations and get sufficient practice. Nevertheless, as mentioned in 
7.2.2, the TTP should enable to operate closer to the separation minima, which may represent an 
additional risk of separation infringements if the wind conditions unexpectedly change, or if the 
aircraft performance is not the one expected by the ATCO. In this case, it will be up to them to add 
their own personal buffers to avoid such a situation. A buffer may also be automatically, or 
manually by the ATCO, added by the system to TBS operations, in particular, in case of faster 
aircraft behind slower ones: an additional time separation may be added to avoid separation 
infringements associated with the compression of the separation: separation infringements like 
those that were visible for the Medium-Heavy pair. 
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7.4.3. Distance Separation 

This section illustrates the reduction of the distance separations under the 20kt headwind 
conditions when TBS are in use. When the Leader lands, the average recommended separation 
minima are displayed in Table 7-5 for each type of aircraft pair. The mean is displayed in the first 
line of each box, along with the ICAO standard displayed in red and in brackets; the standard 
deviations are indicated on the second line of the box to illustrate the possible variability linked to 
the discrepancies of the aircraft ground speeds. The values indicate that the average length of the 
TTP stays with 95% within less than +/- 0.05 NM of the indicated mean. 

Table 7-5: Mean TTP length and its standard deviation per pair of aircraft (20kt headwind) 

Follower  
Heavy Medium Light 

Heavy 
 

3.53 (4) NM 
0.04 NM 

4.42 (5) NM 
0.05 NM 

5.26 (6) NM 
0.05 NM 

Medium 
 

2.64 (3) NM 
0.03 NM 

2.63 (3) NM 
0.04 NM 

4.43 (5) NM 
0.07 NM Le

ad
er

  

Light 
 

2.64 (3) NM 
0.03 NM 

2.60 (3) NM 
0.05 NM 

- 
- 

The greater the ICAO separation, the stronger the impact on the reduction of the separation 
minimum: for the 3NM ICAO separation, the expected reduction is of 0.4NM, whereas this 
reduction becomes 0.6NM for an initial 5NM separation minimum, and even 0.7NM for 6NM.  
 
This is a normal consequence both of the fact that the TTP was never smaller than 2.5NM and of 
the algorithm: 

TTP Length = ICAO distance.
)Follower(TAS

)Follower(GS
 (1) 

Where GS(Follower) is the ground speed of the Follower, and TAS(Follower) its true air speed. 
The reduction is thus greater when the ICAO distance is greater.  
 
This formula also clearly explains the evolution of the TTP length when an aircraft slows down 
along the glide: for a constant Headwind component,  
 

GS(Follower)=TAS(Follower) –H  
and thus (1) becomes: 

TTP Length = ICAO distance.
)Follower(TAS
H)Follower(TAS −

  (2) 

Simple mathematical calculations show that when the TAS of the follower is reduced, it is also the 
case for the TTP length. The consequence of this is that, under constant wind conditions, the TTP 
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length never increases when aircraft are closing on the runway threshold but rather reduces. No 
go-around procedure to answer to a sudden separation infringement linked to such an increase is 
to be expected. 
 
NB: Let us note that safety issues may arise when the wind changes with the positioning of the 
aircraft and with the time: this could create instability of the TTP length which will need to be 
quantified with real MET data. These may necessitate the implementation of a smoothing process 
to avoid numerous visible changes for the controllers that could increase their workload and reduce 
the benefits of the TBS operations. Under some particular conditions, it may even be decided to 
reverse to DBS separations for the safety of the operations. 
 
These next graphs will show the difference in spacing between the pairs of aircraft made of 
MEDIUM and HEAVY aircraft. For all the 4 pairs (see Figure 7-30 to Figure 7-37) there is an 
obvious statistically significant difference between the spacing during 20kt headwind conditions 
and the spacing under 5kt headwind conditions (significance confirmed by the Mann-Whitney 
Uniform test): the distance between the Leader and the Follower aircraft when the Leader lands is 
smaller under the 20kt headwind scenario than under the 5kt headwind one. The separation 
infringements, the distance Leader-Follower is smaller than the length of the TTP, have been taken 
out of the analysis.  
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Figure 7-30: Spacing practices for Medium-Medium pairs of aircraft (5kt headwind scenario, no separation 

infringement) 
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Histogram for the distance Leader-Follower
(MEDIUM-MEDIUM pairs, 20kt headwind)
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Figure 7-31: Spacing practices for Medium-Medium pairs of aircraft (20kt headwind scenario, no separation 

infringement) 

 
Heavy-Medium 
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Figure 7-32: Spacing practices for Heavy-Medium pairs of aircraft (5kt headwind scenario, no separation 

infringements) 
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Histogram for the distance Leader-Follower
(HEAVY-MEDIUM pairs, 20kt headwind)
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Figure 7-33: Spacing practices for Heavy-Medium pairs of aircraft (20t headwind scenario, no separation 

infringements) 
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Figure 7-34: Spacing practices for Medium-Heavy pairs of aircraft (5kt headwind scenario, no separation 

infringements) 
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Histogram for the distance Leader-Follower
(MEDIUM-HEAVY pairs, 20kt headwind)

0.00%

23.73%
25.42%

18.64%

6.78%

8.47%

11.86%

1.69% 1.69% 1.69%

0.00%

2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6

Distance Leader-Follower (in NM)

0

2

4

6

8

10

12

14

16

18

20

N
o 

of
 o

bs

 

Figure 7-35: Spacing practices for Medium-Heavy pairs of aircraft (20t headwind scenario, no separation 

infringements) 

Heavy-Heavy 
Histogram for the distance Leader-Follower

(HEAVY-HEAVY pairs, 5kt headwind)
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Figure 7-36: Spacing practices for Heavy-Heavy pairs of aircraft (5t headwind scenario, no separation 

infringements) 
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Histogram for the distance Leader-Follower
(HEAVY-HEAVY pairs, 20kt headwind)
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Figure 7-37: Spacing practices for Heavy-Heavy pairs of aircraft (20kt headwind scenario, no separation 

infringements) 
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8. CONCLUSIONS AND RECOMMENDATIONS 

8.1. CONCLUSIONS 

The following paragraphs summarise the main results identified in section 7 according to the lower-
level objectives and hypothesis that were stated in section 0. 
 
A. To evaluate the impact of headwind strength on the use of TBS in terms of runway 

throughput and controller acceptability. 
A. 1. For a same traffic mix, under different wind conditions, the runway throughput stays 

the same 
As shown in 7.3, there is no statistical evidence that the runway throughput is different for a same 
traffic mix under different wind conditions. Nevertheless, the runway throughput seems to be 
reduced under stronger wind conditions, thus indicating that TBS may not fully fulfill its objectives. 
Further evidence was found when analysing the distribution of the time-separation between 
successive landings. 
 

A. 2. Under different wind conditions, the  distributions of the achieved time-separation 
between 2 landings for the different aircraft pairs stays the same 

The corresponding analysis is performed in 7.4.2 and is complemented by the subjective 
assessments presented in 7.2.3. It shows that there is a statistically significant difference, at least 
for the pairs of aircraft made of Heavy and Medium. The achieved time spacing tends to be greater 
under the stronger headwind scenario than under the calm headwind one, which shows that the 
runway throughput cannot be fully maintained with TBS operations under significant headwind 
conditions. This can be associated to various factors: the first being the fact that the TTP could not 
be smaller than 2.5NM, thus limiting the benefits of TBS, the second being associated to the wind 
management (see 7.2.3). ATCOs tend to apply a supplementary personal safety buffer under 
stronger wind conditions to anticipate safety situations like turbulences, or fall of the wind speed 
and avoid separation infringements. This operational practices should be kept when TBS become 
operational, thus limiting the possible benefits of TBS operations. 
 

A. 3. Under stronger wind conditions, the distance separation between successive aircraft 
is reduced 

It is the case, shown with statistical evidence at least for the pairs of aircraft made of Heavy and 
Medium aircraft in section 7.4.3. This tends to prove that TBS operations bring benefits anyway 
and contribute to avoid a loss of capacity under strong headwind conditions, despite TBS 
operations may not manage to fully avoid this loss as explained above (see 7.4.2 and 7.2.3) 
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A. 4. Under different wind conditions, the subjective workload of the controllers stays the 
same. 

As demonstrated in 7.2.1, no statistically significant evidence was shown that the wind conditions 
impact the operations with TBS. Nevertheless, several participants expressed a concern about the 
fact that more speed instructions may be necessary to operate with TBS and a TTP. If this concern 
may also be linked to the use of the TTP, the concern with TBS is still valid as, under real wind 
conditions, supplementary adjustements may be necessary to adjust the spacing between aircraft 
regarding the changes of length of the TTP associated to the changes of wind. This could be a 
limitation to using TBS and to its bringing benefits when it can be used, but this could become a 
limited issue if automated speed adjustements can be put in place thanks to advanced FMS or on-
board systems. 
 
B. To evaluate the impact of the proportion of heavy traffic on the use of TBS in terms of 

ATCOs’ working methods and acceptability. 
B. 1. The wake turbulence category of the aircraft impacts the time and distance 

separations that are applied 

It obviously does as the operational concept associates different separation minimum to different 
pairs of aircraft, which is clearly visible both in 7.4.2 and in 7.4.3. 
 

B. 2. The subjective workload of the controllers is not impacted by the wake turbulence 
category of the aircraft 

According to 7.2.1, the traffic mix has no statistically significant impact on the subjective workload 
of the controllers. It thus seems that the wake turbulence category of the aircraft does not have an 
impact over the subjective overall workload of the ATCOs. Nevertheless, in 7.2.4, there is a 
tendency; even if not statistically significant, that shows that dealing with Heavy aircraft may be 
more effort-consuming: in particular to manage the compression in the distance separation that 
happens due to the faster landing speeds of these aircraft. Anyhow, all participants agreed that this 
impact should not be any different than what it is already during current operations.  
 

B. 3. The number of clearances that are issued per aircraft (& per type of clearance) is 
impacted by the wind scenario and the wake category of the aircraft. 

As mentioned in 7.1, this analysis could not be performed due to the high number of pilot errors. 
An analysis of the speed instructions per exercise was nevertherless performed (not displayed in 
this report), but it showed no evidence of a possible impact either associated to the wind or to the 
traffic mix. However, this result could also be explained by the fact that the increased number of 
clearances may also be associated for a great part to the use of TTP and not only to TBS: as a 
TTP was always available whatever the scenarios, no difference could be measured. As ATCOs 
expressed a concern about the fact that these operations may necessitate more speed 
adjustements (see 7.2.1), this aspect will require further investigations. In order to do it, scenarios 
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under current operations without a TTP will have to be compared to scenarios with TBS and a TTP 
to really estimate the impact. 
 
C. To assess the effect of unexpected windshear on a sequence of arrival traffic using TBS 

in terms of the actions of the controllers to recover the situation, the impact on their 
workload, the impact on runway throughput, and impact on the time spacing between 
successive landings. 

C. 1. To specify the need for a safety net to warn the ATCOs about windshear 

ATCOs do need a safety net to warn them when they should go back to DBS operations. They 
should also be warned once it is safe to go back from DBS to TBS. Some of the participants even 
noticed the increase of the length of the TTP even before the display of the TTP changed (blinking 
in red). Regarding the conditions about which TBS could be preferred to DBS, the ATCOs insisted 
on the fact that these shall be well specified and validated. 
 

C. 2. To identify the changes of spacing practices that are linked to a wind scenario with 
windshear 

The Windshear scenario was only analysed through the de-briefings and the questionnaires. More 
than an analysis of such a situation, it was possible to extrapolate the analysis to all sorts of safety 
issues that could be associated to real wind conditions: drop of the wind, turbulent wind 
conditions… ATCOs highlighted that they apply systematically an additional personal safety buffer 
to cope with such situations when they feel they are likely to occur during real operations. This 
situation will not be much different with TBS, except that with TBS, changes of separation minimum 
are likely to be added. It is the reason why, in some case, DBS operations could be preferred to 
ensure the safety of the operations. ATCOs suggested that an additional display could be made 
available to provide them with information about the wind along the glide slope and possibly about 
the conditions when TBS can be used. This information would be useful in order to anticipate wind 
issues whose management certainly generates extra workload, as it was already mentioned when 
answering to A.4 (see also 7.2.3). 
 
D. To compare the actual spacing provided by the controllers in the simulation with the 

TBS theoretical minimum spacing and extract explanations of the differences (if any) 
with regard to controller working practises, spacing support tools and understanding of 
the TBS concept.  

D. 1. To evaluate the spacing practices of the controllers under different wind conditions 
and according to the aircraft pairs. 

ATCOs do apply a buffer compared to the theoretical spacing that should be achieved, as shown in 
7.4.2 within the study of the spacing precision. This buffer was greater under the 20kt headwind 
scenario, thus explaining partially why the runway throughput could not be fully maintained with 
TBS. This additional buffer can also be associated to the wind management (see 7.2.3), and not 
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only to the discrepancies between the landing speeds. With TBS, the risk of changes in the length 
of the TTP also exists, possibly inducing additional speed adjustements (7.2.1) and additional 
workload. Applying greater safety buffers with TBS than with DBS operations may thus become 
necessary to mitigate the impact on workload by reducing the number of speed adjustements that 
become mandatory to avoid separation infringements. This could limit the benefits of TBS 
operations. In case of faster aircraft behind slower ones, like in the case of a Medium-Heavy pair of 
aircraft, an additional time separation could be added to the TBS to compensate for the 
compression that happens close to the runway threshold and avoid separation infringements, as 
some were observed during the experiments, and their associated possible go-arounds. 
 

D. 2. To identify the separation infringements 

As it is indicated in 7.4.1, separation infringements took place during the simulation: more than 
30% of the time when the leader aircraft was landing. The participants even expressed a concern 
(see 7.2.2) about the fact that the TTP could help them to operate closer to the separation minima, 
thus with a greater risk that a separation infringement happens in case the wind changes, or the 
aircraft does not behave as they expect it to be. Proper training should limit these separation 
infringements: besides, their number per exercise tended to decrease with more practice during 
the week. 
 
Apart from these conclusions, it is necessary to mention the important part played by the 
introduction of the TTP in the working practices. Part of the change in the spacing practices, and of 
the associated risk of an increased number of separation infringements or of speed adjustments, 
seem in fact to be associated to it, and not necessarily only to TBS operations, even if the use of 
TBS would worsen this impact. Controllers also suggested that implementing the TTP with ICAO 
separation minima, or with the possibility to tailor it manually to a specific numerical distance 
separation, could also be helpful for their work, in particular to assist them in vectoring the aircraft 
to the localiser under strong wind conditions, and in optimising the spacing.  
Nevertheless, an important safety issue was also raised during the experiments: TTP operations, 
either with TBS or DBS, will only work if the sequence of aircraft that is input within the system is 
the one that is really achieved. Last minute changes can still occur and ATCOs suggested adding 
a safety net to the operations to monitor these 2 sequences and warn the controller in case of any 
discrepancy. Regarding this, it will be mandatory that the controller can change the sequence as 
late as possible. In case of mixed-mode operations, adding the necessary spacing to allow for 
departures will also be useful. 
A second safety issue was also raised by the controllers: if TTP becomes operational and part of 
standard operations, it will necessitate an extra workload to recover from its failure as controllers 
will become strongly dependent of it within their operations. As a consequence, TTP failures and 
working with DBS as ATCOs do today, i.e. with a limited assistance, will have to become part of 
their training, as well as of a regular practice. 
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8.2. RECOMMENDATIONS FOR FUTURE STUDIES 

As the TTP plays an important part of the change in the working practices, it may become 
necessary to analyse the role it plays specifically within TBS implementation. Running exercises 
with distance separations with and without the TTP may be interesting to identify the changes in 
the spacing or speed management practices or to identify new training requirements. This will 
become mandatory if it is decided that a TTP should become a standard tool whether with 
distance-based separations or time-based ones. It will also be necessary to study the interaction 
between the TTP implementation, whether it is with TBS or DBS, and the AMAN and DMAN (only 
in case of mixed-mode operations) that will support this implementation to ensure the accuracy of 
the sequence that is input within the system, and guarantee the safety of the operations. 
Modifications within the AMAN/DMAN may be necessary, in particular to allow changes within the 
sequence as late as the glide slope. Besides, the elaboration of a safety net to monitor the 
achieved sequence has been recommended. 
 
Regarding TBS operations, it will be necessary to compare its implementation, with a TTP, with 
current operations with DBS and no TTP. Benefits can be expected, but under strong headwind 
conditions, it is likely that the loss of capacity that is visible under DBS operations will not be fully 
recovered by TBS operations because of the difficulty to manage these strong wind conditions. For 
future studies, it will be mandatory to use realistic wind scenarios that include 4D-changes of the 
wind characteristics along the glide: changes both with space and time. This will allow analysing 
the additional changes in the spacing and speed adjustements practices associated to a 
dynamically changing TTP and refine the the impact of TBS operations on the workload of the 
controllers, as well as on the runway throughput.  
As the dynamic aspect of wind management with TBS operations may negatively impact its 
expected benefits, a minimum stability of the wind characteristics along the glide may become a 
part of the requirements that define the conditions under which TBS can be applied safely. Let us 
note that the introduction of automated speed adjustements to compensate for the wind changes, 
either thanks to some specific on-board equipment or advanced FMS, could reduce the level of 
difficulty of working with dynamically changing spacings and TTPs. TBS operations may then 
become available under a greater range of meteorological conditions, thus with greater benefits. 
Advanced FMS functionalities may also grant an access to better knowledge of the expected 
landing speed and of the performance of the aircraft and thus enable a more accurate trajectory 
prediction: this should provide, in real-time, an updated estimation of the TBS to be applied as well 
as a better tuning of the length of the TTP, thus potentially improving the benefits of TBS. 
 
Finally, if the controllers seem ready to accept reductions of the separation minima with TBS 
operations, as long as they know it has been proved to be safe, the TBS operations will have to be 
validated from the pilot perspective: pilots are the first concerned by the safety of the reductions of 



EUROCONTROL  Results from the December 2007 Time-based Separations Real-Time Simulation Exercices 
 

 Project TBS – EEC Report No. 411
 
62 

separations between aircraft and, as the ones ultimately in charge of the aircraft speeds during the 
final phase of flight, they will have to be kept in the loop as they may refuse the proposed 
separation reductions and speed adjustements. Regarding this last point, aircraft performances will 
also have to be taken into account. 
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ANNEX A:  MAPS OF SIMULATED AIRSPACE 
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ANNEX B:  POST-EXERCISE QUESTIONNAIRES 

Purpose: The purpose of this questionnaire is to collect information both about your perception of 
your workload and about other elements that could affect, in a positive or negative way, your 
overall performance. 
 
Method: Please complete this questionnaire now by putting a cross in the box  that corresponds 
to your answer for the exercise run that you have just completed.  If you make a mistake, please fill 
the box in completely and put a cross in another box.  (This is an example of a crossed box  and 
this is an example of a filled-in box .) 
______________________________________________________________________________
__ 
 

Controller Name : _____________________ 
Sector   : _____________________ 
Date    :  _____________________ 
Run number  : __ 
 
 1 2 3 4 5 6 7 8 9 10 

   1. What is your estimate of your overall 
workload during the last run?  Extremely low   Normal 

average 
  Extremely 

high 

   2. How great a part did radio 
communications play in your overall 
workload during the last run? Extremely low   Normal 

Average 
  Extremely 

high 

   3. How great a part did the traffic load 
play in your overall workload during the 
last run? 

Extremely low   Normal 
Average 

  Extremely 
high 

   4. How great a part did problems with 
the HMI (such as a sticking mouse, slow 
response times, label overlapping, etc.) 
play in your overall workload during the 
last run?  

Extremely low   Normal 
Average 

  Extremely 
high 

   6. How great a part did the wind 
management play in your overall 
workload during the last run?  Extremely low   Normal 

Average 
  Extremely 

high 

   7. How great a part did the management 
of the discrepancy between the aircraft 
landing speeds play in your overall 
workload during the last run?  

Extremely low   Normal 
Average 

  Extremely 
high 

   8. How easy/difficult was it for you to 
reach the TTP when the Leader lands?  

Very easy   Normal   Very difficult 

   9. How easy/difficult was it for you to 
sequence the traffic? 

Very easy   Normal   Very difficult 

   5. How easy/difficult was it for you to 
deal with the Heavy aircraft compared 
to the other aircraft types? Very easy   Normal   Very difficult 

   10. How easy/difficult was it for you to 
maintain a clear picture of the situation 
during the last run?  Very easy   Normal   Very difficult 
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 YES NO 

11. Was the traffic sample suitable for you to evaluate the operability of TBS 
in a real enviroNMent?   

12. Did the TBS concept enable you to deliver the traffic “safely” during this 
last run?   
 

If you experienced any hazardous situation or any situation that could have become 
hazardous during the last run (real or potential infringement of the TTP or go-around, 
system failure, unexpected situation…), please, fill in the safety debriefing sheet. 
 
  

13. Please, tick the following box if you are going to fill in a safety debriefing sheet for 
this last run.  

 
14. If you have any specific comments about the last run and/or want to elaborate about your 
answers to this questionnaire, please, use the following space. 
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Thank you very much for your co-operation and contribution! 

 

Safety Debriefing Sheet 

Participation-ID: 

 

Date:  Simulation run 

 

Role :  

Sector:   

 

SAFETY ISSUE (i.e. potential conflict, system failure, unexpected situation …) 

1 Describe the hazardous situation (or potential situation): 

 

 

 

2 How did you notice/detect that 

there was a hazardous situation (or 

potential hazard)? e.g. it was not 

detected ; you noticed it yourself ; the 

system alerted you to the situation; 

another controller noticed it ; pilot 

communication. 

 

 

Other ways of detecting the hazard: 

 

 

3 WHAT DO YOU THINK WERE THE FACTORS THAT CONTRIBUTED TO THE EVENT? 

e.g. HMI usability (or label overlap); high traffic load; communication problems; procedural 

problems; training; experience 

 

 

 

4 What could have been the worst 

consequence if the situation was not 
detected?  

 

 

What could have been the worst 

consequence if the situation was 
detected?  

 

 

5 What could have made the situation worse? 
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6 What could be the severity of the worst credible case? 

(please refer to the ESARR4 severity classification sheet)  

1 Accident Major  e.g. one or more catastrophic accidents; 
total loss of flight control 

2 Serious incidents e.g. large reduction in separation without 
crew or ATC fully controlling the situation 

3 Major Incidents e.g. large reduction in separation with 
crew or ATC controlling the situation and able to recover 
from the situation 

4 Significant incidents e.g. increase in workload of ATCo or 
flight crew, or slightly degrading the functional capability of 
the enabling CNS system 

5 No immediate effect on safety e.g. no hazardous 
condition, no immediate direct or indirect impact on the 
operations 

What is the

severity 

level (1-5)

when the

situation is

not 

detected? 

 

 

What is the 

severity level (1-5) 

when the situation 

is detected? 

 

 

7 How often do you think this hazard could occur? e.g. once a day; once a month; once a 

year 

 

 

8 Can you think of any fall-back actions which could mitigate this situation? Can you 

suggest any changes to the procedures, phraseology; HMI design; fall-back procedures that 

could improve the situation? 

 

 

9 OTHER COMMENTS / DRAWINGS 
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ANNEX C:  ANALYSIS OF THE POST-EXERCISE RESULTS 

INTRODUCTION 

The following results come from the analyses of the post-exercise questionnaires that relate to the 
exercises within the experimental design. This experimental design is a within subject full-factorial 
design, whose objective was to evaluate the impact of different wind conditions: low and strong 
headwind, and of different traffic mix: more or less Heavy aircraft, on some subjective indicators 
linked to the workload, situational awareness and ease of application of the recommended 
operational procedures. Within this experimental design, each controller has experienced all the 
different experimental conditions. 
The analysis of the post-exercise questionnaires provides answers to objective A: “To evaluate 
the impact of headwind strength on the use of TBS in terms of controller acceptability”, and to 
objective B: “to evaluate the impact of the proportion of Heavy traffic on the use of TBS in terms of 
ATCO’s working methods and acceptability”.  
It is nonetheless important to mention that the results provided within this section do not only refer 
to the use of TBS but also to the use of the TTP that translates the time separations back into 
distances. “The vectoring to the minimum is much easier with than without a TTP, because you do 
not have to count the mileage on final anymore” as mentioned one of the participating controllers. 
Amongst the other comments can also be found the following: 
° “A major help is the TTP”;  
° “a TTP based on mileage would as well be helpful”,  
° “Using the TTP, vectoring becomes more precise!!” 
In fact, they all agreed that “the TTP reduces the workload, either with TBS or with distance-based 
separations” and thus the subjective measurements from the controllers were more related to the 
use of the TTP than to the use of TBS itself, even if, with the 20kt headwind scenario, the distance 
of the TTP was smaller than under the 5kt headwind conditions. 
 
The following notations are used within the presentation of the results: 
2 traffic mixes have been used within the experimental design, as well as 2 wind scenarios. In the 
following tables and graphs, TM refers to the traffic mix and wind to the wind scenario. The 
following codes are also used: 
- For the wind: 

o L:  constant headwind whatever the altitude, 5 knots headwind; 
o H: constant headwind whatever the altitude, 20 knots headwind. 

- For the traffic mix: 
o TM1: 25% of Heavy aircraft, 70% of Medium aircraft, and 5% of Light aircraft; 
o TM2: 45% of Heavy aircraft, 50% of Medium aircraft, and 5% of Light aircraft. 
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The main idea lying behind the experimental design was to find whether a significant headwind or 
a greater number of Heavy aircraft were affecting negatively the workload, the situational 
awareness or the ease of working with Time-based separations (TBS). 
The numerical analysis of the scores of the questionnaires was only performed on the ITM position 
that was mainly managing the spacing of the aircraft with TBS and the TTP, from the capture of the 
localiser to the runway threshold whereas the INI position was building and updating the sequence.  

SUBJECTIVE WORKLOAD 

The overall workload stays quite high, around 7 over 10, whatever the wind scenario or the traffic-
mix. No statistically-significant impact is measured as shown in Table 8-1 and in Figure 8-1, 
whether linked to the wind strength or to the traffic-mix: the perceived workload with TBS is thus 
consistent whatever the wind and the traffic-mix. One can observe a slight tendency to increase of 
the mean for the traffic-samples with more Heavy aircraft and also under the stronger headwind 
conditions, nevertheless with the reduced number of observation, and with the fact that the scores 
were only integers between 1 and 10, this difference cannot be generalised. The same result is 
also obtained by the non-parametric testing. 

Table 8-1: ANOVA analysis for the overall workload of the controllers 

 
Degr. of 

Freedom 
Workload

SS 
Workload

MS 
Workload

F 
Workload 

p 

Intercept 1 1711.125 1711.125 891.3767 0.000000 

TM 1 2.000 2.000 1.0419 0.316128 

wind 1 1.125 1.125 0.5860 0.450357 

TM*wind 1 0.000 0.000 0.0000 1.000000 

Error 28 53.750 1.920   

Total 31 56.875    
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Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 8-1: Means and interval of confidence of the overall workload depending on the different experimental 

conditions 

PART OF THE OVERALL WORKLOAD DUE TO RADIO COMMUNICATION 

The radio communications play an important role within the overall workload of the controllers: the 
scores allocated to them are comparable to those obtained for the overall workload, which is 
logical for a final approach sector where vectoring is performed and many time-critical instructions 
are issued. As for the overall workload, the slight decrease of the means with TM2 and the strong 
headwind cannot be generalised from the reduced number of data available. This result is also 
confirmed by the non-parametric testing. 

Table 8-2: ANOVA analysis for the part played by the radio communications in the overall workload of the 

participants 

 
Degr. of  

Freedom 
Workload 

SS 
Workload 

MS 
Workload 

F 
Workload 

p 

Intercept 1 1391.281 1391.281 464.4516 0.000000 

TM 1 1.531 1.531 0.5112 0.480549 

wind 1 0.281 0.281 0.0939 0.761556 

TM*wind 1 0.031 0.031 0.0104 0.919375 

Error 28 83.875 2.996   

Total 31 85.719    
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Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 8-2: Means and intervals of confidence for the part of overall workload linked to the radio 

communications for the different experimental conditions 

PART OF THE OVERALL WORKLOAD DUE TO THE TRAFFIC LOAD 

The traffic load is the factor that impacts the most the overall workload of the controllers. Such a 
result was expected as the traffic samples were initially built so that the runway throughput 
becomes a critical issue so that the controllers have to operate with in-trail separations that are as 
close as possible to the recommended minima. 
No significant differences are identified either linked to the wind scenario or to the traffic mix within 
the traffic sample from the ANOVA and means in intervals of confidence analyses. However, the 
non-parametric testing has identified a significant difference for TM2 between the scores under the 
different headwind conditions: the impact of the traffic load being greater under wind scenario H 
than under L.  Could Heavy aircraft be more difficult to handle within strong headwind conditions? 
This is what this result tends to show, nevertheless, the comments of the controllers do not match 
this conclusion: “You have to work a lot of speed control, more than normal, once you know this, it 
is nice working. Especially under strong wind conditions: working was easier than normal”. In fact, 
this feeling was linked to the use of the TTP that assists the controllers in adjusting the spacing 
between aircraft: “In strong wind conditions, it is harder to establish a sequence with accurate 
spacing (with not too much space in between). The TTP helps to identify the need for spacing in a 
much easier way. Therefore, I don't have to focus as hard to reach the point where to turn the 
succeeding aircraft. Just the visualisation of the required separation makes the work easier for the 
final arrival controller”. 
Further analyses are probably necessary to confirm or infirm the results of the non-parametric 
testing as this result may just be a side-effect due to the little number of observations per 
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experimental condition: 8. Besides, the scores were only integers between 1 and 10, thus allowing 
a potential greater variability between the measurements. 

Table 8-3: ANOVA analysis of the part of the overall workload linked to the traffic load 

 
Degr. of 

Freedom 
traffic load

SS 
traffic load

MS 
traffic load

F 
traffic load 

p 

Intercept 1 1568.000 1568.000 891.4518 0.000000 

TM 1 1.125 1.125 0.6396 0.430591 

wind 1 1.125 1.125 0.6396 0.430591 

TM*wind 1 4.500 4.500 2.5584 0.120936 

Error 28 49.250 1.759   

Total 31 56.000    

 
Traffic Mix * Wind Scenario; Least Square Means

Vertical bars denote 0.95 confidence intervals
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Figure 8-3: Means and intervals of confidence for the part of overall workload linked to the traffic load per 

experimental condition 

PART OF THE OVERALL WORKLOAD DUE TO HMI PROBLEMS 

This question is also related to the performance of the platform and indicates, with means scores 
around 4, that the HMI problems were reduced and did not cause additional workload to the 
participants. No significant difference is visible either due to the wind scenario or to the traffic mix, 
thus showing a good adequacy of the different functionalities that were available whatever the 
conditions.  
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The controllers only really reported difficulties with the sequencing tool that was identifying the 
order in which the aircraft were to land on the runway and thus the minimum separation to be 
considered: “It's not so easy to change the order of a/c especially when it's busy because the place 
where you can "click" on the a/c to change their order is quite small”. In some cases, this induced 
additional work for the controllers but still within reasonable limits. 

Table 8-4: ANOVA analysis for the part of the overall workload linked to the HMI problems. 

 
Degr. of 

Freedom 
HMI pblms

SS 
HMI pblms

MS 
HMI pblms

F 
HMI pblms 

p 

Intercept 1 457.5313 457.5313 136.8318 0.000000 

TM 1 0.7813 0.7813 0.2336 0.632593 

wind 1 0.7813 0.7813 0.2336 0.632593 

TM*wind 1 0.2813 0.2813 0.0841 0.773937 

Error 28 93.6250 3.3437   

Total 31 95.4687    

 
 

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 8-4: Means and intervals of confidence for the part of overall workload linked to HMI problems per 

experimental condition 
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PART OF THE OVERALL WORKLOAD DUE TO THE WIND MANAGEMENT 

The wind management is impacted by the experimental conditions, specifically by the wind. This 
result is also confirmed by the non-parametric testing. Under the 20kt headwind scenario, the 
score is significantly higher than the one obtained with 5kt headwind conditions.  
In fact, this result is representative of the current feeling of the controllers when they have to deal 
with significant wind conditions: “In strong wind conditions, it is harder to establish a sequence with 
accurate spacing (with not too much space in between)”; “You still have to build your own personal 
buffer to deal with the compression on short final, […] depending on the wind, the weather, the 
tower controller and controllers' character”. It was also mentioned during the debriefings that the 
wind management is particularly difficult in their everyday work when dealing with varying wind 
conditions, i.e when turning on final to capture the glide and when dealing with wind variations 
along the glide slope.  
This problem still persists with TBS as the perception of the ATCOs is that the working methods 
stay the same: “The way of providing separation is easier due to the TTP. […] All the other control 
measures and circumstances will stay the same; no matter it is distance-based or time-based 
separations”. It can thus be concluded that the TTP provides a good assistance to separate the 
aircraft and that, if the perception of the controllers under the H wind scenario with TBS (or DBS) 
and the TTP had been compared with their perception with DBS and no TTP, the workload with the 
TTP would probably have been significantly lower. 
 

Table 8-5: ANOVA analysis for the part of overall workload linked to the wind management 

 
Degr. of 

Freedom 

wind mngmt

SS 

wind mngmt

MS 

wind mngmt

F 

wind mngmt 

p 

Intercept 1 731.5313 731.5313 280.1077 0.000000 

TM 1 0.2813 0.2813 0.1077 0.745228 

wind 1 52.5313 52.5313 20.1145 0.000113 

TM*wind 1 1.5313 1.5313 0.5863 0.450251 

Error 28 73.1250 2.6116   

Total 31 127.4688    
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Traffic Mix * Wind Scenario;  Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 8-5: Means and intervals of confidence for the part of overall workload linked to the wind management 

per experimental condition 

 

WORKLOAD DUE TO THE MANAGEMENT OF THE DIFFERENCES BETWEEN LANDING 
SPEEDS 

Dealing with the difference in landing speed is an issue during the final phase of flight: “I would still 
apply a little more space between a/c because I'm used to it as the spacing is reducing closer to 
touchdown (difference in landing speeds)”; “you still have to build your own personal buffer to deal 
with the compression on short final”. 
Initial studies about TBS have also shown that this compression during the final phase of flight, 
basically the last 3 or 4 nautical miles before the runway threshold, was likely to be more important 
under significant headwind conditions than under lower wind, thus potentially visible as a higher 
workload for the 20kt wind scenario2.This seems to be visible in the results when looking at  
Figure 8-6, despite not statistically significant: either with ANOVA or with the non parametric 
testing. This could be worth investigating with more observations. Nevertheless, it must be 
reminded that this aspect is not linked to TBS itself, but rather to the speed management of the 
aircraft before they land. With the working methods that have been chosen for this real-time 
simulation, a minimum separation is displayed and the way to deal with the aircraft is not so 
different from the one used today. Thus, one can reasonably assert that the wind, or the traffic mix, 
does not impact the effort necessary to deal with the differences in landing speeds in a different 
way with TBS than it does when distance-based separations are used. 
 

                                                 
2 http://www.eurocontrol.fr/Newsletter/2003/December/Time_Based/Overview.htm 
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Table 8-6: ANOVA analysis for the part of overall workload linked to the management of the aircraft landing 

speeds discrepancies 

 
Degr. of 

Freedom 

ac discrepancy

SS 

ac discrepancy

MS 

ac discrepancy

F 

ac discrepancy

p 

Intercept 1 935.2813 935.2813 214.4350 0.000000 

TM 1 0.7812 0.7812 0.1791 0.675364 

wind 1 11.2812 11.2812 2.5865 0.118998 

TM*wind 1 1.5313 1.5313 0.3511 0.558261 

Error 28 122.1250 4.3616   

Total 31 135.7188    

 
Traffic Mix * wind Scenario; Least Square Means

Vertical bars denote 0.95 confidence intervals
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Figure 8-6: Means and Intervals of confidence for the part of overall workload linked to the aircraft landing 

speeds discrepancies. 

HOW EASY/DIFFICULT WAS IT TO REACH THE TTP WHEN THE LEADER AIRCRAFT 
LANDS? 

With scores around 6, the level of difficulty to reach the TTP stays close to the average, with a 
slight tendency to be demanding, which can be easily explained with the high traffic load of the 
exercises run during the real-time simulation. Mainly, this is linked to the fact that “you still have to 
build your own personal buffer to deal with the compression on short final”, as it was already 
mentioned. From the statistical analyses, no significant impacts are detected: the use of TBS is 
thus not impacted by the weather or the traffic-mix, and the level of effort required to reach the TTP 
stays at a reasonable level. 
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Table 8-7: ANOVA analysis for the level of difficulty to reach the TTP (from 0: very easy to 10: very difficult) 

 
Degr. of 

Freedom 

reach TTP

SS 

reach TTP

MS 

reach TTP

F 

reach TTP 

p 

Intercept 1 1152.000 1152.000 431.5184 0.000000 

TM 1 0.125 0.125 0.0468 0.830256 

wind 1 0.000 0.000 0.0000 1.000000 

TM*wind 1 3.125 3.125 1.1706 0.288515 

Error 28 74.750 2.670   

Total 31 78.000    

 
Traffic Mix * Wind Scenario; Least Square Means

Vertical bars denote 0.95 confidence intervals
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Figure 8-7: Means and intervals of confidence for the level of difficulty to reach the TTP per experimental 

condition (from 0: very easy to 10: very difficult) 

HOW EASY / DIFFICULT WAS IT TO SEQUENCE TRAFFIC? 

No particular difficulty was identified to sequence the traffic, with scores on average close to 5. The 
wind scenario and the traffic mix also have no significant influence over the scores of the 
controllers who stayed consistent throughout the exercises during the real-time simulation. The 
main issues reported about the sequencing of the traffic are related to the HMI of the sequencing 
tool (see section 0), and to a safety issue for TBS: “It must be assured that the TBS list is always 
up-to-date”. The controllers suggested that the controller acting on the final approach could also 
have the possibility to update the sequencing tool, and that a monitoring tool could be implemented 
as a safety net to check the sequence for the next 5-7 aircraft that are to land. It is planned in the 
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future that the sequence for TBS will be built from the AMAN that should be operational at all the 
major European airports. 

Table 8-8: ANOVA analysis for the level of difficulty to reach the TTP (from 0: very easy to 10: very difficult) 

 
Degr. of 

Freedom 

sequence trf

SS 

sequence trf

MS 

sequence trf

F 

sequence trf 

p 

Intercept 1 648.0000 648.0000 143.7149 0.000000 

TM 1 0.1250 0.1250 0.0277 0.868959 

wind 1 1.1250 1.1250 0.2495 0.621326 

TM*wind 1 0.5000 0.5000 0.1109 0.741613 

Error 28 126.2500 4.5089   

Total 31 128.0000    

Table 8-9: ANOVA analysis for the level of difficulty to sequence the traffic (from 0: very easy to 10: very 

difficult) 

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 8-8: Means and intervals of confidence for the level of difficulty to sequence the traffic per experimental 

condition (from 0: very easy to 10: very difficult) 

HOW EASY/DIFFICULT WAS IT TO DEAL WITH HEAVY AIRCRAFT? 

It is significantly more difficult to deal with Heavy aircraft in traffic-mix TM2 than in TM1. This 
significant result is also visible with the non-parametric testing. Nevertheless, this effect may be not 
significant for TBS, as in fact, such an answer could be simply linked to the fact that there are more 
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Heavy aircraft in TM2 than in TM1. It is however possible that dealing with Heavy aircraft is more 
difficult, as Heavy aircraft land at fastest speeds which induce a greater compression of the 
separation with the aircraft in front of it than in the case of a Medium aircraft. Nevertheless, nothing 
particular was reported within the questionnaires or mentioned during the debriefings and the level 
of difficulty stays close to 5, on average, identifying no particular operational concern for the 
controllers who have identified that they keep the same working methods to deal with the Heavy 
traffic with TBS and the TTP than with the actual procedures. As a conclusion, dealing with Heavy 
traffic may be more difficult than to deal with other types of aircraft, but it is not different from what 
is perceived with the actual operational procedures. 

Table 8-10: ANOVA analysis for the level of difficulty to deal with Heavy traffic (from 0: very easy to 10: very 

difficult) 

 
Degr. of 

Freedom 

deal with H

SS 

deal with H

MS 

deal with H

F 

deal with H 

p 

Intercept 1 750.7813 750.7813 409.1849 0.000000 

TM 1 11.2812 11.2812 6.1484 0.019439 

wind 1 5.2813 5.2813 2.8783 0.100870 

TM*wind 1 0.2812 0.2812 0.1533 0.698380 

Error 28 51.3750 1.8348   

Total 31 68.2188    

 
Traffic Mix * Wind Scenario; Least Square Means

Vertical bars denote 0.95 confidence intervals
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Figure 8-9: Means and intervals of confidence for the level of difficulty to deal with heavy aircraft per 

experimental conditions (from 0: very easy to 10: very difficult) 
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HOW EASY/DIFFICULT WAS IT TO KEEP A CLEAR PICTURE OF THE SITUATION? 

This question deals with the perceived situational awareness of the controllers during the exercise. 
No significant difference linked to the experimental conditions, traffic mix and/or wind scenario, can 
be identified from the statistical analysis. It thus means that the situational awareness during TBS 
operations is not affected by any of these. On average, the level of situational awareness is close 
to a score of 5, thus stays at a reasonable level. 

Table 8-11: ANOVA analysis for the level of difficulty to maintain a clear picture of the situation during the 

exercise (from 0: very easy to 10: very difficult) 

 
Degr. of 

Freedom 

clear picture

SS 

clear picture

MS 

clear picture

F 

clear picture 

p 

Intercept 1 648.0000 648.0000 169.1748 0.000000 

TM 1 1.1250 1.1250 0.2937 0.592142 

wind 1 1.1250 1.1250 0.2937 0.592142 

TM*wind 1 0.5000 0.5000 0.1305 0.720589 

Error 28 107.2500 3.8304   

Total 31 110.0000    

 
 

Traffic Mix * Wind Scenario; Least Square Means
Vertical bars denote 0.95 confidence intervals
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Figure 8-10: Means and intervals of confidence for the level of difficulty to maintain a clear picture of the 

situation during the exercise (from 0: very easy to 10: very difficult) 
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CONCLUSIONS 
 

The analyses of the post-exercise questionnaires does not show any results different from what 

could have been observed with current operations: it may be more difficult to deal with air-traffic 

control during the final phase of flight under significantly strong wind conditions and “heavy” traffic 

may be more difficult to manoeuvre to maintain a safe spacing between aircraft on the final. 

In fact, the main conclusion of the post-exercise questionnaire, post-simulation and debriefings, is 

that the way to manoeuvre the aircraft stays the same whether with TBS, as long as the time 

separation is translated back into a distance, or with distance-based separations. The impact of the 

traffic-mix and of the wind is then similar to what would have been observed with current 

operational procedures. As such it provides answers to Objective 1 and Objective 2. 

 

One difference is however identified: the TTP. This tool is found unanimously useful and 

appreciated as an efficient tool to assist in vectoring the aircraft to capture the glide and to maintain 

an efficient spacing on the final while reducing the workload.  

Independently of the use of TBS, the TTP could be used for constant spacing, as it can be 

necessary under bad weather and low visibility conditions, or also to be adapted, in time or 

distance, to take into account the departures in case of mix-mode operations. 

 

Two safety-related issues were nonetheless mentioned by the participants; issues that will need to 

be investigated before the concept becomes operational: 

° The sequence has to be exact for TBS as the separation depends on the wake turbulence 

category of each aircraft. The wake turbulence categories of each aircraft are identified from the 

sequence. The participants suggested implementing a monitoring tool as a safety net to check 

the actual sequence compared to the one considered for the TTP. 

° With TBS, the length of the TTP can vary slightly while the aircraft is on the glide. In the 

simulated enviroNMent, the changes were limited and negligible due to the use of a constant 

headwind wherever along the glide. The situation is quite different in the real life as, along the 

glide, the wind is likely to change both in terms of direction and speed with time. Such changes 

could create a significant instability of the size of the TTP, thus inducing additional efforts to 

adjust the spacing for the operating ATCOs. Such an issue will have to be considered within 

tests with realistic wind scenarios but also will necessitate an adaptation of the algorithm to 

ensure that the time-separation is translated into a reasonably stable safe distance. The MET 

conditions will then be an issue, and the controllers expect that those under which the use of 

TBS is allowed will be clearly specified. The controllers have also expressed a need to access 

to more detailed MET information along the glide and around the airport.  
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As a conclusion, if the TTP is appreciated and seems to be ready to be adopted by most of the 
controllers as soon as it is available, there is still work to be done with TBS when dealing with 
significant, unstable wind conditions. In particular, it will be critical that the length of the TTP stays 
sufficiently stable with the changes of the wind along the glide, and that the evolution of the MET 
conditions is properly monitored in a SMART way so that the system reacts timely to changes and 
guarantees the safety of the operations. The controllers will be particularly careful of this point. 
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ANNEX D:  POST-SIMULATION QUESTIONNAIRE RESULTS 

This annex presents both the post-simulation questionnaire and the answers that were given by 
the participants to the real-time simulation: the number of answer of each type is indicated in 
brackets. In addition to the scores and comments from the participants to the exercises that were 
considered for the statistical analysis, the comments and scores from the 2 participants to the 
platform testing is added. These are normally highlighted in green to be discriminated from the 
other participants’. The three next sections on this page correspond to the introduction that was 
provided to the participants before they filled their questionnaire. 

 

 

Purpose of this questionnaire 
It is organised according to different sections: Performances of the simulated platform, HMI, 
Working Methods, Safety, Benefits, the simulation conduct, and your general satisfaction.  

 

 

 
Method to fill it 
Please answer the questions in the order in which they are presented.  Work on your own; do not 
discuss any questions with your colleagues while you are filling in the questionnaire. If you need 
help, please, ask the analysis team representatives. 

For some questions, you will have to put a cross in the box  that corresponds to your answer.  If 
you make a mistake, please fill the box in completely and put a cross in the correct box.  (This is an 
example of a crossed box   and this is an example of a filled-in box .) 

  
 
 

NOTE 
All the individual data collected during this simulation, including the responses to this 
questionnaire, will be treated in the strictest confidence.  Although your name is requested on 
each questionnaire form, for convenience, only ID numbers will be used to report individual results 
so that nobody can identify the respondent. Once this questionnaire has been filled in, only 
members of the simulation team will be allowed to see it.  They will not pass any personal details to 
anyone outside the team. 
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Platform Performances 
 

1. Was the platform overall performance acceptable to evaluate the impact of TBS 
operations in a real enviroNMent? 
Yes (8/2)   No (0/0)  

 

2. Please rate your level of satisfaction with the following simulation technical facilities: 
 Very bad Bad Just right Good Very good 
Overall performance of 
the simulated platform  
 

0 0 0 7 / 2 
1 

The radar display screen 
 

0 0 3 2 / 1 3 / 1 

Flight Plan Data  
 

0 0 3 4 / 2 1 

The R/T system 
 

0 0 4 / 1 4 / 1 0 

The simulated wind  
 

0 1 6 / 1 1 / 1 0 

Interaction with the 
pseudo-pilots 
 

0 5 3 0 / 2 
0 

The simulation room 
(temperature, space, etc) 

0 0 2 5 1 / 2 

The debriefing room 
 

0 1 3 3 0 / 2 
 

 
3. If you have any specific comments about the previous points, please, elaborate them. 
wind change from head to tail in one exercise as not realistic, but OK for demonstration of TBS - 
interaction with the pilots took place at very different levels 
With this high amount of traffic, it is very difficult for the pilots to make no mistakes. But to test the 
system you need to go to the minimum separation and is there is an error (e.g. wrong input), it is 
very hard to get good results. 
The pseudo-pilots had sometimes too much to do, and mistakes resulted (callsign mix-up, wrong 
read-backs) 
The pilots were not really good: wrong calldigns, wrong read-backs, wrong inputs. It might be 
better not to use such similar callsigns (e.g. contactair 503 and quantas 503). It's hard to give a 
good performance, which is necessary to test the system, if the pilots are bad! 
The pseudo pilots had some very bad days. A lot of mistakes were done by the pilots. 
I am not sure whether the simulated constant wind meets the conditions in real life: e.g. different 
wind speeds and direction at different altitudes, deviation of wind direction due to 
terrain/mountain/valleys.. 
Pilots sometimes made working very difficult. To me, they sometimes sounded not motivated and 
in some cases had problems with the English numbers/figures 
The wind is much more stable in a simulated enviroNMent than under outside conditions, it is 
more unreliable and unpredictable in real life: very hard to simulate. 

 
4. Was the aircraft performance acceptable to evaluate TBS operations in a real 

enviroNMent? 
Yes (8 / 2)   No (0)  

 
5. Please rate the following components of the aircraft performance: 
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 Very 

realistic 
Satisfactory Unsatisfactory 

for some 
aircraft types 

Unsatisfactory 
for all aircraft 

types 
The rate of descent 
 

0 / 2 8 0 0 

The rate of turn 
 

2 / 2 5 1 0 

The speed profile 
 

0 5 / 2 3 0 

The aircraft Landing 
Speeds 

0 3 5 / 1 0 

 
6. If you experienced problems with the aircraft performance then describe the 

circumstances in more detail, noting particularly the effect that this had upon yourself. 
It took a slightly longer time to get used to the arrival speeds of AT42-fleet. Once you were 
familiar with that, it was not a problem anymore. AC doing 240kt to the outer marker are as well 
not realistic (although helpful at times…) 
H a/c on final will reduce their IAS on their own down to 190kt from about 20-25NM from touch 
down 
1) As this is a simulation, speed instructions can be seen rught away, in real life, it takes much 
longer until the a/c flies the assigned speed. 2) some a/c (ATR) had too slow landing speeds, but 
once it was detected, I solved it by adding some additional spacing behind. 3) If you were not 
assigning a given speed to the a/c, they were not reducing, landing almost at 200kts!! 
sometimes, under the same wind conditions, different landing speeds (ATR) 
The ATRs or light type aircraft were too slow between 4NM and the touchdown 
In a real air traffic enviroNMent you have to deal with more pblms: speed reductions are not as 
accurate as in the simulator, different rates of descent, the pilots (or companies) have different 
ways of flying aircraft which has a much bigger impact 
Speed reduction takes longer in real life 
as discussed previously: landing speeds of A320 (rather 140/145kt than 120kts), AT42 (slightly 
higher). Some problems have been solved during the preparation week (artificial OM at 3NM 
from final), speed profile (constant speed control is necessary) 

 
 
How much do you agree with the following 
statements? 

Fully 
agree 

Slightly 
Agree 

Slightly 
disagree 

Fully 
disagree 

7. I understand what the TTP represents 8 / 2 0 0 0 

8. The TTP is reliable for all aircraft pairs 8 / 2 0 0 0 

9. The TTP is reliable whatever the aircraft 
performances are 

5 / 2 3 0 0 

10. The TTP was sufficiently reliable to 
evaluate the operations with TBS 

7 / 2 1 0 0 

11. The detection of the wind shear was 
accurate  

3 / 1 4 / 1 1 0 

12. The sequencing tool was sufficiently 
reliable to evaluate the operations with 
TBS 

5 / 2 3 0 0 



EUROCONTROL  Results from the December 2007 Time-based Separations Real-Time Simulation Exercices
 

 Project TBS – EEC Report No. 411
 
88 

13. If you experienced problems with the TTP and the sequencing tool that were used in the 
platform, please describe these problems in more detail. Do not hesitate to describe 
specific situations: aircraft pairs, phase of flight… 

It must also be possible for the director to change the sequence in the TBS list. If a new a/c 
enters the sector, it is sometimes not put last in the TBS-list: in these cases, the a/c callsign 
should be displayed in a different colour for maybe 30 seconds in this list. 
Changing the sequence is very difficult because the window is too small. I didn't like the mouse 
for changes, it had to be a very fast click to change the sequence. 
detection of wind shear: more wind data would be helpful (eg wind at the threshold, wind at diff 
altitudes transmitteds online from the cockpits via datalink to create a full wind picture in the 
arrival sector) 

 
TBS Human Machine Interface (HMI) 
 

 

Figure 8-11: TTP Display 

 

How much do you agree with the following statements? 
 

TTP (see Figure 8-11) Fully 
agree 

Slightly 
Agree 

Slightly 
disagree 

Fully 
disagree 

14. The TTP helps me to do my work 8 / 2 0 0 0 
15. The TTP is easily identified 8 / 2 0 0 0 
16. The TTP is displayed early enough 4 / 2 2 2 0 
17. I like the colour of the TTP 6 / 1 2 / 1 0 0 
18. I have easy access to all the 

information I need about the aircraft  
7 / 2 1 0 0 

19. The highlighting of the Heavy and Light 
aircraft is useful 

7 / 2 1 0 0 

20. The aircraft wake category is easily 
identified 

5 / 2 3 0 0 

21. The information about the wake 
category of the Follower in the label of 
the Leader aircraft label is useful 

3 / 1 1 / 1 4 0 

22. The blinking of the TTP to identify a 
wind shear is useful 

6 / 2 2 0 0 
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23. After some experience with TBS, do you have any comments about the shapes, colours, 
and colour effects used to display the TTP? 

to Q21: why not show the WTC of the preceding a/c instead of the succeeding? That would even 
have more effect on my work. TTP display is quite fine. Colour is not important, only a good contrast. 
The TTP has to be displayed at least 25NM from touch down 
The TTP should be displayed not only in a small box around the final but also on downwind after 
pasing the field and the box around the final shoudl be doubled in size. The TTP makes the vectoring 
much easier!! 
The label could be a little bit larger, but maybe it's just because I am used to larger labels 
The blinking of the TTP should stop after some time 
The wake category of the follower is not necessary. The TTP as an indicator of the prescribed 
separation is sufficient 
Just fine 
TTP in normal operation is not highlighted (good), the colour is not disturbing the work in any way but 
it might be less intense (brightness to adjust) 
good in this simulation 
 
 
24. After some experience with TBS, do you have any comments and suggestions about the 

information that is provided to you and/or the way you access to this information? E.g. 
mention your need for extra information, comment the access to the aircraft types, wake 
turbulence categories if you think it is not appropriate… 

1) It will be hard during high traffic load to secure the TBS list is up-to-date, but this is the most 
important thing, it must be secured, whatever the way it is up-to-date. 2) During a failure of the 
system, the WV category of the follower should not be displayed anymore in the label as it could lead 
to confusion when the TBS list is not updated anymore. 
I hardly recognised the wake category of the follower in the label. 
I don't need the wake turbulence categories on the label, because the TTP shows me the distance I 
need to the preceeding a/c 
The main source of information is the TTP, which influences my vectoring. The display of the WTC, I 
used for pre-planning (Heavy: there will be a longer anchor behind this target). In real life, I would use 
more information on the type of aircraft and it would influence my work more than in the simulator 
(propeller or jet drive: diff performance) 
zone large enough, early enough 
 
 
25. After some experience with TBS, do you have any comments and suggestions about the 

shape and size of the area within which the TTP is displayed? 
TTP should be displayed automatically when the a/c is between the 2 FMS-downwind lines 
TTP should be displayed in an area of 25NM east of THR (27) and for a/c not above FL100 
The TTP should be displayed not only in a small box around the final but also on downwind after 
passing the field and the box around the final shoudl be doubled in size. The TTP makes the 
vectoring much easier!! 
It looked very good as displayed 
Works good 
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Figure 8-12 : Sequencing tool display 

 

How much do you agree with the following statements? 
 

Sequencing tool (See Figure 8-12) Fully 
agree 

Slightly 
Agree 

Slightly 
disagree 

Fully 
disagree 

26. The sequencing tool is easy to use 0 / 2 6 1 0 
27. It is easy to change the order of the 

aircraft 
0 / 1 4 / 1 3 0 

28. The callsign of the aircraft can be easily 
identified. 

5 / 2 1 1 0 

29. It is easy to take an aircraft out of the 
sequence to reinsert it later to deal with 
a go-around. 

0 / 1 2 / 1 0 0 

30. The sequencing tool provides me with 
all the information I need to build the 
landing sequence. 

6 / 2 1 0 0 

NB: To Q29, only 2 answers during the simulation week as the others never used this functionality 
 
31. After some experience with TBS, do you have any comments about the colours, fonts 

and size of fonts that were used in the sequencing tool? 
This is all a matter of taste, for me personally it's fine. The area (the number) where to click for a 
sequence change should be larger. 
sequence change must be possible without a break 
New a/c should be displayed for a short while in a different colour (e.g. blue) 
It's not so easy to change the order of a/c especially when it's busy because the place where you can 
"click" on the a/c to change their order is quite small. It might be easier to use the whole line as 
"reference". 
The window is too small, maybe the sequence should be changed on a TID or by AMAN 
Letters, button: the whole list could be a little bit bigger. Maybe the next a/c in sequence which is not 
already on final could be highlighted. 
Heavy types could be marked by a different colour like the light ones 
If the sequencing tool is combined with an AMAN, change could be done automatically while doing it 
in the AMAN!! I don't know if this would be possible to fix, but this would be a great benefit even a 
minimum separation required by TWR (e.g. CAS? in) could be displayed by the TTP (would ease 
work much)!! 
 
32. After some experience with TBS, do you have any comments and suggestions about the 

information provided by the sequencing tool and about the way it is provided? 
Initial sequencing is not very balanced, too many manual changes are necessary 
INI and ITM position need to be able to change the sequence 
It provides the controller not with too much information, but exactly what you need in there. 
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Under high traffic load, it is sometimes too difficult to change the sequence because you have to hit 
precisely the number (small) 
Is it possible to put the sequence number directly on the label? 
TTP could point towards the position of the succeeding target 
The sequence tool should be made available for both the "pick-up" and the "feeder" position. 
 
33. Do you have any other suggestions regarding the HMI in general 
Nice and easy usage! 
Area where to click in the sequence table could be larger for easy sequence change 
 
TBS Working Methods 
How easy/difficult was it to reach 
the TTP at the threshold? 

 

Very 
easy 

Easy OK Difficult Very 
difficult 

34. Under no wind conditions 1 2 / 2 4 1 0 
35. Under significant headwind 

conditions 
1 1 / 2 5 1 0 

36. for Heavy aircraft 1 1 / 2 5 1 0 
37. for Medium aircraft 1 1 / 2 5 1 0 
 
 

     

How easy/difficult was it to deal 
with the possible compression of 
the separation between aircraft? 

Very 
easy 

Easy OK Difficult Very 
difficult 

38. Under no wind conditions 1  3 / 2 4 0 0 
39. Under significant headwind 

conditions 
1 1 / 2 5 1 0 

40. for Heavy aircraft 1 2 / 2 4 1 0 
41. for Medium aircraft 1 3 / 2 4 0 0 
 
 

     

Compared to the traditional 
Distance Based Separations, how 
easy/difficult is it to deal with TBS? 

Very 
easy 

Easy OK Difficult Very 
difficult 

42. Under no wind conditions 1 3 / 1 4 / 1 0 0 
43. Under significant headwind 

conditions 
1 4 / 1 3 / 1 0 0 

44. for Heavy aircraft 1 2 / 1 5 / 1 0 0 
45. for Medium aircraft 1 3 / 1 4 / 1 0 0 
 

46. If you wish so, please, elaborate your previous answers. 
You have to work a lot of speed control, more than normal, once you know this, it is nice working. 
Especially under strong wind conditions: working was easier than normal. 
to touch the TTP means minimum separation: that's why I tried to keep 0.5 or 1 NM more as a "safety 
buffer". 
The way of providing separation is easier due to the TTP. Also for sure, I am pleased to reduce 
separation with TBS compared to DBS. All the other control measures and circumstances will stay the 
same, no matter it is DBS or TBS 
The vectoring to the minimum is much easier than without a TTP, because you don't have to count 
the mileage on final anymore 
I think it takes some time and experience with TBS to see, realise and learn that the impacts on the 
separation, especially for the Heavy a/c, is not as strong as with DBS… meaning: I would still apply a 
little more space between a/c because I'm used to it as the spacing is reducing closer to touchdown 
(diff landing speeds).  
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You still have to build your own personal buffer to deal with the compression on short final. That 
means TTP + X. Depending on the wind, the weather, the tower controller and controllers' character 
compared to DBS: no difference concerning difficulty to work the traffic, a major help is the TTP: a 
trail based on mileage would as well be helpful 
Man has to get familiarised to how the simulator reacts, thereafter it's good working. 
 

47. How often compared to a distance-based enviroNMent the separation was infringed (in the 
case of TBS, shorter than the TTP)? 
 More Often (2)     the same (4 / 2)    less often (2) 
 

48. How often compared to a distance-based enviroNMent, did you need to make a go-
around or break out for a new approach? 
 More Often (3)     the same (5 / 2)   less often (0) 
 

49. Please, justify your answers to questions 47 and 48 with as many details as possible. 
It is difficult to compare, because working in a simulation enviroNMent is always special I would 
compare the above mentioned occurrences as similar, with a tendency to TBS to have less 
occurrences (due to the TTP) 
1) Because it is a simulator, it worked out not always the way it would be in real life. 2) The length of 
the TTP changed during the pairs on final: the separation you need to apply with DBS will not 
change!! 
The workload for vectoring and speed adjustments is the same as before, it means: it is easier to 
vector a/c but it is the same amount of transmissions. If your vectoring is suitable anyway, there are 
not more or less go-around, it is the same as before. 
It's easier to realise when you're getting too close to the preceding a/c (because of the TTP). So you 
can start much earlier to reduce a/c or do something about it! 
With TBS you always go to the limit of the vector. In real life, you have more space in between 
because you're counting the miles. 
The reason for a higher number of go-around or infringements is not the TBS itself. The reason is a 
different way of working: with the TTP as a helping tool, I am getting closer to the minimum with a 
higher possibility of mistakes 
I always worked close to the limit or even beyond to see the behaviour of the system. I didn't make 
any go-arounds or break-off, just some vectoring on the basis the succeeding a/c was too close, the 
rest with speed on final. When it became too close, I just let it run. 
It does not make a difference whether working based on time or mileage, because the time is 
presented as a real distance to keep between the concerned aircraft: same safety 
 
50. Compared to the usual way you work, do you foresee any significant change(s) in your 

working methods linked to the application of TBS? 
Yes (5 / 1)   No (3 / 1)  

 
51. If your answer is “yes”, please, describe what these changes could be. 
1) Using the TTP, vectoring becomes more precise!! 2) You have to be aware of the changes in the 
length of the TTP and therefore, think in certain circumstances to provide more separation. 
In strong wind conditions, it's harder to establish a sequence with accurate spacing (with not too 
much space in between). The TTP helps to identify the need for spacing in a much easier way. 
Therefore, I don't have to focus as hard to reach the point where to turn the succeeding a/c. Just the 
visualisation of the required separation makes the work easier for the final arrival controller. 
It's easier to provide the tower with the separation needed for departures. And I think the capacity on 
the feeder position can be increased by making the workload easier to be worked out by the feeder 
More efficient 
You just have to "hit the TTP" that makes vectoring easier with different spacings due to the WTC or 
by tower. Capacity will increase slightly. 
Better throughput possible, since the exact minima are displayed. It is however to verify, if TBS is 
really accurately working under outside real wind conditions. It will be necessary to feed the computer 
with as many wind information as possible. 
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52. Do you think that the flight crew will co-operate and understand TBS? 
Yes (7 / 2)   No (1)  

 
53. Please, elaborate your answer to question 52. 
In detail, they don't know what we are doing anyhow. Once the procedure is introduced, I expect a 
good acceptance. 
They know what type of vortex it is, where it comes from, and how it lives and evolves. 
If they do not encounter turbulence due to the reduction of separation, it might mean less delay for 
them. 
If they understand that TBS result in a higher landing rate (less delay), they, of course, will co-operate 
at any time. 
Because it provides the airport with a higher capacity 
As I feel that flight crews in general have little knowledge of ATC procedures, they don't care if 
separation is TBS or DBS 
If they get it explained, they will check it sooner or later 
A new separation standard would be published: time can be expressed in mileage and vice-versa 
Time is money! 
 
54. Do you think that TBS reduces your workload during the final approach? 

Yes (6 / 1)   No (2 / 1)  
 
55. Please, elaborate your answer to question 54. 
Less separation means less a/c on the frequency, which means less work. Again, TTP is another 
good help to show the separations (no need to estimate safe distances) 
The TTP reduces the workload, either with TBS or with DBS 
Using DBS or TBS does not make any difference in the amount of work 
No more counting of mileage 
I don't have to count miles anymore: the minimum required separation is shown on the radar!! 
Without counting the miles, you see the distance to the a/c ahead. You just concentrate on the vector. 
It helps me vectoring and sequencing. It is easy to handle a mix of H, M and L a/c 
significantly! 
Yes, since the TTP is a good indicator to which limit I am allowed to go 
 

56. Do you think some functionality is missing to use TBS properly? 
Yes (4)  No (4 / 2)  

 
57. Please, elaborate your answer to question 56. 
Warning tool: if a/c is doing unusual performances, would be good (not reducing, reducing too 
much…) 
It has to be evaluated that TBS is as safe as DBS by the ICAO 
It must be assured that the TBS list is always up-to-date 
Requested spacing by tower due to departures in between or bad weather (Cat II or III) should be 
known by TBS on request 
No, Make the tool available for both positions 
 
 Very 

easy 
Easy Normal Difficult Very 

difficult 
58. How easy/difficult will it be for 

a controller to learn how to use 
TBS? 

3 / 1 4 / 1 1 0 0 

 
59. Do you have any suggestions about the training with TBS? 
Give theory, use simulator runs and let TTP be displayed in the beginning without being used, to see 
the difference in separation needs. 
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Training on director is only necessary. 2 days each E4 runs of 1 hour 15 minutes should be sufficient. 
More detailed background information before the training (how is the system working?) 
It might be interesting for the controllers to do exactly the same run with DBS and TBS, maybe 
recorded and then see what difference it makes… 
Keep it easy, then the controller will use it 
Explain the background. For daily work: TBS provides a line on the screen where the controller has to 
vector the target to. That is easy. 
not yet 
Simulator test runs, establishment of new procedures well in advance 
 
Safety  
60. With TBS, did you experience any safety issues related to its application that have been 

introduced (and not already reported during the safety debriefing)? 
Yes (1 / 1)   No (7 / 1)  

 
61. If Yes, can you please list and describe them below and propose possible mitigations? 
Safety debriefing about the system failure: difficult to go back to estimating the separation on your 
own when the TTP disappears 
Concern when the list mismatches the actual sequence 
a concern: TTP indicates the specified minima (translation of time into distance) 
 
62. Do you think TBS can cope safely with wind-shear? 

Yes (4 / 1)   No (4 / 1)  
 
63. If No, can you please explain why you think so and propose possible mitigations? 
I simply expect it to work any situation safely, otherwise, it is a no-go item 
has to be figured out before the implementation 
At the end, the wind over the threshold will be the important one. The rules for using TBS must be 
specified for wind shear situations. Even if safety assessments show that you cannot use TBS during 
wind shear situations, you always need extra separations during special wind and weather conditions. 
If TBS gets wind information for the whole final (up to 1500/1600 ft), then it is OK, but just the ground 
wind is not sufficient (WS mostly appear in higher altitudes than on the ground…) 
I do not know! 
I am not sure how TBS will behave in a real wind enviroNMent. In the simulator, the wind-shear 
situation was OK 
experience will show how it would behave, should be tested under real conditions 

If relevant wind data are immediately available. 

Has to be checked: no final answer now but I think it will 

 
64. Do you have any concern with the safety of the TBS operations due to the wind 

conditions? 
Yes (4)  No (4 / 2)  
 

65. If Yes, can you please list and describe them below and propose possible mitigations? 
Actual wind must be known to the system at all times, at all relevant altitudes. 

has to be figured out before the implementation 

Changes in the direction of the wind can become a problem as it will change the separation 
minimum!! 
Once again, what about the wind conditions during the approach or along final? They vary up to 30/40 
kts 
The wind and any significant changes have to be observed on a regular basis… 
If relevant wind data are immediately available. 
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66. Do you have any other concern with the safety of the TBS operations? 
Yes (1)  No (7 / 2)  
 

67. If Yes, can you please list and describe them below and propose possible mitigations? 
The TBS list has always to be correct. Who is responsible for it? Can the TBS list be up-dated 
automatically? 
 
TBS Benefits 
 
How much do you agree with the following 
statements? 

Fully 
agree 

Slightly 
Agree 

Slightly 
disagree 

Fully 
disagree 

68. TBS will allow delivering a more 
consistent traffic to the runway. 

7 / 2 1 0 0 

69. TBS use will avoid losing some runway 
throughput during significant 
Headwind conditions 

8 / 2 0 0 0 

70. TBS will be easy to use whatever the 
mix of aircraft types in the landing 
traffic 

7 / 2 1 0 0 

71. TBS will be easy to use whatever the 
wind conditions 

1 / 1 5 / 1 2 0 

72. TBS will bring benefits in my own 
control centre 

8 / 2 0 0 0 

 
73. If you wish so, please, elaborate your previous answers. 
to Q71: at frequent wind shear, TTP may vary too much but a step back from TBS to DBS must 
remain an exception 
The results/benefits will be higher the more heavy a/c you have. 
It will be easy to provide the TWR with the spacing needed for departures 
I would like to take it to work next week! 
 
74. Do you think TBS is worth being implemented? 
 Yes (7 / 2)   No (0)   Undecided (1) 
 
75. Whatever your answer to question 74, please, justify. 
working is easier, capacity might be higher, so everybody wins 
undecided, too many open questions about safety (WS, wind)  
Reducing the separation minima and maximising the throughput for arrivals is always worth being 
implemented if the safety aspects allow this procedure!! 
The system supports the controller and simplifies the work of the director. It results in a higher landing 
rate!! Both are very important for the future planning. 
All that makes my work easier is welcome!! Not only for feeder positions: if I have to work with a large 
scale doing ACC and approach at the same time, I can much easier see when to turn succeeding a/c 
on final. It's no longer "in the eye and judgement" of the controller: only one eye on the scope and I 
know the exact distance to apply. 
As fast as possible. It makes the work for the feeder a lot easier. With TYBS, you can raise the 
capacity of almost every aerodrome 
In a high traffic enviroNMent, it will encrease capacity. A tool to improove the quality of the work at the 
connection between TWR and APP which is a problem in Germany 
Feeder workload is extreme at Munich sometimes. Everything that supports the feeder in his/her work 
is always welcome 
Throughput of runway can be increased. TTP is a very helpful tool (whether with TBS or DBS). In 
case of different spacing/time request the controller should have the opportunity to set the "length" or 
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"time" of the TTP manually (especially for mixed-mode operations). 

TBS shall only be used with certain wind conditions 
 
Simulation Conduct  
 
76. How do you rate the overall organisation of the simulation? 

 Very bad (0)  Bad(0)  Average(0)  Good  (4)  Very good ( 4/2)  
 
77. How much do you think the questionnaires were a useful medium for giving your opinion? 

 A lot (7 / 2)   A little (1)    Not at all (0)   
 

78. How often were any operational issues investigated in a timely and satisfactory manner? 
Always (2/2)  Often(4)  Sometimes (1) Rarely (1) Never(0) 
 

79. How often were any technical problems solved in a timely and satisfactory manner? 
Always (6/2)  Often (1) Sometimes (0) Rarely (1) Never(0) 

 

80. When you identified a problem, how often was a member of the Project Team available to help 
you? 
Always (8 / 2)  Often (0) Sometimes(0)  Rarely(0) Never(0) 

 
81. How often did you have sufficient opportunity to voice your opinions about the simulation 

during the debriefing sessions? 
Always (6/2)  Often(2) Sometimes(0)  Rarely (0) Never(0) 

 
82. How often did you think that your comments regarding the simulation were taken note of? 

Always(7/2)  Often(1) Sometimes(0)  Rarely(0) Never(0) 
 

83. How do you rate the amount of time that was allocated to the exercises? 
Too much (0)  Correct (8/2)   Too little(0)   

 
84. How do you rate the amount of time that was allocated for discussions and debriefings? 

Too much (0) Correct (6/2)  Too little(2)  
 

There should have been more time for discussion with the project manager from Brussels. I felt there 
were many open questions left on his side. 

 
85. Have you ever been adversely affected by external disturbances (e.g. Visitors)? 

Often(0)  Sometimes (1)  Never(7/2)  
 

86. If Yes (Often or sometimes), please, when and explain what were the causes of these 
external disturbances? 

 
There was an exhibition from the 4th to 6th December, so many visitors came in. On the 6th of 
December, construction work was loudly in progress. 

 

87. Please, in case your work has been affected by external disturbance, rate the impact it has 
had on your performance. Give a number between 0 and 10: 0= no impact and 10=very high 
negative impact. 
  
 

0(6); 1(1) ; 3(1) 
on average : 0.5/10
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88. If you have any comments or suggestions to make on the level of support during this 
simulation, then, please, make them here. 

Excellent 
a hand button for the headset microphone would be nice  
Very good crew: it was a pleasure to work with Mr Bonnier and the team! 

 
89. Do you think that your participation in this real time simulation was useful and time well-spent? 

Yes (8/2)   No(0)  Undecided(0) 
 
If you have any comments, please, make them here. 

That depends on the final outcome. But I have a good feeling on this. 
Would be glad to participate in future simulations 
 

90. According to you, what were the main achievements of this simulation? 
Getting familiar with the idea of TBS, being able to bring fresh ideas back to the home unit. I think we 
proved that TBS can work. 
TTP is very good either used with TBS or DBS 
The TTP!! 
The anchor (TTP) is a very useful tool, not only with TBS but also for constant DBS (e.g. adapt to 
spacing requests from the tower controller) with less workload 
TBS is worth trying…. It is a useful tool 
Giving the controller a view of a very good system, which can be used in real life. And seeing if it 
works correctly for him, or if something has to be changed 
See and test a new promising technology 
TBS will become a useful tool for several approach units sooner or later 
Introduction of the TTP as a very helpful device to accurately space the aircraft to the separation 
minimum, while reducing the workload 
To work with new useful features… 
 

91. According to you, what objectives were not achieved? 
The amount of traffic could be reduced by 3-5 a/c per run. The final would still be long, but less 
aircraft would make it easier for the pilots and in some runs the pilot had to perform orbit instructions 

 
92. Would you volunteer to take part in further simulations at the EEC? 

Yes (8/2)  No(0)  Undecided(0) 
 

93. If No, could you please explain why? 
absolutely !! 
Because I want the system to be in our ATM-system 
Anytime, just call! 

 
General satisfaction 

 
94. Please rate your level of satisfaction with the following: 
 Very Bad Bad Just right Good Very 

Good 
The canteen facilities at 
the EEC 
 

0 1 4 1 / 2 
2 

The transport to and 
from EEC 
 

0 0 5 2 / 2 
1 
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 Very Bad Bad Just right Good Very 
Good 

Your reception at the 
EEC 
 

0 0 1 3 
4 / 2 

The accommodation in 
the hotel 
 

0 1 1 3 / 2 
3 

 
95. If you have any comments or suggestions to help us increase the quality of general 

accommodations, please do it here. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


