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Abstract: This paper introduces a simplified speed control strategy implemented in an electronic flight bag in order to 

reduce fuel consumption and improve the accuracy of time of arrival at a fix under 4D trajectory-based operations. Utilizing 

the electronic flight bag, improvement of meteorological prediction accuracy and realization of optimal speed control that is 

acceptable to pilots are expected. Through illustrative numerical examples, the potential benefits of the simplified speed 

control strategy are evaluated for performing airborne delay and reducing fuel consumption instead of currently commonly 

used airborne holding or radar vectoring control. 
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1. INTRODUCTION

Air traffic has been rapidly increasing over the last few 

decades, and current air traffic management (ATM) 

systems are under significant stress. To accommodate this 

growing air traffic, the Next Generation Air 

Transportation System (NextGen), the Single European 

Sky ATM Research (SESAR), and the Collaborative 

Actions for Renovation of Air Traffic Systems (CARATS) 

[1] are ATM modernizations programs that are currently

being implemented in the United States, Europe, and

Japan, respectively. These programs are aimed at

increasing throughput and capacity, improving safety and

efficiency, and reducing environmental impact compared

to current ATM systems. One of the key concepts of these

future ATM systems is 4D (3D position and time)

trajectory-based operations. In Japan, as a first step

towards gate-to-gate trajectory-based operations, the Japan

Civil Aviation Bureau has been considering calculated fix

departure time (CFDT) operations, where a specified

departure time is assigned at a specified fix along the

planned route. When a CFDT is assigned by air traffic

control (ATC), the pilot uses speed control to meet the

specified time at the fix. A previous study [2] has shown

that speed control is able to reduce fuel consumption

compared to the currently commonly used methods of

airborne holding or radar vectoring control to delay

aircraft in flight. Speed control can be achieved by using

the required time of arrival (RTA) function of the flight

management system (FMS). The RTA function adjusts

airspeed to meet the given RTA* at a fix, and it is expected 

to play an important role in trajectory-based operations. 

However, since the latest meteorological information 

might not be input into FMS, and since the performance of 

the RTA function can be significantly influenced by 

meteorological prediction errors [3, 4], it cannot be 

guaranteed that the aircraft will arrive at the fix at the set 

RTA. Also, the speed control strategy of the RTA function 

may not be optimal with respect to fuel consumption 

because the performance of speed control is degraded by 

the uncertainty of the estimated time of arrival (ETA). The 

Japan Aerospace Exploration Agency (JAXA) is currently 

researching an optimal speed control algorithm 

implemented in an electronic flight bag (EFB) in order to 

reduce fuel consumption and improve the accuracy of time 

of arrival at the fix. The EFB is an electronic device that 

provides pilots with supplemental information to improve 

operational efficiency. The EFB can compensate the 

shortcomings of the FMS RTA function by retrieving the 

latest meteorological information via the Internet. In 

addition, we have been developing a real-time 

meteorological prediction technique that uses flight data 

obtained from the FMS, although the details are beyond 

the scope of this paper. Accordingly, the accuracy of the 

fix ETA estimate is improved, and optimal speed control 

can be performed with respect to fuel consumption. We 

propose an optimal speed control strategy that will be 

acceptable to pilots familiar with current automatic flight 

* RTA and CFDT are equivalent for the purposes of this paper.
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control systems (AFCS), and aim to put it into practical 

use by 2025. 

In this paper, we introduce the simplified speed control 

strategy and evaluate the potential benefits of speed 

control for implementing airborne delay and reducing fuel 

consumption. 

2. ELECTRONIC FLIGHT BAG (EFB)

In this section, we describe an outline of EFBs. The 

International Civil Aviation Organization (ICAO) and the 

Federal Aviation Administration (FAA) divide EFB 

hardware into two classes: portable and installed 

equipment [5]. An EFB is able to read flight data from the 

FMS, and a variety of application software is proposed as 

listed in [5]. Aircraft manufacturers such as Boeing and 

Airbus provide EFBs as optional equipment, and it is 

expected that adoption of EFBs by airlines will accelerate. 

We have been developing an application for a portable 

EFB that reads flight data from the FMS. One of the 

advantages of an EFB is Internet connectivity. Although 

the FMS currently uses meteorological information input 

by the crew before take-off, the EFB can receive the latest 

meteorological information via the Internet. In addition, 

we have been currently developing a real-time 

meteorological prediction technique using flight data 

obtained from the FMS, and accordingly the accuracy of 

meteorological prediction is expected to improve. As 

shown in Fig. 1, a fix ETA is accurately estimated by 

updating the meteorological prediction data in real time, 

and the EFB calculates the optimal airspeed to meet the 

RTA assigned by ATC and provides the crew with speed 

control guidance. To execute speed control using current 

AFCS, pilots need to manually input the target airspeed 

into the mode control panel (MCP). Therefore, in order to 

have a high degree of compatibility with current 

operations without unnecessarily increasing pilot 

workload, we have been developing an optimal speed 

control strategy that is not continuous but discrete. Thus, 

the EFB is able to provide pilots guidance to achieve 

optimal speed control. In the next section, we introduce 

the simplified discrete speed control strategy and evaluate 

its potential benefits through numerical simulations. 

3. APPLICATION EXAMPLES

In this section, we introduce two examples of operations 

using EFBs: application to trajectory-based operations, 

and integration with an arrival manager (AMAN). 

Figure 1 EFB Inputs and Outputs 

Figure 2 Wind Direction and Speed in Summer (July 17th, 2014) 

(250 hPa Level) 

Figure 3 Wind Direction and Speed in Winter (January 15th, 2015) 

(250 hPa Level) 

Figure 4 Flight Profile 
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3.1 Application to Trajectory-Based Operations 

We propose to use EFBs for CFDT operations. Under 

CFDT, a departure time at a fix is assigned by ATC before 

take-off or during climb. In such a case, the EFB can 

calculate the optimal airspeed to meet the assigned RTA 

by ATC and provide the pilots with guidance to achieve 

speed control. 

In this subsection, we evaluate the potential benefits of 

speed control with respect to airborne delay and fuel 

consumption by numerical simulations. In the simulations, 

the aircraft performance model is obtained from the 

EUROCONTROL Base of Aircraft data (BADA) [6], and 

Boeing 787-8 is selected as the aircraft type. Using the 

BADA model, we can estimate flight time and fuel 

consumption. For the meteorological prediction model, we 

use the Meso Scale Model (MSM) provided by the Japan 

Meteorological Agency. MSM is a meteorological 

prediction that gives atmospheric properties such as wind 

and temperature on a three-dimensional grid, and is 

published every three hours. The polar jet stream wind 

blows over Japan from west to east throughout the year, 

and generally the jet stream tends to be stronger in the 

winter than summer. Accordingly, we consider two 

representative seasonal meteorological conditions: July 

17th, 2014, 18:00 and January 15th, 2015, 18:00 (JST†). 

Figures 2 and 3 show the wind direction and speed at a 

barometric pressure level of 250 hPa (pressure altitude: 

approximately 34,000 ft). The arrows indicate the wind 

direction, and blue and yellow represent low and high 

wind speeds, respectively. As shown in Figs. 2 and 3, the 

jet stream over Japan tends to be stronger in winter than in 

summer. 

We consider a flight from Fukuoka Airport to Tokyo 

International Airport, and a typical route is indicated by 

red lines in Figs. 2 and 3. The initial fix of the route is set 

at YOKAT and the CFDT fix is set at FLUTE. Assuming 

that the aircraft flies along the fixed lateral route, the 

along-track distance from YOKAT to FLUTE is 314.8 

NM. The initial altitude at YOKAT is 10,000 ft and the 

cruise altitude is 35,000 ft. Figure 4 shows a typical flight 

profile used in current operations. The initial indicated 

airspeed (IAS) at YOKAT is 230 kt. The aircraft 

accelerates from 230 kt to the climb airspeed at the initial 

altitude of 10,000 ft, and climbs to the crossover altitude‡ 

at constant IAS. The aircraft then climbs to the cruise 

altitude of 35,000 ft, and cruises at constant Mach number. 

Based on this typical flight profile, we introduce a 

simplified discrete speed control strategy with two 

† UTC+9 

JST: Japan Standard Time, UTC: Coordinated Universal Time 

‡ Altitude at which the IAS and Mach number represent the same 

true airspeed. 

airspeed parameters: constant IAS and Mach number. In 

numerical simulations, the potential benefits of the speed 

control strategy are evaluated with respect to flight time 

and fuel consumption. 

Figure 5 shows the relationship between flight time and 

fuel consumption. The fastest airspeed is set to IAS 350 

kt/Mach 0.83, and the slowest airspeed is IAS 230 kt/IAS 

230 kt. Blue and red represent the results in summer (July 

17th, 2014) and winter (January 15th, 2015), respectively. 

Figure 6 shows the achievable speed control time window, 

and Fig. 7 indicates the fuel saving by speed control. In 

Figs. 6 and 7, the horizontal axis indicates the nominal 

airspeed, and blue and red represent deceleration and 

acceleration, respectively. Also, the circle and cross 

symbols respectively indicate the results with the fastest 

and slowest airspeed in summer and winter. As shown in 

Fig. 5, the flight time generally become shorter in winter 

than summer because of the stronger tail wind in winter. 

Also, the deviations between the flight time with the 

fastest and slowest airspeed are approximately 510 s in 

summer and 380 s in winter. Accordingly, the available 

time window in winter becomes narrower than in summer 

by about 130 s. The slower wind speed is, the larger 

deviation of flight time with the fastest and slowest 

airspeed is. Moreover, the difference between the fuel 

consumptions at the fastest and slowest airspeeds is 

approximately 250 kg in summer and 470 kg in winter. 

Considering the increased fuel consumption due to the 

longer flight time, the difference in fuel consumption 

between the fastest and slowest airspeeds is smaller in 

summer than winter. Furthermore, although specific 

range§ generally becomes better at the slower airspeed, the 

fuel-optimal airspeed is not the slowest airspeed shown in 

Figs. 5 and 7. When the nominal airspeed is IAS 260 

kt/Mach 0.74, the fuel consumption is always increased by 

speed control even for delaying the aircraft. The nominal 

airspeed is necessary to determine with respect to not only 

achievable time window but also fuel saving by speed 

control. 

When the nominal airspeed is IAS 320 kt/Mach 0.80, for 

instance, it is possible to achieve of delay of up to 

approximately 320 s in winter by speed control. 

Accordingly, fuel consumption can be reduced by about 

200 kg. In current operations, airborne holding or radar 

vectoring control are commonly used instead of speed 

control for flight time management. For example, fuel 

consumption is 100.5 kg/min when holding at the altitude 

of 11,000 ft and an IAS of 310 kt. In the case of a 320 s 

required delay, speed control can save 200 kg fuel 

consumption, but holding requires an additional 536 kg of 

fuel. It is clear that the speed control strategy is effective 

with respect to fuel saving. 

§ Range per unit weight of fuel.



Y. Matsuno, A. Andreeva-Mori, T. Uemura, N. Matayoshi

4 

Figure 5 Relationship between Flight Time and Fuel Consumption 

(Blue: Summer, Red: Winter) 

Nominal Airspeed 

Figure 6 Achievable Time Window by Speed Control 

(Blue: Slow, Red: Fast, Circle: Summer, Cross: Winter) 

Nominal Airspeed 

Figure 7 Amount of Fuel Saving by Speed Control 

(Blue: Slow, Red: Fast, Circle: Summer, Cross: Winter) 

Nominal Airspeed 

Figure 8 Effect of Wind Speed Error on Flight Time (Summer) 

Nominal Airspeed 

Figure 9 Effect of Wind Speed Error on Flight Time (Winter) 

We also investigated the effect of wind speed error on 

flight time. Errors of +/-2.5, 5, and 10 kt were added to the 

wind speeds in summer and winter (errors in wind 

direction were not considered). Figures 8 and 9 show the 

effect of wind speed error on the flight time. Since the 

flight time is shorter in winter than summer, the change in 

flight time is smaller and the effect of wind speed error is 

mitigated. Also, the slower the airspeed, the longer the 

flight time, so accordingly the greater the effect of wind 

speed error, the larger the effect on flight time is. 

Assuming that the current accuracy of meteorological 

prediction is +/-5 kt, the deviation of flight time becomes 

approximately +/-15 to 30 s. When the meteorological 

prediction accuracy is degraded due to phenomena such as 

convective weather, the deviation of flight time becomes 

+/-30 to 60 s in the case of a +/-10 kt wind speed error. 
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Since this flight time deviation must be absorbed by speed 

control, the achievable time window in Fig. 6 might 

become narrower, and the assigned RTA may not be 

achieved. We have been developing a technique to 

accurately predict winds in real time, and the accuracy of 

the ETA estimate is expected to be improved by reducing 

the wind prediction error. When the wind speed error can 

be reduced to +/-2.5 kt, the deviation of flight time is 

mitigated to less than +/-15 s even in summer, and the 

effect of wind speed error on the performance of speed 

control is also alleviated. Note that to quantify the effect 

of wind speed error on flight time in this study, open-loop 

simulations were conducted in which the two parameters 

of airspeed defined in Fig. 4 were not changed during 

flight. Therefore, for future work, closed-loop simulations 

will be conducted in which the two airspeeds are changed 

during flight in order to keep the deviation of flight time 

below a certain threshold. 

Utilizing EFBs, in addition to providing guidance to pilots 

to execute the speed control strategy computed by the EFB, 

the time window achievable by speed control is also 

estimated, and the pilots can easily determine whether or 

not the aircraft will meet the assigned RTA. 

 

3.2 Collaboration with AMAN 

One of the main problems of the current ATM system is a 

difference between airborne and ground-based trajectory 

prediction accuracy. Generally, this is because ground 

systems lack crucial information such as airspeed, aircraft 

intent, and aircraft and engine performance information. In 

the previous studies [7, 8], the accuracy of trajectory 

prediction has improved by synchronizing the ground-

based and airborne predictions by downlinking trajectory 

information from the aircraft. By improving the trajectory 

prediction accuracy, the accuracy of arrival management is 

expected to improve. In the future, trajectory-based 

operations are supposed to collaborate with AMAN [9]. In 

such a case, we propose that the EFB will become a 

powerful tool for significantly improving the performance 

of AMAN by downlinking critical information accurately 

computed by the EFB, including the ETA and time 

window achievable by speed control. In addition, 

improving performance of AMAN will enable dynamic 

runway allocation and arrival sequencing. Although 

throughput is significantly increased by optimizing 

runway allocation and arrival sequences [10], accurate 

trajectory prediction is required for efficient arrival 

sequencing [11]. Therefore, throughput is expected to be 

increased by improving the performance of AMAN 

collaborating with EFBs. 

 

 

4. SUMMARY AND FUTURE WORK 

 

In this paper, we introduced the speed control strategy 

implemented by the EFB in order to save fuel 

consumption and improve the accuracy of time of arrival. 

Through numerical simulations assuming that the EFB is 

applied to the CFDT operation, the potential benefits of 

speed control were evaluated with respect to airborne 

delay and fuel consumption. Even though we proposed the 

simplified discrete speed control strategy with only two 

parameters of airspeed (constant IAS and Mach) based on 

the typical flight profile, the speed control strategy is 

clearly effective with respect to fuel saving compared with 

currently commonly used airborne holding or radar 

vectoring control. 

For further research, to quantify the effect of wind speed 

error on flight time, closed-loop simulations will be 

conducted in which airspeed is changed during flight. In 

addition, for practical use, the requirements of the 

accuracy of time of arrival and fuel saving will be 

quantitatively evaluated. Although preliminary results 

were presented in this paper, further assessment and 

improvement are needed. Subsequently, a flight simulator 

study and flight test campaign for the concept 

demonstration will be planned utilizing a JAXA research 

aircraft. 
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