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NASA STI Program . . . in Profile

Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA scientific and technical information (STI) 
program plays a key part in helping NASA maintain 
this important role. 

The NASA STI program operates under the 
auspices of the Agency Chief Information Officer. 
It collects, organizes, provides for archiving, and 
disseminates NASA’s STI. The NASA STI 
program provides access to the NASA Aeronautics 
and Space Database and its public interface, the 
NASA Technical Report Server, thus providing one 
of the largest collections of aeronautical and space 
science STI in the world. Results are published in 
both non-NASA channels and by NASA in the 
NASA STI Report Series, which includes the 
following report types: 

� TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
Programs and include extensive data or 
theoretical analysis. Includes compilations of 
significant scientific and technical data and 
information deemed to be of continuing 
reference value. NASA counterpart of peer-
reviewed formal professional papers, but 
having less stringent limitations on manuscript 
length and extent of graphic presentations. 

� TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis. 

� CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees. 

� CONFERENCE PUBLICATION.  
Collected papers from scientific and 
technical conferences, symposia, seminars, 
or other meetings sponsored or co-
sponsored by NASA. 

� SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, 
often concerned with subjects having 
substantial public interest. 

� TECHNICAL TRANSLATION.
English-language translations of foreign 
scientific and technical material pertinent to 
NASA’s mission. 

Specialized services also include organizing  
and publishing research results, distributing 
specialized research announcements and feeds, 
providing information desk and personal search 
support, and enabling data exchange services. 

For more information about the NASA STI 
program, see the following: 

� Access the NASA STI program home page 
at http://www.sti.nasa.gov

� E-mail your question to help@sti.nasa.gov

� Fax your question to the NASA STI 
Information  Desk at 443-757-5803 

� Phone the NASA STI Information Desk at  
443-757-5802 

� Write to: 
           STI Information Desk 
           NASA Center for AeroSpace Information 
           7115 Standard Drive 
           Hanover, MD 21076-1320
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Available from: 

NASA Center for AeroSpace Information 
7115 Standard Drive 

Hanover, MD 21076-1320 
443-757-5802 

Trade names and trademarks are used in this report for identification only. Their usage does not constitute 
an official endorsement, either expressed or implied, by the National Aeronautics and Space 
Administration. 
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1.2 Software Tools 
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1.3 The Intelligent Arrival Scheduler 
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1.4 Airport Selection 
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2 Phase 1 – Terminal Airspace 

2.1 Arrival Route Configuration 
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Figure 1: Configuration for Atlanta Airport with 3 Runways and Westward Flow 
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Figure 2 – Original (left) and experiment-limited (right) routes 
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Table 1 - Path Distance by Route 

2.2 Mathematical Analysis of the Terminal Airspace 

2.2.1 Standard Descent Arrival Route Analysis 

2.2.1.1 Estimation of Time Recoverable Within TRACON 
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Figure 3 - Travel Times for a Standard Descent Profile Arrival Route 

�
�����(�
�%�$�%�%� 	
,�)
	�/�
� ��%
� /�� ����� ������,
&��&��� ,��� ��
�� /
� ,�%���
�� /��
�� ��� ��
� ����
	
�,
�� ��� ��
�
��%
�&��&�����	���
���	

��	�0
,��	�
��"����	
��#��
�



�

���
�

�
Figure 4 - Maximum Recoverable Times For Standard Descent Trajectories by Distance 
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Table 2 – Maximum Times Recoverable through Speed Change between Metering Fix and Threshold, Standard profiles 
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2.2.2 Continuous Descent Arrival (CDA) Route Analysis 
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Figure 5 - Maximum Recoverable Times For CDA Descent Trajectories by Distance 
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Table 3- Times Recoverable Through Speed Change between Metering Fix and Threshold, CDA Profiles 
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2.2.3 Multi-Profile Arrival Route Analysis 

2.2.3.1 Estimation of Time Recoverable Within TRACON 
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Figure 6 - Maximum Recoverable Times For Multiple Descent Trajectories by Distance 

�����6�� �����,��
?� ��
�������������������� ��%��
�� ��� ����;
���,
��	�����(�
���	������� ��
�	
,�)
	�������/�
�/����%����
����,������	�%���*�����	��+
�,
��������+���	����
���������
��
��������	��

���(�
��
��������	��

��	
�	
�
������
�
�/�
	)
��%
�����

����	�������������%����
���	�0
,��	�
�?���������,��
��	
�
	)
����
�%����,�%%�����

��,���,
���
(�
��
,�����,
��	������� ��
� 	
,�)
	�������/�
� �������,������	�%���
�����
���*�����	���	����
� ��� ��
�����
���+��
�	����
��(����,��
�	
�	
�
������
���	�
��������/�
�	
,�)
	��"�	�/�/��������
�,���������
��
���,�
�,�#��(�
�
�	
�������	
�
���������(�/�
����



�

�2�
�

�
�

�		�)���
+�	
,�����

����
�
>�%
�

���	�$�%��
�
-���� +�����,
�
����
�"�%�#�

.�$�%�%��
,�)
	�/�
�(�%
����	�*���&N�+��-	����
�"%����
�#�

*���+
������&N�+��+
������
"���	�
��C����
��#�

*���*���
���&N�+������
���
"���	�
��C����
��#�

>7� �I!>� �5C�3� ����C��11� ����C��5��
>�� 7�I6>� �2C33� ��1�C��51� ��3�C2�'3�
*7� �>=J� �5C��� ����C���3� ����C��2��
*�� 8!>67� �5C12� ��13C��3'� ��5�C1��5�

Table 4 - Times Recoverable Through Trajectory Profile Change (Standard to CDA) 

2.2.3.2 Results for the Standard Descent to CDA Profile 
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2.3 Phase 1 ACES Simulation Runs 
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2.3.1 Configuration Files 

�������
����������
�.:*��������������7*?��	����,��������
���	��	�������/
�%����
��/����
��		�)����,�
���
	��-�	�����
��
��		�)����,�
���
	A��0�/�������
���	,
�	
�����
�����,����/
��

���		�)�����	,	���?����,������,,�%�����
���������

��
��0���%
���������������	
�,��%��
�)
	�����(�
	
��	
?���
��	����,���
����	���
��7*��
��������	���
�
�	�����������/
�
�
��)
	
��������
	)������	�
�
�������������	
�,�%�����,
���������,����	
��������������������
	)
������/����
��		�)���
�,�
���
	�� !��
	���
?� ��
� ���
��
�� %�$�%�%� ���� %���%�%� �	�0
,��	�� ��	�
�� ��

��� ������ /
� �)
		��
�� /�� ��
�
�		�)��� �,�
���
	?� ���,�� ������ �;
�� ��
� 	
������� (�
� �	����,� �
��� ��	� ����� ��	�� ��� ��
� ��������� �
	
� ,�	
������
,��	
��	���
�� ��� ���,
��		�)���� ��� ��,�� ����� ��
� 	
@�
��
����

��,����
���
	
������ �%�
�
��/�� ��
��
	��	%��,
�
��%���������
���%����
����	,	����
�
�����(�
�G����	���'���)
	��������.:*�����7*�������
����	�������
������
������7*�%��
�����%����
����������������
�	����,���
,���
��/����
���
	�����������+����*
��"�+*#����
���(�
�
��+*����
���
	
�,	
��
��/�����
%/���������)������
�������� �	�%� ��
� �''2�4��
���
�+����+*� ���
� �
�
,����� �� 	���
� ��� ��	,	���� ���
�� ���� ������ �	�%� 
�,�� ��� ��
� ���	�
�		�)��� @���	����?� ���� �����
	���� ��
�	� �
��	��	
� ��%
�� ��� ����	
� �� ,�����,�&�	

� �		�)��� ��� ��
� ��	
�������(�
��''2�
4��
���
�+������
������
������
������
����)����/�
������
��%%���*,
��	��������/��
��(�����	����,��
��	
���,��
���,�����
����
����������	�,;������,	���
���	�
����	�%�*
��
%/
	��2?��''2?����,�������������)���%
�����,�
�	��
���
	��������
��
�>����������	���,
�*���
%�">�*#���
�
�������	��	��?�	������?������		�)���	���
����	���
�.:*�,�%���
����	
���
,���
��/����
���
	����P.I���	%���
�����
���
7�,���		�)���	���
�����,������	
���������
���%
���������������
	
���
�������
���	�����	�����-���
���"����	
��#����
�



�

�3�
�

2.3.2 Simulation Scenarios and Data 
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2.3.3 Standard Descent Arrival Route Analysis 
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Table 5 - Simulation Results for Standard Descent Arrivals Using ACES with M&S 
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Table 6 - Comparison of Maximum Recovery Based on Math Analysis and Measured Recovery with Simulation 
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Figure 7 - Path Shortening With Fly-By Waypoint Trajectory 
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3 Phase 2 – En Route Airspace 

3.1 Mathematical Analysis of the En Route Airspace 
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Figure 8: Recoverable time based on original groundspeed and distance traveled 
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4 Phase 3 - Combined En Route and Terminal 

4.1 Role of the Arrival Scheduler Planning Horizon 
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4.2 ACES Simulation Runs 

4.2.1 Software Description 
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Figure 9: Increasing Path Error with Elongated Path Stretch 
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4.2.2 Arrival Routes 
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Figure 10: STAR Arrival Routes for Planning Horizon Radius Tests

4.2.3 Simulation Results 

4.2.3.1 Processing of ACES Output Files 
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Figure 11: Throughput result with varying M&S Planning Horizon Radius 

�
�����(�
���	����������	���
���%
��
�����	���
�������	����,���,	
��
�������
�	�����������
�-��������8�	�9�����,	
��
���
(�
��)
	��
���	����������	���
������)���%
��
	���������
���%����
����������,�%���
����	���
��������1����	��
,�����
�����
�	����(�
�������	���
)����������������,�%���
�����,��	�,�
	�9
���
������	���
�"(�/�
�3#��
�



�

���
�

-��������8�	�9����������
"�%�#�

�)
	��
�(�	�����������-
�;�<���%
�
"��	,	���C���	#�

8���
���(�	��������
"��	,	���C���	#�

*�����	��+
)�������
"��	,	���C���	#�

1'� �'� �'�� ����
�''� ��'� ���� ����
�1'� ��'� ���� ����

Table 7: Mean and Standard Deviation of Throughput for Peak Volume of Simulated Runs 
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Figure 12: Snapshot of peak efficiency for 50 nmi Planning Horizon 
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Figure 13: Snapshot of peak efficiency for 150 nmi Planning Horizon 
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4.3 Validation of Simulation Results 
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4.3.1 Parameter Selection for the Validation Test 
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Table 8: Computed Mix values for 3 sets of traffic data 
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4.3.2 Results 
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Table 9: Airport Capacity for 100% Usage Efficiency Based on Wake Spacing 
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Table 10 - Airport Capacity for 30% Usage Efficiency Based on Wake Spacing 
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Table 11 - Airport Capacity for 40% Usage Efficiency Based on Wake Spacing 
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Table 12: Airport Capacity for 50% Usage Efficiency Based on Wake Spacing 
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Table 13: Airport Capacity for 60% Usage Efficiency Based on Wake Spacing 
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Table 14: Airport Capacity for 50, 60, and 70% Usage Efficiency Based on Wake Spacing 
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4.4 Determination of the Maximum Useful Planning Horizon Radius 
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4.4.1 Results 
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Figure 14: Variation of Throughput with Planning Horizon 
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Figure 15: Arrival Throughput with Planning Horizon Size for Maximum Useful Size Test
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Table 15: Throughput Percentage of Maximum Achieved by Radius 
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Figure 16: Dallas Fort Worth International Airport (DFW)  
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Figure 17: Arrival Routes for DFW with one runway (left) and two runways (right) 
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Figure 18: DFW Single and Double Runway Arrival Throughput for Varied Planning Horizon Radii 
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Figure 19: Throughput Efficiency Comparison for Varied Airport and Number of Runways 
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4.4.2 Results Discussion 
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