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THE FORTIETH MEETING OF THE

INFORMAL PACIFIC ATC CO-ORDINATING GROUP

(IPACG/40)
(Washington, DC 8 – 12 September 2014)
Agenda Item 5:  
Air Traffic Management (ATM) Issues
SAFETY REPORT FOR OFFICIAL USE OF ADS 30NM SEPARATION 
STANDARD WITHIN FUKUOKA FIR
Presented by Japan Civil Aviation Bureau (JCAB)
Prepared by Japan Airspace Monitoring Agency (JASMA) and 

Electronic Navigation Research Institute (ENRI)
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1. Introduction

1.1.  To provide more efficient operations and help in the reduction of harmful carbon dioxide emissions into the atmosphere, Anchorage Air Route Traffic Control Center (ARTCC), Oakland ARTCC and Fukuoka Air Traffic Management Center (ATMC) conducting an operational trial utilizing the Required Navigation Performance 4 (RNP 4) 30 nautical miles (NM) distance-based separation standard including cross-boundary usage between RNP4 capable aircrafts successfully. 
1.2. This paper provides the results of a post-implementation safety assessment for ADS 30NM lateral/longitudinal separation standard in the oceanic airspace of Fukuoka FIR using the Traffic Sample Data (TSD) between January 2013 and December 2013.  The simple year by year comparison does not always make sense. But the results have the coherence and we can safely assume that TLS are all met except some operational errors. 
2. Discussion
2.1. Japan Airspace Monitoring Agency (JASMA) in conjunction with ENRI were conducted the post-implementation evaluation for ADS 30NM lateral/longitudinal separation standard in the oceanic airspace of Fukuoka FIR.
30NM LONGITUDINAL SEPARATION FOR RNP4 AIRCRAFT
2.2. Table 1 shown the calculation results of ADS30NM distance based longitudinal separation collision risk estimates.  The result of safety assessment for the ADS 30NM longitudinal post-implementation in the oceanic airspace of Fukuoka FIR was 1.28×10-10 and met for the target level of safety (TLS: 5.0×10-9) in the period between January 2013 and December 2013.  The technical error is small enough to be ignored so that estimated operational risks were shown in the following paragraphs.  Note that the intervals of ADS periodic report for RNP4 capable aircraft was every 10 minutes. 
	NOPAC Routes ADS-C aircraft  – estimated annual flying hours = 73690 hours

(note: estimated hours based on 2013 traffic sample data)

	Risk
	Risk Estimation
	TLS
	Remarks

	RASMAG 19 Longitudinal 30NM Risk
	1.28x10-10
	5.0 x 10-9
	Below TLS


Table 1: Risk Estimates for RNP4 aircraft with 30NM distance based separation.
Consideration of the increase in the traffic volume in the future
2.3. For future estimated the number of traffic increased 1.5 times, JCAB estimated the level of Risk shown as in Table 2.  At present, the percentage of RNP4 approved aircrafts is more than 70%.  JCAB estimated the future percentage as 100% and all of RNP4 aircrafts applied ADS 30NM separation at the 1.5 times traffic volume, the estimated level of risk was 4.12×10-9 which met the TLS. 
	NOPAC Routes(EXCEPT G344) – estimated annual flying hours = 43895.hours

(note: estimated hours based on 2013 traffic sample data)

	Risk
	Risk Estimation
	TLS
	Remarks

	RASMAG 19 Lateral Risk
	4.12 x 10-9
	5.0 x 10-9
	Below TLS


Table 2: Lateral separation Risk Estimates for NOPAC.
50NM LATERAL SEPARATION
2.4. Table 3 shows collision risk for laterally separated aircraft in the NOPAC system.  The values was 6.0 ×10-15 and well below TLS.  The risk value might increase as the traffic volume increases, but for the duration the value will remain below TLS.  Note that this collision risk estimation of ADS 30 NM lateral separation minimum was conducted using the actual TSD including the aircrafts which are less than RNP4 navigational accuracy on the existing 50 NM laterally separated airways.  If all of the aircraft's navigation accuracy was RNP4 or better, the estimated collision risk would be reduced. 
	NOPAC Routes(EXCEPT G344) – estimated annual flying hours = 43895.hours

(note: estimated hours based on 2013 traffic sample data)

	Risk
	  Risk Estimation
	TLS
	Remarks

	RASMAG 19 Lateral Risk 
	6.0 x 10-15
	2.5 x 10-9
	Below TLS


Table 3: Lateral separation Risk Estimates for NOPAC.
LLD consideration from RNP/RNAV DEVIATION REPORTs
2.5. To evaluate the safety of oceanic airspace JASMA is collecting Large Lateral Deviation (LLD) and Large Longitudinal Error (LLE) reports.  JASMA received three LLD reports between January 2013 and December 2013.  The summary of the LLD reports was flight crew waypoint insertion error, aircraft followed flight plan rather than ATC clearance and aircraft was deviate without ATC clearance cases. 
2.6. Estimation method of operational risk, including LLD has not been established.  In addition, because there is that important information such as the distance and duration of deviates was missing in the LLD reports makes accurate risk estimation difficult.  It is necessary to establish the LLD or LLE preventive procedure and to consider the method for safety assessment including LLD or LLE report event.
2.7. JASMA consider that the results of safety assessment reported in this working paper showed that it is acceptable to changeover from operational trial to an official use of ADS 30NM separation standard within Fukuoka FIR.  The details are shown in Appendix A. 
3. Action by the meeting
3.1 The meeting is invited to:
a)
note the information contained in this paper; and

b)
discuss any relevant matters as appropriate.
----------------------------------
Appendix A
1. INTRODUCTION

1.1 This Appendix explain the details of the method of the safety assessment for ADS 30NM lateral/longitudinal separation standard on IPACG/40.
1.2 To cope with ever increasing traffic volume in the oceanic area distance based longitudinal separation has been introduced to substitutes time based separation by step by step manner.  In April 2005 JCAB had started ADS 50NM longitudinal separation for the climb/descend traffic operating in the airway R220 and R580.  To guarantee the risk value for this operation ENRI produced safety assessments report on 50NM longitudinal separation standard on June 2006. ENRI also produced preliminary risk assessment for the introduction of 30NM longitudinal separation in April 2008. On 23 May 2011, JCAB ATMC and Oakland ARTCC started trial ADS30 NM lateral and longitudinal operation and its application was expanded for the flights between JCAB ATMC and Anchorage Centre in November same year.  After the introduction of trial ADS30/30 separation with the guidance of ENRI, JASMA has been reporting risk assessment at the RASMAG meetings.  This paper provides the horizontal risk assessment for ADS30/30NM separation in the NOPAC routes carried by JASMA at the past RASMAG meetings. 
2. COLLISION RISK FOR DISTANCE BASED ATC SEPARATION
2.1
This is the CRM for 30NM longitudinal separation minimum with RNP4 and ADS-C capability in the NOPAC routes.  The NOPAC is the busiest airway in the oceanic routes system.  If the risk estimates for the NOPAC satisfy the TLS the new can safely assume that the TLS in the whole Fukuoka oceanic FIR will meet TLS.
This Risk estimation was done under following assumptions.

1. Aircraft under consideration are the flights in the NOPAC routes with 30NM longitudinal separation with RNP4. The relative frequency Ex(x) was estimated by analyzing flight in the NOPAC routes for the year 2013.  

2.  All aircraft equipped with GPS.
3. The position errors of the aircraft are estimated by comparison of ADS-C position estimate and actual reported position. These position errors are converted to the speed errors.

4. Uplink times are collected by analyzing ODP’s DLCS data.

5. Time required for collision resolution by ATC is given as a constant.
2.2
CRM for distance based separation.
* Refer to the more detailed explanation on the calculation method to RASMAG/15 WP/22, RASMAG/16-WP/03 and MAWG/1-WP/7.
2.3
Let   
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 be the probability density function of position error “d”. The values of v1, v2, t, ΔT and T are constants in this formula. The longitudinal overlapping probability of a typical aircraft pair is given by the following formula (3).　
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The individual parameters for the equation (3) and their definitions are given in Table 3. 
	Parameter
	Description
	Parameter Value
	Source for Value
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	Longitudinal overlap probability. Mean probability that a typical aircraft pair which is nominally x NM separated on the same route at the same flight level overlaps in the longitudinal dimension.
	----
	----
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	Probability densities function of longitudinal speed prediction errors. (Prediction is done by ODP using the ADS-C message down linked from the aircraft) It is determined by the accuracy of position prediction by the aircraft, the performance of the ground ATC system interpolation/extrapolation function and so on.
	----
	----
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	Probability density function of longitudinal position errors d at the given v1 v2, t and ΔT. It is calculated by means of equation (1). 
	----
	----

	T
	Reporting interval of ADS position report.
	576sec
	Standard Oceanic ADS-C Reporting Interval  

	τ
	Time required for the resolution of a potential collision. 
	----
	set values
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	Average aircraft length
	0.0250NM
	JASMA Dec. 2013


Table 3: Parameters in Equation (3)
Using the longitudinal overlapping probability, the collision risk is estimated by the following formula (4).
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The individual parameters for the equation (4) and their definitions are given in Table 4.
	Parameter
	Description
	Parameter Value
	Source for Value

	Nax(x;τ)
	Collision risk of a typical aircraft pair on the same route at the same flight level whose nominal separation is x (NM). Remember that τ is the time required for the resolution of a potential collision.
	----
	----

	Py(0)
	Lateral overlap probability. Probability that an aircraft pair on the same route overlaps in the lateral dimension.
	0.0196
	SASP-
WG/WHL/13-IP/08

	Pz(0)
	Vertical overlap probability. Probability that an aircraft pair at the same flight level overlaps in the vertical dimension.
	0.54
	RVSM/TF-9-IP/2

	Vrx(x)
	Average longitudinal relative velocity of aircraft pairs which are about losing their longitudinal separation in spite of the nominal x NM separation.
	----
	Assumption

[image: image7.wmf]t

+

=

T

x

v

rx



	Vry
	Average lateral relative velocity of aircraft pairs on the same route.
	1knot
	EMA HAND BOOK

	Vrz
	Average vertical relative velocity of aircraft pairs at the same flight level.
	1.5knot
	ICAO SASP
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	Average aircraft length
	0.0250NM
	JASMA Dec. 2013
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	Average aircraft height
	0.0080NM
	JASMA Dec. 2013


Table 4: Parameters in Equation (4)
 QUOTE 
                     

In the previous equation, the distribution of nominal separation is fixed. When relative frequency for the aircraft pair that are flying on the same route and same altitude with the nominal (the displayed separation of the aircraft on the ODP consoles) separation of x(s) are given, collision estimation with resolution time is estimated by equation (5).
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                                              (5)

The individual parameters for the equation (5) and their definitions are given in Table 5.
	Parameter
	Description
	Parameter Value
	Source for Value

	Nax(x,τ)
	Collision risk value. Where τ is the time required for the resolution of a potential collision.
	----
	----

	Ex(x)
	The relative frequency for the aircraft pair that are flying on the same route and same altitude  with the nominal separation of x.
	----
	Estimated from flight Plan data and ADS-C position reports


Table 5: Parameters in Equation (5)

2.4
       Finally CPDLC uplink time is taken into consideration. The average collision risk with respect to this parameter is given by
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The individual parameters for the equation (5) and their definitions are given in Table 6.
	Parameter
	Description
	Parameter Value
	Source for Value

	Nax
	Collision risk in the considered ADS-Environment.
	----
	----

	Eτ(τ)
	The relative frequency of time required to resolve a potential collision.
	----
	Fixed value by ENRI.


Table 6: Parameters in Equation (6)
For the time to collision avoidance operation by the controller, we used the value proposed by ENRI at MAWG/1-WP/7.  The maximum total time for collision avoidance instructions is estimated by value 405 seconds which includes initial overdue of 180 seconds. 
3.
COLLISION RISK FOR 50NM ATC LATERAL SEPARATION
3.1
The total Number of Flight Hours and Passing Frequencies are shown in Table 7.  Note that passing frequencies between airway R220 and R580 is relatively small.  Because R220 and R580 are both westbound only for all the time.  So passing occurs only when catching up occurs.  On the other hand passing frequency between R580 and A590 is large because R220 is used for westbound while A590 is used east bound. The R591 is eastbound only unless designated as westbound PACOTS track.
	　
	Flight　Hours
	Passing　Frequencies

	Airways(Traffic Volume)
	East Bounds
	West Bounds
	Same E-Bounds
	Same W-Bounds
	Opposite Direction

	R220(18877)
	0
	28105.8
	　
	　
	　

	
	　
	　
	0
	333
	0

	R580(18870)
	1.88333
	11694.1
	　
	　
	　

	
	　
	　
	0
	0
	6228.5

	A590(21992)
	27610.7
	0
	　
	　
	　

	
	　
	　
	92
	0
	890.5

	R591(22000)
	4830.87
	1446.43
	　
	　
	　

	　
	　
	　
	0
	0
	0


Table 7: Flight Hours and Passing Frequencies
3.2  

The formulas of the lateral collision risk model used in assessing the safety of operations on NOPAC routes are:
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3.3
Table 8 summarizes the value and source material for estimating the parameter values of the following Collision Risk Model (CRM) used to conduct safety oversight for the RNP-10 based 50NM lateral separation minimum of NOPAC routes.
	Parameter Symbol
	Parameter Definition
	Parameter Value
	Source for Value
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	Individual-aircraft along track speed
	480 knot
	Value often used

	
[image: image15.wmf]V

D


	Average along track speed of aircraft pairs
	28.9 knot
	Kushiro Air Route Surveillance Radar data ( R220 route, NOPAC,Apr. 1994)
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	Average cross track speed of aircraft pairs
	42.22 knot
	Doc.9689 1st eds. Appendix 13
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	Average vertical speed of aircraft pairs
	1.5 knot
	Value often used
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	Average aircraft length
	0.0272 nm
	JASMA (December 2013)
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	Average aircraft width
	0.0250 nm
	JASMA (December 2013)
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	Average aircraft height
	0.0080nm
	JASMA (December 2013)

	Nix(same)
	The passing  frequency of aircraft pair assigned to the adjacent flight levels under the same direction traffic
	1.15×10-2
	FDPS data (NOPAC, December 2013)

	Nix(opp)
	The passing  frequency of aircraft pair assigned to the adjacent flight levels under the opposite direction traffic
	19.32×10-2
	FDPS data (NOPAC, December 2013)

	Pz(0)
	Probability of vertical overlap in operational risk estimation for the aircraft flying as a same flight level
	0.54
	Value often used
(shown in RVSM/TF-9-IP/2)

	Py(50)
	Probability that two aircraft on the same track are in lateral overlap
	4.71×10-14
	Using the data of secondary surveillance radar obtained by the Kushiro Air Route Surveillance radar (R220 route, DDE model, December 2009)


Table 8: Estimates of the parameters in the CRM
4. 
LLD　considerations
4.1
Three cases of RNP deviations were reported from ATMC (Air Traffic Management Center) and TOKYO ACC during the year 2013 as shown in Table 9.
[image: image21.emf]NO. DATE to POSITION UTC TYPE A-ALT Dev(MAX) DURATION

DURATION

ESTIMATED

CAT

EGO

RY

1 2013/02/08 ATMC

35N150E-34N160E-

32N170E

12:20 B774 FL350 120NM(North) ? 15MIN C

2 2013/03/25 ACC NODAN-ASTER 17:44 B77W FL360 25NM(South) 15min B

3 2013/04/24 ATMC 44N160E-KALNA 03:44 A332 FL360 50NM(North) ? 44MIN A


Table 9: Summary of LLD reports
NO1.
Pilot data entry error. The flight crew manually entered route data into FMC. During the data entry one of the way point was entered incorrectly two degrees north of the original route. One of the relief officers plotted the course on the plotting chart; however the captain failed to verify the chart before departure nor after departure. An oceanic controller at ATMC noticed the deviation just before exiting from FUKUOKA FIR to adjacent FIR. The controller took remedial measures and handed the controlling responsibility over to the adjacent FIR. No actual harm was done.

NO2. 
TOKYO ACC was advised by the ADS monitoring controller at FUKUOKA ATMC oceanic sector that the traffic was deviating from flight planned path. An ACC controller confirmed to the pilot and found out the aircraft was not flying flight planned route submitted to TOKYO ACC. There might be a possibility that the original route clearance was also amended but that was not confirmed.

NO3.
Pilot deviated from original routes without ATC clearance. An ATMC controller noticed the deviation by CPDLC position reporting message. The controller confirmed to the pilot. For this inquiry pilot requested deviation 20NM right of the course. But from the position report it was already deviated almost 50NM right of course. The pilot requested direct flight from the deviated position and it was granted. No other traffic was involved in this case.

4.2
With following supposition operational estimate is calculated.
*All LLD occurred in the NOPAC system which is the busiest track in the oceanic area.
*ALL routes are run parallel and separated by 50NM each other. Theoretical distribution used by lateral collision risk was used. Py(x) are calculated according to the deviated distance x.
	Py(0)
	Py(10)
	Py(20)
	Py(30)
	Py(40)
	Py(50)

	4.84159E-02
	2.76594E-05
	3.38430E-06
	8.56447E-07
	2.13323E-07
	5.31339E-08


*Aircraft on the adjacent route were flying just on the routes.

*Duration was estimated by the report. The duration time after the situation was resolved is not counted.

5.
ESTIMATED RISK VALUES 
30NM SEPARATION FOR RNP4 AIRCRAFT
5.1
Table 10 shows calculation results of ADS 30NM distance based longitudinal separation collision risk estimates presented at past three RASMAG meetings.  The risks seems increasing.  In the future ever increasing traffic volume might make it hard to meet TLS.  But as discussed in the following paragraph for the time being the value is estimated to remain within the TLS. 
	NOPAC Routes ADS-C aircraft  – estimated annual flying hours = 73690 hours

(note: estimated hours based on 2013 traffic sample data)

	Risk
	Risk Estimation
	TLS
	Remarks

	RASMAG 19 Longitudinal 30NM Risk
	1.28x10-10
	5.0 x 10-9
	Below TLS

	RASMAG 18 Longitudinal 30NM Risk
	1.73x10-12
	5.0 x 10-9
	Below TLS

	RASMAG 17Longitudinal 30NM Risk
	3.68x10-13
	5.0 x 10-9
	Below TLS


Table 10: Risk Estimates for RNP4 aircraft with 30NM distance based separation.
Consideration of the increase in the traffic volume in the future
5.2
Table 11 shows collision risk with the consideration of increase in the traffic volume in the future.  The value is calculated with the conservative assumption but it still satisfy the TLS values. 
	NOPAC Routes(EXCEPT G344) – estimated annual flying hours = 43895.hours

(note: estimated hours based on 2013 traffic sample data)

	Risk
	Risk Estimation
	TLS
	Remarks

	RASMAG 19 Lateral Risk
	4.12 x 10-9
	5.0 x 10-9
	Below TLS


Table 11: Lateral separation Risk Estimates for NOPAC.
The future traffic is estimated on two assumptions. 
1. The traffic will increase 50% (1.5times) in the future. 
2. Average nominal (initial) distance (separation) between the two pair aircraft will decrease as the number of RNP4 aircrafts’ flying time increase.

The 2nd assumption means increase in the number of aircraft with RNP4 navigational capability leads to the increase of the application of ADS 30NM longitudinal separation.  Figure1 shows 2013 actual relative number (orange dots) of flights and yellow line shows theoretical future flights.

*Note that the vertical scale shows relative frequency and does not signify 50% increase in traffic volume. 
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Figure 1: Lateral separation Risk Estimates for NOPAC.
(cf. Refined collision risk model for longitudinal distance-based separation in ADS-C Environment: THE JOURNAL OF NAVIGATION 21 February 2014 by ENRI Dr. MORI)

50NM LATERAL SEPARATION 
5.3
Table 12 shows collision risk for laterally separated aircraft in the NOPAC system.  The values are well below TLS.  The risk value might increase as the traffic volume increases, but for the duration the value will remain below TLS. 
	NOPAC Routes(EXCEPT G344) – estimated annual flying hours = 43895.hours

(note: estimated hours based on 2013 traffic sample data)

	Risk
	  Risk Estimation
	TLS
	Remarks

	RASMAG 19 Lateral Risk 
	6.0 x 10-15
	2.5 x 10-9
	Below TLS

	RASMAG 18 Lateral Risk
	3.90 x 10-15
	2.5 x 10-9
	Below TLS

	RASMAG 17Lateral Risk 
	4.14 x 10-15
	2.5 x 10-9
	Below TLS


Table 12: Lateral separation Risk Estimates for NOPAC.
LLD consideration from RNP/RNAV DEVIATION REPORTs
5.4
To evaluate the safety of oceanic airspace JASMA is collecting Large Lateral Deviation (LLD) and Large Longitudinal Error (LLE) reports.  JASMA received three LLD reports between January 2013 and December 2013.  The summary of the LLD reports was flight crew waypoint insertion error, aircraft followed flight plan rather than ATC clearance and aircraft was deviate without ATC clearance cases. 
5.5
Estimation method of operational risk, including LLD has not been established.  In addition, because there is that important information such as the distance and duration of deviates was missing in the LLD reports makes accurate risk estimation difficult.  It is necessary to establish the LLD or LLE preventive procedure and to consider the method for safety assessment including LLD or LLE report event. 
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SUMMARY


This working paper provides a post-implementation safety report for official use of ADS30 NM lateral/longitudinal distance based separation standard between RNP4 capable aircraft within Fukuoka FIR.
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