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3 Overview

* Airspace capacity estimates are important
— sector design
— air traffic management

* Current model accounts only for ‘transit’ workload
— hand-offs at sector crossings

* New model adds key workload components
— conflict avoidance
— recurring tasks

* We have estimated capacities for 20 NAS* Centers
— ~ 800 sectors

Capacities differ significantly center to center
Local Capacity << Inherent Capacity
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Workload Event Rates

Workload grows with three critical traffic-dependent event rates

Transit (boundary crossing) rate
A =NIT
sector aircraft count N
mean sector transittime T

Conflict rate
A = (2 N2/Q) M, M, Vy,

miss distances M, and M,
mean closing speed V,,;

sector airspace volume Q —

Recurring (scanning/monitoring) rate
A =N/P
recurrence period P

Aircraft randomly located
with density K
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& Workload Intensity

Workload Intensit —
(fraction ofcontrollerti)r/ne) G - Gt + GC + Gr

transit conflict recurring
Service Times
(empirical ) l
G, =7 [N/T]
Gc = Tc [(2 NZ/Q) I\/Ih IVlvV21]
Gr =7 [N/P] occurrence rates

t (calculated from
airspace

parameters)

Determining the unknown service times

— Live approach
Measure controller performance

— Regression approach
Observe Peak daily counts Np for many sectors
Calculate corresponding Model capacities Nm
Find service times that best fit Nm to Np bound
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Conflict Distance

Conflict Workload Intensity
G, = 7, [(2 N?/Q) My, M, V]

pd

. 7.
Global closing speed V,, is also unknown

Fit the product 7.V,

(separation lost while resolving a conflict)
7.V,1 ~ 2 nautical miles (for NAS)
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Effect of Altitude Changes

Aircraft with vertical rates cause increased uncertainty
Adapt by increasing vertical miss distance M,

* Determine fraction F_, of aircraft with 22000 ft altitude change
* As F_ grows, increase M, linearly from 1000 ft to M
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(For NAS)
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Peak Daily Counts
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Peak Daily Counts and Fitted Capacities

CRN
=
A
KX
(790 NAS Sectors, July—=August 2007)
30 |
- NAS Model Capacity
4 Obsened Peak Count
. Lt I . ..
: -
l‘. -
a - ACn, .
s . Al .o ) a & L. . - A
.. K .l .--_-_'..' . A . .
S s oot = = = - i . -
20 e - .
PN .-e.agsAA LA, © A LA Aa ‘A . . A
Jean, el pel . R N -
*E P Y Pl A= AN IV - 20 I IN
5 N _-p"‘AA'y'A_:_m.q'AEAm'a_A AA M A A Al a A A an A N
A R I
Q oy, Lam aas’ Amen” A h A A2 2 s A 'S 'y A al a a
@) - L e R
£ 15 L S e
E 'A.Au.:'.A. AMAAM A A AAM A M A AA IN A VA A
BRI A )
8 sl v b AMMMMMA M AA A MA Ama A A 4a aa h A aa a
— et s .
< . B4 A A haA M A A AA AMMAA A |aa & a A AaA A
.- &Aﬂ:'ﬁ&mm'm_MAA AN A MMAMAA A A AAA A Al aa IN a
10 el A B e SN e = = = s = =
A7 BA VR AN AR A A A BA A Al aaa A& & A A 4 IN A A A A
A BNABAMA AN A B A AA NN PN e oa A A a
Ma aven AAA A 408 A N I A
" manrsas man [ A IN A A A IN
A
. AA A
L A A
"y

0 10000 20000 30000 40000 50000 60000 70000 80000

Sector Volume (nm3)

MIT Lincoln Laboratory

20101111 EN-012 Slide 10
JDW Gp. 42



‘ Asymmetric Objective Function

&5 (Fits Model to Peak Count Bound)

Sector Score

-10 1
-15 + u

20 +

Difference between Peak Count N, and Model Capacity N,
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‘ Asymmetric Objective Function

&5 (Fits Model to Peak Count Bound)

Sector Score

-10 1
-15 + u

20 +

Difference between Peak Count N, and Model Capacity N,
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‘ Asymmetric Objective Function

&5 (Fits Model to Peak Count Bound)

Sector Score

-10 1
-15 + u

20 +

Difference between Peak Count N, and Model Capacity N,
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‘ Asymmetric Objective Function

X3 .
& (Fits Model to Peak Count Bound)
Low Counts =
- - - - - ; o
-9 8 7 -6 5 4 3 -2 1 ) 1 2 3 4 5
N, <N, N, > Np,
-5 - ]
D) Low traffic demand
o no score assigned 1
S
O
3 il
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20 |

Difference between Peak Count N, and Model Capacity N,
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Peak Sector Counts, Seattle Center (ZSE)

s ZSE Peak Daily Count
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July and August 2007

[

10 days with highest center operations

Peak sector counts for those days
28 ZSE sectors
280 ZSE sector-days
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ZSE Sector Capacity from ZSE Regression
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ZSE Sector Capacity from NAS Regression
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Normalized Capacity Density

Local center capacities differ significantly

Meaningful capacity comparisons must normalize for

— center size

— sector count

Normalized capacity density

Kyc=2cs 1 Qz/ Ng

Ng = Sector count

2cs = Sum of local capacities of all sectors

Q, = Center airspace volume (10,000 nmi3)

(K for Seattle is 0.11 aircraft per 10,000 nmi3)
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Peak Counts
Washington DC Center
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Aircraft Count

Peak Counts
Washington DC and Miami Centers
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Normalized Capacity Density
NAS En Route Centers (July — August 2007
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&) Equation for NAS Sector Capacity

Sector Capacity

 —b++/b?—4ac
" 2a

N

where

* a=54(1+0.6 F_)/Q, b =(a+0.013 + 13/T), ¢ =-0.7

* F.,=fraction of daily sector flights with 22000 ft altitude change
°* Q (nm?3) =sector volume based on min and max daily altitudes

* T (s)=mean transit time for aircraft in sector at time of peak
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Conclusions
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* NAS regression provides inherent sector capacity
* Individual center regressions provide local sector capacity
— can be significantly less than inherent capacity
* Peak count data reflect wide range of
— Complexity
— Demand
— Airspace characteristics
* Single set of capacity parameters cannot capture current operations
— Individual center regressions necessary

* July - August 2007 peaks do not give peak demand for all Centers
— Southern operations peak in winter

* We plan to refine capacity calculations
— Choose actual peak demand periods for all centers
— Increase data sets in all regressions
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