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Introduction 
 
The FAA is currently examining and evaluating various metrics for quantification of air 
traffic complexity and control difficultly as part of a research effort to develop more 
accurate predictors of potential conflicts.  These metrics under development are known as 
dynamic density. As of 7/21/06, there are variations between the numbers generated by 
the Target Generation Facility using certain metrics and by the numbers generated by 
previous implementations. Consequently, at the request of Parimal Kopardekar of the 
NASA Ames Research Center, and Sherri Magyarits and Albert Schwartz of the FAA 
William J. Hughes Technical Center, this document was created to highlight differences 
in the implementation of metrics utilized by the Target Generation Facility and a source 
document from MITRE. 
 
In an effort to clarify differences, alterations to the algorithms are colored in red in the 
subsequent tables.  The following sections are of special interest: 
 

• TGF2b – This is a new definition introduced to provide an alternate means of 
quantifying the volume in a sector occupied by aircraft.  This definition is 
necessary to realistically model sparse sectors since the original definition 
overestimates the sector volume occupied in such a situation. 

• TGF12, TGF13 – In both metrics,  the original definition of Wij includes counting 
the distance between an aircraft and itself.  The purpose of this formula is to 
weight the distances between two different aircraft.  The distance between an 
aircraft and itself is zero and does not correspond to a distance between two 
unique aircraft.  

• TGF 12 - 17 – The vertical and horizontal caps for minimum separation were 
recently corrected to resolve inconsistencies discovered during the preparation of 
this document. 

• TGF 13, TGF 15, TGF 17 – 20, TGF 23 – While reviewing definitions and 
equations in the document “Detailed Algorithm Descriptions,” 2002, MITRE 
Corporation, possible errors merit further exploration. 
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Change Log for Dynamic Density 
 
10/17/2006  Corrected error in calculation of J 
11/29/2006 Corrected error in TGF40, removed minimum. 
12/04/2006 Added mod 90 to TGF50. Fixed error in TGF in v2. 
12/05/2006 Added absolute value to the heading difference in TGF50. 
02/05/2007 Change in desription for TGF46. Headvar modified for TGF48. 
03/14/2007 Added TGF 51. 
07/16/2007 Fixed typos in TGF18-20,23 –“(c)oordinates”. Added 

Appendix A: Variables. Minor formating changes. 
10/31/2007 Changed range of TGF28 from 10-15 nm to 5-10 nm.  
11/01/2007 Changed names and formulas of TGF27-32 to reflect number of pairs of 

aircraft instead of number of aircraft. 
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Metric Description Equations Variables Notes 
TGF1    Sector count 

 
NC =1  N = number of aircraft 

 
 

TGF2a 
AD1 

 

Aircraft Density If N > 2 hulla VNC =2  
If N = 1, ba CC 22 =  
If N = 2 *2 VNC a =  

( )( )hhdrrV Δ++= 1212*  

N = number of aircraft 
=hullV Volume of the bounding 

polyhedron formed by the 
aircraft inside the sector  

=Δh vertical neighborhood 
parameter 
=r horizontal neighborhood 

parameter 
=12d horizontal separation 
=12h vertical separation  

 

Bounding polyhedron 
created by using algorithm to 
find the convex hull. 

2000=Δh ft and is two 
times the minimum vertical 
separation. 

⎩
⎨
⎧

=
terminalif,nm6

if,nm10 routeen
r   

r is based on if the aircraft is 
en route or in the sector of its 
destination. 
In units of 1/nm 

TGF2b Aircraft Density 
TGF ∑

≤≤

=

Ni
j

b V
NC

1

2  

 
2hrV j Δ=  

 

N = number of aircraft 
=V volume of the box formed 

by the minimal separation 
parameters 

=Δh vertical neighborhood 
parameter 
=r horizontal neighborhood 

parameter 

2000=Δh ft and is two 
times the minimum vertical 
separation. 

⎩
⎨
⎧

=
terminalif,nm6

if,nm10 routeen
r  

r is based on if the aircraft is 
en route or in the sector of its 
destination. 
In units of 1/nm 

TGF3 
AD2 

Aircraft Density by 
Sector 

torVNC sec3 =  N = number of aircraft 
=torVsec Volume of the sector 

In units of 1/nm 

TGF4 
CRI 

Convergence 
Recognition Index 

- - See large algorithm chart 
 

TGF5 
SCI 

Separation 
Criticality Index 

- - See  large algorithm chart 
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Metric Description Equations Variables Notes 
TGF6 
DOFI 

   Degrees of 
Freedom Index 
 

- - 
 

See  large algorithm chart 
 

TGF7 
CTI1 

 

Coordination 
Taskload Index 1 

( )∑
∈

−=
Fi

icC 2
7 10  ic = time for aircraft i to be 

within 5 nm of the  sector 
boundary, in minutes 
F = the set of all indices of 
aircraft that are predicted to be 
within 5 nm of the sector 
boundary within 10 minutes 

In units of min2 

TGF8 
CTI2 

Coordination 
Taskload Index 2 

( )( ) 1

1

2
8

−

≤≤
∑ −+=

Ni
iii cbcC  N = number of aircraft 

ic = time for aircraft i to be 
within 5 nm of the  sector 
boundary, in minutes 

ib  = time for aircraft i to reach 
the sector boundary, in minutes
 
 

 

TGF9 
NASA1.2 

Fraction of flights 
that are climbing 

NNC cl=2  N = number of aircraft 
clN  = number of aircraft with  

climb rate > 200 ft/min 

 

TGF10 
NASA1.3 

Fraction of flights 
that are cruising 

NNC lv=3  N = number of aircraft 
lvN  = number of aircraft with  

altitude rate < 200 ft/min in 
magnitude 
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Metric Description Equations Variables Notes 

TGF11 
NASA1.4 

Fraction of flights 
that are descending 

NNC ds=4  N = number of aircraft 
lvN  = number of aircraft with  

descent rate greater than 200 
ft/min in magnitude 

 

TGF12 
NASA1.5 

Inverse weighted 
mean of horizontal 
separation 

∑ ∑
∑

≤≤
≤≤

≤≤

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

Ni
Nj

ij

Nj
ijij

W

dW
NC

1
1

1

5  

 
( )

⎪⎩

⎪
⎨
⎧

=
+≠=

−

0,
, 1222

ji
hSdjiW ijhij

ij  

N = number of aircraft 
=ijW weighting factor 
=ijd distance between aircraft 

i and aircraft j  
=ijh vertical separation 

between aircraft i and aircraft j 
=hS scaling factor 

 

0025.0=hS nm/ft when 

ijh is in feet.  
 

ijW  is altered so that an 
aircraft is not compared with 
itself. Consequently ijd and  

ijh  do not require minimums. 
 
In units of 1/nm 

TGF13 
NASA1.6 

Inverse weighted 
mean of vertical 
separation 

h
Ni

Nj
ij

Nj
ijij

S
W

hW
NC

∑ ∑
∑

≤≤
≤≤

≤≤

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

1
1

1

6  

( )
⎪⎩

⎪
⎨
⎧

=
+≠=

−

0,
, 1222

ji
hSdjiW ijhij

ij  

N = number of aircraft 
=ijW weighting factor 
=ijd lateral distance between 

aircraft i and aircraft j 
=ijh vertical separation  

between aircraft i and aircraft j 
=hS scaling factor 

 

0025.0=hS nm/ft when 

ijh is in feet.  
 

ijW  is altered so that an 
aircraft is not compared with 
itself. Consequently ijd and 

ijh  do not require minimums. 
 
In units of 1/nm 
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Metric Description Equations Variables Notes 
TGF14 

NASA1.7 
Inverse average 
minimum 
horizontal 
separation 

[ ]

{ }∑
∑

≤≤
∈

≤≤

∈
=

Ni
ijJj

Ni
i

d

Jj
C

i1

1
7 min

 

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|

=ijd lateral distance between 
aircraft i and aircraft j 

=Δh vertical neighborhood 
parameter 

=ih altitude of aircraft i 
=hS scaling factor 

 

{ }
⎩
⎨
⎧ >

=Δ
else,ft2000

ft29000,min,ft4000 ji hh
h  

0025.0=hS nm/ft when 

ih is in feet.  
=iJ set of aircraft indices 

such that their corresponing 
altitudes are within the 
vertical neighborhood of 
aircraft i 

ijh , ijd  have no minimums 
due to changes in ijW  (see 
TGF12 notes) 
In units of 1/nm 

TGF15 
NASA1.8 

Inverse average 
minimum vertical 
separation 

[ ]

{ }∑
∑

≤≤
∈

≤≤

∈
=

Ni
ijKjh

Ni
i

hS

Kj
C

i1

1
8 min

 

{ }ijrdjK iji ≠≤= ;|  

=hS scaling factor 
=r horizontal neighborhood 

parameter 
=ijd lateral distance between 

aircraft i and aircraft j 
=ijh vertical separation 

between aircraft i and aircraft j 
 

=r 10 nm 
0025.0=hS nm/ft when 

ijh is in feet.  
=iK  set of aircraft indices 

such that heir corresponding 
a horizontal separations are 
within the horizontal 
neighborhood of aircraft i 

ijh , ijd  have no minimums 
due to changes in ijW  (see 
TGF12 notes) 
In units 1/nm 
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Metric Description Equations Variables Notes 

TGF16 
NASA1.9 

Inverse of 
minimum 
horizontal 
separation in same 
vertical 
neighborhood  
 

{ }{ } 1

116 minmin
−

∈≤≤
⎟
⎠
⎞⎜

⎝
⎛= ijJjNi

dC
i

 

 
{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  

=ijd lateral distance between 
aircraft i and aircraft j 

=Δh vertical neighborhood 
parameter 

=ih altitude of aircraft i 
 

{ }
⎩
⎨
⎧ >

=Δ
else,ft2000

ft29000,min,ft4000 ji hh
h  

=iJ set of aircraft indices 
such that their corresponding 
altitudes are within the 
vertical neighborhood of 
aircraft i 
 
In units 1/nm 
 

TGF17 
NASA1.10 

Inverse of 
minimum vertical 
separation in same 
horizontal 
neighborhood 

{ }{ } 1

117 minmin1 −

∈≤≤
⎟
⎠
⎞⎜

⎝
⎛= ijKjNi

h

h
S

C
i

 

{ }ijrdjK iji ≠≤= ;|  

=hS scaling factor 
=r horizontal neighborhood 

parameter 
=ijd lateral distance between 

aircraft i and aircraft j 
 

=r 10 nm 
0025.0=hS nm/ft when 

ijh is in feet.  
=iK  set of aircraft indices 

such that their corresponding 
a horizontal separations are 
within the horizontal 
neighborhood of aircraft i 

ijd  has no minimum due to 
changes in ijW  (see TGF12 
notes) 
 
In units 1/nm 
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Metric Description Equations Variables Notes 

TGF18 
NASA1.11 

Fraction of aircraft 
with time-to-go to 
conflict less than 
600s 

N
C Ni JTj ii

2

1
1 ,

18

∑ ∑
≤≤ ∈=  

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijttjT iji ≠Δ≤≤= ;0|  

ij

ij
ij d

d
t

&
−=  

( )
ij

yijyijxijxij
ij d

VdVd
d

+
=&  

 
 

N = number of aircraft 
=ih altitude of aircraft i 
=Δh vertical neighborhood 

parameter 
=Δt time-to-go threshhold 
=ijt time-to-go 

=ijd& range rate 
=yijxij dd , distance coordinates 
=yijxij VV , velocity coordinates 

 

{ }
⎩
⎨
⎧ >

=Δ
else,ft2000

ft29000,min,ft4000 ji hh
h  

=Δt 600 s 
=iJ set of aircraft indices 

such that their corresponding 
altitudes are within the 
vertical neighborhood of 
aircraft i 

=iT indices with time-to-go 
less than the threshhold value
 

TGF19 
NASA1.12 

Inverse minimum 
time to go to 
conflict with time 
to go to conflict 
less than 600s  

[ ]
{ }∑

∑

≤≤
∈

≤≤

∈
=

Ni
ijTj

Ni
Ji

t

Tj
C

i

i

1

1
,

19 min
 

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijttjT iji ≠Δ≤≤= ;0|  

ij

ij
ij d

d
t

&
−=  

( )
ij

yijyijxijxij
ij d

VdVd
d

+
=&  

 

=ih altitude of aircraft i 
=Δh vertical neighborhood 

parameter 
=Δt time-to-go threshhold 
=ijt time-to-go 

=ijd& range rate 
=yijxij dd , distance coordinates 
=yijxij VV , velocity coordinates 

 

=iJ set of aircraft indices 
such that their corresponding 
altitudes are within the 
vertical neighborhood of 
aircraft i 

=iT indices with time-to-go 
less than the threshhold value
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Metric Description Equations Variables Notes 
TGF20 

NASA1.13 
Inverse of smallest 
time to go to 
conflict for aircraft 
pairs with time to 
go to conflict less 
than 600s 

{ }{ } 1

,120 minmin
−

∈≤≤
⎟
⎠
⎞⎜

⎝
⎛= ijJTjNi

tC
ii

 

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijttjT iji ≠Δ≤≤= ;0|  

ij

ij
ij d

d
t

&
−=  

( )
ij

yijyijxijxij
ij d

VdVd
d

+
=&  

 
 

N = number of aircraft 
=ih altitude of aircraft i 
=ijh vertical separation 

between aircraft i and aircraft j 
=Δh vertical neighborhood 

parameter 
=Δt time-to-go threshhold 
=ijt time-to-go 

=ijd& range rate 
=yijxij dd , distance coordinates 
=yijxij VV , velocity coordinates 

 

{ }
⎩
⎨
⎧ >

=Δ
else,ft2000

ft29000,min,ft4000 ji hh
h  

=Δt 600 s 
=iJ set of aircraft indices 

such that their corresponding 
altitudes are within the 
vertical neighborhood of 
aircraft i 

=iT indices with time-to-go 
less than the threshhold value
 

TGF21 
NASA1.14 

Variance of 
groundspeed 

2
21 vgC σ=  

( )
( )1

1

2

2

−

−
=
∑
≤≤

N

VV
Ni

i

vgσ  

∑
≤≤

=
Ni

iV
N

V
1

1  

N = number of aircraft 
=2

vgσ variance of groundspeed 
=iV groundspeed of aircraft i 
=V mean of groundspeed 

iV is in nm/hr 
2
vgσ is in nm2/hr2 

TGF22 
NASA1.15 

Ration of standard 
deviation of ground 
speed to mean of 
ground speed 

V
C

C 21
22 =   

∑
≤≤

=
Ni

iV
N

V
1

1 ,  

N = number of aircraft 
=2

vgσ variance of groundspeed 
=iV groundspeed of aircraft i 
=V mean of groundspeed 

iV is in nm/hr 
2
vgσ is in nm2/hr2 
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Metric Description Equations Variables Notes 

TGF23 
NASA1.16 

  Mean conflict 
resolution difficulty 
 N

n
C Ni JTj

f
ii

ij

2
1 ,

23

∑ ∑
≤≤ ∈=

εϖ
 

{ }ijijij χπχε −= 2,min  

( )xiyii VV1tan −=χ  
{ }ijhhhhhjJ iijii ≠Δ+≤≤Δ−= ;22|  
{ }ijttjT iji ≠Δ≤≤= ;0|  

ij

ij
ij d

d
t

&
−=  

( )
ij

yijyijxijxij
ij d

VdVd
d

+
=&  

 

N = number of aircraft 
=ih altitude of aircraft i 
=ijh vertical separation 

between aircraft i and aircraft j 
=Δh vertical neighborhood 

parameter 
=Δt time-to-go threshhold 
=ijt time-to-go 

=ijd& range rate 
=yijxij dd , distance coordinates 
=yijxij VV , velocity coordinates 

=iχ heading angle  
=

ijεϖ level of  resolution 
difficulty  

=fn normalization factor 
=yixi VV ,  horizontal speeds 

 

{ }
⎩
⎨
⎧ >

=Δ
else,ft1500

f29000,min,ft2500 thh
h ji  

=Δt 900 s 
=iJ set of aircraft indices 

such that their corresponding 
altitudes are within the 
vertical neighborhood of 
aircraft i 

=iT indices with time-to-go 
less than the threshhold value

2.3208=fn  

ijεϖ is available as a lookup 
table as Table 1 
 

TGF24 
HC 

Number of aircraft 
with heading 
change greater than 
15 degrees 

[ ]∑
≤≤

∈=
Nj

SjC
1

2424  

{ }o
isiS 15| 2424 ≥=  

24is  = heading change of 
aircraft i  in degrees from 
beginning of interval 

Created over an arbitrary 
fixed interval, in this case 10 
minutes  

TGF25 
SC 

Number of aircraft 
with Speed Change 
greater than 10 
knots or 0.002 M 

[ ]∑
≤≤

∈=
Nj

SjC
1

2525  

{ }10| 2525 ≥= isiS  

25is  = difference in speed  of 
aircraft i  in knots from 
beginning of interval 

Created over an arbitrary 
fixed interval, in this case 10 
minutes 
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Metric Description Equations Variables Notes 

TGF26 
AC 

Number of aircraft 
with Altitude 
Change greater than 
750ft 

[ ]∑
≤≤

∈=
Nj

SjC
1

2626  

{ }750| 2626 ≥= isiS  

26is  = difference in altitude  of 
aircraft i  in knots from 
beginning of interval 

Created over an arbitrary 
fixed interval, in this case 10 
minutes 

TGF27 
MD5 

 

No. of aircraft pairs 
with 3-D Euclidean 
Distance between 
0-5nm 

[ ]∑ ∑
≤≤ ≤<

<=
Ni Nji

ijDC
1

27 5  

 

=ijD radial distance between  
aircraft i and j in nm. 
 
 

 

TGF28 
MD10 

No. of aircraft pairs 
with 3-D Euclidean 
Distance between 
5-10nm 

[ ]∑ ∑
≤≤ ≤<

<<=
Ni Nji

ijDC
1

28 105  

 

=ijD radial distance between  
aircraft i and j in nm 

 

TGF29 
CP25 

 

No. of aircraft pairs 
with lateral distance 
between 0-25 nm 
and vertical 
separation less than 
2000/1000ft 
above/below 
29000ft 

[ ]∑ ∑
≤≤ ≤<

∩∈=
Ni Nji

ii KJjC
1

29  

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijdjK iji ≠<= ;25|  

=ijd lateral distance between 
aircraft i and aircraft j 

=ih altitude of aircraft i 
=Δh vertical neighborhood 

parameter 
 

{ }
⎩
⎨
⎧ >

=Δ
else,ft2000

ft29000,min,ft4000 ji hh
h  

TGF30 
CP45 

 

No. of aircraft pairs 
with lateral distance 
between 25-40 nm 
and vertical 
separation less than 
2000/1000ft 
above/below 
29000ft 

[ ]∑ ∑
≤≤ ≤<

∩∈=
Ni Nji

ii KJjC
1

30  

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijdjK iji ≠<<= ;4025|  

=ijd lateral distance between 
aircraft i and aircraft j 

=ih altitude of aircraft i 
=Δh vertical neighborhood 

parameter 
 

{ }
⎩
⎨
⎧ >

=Δ
else,ft2000

ft29000,min,ft4000 ji hh
h  



-10- 

 
Metric Description Equations Variables Notes 

TGF31 
CP70 

 No. of aircraft 
pairs with lateral 
distance between 
40-70 nm and 
vertical separation 
less than 
2000/1000ft 
above/below 
29000ft 

[ ]∑ ∑
≤≤ ≤<

∩∈=
Ni Nji

ii KJjC
1

31  

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijdjK iji ≠<<= ;7040|  

=ijd lateral distance between 
aircraft i and aircraft j 

=ih altitude of aircraft i 
=Δh vertical neighborhood 

parameter 
 

{ }
⎩
⎨
⎧ >

=Δ
elseft

fthhft
h ji

,2000
29000,min,4000  

TGF32 
 

No. of aircraft pairs 
with horizontal 
separation under 8 
nm 

[ ]∑ ∑
≤≤ ≤<

<=
Ni Nji

ijdC
1

32 8  =ijd lateral distance between 
aircraft i and aircraft j 
 

 

TGF33 Convergence angle 
of conflicting 
aircraft (average) ( )1

1
33 −
=
∑ ∑
≤≤ ∩∈

NN
C Ni JKj

ij
ii

ε
 

{ }ijijij χπχε −= 2,min  
{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijrdjK iji ≠≤= ;|  

=ijχ difference in heading 
angle between aircraft i and j 

=ih altitude of aircraft i 
=ih altitude of aircraft i 
=Δh vertical neighborhood  

=r horizontal neighborhood  
=ijd  lateral distance 

fth 2000=Δ  
=r 10 nm 

 

TGF34 
 

Proximity Count  
∑ ∑
≤≤ ∈

=
Ni KJj ii

C
1 ,

34 1  

{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  
{ }ijrdjK iji ≠≤= ;|  

=ih altitude of aircraft i 
=ih altitude of aircraft i 
=Δh vertical neighborhood  

=r horizontal neighborhood  
=ijd  lateral distance  

fth 2000=Δ  
=r 10 nm 
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Metric Description Equations Variables Notes 

TGF35 
 

Conflict Count ( )[ ]∑ ∑
≤≤ ∈

∈=
Ni KJj ii

SjiC
1 ,

3435 ,  

{ }ijrdjK iji ≠≤= ;|  
{ }ijhhhhhjJ ijii ≠Δ+≤≤Δ−= ;22|  

( ){ }1010|, 353526 ≥∨≥= ji ssjiS  

=ih altitude of aircraft i 
=Δh vertical neighborhood  

=r horizontal neighborhood  
=ijd  lateral distance 

35is  = distance to boundary 

Counts conflicts that are also 
withing 10 nm of a sector 
boundary 

fth 2000=Δ  
=r 10 nm 

 
TGF36 Altitude Variation 2

36 altitudeC σ=  - In units of ft2 
 

TGF37 
 

Aircraft Heading 
variation 
 

2
37 χσ=C  =iχ heading angle  

TGF38 
 

Number of aircraft 
close to sector 
boundary 

[ ]∑
≤≤

∈=
Nj

SjC
1

3838  

{ }10| 3838 <= isiS  

38is  = difference in speed  of 
aircraft i  in knots from 
beginning of interval 

Counts number of aircraft 
within 10nm of sector 
boundary 

TGF39 Aircraft-Axis 
Heading Variation 

( )2

1
4039 ∑

≤≤

−=
Ni

iCC χχ  

1cVχχ =  

C = center of sector’s 
bounding rectangle 
V1 = subsector vertex furthest 
from C 
=χ heading from C to V1 
=iχ heading angle 

 

TGF40 
 

Aspect Ratio 

,2

1
40 d

dC =  
C = center of sector’s 
bounding rectangle 

=1d distance from C to 
furtherst subsector vector 

=2d distance from C to 
nearest subsector vector 
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Metric Description Equations Variables Notes 

TGF41 
WACT 

 

A measure of the 
aircraft count 
 

*41 5055.0 NC =  
 

=*N maximum aircraft in 
sector over a time period of 10 
minutes 

Accumulated over 10 mins 
 

TGF42 
WDEN 

 
 

A measure of the 
aircraft density per 
sector 

torANC sec*42 5.20497=  =*N maximum aircraft in 
sector over a time period of 10 
minutes 

=torAsec area of sector via 
bounding polygon 

In units of 1/nm2 

Accumulated over 10 mins 
 

TGF43 
WCLAP 

A measure of the 
number of aircraft 
pairs with less than 
8 or 13 nautical 
miles horizontal 
distance between 
them 

∑=
ji

ijclC
,

43 17158.0  

[ ]
⎪
⎩

⎪
⎨

⎧
∈
<

=
else,0

nm13,nm8,5.0
nm8,1

ij

ij

ij d
d

cl  

=ijd lateral distance between 
aircraft i and aircraft j 

Accumulated over 15 mins 
Checked every 2 mins  

TGF44 
WCONVANG 

A measure of the 
covergence angle 
for aircraft pairs 
which are within 13 
nm of each other 

∑=
ji

ijcoC
,

44 1070.0  

⎪⎩

⎪
⎨

⎧
−−

≥
=

360

180
 nm13,0

ji

ij

ij

d
co χχ  

 

=ijd lateral distance between 
aircraft i and aircraft j  

=iχ heading angle for aircraft 
i in degrees. 
 

Accumulated over 15 mins 
Checked every 2 mins 
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Metric Description Equations Variables Notes 

TGF45 
WCONFLICTBRS 

wmbr 

   A measure of the 
number of aircraft 
in the 
neighborhood of an 
aircraft pair 
projected to be in 
conflict 
 

∑=
ji

ijcnC
,

45 2316.0  

⎪⎩

⎪
⎨
⎧

+

≥
=

ijij

ij

ij nn

d
cn

15
2
110

nm13,0
 

{ }ijkjnmdnmdkn jkikij ≠≠<∨<= ;;1010|10  
[ ] [ ]{ }ijkjddkn jkikij ≠≠∈∨∈= ;;15,1015,10|15  

 
 

=ijd lateral distance between 
aircraft i and aircraft j  
 

=ijn10 number of other 
flights within 10nm of i or j 

=ijn15 number of other 
flights within 10nm to 15nm 
of i or j 
Accumulated over 15 mins 
Checked every 2 mins 

TGF46 
WCOFBOUND 
wcbou  

A measure of the 
number of aircraft 
pairs which are in 
conflict with each 
other and are close 
to a subsector 
boundary. 

∑=
ji

ijcbC
,

46 378523.0  

[ )
[ )⎪

⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

<∧∈
<∧∈
<∧<

<∧<
≥

=

nm2013,8,25.0
nm1013,8,5.0
nm20nm8,5.0

nm10nm8,1
 nm13,0

ijij

ijij

ijij

ijij

ij

ij

dbd
dbd

dbd
dbd

d

cb

=ijd lateral distance between 
aircraft i and aircraft j  

=ijdb  the minimum of the 
distances from i or j to their 
respective nearest sector 
boundary in nm 
 

Accumulated over 15 mins 
Checked every 2 mins 

TGF47 
WALC 

Number of aircraft 
with an altitude 
change greater than 
500ft per minute 

∑ ∑
≤≤

=
s Ni

ialC
min10 1

47 60355.1  N = number of aircraft 
ial = 1 if climb rate 

≥ 500ft/min, 0 otherwise 

Accumulated over 15 mins 
Checked every 2 mins 

TGF48 
WHEADVAR 

wdvr 

Measure of the 
variation in heading 

{ }hvC
min1048 max001208.0=  

jiij χχχ −=  

( )1

2

−
= ∑

NN
hv ijχ

 

 

N = number of aircraft 
=iχ heading angle for aircraft 

i in degrees. 
=jχ heading angle for aircraft 

j in degrees. 

Accumulated over 10 mins 
Checked every 2 mins 
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Metric Description Equations Variables Notes 

TGF49 
WBPROX 

Measure of the 
number of aircraft 
close to a 
subsector 
boundary 
 

∑
≤≤

=
Ni

ibpC
1

49 04055.0  

[ ]⎪
⎩

⎪
⎨

⎧

∈
<=

15,10,5.0
nm10,1

else,0

i

ii

db
dbbp  

N = number of aircraft 
idb = distance from aircraft 

i to nearest sector boundary 
in nm  
 

Accumulated over 10 mins 
Checked every 2 mins 

TGF50 
WASP 

 

A measure of 
airspace structure 
and the 
distribution of 
aircraft within a 
sector 

⎭
⎬
⎫

⎩
⎨
⎧

= ∑
≤≤ Ni

is
arC

1min1050 max45024.0  

90modχχ −= iiM  

1cVχχ =  

⎩
⎨
⎧ <

=
90

10,0

40

0

i

i
i MC

M
ar  

N = number of aircraft 
=iχ heading angle for 

aircraft i in degrees. 
C = center of sector’s 
bounding rectangle 
V1 = subsector vertex 
furthest from C 
=χ heading from C to V1 

 
 

Accumulated over 10 mins 
Checked every 2 mins 

TGF51 
WASP_MODIFIED 

An alternative 
measure of 
airspace structure 
and the 
distribution of 
aircraft within a 
sector 

⎭
⎬
⎫

⎩
⎨
⎧

= ∑
≤≤ Ni

is
arC

1min1051 max45024.0  

( ) ( )180/14156.3*sin iihd χχ −=

ii hdCar 40=  

1cVχχ =  

N = number of aircraft 
=iχ heading angle for 

aircraft i in degrees. 
C = center of sector’s 
bounding rectangle 
V1 = subsector vertex 
furthest from C 
=χ heading from C to V 

 

Accumulated over 10 mins 
Checked every 2 mins 
 
3.14156 is not π , 

...14159.3=π  
 

( ) ( )xxx sinsin, =ℜ∈∀  
 

 
Changes from Mitre’s “Detailed Algorithm Descriptions” are in red. 
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LARGE ALGORITHM CHART 
Metric Algorithm 
TGF4 
CRI 

∑= 2
4 ijCRIC  

Calculation of CRI for i,j: 
If aircraft not within VERT_SEP (1000 ft) and CRI_MAX_DISTANCE (50 nm), CRI =0 
 
If absolute difference of the headings of i,j is less than 15 degrees and for i or j the heading differs from the heading of 
the connecting segment by less than 30 degree, CRI = 0 
 
If the absolute difference in headings of i,j is less than 30 degrees, linearly extrapolate i,j’s position for 125nm. From 
this , estimate the time each aircraft will reach the extrapolated point. If the distance between flights at the smallest of 
these times is less than 10 nm, use  

2

30
7 ⎥⎦

⎤
⎢⎣
⎡ −=

AngleeConvergencAdjusted
CRI ij   

See Table 2 for Adjusted Convergence Angles 
TGF5 
SCI 

( )∑ −= 2

min155 3max SIC  

If en route or in terminal domain:

( )

2
__

2

22

LATERALSEP
YX

VERTICALSEP
Z

SIHSIVSI

Δ+Δ
+

Δ

=
+

=  

If in Oceanic domain: 
3

___
3

MinimaVertical
Z

MinimaLateral
X

MinimalLongitudna
Y

SIVSIVASILOSI

Δ
+

Δ
+

Δ

=
++

=  

Critical separations caluclated iff SIH <4 and SIV <2 
 

 



-16- 

 
Metric Algorithm 
TGF6 
DOFI 

( )∑ −= 2
6 12 ijDOFC  

 
Initial value: 12=ijDOF  
 
Iff SIH <4 and SIV <2, subtract two from available DOF if within vertical (within 1000ft ) or horizontal (within 5 nm) 
neightboorhoods 
 
Subtract one DOF for each aircraft that is too close to the sector boundary (less than 5 nm). 
 
See Table 3. 
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Table 1 
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Table 2 
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Table 3 
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APPENDIX A: Variables 
 

TGF DD (Dynamic Density) calculations are based on a list of Java objects. In other 
words, the input file for DD calculations is a binary file which consists of Java objects 
recorded from a simulation. Dynamic object’s (e.g. AIRCRAFT) are recorded every 
second while static object’s (e.g. SECTOR) are written to the DD input file before the 
start of a simulation.  
 
Static: 

 
 
1. SECTOR:  
- MAX SECTOR ALTITUDE;  
- MIN SECTOR ALTITUDE;  
- SECTOR TYPE (Oceanic, En-route, Terminal);  
- SECTOR FPA (Part of sector and consist of Fpa Modules);  
- SECTOR FPA MODULES (Fpa Module – 3D Polygon(Prism) with Node list);  
- LIST OF FPA MODULES NODES IN SEQUENTIAL ORDER;  
 
3D Polygon (Prism) needed for sector volume and sector area.  
 
2. FPA MODULE NODES:  
- COORDINATES (Lat., Long.);  
- ALTITUDE;  
 
3. ROUTE:  
- LIST OF ROUTE NODES IN SEQUENTIAL ORDER  
 
4. ROUTE NODE:  
- COORDINATES (Lat., Long.);  
- ALTITUDE;  
 
5. POINT OF TANGENCY (Used as origin for coordinate system of calculations to 
convert Lat. Long. to XY):  
- COORDINATES (Lat., Long.);  
 
Dynamic:  

 
 
6. AIRCRAFT:  
- ID;  
- COORDINATES (Lat., Long.);  
- ALTITUDE;  
- HEADING (True and Ground Truck);  
- SIMULATION TIME;  
- SPEED (Indicated); 


