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Abstract — In many tracking applications, the target stateises-  that they must satisfy the specified bounds. This can pro-
timated using range-bearing measurements. For statistical track-  vide a more robust estimate of target state than Kalman fil-
ers, this problem may be dealt with using a converted measure-  ter based trackers in the particular case where noises are
ment Kalman Filter. In this paper, measurement conversion proce-  ngn-Gaussian.
dures are proposed for using range-bearing measurementsinaset  The aim of a set based tracker is to maintain a guaranteed
based tracker. These procedures involve overbounding therange- 1, 4 on the target state at all times. This means that the
b.ea”ng error regon with an.e”'pse' The measurement OV EKF approach of approximating the non-linear measure-
sions have been implemented in a set based tracker and numerical . . - .
results are presented demonstrating their relative performance. ment eq_uat'on by its Taqur series expansion may not be
) used as it does not maintain a guaranteed bound. The mea-
range-bearing meg;rement conversions used in the CMKF do not apply to set
based estimation, as a set based estimator requires a bound
. on the measurement error rather than a Gaussian distribu-
1 Introduction tion approximation. The principles behind the CMKF do
It is common in target tracking applications for measurepply to set based tracking, and in this paper, we propose
ments from a target to be non-linearly related to the taa-measurement conversion procedure specific to set based
get state. A particularly prevalent example of this is wheteacking. The premise of maintaining a guaranteed bound
range-bearing measurements are obtained from a targetarget state continues throughout the paper.
whose state is modelled in Cartesian coordinates. This idn Section 2 the problem is formulated, including a brief
often the case for active sonar or radar [1]. description of set based estimation and discussion of-ellip
There are two main approaches for dealing with rangseidal overbounding. A measurement conversion procedure
bearing measurements in statistical tracking. An Extendspecific to set based tracking is described in Section 3, and
Kalman Filter (EKF) may be used, where the non-lineancluded in this is an improvementto the conversion for cer-
measurement equation is approximated by a linear eqtein sets of parameters. Section 4 includes results of monte
tion using Taylor series expansion [2]. An alternative agarlo simulations and discussion. Conclusions are drawn in
proach is that of the Converted Measurement Kalman Filt8ection 5.
(CMKF), where the measurements are converted to Carte-
sian position and covariance and are then used in a Ip- Problem Formulation
ear Kalman Filter. Examples of these measurement con-
versions are the standard measurement conversion [2], Zad& System Equations
debiased measurement conversion [3] and the unbiasﬁ,]
measurement conversion [4]. These trackers are all ba%%]
around the Kalman filter, which calculates a Gaussian de&ie
sity for the target state based on assumptions of Gaussianit
for the noises and initial states. The estimate provided by

Keywords: Set based estimation, tracking,
surements

state of a target is described by Cartesian position and
city, xi = [z, Tk, Yk, Ux])'. We assume that the target
ys a nearly constant velocity model,

such a tracker is simply the mean of the Gaussian density Xet1 = Fuxic 4 Vi @)
for target state. F 0 |. . . .
Set based estimation provides an alternative philosopW@ereF’f - [ 0 F ] is the transition matrix anet; is
for tracking. Rather than a point estimate, the estimate ob- . 1 )
tained using a set based tracker is a set of possible targé Process noise. Hei¢ = | - | whereT"is the

states. This set is guaranteed to contain the true target stane increment between updates. Rather than requiring sta-
provided the system has been accurately modelled. Afstical properties of the noisey, the set based framework

other advantage of set based tracking is that it only requirgnly requires that it be bounded, with the bound known,
bounds on the process and measurement noises. It makes

no assumptions on how these noises are distributed, except vi € Qg(k). 2



The most simple assumption for the measurement equaAn ellipsoid may be completely described by its centre,
tion is that the measurements are a linear function of thgand matrix,A,
state parameters,

e(a,A)={x:(x—a)A ' (x—a)<1}. (8)
zr = Hpxy + wy, ) _ _ .
This notation for an ellipsoid will be used throughout the

where H;, describes the relationship between state ampeper.
measurement. The measurement noise is assumedhe process and measurement noises are assumed to be

bounded, bounded by ellipsoids, as is the initial target state
wi € Qp(k). 4
Wh ‘ ¢ it | ( ) ) Vi € QQ(/C) = E(O, Qk) (9)
ere measurements are of position only (as is common in _

target tracking)Hy, is given by we € Qn(k) =¢c(0,Ry) (10)

xo € 2(0[0) = e(x0)0,Pojo) (11)
1 0 0 O . . .
Hi=\|0 0 1 ol (5) Introducing the overbounding, the time update becomes

2.2 SetBased Estimation Q(k[k—1) = e(Xpp—1, Prip—1) 2 Q(k|k*1)@QQ(k(*112>)

The concept of set based estimation may be attributedwbere, as before(k|k — 1) is the projection of the esti-
Schweppe [5, 6]. mate at timék — 1 to timek. For the linear target trajectory
As described in the system equations above, both thgdel of equation (1X2(k|k — 1) becomes
process and measurement noise are assumed to belong_to
a bounded set, denoted (k) and Qx(k) respectively. Q(klk —1) = e(Fr1xp_1jp—1, Fa1Proyp-1Fp ).
This means that the noises may be correlated or biased, and (13)
may have any distribution provided its support matches tA&€ centre vector and matrix describing a parametric family
bound. The initial state is assumed to be drawn from sorikellipsoids overbounding this vector sum [7, 8] have the
set,2(0|0); this set may encompass the entire state spac&'™m
The optimal set based estimator involves two steps, a

time update and an observation update. In the time update, X+lt-1 = Fr-1Xp_1jr—1 (14)
the estimate fromtimé — 1, Q(k — 1|k — 1), is projected Pyp-1 = (p,;1 + 1)Fk_1Pk,1‘k,1F§€_1 + ...
forward to timek through the target trajectory model (ig- (pk + 1)Qr—1, (15)

noring the process noise) to gi¥&(k|k — 1). This set is

not guaranteed to contain the target state at firag it does where the parametey, > 0 may be used to minimise some
not take into account the additive process noise. To obtaigpect of the ellipsoid. We will use the minimum volume

a guaranteed bound at tinkethe set bounding the processverbounding ellipsoid as derived by Chernous’ko [7] and
noise,Qq(k — 1), is vector summed t62(k|k — 1). This described by Maksarov and Norton [8, 9].

accounts for any combination of true target stajeat time A noisy measuremeng;,, of target state is obtained at
and process noisg,_;. Symbolically, the time update pro-time k£ and may then be used to update the estimate accord-
ceeds as ing to

Qklk —1) = Q(klk — 1) ® Qo (k — 1), 6)  Qk|k) = e(xppp, Prjp) 2 QK| — 1) N Q%K) (16)

whered denotes a vector sum operation. whereQ% (k) = e(zx, Rg) is the measurement error el-
The observation update stage occurs after a measurentipsbid constructed about the measurement. Following the

z; is received at timé. The true target state is guaranteederivation of Schweppe [5], also described in [8], a para-

to lie within the measurement noise bounds constructatktric family of ellipsoidal overbounds for the intersecti

about the measuremenyt, this set is denotef® (k). By of (16) have centre

its construction, the target state is also guaranteed fa lie

the prediction set2(k|k — 1). Thus, the true target state Xk|k = Xkjk—1 + Ltk 17)
must lie in the intersection of these regions. The updated
estimateQ(k|k), is defined by where
vk = 2 — HpXpp—1 (18)
Q(klk) = Qklk — 1) N Q(k). (7)

is the innovation, and the gain term is given by

This process is used iteratively to _descrlbe a guaranteed Ly = Py H}, [H Py H, Jrqkf1Rk]_1 (19)
bound on the true target state over time.

In practice, this algorithm suffers from increasing comfhe matrix describing the shape of the ellipsoid is given by
plexity over time. A typical approach to counter this prob-
lem is to use ellipsoids to overbound the set of possikl,; = ﬁk(qk)[(I—Lka)Pmk,l(I—Lka)’Jrq,;lLkRkL;c],
states in both the time and observation updates. (20)



where the scalar function of the parameter is given by  overbounded algorithm described in Section 2.2. To in-
R P corporate the range bearing measurements into this algo-

Orlar) = 1+ g —vilge R+ HiPrpe 1 Hy ] vk (21)  rithm, we are proposing a measurement conversion pro-
The scalar parameter, > 0 may be selected to optimisecedure where the range-bearing measurement cell is over-

some aspect of the intersection overbound. We will use tR@Unded by an ellipse for use directly in the ellipsoidat ver

minimum volume overbound described by Maksarov arto" Of the set based estimator. _
Norton [8, 9. Firstly note that, without loss of generality, the range

bearing measurement error region may be assumed to be
3 Range Bearing Measurement Conversion centred on the x-axis. This may be achieved simply by ro-

tation so that the bearing measurement coincides with the
3.1 Range-Bearing Measurements x-axis. The error region is then symmetric about the x-axis.

Rather than the linear measurement equation (3), we ard Nis symmetry suggests that an overbounding ellipse
instead assuming that measurements of the target are ragf@Uld also have an axis along the x-axis. The centre of the

71, and bearingdy,. These are given by non-linear function&liPseé must then be along the x-axis and the other axis of
of the target state parameters the ellipse must be parallel to the y-axis. The overbounding

ellipse may thus be defined by the set

\/ T+ Ui+ (22) (z—a)? 42

re =
Qr =A{(z,y) : s+ 5 <1} (27)
0, = tan! <%> + O (23) ! i
Yk This is equivalent to the ellipsoidz;, R} ), where
where bearing is taken in a clockwise direction from the a
y-axis. The measurement errors are bounded, zy = [ 0 ] , (28)
< Ar, (24) . u? 0
- k[ 2 ] (29)
6] < A6, (25) v
This results in a range-bearing measurement error reg@d the superscriptis used to denote the fact that the mea-
given by surement cell has been rotated to lie on the x-axis. The rota-
tion required to return the range-bearing error to its o@d)i
Qr(k) = {(z,y): (rr — Ar < /2?2 4+ y? < ri + Ar) Norientation is described by the matrix,
(0r — A < tan~! (f) < 0p+ A0)} (26) I — sin(f) — cos(f) (30)
Yy = | cos() sin(6) |’

Constructing this region in Cartesian space results in %ting that the bearing is taken as clockwise from the y-
range-bearing measurement cell shaped like a sector 012 i

annulus. The geometry is illustrated in Figure 1. The converted measurement is then obtained by applying

this rotation to giveQ r (k) = e(zx, Ri) wherez, = T'pz},
andRy = TyRiTy,.

/ Ar 3.2.1 Three Point Bound

y : The extreme points of the range-bearing cell are illus-
/! trated by asterisks in Figure 2(a). The points with min-
/ imum x-value are denoted®; and B5 in the figure and
DOfg, are attained atr — Ar)[cos(Af), £sin(Ad)]. The max-
/ bl imum x-value is attained afr + Ar,0) and is denoted
2 Bs in the figure. The minimum and maximum y-values
are denotedB, and B. respectively and are given by
X (r 4+ Ar)[cos(AB), + sin(A0)].

Since the range-bearing measurement cell and its over-
Fig. 1: Geometry of range-bearing measurement error c@hunding ellipse are symmetrical about the x-axis, if one
of B; and Bs or one of By and B, are contained in
the bound, the other will also be contained. This means
that we only need to ensure that poiit given by (r —
Ar)[cos(Af), sin(A)] is contained in the bound to ensure
that Bs is contained in the bound. Similarly, we only need
In theory, the range-bearing error regiddy,(k), may be to ensure thaB, is contained in the bound to ensure that
incorporated directly into the optimal filter as the measurés, is contained in the bound.
ment error region. However, this is not feasible for practi- Equation (27) defining the overbounding ellipse is de-
cal purposes, where the implementation is the ellipsaidalicribed by 3 parameters, u, andw. It is possible to make

3.2 Range-Bearing Measurement Cell
Overbound
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the edge of the ellipse go through each of the five extremr (©

points by solving the equality of Equation (27),

Fig. 3: Range-bearing measurement cell with overbounding
(x—a)? 9 _ ellipse for (a)r > Ar and three point conversion, (b)>
T+ =5 =1 (31) : : :
U v Ar and two point conversion, (@) < Ar and three point
with (z,y) substituted for each of the three poini,, B, conversionand (d) < Ar and two point conversion
and B;. That is, solving three simultaneous equations in
three unknowns.
Substituting pointBs into Eqn. (31) and rearranging
givesu? as a function of;,

Again, the rotation back to the original bearing may be per-

formed as described above to give the overbounding ellipse
for the range-bearing measurement error region. An exam-
u? = (r+ Ar —a)> (32) ple of the overbounding ellipse generated using this proce-

I . Lo : for th < Arisill in Fi .
Substituting this, and poin; into Eqgn. (31) gives? as a dure for the case < Ar is illustrated in Figure 3(c)

function ofa, 3.2.2 Two Point Minimum Volume Bound
V2 = (r— Ar — a)’(r — Ar)?sin*(A6) . (33) For certain sets of values of Ar andAd, the three point
(r+Ar —a)? — ((r — Ar) cos(Af) — a)? bound calculated above is not a particularly tight bound due
Finally, substituting (32), (33) and poid#, into Eqn. (31) to the fact that the edge of the ellipse is constrained to pass
and rearranging gives through all three extreme points. There are situations for
small Af or large Ar, such as those illustrated in Figure
a r(r + Ar) (34) 3, where a bound that is not constrained to pass through

© 2r— (r — Ar)cos(Af) the point(r + Ar, 0), but just to contain it, may achieve a

The equations for? andv? may also be simplified by sub- Smaller overall volume.
stituting in the value of.. The overbounding ellipse result-  Consider the situation where the edge of the overbound

ing from solving these equations is illustrated in Figurg)3(Must pass through point®; and B, from section 3.2.1.

for the case > Ar. Substituting pointB; into equation (31) results in an ex-
Now consider the special case where Ar < 0. Inthis  Préssion fon? as a function ofi* anda,

case, we assume that ranges cannot be negative (the bearing 2(r _ AP)2sin2(A0

cannot be out by80°), so the region becomes the sector of v = 5 u(r AT> bmA(e ) 5 (37)

acircle of radiugr+ Ar) between angle®( Af) and ¢+ u? — ((r — Ar) cos(Af) —a)

Af) from the y-axis. Again we may assume without loss @y bstituting this and the poir, into Eqn. (31) results in

generality that a rotation has been performed placing thg expression fou? as a function of,

bearing line along the x-axis. This is illustrated in Figure

2. The ellipse must now pass throuBh andBs as before, S —a((r* = (Ar)?) cos(Af) — ar) (38)

but this time the point denotel; with coordinateg0, 0) r '

replaces the critical poinB; from above. By symmetry, - . . . .

the centre of the ellipse must be halfway between the tv§ bstituting this expression faf into the expression for

S e :
points on the x-axis, and the x-axis radius of the ellipse, V and simplifying gives)* as a function o,

mustelsobe the same 5 —a((r? — (Ar)?) cos(Af) — ar) sin®(Af) 39
(35) vt = (a — 7 cos(Af)) cos(Af) . (39)

1
a:u:§(r+Ar).

Finally, it may easily be shown that The free parameted, defining the centre of the overbound-

ing ellipse remains to be defined. Note that there cannot be
9 (r + Ar)?sin®(A) an axis of symmetry through = r cos(A#) since this is
v= 4cos(A0)(1 — cos(AB)) (36) exactly halfway between point8; and B; on the x-axis,




while the y-value ofBs is strictly larger than that of3;. 3(d) above, where it may be seen that the area attained by
The overbounding ellipse is symmetrical abeut a, and this bound is smaller than that using the three point bound.
thusa must be strictly greater thancos(A#) for a bound It can be shown that the overbounding ellipse completely
to exist. contains the range-bearing measurement error region for

Since there are no more constraints on the overbourmbth the two and three point bounds and for all feasible
ing ellipse (except that it contain8s), a minimum area values ofr. Thus, the incorporation of these measurement
criterion may be used to define The area of the ellipse conversions into a set based tracker satisfy the requiremen
is proportional to the determinant of the matrix defining ibf maintaining a guaranteed bound on the target state.
Define the function

" 4 Results
Ala) = [RE] (40)
— 22 (41) In this section, the results of monte carlo simulations us-

a2((r2 — (Ar)2) cos(AB) — ar)? Sing(A” ing both the three point and two point overbounds are pre-

42) sented.
. B - \
r(a — rcos(Ad)) cos(A0) We consider a target with nearly constant velocity motion

By taking the derivative and equating this to zero, the onBg described in Section 2.1. The process noise is bounded

feasible value is given by = b cos(A#), where by the ellipsoid:(0, Q) where
b 5r2 — (Ar)? + /r* + 14r2(Ar)2 + (Ar)? 43 100 0 0.25 0
B 67 - (43) 0 25 0 0.0001
: : : o Q=025 o 100 0 (48)
It is straightforward but tedious to show that this is a local :

minimum. 0 0.0001 O 2.56

The maximum x-value of the overbounding ellipse mayyg jnitial target state is generated uniformly from the el-
easily be shown to occur &t + «,0). To ensure that point lipsoid £(xo, Po), wherex, = [5000, —10, 2000, —6]’ and
Bjs is contained in the ellipse, it must be the case that

Ar < a+ u. This occurs if) < A8 < §(r, Ar), where 10000 0 400 0
0 9 0 0

5(7", Ar) = cos™! Vr(r + &) . (44) Po = 400 0 10000 O (49)
Vb + \/b(AT)2 + br — 12 O 0 0 9

WhenAg exceeds this bound, the three point bounding preyhservations of the target are receivedat= 16 second
cedure described above is used. The two point overbouftrements, and the tracker runs for 50 time intervals.

ing procedure is used in Figure 3(b) for the case Ar, Measurements of the target are of range and bearing as
and it can easily be seen that the area is smaller than tha&cribed in equations (22) and (23) respectively. These
attained by the three point bound. range-bearing measurements are converted to an ellipsoid

Now consider the case where< Ar. The two point ;izk,Rk) using the two and three point conversions de-
minimum volume bound may also be derived for the specigtribed in Section 3.2. This allows the set based tracker to
case ofr < Ar described earlier and depicted in Figurgssume a linear measurement system as described in Equa-
2(b). The two critical points used here are the pdiht tion (3), with H;, as described in (5). Note that this matrix

used above anf),0). Since the overbound is centred afnay be used to project the ellipsoidal estimate into pasitio
(a,0) and must pass through the origin, the radius alorgace. Similarly, the matrix

the x-axis must match the centre,= a. Following the

same procedure as above, it may easily be shown that the H. — 01 00 (50)
value ofa minimising the area of the overbound is given by Y10 0 01
@ = 2(T + Ar) cos(Af). (45) may be used to project the ellipsoidal estimate into veyocit
3 space. These projections are used to calculate the volume
The corresponding value of is given by of the projectiqn of the estimate into position and vel_ocity
spaces in the first set of results. The volume of an ellipsoid
v? = f(r + Ar)?sin?(A6). (46) s directly proportional to the determinant of the matrix de
3 scribing it. The results of this section all use this determi

Again, the reverse rotation may be performed to obtain thent as a measure of the volume of the ellipsoids.
overbound for the original orientation. Note that this mini  The first set of results used range erfor = 200m, and

mum volume version applies only for bearing erroAd = 2°. A set of 100 monte carlo runs were
performed giving the results illustrated in Figure 4. Inteac
0 <Al < cos_l(é) ~ 41°. (47) of the graphs of the figure, the x-axis corresponds to the
4 time step /.

For larger bearing errors, the three point overbound de-Figure 4(a) illustrates the average size of the determinant
scribed in Section 3.2.1 applies. An example of the ovesf the matrix defining the ellipsoidal estimate found by the
bound generated using this technique is shown in Figwset-based estimator using the two point conversion (dashed



line) and three point conversion (solid line). The two point
conversion appears to perform much better than the thre
point conversion in this case.

Figure 4(b) illustrates the determinant of the projectior g
of the ellipsoidal estimate into position space for the twc
point (dashed line) and three point (solid line) conversion
Also shown on these axes are the determinants of the mat
ces describing the two point (dotted line) and three poin
(dash-dotted line) measurement conversions. This illus
trates the relative sizes of the overbound generated by tlz ;o
two point and three point measurement conversion, and it

=

erminant

rminan

. o — — 2point
quite clear that for the set of parameters used here, the tvg — apom
point conversion performs much better. This is the reaso R 10°
for the improved performance in the set based tracker usir 0 10 20 30 40 50 0 10 20 0 40 5
the two point measurement conversion over the three poil (b) « (©

conversion. Also of interest here are the changes in the si'_ze 4- Results of ¢ | it — 200 d

of the converted measurement ellipses with time. This i9- o 2{??” ‘:’ ora ”_‘Ot” zcar: odrun V(\j” th - mt an lid

due to the change in range of the target with time - as tﬁ%‘g N or two point (dashed) an ree poin (S.O' )
surement conversion; (f;| for each conversion,

target approaches, the range decreases as does the r .
get app g %g H,. P, Hj,| for each conversion, an®y,;| for two

bearing measurement cell. Somewhere between times . .
and 30, the target passes its closest point to the origin nt (dotted) and three point (dash-dotted) conversind, a
’ " (c) [H, P, H,| for each conversion.

starts to move away again, increasing the size of the ran
bearing measurement cell. This behaviour is reflected in

both of the bounding ellipses for the range-bearing mea- . .
surement cell. small changes in bearing error. Both the two and three

This graph also illustrates an inherent problem in Sg{)mt bounds grow as the range error grows. For large bear-

. . Ing errors, the performance of the two point conversion ap-
based tracking with degenerate measurements. The préJ P P P

o . X : roaches that of the three point conversion, due to the fact
jection of the estimate into measurement space is almgs . T .
at the two point conversion is not feasible for large bear-
always larger than the measurement error as a result of the : 97
o7 . . INg errors and reverts to the three point conversion in that
ellipsoidal overbounding performed at the time and obser- .
vation undating stens. The only way this may potentially &€ 2NYway. However, as range error increases, the perfor-
P g steps. y way yp y r%?nce of the two point conversion improves increasingly

aV(.)'ded s if the_ noises, and in partlc_ular the_ measur_emegr\}er the three point conversion. The two point conversion
noise, reaches its bounds often, making the intersection be . L
rforms best for small bearing errors, but is still in gen-

o ; e
tween the prediction and measurement error region smal?. . . .
eral an improvement over the three point conversion, par-

F_|gure .4(C) ShOW.S the determinantof the projection of tf}%ularly for large range errors. It is recommended that the
estimate into velocity space for the set based tracker us point overbounding procedure is used for measurement
the two point (dashed line) and three point (solid line) CON,version for the set based tracker

versions, where it is again seen that the two point conver-
sion results in a better bound on the target velocity. These
graphs clearly show the benefit of using the two point min-
imum volume measurement conversion over the three poifo procedures for converting range bearing measurements
measurement conversion to reduce the size of the estimate€artesian for a set based tracker have been presented in
at any step. this paper. The first, referred to as three point measure-

For Figure 5(a), the bearing error was fixedldtand ment conversion, involves overbounding the measurement
5 while the range error was incremented in stepS®f. error region with an ellipse passing through all the critica
from 50m to 1000m. Similarly, for Figure 5(b), the range points of the range-bearing measurement cell. A second
error was fixed at00m and500m, while the bearing error procedure, referred to as two point conversion, is presente
was incremented in steps 0f5° between0.5° and 10°.  where the bound is only required to pass through two of
This allowed an investigation of the behaviour for differerthe critical points, and contain the third. This uses a mini-
range-bearing error combinations. For each range-bearingm volume criterion to optimise the bound, but is feasible
error combination, the determinant of the matrix descgbironly for bearing errors less than a critical bearing which is
the set based tracker estimate was averaged over trackirfanction of the range and range error. Above this critical
steps 10-50, and over the 100 monte carlo runs performeghgle, the three point measurement conversion is used.

As observed in the graphs of Figure 5, the three pointMonte carlo simulations have been performed using both
bound does not change significantly as bearing errordenversions. These simulations demonstrate the benefit of
changed over the values considered. This is because, esng the two point conversion over the three point conver-
pecially where bearing error is small, the three point boursibn, particularly for small bearing errors and/or for karg
is a huge overbound on the measurement error region (asge errors. It is recommended that the two point conver-
seen in Figure 3(a)), and does not change dramatically &on be adopted to convert range-bearing measurements to

Conclusion



10 [9] D. G. Maksarov and J. P. Norton. Computationally effitien
algorithms for state estimation with ellipsoidal approaim
tions. Int. J. Adapt. Control Signal Process., 16(6):411-434,
2002.
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Fig. 5: Investigation of volume of set based tracker esti-
mates with two and three point measurement conversions
(a) for A6 fixed at1° and5° and Ar varying from50m to
1000m in steps ofs0m, and (b) forAr fixed at100m and
500m andA#d varying from0.5° to 10° in steps 010.5°.

a Cartesian bound for use in a set based tracker.
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