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A GRAPHICS PROGRAM FOR UFDATING

THE CONFIDENCE REGION OF A TARGET

INTRODUCTION

The capability to update the confidence region associated with a
target has many tactical applications. Useful analytic solutions to
this problem are very difficult to obtain (see for example [1] and [2]).
The graphics program presented here performs the dynamic update under
fairly general conditions. The algorithms employed are mathematically
rigorous; the main approximations made are associated with replacing
the continuous boundary curve of a region with a discrete set of
equally spaced points on the curve.

The operations of the Tenth Fleet during World War II has shown
that information collected and processed by a wide area ocean surveil-
lance system can have significant tactical applications. Human judg-
ment plays a key role in the processing of tactical ocean surveillance
data. A graphics terminal is a natural interface for a man-machine
tactical information processing system. Computers have been used with-
in wide area ocean surveillance systems for the direct recall of infor-
mation or for elementary data correlation, but their capabilities have
not been fully exploited in this application. A practical tactical

information processing system should satisfy the following criteria:

Note: Manuscript submitted November 10, 1976.




(a) It should be able to process multi-source information.

(b) It should be an interactive system which can be used and
understood by non mathematically oriented Navy analysts.

(¢) It should enable the analyst to interrelate his under-
standing of the tactical situation with the performance
characteristics of the sensor systems.

The confidence region update procedure which is described in this report
satisfies the above requirements.
DESCRIPTION OF UPDAT PROGRAM

The program UPDAT, which updates the confidence region associated
with a target is written in FORTRAN/PIOT 10 for the PDP-10 computer. It
updates a confidence region associated with one or more sensor detects
subject to specified velocity constraints. The three basic inputs
required are:

(a) An initial confidence region P in position space which
is assumed to contéin the target.

(b) A constraint set ¢ in velocity space.

(¢) An update time T.

The UPDAT program computes the updated confidence region Pu in
position space after an elapsed time T subject to the condition that
the velocity of the target lies in the constraint set V . The bound-
ary of the updated region is displayed on a graphics system.

The constraint set V is always defined by specifying the lower

and upper bounds on speed (V1 and V2) and the lower and upper bounds

on heading (Al and A2)., In general V1 < V2 and Al < A2. Degenerate
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cases in which V1 = V2 and A1 = A2 ( V contains a single velocity
vector, i.e., there is no uncertainty in velocity) or V1 = V2 and

Al < A2 (¥ contains all velocity vectors lying on a segment of a
circle centered at the origin in velocity space) or Al = A2, V1 < V2
(v contains all velocity vectors on a segment of a ray emerging from
the origin in velocity space) are all permissible.

The analyst operating the UPPAT program has the following three

options for the selection of an initial confidence region P in position

space:

(a) Elliptical confidence region. The analyst inputs five
parameters which define an arbitrary ellipse.
(b) An arbitrary convex confidence region. The analyst inputs
the ®oundary points of this set.
(¢) A wedge shaped confidence region. The analyst inputs four
parameters which describes an arbitrary wedge.
OPERATIONAL INPUTS TO UPDAT
The operational inputs to UPPAT are either of the sensor perform-
ance type or the tactical type. The performence type of input arises
from the known physical characteristics of the ocean surveillance (0S)
sensors. An OS sensor measurement of a kinematic variable (e.g., such
as speed, heading, position, line of bearing) yields an expected value
of this variable and a confidence region (at a selected level) about the
expected value., The tactical type of input arises from the analyst's

understanding of the tactical context of the situation.

The sensor performance inputs arise from the following broad classes

of sensors:
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(a) Position measuring sensors.

(o) Line of bearing (LOB) measuring sensors.

(c¢) Velocity measuring sensors.

Elements within the first class include HF/DF and SOSUS. The out-
put of this class of sensors is typically an elliptical confidence
region. UPDAT requires the following five input parameters to describe
an elliptical confidence region

(X0, Y0, Rl, R2, SO)

where
X0 = longitude of center of ellipse,
YO = latitude of center of ellipse,
Rl = length of semi-major axis,
R2 = length of semi-minor axis (where Ry =R, > 0), and
SO = orientation of semi-major axis relative to north.

The second class of inputs includes data from many of the passive
sensors which measure IOB information. Elements of this class arise
from isolated detects at individual HF/DF or SOSUS sites as well as
from passive EW sensors. There are four input parameters which can be
associated with a LOB message:

(xB, YB, B1, B2)

These parameters determine a wedge shaped confidence region as follows:

XB = longitude of sensor location

YB = latitude of sensor location

Bl = line of bvearing of first great circle of wedge

B2 = line of bearing of second great circle of wedge,with B2 = Bl.

The coordinates of the vertex of the wedge are (XB, YB). Let B0 denote




the observed bearing and let AB denote the maximum bearing error.

Then

Bl = BO - AB

B2 = BC + AB

1]

The determination of velocity from the observed Doppler shift of

acoustic frequency is one source of velocity information. Velocity

information can also arise from visual or radar detects. Intelligence

reports (e.g., intercepted communications) provide another source of

velocity data. In UPDAT the velocity data are assumed to be describved

by the four quantities:

(A1, A2, V1, V2)

where
Al = lower bound of heading
A2 = upper bound of heading
V1 = lower bound of speed
V2 = upper bound of speed.
With
A2 = A1
V2 = V1,

Tactical considerations will often determine the constraint set

vV = (A1, A2, V1, V2). Selected bounds (V1, V2) of the target's speed

could originate from a combination of platform performance data and

tactical context. As an example, the analyst should have available

information on the top speed VMAX and the cavitation speed VC of

different submarine classes. Under certain tactical situations V2

could equal VMAX while under other situations

V2 will be equal to




: VC. Selected bounds (Al, A2) of the target's heading could arise from a
knowledge of the target's likely objectives or its observed
behavior. The analyst can select Al = 0° and A2 = 360° if there
is no information to narrow down the heading estimates.
TACTICAL APPLICATIONS

Two applications of the UPDAT system at a central OS‘site
are described here. In the first application, the analyst will
; use the UPDAT output to assist him in making track assignment decisions.
In the second applicaticn, the UPDAT system is used to develop predic-
tions of the locations of enemy combatants,which are then sent to
search and attack units (SAUs). The track assignment application of the
UPDAT system would develop with the following sequence:

(2) At time To an 0S sensor has "detected" a target. This

contact is at time To the last reported observation

of the target. (The target's track could at time To

consist of this single report.)

(b) At time T, + T a second detect was made. It is
assumed that the signature information in the second
detect is not by itself sufficient to assign it to the

first target.

T

(¢) Using the procedure outlined in the proceeding section

a confidence region P in position space and a confidence
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region ¢ 1in velocity space associated with the target

Ap

at time T = are developed. Let P’ denote the

elliptical confidence region associated with the new

sensor detect at time TO + Ty 1ev Pu denote the update




to time To + T of the set p subject to the velocity

constraint set ¢y . If P’ doesn't intersect P

then the assignment of the second report to the existing

track would not be consistent with the analyst's know-

ledge of the target's behavior. If P’/ does intersect

B the assignment is consistent with his knowledge

u
but the analyst is not forced to make this decision.

These confidence regions are sketched in the figure shown below.
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Fig. 1 — Elements of track assignment application
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The tactical prediction application would proceed as follows: At
time To a target detect was obtained. As discussed in the preceeding
paragraph the confidence regions P and V are developed. SAUs are to
attempt to acquire the target at time TO + T. The UPDAT system can be
used to combine the confidence regions P and ¢ with the update time
T +to compute the updated confidence region Pu which is the region
where the search effort should be concentrated. Given the shape and
size of Pu and the sensor and platform characteristics of the SAUs,
composite search strategies can be evaluated according to their
associated total probability of detection.

UPDAT FLOWCHART

The flow chart shown in Figure 2 describes the flow of operations
in UPDAT. The input set (Al, A2, V1, V2, T) determine the heading and
speed bounds of the target and the update time. The second input set
(I) determines which of the three options for the confidence region is
selected.

For the ellipse case the next input set (X0, YO, Rl, R2, SO)
contains the coordinates of the center of the ellipse, the semi-major
and semi-minor axis and the orientation of the ellipse. The subroutine
BOE generates 30 points lying on the boundary of the selected ellipse.
The call to CONDRAW plots this boundary on the graphics terminal. The
subroutine TEST determines which subroutine (algorithm) is used to
perform the update operation,

If the uncertainty in position space is zero (Rl = R2 = 0) or is

small compared to T times the uncertainty in velocity space, then

i
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Fig. 2 — UPDAT flow chart
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subroutine UPDA3 is called. This subroutine calls subroutine EOS which
in turn generates the boundary points of the constraint set in velocity
space. UPDA3 now combines this set of velocity points with the single
position point and the update time to generate the updated confidence
region. The call to CONDRAW plots the updated confidence region.

If the uncertainty in velocity space is zero (Al = A2 and V1 = V2)
or is small compared to the uncertainty in position space divided by T
then subroutine UPDAL is called. Subroutine UPDAL performs a translation
of the initial region in position space as determined by the single
velocity vector and the update time. The call to CONDRAW plots the up-
dated confidence region.

If the lower bound of speed, V1, is zero, then subroutine UPDAl is
called., For V1 = O, the constraint set in wvelocity space will be
convex, It is shown in Appendix B that a convex set in posiftion space
when combined with a convex set in velocity space will yield an updated
set in position space which is also convex. The subroutine BOP first
computes an updated set of position points by combining all points on
the position boundary (determined by BOE) with all points on the
velocity boundary (determined by BOS). A subset of this set contains
the boundary points of the updated convex set. This set of boundary
points is determined using the algorithm described in Appendix C.

For the general case (AR # 0, AV # 0, V1 # 0) subroutine PART is
called. BSubroutine PART decomposes V into a union of almost convex

sets as determined by a preselected convexity criterion. For each one
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of these nearly convex sets UPDAl is called.

The case where I =2 1is very similar to the I =1 case. Here
the boundary points of the initial convex set are entered by the analyst.
Subroutine ARBUP plays nearly the same role as subroutine TEST. The
first call to CONDRAW plots the initial confidence region.

For the wedge case the next input set (XB, ¥B, Bl, 32) contains
the coordinates of the wvertex of the wedge and the two angles which
define the great circle boundaries of the wedge. Except for near the
vertex point the updated confidence region will be bounded by two great
circles. These great circles are determined by associating with the
lines of bearings Bl and B2 +two critical velocity vectors lying in y,
The two critical velocities are determined exactly and hence except for
near the vertex point WEDUP computes an exact update of the initial
wedge. The first call to CONDRAW plots the initial confidence wedge
and the second call to CONDRAW plots the updated confidence region.
EXECUTION OF UPDAT

This section describes how a Navy analyst would use UPDAT. The
UPDAT program operates in an interactive mode. Data are entered on line
on a grapnics terminal with the program providing cues for the regquired
input at each stage.

The system requests the first input parameter by printing out the
phrase

HEIGHT:

The analyst then inputs the value of the height above sea level in
nautical miles of the point of observation.

The system requests the second set of input parameters by

il
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printing out the phrase:

LAT, LCN:
The analyst then inputs 'the values of the latitude and longitude in
(decimal) degrees of the point of observation.

The system requests the third set of input parameters by printing
out the phrase:

INFUE AL, A2, Vi, V2, PB:
The analyst then inputs the five quantities

Al = lower bound of heading of target (in degrees)

A2 = upper bound of heading of target (in degrees)
V1 = lower bound of speed of target (in knots)

V2 = upper bound of speed of target (in knots)

T = update time (in hours)

The heading bounds Al and A2 are specified clockwise relative to
due north. If the spread of uncertainty (Al, A2) in target heading
does not span due north then Al < A2, If the spread of headings does
contain due north then Al > A2.

The system now requests the fourth set of input parameters by
printing out the phrase:

INERE S B (L

1 FOR ELLIPSE: I = 2 FOR ANALYST SELECTED SET:

I = 3 FOR WEDGE)
The analyst then inputs the value of I equal to 1, 2, or 3 depending
on which option he selects for the initial confidence region of the
target.

If the analyst inputs the value of I = 1, then the system requests

the fifth set of input parameters by printing out the phrase

12




INFUT X0, YO, Rl, R2, SO: (ELLIPSE PARAMETERS)

The analyst then inputs the five quantities

E X0 = longitude of center of ellipse (in degrees)
% YO = latitude of center of ellipse (in degrees)
E Rl = semi-major axis of ellipse (in nautical miles)
R2 = semi-minor axis of ellipse (in nautical miles)
SO = orientation of ellipse relative to due north (in degrees).

If the analyst inputs the value I = 2 then the system requests
the fifth set of input parameters by printing out the phrase

INPUT N: (NUMEER OF POINTS IN BOUNDARY)
The analyst then inputs the number of points N (N < 30) used to define the
boundary of his selected convex confidence region. The system then

requests the next set of input parameters by printing out the phrase

INPUT X, ¥: (LONGITUDE AND IATITUDE OF BOUNDARY POINT)
The analyst then inputs the longitude and latitude (in degrees) of a
boundary point of his selected set. This last operation will be
automatically repeated N times.

If the analyst inputs the value I = 3, then the system requests
the fifth set of input parameters by printing out the phrase:

INPUT XB, YB, Bl, B2: (WEDGE PARAMETERS)

The analyst then inputs the four quantities

XB = longitude of vertex of wedge (in degrees)

YB = latitude of vertex of wedge (in degrees)

Bl = line of bearing of first great circle of wedge (in degrees)
B2 = line of bearing of second great circle of wedge (in degrees).

The lines of bearing are given relative to due north with Bl < B2,

13
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unless the wedge spans due north.

After the parameters which define the initial confidence region
have been entered, the system plots on the graphics terminal a 30 point
approximation to P and then computes and displays a 30 point
approximation to the boundary of updated confidence region Pu .

GRAPHIC OUTPUT

Two examples of UPDAT graphic output are described in this section.
The basic program update operations are performed in spherical earth
coordinates. The coordinate transformation which was used to map the
spherical earth coordinates into the plane system of the graphic display
is called a true view transformation and is one of the display options
provided by the Graphic Analysis and Correlation Terminal (GACT) System.

Figure 3 and Figure L4 are examples of updates of an elliptical
confidence region. In both cases the initial confidence region of the
target is an ellipse with center (X0, YO) = (0, 0), semi-major axis of
50 nautical miles, aﬁd semi-minor axis of 25 nautical miles, and which is
oriented at 45° relative to due north. In the first example (Figure 3)
the target is assumed to have a heading which lies between 0° and 300
and a speed which lies between 20 and 30 knots.

In the second example, (Figure 4) the target is assumed to have a
speed which lies between 20 and 30 knots, and a heading which is completely
arbitrary. In both examples the update time is 8 hours. For both cases
the constraint set in velocity space was partitioned into a disjoint
union of almost convex sets and a separate update operation was performed
using these sets.

The total updated confidence region is presented as a superposition
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LAT, LON: 0 0

INPUT X0, YO, R1, R2, SO: 00502545
INPUT Al, A2, VI, V2, T :03020308

Fig. 3 — Example of updated confidence
regior. .estricted heading bounds
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of adjacent updated confidence regions. It can be seen that the

convexity criterion (see Appendix C) could have been relaxed without
losing much definition in the updated confidence regionms.
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APPENDIX A

PROGRAM LISTING
This appendix contains a listing of the FORTRAN version of the
UPDAT program. The subroutine CONDRAW used in the graphic version
to generate a plot of the polygonal set associated with an array of
points is not shown. The subroutine which computes the True View

transformation from spherical earth coordinates to the plane graphic

system is also not shown.
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0230
a0z240
20294
1250
0 edrd s
40230
GO230
G300
203210
320
0240
HNzs0
J0ze0
00370
04220
0330
o300
0410
Jaszn
ROE X3
1hd40n
g 5 [}
Tng4an
aes3
0470
0330
A AT
n0S0n
0ns10
ans20
nns30
LiaSen

COMNUP

PROGRAM CON1C(INPUT»OUTPUTTAPEL)
COMMONZ/BLOK1/XECIO00D) s YECL1 00D
COMMONARLOK2A10¢1000 sV L 00D
COMMONABLOK2/XUC100) s YIUC1 00
COMMON/BLOKA/X0»YUsR1sRS»SUsV1+W2s TP
COMMON/BLOKS /X1 ¢20000 oY1 C3000) 32030000 s TRCSOQD
FERD(1s) MD»X0r¥YDsR1sR2530
FERDCls> NDsR1sR2IsV1sV2yTsP
PRINT 10
10 FORMAT (BX, 2aHBOUNDRRY OF UPTRTED RESION-//)
CALL TEST (AL B2D
ZTOP
END
SUBROUTINE TEST (R1»R2D
COMMON/BLOKA/X0sY0sR1sR2sS0s V1 9WRs TP
ov1=vy2-v1
Iva2=vY2eRZ-rR1)>
YidsWMRXL ‘DY, DVE)
“WL=RMIM1 (D1, DV22
IFCY1.LE.D. 01> 50 TO 10
IF(RPI/T.LE.D.NSs¥LD 30 7O 20
IFVULLE. 0. 0SeR2-T> 50 TO =0
CRLL PRPT(R1RSY1D
FETLIEN
10 CARLL LUIPDAL (A1«R22
RETLURM
20 CALL UPDAR3I(R1R2)
FETLIRM
20 ZALL LUPDAY (Rl s H2Y
FETLUSN
END
ZUEROUTIMNE PRART CR1sR2sVY 1D
E=0, 04
AL=2eRCOZ (1. -E-/V1>
HT=INT C(A2-RA1» ~BL) +1
DRL=(RZ-A1> /NT
IFNT.ST.1» 30 7O 10
CARLL LIPDAL1 (R1»RAS)
FETLIPN
10 DO S0 I=1sNT
Ali=R1+0ARL®<I~-1)>
A2=R1+DRL
S0 CALL LUPDAL (A1sR/2)
RETLURN
END
SUBROUTINE LUPDAIL (Rl s A2
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00350 COMMON/BLOK1<XEC1002 » YE (1000

aa3sn COMMONA/BLOK2A-UC1 00 oY C1 00
Gnseon COMMONABLOKZ-2U 100> 9 YL 000
ansan COMMON/BLOKS /50y TDsR1IRSs S0 YW 1sW2sTsP
nnsss COMMONABLOKS./X1 20000 s Y1 <2000 s Z2¢30002 s TR(SOD)
nns3n CALL BOECx0sY0sR1sR2sPy=0N)
noson CALL EBOZ(R1sASsY1sVSesTsPeM
os290 CALL BOP{TsMsMsLD
nos3an DO 25 I=1,L
0540 PRIMT 2S.xUCI) 371D
0550 35 FORMRT(SXsF10.3:SX«F10.2)
0550 325 CONTIMUE
nos70n FETURN
onazn EMD
ans3n ZUBRDOWUTINE EOE (XD YDsR1+22+PsZ0s N>
nogyan COMMONABLOK1-%XEC1002 s YECL1 00D
H1ra N DE=P-R1
nnrw20 N=INT f5,.2232-D3)
00720 00 10 I=1«N
b 00740 “B=R1eC0OZIeD3)
j LOvVsS0n YB=R2+ZINIeDZ
NOTS0 RKECID=XK0+<BeCOZ (20D =YBeSIMCZ O
é 770 10 YE(ID=YO+4BeSIMCSOO +YBOCOS S
ane3n RETURN
nnyan END
o200 SUEROUTIME BOSCAL1»H2s Y1 s %S TsPeM
nnzi0 COMMON-BLOK2-LIC100> 9% 01002
np220 oVW=pP-T
D320 K1=INT ¢ We=-Y1)2 DV +1
340 DWi=iva-1y /K1
1 a0330 K2=INT (Ve RA2-R15 7DV)> +1
’ nssn DAl1=7/AZ-R1) - K2
1 00270 K3=K1
o oosan nY3=0%1
1 00330 Ed=IMT 1o (A2-A12 ~D%) +1
{{ Q00 DR2=CRAS-A1) <K3
| 00310 K=1
L M=n
nn3i4 Jda=n ,
noszn LHe1x="1C0% A1) 3
003320 Vld=VieZIMNIAL) |
10240 KK1=K1+1
: 10250 KK2=K1+KE+1
’ 003510 KEK2=K1+K2+K3+1 ;
10370 KKA=K1+2 4344+ {
N30 10 KE=K+1 |
3 0390 K1=K-1 :
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APPENDIX B
MATHEMATICAL BASIS
This appendix shows that the update algorithms yields the updated
confidence region with an accuracy dependent upon the number of points
used tc describe the boundaries of the constraint sets P and v
in position and velocity space. For any set S, let @S denote
the boundary of the set and let 4(x,v) = x + tv denote the update

map. Then

Pu = {6 (x,v)|xeP,vev}l = alp,y).

The following elementary results are needed:

Proposition 1: If the sets P and V are convex, then so is Pu‘

Proposition 2: The boundary of Pu is a subset of the
update of the boundaries of P and V.

That is, 3P CHRP, 3V). {

To prove Proposition 1, let Lys Lp € P

i
Then
L =h *
Lo+
with
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X, X, € P

zl’ v2 € V
For osA<1
A+ (1M, = 00z + (1-M)xy, Ay + (1-A)¥,).
But
}\‘.15-1 + (l'k)zg s P
)\Y.l iz (l')\)ze € V.
Thus

A *+ (1A e P

To prove Proposition 2, suppose PRk T Nied txo eb?u It will be

shown that if either x £ 3p or ¥, # 3V, a contradiction is reached.

Suppose £, ¢ 3 P. Then there exists an open neighborhood N, about
x5 with NEQ: P. The restriction G|N£0 X . A of 8 to the set

; . . P "
NZQ X vy is a homeomorphism and so maps interior points o JEO X . into

interior points. This implies that = * tgo is an interior point of

Pu which is a contradiction. Likewise the assumption that X, 3y
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leads to a contradiction. Thus x e¢dP andv_ e V .
=g -0
The computer algorithms which executes the update operation
proceeds as follows:
(a) Approximate the boundaries 3P and 3V of P and V

by discrete sets (3p )o and (3V ). consisting of 30

T TR L O

equally spaced points.

(v) Determine the set 8((3p)_,(dv),).

(c) Given a finite set S =9((3P )O,(B v )O) of points,
identify those points which are boundary points of the

convex hull of S.

Propositions 1 and 2 assert that all boundary points of the convex

set p, are contained in the set 2(3P,d V). Since 8(P)_,(¥)))
approximates the set 8(3 P,d V), step /c) applied to 8((3 P)O,(B V),
vields an approximation to the boundary of Pu' Step (e¢) is discussed

in Appendix C, which follows.
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APPENDIX C
ALGORITHMS USED

This appendix contains a general description of two of the
algorithms used in the update transformation. The first algorithm
yields the boundary points of the convex hull associated with a finite
set of points and may have some general interest. The second algorithm
which is discussed decomposes a non-convex set in velocity space into
a union of almost convex sets and is more specialized in its application.

For any set S in the plane let C.S) denote the convex hull of

S. The algorithm used to identify the boundary points 3dC(S) of C(S)

can be understood by referring to Figure Cl.

(xkl YI()

2k

Fig. C1 — Identification of the boundary points of C(S)
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The special form of the algorithm which has been programmed yields

at most 30 distinct points of 3C(S). ILet 8, = %T(k-l\ and let L,
denote a line having slope m = tan ek. Suppose o > 0. The set of
all y-axis intercepts associated with the set of lines Lk (k fixed)
which pass through all the point of § is determined. That point

(xk,yk) of S for which the y-axis intercept Zy (Figure C-1) is

minimized is the kth point of 3C(S). Now increase k by one and repeat.

If m < 0, the kth point is obtained by maximizing the set of all y-axis
intercepts. Note that for all Kk, ek never takes on the value g
or %;. The set i(xl,yl), (xz,yz), -—- (x3o,y30)} contains at most
30 distinct points of ac(S).
An almost convex set in velocity space can be defined relative to
the maximum distance dmax between that set and its convex hull. A
set can be said to be almost convex up to a specified level E if
d = E. Figure C2 depicts a constraint set,

max

vV = {lel < |v] = V,sA, S arg (v) SAZ}

in velocity space which is very non-convex.
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Figure C2
Decomposition of a Non Convex Set into a Union of Almost Convex Sets
However, by choosing the angle « (Figure C-2) small enough, the set
V decomposes into a union

where each of the sets Vi are almost convex up to level E. The angle
o which determines the size of the sets Vi is related to E and

vl by

a = 2*Arccos (1 - & s
2

ks




