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QUANTITY – DISTANCE  DERIVATIONS

FOR  SITE  MANAGEMENT

PART 1 – INTRODUCTION
BACKGROUND AND REQUIREMENT:


All U.S. military installations that produce, handle, store, or transport on-base explosive materials must take into account Department of Defense (DOD) explosives safety Quantity-Distance (QD) requirements for siting of facilities and mission operations.  Any location where a quantity of explosives may be present that would pose a hazard to the surrounding area in the event of an accidental explosion must be identified as a potential explosion site (PES).  Any location where a facility, personnel, or equipment may be exposed to the potential hazards of an explosion must be identified as an exposed site (ES).  Each installation has the responsibility to establish and manage QD’s to ensure the safe separation of PES and ES locations.  Primary responsibility for QD management normally lies with the Base Engineer, with the cooperation of the Base Safety Officer and Ammunition Officer.


QD’s are hazard distances (in feet or meters) that are a direct function of the quantity of explosive materials (in pounds or kilograms) at a given location.  The principal QD’s of interest are Inhabited Building Distance (IBD), Public Traffic Route distance (PTR), Intraline Distance (ILD), and Intermagazine Distance (IMD).  The hazards of concern are the basic explosion effects associated with an accidental detonation of ammunition or explosives.  These effects include air blast, ground shock, and both primary debris (such as casing fragments from a munition detonation) and secondary debris (such as concrete or steel fragments from a structure in which a detonation occurs).


Current methods of deriving and plotting QD’s are time-consuming.  A system is needed that would automate the determination of QD’s in a GSI environment.  This would greatly benefit the planning and site approval for operational sites involving explosives (e.g., airfields, naval docks, training ranges, maintenance yards (requiring ammo down-loads)), as well as A/E planning for design and construction of other base facilities.


In 1994, the DOD tasked the Defense Environmental Security Corporate Information Management (DESCIM) Project to develop the Defense Explosives Safety Management System (DESMS).  The DESMS is intended to provide an automated capability for performing a broad range of explosives safety activities.


The Naval Facilities Engineering Service Center (NFESC) was tasked to develop an automated version of the QD regulations, to include those specific to the Army, Navy, and Air Force, as well as DOD regulations.  This automated version is termed the “QD Engine”, and will be a completely alpha-numeric system that can be connected to any graphic or non-graphic software application.


The study reported here was conducted for NFESC by the U.S. Army Engineering Research Development Laboratory to support the development of the QD Engine.

OBJECTIVE:


The objective of this study was to  provide a comprehensive set of algorithms that will allow geometric plotting of all potential explosive sites (PES) and exposed sites (ES) on or near an installation, with accurate delineation of the explosion hazard areas, exclusion zones, and safe separation distances as defined by appropriate QD’s for each PES and ES.  The algorithms will be consistent with current QD criteria prescribed by DOD and service-specific regulations (DOD 6055.9-STD,  DAP 385-64, AFM 91-201,  and NAVSEA OP-5).

APPROACH:

The algorithms developed in this study were intended to allow the automated, geometric plotting of (a) individual PES and ES units in a map or site layout, and (b) the explosion hazard areas and exclusion zones for each PES and ES as defined by the associated QD’s.  The plotting of PES and ES units is fairly straight-forward, since it only requires the coordinates and dimensions of the PES and ES units as input.


The plotting of hazard areas is more complex, however, in that each QD must be measured according to specific rules given in the DOD and service standards.  Consequently, this study was divided into two separate efforts.  The first task to describe each type of PES and ES according to definitions given in the standards, and  to summarize the rules for QD measurements to or from each one.  Part 2 of this report presents this information.


The second task was to develop the algorithms required for programming the desired plotting routines.  The algorithms are based on mathematical descriptions of the PES and ES boundaries as defined by the QD measurement rules given in Part 2.  In addition to plotting the PES, ES, and QD data, the algorithms also allow the automatic calculation of the minimum separation distance between any pair of PES or ES facilities plotted on the map.  This information is presented in Part 3 of this report.

PART 2

CURRENT GUIDELINES FOR MEASUREMENT

OF QUANTITY DISTANCES


The manuals containing the explosives safety regulations of the DOD, Army, Navy, and Air Force are quite lengthy documents.  Guidelines explaining how QD’s should be measured are given at various locations within the manuals - - sometimes keyed to the types of PES or ES, sometimes keyed to the type of hazard, and sometimes somewhere else.  For some of these guidelines, the versions given in the four different manuals are almost identical.  The wording is very similar for many others, and quite different for some.  A few guidelines are service-specific, and are not even mentioned in the other manuals.


The guidelines given here were taken from current (as of Feb 1999) editions of the following manuals:

U.S. Dept. of Defense -
DOD 60559 – STD, “DOD Ammunition and Explosives 


Safety Standards”,  Aug 1998 edition.


Army -
DA Pamphlet 385-64, “Ammunition and Explosives 


Safety Standards”,  Nov 1997 edition.


Navy -
NAVSEA OP 5 Vol. 1, “Ammunition and Explosives 


Ashore: Safety Regulations for Handling, Storage, 



Production, Renovation, and Shipping”,  March 1995 


edition (Sixth Revision).


Air Force -
AF Manual 91-201, “Explosives Safety Standards”, 







Jan 1998 edition


The guidelines and rules are listed below according to the PES and ES categories.  For each type of PES/ES, a general description is given to identify those items which are included in that category.  The description is followed by the measurement rule given in the manuals for that category.  In some cases, different service manuals use different wordings to express the same rule. The rule as given herein uses the wording that is most generally applicable, followed by brackets that identify the service manuals that contain the rule; e.g., [DOD, A, N] indicates that the rule is found in the current editions of the DOD, Army, and Navy manuals.


In some cases, more than one rule is given for a specific PES/ES category in order to clarify application of the QD measurement to different components of that category.  In other cases, the additional rules indicate variations between the different service manuals.

CURRENT GUIDELINES:
A. Measurements from Potential Explosive Sites (PES)

1.   Structures Containing Explosives.  This PES category includes magazines, 

      hardened aircraft shelters, and other explosives storage structures of any 
 
      construction, and buildings used for explosives 
manufacturing, processing, or 
      inspection and maintenance (intraline facilities).

Rule:  Measure QD distance to an ES along a straight line from the outside of the nearest wall of the structure or room containing explosives.  When a structure is subdivided to prevent mass detonation between compartments, measure from the outside of the wall of the compartment containing the greatest explosive hazard.  [DOD, A, N, AF].


2.   Open Storage of Explosives.  This PES category includes all open 



storage (i.e., not inside structures) of ammunition in piles or stacks, 



whether located in modules or revetments or not.

Rule:  Measurements are made from the pile or stack nearest the ES, and from the edge of that pile or face of that stack which faces in the direction of the ES.  [DOD, A, N, AF].


3.
Explosives on Railcars or Vehicles In The Open.  This PES category 

includes explosives-loaded railcars at any location on a rail track, spur, or 

railyard, and explosives-loaded vehicles on any road, parking area, or off-

road location.

Rule:  Measure distance from the railcar or vehicle nearest to the ES.  [DOD, A, N, AF].

4.   Explosives on Railcars or Vehicles in or Near Other Sites Containing Explosives.  This category includes explosives-loaded railcars and vehicles inside or near structures containing explosives, including loading docks and parking lots, or near open stacks of explosives.

Rule:  When railroad cars or motor vehicles containing ammunition and explosives are not separated from operating buildings, magazines, or open storage sites containing ammuintion and explosives so as to prevent mass detonation, the total quantity of explosives will be considered as a single unit.  The separation distance will be measured from the outside wall of the building railcar, vehicle, or edge of an open stack, as appropriate, to an ES.  If the explosives are separated into smaller units so that propagation of an explosion between the explosives in the railcars, motor vehicles, or other units will not occur, the separation distance will be measured from the nearest controlling unit, railcar, or vehicle to a target.  [DOD, A, N].


5.   Explosives on Railcars or Vehicles in Structures Not Containing  Other 
    
      Explosives.

Rule:  In protective shelters, measure from the outside wall of the shelter or stall containing the explosives-loaded vehicle.  [A only].



6.   Explosives on Aircraft, Large Missiles, Launchers, or Launch Pads.

Rule:  For loaded aircraft in the open, measure from the explosives on the aircraft.  [DOD, AF, N].

Rule:  For loaded aircraft in hardened aircraft shelters (or 
other protective shelters), measure from the external wall 
of the shelter. 

[A, AF].

Rule:  For large missiles, launchers, or launch pads, measure from the center of the missile, launcher, or launch pad.  [A, AF].



7.   Explosives on Ships.  This PES category covers ships, barges, tenders, 


      etc. at piers, docks, quays, etc., and anchorages.  Figure 1, from the DOD 


      and Navy manuals, illustrates the application of hazard distances 



      for PES locations at piers and anchorages.

Rule:  For ships or barges moored at piers, measure from the point on the ship or barge unit nearest to an ES.  The ship or barge unit includes the portion of the pier that has explosives staged for movement, the ship’s explosive cargo magazines, and any adjacent explosives-loaded barges not meeting the separation distance required to prevent propagation.  [DOD, N].

Rule:  For ships at an explosives anchorage, the measurement shall be made from the edge of the anchorage area nearest to the ES.  [DOD, N]

B. Measurements to Exposed Sites (ES).

1. Structures.  This ES category includes all inhabited buildings, uninhabited buildings, magazines and other structures containing explosives, aircraft shelters, water tanks, transmission towers, and other fixed structures.

Rule:  Measure to the external structure wall (or edge) nearest to the PES.  [DOD, A, AF, N].

2. Vehicles, Railcars, and Aircraft in the Open.
Rule:  Measure to the nearest point on a vehicle, railcar, or aircraft.  [DOD, A, AF, N].

3. Taxiways and Runways.

Rule:  For a taxiway, measure to the point on the taxiway nearest to the PES.  [DOD, A, N, AF].

Rule:  For a runway, measure to the point on the centerline of the runway that is nearest to the PES.  [DOD, A, N, AF].
4. Recreational Areas.
Rule:  Measure to the nearest edge of a golf course tee or green, and to the centerline of a fairway.  [DOD, A, AF].

Rule:  Measure to the nearest edge of other recreational facilities.  [DOD, A, AF].

C.
Other Measurement Rules.

Rule:  Measure all distances (on level terrain) in a straight line.  [DOD, A, N, AF].

Rule:  For large intervening topographical features, such as hills, measure over or around the feature, whichever is shorter.

[DOD, A, AF].

D.
Orientation Effects on Quantity Distances.

The rules given in the previous sections apply to most PES and ES, without regard to their orientations.  Explosive storages in earth-covered magazines (ECM’s) or underground magazines with tunnel entrances, however, represent exceptions, where the orientation of the magazine, either as a PES or an ES, must be considered in order to apply the correct QD.  This is due to the fact that both of these magazine types are structurally much stronger along their sides and rear than on their fronts, where they are accessed.  Although the QD values may change as a function of orientation, the procedures for distance measurements remain the same.


Figure 2, from the DOD, Army, and Air Force manuals, illustrates the effect of the orientations of ECM’s (as PES or ES) on intermagazine distances (IMD’s).  Figure 3, from the DOD manual, shows the effect of the orientation of an underground magazine entrance on all QD’s when the magazine is a PES.

PART 3

ALGORITHMS FOR MEASUREMENT AND

PLOTTING OF QD’S


The algorithms described here were developed for use with CADD and other automated plotting systems.  They are designed to automatically apply the QD rules given in the previous section for a number of purposes, including:

· Preparing site maps of installations containing PES and ES facilities

· Showing the coverage areas of the QD arcs for different types of PES

· Determining the proximity of ES’s to the QD areas of nearby PES’s

· Determining the explosive quantity limit for an existing or planned PES based on the 
locations of the nearest ES’s.

· Siting new PES at locations which allow the maximum explosive quantity in the PES

· Preparing explosives safety site plans for review by approval authorities


QD’s are usually measured to or from the boundaries of the PES or ES.  The large majority of PES and ES facilities have clearly-defined and visible boundaries.  These include, for example, storage buildings, office buildings, parking lots, public traffic routes, etc.  Their boundaries can easily be identified from existing site maps, from aerial photographs, or by a ground survey.  These PES and ES facilities are treated here as the “general” case, for which the same algorithms can be applied to the different types and adapted to the different rules that apply to each.


There are a few types of PES/ES facilities that are treated here as “special” cases.  The boundaries of these are not clearly evident, and must be established using other procedures.

THE GENERAL CASE


The basic boundary shape of a facility classed as a PES or ES is a rectangle.  Most above-ground magazines, for example are simple rectangular shapes, as are many office buildings, warehouses, residential structures, etc.  Variations in building shapes usually include wings attached to a basic rectangle to form “L”-shapes, “T”-shapes, “U”-shapes, “E” shapes, “H” shapes, etc.  In rare instances, the walls defining the boundary of a building may meet at an angle other than 90(, or may even be curved.  In addition, there may be small recesses or projections along the boundaries (e.g., for an HVAC unit).


All of these shapes can be described in either of two ways; by the x-y coordinates of each external and internal corner (in a consecutive order, so they can be connected by lines), or by the coordinates of one corner, and the bearings and lengths of each wall (again, in consecutive order).  The corners of a building (or other facility) are represented by points, and the walls between corners are represented by line segments.  Facilities whose boundaries are curved, such as a PTR or a rail track, could be represented by connected arc segments, each of which could be described by a radius from a point.  As will be shown later, however, it is much more convenient to simply approximate a curved boundary by a connected series of straight-line segments.


The plotting of PES and ES locations and boundaries is straightforward, given the input descriptions listed above.  It is also quite simple to plot a QD arc from the boundaries of a PES, using the QD formulas given in the safety standards and the measurements rules given in Part 2 of this report.  The difficulty lies in comparing the relative locations of a PES and an ES in order to determine, by a numerical system of logic, if the ES lies within the QD arc of a PES, and to calculate the distance between the point on the boundary of the PES that is closest to any point on the boundary of the ES.


A general algorithm was developed to do this.  The algorithm is a procedure that first computes the shortest distances between all corner points on the PES boundary to all line segments on the ES boundary.  Next, the process is reversed; i.e., the shortest distances between all points on the ES and all line segments on the PES are calculated.  The minimum value of these computed distances is the separation distance between the PES and the ES.  In the plotting routine, the separation distance can be compared to the QD of the PES, so all ES’s that lie within the QD arc of the PES can be automatically flagged.  For example, consider a PES and a nearby ES, both of which have simple, rectangular shapes, as shown in Figure 4a.  The line segments that describe the PES are defined by points (X1, Y1;  X2, Y2;  X3, Y3;  X4, Y4;  X1, Y1.  The line segments that describe the ES are defined by the points (X’1, Y’1;  X’2, Y’2; X’3, Y’3;  X’4, Y’4; X’1, Y’1).




The process of determining the minimum separation distance consists of finding the minimum distance between each of the points of the PES and the line segments of the ES.  In the example shown in Figure 4a, this is the distance between Point 3 of the PES and the ES line segment described by points (X’4, Y’4;  X’1, Y’1).  This process is repeated to determine the distance from each of the points of the ES to each the line segments of the PES.




The distance between a point on the boundary of one site and a line segment of the boundary of another site is computed by first finding the change in both the X and Y directions for the line segment (see Figure 4b).  If the change in X is not 0, then a slope for the line is found by dividing the change in Y by the change in X.  Using this slope and the coordinates of the line segment, the Y intercept is computed.  Next, if the slope is not 0, a perpendicular slope is computed by taking the negative inverse of the line slope.  If the change in X is 0, then the point of intersection (X1, Y1) would be the X of the line segment and the Y of the point being considered.  If the change in X is not 0 and the slope equals 0, then X1, Y1 would be the X of the point and the Y of the line segment.  Otherwise, a Y intercept is computed for the perpendicular line and X1 is set to (BP – B)/M – MP), where B and BP are the Y intercepts of the line segment and the perpendicular line, and M and MP are the slope of the line segment and the slope of the perpendicular line.  Y1 is set to M * X1 + B.




The point of intersection X1, Y1 is then compared to the range of the line segment.  If X1, Y1 falls within the range, then it is used for a distance computation, otherwise a distance is computed from each of the endpoints of the line segment to the point, and the least of the two is used for comparison purposes.


The programming algorithm is as follows:

PES sites are assigned a value of 1, and other sites are assigned a value of 2

For I=1 to 2 do


For J=1 to Number of Total Sites do



If Object J has a value of I then




For K =1 to Number of Points Comprising the Outline of Site J do






For L=1 to Number of Total Sites do






If Site L does not have a value of I then








For M=1 to Number of Line Segments Comprising the Outline of Site L do








Compute the distance of point K to Segment M








(Compute intersection of line from point K  to Segment M along a slope









perpendicular to the slope of  Segment M; if this new  point  falls on 









Segment M







then use it for the distance computation; otherwise use the end points of Segment 








M)









If distance<previous minimum for Site (J or L:  whichever is not PES) then 









Save this minimum distance









If distance<QD; flag Site (J or L:  whichever is not PES) as in danger








End if








End For








End If








End For






End For





End If



End For


End For


Figure 5 illustrates how this process is used to evaluate QD’s after incorporation in a plotting program.  The left drawing shows the locations, shapes, and orientations of the boundaries of PES and ES facilities on an installation.  The PES’s are shown in bold outlines.  The center drawing shows those ES’s (shaded) that fall within the QD’s of the PES’s.  the right drawing shows the alignments of the shortest distances between PES’s and nearby ES’s.  Note also that roads on the installation are included as ES’s.

SPECIAL CASES


There are several PES and ES types that are not easily evaluated by the method used for the general case.  These are addressed here as special cases.  The difficulty is due to the fact that the PES or ES boundaries are not clearly discernable from a site map or aerial photo, or because the PES/ES and its boundaries are transient in nature.  The following sections explain the basis behind the geometric treatment of each special case.


Golf Courses

Golf courses are mentioned under the ES category of “recreational areas” in Part 2.  The rule currently given in the explosive safety manuals states that QD’s should be measured to the nearest edge of a golf course tee or green, and to the centerline of a fairway.  Although there are wide variations and irregularities in their outlines, the tee’s and greens can essentially be approximated as circles.  The fairways are a series of one or more linked line segments between the centers of the tee and the green.

A golf course boundary is therefore defined as follows.  The Tee is a (more-or-less) circular area centered at Point T, with a radius Rt.  The Green is a circular area centered at point G, with a radius, RG.  

The centerline of the fairway extends from Point T to Point G, for a single segment, or from point T to A to Point G, for two segments, or from T to A to B to G, etc.  The change in direction of the fairway centerline at A is the angle (A, at B is (B, etc. 

The essential input is the x-y coordinates of the points T, A,  (plus B, C….) and G.  If 

the tee and green sizes are unknown, it is recommended that the default values RT = 10 ft. and 

RG = 50 ft. be used.


The programming algorithm for creating a point list for a golf hole is as follows:

NPTS=0

For I=0 to 90 do

     ANGLE=4*I

     NPTS=NPTS+1

     Y[NPTS]=SIN(ANGLE) * Rt + y coordinate of  point T

     X[NPTS]=COS(ANGLE) * Rt + x coordinate of point T

End For

For I=1 to Number of Intermediate Points do

      NPTS=NPTS+1

      Store Intermediate Points in X and Y arrays at NPTS
End For
For I=0 to 90 do

     ANGLE=4*I

     NPTS=NPTS+1

     Y[NPTS]=SIN(ANGLE) * Rg + y coordinate of  point G

     X[NPTS]=COS(ANGLE) * Rg + x coordinate of point G

End For

Earth-Covered Magazines (and Similar Obscured Structures).

Distances measured from earth-covered magazines (ECM) and earth-covered hardened aircraft shelters (HAS) must be measured from the interior walls of the facilities.  Since these structures are covered by earth, neither the internal nor external walls is visible.  The concrete headwall across the front of these facilities are clearly visible, however.


ECM’s and HAS’s on U.S. military bases are constructed according to several standard designs.  The internal dimensions can be taken from those designs.  The following numerical procedures can then be used to designate the internal corner points of an ECM, and the location, length, and orientation of each internal wall.


As illustrated in Figure 6, let L and W be the internal length and width of the ECM (from the design standard).  Let x1 y1 and x2 y2 designate the grid locations of the front corners of the concrete headwall, and T be the headwall thickness.  Since the interior room is centered behind the headwall, the coordinates of the front internal corners abutting the back of the headwall can be determined, and then the coordinates of the rear corners of the room.  The QD’s are measured from these corner points and the connecting walls in the same manner as for the General Case.  This approach can also be used for other facilities where QD’s must be measured to or from interior walls that are hidden.

Ships At a Pier.

When explosives are transported by truck, railcar, or aircraft, the QD’s are actually measured from the boundary of the area where the transport vehicle is parked.  When explosives are transported by ship, however, the QD’s are measured from the boundary of the ship itself, rather than the pier where the ship is docked.  Since ships of different sizes come and go at an explosives handling pier, the PES boundary from which QD’s are measured must be re-established for each ship.


The boundary of a ship is often defined (for QD purposes) as a rectangle whose length (L) and width (W) are those of the ship.  This procedure is recommended here, except with the ends of the rectangle rounded to more closely approximate the actual ship shape.  That is, the boundary consists of the long sides of a rectangle of width W and length (L - W), with a half-circle of radius W/2 attached at each end, as shown in Figure 7.  In some cases, the boundary of a “shipunit” may also include explosives stacks or vehicles containing explosives on the pier, or barges of explosives adjacent to the ship, as described in Para. A7 of Part 2.


The programming algorithm/pseudocode for creating a point list for a ship at a pier is as follows:

Compute the points for the circle approximating each end of the ship as described in the section Golf Courses and store the N coordinates in matrix P

MINP=1

For I=2 to N do

If P[I].y < P[MINP].y then MINP=I
End For

M=0

P[N+1]=P[MINP]

MINANG=0.0

Repeat

M=M+1

 
T=P[M]


P[M]=P[MINP]

        
P[MINP]=T

MINP=N+1


V=MINANG

MINANG=360.0


For I=M+1 to N+1 do



If Theta(P[M],P[I]) > V then




If Theta(P[M],P[I]) < MINANG then





Begin






MINP=I





MINANG=Theta(P[M],P[MINP])





End


End For

Until MINP==N+1

/* The Points necessary to define the edge of the Anchorage Area are now stored in P[1] through P[M] */


The programming algorithm/pseudocode for the Theta routine is as follows:

/* P1 and P2 are both points */

DX=P2.x – P1.x

AX=Abs(DX)

DY=P2.y – P1.y

AY=Abs(DY)

If  DX==0 and DY==0 then


T=0

Else


T=DY/(AX+AY)

If DX<0 then


T=2-T
Else


If DY<0 then T=4+T
Theta=T*90.0

Ships at Anchor.

An explosives-laden ship at anchor is also a transient PES, like a ship at a pier.  In this case, however, the ship’s location is not fixed, since it is free to rotate around its anchor point.  The PES boundary of the ship unit therefore encompass all locations to which the ship may drift.  It also includes the areas that might be occupied by lighters or barges that are tied up to the ship for loading or off-loading of explosives.


Figure 8 illustrates how the boundary of a ship unit at an anchorage is defined.  The x-y coordinates of the ship’s anchor, or other fixed mooring point, must be identified.  The PES boundary is simply a circle centered on the anchor/mooring point, with a radius equal to the extended length of the mooring chain, plus the full length of the ship beyond the chain attachment point at the bow, plus the distance to which any lighters alongside the ship extend beyond the ship’s stern.


The programming algorithm/pseudocode for creating a point list for a ship at anchor is as follows:

NPTS=0

For I=0 to 90 do

     ANGLE=4*I

     NPTS=NPTS+1

     Y[NPTS]=SIN(ANGLE) * Radius + y coordinate of  anchor/mooring point

     X[NPTS]=COS(ANGLE) * Radius + x coordinate of anchor/mooring point

End For

Anchorage Areas.


Explosives anchorage areas may contain multiple ship units.  The boundary desired for QD measurements is the minimum perimeter of an area containing all of the ship units in the anchorage at a given time.  This boundary is mathematically defined as follows:


Figure 9 shows an anchorage with multiple ship units, anchored at mooring points A, B, C, etc., whose locations are identified by XA, YA;   XB, YB; etc.  The radius of the boundary for each ship unit (RA,  RB,  RC,  etc.) is calculated as in the previous example.  The anchorage boundary is defined as a polygon with corners rounded to follow the boundaries of the outermost ship units.


The programming algorithm/pseudocode for creating a point list for an anchorage area is as follows:

Compute the points for each individual anchorage as described in the section Ships at Anchor and store the N coordinates in matrix P

MINP=1

For I=2 to N do

If P[I].y < P[MINP].y then MINP=I
End For

M=0

P[N+1]=P[MINP]

MINANG=0.0

Repeat

M=M+1

 
T=P[M]


P[M]=P[MINP]

        
P[MINP]=T

MINP=N+1


V=MINANG

MINANG=360.0


For I=M+1 to N+1 do



If Theta(P[M],P[I]) > V then




If Theta(P[M],P[I]) < MINANG then





Begin






MINP=I





MINANG=Theta(P[M],P[MINP])





End


End For

Until MINP==N+1

/* The Points necessary to define the edge of the Anchorage Area are now stored in P[1] through P[M] */


The programming algorithm/pseudocode for the Theta routine is as follows:

/* P1 and P2 are both points */

DX=P2.x – P1.x

AX=Abs(DX)

DY=P2.y – P1.y

AY=Abs(DY)

If  DX==0 and DY==0 then


T=0

Else


T=DY/(AX+AY)

If DX<0 then


T=2-T
Else


If DY<0 then T=4+T
Theta=T*90.0
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