The following is a brief description of the Automated RADAR Plotting Aid (ARPA) built by Raytheon and found aboard the Woods Hole Oceanographic Institute (WHOI) vessel known as the Knorr.  Also included is a sample MATLAB code that reads the ARPA output files.  No support is given for the software.

1.0  DATA DESCRIPTION

The Automated RADAR Plotting Aid (ARPA) is a ship-board RADAR system found aboard the R/V Knorr.  While the ARPA system has a built-in plotting and tracking capability for real-time data, it is believed that the system cannot plot data after the fact.  The current interest in ARPA lies in the ability to plot and track post test data.

A MATLAB program has been written which reads an ARPA output file.  While little information is available which describes the ARPA data type, it is believed that the data has the following structure:

· General Information (vessel name, watch officer, log start time and date, time interval between logs)

· Successive logs separated by dashed lines.

Each of the individual logs contain the time in UTC, the scale in nautical miles at which the RADAR is set to monitor, the position of OWNSHIP in latitude and longitude, along with speed and bearing:

     -------------------------------------------------------------------

    TIME:  19:22:48Z    RANGE SCALE: 12.00 NM

    OWN SHIP: 179.67  deg                      N  40:57.50    GPS

               12.47  kts                      W  70:37.07    LAST FIX 19:22:48Z

    TGT ID    STATUS  RNG(nm)  BRG(deg)  SPD(kts)  CSE(deg)  CPA(nm)  TCPA(min)

       5  2           10.031    247.60     009.2       143      3.4        75

       6  C           10.028    319.96     009.2       132     10.0        -3

       7  1            6.217    189.14     008.7       131      3.6        32

     -------------------------------------------------------------------

Note that in the above example, the number of blank lines between successive lines of text is greater in an actual ARPA output file.  Following the description of OWNSHIP each of the TARGET descriptions are listed.  The targets have a bearing (now known to be an absolute bearing; see reference [2]), range, and speed associated with them, along with three other parameters unknown to myself at the moment:  CSE(deg), CPA(nm), TCPA(min).  Also, available through the ARPA output file is the target identification number associated with a specific detection.  This number is assumed to be the tracking number given to a target internally by ARPA.  As to the documentation of these identification numbers, there is no information available.  Kevin J. Fleagle [1] has attempted to determine as much as possible about the ARPA system, and suggests that a possible source of information is the Raytheon Company.  It is hoped that more information will be available in the future.  For the present, the target ID number is not understood, and is not incorporated into the MATLAB read code.

2.0  DOCUMENTATION OF CODE

The purpose of this section is to document the MATLAB routine that reads the ARPA output file.  The name of the function to read the data is read_ARPA.m.  The calling sequence is given by

[ARPA,OWNSHIP,TARGET]= read_ARPA(pname,fname,A),

where pname and fname are the pathname and filename of the ARPA file; variable A is a number which determines the format of target position (A=0 causes the target position to be expressed as range and bearing relative to OWNSHIP position, A=1 expresses the target position as latitude and longitude); ARPA is a MATLAB structure containing general information about the ARPA system such as log start time and date, source of positioning system (such as GPS), and times of each data log.  OWNSHIP and TARGET are also MATLAB structures, and describe the position and speed of the user’s ship and detected ships.  The code is included as Appendix A.

Plots made with data from 7-9 November 2001 are shown in Figures 1-3, and illustrate the ability to distinguish targets without the target identification numbers.  A disclaimer should be made about the figures and read_ARPA.m in regards to the target bearing in the ARPA files.  The code assumes that the TARGET bearing is relative to the OWNSHIP bearing.  This is not the case, however, as evidenced by the email from Captain Colburn to Mike Brennan:  “The bearing to the target is a true bearing, not a relative bearing from the ships heading.”  Because the email was recently received the program has not been corrected.  The email is included as Appendix B.  In order to use the code without error, it is suggested that the user correct the code in the following manner.  At the end of the code, there are a series of lines which convert target position from bearing and range to latitude and longitude.  Remove these lines and in their stead place the correct conversion from range and bearing to latitude and longitude.
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FIGURE 1:  Plot of 07 November 2001 ARPA Output Data, Post Analyzed

[image: image2.png]Latitude

Surface Ship Contacts, 08 November 2001

40.7

406

405+

404

IS

I

w
T

40.21

401+

40+

T T
start time=00:04:42Z
end time=00:03:27Z

T
—— Ownship Track
+ Surface Ship Detection

39.9
-1

-7 -70.9

-70.8 -70.7 -706  -705 -704  -703 -70.2

Longitude
ARPA Shipboard Radar System

-70.1




FIGURE 2:  Plot of 08 November 2001 ARPA Output Data, Post Analyzed
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FIGURE 3:  Plot of 09 November 2001 ARPA Output Data, Post Analyzed

3.0  SUMMARY

The Automated RADAR Plotting Aid (ARPA) is a real-time system aboard the research vessel Knorr designed to plot and track surface ships.  The system has been studied in order to provide a post-test examination of surface vessels.  While documented information about the ARPA output file is unavailable, a MATLAB program has been written to read the ARPA files.  The user is advised to correct the program as it contains an error when determining the latitude and longitude of the target.

4.0  REFERENCE(S)

[1] Mike Brennan, Woods Hole Oceanographic Institute, “ARPA Radar System,” 18 January 2002, Email describing the captain of the Knorr’s response to query about absolute or relative bearing.  See Appendix B.

[2] K.J. Fleagle, JHU/APL, “R/V Knorr Automated Radar Plotting Aid (ARPA) Information,” STE-01-149, 12 November 2001.

APPENDIX A:  Code to Read ARPA Output File.

function [ARPA,OWNSHIP,TARGET]= read_ARPA(pname,fname,A);

%

%  The purpose of this routine is to read the ARPA (Automated Radar Plotting Aid) data files

%  given to Christian Buckingham by Jeff Smart on December 3, 2001.

%  There is a memo that describes the Automated Radar Plotting Aid (ARPA)

%  system by Kevin Fleagle (STE-01-149).  No description of the data, though.

%

%  INPUT(S):

%           pname       directory of file with backslash, i.e., pname='C:\DATA\RADAR\';

%           fname       filename, e.g., fname='1951116.CAP';

%           A             choice of output of TARGET

%                           A==0 means relative range & bearing, relative to OWNSHIP

%                           A==1 means target position desired in absolute latitude and longitude

%                                                                      

%

%  OUTPUT(S):

%           ARPA            system information, example of ARPA structure follows

% ARPA = 

% 

%       logstarttime: '00:54:00Z'

%       logstartdate: '7NOV01'

%               time: {1x5239 cell}

%              scale: [1x5239 double]

%         scaleunits: {1x5239 cell}

%       bearingunits: 'deg'

%            bearing: [1x5239 double]

%               lats: [1x5239 double]

%     latslonssource: 'GPS'

%         speedunits: 'kts'

%              speed: [1x5239 double]

%               lons: [1x5239 double]

%         flagtarget: [1x5234 double]   %note that flagtarget tells us when a target

%                                                    %was found.  If target present, flagtarget=1.

%                                                     %otherwise, flagtarget=0.

%           warnings: {1x26 cell}

%           OWNSHIP         ownship information, has redundant information because

%                                   of need to match the length of TARGET.bearing and

%                                   TARGET.range, etc.

%           TARGET           target information, namely, range and bearing relative to 

%                                   ownship, latitude and longitude, speed relative to ownship.

%

%  Christian E. Buckingham

%  December 2001

%clear ARPA, OWNSHIP, TARGET

%pname='C:\DATA\RADAR\';

%fname='1951116_edit.CAP';

%fname='1904117.CAP';

%fname='1914118.CAP';

tic

fid=fopen(strcat(pname,fname),'r');

iii=0; %entry number

jjj=0; %target number

kkk=0;

newentry=0;

%  Look for keywords.

while 1>0

    tline=fgetl(fid);

    if ~ischar(tline), break, end

if (newentry==0)    

    dum=findstr(tline,'VESSEL NAME:');

    if (~isempty(dum))

        toks=strtok_apl(tline,' ');

        if (length(toks)>2); ARPA.vesselname=toks{3:end};  end

    end

    dum=findstr(tline,'WATCH OFFICER:');

    if (~isempty(dum))

        toks=strtok_apl(tline,' ');

         if (length(toks)>2); ARPA.watchofficer=toks{3};  end

    end

    dum=findstr(tline,'LOG START TIME:');

    if (~isempty(dum))

        toks=strtok_apl(tline,' ');

         if (length(toks)>3)

             ARPA.logstarttime=toks{4};

             ARPA.logstartdate=strcat(toks{5:7});

         end

    end

    %  Look for new sequence, represented by dashed lines.

    dum=findstr(tline,'-----------');

    if (~isempty(dum))

        newentry=1;

        iii=iii+1;

    else

        newentry=0;

    end

else % (newentry==1)

while 1>0

    tline=fgetl(fid);

    if ~ischar(tline), break, end

    %  Read time.

    %  Read range scale.

    dum=findstr(tline,'TIME:');

    if (~isempty(dum))

        toks=strtok_apl(tline,' ');

        ARPA.time{iii}=toks{2};

        ARPA.scale(iii)=str2num(toks{5});

        ARPA.scaleunits{iii}=toks{6};

    end

    %  Read off ownship coordinates:  latitude and longitude.

    dum=findstr(tline,'OWN SHIP:');

    if (~isempty(dum))

        toks=strtok_apl(tline,' ');

        if (iii==1)

            ARPA.bearingunits=toks{4};

        end

        ARPA.bearing(iii)=str2num(toks{3});

        dum1=str2num(toks{6}(1:2));

        dum2=str2num(toks{6}(end-4:end))/60;

        dum=dum1+dum2;

        if (toks{5}=='S'); dum=-dum; end

        ARPA.lats(iii)=dum;

        ARPA.latslonssource=toks{7};

        tline=fgetl(fid); if ~ischar(tline), break, end

        tline=fgetl(fid); if ~ischar(tline), break, end

        toks=strtok_apl(tline,' ');

        if (iii==1)

            ARPA.speedunits=toks{2};

        end

        ARPA.speed(iii)=str2num(toks{1});

        if (length(toks{4})>8)  %then the longitude degrees is greater than two digits long.

            dum1=str2num(toks{4}(1:3));

        else

            dum1=str2num(toks{4}(1:2));

        end

        dum2=str2num(toks{4}(end-4:end))/60;

        dum=dum1+dum2;

        if (toks{3}=='W'); dum=-dum; end

        ARPA.lons(iii)=dum;

    end

     %  Read off target coordinates:  latitude and longitude.

    dum=findstr(tline,'TGT ID');

    if (~isempty(dum))

        if (jjj==0) %only need to do once.

            toks=strtok_apl(tline,' ');

            TARGET.rangeunits=toks{4}(5:6);

            TARGET.bearingunits=toks{5}(5:7);

            TARGET.speedunits=toks{6}(5:7);

            OWNSHIP.bearingunits=ARPA.bearingunits;

            OWNSHIP.speedunits=ARPA.speedunits;

        end

        for i=1:100 %assume less than 100 targets on screen

            tline=fgetl(fid);

            if ~ischar(tline), break, end

            dum=findstr(tline,'-----------');

            if (~isempty(dum)), break, end

            if ~isempty(tline)

                ARPA.flagtarget(iii)=1; %zeros are automatically put in where not one.

                dum=findstr(tline,'WARNINGS:');

                if (~isempty(dum)),

                    kkk=kkk+1;

                    ARPA.warnings{kkk}=tline;

                    break

                end

                toks=strtok_apl(tline,' ');

                jjj=jjj+1;

                TARGET.time{jjj}=ARPA.time{iii};

                OWNSHIP.time{jjj}=ARPA.time{iii};

                OWNSHIP.lats(jjj)=ARPA.lats(iii);

                OWNSHIP.lons(jjj)=ARPA.lons(iii);

                OWNSHIP.bearing(jjj)=ARPA.bearing(iii);

                OWNSHIP.speed(jjj)=ARPA.speed(iii);

                if (length(toks)==8)    %target id num included.

                    TARGET.range(jjj)=str2num(toks{3});

                    TARGET.bearing(jjj)=str2num(toks{4});

                    TARGET.speed(jjj)=str2num(toks{5});

                else

                    TARGET.range(jjj)=str2num(toks{2});

                    TARGET.bearing(jjj)=str2num(toks{3});

                    TARGET.speed(jjj)=str2num(toks{4});

                end

            end

        end %for

    end %TGD ID

    %  If end of entry.  Represents beginning of new entry, newentry=1.

    dum=findstr(tline,'-----------');

        if (~isempty(dum))

            newentry=1;

            iii=iii+1;

        end

end%while1>0

end%newentry==1

end%while1>0

fclose(fid);

if (A==1)

    %  Find absolute bearing.

     %ind=find(ARPA.flagtarget==1);

     dum=TARGET.bearing+OWNSHIP.bearing;

     brng=mod(dum,360);

     %  Define range (assume nautical miles).

     rng=TARGET.range;

     %  Convert range and bearing to latitude and longitude.

     latref=OWNSHIP.lats;

     lonref=OWNSHIP.lons;

     [lats,lons]=rngbrng2latlon(rng,brng,latref,lonref); %This program assumes a flat Earth.

     TARGET.lats=lats;

     TARGET.lons=lons;

 end

 toc

APPENDIX B:  Captain Colburn’s Response Regarding Target Bearing.

Mike Brennan, Woods Hole Oceanographic Institute, “ARPA Radar System,” Fri 18 January 2002, Email describing the captain of the Knorr’s response to query about absolute or relative bearing.  See Appendix B.

Christian

I forwarded you e-mail to Capt. Colburn some time back while he was on

vacation. You probably already have you answer but his comment is below.

Mike Brennan

***************************************************

Mike, sorry for the long delay.

The bearing to the target is a true bearing, not a relative bearing from

the ships heading.

Regards,

AD

******************************************************************************

* Captain A.D. Colburn                      email:master@knorr.whoi.edu*

* R/V Knorr                                InmarsatVoice:011(874)150-1513*

* Woods Hole Oceanographic Institution      InmarsatFax: 011(874)150-7756*

* Woods Hole, Ma. 02543                     Vessel Call Sign: KCEJ*

******************************************************************************

On Fri, 4 Jan 2002, Mike Brennan wrote:

> Date: Fri, 04 Jan 2002 13:50:25 -0500

> From: Mike Brennan <mbrennan@whoi.edu>

> To: Master Knorr <Master@knorr.whoi.edu>

> Subject: [Fwd: ARPA Radar System]

>

> A.D.

>

> Did you ever have a chance to respond to this e-mail. I had fowarded to

> you at home.

>

> Mike

