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Abstract

Theintegrationof a RelationalDatabaseandAutomaticTargetRecogni-
tion (ATR) systemsis presented.Theability to selectidealtargetreferences
from a comprehensive relationaldatabasefor the creationof filters will en-
hancetheability of anATR systemto detectandclassifytargets.Theprocess
of identificationandclassificationof targetsto beutilized in thecreationof
filters,designandimplementationof therelationaldatabase,constructionof
tools to populatethe databasethroughextractionof currentreferences,and
creationof examplecodeillustrating the ability to integrateexisting ATR
systemswith thedesigneddatabasearepresentedanddiscussed.

1 Introduction

AutomaticTarget Recognition(ATR) systemsdetectandidentify targetsthrough
patternmatchingtechniques,suchas space-invariant transforms[1]/circular har-
monic functions[2] or syntheticdiscriminantfunctions[3] (generalizationsof ma-
tchedspatialfilters[4]). ATR enablessuchtasksastarget acquisitionfor missile
guidancesystems,matchingfingerprintsor retinascanswith their respective own-
ers,androboticdelivery of itemsorderedin a restaurantto customers.

However, a commonproblemwith ATR systemshasto do with filters being
createdthroughmanualselectionof files andspecificreferencestherein.Not only
is this methodtime consuming,but moreimportantly, often leadsto poorly opti-
mizedfilters with regardto thefact thatmoreideal referencesexist elsewherefor
this targetinginstance.Thegoalof this projectis to developa systemcapableof
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Figure1: Screenshotfrom cfl_gt2, themainprogramusedfor ground-truthing.

giving an ATR systemaccessto a muchmorecomprehensive selectionof refer-
ences,selectedaccordingto variousparametersdeterminedby the ATR system,
yielding anincreasein ability to locateandidentify targets.

This implementationis centeredaroundtherequirementsof targetacquisition
for the ImageandSignalProcessingDirective of FutureMissile TechnologyIni-
tiative (FMTI), allowing the ATR systemto query the databaseto requesttarget
referencesmeetingany conditionspresentin thedatabase(suchasdistancefrom
target,elevation,etc.)

2 Ground-truthing Image Sequences

Ground-truthingis theprocessof manuallyanalyzingsequencesof recordeddata
andidentifying target types,specifyingtarget signatureoutlines,andpinpointing
consistentaimpointsfor eachtarget.This informationis thebasisof thefiltersused
for acquisitionby ATR systems.Thefirst stepto betakenhadto beground-truthing
(a screenshotof which canbe foundon page2, Figure2), so that therewould be
datafrom which programscould extract, and to serve asreferencesfrom which
filters couldbecreated.
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3 Designing the Database

To serve as the databaseserver, threesystemswere considered:Oracle1, Post-
greSQL2, andMySQL3. I evaluatedeachwith regardto portability, speed,available
languagebindings,andmaturity.

Oracleis known for its ability to handledatabasesof enormoussize,certainly
much more gracefully than the other possibilitiesand is a very matureproduct.
However, it is only availableon aselectfew platformsandthesupportedlanguage
bindingsnumberfew, ruling it outfor thecurrenttime. PostgreSQLwasconsidered
next, andwasalsoaverymatureproduct(with its beginningin Berkeley in themid-
eighties).PostgreSQL,primarily becauseof it beingopensource,is veryportable,
andhasa wide arrayof languagebindings.It is alsooneof thevery few Relation
DatabaseManagementSystems(RDBMSs) offering an Object-Relationalinter-
face,enablingmany new possibilitiesin theareaof tablesandrelations.However,
PostgreSQLstill hasawayto comein speedandwasthusnotanidealchoice.Next
wasconsideredMySQL, aderivative of mSQL.Also opensource,this RDBMS is
very portable,hasa wide arrayof languagebindings,is a fairly matureproduct,
andhasshown itself to beextremelyfast. Thus,MySQL wasselectedto serve as
thedatabasebackendfor thisproject.

In order for this databaseto meet the needsof the Imageand Signal Pro-
cessingDirective I consultedthosewho worked on the gt2 format and created
filters from ground-trutheddataonvariousaspectsof theinformationto bestored,
as well as personallyanalyzingcodewhich handlesthis data. After this work
the planning of the layout for the databasewas began. For this project there
would be many differing classesof targets (and types of targets, and variants
of types, and finally specificsof variants),so a table (Table 1; Appendix C.1,
Page26) holdinggenericinformationfor eachspecificwasdesigned.A tablefor
eachtarget id (which is the referencestring uniqueto eachtarget, in the format
“class_type_variant_specific” ) wasconstructedto facilitatethe large num-
berof referencesto bestoredin this database.(Table2; AppendixC.3, Page26)
Becauseof spacelimitations thedatabasestorespathsandfilenames(indexed by
a uniqueid) in a separatetable(Table3; AppendixC.2, Page26), letting the fil-
ter generatorretrieve the imagesequencefrom the indicatedlocationratherthan
queryingthedatabasefor theactualimage(thoughtheinfrastructurefor thispossi-
bility hasbeendesigned(Table4; AppendixC.4,Page27)). Relationshipsamong
thesetablesareshown in Table5.

1http://www.oracle.com
2http://www.postgresql.org
3http://www.mysql.com
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Table1: Targettableproperties

FIELD TYPE USE

id unsigned integer, not null,
auto incremented, primary
key

used as a reference and
uniqueidentifier

name variablelengthcharacter storesnameof target
class unsignedinteger class(tank,apc,et)
type unsignedinteger typeof class(T72,BMP)
variant unsignedinteger variantof type
specific unsignedinteger specificof variant
priority unsignedinteger priority of target(for allocat-

ing resources)

Table2: Frametableproperties

FIELD TYPE USE

id unsignedinteger, not null,
autoincremented,primary
key

used as a reference and
uniqueidentifier

time_record HHMMSS time at which the sequence
wasrecorded

time_gt YYYYMMDDHHMMSS dateand time referencewas
first ground-truthed

time_modified YYYYMMDDHHMMSS dateandtime of lastmodifi-
cation

aspect floatingdoubleprecision aspectof target with regard
to camera

depression floatingdoubleprecision angleof depression
sequence_id unsignedinteger reference to sequence_-

location.id
findex unsignedinteger index number found in gt2

format
frame unsignedinteger framenumber
aim_x unsignedinteger X coordinateaimpoint
aim_y unsignedinteger Y coordinateaimpoint
ul_x unsignedinteger upper left X coordinatefor

patch
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Table2: Frametableproperties(continued)

FIELD TYPE USE

ul_y unsignedinteger upper left Y coordinatefor
patch

range unsignedinteger rangeto target(in meters)
patch_min floatingdoubleprecision minimum pixel value of all

patchpixels
patch_max floatingdoubleprecision maximumpixel value of all

patchpixels
patch_mean floatingdoubleprecision meanpixel valueof all patch

pixels
b_mean floatingdoubleprecision mean background pixel

value
patch_edge_-
offset_top

integer for use in cad overlay (for
creating now-rectangular
patches)

patch_edge_-
offset_-
bottom

integer for usein cadoverlay

patch_edge_-
offset_left

integer for usein cadoverlay

patch_edge_-
offset_right

integer for usein cadoverlay

scm floatingdoubleprecision signalto clusterratio

Table3: Sequencelocationtableproperties

FIELD TYPE USE

id unsignedinteger, not null,
autoincremented,primary
key

used as a reference and
uniqueidentifier

file text filenameandpathof file lo-
cation

bytes_pixel unsignedinteger bytesperpixel for sequence
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Table4: Imagetableproperties

FIELD TYPE USE

id unsignedinteger, not null,
autoincremented,primary
key

used as a reference and
uniqueidentifier

frame_table variablelengthcharacter to which tabletheframe_id
belongs

frame_id unsignedinteger to which framewe belong

Table5: Tablerelationships

target.id (one) � frame_t_<id> (many)
sequence_location.id (one) � frame_t_<id> (many)
image.id (one) � frame_t_<id> (many)
image.frame_table and
image.frame_id (one)

� frame_t_<id>.id (one)

4 Communication with the Database

To demonstrateinterfacingcodewritten in C with theMySQL database,anexam-
pleprogramwaswrittenillustratingtheability to connectto thedatabaseserver, se-
lectdatabases,performselectandinsertqueries,loopthroughtheresultsof queries,
freequerymemory, etc. Thesourceto this programcanbe found in AppendixA
(Page10).

This programis composedof threemain functions:main() which initializes
theconnectionandcallstheothertwo functionstoperformqueries,select_funct-
(), whichperformsaquerypassedto it via anargumentandthenreturnsdata,and
update_funct(), which performsdata-modifyingqueries(suchas updates,in-
serts,or dropping).

Theprogrambeginsby callingmysql_connect()with themysql, host, user,
andpassword arguments.If host is null it is assumedto be localhost,if user is
null it is assumedto be thecurrentuser, andif password is null assumeno pass-
word. Theninformationon theconnectiontype,id of theconnectioninstance,and
versionof theserveraregiven(showing thatwearetruly connected).Thedatabase
onwhichwewill beoperatingis thenselectedusingthemysql_select_db() call.
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Oncethishasbeenaccomplished,main() callsselect_funct() with aqueryask-
ing for theid, name, andother_info fieldsfromtheepoch table.select_funct()
thensubmitsthequeryandstoresits results.mysql_num_fields() is thencalled
for usein the loop which cyclesthroughthe rows of datareturned. A for state-
mentthenloopsthrougheachcolumn,retrieving andprinting cellsof data.Once
this processhascompleted,mysql_free_result() is calledto free thememory
usedby themysql_store_result() call holding the returneddataof thequery.
Assumingthis query function finisheswithout running into a catastrophicerror,
control is returnedto main() which then calls update_funct() with an insert
query. update_funct() submitsthequery, obtainsthe numberof rows affected
throughmysql_affected_rows(), andexits. Anotherselectquery is thenper-
formedto verify thata new recordhasbeeninserted,andfinally a deletequeryis
sentdeletingtherow whichwasinserted.

5 Loading Gt2 File Formatted Data

Now that thedatabasehadbeendesigned,a tool neededto be written capableof
parsingfiles in thegt2 formatandloadingthisground-truthedinformationinto the
databaseandappropriatetables.For thisprojectthelanguagePython4 wasselected
for its simplesyntax,elegantandcleansemantics,powerful methodsof conveying
ideas,exceptionhandling,dynamictyping andbinding,orthogonalstructure,sta-
bility, portability, andextensibility andflexibility. Thesourceto this programcan
befoundin AppendixB (Page16).

Theprogrambeginswith theget_files() function,checkingto seewhether
theprogramis amodulebeingcalledfrom anotherprogramor from thecommand
line. If it wascalledfrom thecommandline thesystemargumentsarecheckedand
input andoutputfiles arestored.Theprocess_file() function is called,which
storesthe output of get_known_targets() into the variableknown_targets.
get_known_targets() works by connectingto the database,storing the query
(queryingfor class,type,variant,andspecificfrom thetabletarget),andreturning
the outputfrom the query. Oncethis list hasbeenreturned“gt2import.py” steps
throughthecurrentinput file line by line (therebyallowing files of extremelength
to beprocessed).

Upon encounteringthe first line the bytesper pixel valueis found by calling
get_bytes_pixel(), which opensthe file againandsearchesfor the first refer-
ence,thenparsingit andextractingits bytesperpixel value.Thenthesequencelo-
cationis storedandload_sequence_id(bytes_pixel) is called,whichconnects
to thedatabase,checksto makesurethissequencehasnotalreadybeenenteredinto

4http://www.python.org
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thedatabase,andinsertstheneededinformationinto thesequence_location ta-
ble (AppendixC.2) if this is a new sequencelocation. Control is handedbackto
process_file() andthetimeat which thissequencewasrecordedis stored.

The secondline of the gt2 format containsthe numberof targetsin the file,
sothis valueis storedasnumber_targets for lateruse.Startingon line threethe
numberof referencesfor eachtarget is stored,sonumber_targets linesareread
and parsedfor the numberof referencesfor eachtarget. Thesevaluesare then
storedin adictionaryfor usein parsingthemainsectionsof this file.

In linesfour throughfour plusnumber_targets targetspecificinformationis
stored. “gt2import.py” iteratesthroughnumber_targets, readingeachline and
storingthevaluescontainedon that line in a list which is thentransformedinto a
dictionary. A consistency checkis alsodone(throughcheck_consistency()) to
helpensurethefile format is valid. In thegt2 format,priority levelsarestoredas
words(“PRIMARY,” “SECONDARY,” . . . ) but thedesigneddatabaseusesnumer-
alsto sortpriority, sothis valueis converted.Theclass,type,variant,andspecific
valuesarethenstoredasastringinto thelist target_ids, to enablechecking.The
currenttargetcodeis checkedagainstthelist to which wasjust addedandif there
is no match“gt2import.py” proceedsandqueriesthedatabaseto seeif this target
is enteredor not. If not, all neededtarget informationis storedinto thedatabase
throughanINSERT query, if thetarget is alreadypresent,thisprocessis skipped.

Wehavenow enteredthe“main” sectionof thegt2file, wherereferencedatais
stored.“gt2import.py” iteratesthroughlist_targets, checkingto seewhetherit
shouldappendor overwriteeachtime. Thetemporaryoutputfile is opened,how-
evermany lineswereindicatedearlierareread,checkedfor consistency, andstored
in adictionary. Theoutputis thenformattedasatabdelimitedfile andwrittento the
outputfile. After this if EOFis encountered“gt2import.py” breaks,elseit contin-
uesto thenext line. Oncethecurrenttarget’s referenceshavebeenreadandwritten,
theoutputfile is closed,currentdirectoryis stored,andtheload_frame_rows()
call is made,loadingtheoutputdatainto thedatabase(theLOAD commandis sig-
nificantly fasterthaninsertingrows individually). Oncethedatais loadedthetem-
poraryoutputfile is erasedandthenext target is processed.

6 Results

Theutility “gtimport.py” successfullyconvertsdatacurrentlyin thegt2 formatfor
usein the designeddatabase,allowing all ground-trutheddatato be loadedinto
this database.Communicationwith an externaldatabasewithin C wasproven to
be relatively easy, asdemonstratedby mysql_example.c(AppendixA). Finally,
newly ground-truthedsequenceswereeasilyadded.
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7 Conclusions

This project hasshown that integration a relationaldatabasewith ATR systems
is possible,thatcurrentroutinescanbemademoreflexible throughtheability to
abstractexisting tools from file formats,andthatdatabaseintegrationcanprovide
moreaccuratefilterstherebyimproving ATR Systems’ability to detectandidentify
targets.

8 Areas for Further Study

Thetwo primaryareasof studyto follow up on this researchdealwith extending
currentATR Systemsto accessthedesigneddatabaseusingtheexamplecommu-
nicationcodeandextending“gt2import.py” to parseawider arrayof formats.
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A mysql_example.c

/*
* This codeshowshow one would connectto a MySQLdatabase, do select
* statments,parse the output generated by thesestatments,insert new
* information into the database, and drop information that may no longer be
* needed.
*
* Originally written in 1999 by Chris Frost ( � chris at frostnet.advicom.net� )
* under the Scienceand EngineeringApprenticeshipProgram.
*
* $Id: mysqlexample.c,v 1.4 1999/07/2920:43:38 frost Stab$ 10
*/

#include � stdio.h �
#include � mysql.h �
#include � errmsg.h �

/* Define ’DEBUG’ for someverboseoutput */
/* #defineDEBUG */

int select funct(MYSQL mysql, constchar *query) 20
{

/*———————————————-*
* Let’s do somedefining for the neededvalues*
*———————————————-*/

int query result; /* Value returnedby mysqlquery */
MYSQL RES query out, *query out ptr; /* Output from query */
int query out rows, *query out rows ptr;
int i; /* For loop to display contentsof num query columns[] */
unsigned int num query columns;
unsigned int num rows affected; 30
MYSQL ROW row;
/* Lengthof a returnedfield. we haveno idea how long it is, but 100
* soundslike it may work (hmm,this isn’t ugly) */

/* Samplecodesimply stored this value into an unreferencedpointer */
unsigned int lengths[100], *lengthsptr;

/* Associatepointers */
query out rows ptr = &query out rows;
query out ptr = &query out;
lengthsptr = lengths; 40

/* Perform the query on the database, usemysql real query if there
* might be binary data returned(mysqlquery interprets ’ � 0’ as the
* end of the query string). Also, mysql real query is faster
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* since it doesnot call ’strlen()’ on the query string. */
if (query result = mysql query(&mysql, query))
{

fprintf(stderr, "ERROR running query:\n%s\n\n",
mysql error(&mysql)); 50

return (EOF);
}
else
{

#ifdef DEBUG
printf("Debug: query sent to database.\n");
#endif

}

/* Store query results*/ 60
if (!(query out ptr = mysql store result(&mysql)))
{

fprintf(stderr, "ERROR getting query results:\n%s\n\n",
mysql error(&mysql));

return (EOF);
}
else if (query out ptr) /* There are rows */
{

#ifdef DEBUG
printf("Debug: query seems to have succceeded\n"); 70
#endif
printf("\nOutput from query ’%s’ follows.\n", query);
printf("---------------------------------------------------\n");
num query columns= mysql num fields(query out ptr);
while (row = mysql fetch row(query out ptr))
{

lengthsptr = mysql fetch lengths(query out ptr);
/* Numberof columnsis one if only one total, but
* sincewe start at 0 (one less),we only do a less
* than and not an equals*/ 80

for (i = 0; i � (int) num query columns; i++)
{

/* Let’s line everythingup nicely */
if (i � 0)

printf("\t");

/* Suggestedto use lengthsptr[i] insteadof
* lenghts[i]. Not sure why . . . */

printf("%.*s", (int) lengthsptr[i], row[i] ? row[i] : "NULL");
} 90
printf("\n"); /* Returncharacter for above printf,

* this way we can print out multiple
* columns*/

}
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printf("---------------------------------------------------\n");
printf("End output from query.\n\n");

/* Numberof returnedcolumnsand rows */
query out rows= mysql num rows(query out ptr);
#ifdef DEBUG 100
printf("Debug: %lu rows returned.\n", query out rows ptr);
if (num query columns � 1)

printf("Debug: %u columns returned.\n",
num query columns);

else if (num query columns= 1)
printf("Debug: %u column returned.\n",

num query columns);
else

printf("Error: Number of columns returned from query
is %u, less than 1\n", num query columns); 110

printf("Debug: info on last query: %s\n", mysql info(&mysql));
#endif

}
else /* mysql store result() returnednothing; should it have?*/
{

if (mysql num fields(&mysql) == 0)
{

/* Query doesnot return data
* (it was not a SELECT)*/ 120

num rows affected = mysql affected rows(&mysql);
printf("Number of rows affected by query: %d\n",

num rows affected);
}
else /* mysql store result() shouldhave returneddata */
{

fprintf(stderr,"Query Error: %s\n",mysql error(&mysql));

/* If we get a number, what doesthat mean?*/
#ifdef DEBUG 130
printf("Debug: %d", mysql num fields(&mysql));
#endif
return (EOF);

}
}

/* Free the memoryusedby mysqlstore result() */
mysql free result(query out ptr);

}
140

int updatefunct(MYSQL mysql, constchar *query)
{
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/*———————————————-*
* Let’s do somedefining for the neededvalues*
*———————————————-*/

int query result; /* Value returnedby mysqlquery */
MYSQL RES query out, *query out ptr; /* Output from query */
int query out rows, *query out rows ptr;
unsigned int num rows affected; 150
/* Lengthof a returnedfield. we haveno idea how long it is, but 100
* soundslike it may work (hmm,this isn’t ugly) */

/* Samplecodesimply stored this value into an unreferencedpointer */
unsigned int lengths[100], *lengthsptr;

/* Associatepointers */
query out ptr = &query out;
lengthsptr = lengths;

160
/* Perform the query on the database, usemysql real query if there
* might be binary data returned(mysqlquery interprets ’ � 0’ as the
* end of the query string). Also, mysql real query is faster
* since it doesnot call ’strlen()’ on the query string. */

if (query result = mysql query(&mysql, query))
{

fprintf(stderr, "ERROR running query:\n%s\n\n",
mysql error(&mysql));

return (EOF);
} 170
else
{

#ifdef DEBUG
printf("Debug: query sent to database.\n");
#endif

}

if (mysql num fields(&mysql) == 0)
{

/* Query doesnot return data 180
* (it was not a SELECT)*/

num rows affected= mysql affected rows(&mysql);
printf("Number of rows affected by query: %d\n", num rows affected);

}
else /* mysql store result() shouldhave returneddata */
{

fprintf(stderr,"Query Error: %s\n",mysql error(&mysql));

/* If we get a number, what doesthat mean?*/
#ifdef DEBUG 190
printf("Debug: %d", mysql num fields(&mysql));
#endif
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return (EOF);
}

}

int main()
{

/*———————————————-* 200
* Let’s do somedefining for the neededvalues*
*———————————————-*/

MYSQL mysql;
char host[ ] = "host", /* If NULL assumedto be localhost,may be

* ip addressor hostname*/
user[ ]= "user", /* MySQL login name, if null current user */
password[ ]="password",/* If null no passowrd, do not encrypt */
db[ ] = "database"; /* Databaseto which we will connect*/

unsigned int port; /* If not zero will use for tcp/ip
* connection*/ 210

constchar unix socket, *unix socket ptr;
unsigned int client flag; /* Usually [0 �null], but can set various

* client flags, such as compress,ODBC,
* and a few other things */

constchar query select[ ] = "SELECT id, name, other_info FROM epoch";
constchar query update[ ] = "INSERT INTO epoch (name, other_info)

values (’M60’,’sand-colored paint’)";
constchar query delete[ ] = "DELETE FROM epoch WHERE name = \"M60\"";

/* Associatepointers */ 220
unix socket ptr = &unix socket;

/*————————————*
* Now lets init and connectto mysql *
*————————————*/

printf("Connecting to MySQL server. . .\n");
if (!mysql connect(&mysql, host, user, password))
{

fprintf(stderr, "\nERROR connecting to database:\n%s\n\n",
mysql error(&mysql)); 230

return (EOF);
}

/* Various bits of info */
printf("Connection Info: %s\n", mysql get host info(&mysql));
printf("Connection id: %d\n",mysql thread id(&mysql));
printf("Server Version: %s\n\n", mysql get server info(&mysql));

if (mysql selectdb(&mysql, db))
{ 240

fprintf(stderr, "\nERROR selecting database:\n%s\n\n",
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mysql error(&mysql));
return (EOF);

}

/*—————————————————————*
* Now that we’re connectedto the database, executeour queries*
* ————————————————————–*/

250
/* Do a selectquery */
printf("Executing query:\n\"%s\"\n", query select);
if (select funct(mysql, query select) == � 1)
{

fprintf(stderr, "\nERROR in select_funct, exiting prematurely.\n\n");
return (EOF);

}

/* Do an insert query */
printf("\nExecuting query:\n\"%s\"\n", query update); 260
if (updatefunct(mysql, query update) == � 1)
{

fprintf(stderr, "\nERROR in update_funct, exiting prematurely.\n");
return (EOF);

}

/* Do anotherselectquery, showinginfo has beeninserted*/
printf("\n\nExecuting query:\n\"%s\"\n", query select);
if (select funct(mysql, query select) == � 1)
{ 270

fprintf(stderr,"\nERROR in select_funct, exiting prematurely.\n\n");
return (EOF);

}

/* Do an updatequery to eraseall referencesof M60’s */
printf("\nExecuting query:\n\"%s\"\n", query delete);
if (!(updatefunct(mysql, query delete)))
{

fprintf(stderr,"\nERROR in update_funct, exiting prematurely.\n\n");
return (EOF); 280

}

/*————————————-*
* All done, closeconnectionto MySQL*
*————————————-*/
#ifdef DEBUG
printf("\nDebug: closing MySQL connection.\n");
#endif
mysql close(&mysql); 290
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printf("\n"); /* give the user an extra space, it looks nice */
return 0;

}

B gt2import.py

� begin{verbatim}
#! /usr/bin/env python
# Usage: gt2import [file(s) in] (must not include path)
# $Id: gt2import.py,v 1.5 1999/07/26 19:01:43 frost Stab$

"""Takes ground truth formatedfile and outputsfile for import todatabase

Usage: gt2import [file(s) in] (must not include path)

About: 10
Data converter, takes file storedin ground truth version two file format,
parsesthe file, performsvarious queriesto gatherinformation on the current
target, and doeswhat is necessaryto load the frame info into the database.

Originally written in 1999 by Chris Frost ( � chris@frostnet.advicom.net� ) under
the Scienceand EngineeringApprenticeshipProgram.

This programassumesthat the first dataentiresbit depth is the samefor the
entire sequence; the depressionand aspectinformation in the headerof
input files is ignored; and, doesnot check to seeif databeing loadedinto 20
the current frame table hasbeenloadedbefore.
"""

from string import split, atoi, upper
import sys, posix, os
from MySQL import *

def get files():
"""Associatefrom which and to which files we should readand write"""
global infile, baseoutfile, outfile target, outfile sequencelocation 30

# If we are ran from the commandline, look for paramaters
if name == ’ main ’:

iteration = 2
while iteration � = len(sys.argv):

infile = sys.argv[iteration � 1]
baseoutfile = infile + ’.’
outfile target = baseoutfile + ’target.insert’

print ’Processing’, infile 40
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processfile()

iteration = iteration + 1
# If no commandline arguments, ask what file we should read
if len(sys.argv) == 1:

infile=input(’File from which we should import data? ’)
baseoutfile = infile + ’.’
outfile target = baseoutfile + ’target.insert’
outfile sequencelocation = baseoutfile + � 50
’sequencelocation.insert’

print ’Processing’, infile

processfile()

def check consistency(line, filename, keywords, values):
"""Checknumberof keywords versusnumberof valuesto checkformat"""
if keywords != values:

print "" 60
print "+ ����������������������������������������� ============= � ",

print " ��������������������������������������� "
print " � Error: This file is not gt2 compliant."
print " � "
print " � In line",line,"of",filename,"therewere",values
print " � entrieswhile I was expecting", keywords, "."
print " � Pleasemanually inspectthis file and correct it."
print "+ ��������������������������������������������������������������������� ",

print " ��������������������������������������� "
print "" 70
raiseFileConsistencyError, ’Pleasemanually inspectthis file and correct it.’

def get bytes pixel():
"""Opensa copy of current input and readsfirst data row’s b/p entry"""
input = open(infile, ’r’)
line = input.readline()
line = input.readline()
values= split(line)
number targets= atoi(values[0])

80
# Skip over referencesper target
iteration = 1
while iteration � = number targets:

line = input.readline()
iteration = iteration + 1

# Go forward one and skip fields names
line = input.readline()
line = input.readline()
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90
# Skip over generictaget info
iteration = 1
while iteration � = number targets:

line = input.readline()
iteration = iteration + 1

# Skip over field summaryand field names
line = input.readline()
line = input.readline()

100
values= split(line)
bytes pixel = values[19]

input.close()

return bytes pixel

def processfile():
"""Step throughcurrent infile line by line and parse"""

110
input = open(infile, ’r’)

tab = ’ ’
line = ’ ’
current file line = 0
list targets= [ ]
targets references= [ ]
global sequencefile
print ’ � nRetrieving list of known targets.’
known targets= get known targets() 120
print ’List retrieved and saved.’

# Loop throughuntil reachingEOF
while line != ’’:

line = input.readline()
current file line = current file line + 1

# Seqencefilename, path, and time recorded
if current file line == 1:

print " � nParsingHeaderInformation . . ." 130

bytes pixel = get bytes pixel()

values= split(line)
sequencefile = values[0]
load sequenceid(bytes pixel)

sequenceid = get sequenceid()
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# Extract time sequencewas recordedfrom sequencefile 140
# this assumesthe time is the next to last ’ ’ entry
values= split(line, ’ ’)
time recorded= values[ � 2]

# Numberof targets
elif current file line == 2:

values= split(line)
number targets= atoi(values[0])
iteration = 0
while iteration � = atoi(values[0]) � 1: 150

list targets[0:0] = [iteration]
iteration = iteration + 1

list targets.reverse()

# Numberof referencesfor eachtarget
elif current file line == 3:

target ref dict = {}
iteration = 1
for iteration in list targets:

values= split(line) 160
targets references[0:0] = [atoi(values[0])]

line = input.readline()
current file line = current file line + 1
iteration = iteration + 1

targets references.reverse()

check consistency(current file line, infile,
len(list targets), len(targets references)) 170

# Createdictionary of target numberand # of references
# Robertsonsuggestedusing this insteadof map (below)
for iteration in list targets:

target ref dict[list targets �
[list targets.index(iteration)]] �
= targets references[list targets.index �
(iteration)]

#for target num, referencesnum in � 180
#map(None, list targets, targets references):

#target ref dict[target num] = referencesnum

for iteration in list targets:
print ’Target’, iteration, ’has’, �
target ref dict[iteration], ’references.’
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# Target specificheaderinfo
elif current file line == 4 + number targets:

iteration = 1 190
target ids = [ ]
targets proc = [ ]

while iteration � = number targets:
values= split(line)
keywords = [’target’, ’class’, ’type’,
’variant’, ’specific’, ’aspect’, ’depression’,
’priority’, ’name’]

check consistency(current file line, infile, 200
len(values), len(keywords))

target id dict = {}
for value, keyword in �
map(None, values, keywords):

target id dict[keyword] = value

# Convert priority to integer
target id dict[’priority’] = �

upper(target id dict[’priority’]) 210
if target id dict[’priority’] == ’PRIMARY’:

target id dict[’priority’] = ’1’
elif target id dict[’priority’] == ’SECONDARY’:

target id dict[’priority’] = ’2’
elif target id dict[’priority’] == ’TERTIARY’:

target id dict[’priority’] = ’3’
elif target id dict[’priority’] == �

’QUATERNARY’:
target id dict[’priority’] = ’4’

else: 220
raiseFileConsistencyError, ’This file hasa target
of lower priority than quaternary,
which I do not currently know how
to deal with. Pleasecorrectme
to processthis file’

# Save target identificationstring to list
target ids[0:0] = [target id dict[’class’]+ �
’ ’ + target id dict[’type’] + ’ ’ + �
target id dict[’variant’] + ’ ’ + � 230
target id dict[’specific’]]

target code= �
[atoi(target id dict[’class’]),
atoi(target id dict[’type’]),
atoi(target id dict[’variant’]),
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atoi(target id dict[’specific’])]

# If we have alreadyprocessedan identical
# target, break 240
if target code in targets proc:

print ’Target "’, target code, �
’" was processedearlier during this session,

skipping.’
break

else:
targets proc[ � 1: � 1]= [target code]

# Check to seeif we know about this target
if not target code in known targets: 250

print ’ � n ����������������������������������������������������������� ’
print ’Target Code:’, target code
print ’New target encountered. Saving target

summaryinformation and inserting’
print ’into databasefor future use.’
print ""

insert new target info( �
target id dict[’name’],
target id dict[’class’], 260
target id dict[’type’],
target id dict[’variant’],
target id dict[’specific’],
target id dict[’priority’])
print ’Databasenow updated, resumingoperations.’
print ’ ������������������������������������������������������������� n’

iteration = iteration + 1
line = input.readline()
current file line = current file line + 1 270

target ids.reverse()

input.readline() # Skip over row containingfields names

else: # we are in the main ’data’ of the file
print " � nParsingand Loading Data Rows . . ."

keywords = [’target’, ’index’, ’frame’, ’range’,
’ul x’, ’ul y’, ’aim x’, ’aim y’, ’size x’, ’size y’, 280
’patch max’, ’patch min’, ’patch mean’, ’time gt’,
’time modified’, ’aspect’, ’depression’,
’scm’, ’b mean’, ’bytes pixel’, ’patch edgeoffset top’,
’patch edgeoffset bottom’, ’patch edgeoffset left’,
’patch edgeoffset right’]
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frame row dict = {}
target id last = 0
id = ’ � N’ # auto incrementedby MySQL

290
for current target in list targets:

print ’Current target:’, current target, �
’(with’, number targets � current target � 1, �
’remaining)’

outfile = baseoutfile + ’frame’ + ’ � ’ + �
target ids[current target] + ’.insert’

if target ids[current target] == target id last:
output = open(outfile, ’a’) 300

else:
output = open(outfile, ’w’)

target id last = target ids[current target]

cycle = 1

while cycle � = target ref dict[current target]:
print target ref dict[current target] �
� cycle, 310

values= split(line)

check consistency(current file line, �
infile, len(keywords), len(values))

for iteration in keywords:
frame row dict[keywords �
[keywords.index(iteration)]] �
= values[keywords.index � 320
(iteration)]

output.write(id + tab + �
time recorded+ tab + �
frame row dict[’time gt’] + tab + �
frame row dict[’time modified’] + tab + �
frame row dict[’aspect’] + tab + �
frame row dict[’depression’] + tab + �
sequenceid + tab + �
frame row dict[’index’] + � 330
tab + frame row dict[’frame’] + �
tab + frame row dict[’aim x’] + tab + �
frame row dict[’aim y’] + tab + �
frame row dict[’ul x’] + tab + �
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frame row dict[’ul y’] + tab + �
frame row dict[’size x’] + tab + �
frame row dict[’size y’] + tab + �
frame row dict[’range’] + tab + �
frame row dict[’patch min’] + tab + �
frame row dict[’patch max’] + tab + � 340
frame row dict[’patch mean’] + tab + �
frame row dict[’b mean’] + tab + �
frame row dict[’patch edgeoffset top’] �
+ tab + �
frame row dict�
[’patch edge offset bottom’] + tab + �
frame row dict�
[’patch edge offset left’] + tab + �
frame row dict�
[’patch edge offset right’] + tab + � 350
frame row dict[’scm’] + ’ � n’)

line = input.readline()
current file line= current file line+ 1
# Ugly, can we do better?
if line == ’’:

break
cycle = cycle + 1

print ’ � n’
output.close() 360

# MySQL wants the full path to the file it will
# be loading
full path outfile = os.getcwd() + ’/’ + outfile

load frame rows(full path outfile, �
target ids[current target])

# Now that we have loadedthe data, erasethe
# intermediatefile 370
string = ’rm � f ’ + outfile
print string
posix.system(string)
print ’File loadedand intermediatefile erased, continuing. � n’

print ’+ ��������������������������������������������������������������������������������� +’
print ’ � ����� File parsingand loading complete �����	� ’
print ’+ ��������������������������������������������������������������������������������� +’,
input.close()

def get known targets(): 380
"""Retrieve list of known targets"""
DBH = connectdatabase()
print ’ConnectionInfo:’, DBH.hostinfo()
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query = ’SELECT class, type, variant, specificFROM target’
query results= DBH.do(query)
known targets= query results

return known targets
390

def load frame rows(frame filename, target id):
"""Load rows of data in db from outputedfile"""
DBH = connectdatabase()
print ’ConnectionInfo:’, DBH.hostinfo()

query = ’LOAD DATA INFILE "’ + frame filename+ ’" INTO TABLE
frame ’ � + target id

print query

STH = DBH.query(query) 400

def insert new target info(name, tclass, type, variant, specific, priority):
"""Insert new target info and createappropriateframe table"""
DBH = connectdatabase()
print ’ConnectionInfo:’, DBH.hostinfo()

# Insert generictarget info into table target
query = �
’INSERT INTO target (name, class, type, variant, specific, priority) VALUES (’ �
+ ’ � ’’ + name+ ’ � ’’ + ’, ’ + tclass+ ’, ’ + type + ’, ’ + variant � 410
+ ’, ’ + specific+ ’, ’ + priority + ’)’
print ’Query: � n’, query, ’ � n’

STH = DBH.query(query)

# Createa frame target table, will fail if table alreadyexists
print ’Creatingnew frame table for this target type. . .’
table attributes= ’( id int unsignednot null auto increment, primary key (id),
time record time not null, index time record index (time record),
time gt datetime, time modified timestamp, aspectdouble, depressiondouble, 420
sequenceid mediumintunsigned, findex mediumintunsigned, frame smallint
unsigned, aim x smallint unsigned, aim y smallint unsigned, ul x smallint
unsigned, ul y smallint unsigned, size x smallint unsigned, size y smallint
unsigned, rangesmallint unsigned, patch min double, patch max double,
patch meandouble, b meandouble, patch edgeoffset top smallint,
patch edgeoffset bottom smallint, patch edgeoffset left smallint,
patch edgeoffset right smallint, scm double )’
query = ’CREATE TABLE frame ’ + tclass+ ’ ’ + type + ’ ’ + �
variant + ’ ’ + specific+ ’ � n’ + table attributes
print query, ’ � n’ 430

STH = DBH.query(query)
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def load sequenceid(bytes pixel):
"""Insert sequencefilenameinto database"""
DBH = connectdatabase()
print ’ConnectionInfo:’, DBH.hostinfo()

# Check to make sure this file doesn’t alreadyhave an entry
query = ’SELECT file FROM sequencelocation WHERE file ="’ + � 440

sequencefile +’"’
query results= DBH.do(query)
if query results:

# If this sequencefile alreadyexists don’t insert it again
pass

else:
query = ’INSERT INTO sequencelocation (file, bytes pixel) VALUES �
(’ + ’ � ’’ + sequencefile + ’ � ’’ + ’, ’ + bytes pixel + ’)’
print ’Query: � n’, query, ’ � n’

450
STH = DBH.query(query)

def get sequenceid():
"""Retrieves sequenceidentificationnumber"""
DBH = connectdatabase()
print ’ConnectionInfo:’, DBH.hostinfo()

query = ’SELECT id FROM sequencelocation WHERE file = "’ + �
sequencefile + ’"’

print ’Query: � n’, query 460
query results= DBH.do(query)
print ’Sequenceids that matchour currentfile:’, query results
sequenceid = query results[0]
# Turn our query resultsinto a single number, not a list
sequenceid number= sequenceid[0]
return sequenceid number

def connectdatabase():
"""Connectto the databaseand return DBH"""
database= ’database’ 470
host = ’localhost’
user= ’user’
password = ’password’
print ’Connectingto’, database, ’database, hostedon’, host, ’. . .’
DBH = connect(host, user, password) #() �
� localhost,this user,no passwd

DBH.selectdb(database)

return DBH
480

get files()
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� end{verbatim}

C SQL

C.1 Target table

CREATE TABLE target /* generic target information */
(
id smallint unsigned not null auto increment, /* unique identifier, 2^16-1 */
primary key (id), /* setupprimary key */
namevarchar(80), /* nameof target, 80 characters max (gt2 limit) */
classint unsigned, /* classnumber, 2^32-1 (gt2 limit) */
type int unsigned, /* type of class,2^32-1 (gt2 limit) */
variant int unsigned, /* variant of type, 2^32-1 (gt2 limit) */
specific int unsigned, /* specificof variant, 2^32-1 */
priority tinyint /* priority of variant, 2^8-1 (+/-) */ 10
);

C.2 Sequence location table

CREATE TABLE sequencelocation /* table which holds actual filenamefor seqs*/
(
id mediumintunsigned not null auto increment, /* unique identifier, 2^24-1*/
primary key (id), /* setupprimary key */
file tinytext, /*filenameand path as text, limited to 2^16-1 ascii characters*/
bytes pixel tinyint unsigned /* bytesper pixel, 2^8-1 */
);

C.3 Frame table

CREATE TABLE frame � id � /* info on each frame, with a seperate table for each
* uniquetarget.id */

(
id int unsigned not null auto increment, /* unique identifier, 2^32-1 */
primary key (id), /* setupprimary key */
time record time not null, /* time sequencewas recorded */
index time record index (time record), /*index time record for speedysearches*/
time gt datetime, /* time framewas first ground truthed */
time modified timestamp, /* time framelast modified*/
aspectdouble, /* aspectof target, doubleprecision */ 10
depressiondouble, /* angle of depressionof target */ /* CHECK: in

* sequencelocation? */
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sequenceid mediumintunsigned, /* referenceto sequencelocation.id */
findex mediumint unsigned,/* index in gt2, usesfindex b/c of keywords, 2^24-1*/
frame smallint unsigned, /* framein sequence, 2^16-1 */
aim x smallint unsigned, /* X aimpoint, 2^16-1 */
aim y smallint unsigned, /* Y aimpoint, 2^16-1 */
ul x smallint unsigned, /* upper left X coordinate for patch, 2^16-1 */
ul y smallint unsigned, /* upper left Y coordinate for patch, 2^16-1 */
size x smallint unsigned, /* sizeof patch along X, 2^16-1 */ 20
size y smallint unsigned, /* sizeof patch along Y, 2^16-1 */
rangesmallint unsigned, /* range to target in meters, 2^16-1 */
patch min double, /* minimumvalue of patch pixel values*/
patch max double, /* maximumvalue of patch pixel values*/
patch meandouble, /* meanof patch pixel values*/
b meandouble, /* meanof background (non-patch) pixel values*/
patch edgeoffset top smallint, /* for use in cad overlay */
patch edgeoffset bottom smallint, /* for use in cad overlay */
patch edgeoffset left smallint, /* for use in cad overlay */
patch edgeoffset right smallint, /* for use in cad overlay */ 30
scm double /* signal to cluter ratio */
);

C.4 Image table

CREATE TABLE image /* holds actual images, for possiblefuture use */
(
id integer unsigned not null auto increment, /* unique identifier, 2^32-1 */
primary key (id), /* setupprimary key */
frame table varchar(100), /* to which table the frameid belongs.

* format: framet � id � */
frame id integer unsigned, /* store to which framewe belong, do we needthis?*/
imagemediumblob/* binary image, max 2^24-1 bytes*/
);
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