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Abstract 

The Threat DetectiOn Group (TDG) at Defence R&D Canada - Suff'teld (DRDC Suffield) ha..., 
undertaken a re~earch program on the fea-;Iblhty of remote ...,en~mg of mmef1eld~. One of the 
projecb i~o, the Remote Minefield Detection (RMD) hierarchical algonthm origmally developed 
for ~mgle band active airborne mfrared Imagery (AAII) and later adapted for veh1clc mounted 
pa~o,~1ve mfrared Imagery (FUR) 

The objectives of thi~ contract are: (I) to implement the RMD hierarchical algonthm on a down­
~caled ver~o,Ion of transputer architecture for real-time mme detection on FUR imagery. (II) to 
develop the h1gh and lop level~o, of the algonthm mcludmg expert ~y~tem and knowledge ba~e. 
and (lll) to re~earch the po~~Ibihty to upgrade the current hardware platform to modern advanced 
computational elcmenh. 

Pha~e I and 2 of the contract focu~ed on the unplementat10n of Low and Middle lcveb of a real­
tllne RMD ~y~tem on a tran~puter network to detect mme~ m real FUR Image~o,. The work l!r~t 
de~cribed the hardware requirement for each module of the algonthm. then outlmed the ~oftware 
development. and fmally pre~o,ented ~ome preliminary te~t re~ulh. 

Although tran~puter~ were attractive eomputmg element~o, 15 year~ ago when th1~ pro_Ject ~tarted. 
they have become ob~olete. Tim-; a deCI~Ion ha~ been made by the Project Authonty to 
11nplement the RMD hierarclucal algonthm on a new hardware platform. namely a network of 
Intel Pent1um-cla~~ proce~o,~or~o,. which wa~o, recommended by a \tudy from the lJnivcr~o,Ity of 
Bnt1~o,h Columbia Pha~c 3 of the contract mvolved hulldmg that PC network. and devclopmg 
and te~tmg the new ~oftware vcr~Ion 
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Glossary 

Active Airborne Infrared Imaging (AAII): Active mfrared 1mages obtamed from 
monochromatic airborne imagers. 

Compact Airborne Spectrographic Imager (casi): A push-broom VNIR hyper-~pectral 

~canner wh1ch requires a smooth linear forward motion, normally that of an aircraft containing 
the mstrument, to produce a two dimen~wnal ~pectral image. 

Forward Looking Infrared (FLIR): Pas~tve infrared imagery obtained from cameras mounte1 
on a mine-detecting vehicle. 

Global Region Classification (GRC): A stage in the h1gh level of the Remote MinefieU 
Detection hierarch1cal algorithm that assigns the feature vectors to their most likely group. 

Global Region Feature Extraction (GRFE): A stage in the high level of the Remote MmefteU 
Detection hierarchical algorithm in whtch various morphological features such a~ ptxel area, 
average pixel mtensity and region compactnes~ are measured for image regions. 

Image Correction (IC): A ~tage in the Remote Minefield DetectiOn h1erarchy that compensate~ 
for d1stortions, dropouts, overlappmg swaths, mi~registration, and other artifacts ani 
imperfections due to the ~canning proces~. 

Improved Landmine Detector Project (ILDP): A proJect to provide a remotely operated mult:­
sen~or, vehicle mounted mme detectiOn system to detect and mark low-metal content landmmes 

Local Region Classification (LRC): A ~tage in the low level of the Remote Minefield Detectio 1 

hierarchy that ass1gns the feature vectors to their most likely group. 

Local Region Feature Extraction (LRFE): A stage in the low level of the Remote Minefiel j 
DetectiOn hterarchy m which vanous morphological features such as pixel area, average pixt: I 
intens1ty and region compactness are measured for image region~. 

Local Region Assemble (LRASSEMBLE): An extension of LRT module to con~truct grey 
scale subimages around the suspect objects ~o that LRS can analyze. 

Local Region Segmentation (LRS): A stage m the low level of the Remote Mmef1eld Detectio 1 

hierarchy, which segment'> the subimages formed by the LRT ~tage mto region~ 

Local Region Thinning (LRT): A stage in the Remote Minefield DetectiOn hierarchy th< t 
elimmates redundant subimages formed by the NSRR stage. 

Non-Suspect Region Rejection (NSRR): A ~tage in the Remote Minefield Detection h1erarch y 
which reduces the image data to small subtmage~ that are hkely candtdates to contam mine~. 
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Remote Minefield Detection (RMD): A proce-.,s of detectmg mmefteld~ from an atrhorne 
platform RMD i-., abo called Standoff Minefield DetectiOn. 

Remote Minefield Detection Hierarchy (RMDH): A ~cheme that tnclude~ a collectton ot 
algonthm-., for the purpo'>e of detcctmg and tdenttfymg mtncfteld~ from tmage~ 

Threat Detection Group (TDG): A re-.,earch group at Defence R&D Canada- Suffteld (DRDC 
Suffteld), formerly known a~ Defence Research E~tahlt~hment Suffteld TOG maintam'> an 
ongoing n;,-,carch and development program on the detcctzon of unexploded ordnance -,uch a'> 
landmme~ and arttllery ">hclb. 

Target Spatial Analysis (TSA): A ~tage m the Remote Mmcficld Dctcctzon hzcrarchzcal 
algonthm that attempt~ to de-,cnbe and mterpret the rclatzve po~itzon-., of ~u-,pect mtnc~ 
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1. Introduction 

The Threat DetectiOn Group (TOG) at Defence R&D Canada - Suffield ha~ been mvestigating 
real-time methods of detecting mmefield~ from airborne tmagmg platforms and close-in 
detect JOn of mine~ since the mtd 1970's. 

The Univer~tty of British Columbia (PnnCipal Investigator: Profes~or Mabo Ito), has been 
collaboratmg under contract to DRDC Suffield, origmally studying methods of proces~mg 
airborne mmefteld Images in real-time with an aim toward detecting -;urface-laid mmefield: .. 
Thts led to the Remote Minefield Detection (RMD) hierarchical Image analy<>is algorithm fc r 
~ingle band (monochromatic) Imagery that has the potential for real-time detection of minefield: .. 
More recently, thi~ was expanded to include clo~e-in detectiOn of mdividual mines, such as those 
in Forward Looking Infrared (FUR) imagery. 

RMD Hierarchical Algorithm 

The hierarchical algorithm, described m [ 1] and Illustrated in Figure 2.1, going from a low to a 
high level of algorithm complexity, com.tsts of the following leveh: 

• Preprocessmg: Image correctiOn and ~ensor specific algorithm 

• Low Level: preprocessing, target cuemg (non su~pect region reJection, local thinnmg) 

• Mid Level target shape analysi~ (local regwn segmentation, local regwn feature, extractior, 
local region classificatiOn) 

• High Level: target ~patwl analy~i~ (clustenng, syntactic and/or statistical feature extractiOn) 

• Top Level: knowledge integratiOn (spatial classification, data fu~ion) 

Under the previOus work contracb between DRDC Suffield and the University of Britis 1 

Columbia, the algonthm was completely specified and systems Integration analysis, includin s 
analysis of data flow and message pa~~ing at all levels, has been done. The algorithm has bee 1 

implemented in the Interactive Data Language (lDL) high-level language to allow raptd testm_§, 
modification and design improvements to be done. All portions of the algorithm, up to the htg 1 

level, have been implemented as real-time code on the present target computer architectun, 
whtch is a scaled down ver~ion of what IS necessary for a practical mme detectiOn -;ystem. Th ~ 
algonthm ha~ not, however, been run a~ a "mgle coherent entity on a full-scale ver~ion of th~ 
architecture. 

The current architecture, conceived in 1989, IS ba~ed on a distributed network of transputer 
computing nodes, connected to a workstation. The low and mid levels of the algorithm ar ~ 
implemented on the network, while the htgh and top leveb are implemented on the workstatior. 

UNCLASSIFIED 
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Although the trano.,putcr wao., an attractrve computmg clement, otfcnng o.,rmplc pomt-to-pomt 
o.,cnal commumcatrono., and a hrgh degree of ..,calahrhty, the technology 1.., now over 15 year'> old 
Although Improvement'> have been made, m recent year.., the o.,pccd performance of an mdrv1dual 
tran..,putcr hao., fallen badly hchmd other drgrtal ..,rgnal procc<,o.,or ( DSP) hoard-., whtlc the latter 
have unproved both ea..,c of mter-proce..,..,or commun1catron and pnce It I'> noL however, clear 
whether '-,UCh DSP.., would he ..,uitahlc for the algonthm ImplementatiOn. An a'>'-,C'-,'-,lllCnt ha .... 
been made companng the drffcrent DSP, tran'>puter and other available computmg clcmcnh, 111 

the context of the algorithm. to ..,ec whrch 1.., be'>t '-,Lilted 

An expert ..,y..,tem wa.., m..,talled to handle the top level of the algonthm It 1.., 1-c..,pom1hlc for 
knowledge integration that mclude.., the ..,patral cla'>'>lfrcatron and data fli'>IOn. The data fu..,1on 
mvolve.., mtegratmg rmage data w1th other non-rmage data . ..,uch a'> context or environment d.tta 
A general te..,tmg methodology wa'> defmed to venfy that the expert ..,y..,tcm and knowledge ha..,c 
are working correctly and the ..,cope of the knowledge ha..,e wa.., dcfmcd Due to urgent need. 
effort 111 the la'>t two year.., wa'> concentrated on adapting the algonthm for FUR rmagery from 
the Improved Land mmc Detector ProJect (ILDP) vch1cle Thr.., appltcatron drd not requ1rc the 
hrgh and top lcvcb. Thu-". the hrgh and top lcvcb have only been -"uperfrcrally developed and 
te..,ted In part1cul<tr. the knowledge ba..,e ha.., only been Implemented m a cur'!ory manner. 
Detailed knowledge engmecnng, whrch mclude-" devclopmg the detailed knowledge ha..,e, 
Implementing that knowledge ha..,e in the expert ..,y..,tcm ..,hell and te..,tmg the complete expert 
..,y..,tcm ha.., not been done. 

Imtral re..,carch on the h1crarch1cal algonthm wa'> drrectcd toward actrve atrbornc mfrarcd 
rmagmg (AAII) However. the algonthm can he u..,cd for any ..,mglc hand 1magcry, and recent 
work ha'> been uwc..,tigatmg rt.., appltcatron to forward lookmg mfrared imagery from the ILDP 
vchrcle. A ..,urtahle algo11thm could a..,..,l'>t or replace the p1T'>Cnt operator-m-thc-loop. An IDL 
ver..,ron ha'> been developed but 1t ha.., not yet been rmplemented 111 rcal-t1me. The IT'>ultant 
modrfred algonthm 1.., ..,rmdar to the origmaL except that the h1gh and top level.., arc not needed 
and data rate.., arc lc..,.., ..,tnngcnt than for the AAII. Another potential appltcat1on I'> for hyper­
..,pectral image'> ol ..,urface-la1d mmc.., ohtamed from the Itre'> Re..,earch u/\1 VNIR hypcr-'>pcctral 
1magcr. '>mcc thc'>C can he reduced to ..,mglc band h1gh contra'>! tmagc'> that arc very amenable to 
analy'>i'> hy the algonthm. A prc!tmmary data now and architecture configuration an~dy'>l'> w.t.., 
completed. However. under contract to DRDC Suffield, the ( ast ha'> been undergomg ~rgn1 ftc ant 
change.., to 1t.., computer architecture during the la'>t two year'> That and ttmc con'>tralnh made rt 
rmpo..,..,rblc to complete the development of the adapted algorithm, a.., planned 

Research & Development Objectives and Phases 

The objective'> of th1.., contract arc: 

• Implement and thoroughly te..,t a'> a ..,mgle coherent entrty on a full-'>calc vcr..,1on of the 
current (tran..,puter) architecture m rcal-tllne u..,1ng FUR 1magcry. 

• Develop the h1gh and top level'> of the algonthrn. m particular the expert ..,y..,tcm and 
knowledge ha..,c 
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• Explore new computatwnal elements and architecture~ for implementatwn of the algorithm. 

The 3-year contract wa~ origmally divided into three phases. 

I) The fir~t phase con~ists of the following tasks· 

I. Carry out a trade off ~tudy of computatiOnal elements (processor~), for u~e as nodes in 1 

distnbuted computmg architecture on which the algorithm could execute. The study shoul,f 
descnbe each proces~or, mcluding the current one, and address, as a mimmum 

• Processor performance: discuss scalability, computational power, and mter-proces~o r 
commumcation. 

• Ea~e of software and hardware development: discus~ what hardware and development 
software would be reqmred. Di~cuss how easy it i~ to develop hardware systems and code. 

• Adaptability: discms overall '>Uitability to the algonthm. Descnbe what modification, 
would have to be done to the existing algorithm and architecture (I.e , whether minor or 
major revisions or a total redesign i~ reqmred). 

• Co~t effectiveness 

2. Complete initial knowledge acquisition for high and top levels. This may involve extensiv1~ 
mterviews with DND mme/countermme engineers who are experts m mine detection and/w 
military maneuvers. This may also reqmre the contractor to employ a knowledge engmeer as .t 

consultant. 

II) The second phase mcludes. 

I. Implement the algorithm as a ~ingle coherent entity on a down scaled versiOn of the curren: 
(transputer) architecture in real-time. Use the FUR imagery a~ the initial ca~e ~tudy. 

2. Test the algonthm implementation on real-time FUR Imagery. Determine the maximum 
image rate that can be processed m real-time. 

Ill) The third phase mvolve~ 

1. Complete detailed knowledge engmeenng for the top level This will include the followin~; 
subtasks: 

• Develop the detailed knowledge base from Information obtamed in knowledge acquisitior: 
task. 

• Implement that knowledge base in the expert system ~hell. 

UNCLASSIFIED 
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• Te~t the complete expert ~y~tem. 

2 Refme knowledge ba~o,e a-, required ba~ed on te~tmg wtth AAII 

By the end of the ftr~t pha~e. two ~tgn1f1cant things had become clear that requtred Pha~e 2 to he 

modtfted: 

• Although tramputers were attractiVe computmg clement~ 15 year'> ago when th1-, proJect 
~tarted, they had become ob-,olete Modern computmg elemenh ltke Intel Penllum-cl,t'>" 
pn)Ce-,~o,ors far outcla-,~ed them for proce~~ing power and co~t. 

• There wa-, a lack of avallabtltty of tacttcal mme expert~ from Canadtan rorce~ Engineer'> and 
Armoured Corp~ for the tune nece~sary for. for the RMD expert ~y~tem development 

Thu~. a dect-,ion wa~o, made by the Setentif1c Authonty to Implement the RMD hter~uchtcal 
algonthm on the new hardware platform, which wa~ recommended by a ~o,tudy from the 
Umvers1ty of Bntl'>h Columbra m Phase 1 Another decL'>JOn wa~ that the RMD expert ~y'>tem 
would be developed a'> an entry level -,hell only, and a future work will detatl the knowledge and 
rule engme~o, and any nece'>~ary facd1t1e'> 

Thu'>. the work m tht~ contract wa~o, re-orgamzed a~: 

• Pha-,e I and 2 focu~ed on the Implementation of Low and Mtddle lcveb of a real-time RMD 
~y~tem on a tran'>puter network to detect mme~ 111 FLIR Imagery. The hardware requtrement 
for each module of the algorithm was detatled. then the ~o,oftware development was outltned. 
and fmally p ~ome prelimmary te~o,t re~ulh were pre~ented. 

• Pha~e 3 mvolved butldmg a network of Intel Penttum-cla~~ proce-,'>Or'>. and developmg and 
te~tmg the new -,oftware ver'>ton. An expert ~y~tem -,hell wa-, al'>o developed 111 th1~ pha-,e. 
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2. RMD Hierarchical Algorithm and FLIR Imagery 

This section bnefly descnbes the Remote Mmefleld DetectiOn Hterarchical (RMDH) algonthm, 
and mtroduces Forward Lookmg Infrared (FLIR) 1magery of land mmes. 

2.1 RMD Hierarchical Algorithm 

The structure of the Remote Minef1eld DetectiOn algorithm for real-time detection of spar~e 
small objects m tmage~ can be de~cribed using Figure 2.1. The maJor parts of the algorithm 
constst of (i) the Low Level Target Cueing to reject non-~uspect regwn-; and thus drastically 
reduce the data rate. (n) the Middle Level Target Shape Analyst'> to classify the suspect regions 
as target or non-target relymg upon their morphological features, (ni) the Htgh Level Targ( t 
Spatial Analy-;ts to extract the features of the ~patial relationship between mine-like objects, ani 
(iv) the Top Level Knowledge Integration to re~olve whether or not the image contains mines 
using the spatial analysis results and external information re~ources. 

Raw image data is acquired by a sensor and passed into the Image Correction (IC) stage. This I~: 
module adjust~ the raw image data to compemate for di~tortions, dropouts, overlapping swath:., 
misreg1stration, and other artifacts and imperfections due to the ~canning process. After the I~: 
.;;tage, the data is passed to the Non-Suspect RegiOn RejeCtiOn (NSRR) stage. The NSRR reduces 
the immense data flow down to a stream of small images (subimages) that are likely candtdates 
to contam mines. To accompll~h this ta~k. the NSRR collects a block of ~can lines of the tmag~ 
and then divide~ tt mto smaller non-overlapping ~quare regiOns called ~ubtmages. Eac 1 
subimage 1~ further divtded mto smaller non-overlapping ..,quare regions, whose width ts small<: r 
than the dtmensions of a small target but large enough to provtde a ~table average of the regior . 
The contrast value.., of these small regions against the parent subimage are calculated and rankec. 
Only a few top values will be selected as su~pect region~. Then the data of these su..,pect regtons 
is transferred to the Local Region Thmmng (LRT) module where redundant subimages ar~ 
eluninated Within thi-; module. functiOn Local RegiOn As~emble (LRASSEMBLE) constructs 
subtmages around the suspect objects. The next stage, Local Region Segmentation (LRS '· 
partttions these subimages into homogeneous regiOn..,. These region~ are then pa~~ed to th~ 
Local Region Feature ExtractiOn (LRFE) block. In this step, vanous morphologtcal feature.., 
~uch as pixel area, average ptxel inten-;lty and regiOn compactness are measured for eac 1 
candidate mine-like object The next ..,tage, Local Regton Clas..,ificatlon (LRC). categonze.., th~ 
assembled feature vectors mto different classes, to determine targets or non-targets with a 1 
estimated likelihood based on extracted features. The re-;ults of the classtficatiOn are passed t J 

the higher level, Target Spatial Analysis Here, mitially the relattve postttons of likely mines ar~ 
analyzed and various spatial size and shape cluster.., are formed u..,ing a Clu'>tenng algorithn 
Then, the clmter~ are delivered to Global Region Feature Extraction (GRFE) where bot1 
statistical mea~urement~ and pattern descriptors of each cluster, as well as spattal inteJ­
relationship among clusters, are computed and extracted. Depending on the type of patterns 
encountered, either a ..,tattsttcal or a syntactic pattern cla~sifier may be more appropnate. Th~ 
positions of mine'> in ~cattered minefields can be well de..,cribed by probabihty density functtons 
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and hence arc amenable to -.tatJ~ttcal cla-.~tflcatton The po~ttton~ of m111c-. 111 patterned 
mmefteld-. are better dc~cnbed by detcnmni-.ttc functton~. whtch -.uggc-.t~ :-.yntacttc 
cla-.~tftcation However. ~111cc the pattern-; arc not known 111 advance, both cla'>'>tficr'> arc needed 
and operate 111 parallel. In the fmal level, Knowledge IntegratiOn. the expert ~y'>tem mtcgratc~ 
the -.tatt~ttcal and ~yntacttcal data output from GRFE wtth other -.ource-. ftom the U">cr and 
knowledge ba">e to arnve at a dect~ton on whether or not the raw tmage data ltkcly conta111~ a 

mmefield 

Tht'> ~y~tem archttccturc wa~ mtttally de">tgned for AAII airborne tmagery. Some modtftCatton~ 
of the algonthm and hardware ~tructure are bemg mve-.ttgated to accommodate FUR tmagcry 
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Figure 2.1: Structure of the Remote M mcfield Detection hterarch1cal algon thm 
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2.2 FLIR Imagery of Land Mines 

Land mines are often cylindncal but may be a vanety of shapes. Diameters range typically from 
10 to 30 em for anti-personnel and anti-tank mine~. respectively. Mmefields may comist of 
buned or surface-laid mmes. A typical mmefield distribution might consist of over 200 mines m 
a 500 m square area. 

A number of imaging detectors are being developed for use in remote minefield detectiOn frOJ n 
airborne platforms and from slow moving ground vehicles. In thi~ study, we focus on FLI { 
Imagery from a multi-sensor remote mme detectiOn vehicle that operates primarily on roads tt 
slow speed about 3 6 km/h. A typical data rate for this imagery I~ 4 Image~/~ or 1600 lme~/s An 
image has 400 hnes, each of which contains 800 16-blt samples. Due to the range dependellt 
perspectl ve, the ~izc of mmes depends on their positiOn in the frame. In mid frame range, <. n 
anti-tank mme may be 32 - 40 pixels in dtameter and an anti-personnel may be 12 - 20 pixels J n 
diameter, along track and across track respectively. Typical expected signal to noise ratio~ are m 
the range 10 to 50. 

< ~~~,:~<'*~,~!~~--
~-=c---

Figure 2.2: A FUR image with 2 anti-tank and 4 anti-personnel mines visible 

Became FLIR images are obtained from ground-based vehicles that are intended to dete :t 
mdividual mines, there IS no ~patial analysis required to detect a whole mmefield. FLIR ImageJ y 
characteristics and the RMD algonthm modificatiOn for this type of imagery are discussed in the 
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prevwu-.. report "'Implementmg and Te~tmg a Real-Time Hierarchical Mme Detection 
Algonthm" [ 19]. 

2.3 System Integration of RMD Algorithm for FLIR 

To re~olve the dillicult1e~ m commumcat10n between vanou-.. module-.. and to determme the 
opt11nal hardware configuratiOn. It 1'> e~~ential to ~tudy the -..y~tem-.. mtegrallon of the RMD 
algonthm module-... 

Followmg 1'> the calculation of data flow m each module of the RMD ~y-..tem. ha~cd on the actual 
data mput/output: 

• NSRR: dete( t the h1ghest mtens1t_v contrmts (hit\") 

mput Data=flt(SOO, 400) 
output: Re.wlt=flt(4, lc/1p * 6)" (x, v, mdex, 11WX_inten.\lty) of "lc l1p" .\llhunugn 111 euch of6 .\(on 
lines of SOOx50 

Input data flow· 4 frames/\ * (1'\00*400 pixels/frame)* 2 hytes/pnc/ = 2.5 Mh_vte.\1\' 
Output data flow. 4 frmnesh '" 4 data/ic lip * 2 hvte.\ldut(l * 32 suhimage\lscanlines '1 6 
scanllneslfrmne = 6 khytesl\ 

or. 4fmme.\/\ * 32 su/mnage.\·1\canlines * 6 sumlines/fmmc = 768 .\ttlmnage.\1\' 

• LRT: make all the intensity c m1trmts of one Jut heunne unique 

input=· Result=flt(4. !dip * 6) ;/cl1p=32 
output. Hit\·=flt(..f. numher _of_luts) ;numher_o/_luts = ~..tO hits/frame 

Input data flow: 6 A.hytcsl\ from NSRR output 
Output data flow. .f. frame.\/\ -~ 4 data/Jut * 2 hytes/data * ~40 Juts/frame= -I 25 khytesh 

These data flow.\ are low ( mnpanng wllh those in NSRR Therefore. the data flmvs 111 NSRR au· 
domuwn t. 

• LRA: reconstmct the shape of the Lllll(jlle hits m the database 

input: Data=flt( 800, .f.()()). Result=flt( 4, h lip '~' 6) 
ou !put: G re_v=flt( ma rksr::e, nw rb i:: e. nwnher_of _lu ts) :nwrksi::e=64 ptxel\ 

Input data flow a/)(mt the some H'ith that 111 NSRR, eL. 2 5 Mhytnl\-
Output data floH'. 4framesl\' * (64*64 ptxel.\) * 2 hyte.\/pixel '" ~..J.O luts/frwnc = ~1.25 Mh\'fe\1\ 

Therefore, the data flow of 2.5 Mh_vtc.\1\' ts dmnuwnt 

• LRS ( RSAM). \egmcntatwn 
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input: Grey=flt(marksize. marksize, number _oj'_hits) , marksi::e=64 
output: Segmented=byt(marksize, markszze, number _of_hits) 

Input datafluw: -1.25 Mbytes/s as in LRA 's output dataflow 
Output dataflow: 4_frames/.\· * (64*64 data) *I hytes/data * -40 has/frame= -640 kbytes/s 

• LRFE: Feature extraction 

input: Segmented=byt(marksize, marksize, number _oj_hits), Grey=flt(marksz::e, marksizt·, 
number _oj'_hits) 
output: features=.flt( 13, 2 *number _of_hits) 

Input dataflow: -640 khytes/s + -1.25 Mhytes/s = -1.9 Mhytes/s 
Output data flow: 4 frames/.<; * ( 13 * 2 * -40 hhs(frame) * 2 bytes/hit = -8 I kbyte.\/.<; 

• LRC: Classification 

input: features=flt( 13, 2 *number _oj_hlls}, Design=.flt( 11. I2, 2) 
output: Class{fied=flt(6, 2 *number _(~/_hits) 

Inputdataflovv: -8.1 kbyte.\/s.from LRFE 
Output dataflow: 4 frames/.\· * (6 * 2 * -40) data/frame * 2 bytes/data= -3.75 kb.vtes/s 

The '>ystem~ integratiOn of the RMD algorithm performed on FUR is ~ummarized m Figure 2.~, 
which show~ the data flow m the level'>. 
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Figure 2.3: sy~tem~ mtegratton analy~·~ for FUR Imagery. 

2.4 A Search for a Better Segmentation Algorithm 

Lnl,li Rcgwn 

Cl.~>"licdtoon 

(LRC) 

I (l 

The currently U'>ed '>egmentation algonthm I'> ha~ed on the ~pill-and-merge technique hy the 

HorowitJ: & Pavlich~. code'> developed hy AIST MIT! (JAPAN) 19~3. Th1~ algonthm wa'> 

cho~en hecau'>e of It~ avaiiahiiity at the ttme and hecau~e It yielded ~at1~factory re~ult~. A'> '>lated 

m ~eet1on 4 2.3 of the .. Implementmg and Te'>tmg a Real-T11ne Hierarchical Mme Detection 

Algonthm- Fmal Report" [ 19]. the current ~egmentation algonthm RSAM ~omctime'> fail" to 

detect the true '-.hape'> of mme~ due to ~mall "hndge~" whtch connect the mme Image'> with 

~urroundmg dehn~ (Ftg 2.4) 
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Scanned Image~ of anti-tank mmes Scanned images of anti-personnel mine~ 
(In each case, a good image is at left. and a bad image with narrow "bridges" is at right) 

Figure 2.4: Mine Images detected by RSAM segmentatiOn algonthm. 

As an attempt to Improve the result, a number of segmentation algonthms have been examinej 
and tested usmg FUR Images. A number of routine~ for image ~egmentation from the University 
of Kansas KUIM Image Processmg System were tested on our FUR imagery. Refer D 

http://www.Ittc.ukan~ cdu/-jgauch/rc-.c~uch/kuim/htrnl/07.00.html for dctalis of each algonthn. 
The summary descriptions from that Web Site are included below 

• Intensity Thresholding 

When the mtens1ty histogram of an image IS bimodal, It IS often pos~Ible to identify object~ c f 
interest in an image by thresholdmg. All pixels greater than the specified threshold value are pm t 
of the object and labeled with I 's, and all pixels less than the threshold value are part of th ~ 
background and assigned O's The thresh program has a number of options which let the u~c r 
specify the threshold, or choose an automatic threshold ba<;ed on edge strengths (-e) or h1stogran 
statistics. 

• Region Growing 

The region_grow program implements seed based regiOn growing for Image segmentation. 1\. 

region IS detected by 1dent1fymg the set of pomts that are connected to the ~eed point that ar ~ 
"similar" in value A recur-.Ive algonthm is used to grow a region whose pixels are m the rang~ 
[m-t .. m+tl where m i~ the mean intensity of the regiOn ~o far, and t is a mer ~upphed threshok. 
The -s switch is used to specify the starting point, and the output of the program i~ a binary 
image ( 1 ·~ = object, O's =background). 

• Split Merge 

The c\plit_merge program performs the clas~ic recursive split and merge segmentatiOn algorithrr. 
The program begins by breaking the image mto a large number of homogeneous region~. ani 
then combines adjacent regiOns to eliminate artificial boundaries caused by the recursive splittin ~ 
proces'i. Both the splitting and merging proce~ses use mtens1ty variance m a region a~ a measur~ 
of it~ homogeneity A u~er ~pecified variance threshold indirectly controls the number and siz~ 
of regions produced by this algonthm. The output image contains the average mtensity value fc r 
each of the region~ identified. 

• Boundary Detection 
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The hound program read.'. m a segmentatton tmage (either 8/W or multt-valued) and U.'.e:-. a top to 
bottom, left to nght -.can of the tmage to locate rcgton houndanc:-.. Unltke the (on tour program, 
the-.e houndane.'. arc not "tracked" or output to an ASCII ftle. For dt'lplay purpo-.e-. tt t:-. olten 
u:-.cful to .'.upemnpo.'.e the.'.e houndanc-. to the ongmal un-.'.egmentcd trnagc to demon-.trate the 
qual tty of :-.egmentatton t-c.'.ulh 

• Contour Following 

Once an object of mtcre-.t ha-. been idcnttftcd by thre.'.holdmg or another .'.egmcntatton method. tt 
t.'. often nece-.-.ary to ftnd the .'.cqucnce of pomt.'. on the object boundary. The contour program 
take.'. a 8/W image and track-. the houndane.'. of each obJect and wnte-. the (x.y) coordmate.'. to an 
ASCII ftle for future u-.c. At the -.amc tune a 8/W tmage the .'.amc '>t7c a-. the input tmagc t.'. 
created whtch .'.how-. the contour potnt.'. 

• Blob Coloring 

Once an tmage ha.'. been -.egmented mto a'l number of region-. u.'.ing thre.'.holdmg or another 
method. tt to.., often u.'.cful to identtfy each of the connected component.'. tn the tmage. The proce...,.., 
of a.'..'.tgntng each di:-.tmct regton umque idcnttfiero.., t'> called blob colormg The hloh_( olor 
program U.'.e-.. a o..,tmple recur.'.tve .'.earch algonthm to ftnd all pomt.'. connected a o..,tartmg potnt. 
Several program optiom enable the u-..cr to .'.earch for whtte obJeCt.'. on black background-. or 1'/( c 

\'ersa, and vary the defmttton of "connected" to U.'.e 4 netghhor:-. or 8 netghbor-. 

• Maximum Likelihood Segmentation 

The ml_segment program perform-. maxtmum ltkelthood -.egmentatton on -.cedar and vector 
valued tmagc-... The proce.'.:-. 1:--. '>llllllar tn -"Plrtt to the "quanttzc" program except that the tnten-.tty 
clt-.tnhutton of ptxel-. m each '\cgment" arc cxpltcttly modeled. 

• Gradient Watershed Regions 

The water_merge program calculate.'. gradtcnt water.'.hcd rcgton-. and then perform.'. an tterattve 
mergtng procedure to comhtnc thc-..e region-. ba.'.cd on thctr '\tmtlanty" The reo..,ult t..., ct 

o..,cgmentatton tmage Vvtth very good edge localuation 

• Intensity \Vatershed Regions 

The watenhed program partttton.'. an tmage mto water.'.hed rcgton.'. by followmg the mten.'.tty 
functton "downhtll" to the neare-.t mten.'.tty mimma. Regton-. a-..'.octatcd wtth intcn:-.tty maxtma 
can al.'.o he calculated. Regton.'. a-.-.octated wllh water.'.hedo.., of the gradtent magmtude of the 
tnput tmage can al-.o he calculated 

• Crack Detection 
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The crack program searches an Image for dark thm cracks. This is done by scanning the imag~ 
left-right, top-bottom and diagonally at each point looking for large increases in intensity. 

Some prehmmary te~ts were conducted FLIR images were converted to Graphics Interchang~ 
Format (GIF) and tested with the above stand-alone ~egmentation algonthms. Although th~ 
computatiOn wa~ complex, a few of the te~ted algorithm~ could separate a few of the clmter~ th< t 
RSAM faded. Thus they ~hould yield shghtly more accurate RMD results. It was concluded th<: t 
Intensity Thre-;holdmg, Region Growmg, and Contour Following were possible alternatives t) 
the current RSAM algorithm. However, further te~b ~hould be conducted to confirm thi.., 
conclusiOn. 

As another approach, one can improve the RSAM re~ults, such as to elimmate tho-;e ''sma; l 
bridges", by a routine that recognizes a mine-debris couphng and then automatically adJUSts th~ 
RSAM parameters accordingly. Furthermore, methods from mathematical morphology, such a~ 
dilation and contractiOn operatiOns, are often used to remove small islands and connecting ridge~ 
from images. Future studJe~ ~hould examine the ability of mathematical morphology technique~ 
to climmate the bndge~ in ~mall AP mme images. 
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3. Hardware Configuration for the Real-Time RMD System 

3.1 Implementation Using Transputers 

In order to achieve real-time operation, a di~tnhuted computer '>Y~tem '" c~~cntial.
1 

lh Tht'> 

~ystcm employ~ a large number of procc~~or~ wtth varying topologtc~ for each of the pnKe-,-,mg 

node'>. Thu~ 1t U'>C'> a ~1mplc point-to-potnt commumcatlon~ protocol for mterconnectton The 

network '" ~calcahlc, 1 c., mcrea-,mg the number of clement~ rcqutrc'> only mmor change'> to the 

programmtng code 

U~ing a CO'>l tradeoff and data rate <tnaly~t~, a parallel proce~~111g computer hardware 

configuratiOn propo~al for a FUR rmncftcld detection -,y-,tcm 1~ !llu~tratcd 111 F1gurc 3 l Tim 
sy-,tem utth.t:c~ an array of T~OO tran~puter~ (T8 ), t860 vector procC'>'>Or'> ( VP), and .1 Sp.trc 

~tat10n for operator 111tcrface and '>toragc. 

Computation of procc'>'>ll1g time for NSRR, LRT and LRFE module-, ha-,cd on tran-,puter data 

-,hcch 1~ de~cnhcd 111 Appendtx A. Tht~ calculatton ~ugge~t~ a total of 40 T800 or 9 T9000 

tran~putcr-, arc needed for NSRR, and I T805 30 M~V for LRT. However. to ~olvc the t!o 

bottleneck problem between the SCSI hu~ and the RMD ~y-,tcm mput. :2 TTM II 0 vcctot 

procc-,~or~ (wh1ch have a throughput of ~0 MFlop~/~. almo-,t four ttrnc'> the throughput of T9000 

yet '>tmpler to code) arc u~cd in the NSRR, and a number of T405 tran'>puter'> mtght he employed 

for a cmtomi/cd SCSI 111tcrfacc. 1r' For LRFE, 3 T~05 30 MH.t: tran-,putcr-, would he ~ufftctcnt to 

handle the load, thc~c T~OO-, commumcatc among thcm-,clvc'> U'>ll1g procc~-, !arm conf1gurat1on 

However, today tran~putcr technology '" quite old and '" hchmd many modern computatiOnal 

clement", ~uch a'> tho-,c found 111 DSP hoard~ or general purpo~ed procc'>'>Of'>. 111 term-, of 

feature-,, ca-,c of u-,c and pncc/pcrformancc rat1o. Tramputcr productton h,t'> hccn halted hy the 

manufacturer (I NMOS), who no longer provtdc product or development tool ,<.,upport Thu". 

tramputcr network-, arc hecomtng 111crca~mgly dtfftcult to ~upport and matntam The current 

ch~tnhuted computmg archttccturc ha"cd on tran~putcr" will need to he upgraded tn the luture 

and thu" a network of Penttum-cla~~ PC-, wa-, hutld to te-,t the RMD algonthm 111 Pha'>c 3 
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VP: i860 based vector proces~or. T8: T805-30 transputer wlth local memory. 

Figure 3.1: Hardware conf1gurat10n proposal for the real-time RMD system. 

Ftgures 3.2 and 3.3 ~how the hardware configurations for the NSRR usmg T9000 and T80D 
transputers, and Ftgure 3.4 show~ the hardware conf1gurat10n for the LRT using one T800: 
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Figure 3.2: Propo~ed computing architecture for the NSRR u~1ng 9 T9000 tran~putcr~. 
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Figure 3.3: Proposed computmg architecture for the NSRR using 40 T800 transputers. 

NSRR LRS 

LRT 

Figure 3.4: Proposed computing architecture for the LRT u~mg 1 T800 transputer. 

To form the above configurations, the tran~puters are hardwired usmg a 4x3 me~h structure as 
shown m Figure 3.5, and then ~oftware is used to configure the data/control Interconnections. 
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Figure 3.5: Tran~putcr-, hardwired m a -lx3 me~h ~tructurc. 

3.2 Alternative Hardware Implementation 
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Although tran~putcr~ were attracttve computing clement~ 15 year-, ago when the RMD proJect 

-,tartcd. they have hccomc oh~olctc. Therefore. a ~tudy of an alternative hardwatc 

implementation of the Remote Mmcfteld DetectiOn -,y-,tcm had been conducted hy the Umvcr-,tty 
of Bnti-,h Columbta [22]m Pha~c I of the contract. 
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This study concludes, "The RMD sy~tem performs substantial image processing, but doe~ n• )t 
appear to fully utilize the enhanced abilitie~ of a digital stgnal processor. Thus, it IS n• )t 
recommended that a digital signal proce~sor such as the SHARC be utilized. Instead general­
purpose processors such a~ the PowerPC, Pentium and Alpha ~hould be considered. Tt e 
generation of these processors should be picked such that those that have SIMD capabilities a e 
utilized as appropriate. Usually, It is only possible to obtam SIMD general-purpo~e processo ·s 
easily, so this IS not a difficult propo~it10n. Besides being much faster at the image analy~is th< n 
the SHARC, these general-purpo~e proce~sors have the advantage of being much cheaper, as 
well a-; havmg much lower development costs. The SHARC is more optimized for executiOn of 
fast multiplies and accumulates, but this is not something that the RMD system does much of. 
Addltlonally, much of the speed of the SHARC 1s based on the three independent execution uni .s 
and register file - ideally the SHARC would have two execution umts executmg at once, but th 1t 
was not the case in the compiled code. Thus, the SHARC wa~ e~sentially being used as a micro­
controller, which a digital signal proces~or is not extremely good at (and it wastes resourcl's 
available to the processor). NSRR and LRT are the two most computatiOnally mtensn e 
functions that take a lot of hardware to run (takmg 4 times as long when the Image size doublt-s 
m both dimensions), while the remaining algorithms, LRA, RSAM and LRFE scale linearly as 
the Image size increases." 

Thi~ study also sugge~ts that to Improve the run-time speed, one should carefully choose a 
compiler based on: 

- Compiler efficiency: how well the compiler can produce code. 

- Compiler differences: how well each compiler can u~e the functions given (1.e., how much coc e 
has to be wntten because the complier library call doesn't Implement It), and the operatir g 
system. 

Many compilers available in the market are for general-purpose processors, while only a few a e 
for spectahzed processors (hke the SHARC). Thus the compiler in the latter case is the weake .;t 
hnk in choosmg a platform. Moreover, whtle assembly language development i~ pos~Ible, it 1~ 

often desired to produce code in C. Then, the lack of additional compilers is often a drawbac c, 
smce one is tied to a certain vendor who ~upphes the said compilers as well as the developme 1t 
tools. 

Furthermore, general-purpose processors are likely lower in cost due to their wide~ pre< d 
availability, so one is able to keep a few spares on hand. Aho, documentation for general­
purpose processor platforms i~ abundant and easy to find. 

3.3 Implementation Using Intel Pentium Processors 

In Phase 3, a new hardware platform for the RMD algonthm was bmlt usmg: 
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• A work..,tallon PC: Pentium IV I g GHz, 256MB SDRAM. 80GB hard dnve. 1GB Network 
Interface Card (NIC). MS Wmdow.., 2000. Thi.., worhtation wa'> mtended for the new 
..,ott ware ver..,Ion development. and for runnmg the mam module of the RMD program. 

• 4 '>ub..,tation PC..,: Pentium IV I 6 GHz, 128MB SDRAM, 20GB hard dnve, 1GB NIC'. MS 
Wmdows XP A KVM ..,witch wa.., u..,ed to ..,hare a common momtor and a keyboard among 
the..,e ..,ub..,tallom. The..,e ..,ub..,tations served as additiOnal data processmg umt'>. which were 
controlled by the workstation 

• A fa..,t 1GB ethernet swttch to connect the..,e five PCs to form a pnvate LAN. Each -.talion 
wa.., a-...,Igned a umque IP addre..,..,, and communicated among them-.elves u-.mg TCP/IP 
protocol provided by the runnmg Mtcrosoft Wmdows OS. Only the work-.tation could 
connect to the out-;tde mfrastructure network-. or mternet u-;mg an additional NIC. 
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Figure 3.6: Dtagram of the network of Pentium PC.., 
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Figure 3.7: The worhtation PC (under table) and the KVM switch (to the left of the left-hand 
momtor) with monitor and keyboard. 
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Figure 3.8: The ~uhstat10n PC-,, wtth the gtgabtt cthernct -.,wttch on top 
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4. Software Development 

4.1 Software for Transputer Network 

Discussion of ~oftware development of a complete RMD algonthm i~ given in detail in the repo ·t 
"Image Analysis ApplicatiOn Development" [2]. Also, the commumcatwn protocol between tre 
modules is descnbed m the "Systems Integration Study of a Hierarchical Mmefield Image 
Analysis Algorithm" report [ 16]. 

In the previous work contract, a simulatiOn version of the low and middle levels of the hierarchy 
adapted for FUR Imagery was ftrst programmed to run on a Umx-Sparc machme. Tre 
modificatiOns from the anginal algorithm made for FLIR imagery are outlined in the repo t 
"Implementing and Testing a Real-Ttme Hierarchical Mine Detection Algonthm" [ 19]. 

After verifymg the non real-time program running as intended, the code of this low and middle 
level of RMD hierarchical algorithm for FUR was transferred to implement on a real-tme 
version of an architecture of i860 vector processors and transputer TRAM<>. This software w< s 
wntten in INMOS ANSI C and OCCAM (a common language for concurrent computing c·f 
tran~puters) and was run in Unix IDL environment for graphic user interface. 

The source codes of the real-time version of RMD algonthm for FUR imagery are stored m tre 
TOG duectory: 

/netlfrodo/ ex port/home/projects/ rmd/h ieralgori thm/real time-tlir 

The FLIR minefield image~ used for testing this real-time versiOn of the RMD algorithm me 
stored in directory: 

/net/frodo/export/home/projects/rmdlimages/tltr 

As a new hardware platform wdl replace the transputer network in Phase 3, softwme 
development for the current transputer architecture ceased after the completion of LRFE. 

4.2 Software for PC Network 

Because of the time shortage for software development in Phase 3, only the NSRR, LRS (<•r 
RSAM), LRFE and LRC modules were coded in C and for running m DOS mode. Tr e 
Interactive Data Language (IDL) package was needed to provide GUI services such as user 
interaction and graphic display Thts arrangement, much like the stmulation verston runnmg en 
Unix in previous contracts, was necessary for this early stage of software development. [t 
provided quick debugging steps and easy integration for the modules under development. \ 
simple DOS or windows application can easdy replace this IDL environment m the future. 
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At f1r~t. 1t wa~ planned to code the modules m C++, which uttl1ze~ M1cro~on Foundation Cia~~ 
(MFC), true wmdow-., GUL and mult1-thrcad programrmng. Th1-., attempt wa-., not completed 
after a tnal pcnod hccau~e of the ~hort tnnc budget for -.,oftware development 111 Pha-.,e 3. 
Another ongmal 1ntcnt wa~ to usc the sub~tatton PC-, to ~hare the workload w1th the ma1n 
worbtat1on (F1gure 4.2). Only prcltmmary work wa~ done on thi~ a~pccL becau~c the 
dilltcult1e~ m mter-procc~~or commumcat1on could not be fully re~olved m the t1mc avatlablc. 

One can. however, improve the speed of the ex1~ttng RMD algonthm Implemented on a ~mglc 
PC by domg the followmg thing~: 

• Store and ~hare intermedtate data array~ u~mg RAM m~tead of ~y~tcm ftle~. A-, F1gurc 4.1 
~how~. data ft!e~ currently were retneved and -,to red many tune~ dunng the RMD p1 occ~"­
thu-., tt -.,tgniftcantly ~lowed down the operation. Th1~ mod1ftcat1on 1~ one of the m<~Jor factor-, 
to -,peed up the proce~~. yet can he ea~t!y implemented. 

• u~e a fa~ter ~mglc proce~~or PC (2GHz or better), or a multt-procc~~or ~bared-memory PC 
Moreover, a -.,mgle PC model could be more preferable than a network of PC~, hecau-.,e it can 
avo1d the potenttal LAN commumcatton problem, reduce the co~t of cqutpmcnt and 
programmmg effort, and decrease the ~pace occupied by the ~y~tcm. 

• OpttmiLe the code~. tnm off dehuggmg checkpomt~, ~1mpl!fy the procedure-,, reduce the 
~tcp-., to read in and check for sy~tem call parameter~ and data formab ( m fact, mo~t of thc~e 
parameter-, and data format~ were ftxed) 

• Avmd pa-.,-.,mg data array-, stored m ~y~tcm ftle~ among ~ub-.,tattom m cltenthervcr fa-.,hlon a-, 
th1~ mtght mcrea~e con~iderably the overall procc~~mg tune 

If the~e mod1ftcat1on-., cannot make a -angle PC -.,atl~fy the real tune -,peed requirement, the multi­
PC model nught become an optton 

As an tllu~tratlOn, the real t11nc mput ~peed of FUR tmagcry 1" 4 frame~ I ~ccond, or 0.25 ~ccond 
for I frame. The current RMD -.,oftware runnmg on a ~mgle Pentium IV I 8 GH/, wtth IDL 
~ervice. a DOS ~hell and lot of ~y~tem ftle -.,wapping, could analy,;c a frame typ1cally 111 1.18 
~ccond. Wtth the ~ugge-.,tton~ lt-.,ted above, the ~oftwarc could po~-.,tbly achtevc 2 frame-.,/-.,ccond 
or even meet the required real tunc ~peed. 

The -.,ourcc code~ of the PC ver-.,ton of the RMD algonthm for FUR tmagery were compt!cd 
usmg Mtcro~oft Vt-.,ual C++ 6.0, and are archtved 111 the TOG dtrcctory: 

/net/frodo/export/home/projccts/rmd/hteralgonthm/PC-FLIR 

'"'" I I '••""~ } Ho~c;,.y S"<''""''d ---::j '"'"~ [ 
-- l"o.'5RR: -- LRT - LRASSRMBLF RSAM ~--~ LRFE -- LRI 

________ , r'J.t.:c _____ C•.J.t.J _ ___ : ----~ Gtr-v _____ r•n;•ll;h __ 

Figure 4.1: Data ftle~ arc rctnevcd and ~torcd dunng the RMD proce-.,~ 
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mam workstauon 

Fork 

substat1on 1 ... 

mam workstauon 

Figure 4.2: Proposed multi-PC function di~tribution. Only Fork and Join blocks are shown hen· 
for NSRR, but the same mecham~m would be apphed for LRS and LRFE a~ well. 
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4.3 Expert System Shell 

An expert ~y~tem for the top level of RMD algonthm wa-. abo developed m th1-. contract. 
Becau~e of the lack of avatlab1ltty of mme expert~ from the Canad1an Force-. Engmeer~ and 
Armoured Corp-. dunng the time period required to fulfill th1~ contract, only an entry level cia~~ 
of expert ~y~tem ~hell wa~ accomplt-.hed. This ~hell merely contamcd a ~1mple knowledge ba-.e 
w1th a few fact~ and rule~. and a query engme. Future work w1ll be needed to em1ch the 
knowledge ba~e and to detatl any nece-.~ary factlitie~. A dl-.cm-.ton of the 1mplementat1on of th1~ 
expert -.y~tern 1-. g1ven 111 Appendix A. 
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5. Preliminary Test Results 

5.1 Test on Transputer Network 

By the end of Phase 2 of the contract, only the code~ for NSRR, LRT and LRFE were developed 
and tested separately. Then the RMD Implementing on the network of tramputer~ was ceased, 
and replaced by the development on the new multi Pentium PC platform. Note that a~ in n e 
original plan, all the RMD modules should be Integrated and run a~ a ~mgle coherent entity on a 
full ~cale version of the transputer architecture. 

Real FUR images. acquired from ILDP. were stored m AGEMA's Image format and we1e 
transformed into TDG format (a custom format) usmg IDL routine~. Each Image frame has 8CO 
x 400 x 12-bit pixels. The data input rate for the real-time ver~wn IS expected to be 4 frame<;/;, 
which yields the data readmg time of 0.25 seconds/frame. 

Figure 5.1 shows a typical processing time for NSRR. LRT and LRFE modules m the real-tirre 
ver~ion of the algorithm. Although these ~peeds are quite fa~t in companson to those m tr e 
~imulation version, they are not fast enough for the real time frame rate requirement of 0.2 5 
seconds/frame. Furthermore, the data re~ults from the real time ver~ion were verified agam<;t tr e 
results from the ~imulatwn to make ~ure they are the ~arne. 

Module Real-time Simulation 
NSRR (2 TTMllO) 0 118272 0.25207007 
LRT ( 1 T805-30) 0.129952 0.31768095 

LRFE (3 T805-30) 0.257400 0.69026039 

Figure 5.1: Proces~mg time (seconds) for Real-Time versus Simulation version of the algonthrr 

5.2 Test on PC Network 

u~ing Interactive Data Language (IDL) package to provtde GUI services and simple mtegration 
the NSRR, LRS (or RSAM), LRFE and LRC module~ (which were coded m C and run m DOS 
mode) were te~ted along with the LRT and LRA (which were coded m IDL language). A 
particular te~t performed on the ~ingle worbtation PC yielded the processing time a~ recorded i11 
F1gure 5.2. 

A~ shown in this table, the total processmg time for a FUR Image ts typically 1.18 ~econd on th~ 
Pentmm IV 1.8 GHz machine. Thts IS quite fa~t in companson with the ~imulatwn ver~10n on the 
Umx SPARCstation-20 platform, but the real time speed reqUired for FUR imagery IS 4 
frames/second or 0.25 ~econd per one frame. Note also that the ~lowe~t module 1s probably the 
LRS, which could be improved by employing a faster ~egmentatwn algorithm, givmg the ~arne 
result. 
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A~ mentioned m ~ect10n 4.2 (Software for PC Network), the procc~~mg ~peed can po~~1hly he 
made much fa~ter by climmatmg the file "wappmg and by optim11:mg the exi..,llng code..,. 
Furthermore, more R&D work will he needed to Implement the multi-PC nctwo1 k a" ongmally 
planned, and thu~ to ach1evc the real time ~peed reqLmemcnt. 

Machine NSRR LRT LRA LRS LRFE LRC Total 

P4 1.8GH:r 0159 015 .016 437 375 .156 1 18 
Spare 20 .114 144 .139 4.36 7.53 2.35 16 21 

Figure 5.2: Proce..,~mg tnnc (~ccond~) for Pentwm PC ver~u" Umx Simulation ver..,lon of the 
algonthm 

5.2 Rate of Success 

--

At the tunc there were 44 FUR Image~ ;wadable for te~tmg Eleven of them were ~o poor m 
quality that they cannot he med to detect mme~ even by VI~ual m~pection. The FLIR algonthm 
was run with the remammg Image~ and the followmg re..,ult~ were ohtamcd: 

Image T.P.A.*" Image T.P.A.* 

LJ60716_000000_0170 214 LJ60716_041500_0160 235 
%0716_00 1500_035lJ 236 LJ60716_043000_0370 2 3 5 
%0716_003000_0 I I 0 216 lJ60716_044500_0060 145 
LJ60716_004500_02LJLJ 2 I 4 %0716_050000_0250 I 3 6 
LJ60716_010000_04l)() 2 2 s %0716_051500_0460 2 2 6 
lJ60716_0 I 1500_0 I SO 24l) 960716_053000_0160 2 2 5 
LJ60716_013000_()3l)() 224 lJ60716_054500_0350 134 
LJ60716_0 14500_0 II 0 125 lJ60716_060000_0540 246 
LJ60716_020000_0310 2 2 7 960716_061500_0249 I 2 3 
lJ60716_021500_0509 226 960716_063000_0450 I 7 " - ) 

960716_023000_0210 226 LJ60716_064500_0169 I I 3 
960716_024500_0429 225 LJ60716_070000_0361 247 
LJ60716_030000_0130 239 LJ60716_071500_054l) 2 I 4 
lJ60716_031500_0321 227 LJ60716_onooo_0260 I I 2 
LJ60716_033000_0540 124 960716_074500_0449 2 I 4 
lJ60716_034500_0260 145 LJ60716_0SOOOO_OI40 203 
l)60716 040000 0450 126 

* T.P.A: number of anti-Tank mmc..,. anti-Pcr~onncl mmc..,. and totAl ~u..,pect object" (hlh) that 
FUR algonthm found 111 each te<.;t Image. 

Figure 5.3: Sunulated FLIR algonthm te<..,t re~ult. 
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There were 2 anti-tank (AT) and 4 anti-personnel (AP) mines m each FUR Image For the 33 
te~t re~ults in Figure 5.3 there were 55 anti-tank and 73 anti-personnel mines found, 44 fabe 
alarms m 172 hit'>. Therefore the test result can be calculated as 

Anti-Tank found Anti-Personnel Success hit False alarm 
found 

83.3% 55.3% 64.6% 25.6% 

Figure 5.4: Simulated FLIR algorithm succe~s rate. 

The test results m Figure 54 suggest that anti-tank mines can be easily detected, likely became 
their shapes are quite large and remain distinct from their neighbor~ On the other hand, ant -
personnel mines are smaller and usually connected with other blobs VIa "bridges", thus their true 
shapes are altered and cannot be detected usmg the current cla~sifier. Moreover, many sma I 
clutter spot~ can randomly combine with each other to form a ~tructure that has feature 
characteristics closely resembling those of anti-personnel mmes, thus yields more false alarnt. 
Increasmg the clas~Ificat10n thre~hold will recognize more anti-personnel mines but will als J 

mclude more clutter (fabe alarms). Currently there wa~ no certain feature that can be used t J 

d1~t1nguish anti-personnel mmes and random ~tructures One ~olution for thi~ problem is a 
combmation of Image filter and segmenter which can entirely isolate a small mine shape from 11s 
surrounding. Abo, a number of alternative segmentatiOn algorithms outlined in section 2 ~ 
m1ght help to solve the problem a~ well. 

Another factor that decrea~es the rate of success is that many random artifact~ (clutter combinej 
from smaller blob~) or some particular areas of a FUR image might have greater contrast values 
than those of antl-per~onnel mine~. Became LRT only p1cks the top "lclip" contrast value:., 
some anti-personnel mmes will be left unconsidered. Po~sible corrections might be to increa~e 
the "lchp" threshold, to ~can contra~t value~ mdependently m many non-overlap region~ c f 
FUR. or to normalize the whole image before RMD proce~~ing. 
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6. Conclusions 

At the completiOn of thl'> contract. the Remote Mincf1cld Detection H1erarchy (RMDH) wa.., 
developed on two hardware platform'>. 

1) Network of transputers: 

Module'> NSRR, LRT and LRFE were Implemented and te~ted on an architecture of vector 
proce..,~or~ ( VP TRAM~) and tran~putcr~. The algonthm~ of thc~e module~ were adapted from a 
~lmulation ver~ion developed 111 the p1eVJOU'> contract for FLIR 1magcry 

Module NSRR requ1red two vector proce~~or-;. LRT needed one T805-30. and LRFE employed 
three T805-30 tran~puter~. U~111g real FLIR Images a~ 111put data. the rc~uJt.., of the~e module.., 
were venf1ed. and they showed the proee~s111g time~ were '>lightly ~low for the 111tended dat.t rate 
of 4 frame~/~econd. 

A.., a new hardware platform would replace the tramputer network m Pha~e 3. ~oftwa1c 

development for the current tran..,puter arclutecture halted after the completion of LRFE 

2) A Pentium PC workstation: 

A ~tudy by the Umvers1ty of Bnti'>h Columbia '>ugge~ted that general-purpo'>e proce..,..,or..,, '>Uch 
as PowcrPC or Pent1um. were better ~uited for the RMD '>y~tem. 111'>tead of U'>111g chg1tal '>lgnal 
proee-;~or~ like SHARC or the out-of-date tran~puter~. The~e modern advanced computational 
element~ would yteld much more proces~111g power at a lower co~t. 

The ~tudy abo 111chcated that '>ome new ~egmentatton algonthm.., were po'>~lbly alternative'> fo1 
the current RSAM algonthm and yet would produce better I'C'>Ult~. However, the overall 
evaluation of the~e algonthm'> ~hould be venfied on the new hardware plattorm. Abo, a '>hghtly 
modified RSAM could be done to overcome the undc~1red outcome'> 1n the pre~ent RMD "Y"tern 

A" a comequence of that ~tudy. a network of five Pcntlllm IV PC~. 111terconnectcd v1a gigabit 
Ethernet card~. wa'> butlt 111 Pha~e 3 It wa~ planned to run the RMD program on the ma111 
\\lorbtat1on. which would call and '>hare data and work load w1th the other four '>Ub'>tatton~ m 
cltcnt/..,erver fa~hion w1thm the pnvate g1gab1t network. It wa.., planned to wntc the code m 
C/C ++and ut1lt'"e the Micro~oft Foundation Cia'>~ for window-; programming. 

However. bccau..,c of the lumtcd t1me. only module~ NSRR. LRS. LRFE and LRC were coded 111 

C and 111tcnded to run m DOS mode: the other module~ were ~ttll coded m the IDL language. 
The whole RMD program would run 111 Wmdow~ OS on a ~mgle Pent1um IV 1.8 GH'" PC The 
IDL package 1~ currently used to prov1dc GUI serv1ce.., and module mtcgrat1on 

The RMD te~t re~ulh were unpre'>'>Ivc: a ..,mglc Pentium IV I 8 GH'" PC could analy1c a FLIR 
tmage 111 typ1cally I 18 ~econd Tht'> proce~1.,111g t1111e could be much unproved toward '>atl'>fymg 
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the real time ~peed requirement of 0.25 second I frame by carrymg out ~uggestions given in 
section 7 (Recommendations for Future Work). 

Lastly, a simple expert system was aho de~igned in this contract. Because of a lack < f 
availability of mine expert per~onnel dunng the time frame of the project. only an entry level < f 
expert ~ystem shell was accomplished. 
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7. Recommendations for Future Work 

Although the RMD te-.t n~~ult~ were very unpre~stve (a -;ingle Penttum IV I X GH~: PC could 
analyze a FUR tmage m typ1cally 1.1 X -.). the proce~~mg time could he much improved toward 
~at1-.fymg the real ttme ~peed requirement of 0 25 ~econd I frame hy: 

• Ehmmatmg the file swappmg. Utdi~:c ~tatlc RAM in~tcad. enhance the u-.e of ~harcd 
memory among the module-. 

• Optuninng the ext~tmg code-.: Tnm off dehuggmg checkpoint-. and any unnccc-.-.ary 
functton-.. u~c a predetermined data format mstead of rcadmg 111 and checkmg data for 
sy~tern call parameter~ and data format. All global configuration-. -.hould he read only 
once. 

• In the RMD algonthm. u~mg a ~mgle hut fa-.t PC (dual or quad procc~~or wtth -.ufftctcnt 
RAM): Thi-. model mtght yield fa-.ter -.peed than cmploymg a network of chcnt/~crvcr 
PC~ It mtght al-.o ~olve the mter-proce~-.or bottleneck problem. bnng down the co~L and 
reduce the -.pace occupted by equipment. 

• Utihzmg a ~tra1ghtforward. -;1mple yet fast DOS program rather than a fully GUI featured 
wmdow~ program Sm1darly. avotdmg a me-.~agc-pa~~mg -.y~tcm model ~uch a~ a 
wmdow~ apphcatton. 

Furthermore. R&D work '" needed to unplemcnt the RMD algonthm mmg a network of PC-. <~'­

origmally planned. Th1~ could not be completed 111 tht-. contract hccau~c of the ~hortagc ot ttmc 
Tht~ me~-.age-pa-.-.mg -.y-.,tcm will utilvc the procc-.-.,mg power of the avaJ!Lthlc ~ub-.tation PC-. 

Another po-.~thlc future ta-.k 1~ to integrate all the RMD module:-. mto a '>tnglc wtndow-. 
apphcation. wh1ch could employ wmdow~ programmmg techmquc-; -.uch a-., GLJI. Mtcro-.ott 
Foundation Cia-.~. and multi threadmg. 

Al-.o. -.mce the cwrcnt RSAM -.egmentation algonthm did not yield a very accurate re-.ult for AP 
mmc:-.. further :-.earch for a better replacement 1:-. rcqlllrcd Some altcrnattvc method-. arc 
:-.ugge~ted 111 -.cction 2 4 ~uch a-; tho-.c from the KLJIM Image Procc-.,~mg Sy~tem and po~-.1hly 
method~ from Mathemattcal Morphology. 

Additionally. further work 1~ needed to expand the knowledge and rule ha-.c~ for the cxt'>tmg 
entry level of expert :-.y~tem a~ well a-; to incorporate more e~~enttal function:-.. 
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Appendix A: Expert System and Its Applicability 

A more detailed introduction to the Expert System wa~ gtven in [16] The followmg are high 
lights of that report and some recent updates. 

An expert system 1s a computer system, consisting of software and hardware, which attempts 10 
mimic a human expert's thought process to solve complex problem~ or make decisions in a gtven 
field. 

The Syntactic Pattern RecognitiOn ta~k of the hierarchtcal algorithm is an if-then-else based 
deci~ion process, the type of reasoning that an expert system exceb at. Therefore it is be~t 1o 
1mplement this module using expert system technology, and this umt wlil mteract with tt e 
SyntactiC Feature ExtractiOn module for deClSlOn making. Furthermore, the top level of n e 
RMD hterarchy involves the mtegrat10n of dt~parate types of knowledge, includmg conflict 
resolution and whole mmefteld recognition. The characten~t1cs of an expert ~ystem make tt 
tdeally SUlted for th1s task. 

A.l Expert System Shell 

A suitable commerctal expert system shell, Elements Expert from Neuron Data Co., has been 
chosen to use w1th the RMD ~ystem becau~e it has the followmg significant features: 

• A complete Rule-based development environment: One can quickly produce rules usmg a 
knowledge base, and this ba~e can be updated at any gtven t1me. It can also be used as a rue 
~erver to provide service.., for existing applicatiOns. 

• Event dnven: It can work with external mes~ages and react to them. These messages can 
come from an external event (such as a change to the GUI) or from an internal event (such < s 
an action triggered by a rule). 

• Problem solving strategy: Forward and backward chaimng are available which can t e 
:'>Witched on and off by choice or can be U:'>ed in combmat10n. LHS and RHS models are < ~ 

well avaliable. 

• It can easily mtegrate with other language modules like C/C++ and Java. It also suppor s 
networking and :'>tandard relational database:'>, and has a cross-platform graphic user interface 
(GUI) budder 

• It ha~ a friendly u.;;er mterface in Unix or windows operating ~y~tems. The compar.y 
provide~ good techmcal support, and even custom development contract~. 

An upgrade to Elements Expert package and staff training were purchased in phase 2. TJ:- e 
software 1s mtended to run on Umx platforms and can be linked to CIC++ modules. 
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A.2 Scope of the Knowledge Base 

The knowledge ha~e of an expert ~y~tcm 1.., the collection of information that can he extracted by 
the expert ..,y:-tem 111 pur..,utt of a :-olutwn to a problem. The ~1gmf1cant feature of a knowledge 
ha~e 1~ that the knowledge ba..,e conta1m not only ~tattc data a.., in dataha~c but abo relational 
information. 

The stat1c databa..,e con:--1:--t.., of mformat1on derived from: 

I. Phy~tcal geography of the ~uspect area: 

• Type.., of ten·am: roch. mar~he..,. ~wamp..,. hogs. t1at upland~. river, de~ert. 

• Type:- of vegetatiOn: tree. ~hrub. herb. mos:-, . , and ~ome catcgone.., ~uch a~ hetght. 

• Texture of tcrram ccntr~e. fmc. med1um. ultra-fine. 

2 Tactical Command Control and Commumcatlon Sy~tem (TCCCS) a dt..,tnhuted procc..,~mg 
computer network .... y~tem that con~i..,h of a large number of cell.., deployed throughout the corp.., 
area· 

• Type.., of mmc delivery mean~ available from enemy force~: hand, mcchamcal dt..,pen..,er. 
helicopter. artillery .. 

• Enemy·.., tactic.., <..,uch as ~upportmg both offen:-1ve maneuver (tlank rmnef1cld..,) and the 
defence. 

• Type.., and availability of mme~ from enemy force-;: ant1-tank (wooden. pla~t1c. ) and antl­
per~onnel mmc~ (PMN6. PFM-1 .... ) 

• Pm1t1on of enemy'.., tactical group and weapon~ (armor. arttllery), and the method ol 
deployment to cover the rmnef1eld. 

• The threat from enemy a1r attack 

• The ahii1ty of the enemy'.., detection and command control and commumcat1on ~y..,tem.., to 
execute an effective mmef1eld deployment. 

• Locat1on and ~tatu~ of all fnendly force:- m the v1ctn1ty. 

In add1t1on. the dataha~e include~ ~1tc-~pecif1c mformat1on ~uppltcd from the battle f1cld 
per..,onncl or head quarter~ command level wh1ch can he added to or wntten over the k.nowlcdge 
ba~c before or dunng proce~~mg. 
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Relationalmformation also mcludes product10n rules If-Then and If-Then-Else, which properly 
groups the facts mto logic orders. 

A.3 Knowledge Engineering 

It was onginally planned to extract mmef1eld knowledge from two sources. Fir~t, informatwn 
would be extracted from the tactical manuals med for mme laymg and defence by the CF. 
Second, we would bnng in a number of experts from the Canadian Forces to provide knowled§e 
for the knowledge base. Two group~ of personnel would be used. The fm,t were CF Engineer;, 
who have expenence in planmng and executing a mmefield, as well as detecting and removing 
them. The second were Armoured Vehicle Commander~ who have experience in identifymg and 
avoidmg likely mined areas. A set of que~t10ns would be asked of member~ of each group. 
Sample sets follow: 

Sample questwns for CF Engineers: 

1. What type of ground do you lay a minefield m? ease of digging, concealment, vegetated 
versus bare 
2. What are the terrain considerations? elevation, flatness, ~moothness, vegetation 
3. What are the tactical consideration~? channeling, blocking, where enemy is situated 
4. What is left on the mmef1eld'? manuallaymg, machme laymg, airborne laymg 
5. What are the typical mmefield pattern~ for patterned mmefields'? 
6. What are typical den~Ities'? 
7. What are typical mine type mixes? 
8. Where do you NOT put a minefield'? 
9. Where would you put (by land vehicle or auborne platform) a scatterable mmefield m place <,f 
a patterned? 

Sample questwns for Armoured Vehicle Commander'>: 

1. What areas are of intere~t for mobility? 
2. What areas would you likely expect to be mmed? 
3. What area'> would you likely expect to NOT be mined? 
4. What paraphenalia do you expect to find on the minefield'7 
5. How do you remotely detect minef1elds now? What do you look for? 
6. How much time do you have to make a waypomt decision? 
7. If a remote sensor has identified an area a~ likely to have a mmef1eld (based on what it 
senses), what informat10n available to you would support or reject that asses~ment? 

In the end, mo~t of the information used in the expert system entry level knowledge ba<>e w;,s 
obtained form the firSt source, ~ince the ~chedule of CF experts turned out to not be compatib e 
With the project time table. 
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A.4 Testing Methodology 

Te~ting how well the expert ~y~tem and the knowledge ha~e perform 1~ very cruCJal at th1" \tagc. 
The evaluatiOn can he done by exccutmg ~cvcral te~t ~cenano~ wh1ch the know ledge cngmccr (or 
expert) ha~ already ~olved to ~ee 1f the expert ~y~tem generate~ the ~ame an~wer~ through the 
~ame rca~onmg pr<.KC\\. 

The evaluatiOn can be "uhdlvH.led mto two area~: \latlC and dynam1c: 

I. The static cvoluotwn 1~ the tc~tmg of the knowledge ba\e for th eomt~tency and 
completenc~" To te~t the complctenc"" we ~hould cono.;tantly a~k our~elve~. throughout the 
evaluation procc~~. tf more knowledge 1~ need to he added to produce the correct an\wer..., 

2. The d_vnamu emluatum 1..., the te~tmg of the rca~oning proce\~ and the advtcc gtvcn. The 
accuracy and the reltahtlity of the dcct...,lon arc cruc1al The Important part of the dynamtc 
evaluation 1~ askmg for an aud1t tratl of a dee1sion and companng 1t agam"t an expert·" 
rcao.;omng. 
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Appendix B: Computation of processing time for NSRR, 
LRTandLRFE 

• 3 

In the estimatiOn of the run time of three modules, NSRR. LRT and LRFE, SIX functiOns govem 
the proce~sing tune; addit10n, subtractiOn, division, multiplication, compari~on and Jteraticn 
control (DO loop). Before presenting the computation of proce~sing time of the module~, letts 
define the following quantities: 

d . f . . 2(~+1ll) h 0 1 ,..., h • n = e ge s1ze o an mput 1mage. 11 = - w ere m = , , L, ... M JS t e number of timt s 
reqUJred to compress an n by n 1mage to a 32 by 32 reg10n. 

• Hit: Number of mmes a~~umed per 32 by I 024 pixel area. 

• T, T1 =constants determined by the type of transputer used (e.g. T425, T800 or T9000). F(lr 
example, T1=12 for T800 [ref. 20]. 

We comider two types of transputers: T800 and T9000. The T800 is a 32-bit CMOS 
microprocessor and has a data transfer rate of 2.4 Mbytes/s. Its mternal cycle time 1~ 33 ns and 
the numbers of processor cycles performed by the computmg functions: ( +1- ), (x), (-:- ), 
comparison, Do Loop are 7, 11, 17,7 and 15.1 re~pectJvely [18]. The T9000 Js also a 32-b[t 
CMOS microprocessor but has much better performance. It is capable of transferring data up to 
80 Mbytes/s. It~ internal cycle t1me JS 20 ns and the numbers of processor cycles performed l::y 
the computing function'>: ( +1- ), (x), (-:-), comparison, and Do Loop are 2, 2, 8, 2, and 3 
respectively [ 19]. 

B.l Computation of processing time of the NSRR module 

The NSRR program con~Jsts of two subroutmes· Rebin and Compress, and a main routine. n e 
Compress subroutine was designed to compress the samples of image via consecutive block 
summations, and the Rebin subroutine was made to res1ze Images. The main routine compnst s 
three parts: (i) Compressmg the samples of image, (ii) Computmg the mean of all 4x4 and 32x?2 
wmdows, and (ui) Locating the points of maximum contrast. 

The number of computation~ for the two subroutines Rebm and Compress can be found in F1gUJ e 
B.l, for the main NSRR routme in Figure B.2, and for the entire module NSRR IS in F1gure B.3 
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REB IN COMPRESS 
+ I 28 (n/32f 3/2 n-

X I 2S (n/32) 2 3/2 n2 

loop 73T (n/32) 2 + nT/32 T (n/2) ( l+3n/2) 

Figure B.l: Computattons for REB IN and COMPRESS :-uhroutme:-. 

M 

+ 
3/8 n2 < I.. 1-:-2'") 

111=11 

Comprc'-.:- ann hy n tmage 1\1 

to a 32 hy 32 reg10n X 
3/8 n2 <I.. 1..:.2"') 

111=11 

M 

Do loop 
T(n/4 }(I +3n/4 )( L 172'") 

111=0 

+1- 128 ( n/32 )2 + (n/2)2 

Mam Compute the mean of the 
rout me 4 hy 4 and 32 hy 32 regton:- I 128(n/32)2 

X (n/2) 2 + (n/32)2 

Do loop 73T(n/32) 2 + nT/32 

+ 2(n/2) 2 + 3(n/32) 

Locate the point of 
maxtmum contra:-t Do loop (nT /2r-.1

) [I + 9Htt + 8H1t (n /2\11 )1 

Compare n/2 (n/32) 1 

~'igure 8.2: Numher of computation~ reqlllred hy the NSRR mam routme 
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M 

+1-
n2 

[ 3/8 ( L 172m)+ 99211024] 
m=O 

M 
X 

n2 
[ 3/8 ( L 172m)+ 25711024] 

m=O 

I 128 (n/32)2 

M 
Do loop 

T [ ( L 172m) (n/4)(1+3n/4) + 73(n/32)2 + n/32 + (n72M )(1 + 9Hit + 8Hit (n72M-J 
m=O 

Compare n/2 (n/32)3 

Figure 8.3: Total number of computatwn~ reqmred by NSRR module. 

In order to have a 2K by 4K byte mmefield image processed Within one second m the NSR ~ 
stage, it was found that 40 T800 or 9 T9000 tran~putcrs are needed. And the maximum size (•f 
mput Images to each transputer IS 512 by 512 when T800s arc used, or 1024 by 1024 when 
T9000s arc used. The data mput time of a 512 by 512 Image to a T800 is about .I ~ccond and ( ,f 
a 1024 by 1024 image to a T9000 is approximately .01 ~ccond. The proccs~ing time (includmg 
the data mput time) is pre~entcd in Figure B.4. 

B.2 Computation of processing time of the LRT module 

The program for LRT is quite small and simple. Mo~t of the computatiOns take place m tt e 
proces:-, of calculating the distances between pomts m the data array to eliminate invalid 
candidates. The proces~ can be ea:-,ily Identified m the LRT program. 

As we see from Figure B.5, the processmg time of LRT is a function of Ichp (lclip i~ the number 
of candidates from the top of the output list from NSRR) and two comtanb: T and T 1 that aJ e 
determined by the type of transputers med 
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Transputer type Image's size Number of Hits per Processing Number of 
(byte) 32x 1024 region time (sec) transputers 

T800 512x512 32 ~.87 I 
2K X 4K 1'1 ~I ..J.O 

T900 1024 X 1024 32 ~.78 [ 

2K X 4K 32 ~I 9 

Figure B.4: Procco.,:-,ing time and number of tran..,puter.., needed for NSRR 

+1- lcltp (3 Icltp + 4 )12 

X Icltp (lcltp + I )/2 

Compare 2 Icltp ( lcltp + I )12 
Do loop T (lciip) 

While loop Tl (lcl!p (lciip+l )/2 + Iclip) 

Figure B.S: Number of computation" required by LRT. 

If Icl!p I:-, :-,et to be 32 (a.., 111 our application) and 1f an 8 Mbyte.., Image 10., to be analyzed, then the 
number of cycle.., performed by one T800 trano.,puter 1:-, 1189018. Hence, the proceo.,o.,mg tunc,.., 

1189018 x 33 x 10 'I= 04 ..,ccond 

Note: For a T800, T I = 12 [ref. 20] 

With a data tram fer rate of 2.4 Mbyte..,/..,. a T800 can 1mport 128 Kbyteo., data (..,ee F1gure 2.3) 111 
about .013 o.,econd. In ..,hort, the total run time I.., approximately 0 06 ..,econd, well w1thm the 
required tllne (I second) Thu:-,, I T800 ,.., ..,uffJcient to handle the load 111 the LRT o.,tagc 

B.3 Computation of processing time of the LRFE module 

The length of code of the LRFE program 1.., long bccauo.,c It I" compo..,cd of a number of 
proceo.,:-,eo., (2 10) u:-,cd to compute feature component.., of a vector. However. each mdJvJdual 
proce..,.., ,.., o.,hort, ..,tr<.ughtforward and mdepcndcnt of the other..,. Hence, the number of 
computat1ono., performed by each proce:-,o., can be eao.,ily calculated. A o.,ummary of the number of 
computation.., performed 1n the LRFE program ,.., prc..,ented 111 Figure 8.6 
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--
Feature +1- X Compare Do loop 

--
A 

Mean L: T (32 x 33) 

I 

A 

Area L: 
I 

A ·\ 

Standard L: L: 2 
deviation I I 

•\ 

Perimeter p 
13 L: 

I 

A 

Maximum L: 
I 

A 

Minimum L: 
I 

-
\ 

Centroid 
2L: 

I 

-

Length 13/8 P(P+ I) P(P+l) % P(P+l) Y2 T(3P+l) 

--

Width 8P 6P p 4P TP 

--
•\ •\ A 

2nd moment L: L: L: T (32 X 33) 

I I I 

A and Pare the area and perimeter of a region respectively. 

Figure B.6: Number of computations required by the LRFE module. 
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If we a~~Lunc m the wor~t ca-,c that all Icltp <.;uhunagc~ arc pa~~cd to LRFE from LRS and th<~t 
each ~uhunagc ha~ an equal number N of ~quare reg10n~ to he analyl'cd, then the total number of 
the region~ to he proce~~ed i~ N x Icl!p. 

In our partrcular apphcat10n. rf the LRFE module only proCl::~~e-, regiOn'> who-,c ~li'C'> arc at lca">t 
6 x 6 or 36 prxcb (large enough to cover -,mall rmnc~), then for the wor-,t ca">c. a maxrmum of 2X 
regiOn~ m each 32 x 32 ~uhimagc arc to he analy.tcd, or 28 x Icl!p rcgron'> Ill total to he ~tmhcd 
by LRFE If lchp 1~ prc~ct at 32. then the trrnc needed to procc~~ all the region~ hy a 50 Mh.t 

T9000 1~ = 0.126 ~econd, and hy a 30 Mh.1: T800 ,., = 0.8 ~ccond. wrthm the requrrcd trmc (I 
~econd). 

In ">Ummary. the procc-,~mg time at LRFE ,., a functron of Ichp and the mmrmum ~li'C of a rcgron 
chosen for the analyst~ If lclrp and the mmrmum rcgron ~IJ:C arc 32 and 36 prxebrc-,pccttvcly. I 
T800 ,., ~ulfrcicnt to handle the load. If more than one T800 ,., needed, a procc-,-, farm 
confrguration 1~ ~uggc">tcd. 
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Appendix C: Running RMD Software 

The following is a sample FLIR Hierarchical Algorithm s1mulat10n se~sion runnmg on a Umx 
Spare station. Bnef descriptiOns and displays will be g1ven for each stage of the low and midd e 
level'i of the hierarchical algorithm. The window~ version running on PC 1s qu1te similar. User ~ 
guide and notes can be found in "/net/frodo/export/home/project-;/rmd/hieralgonthm/rmd­
t1Ir/readme. txt''. 

After changing directory to ''/netlfrodo/export/home/projects/rmd/hieralgorithm/rmd-fhr/demo ', 
start IDL and run the scnpt file "rmd.pro". The console wmdow displays: 

IDL> @rmd 
'7<' Comptlcd module DAT2TDG 
'7< Comptlcd module DISPLAY _RESULT 
'7c Comptlcd module. WRITEMAPFILE. 
'k Comptled module. WRITETDGFILE 
'7c Comptled module. DECODEIMAGE 
Cf'r Comptled module: DECODEARRA Y 
'7< Comptlcd module· READOBJECT. 
ck Comp1lcd module CREATEOBJECT 
<;;,; Comptled module INITIALIZE 
C1, Comptled module LOWRMD 
'lr Comptlcd module LRASSEMBLE 
% Comptled module LRT 
'lr Comptlcd module MINE_CLASSIFY 
'lr Comptled module NSRR. 
'/(, Comptled module RMD_EYENT 
% Comptled module RMD_PROCESS 

Load image Run RMD LowRMD result 

Quit Help 

FileName: jexport/home/proJ ects/rmd/i mages/fl i r /9 6071 6_06000 

Figure C.l: Control w1dget. 

Chck "Load image" button of the above Control widget to load an 800x400 FUR Image; the 
~elected FLIR image will be displayed: 
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Ftlter 

;port/home/pro)ects/rmdllmages/flir/* dai 

Directones 

w.r.ua;ym 
/exportjhor 

Selection 

Ftles 

960716_000000_01 70.dat 
960716_001500_0359.dat 
960716JJ03000_011 O.dat 
960716_004500_0299.dat 
96071 6_01 0000_0490.dat 
960716_011 500_0180.dat 
960716_01 3000_0390.dat 
960716_014500_011 O.dat 

/export/home/pro)ects/rmd/lmages/fllr1 

OK Filter Cancel 

Figure C.2: Select FUR Image file dtalog. 

Figure C.J: A FUR ptcturc wtth 2 vtvtcl antt-tank ancl4 antt-pcr~onncl mmc'>. 
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Figure C.4: A result from NSRR. 
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.... . 

I 

a, . ....... 
~-·· 

r----+------J- tJ IT 
D: I 

,] oD 
Figure C.S: An output from LRT and LRASSEMBLE. 

Select the Control's "Run RMD" button to start algorithm processmg. For fast operatin s 
procedure, mtermediate display~ resulted from NSRR, LRT and LRASSEMBLE were dtsablec, 
samples of these displays are gtven m Figure C.4 and C.5. The console window show"> 
processmg tlmes m each of the modules; this timmg was done on a Spare Station 20. Then after 
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fmi~hing LRC. 1t report~ the number of H1t~ (obJect-. that the algonthm pre-.ume~ arc mmc-.) and 
Su-.pect~ (object-. that were "u~pccted by the LRT but have cla~s1flcation d1stancc~ grcate1 than 
the thrc~hold from any known clw,-.): 

" Low Level RMD rrocc~\tng * 
*~*~*~~**~**~***~~~********* 

* PnJCc~-,mg NSRR 
done 1t1 0 25 207007 

~ PnJCC\'ing LRT 
done 1t1 0 3176X0l)5 

* PnKC\'-ll1g LRJ\SSI::MBLE 
done 1t1 0 26l)22405 

* Pll>cc'"ng LRS 
done 111 4 6Xl) 1500 

-~ P1oce,~tng LRFE 
done 1 n l) 02603l)0 

* PJOce,,mg LRC 
done 111 6 0657340 

****-f:t'*t:*x~**x 

x RMD re~ult *' 

Hth, Su,pech = 4 

A RMD Re~ult wmdow appear~ to ~how the Htb in red ~quare~ and the Su~pect~ m black 
~quarTs. Left mou~e cltck on any of thc~e ~quare~ will dtsplay the ~egmented picture of the 
object im1de along With ih feature vector: while the con~ole wmdow report-. more mformat10n ot 
that object -.uch a~ Cla~~iflcatton data (Class· clas~1ficat10n of an object accordmg to LRC, LRC 
Dist mca-.urcmcnt of how much an obJect'~ feature vector 1~ different from the clo-.e-.t value 111 

LRC dataha~e). Position (coordmate~ x andy of an obJect man 1mage frame). Band (the RMD 
result i~ an array of cla-.-.1f1ed data of all -;mpect ohjech that were -.cgmented m LRS. and "hand" 
IS the index pomtmg to an obJect'~ data w1th1n th1s re~ult array), and Contrast (the d1fkrence 
between the mten-.tty value of an object and the reg1onalmten~tty mean value). 

Select a reg10n tor mformat10n (nght mou'c to 'to[J) 

Cia~' = i\ntt-Tan" 
X. y [lO',lllOil 760 2.'i6 
Band Contra'! = 27 16 1406 
I.RC Dt~t = 0 0 16l)X23 

Cia'~ = Anti-Pet -,onnel 
X. y ]10\tliOil 304 192 
Band. Contia-,t = 17 23 4X44 
LRC D"t = 0 0140 I O.'i 

Cia" = Unknown 
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Band. Contrast = 9 33.0938 
LRC D1~t = 0 0347126 

* End of RMD rc~ult 

Figure C.6: A FUR RMD result, an object's segmented image and 1ts feature vector. 

~~~t;:rE·~"~j:;, ~:l~~~~'~tf:~:: '{;i< > 

QJ 
Duc.ii: ~~~ 

Olt?~M~m·~ 

Tl1~::· F.HL~ ~:·;!_)l1t.!tJII :1::._1__;c '""T>"O p.}~t~-:; 

The- 1 :::<1lul: ll.•:? c.. c:>·Jc::' 1 J~e;,J l'.:: 11l'.:L t :;; t ,,;;: 

. --- ~j 

l c~tr ~ l ,::)"I·"::':. -=,n i !--"" 1 ·::n1--l eu­
l'.::.ri e1 l e ·.ce L:: ·.Jf t ~~"'- RH 

"Processing LRC 
done 1n 0 093999982 

pr1nt 
pr1nt. '****************************' 
pr1nt~ '* L1:r;,r le"':rel ~HD r:l'l.:<.':':--s~.:ltt~; *' 
pr1nt, '**************************~*' 

Total LowRMD t1me 0 84399998 

T.Ype 

Ready Line 130, CoilS 

Figure C.7: PC IDL control window. 
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