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Software Detection Reliability Test

Developed by BAM (Federal Institute for Materials
Research and Testing) and BWB (Federal Office of
Detfence Technology and Procurement) based on
experience from

— ITEP projects looking into the design of detector rehiabilaty
trials (CEN WA)

— STEMD metal detector trials n Laos, Mozambique and Croatia
— Dual sensor tests in Croatia and Germany 2007 & 2009

The software helps to establish a test lay-out to obtain
statistically valid detector performance results

— The test layout: for a given number of detector types, test lanes,
test targets and an optimum of operators the software will
indicate the mimimum number of test runs and by the operators
with the optimal number of operators which will allow
statistically valid performance data
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Experimental Design and the analysis of results
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. Allocation of the test objects to the test lanes
* Dimensions of the test lanes
= Mumber and types of the test objects
= Position plan for all test objects in the test lanes
- Download data and graphics for this position plan
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F
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Preparation

Testarca Testlanes layout (measurments)
Test Objects Targets & Clutter (distribution)
Design of experiment

Number of sensors Employment (randomised)
Operators Employment (randomised)

Forms for data collection
Test execution order (randomised)

Collected data

Coordinates of markers Hits & Misses, false alarms

What answers [ am looking for? POD, data distribution,
influence of different factors as
so1l, operators, sensors eta.



Detection Reliability Test Software

What does the trial manager have io What does the software do? How can the trial manager ise
fmow prior to the trial? the software foutput)?
The number of test lanes available Random distribution of objects for each test Bury test targets in test lanes
and their dimensions lane, position plan (X, ¥ and z coordinates) + Correct the proposed
The types and number of test targets | target position map coordinates to the real field
available, their HALO and the coordinates

envisaged target depth range

The number of sensor types to be Calculates the design of the experiment Start the trial and
tested and the number of available giving a list of runs (combination of test lane, record coordinates of
specimen per detector type operator, detector type and detector type detections on data entry

The number of available operators | specimen) sheets or electronically

Produce data entry sheets for direct input
Compares the original with the detected Enter recorded detection
target pogitions and produces a map positions (X,¥)
indicating the detections and false alarms Evaluation of the output (test

Calculates probability of Detection (POD), results)
False Alarm Rates (FAR) and POD versus
target depth graphs, ROCs, boxplots etc.

e 3 x DS, 9 X operators, 6 X test lanes

= about 60 graphs, curves (depictions)




Preparation —

Testarea - Testlanes layout (measurments)
Test Objects Targets & Clutter (distribution)

\-\.




List of basic data, targets coordinates (tabular position plan — planned)

R of Rt width for lengthfor max.  min. mine size of the

name of test no. of lanes  lane = x-axis y-axis no. of distance area for all Show all records

; [m] [m] minas [m] lanes [m]
Number of test | : HELRL S OK
umber of test lanes i3 | 1 11 29 6 98
Rectangular test lane: 2 L 29.6 % 1 Laliks
Testul & 3 0.85 19.6 &0 0.5 1 delete
| lane | width for x-axis | length for y-axis ¥ 4 0.85 196 50 0.5 A | select this design
5 0.85 19.6 50
Minimum distance between test objects: B 0.85 19.6 50

* [m]

Size of areas without test objects: HALD allast largesd
e A ¥ test object fanget ki e

im larsgen foe i - mmi) lane e e digmatar rirmder dapih depth
! [m] [m] [m]

o fm]
fm]

1 | PMN ] 022 8 0,02 015 T

" e oot powsble

1 ||c3 c 016 5 0.02 015 B

PO L

Seleie * range
A& e S piakile

Cc2 ooz

Selata + Factge
M| W ROl posECle

Hame of test: 1 | |c c 012 20 0.02 018

Input the test object parametarns: i | CaT W 0.16 19 002 0.15 Belas + it

P peutie

test object type | - o = o3 o Vi

P

HALD diameter. & [m]

numbe:iﬁr' |

not input for nsmber then number = 0)

smallest depth: &

largest depth:

® minag -

targat class
or
Load an ASCllfile:  T-roads CAT

Durchsuchen.




Map of test lanes with planned/real target positions — overview + detail

Mame of design: TestJuly ln

HALD X-position y-position depth [m]
test  testobject  targel AR [m] [m]

lane t class
ype [m]

test obyect type [‘-3]

planned real planned real planned  real

target elass |;':

HALO diameter: |01 3 [m]

c3 0.16 0.87 1 0.04

real x-position: [0.87  wm=—tr 1 [} . PN 0.212 014 046 015 042 013 013
: ; . i change
real y-position: 0.1 rm— 004 [m] = -
depth: [0.15 et 15 [ o Bzt e a | FlR
or

Load an ASCIL.File with the corrected positions: Hm"*a-‘%

Churehdue hin

change

number ypos Xpos type targecclasas halodiam depth
1 1 0.04 1 Cc3 c 0.16 0.15
2 2 0.12 0.16 i
3 3 0.56 0.81
4 4 0.84 0.1
5 5 1.21 0.89
& 6 1.52 0.4
7 7 1.68 1.08 sy P e e
£ 8 2.23 0.2%9 e
9 8 2.62 0.9% A8
1 10 <) 0.33




Design of experiment @&

Number of sensors
Operators

Employment (randomised)

~ Employment (randomised)

Forms for data collection
Test execution order

s,

\i‘




Allocation of deminers and detectors to the test runs

BEfDI‘E thE j_'[]_ ut; Numbers of avallable specimens of sach detector type:

D Aign l“| ':I ""II|r-'.:I: T I = i « far metal detector lest
ket - - = How many detectors of the above number are only one ime available

+ for dual sensor lest

This number concems all detectors (e.g 1 or 2 imes avarlable)

-

metal detectgr.er= ~
| diralSensor test

® matsl detecioe Test

Tose plenis chooss - e
cual sanear basl - - \L \L
el S = no. of serisl numbers
ame of lest detector  of each dual no. of no. of no. of
.4 et types for  SENSOME tyDe Show all records
Parametars L test  specification 'rpesfor  sensonypes  datectors operators test lanes
na. of delecher bypes @ HELFY L whigh gvaillablel

enly ene

SpEDmen

5

na. ol Laad Lanes

available)

After the mnput: Testluy | OSMD1 | dualsensortest(l) =~ 2 4 6 o b 4o ke s

Test: Testduly - 2 L cletacior tagt TestJuly MD&GPR @ dual test (1 2 4 6 ele

- estuly ual sensor test (1)

dual sensor test L] A go to this design

e Testduly  TestdDS dual sensor test (2) 3 6 (5
Test specification: ! ~ go to this design

Testluly | Testamp | "etal detectoriest § 18 6 elete

{0} | Qo to this design

Parameters:
no. of detector types: # :H'ELE"L@% Eumhnur of operators for metall detector test: o 0o to this design

no. of detector tvoes for which P + If the number of the detector types is an odd number, the number of operators
YP -HELEL@% should be the number of detectors or a muliple of the number of detectars

only one specimen is available
i
no. of all operators -HELEL@%

no. of test lanes

« i the number of detecior types is an even numbser, the number of operators
should be number of detectors or a multiple of the number of detector’2

Examples.
For 5 detecior types, the number of operators should be 5, 10 15, 20, .
For & detector types, the number of operators should be 6,9, 12, 15, 18,

Number of operators for dual sensor tesi:

# The number of the operators can only be a multiple number of the detectors




Test sheet print -out

Inputs paramsters

TestJuly
Fication: DSMD1

number of device types: d = I
numbezr of operacors: e = 4§
dual sEnﬁﬂr tEEt number of lanew: 2= &
number of starts: s = 13

One specimsn is available for sach device type

Date: 2010-02-08 08:25:48
IP: 217.83.95.214

Downloads

Result from calculation program

Data: overdew: (testT7-specification126_planBa. t=t

selected plan: test77-specification126_plan9a txd

E W el ! - rn o) T, v 1 o] o4 5 - = 1] o4y . - r 1
Cne specimen is available for sach device type PR TEM OF EhE ol imiing. FRhie-OMRLL e sared Ao THE DEMdARG of B Eahle
in which the poaitiocns X and ¥ of the signals have to be written down.
In sach cell of the following table two abbraviations are supplisd: STArT run lane aperaror device spasimen
' = - - 24 3 i | B2 b i |
operavor A1 , A2 , B1 , B2 , ;_‘: s 3 > a9 : .
- - I X = -
detector &8 , b, 17 2 a 3 Al & 1
separated by : . 18 i 4 ] Bl b 1
£ i 5 3 Al a 1
o g i 6 4 Bl b 1
BLaxE 1 & 7 1 Al a 1
atart lane 1 lane 2 lane 3 lane 4 lane 5 lane 6 2 4 B 2 Bl b 1
1 1 2:b AZ:a 12 5 9 L B2 b 1
11 £ 10 3 Az a 1
'] . .
2 “ Al:a Bl:b g 6 11 5 Al a 1
3 3 Al:a Bl:b 10 & i3 & Bi b i
g 4 Al:a Bl:b i 7 13 5 Al a B
= > . 22 7T 14 £ Bl B 1
2 5 Ba:b “?'a 3 g 15 2 Az a 1
6 6 Al:a Blib 4 8 16 3 B2 B 1
7 T Al:a Bl:b 7 8 17 4 B2 & 1
8 & 27:a BI:h & % 18 5 B2 b i
= 13 10 18 1 A1 a 1
. 9 Ad:a Bd:b 14 10 20 2 B1 b 1
10 10 Al:a Bl:b 1% 11 2 q A2 a 1
- . . 20 11 22 5 B2 B 1 :
1. 1 A2:a  B2:b 0 b e Y : continued
12 12 A2:a Bi:b 16 12 29 3 B2 B 1




Input of results

Used names on graphs

rest: TestJuly ot mumtas: 17}
specific n: DSMD1 | 3eeitammr et 170]
dual sensor test

dual sensor test
Test:  Testuly Specification: DSMD1
name ol datssts narme ol oo naimE of Lang

Size of the ares In which Humber of the:
no test objects should be

detecion

Minimum distancs SpEcl mEns
batwesn test objects:

opafaton
Number of test lanes

file input with measured data
specimen measured data
remarks

it operatar detector
Input of results s i
* by run by run - -
* as collected data by

ation126-designd033

Load an ASCILfile to input measured data for ALl slar‘L-;'.:.

Output -

The output can later be used
ag mput for other specifications

i you have dala-import with false dala vie=e then do you could delete all measured data for all uns

s Your data area
—— Identification for detections and false alarms ——




Output of the computed data

dual sensor test
Test: TestJuly Specification: DSMD1 gy P

signals sfile
signals pd-file
Size of the area in which no test objects should be 1—1—05 Humber of the:
: I :J'.H w!. ':I|Jn*1|i1911135 {fesigndfll_res.tx
Minlmum distance between test sbjests 0.8 S an0 0 1l
S mens:
Humber of test lanes: a

[s.':[?;;.-}uur;l licn l'-'.-lﬂ;i&-!ml-u_l!ﬂl!_:uﬂ.l_l
g ol

la ::I Il ‘p-'tlﬁ-'.w-;vr EZE d- .Jlgr—'ElJ— 24k
1281 ¥ T-speciicplion?

DpErBloes

lane lansarea haloarea operator device specimen ni Xpos type targetclass halodiam depth detect
1 .56 .01 2 EIrac 1 . 1.00 C3 C 0.160 O.
.56 < ETrac v .16 PMN M «212
+ 56 . Elrac # «+81 C { 160
+ 56 . ETrac 0. . c2 .140

o]
=N

OO O ML

e lanearea haloarea cperator device specimen numsig
& l16.66 1.22 A2 422GC 1l
& 16.66 .22 AZ 422GC 1
& 16.66 l.22 AZ 422GC 1
&
&
-]

=]
1

=
.
P T T T . Y

s D R M

(=R =
.

.

16.66 1. A2 422GC
16.66 | A2 422GC
16.66 | A2 422GC

i W oo

=]
-

Lo CRN R R (T |
w

1
2
3
4
-]
]

o = o
=]

.

w o

Cumulative files for statistical analysis:

test/ 7/-specification169 D txi

ation169 S txt

ui— Your data area
—— Statistical analysis of the results —

pajunod jou  x




Statistical output: examples depictions

=% BoxFARdevice
™% BoxFARlane

% BoxFArrdevice
=% BoxFArrlane

"% BoxFATrdevice
"% BoxFATrlane

=% BoxfdMdevice
"% BoxfdMlane

% BoxfdTdevice
% BoxfdTlane

"% BoxfrMdevice
% BoxfrMlane

. Cdeviced22GC
. CdeviceCEIA
"% CdeviceF3S

"= CdeviceVMC1
"~ CdeviceVMH3CS
. CdeviceVMH3FV
@  choice

"% Clanell

79 Elemente

"% Clanel2

= Clane21

"% Clane22

"% Clane3l

@ Clane32

@ conFARdevice
"% conFARlane
@. conFArrdevice
conFArriane
conFATrdevice
conFATrlane
confdMdevice
confdMlane
confdTdevice
confdTlane
confriMdevice

confrMlane

Y TAS TS TN -

@ Dexp
"% Intmines

% Intradarl

% Intradar2

= Inttotal

@ Mdeviced22GC

@ MdeviceCEIA

@ MdeviceF3S

@ MdeviceVMC1

@ MdeviceVMH3CS
@ MdeviceVMH3FV
@ Mianell

@ Mianel2

@ Miane2l

@ Miane22

@ Miane31
“xMiane32

@ Mosdeviced22GC
@ MosdeviceCEIA

@ MosdeviceF3S

@ MosdeviceVMC1
@ MosdeviceVMH3CS
@ MosdeviceVMH3FV

@ Mrosdeviced 22GC
@ MrosdeviceCEIA
= MrosdeviceF3S
= MrosdeviceVMC1
. MrosdeviceVMH3CS
"'._Mrcnsdevice‘u’MHSF‘lJ
"% ROCminesdevice
=+ ROCmineslane
"% ROCradarldevice
“+/ROCradarllane
" ROCradar2device
“+|ROCradar2lane
“|ROCtotaldevice
“-|ROCtotallane
@ Sexp
@ sum

tD

| tdevice

_ﬂane




dual sensor test

Test: TestJuly Specification: TesWDS

2
Size of the area in which no test objeds should be | 0 Humber of the: ' '
Minimum distance batween lest chjecs 0 S u e @

SpECMENS
MNumber of test lanes
SpRialo

518¥s

detector target types depts [m]
7 all Jall min. 002
VMR2FV PMN max. 0.15
ALIS C3
VMR2 G2
c1
CaT
PPM2

runs /f selection to not include for the calculation

rnin
W nane
1




Statistical output: examples Boxplots

Boxplot of false alarm rate of the metal detector, by device Boxplot of fractions of targets detected by the metal detector, by lane

-

T ] T
422GC VYMC1 VMH3CS VMH3FY

L

davice



Statistical output: POD and target depth

lane 12 lane 21
estimated probability of mine detection, POD, with 35% conf. lim. estimated probability of mine detection, POD, with 95% conf. lim,

POD metal d “b—-POD metal d
cont im POD metal d conf lim POD matal d
POD radar — “R0OD radar

conflm, POD radar - cc?n(\h‘m POD radar

o
2
-
g
s
o
3
3
-
3
-]
£
:

estimated probability of detection, POD

depth[m]




Statistical output: examples ROC

ROC by device, with 95% confidence limits ROC by lane, with 95% confidence limits
of mines detected by metal detector and false alarms (no targets) o of mines detected by metal_u:!et?_ctc:rand falsea]ams {nu targets)

42260
CElA
F35
VM1
WVIMH34
—  VIMH3A

[=]
o
o
£
¥
T
=
]
3
8
-1
2
g

estimated probability of detection, POD

estimated false alarm raile, FAR estimated false alarm rate, FAR




Statistical output: examples POD Mines, operators vs depth, Clutter GPR

POD of mines confimed by radar

FAR (no target or cutter) confirmed by radar

0.8

0.8

or

0B

05

0.4

as

30

25

20

POD of mines confirmed by radar, by device and lane

= U b T B

device

FAR (no target or clutter) confirmed by radar, by device and lane

lane

[
b = W NN A

device

estimated probability of detection, POD

1.0

08

0.8

04

02

0o

device F35
estimated probability of mine detection by metal detector, POD
= PODmetal d
= apefator E1
i operator E2
. ey --- spaciman 1
ey specimen 2
H\_Hx
2
\\
— '\\.\\
\\_.
™,
T I T
0.00 0.05 0.10 015

depth[m]




Statistical output: examples F AR no used test objects included

95% confidence intervals for the FAR (no target or elutter) confirmed by radar 95% confidence intervals for the FAR (no target or clutter) confirmed by radar
(=]
‘ Q i
.
. |
Lo
i l (-4
&= i

= =
w
[=]
0 -
=
=] =
o 1 = [ T T 1 T ]
-] - - od L] - E el Li=]

device Lame




nT number of targets
dT number of targets detected by the metal detector
tdT =dTinT fraction of targets detected by the metal detector
tdTL, fdTTT confidence limits (95% confidence level)
tT number of targets for which the detection 1 confirtmed by radar
BT = tTinT fraction of targets for which the detection 15 confirmed by-radar
BTL, T confidence limits (95% confidence lewel)
lnlt.{[ number of mines
dbl number of mines detected by the metal detector

run start lane lanearea haloarea operator device specimen lanearea haloarea nT -

1 1 1 3233 201 B2 b 2 3233 20190
2 1 4 1648 122 Al a 1 1648 12250
3 1 5 1650 122 Bl b 1 1650 12250
5 2 1 3233 200 B3 b 1 3233 20190
7 2 3 1649 122 B4 b 2 1649 12250
§ 2 6 1650 122 A3 a 1 1650 12250
10 3 4 1648 122 A2 a 1 1648 12250
l 13 4 1 3233 201 B4 b 1 3233 2,019
16 4 6 1650 122 A4 a 1 1650 12250

type la ha nT dT fdT fdTL fdTU T T HTL TU nM dM fdM
a 458,09 31,58 1340 849 0,63 0,61 0,66 848 0,63 0,61 0,66 670 425 0,63
b 670,19 45,72 1950 1499 0,77 0,75 0,79 1092 0,56 0,54 0,58 975 793 0,81

lane la ha nT dT fdT fdTL fdTU T T HTL FTU oM dM fdM fdvr, By
1 290,97 18,09 810 433 0,53 0,50 0,57 342 0,42 0,39 0,46 405 229 0,57 0,52
2 227,08 14,07 630 420 0,67 0,63 0,70 338 0,54 0,50 0,58 315 216 0,69 0,63
l 3 148,41 10,98 450 375 0,83 0,80 0,87 333 0,74 0,70 0,78 225 192 0,85 0,80
4 148,32 10,98 450 367 0,82 0,78 0,85 289 0.64 0,60 0,69 225 191 0,85 0,80
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