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Summary

Accuracy tests werperformed on two brands of electronic targesed inhigh power rifle/ fullbore

2

Nz

competition: (i) HEXA002 MatchD NI RS G NBSG 06 a1 9 HEX Sysielns PrylLid,dzF | O dzl

Australiaand (i){ a¢ Y2RSf DH o0a{ac¢cé¢0x Y| ydzZFI OGdzNER
The SMTarget sensors were mounted directly to thieont face of theHEXTA targetn this way
both targets independently reported shot position for the same sewfagst shots (2 strings of 20
shots each)Both targets wereperatedin accordance with the manufacturefzurrent user
instructions.The SMT target was operated by the owners of ty&tem, Bridgeville Gun and Pistol
Club.Tests were performed at,Q00 yards using .308 projectiledll shots were supersonic at the
target. Tests vere performedat Reade Range, PennsylvariisAon June 1, 2017

The HEXTA results showed very small srwith standard deviatios in the rangél.5 t02.2 mm
(0.06 to 0.087 in)There was no evidence of horizontal or vertical shifts, or radial blesresults
were consistent withresults already published by HEX Systems and by independent parties.

The SM results showed signifint errorswith standard deviation in the rang®.2 to 50.1 mm
(0.36 to 1.97 in)Significant horizontal and verticstiftswere evident, in the range 10 to 107 mm
(0.4 to 4.2 in). Significant radial bias towards tleatre of the target was evident: average 47 mm
(1.86 in) in String #1 and 11 mm (0.45 in) in String#&re is no other publicly available test data
with which to compare the SMT results.

A glossary of terms is provided at the end of the document.
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Accuracy testing of HEXTA and SMeEtronictargets

Equipment under test

HEXTAO02

HEXTAO02, serial numbe20150514 manufactured in 2015T he targethasreceivedapproximately
2,000shotssince new. It was set to electronic target #1

CKS 19-¢! Aa Fy al O2dzad A0 OKSengitve Mda 6 xfer (MBI 6 A (K
1829 mm)

SMT G2

SMT G2 target, numb&@M600T2, manufactured in 2015, owned by Bridgeville Gun & Pistol Club.

¢KS {a¢ Aa Iy a2 LIS kitioh Seysarg ang d'Siehsoti providé chidbrograph LJ2
functionality. The chronograph is essent@khe operation of the targebecause projectile velocity

is required to calculate shot position.

Configuration of the targets

Mounting of the SMT sensors

The SMT sensors were mounted to the corners offtbat face of the HEXTA targesingcustom
mademachined plastic adaptor plates. The platesy@vscrewed to the HEXTA targatd the SMT
sensorsvere slotted into the mountsEvery effort was made to ensithe plates were mounted flat
onthe HEXTA target fagalthough this isiot required by the SMT user instructions)

Figurel ¢ HEXTA target with SMT sensors and chronograph mountedraers ofront face. Polyester test she@ghade
up of 2 overlapping pieces)tapedin position; paper target not yet mounted.
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Accuracy testing of HEXTA and SMeEtronictargets

In accordance with the SMT user instructioBMT v2 software reference gujdiily 22, 201&he
current version available on SMT websatehe time of the tes}, thehorizontal and vertical
dimensions between sensors were measyrdekse wereenteredinto the softwareby the owners

of the SMT systemAdditionally, the diagonals were checked to ensure squareness of the sensors
(althoughnot required bySMTthe user ingructions).

The dimensions are shownTrablel.
Tablel - SMT sensor position dimensions

Horizontal dim Vertical dimension
mm mm
2129 1988

Mounting of targets

The HEXT Aarget was mounted in standard HEX mounting legs which were inserted into tulses
vertically in the ground at the berm/mantl€Figurel). The target was positioned at lane 2.

The target was checked for verticality (requdrby the SMT user instructionaid torizontality (not

required by the SMTor the HEXTAser instructionk There wasminimalfore-aft movement of the
target during the test.

Mounting of target faces anest sheets

Polyester drafting film was usexsthe test sheetdor capturinghole position. Sheet sizawasAl

(840 x 595 mm; 33 x 23.4 ifwo overlapping sheets were used to increase the measurable area.
This material was chosen for its high dimensional stability in changing temperature and humidity
conditions,its resistance to stretching upon projdetimpact,andits ability to produce small, cely
defined penetration holegjliameter about2 mm (0.1 if. All of these propertiekelped to ensure
accurate measurement of hole position.

Figure2 - Target face after testingHorizontal and vertical registration marks can be faintly seen on the HEXTA front panel.

A single setup dkestsheet and paper target face wased for both strings and also the single
calibration shot.
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Accuracy testing of HEXTA and SMeEtronictargets

The test sheets and targets were mountesing the 6llowing procedure

1. Horizontal and vertical axes were marked on the front face of the HEXTA {aingse were
known to align closely (within about 5 mm) of the electrozeatre of the target.

2. A new, flat squarepieceof fluted plastic was taped to thednt face of the HEXTA target.

3. Two overlappingpolyester test sheet weretaped overthe corrugated plasti¢Figurel).
Horizontal and vertical registration marks weransferredto the testsheetfrom the HEXTA
target face

4. A nav NRALRpaper target was taped over the polyester sheet to provide a good visual
aiming mark for the shooters. The horizontal and vertical registration marks were
transferredto the paper target alsorhecentre of the pager target was aligned with the
HEXTA targetwithin approximatéy 5 mm (0.2 i

Shooters and ammunition
Twoshooters fired on the targets during the test. In this reporyrare designated SA and.SB

=~

Figure3 - Shooter "SA" on the firing line at 1,000 yards
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Accuracy testing of HEXTA and SMEEtronictargets

Ammunition used is described Trable2.

Table2 - Shooters and ammunition

Shooter | String| Ammunition Muzzle velocity Terminal velocity fps
# fps
SA 1 .308 I75¢r Sierra Measured: Estimatedf: 1204
Match King Av. 2631,SD 17 | Measured® Av. 1220, SD 24
45gr \arget powder
SB 2 .308 155gr Berger Estimatecf: 3020 Estimatec?: 1322
Fullbore Measured? Av. 1511, SD 26
45gr Varget powder

1 MagnetoSpeed chrargraph
2 SMT chronograph
% Estimate provided by the shooter

Calibration
HEXTA
HEXTA targets are factecglibrated and require no calibration ohe range.

SMT

¢tKS {a¢ dzZASNI AyadaNuzOiGA2ya adlrdsS GKFEG OFftAONI GAZY
NBtFGADS G2 §ikaherwardsBppli oszatal €X) and vertical (Y) offset

corrections to align thé S f S OdeMi®E vy 2 BMTséh$ors with theentreof the physical target

faceLi A& GKS dziK2NRa dzy RSNEROGFYRAY3a (GKIFIG GKS OF f )
accuracy of shot postin measurement.

The user instructionalsostate thata G F NASia R2 y20i ySSR G2 6S NBOIfA
Theowners of the SMT system being tested understood this to ntkancalibration is not required

at each range distance usethey chosed perform the calibration at 200 yards to make shot

placement easy.

A singlecalibrationshot was fired near theentre of the target The shot was fired by shooter SB

using the same308 ammunition thatvas used in test String #2he shot position, meased from

the X and Y registration marks on the HEXTA targetXwa%01 mm, Y =3 mm. These were

entered into theSMT calibration prograrny the SMT target owner3he calibration showvith

pencil marking,is discerniblén Figurel4andFigurel66 2dza i Ay aA RS (G.KS - NAy3 |

Accuracy measurement method

The principle is to fire a series of shots into the target through a test shresztsure the actual shot
positions and compare them with th@sitions reported electronically by the target system. The
resulting measured errors consist of:

1. A constant positioning error, or average error
2. Arandom error
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Accuracy testing of HEXTA and SMEEtronictargets

The main interest in these tests is the random errors. This is because average; @uorgaknt to
a shifting of the grou are naturally compensated for by the shooter during the sighting shots.

When a target face is fitted to any electronic target, there will always be at least a small amount of
misalignment between the centre of the targelGs5 F YR G KS dal O2dza i A0 OSy (i NB:¢
target. This misalignmemhustbe corrected for before the random errocan be analysed

For the HEXTA target, this was done by the conventional metabclilate the average error in

horizontal (X) and vexal (Y) directions and apply thesalues as the correctiosto each individual

A % 4 A x

For the SMT target, thalignment correction waapplied by the calibration process described

earlier. Thereforeaveraging and correcting the results should not be necessary. Nevertheless, the

{a¢ (Sa0G NBadzAZ §a aK2gSR AAIYATFAOLYy(H 2FFasSaa 2N 6
this, it was decided to calculate and present corrected resultthi®SMTA Y F RRAGA2Y G2 (K
uncorrected results, in the interests of further analysing trends in the errors.

Thestep by step procedsr measurement and analysigas as follows:

1. Atthe ompletion of each stringphotographs or screen shots were talfeom both
monitors(seeFigurel?). The log filegontaining the shot coordinatesere extracted from
each range serveiThe HEXTA log file gave coordinates in mm; the SMT gave them in
minutes of arc.

2. Afterthe test stringsthe paper target face and the polyester test sheet were removed from
the target. The polyester test sheet was used for accurate measurements, while the paper
target was used to verify hole positions and to capture shots which missed the test sheet.

3. Onthe testsheet, tie horizontal (Xdatum was drawn between the two registration marks
using a fine pencil and straight eddgehe vertical (xdatum was then drawn perpendicular to
the horizontal datum using a square.

4. Individual shots were identified and marked thre test sheef(seeFigurel6).

5. The torizontal and verticadlistancesf the centreof each shot holéo each datumwere
measured using a steel rule with 1 mm graduations. Each measurement was taken in a single
measurement (not bgumming multiple measurements) aavoid cumulative errors. The X
and Ycoordinates were recorded on the test sheet. Measurements were recorded to a
resolution of 0.1 mmQ@.004 in) The uncertainty of individual measurements was estimated
at+0.25 mm(0.01 in).

6. For each string the measured coordinates were entered into an Excel spreadsheet. The
corresponding coordinates from each log file were entered also.

7. Inthe spreadsheet, th8MT déa in MoA wereconverted to mm. The data was available
only to a restution of 0.01 MoA; at 1,000 yardeghichcorresponds ta resolutionof
approximately 3 mm. This rounding error can be assumed to contribute an uncertainty of
approximately 3 mm (0.12 in) to the SMT results.

8. To compensate for misalignment between the tebeet and theacousticcentre of the
HEXTA targeX and entring errorsvere calculated andippliedto the raw error results
This was done in each directibg calculating the average all the erroran each direction
and applyinghis factor as a coectionto the raw valuesThe effect wa tocaligré G K S
centreof the group with the electronicentreof the target.The result was a seseof errors
for each target in X anddirections.

Manualcentring errorcorrection was unnecessary for the SMT target because the correction
wasappliedin the calibration process described above.

9. The standard deviation d@he errors for each string, in X and Y directiomas calculated.

Note that the standard deviation results are not affected by diffiset corrections.
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Accuracy testing of HEXTA and SMEEtronictargets

Ambient conditions

During testinghe weather was fine, with ambient temperatussmproximatelyl8°C(65°F). The wind
was light and fluctuating, to approrately 16 km/h(10 mph, predominanty into the face of the

shooter.

Test strings
The test strings fired are listed Trablel.

Table3 - Test strings

String Distance Shooter Target Firing point | Shots fired
position position
Calibration 200y SB 2 2 1
#1 1000 y SA 2 6 20
#2 1000 y SB 2 3 20
Test esultsand observations
The summaryesults are shown ifable4.
Table4 - Summary results
Millimetres | HEXTA SMT
Centring| Centring Max | Centring| Centring Max
String # error error | SD X| SDY|linear| error' | error! | SDX| SDY | linear
X Y error X Y error
mm mm mm | mm | mm mm mm mm mm mm
1 -4.7 2.1 2.2 1.8 6.5 0 0 50.1 | 31.3 212
2 -4.7 1.9 1.5 1.6 4.1 0 0 26.0 9.2 83
Inches HEXTA SMT
in in in in in in in in in in
1 -0.186 0.084 | 0.087| 0.071| 0.26 0.0 0.0 1.97 1.23 8.33
2 -0.185 0.076 | 0.060| 0.061| 0.16 0.0 0.0 1.02 | 0.36 3.29
MoA HEXTA SMT
MoA MoA MoA | MoA | MoA MoA MoA MoA | MoA MoA
1 -0.018 0.008 | 0.008| 0.007|0.024| 0.000 0.000 0.19 | 0.12 | 0.796
2 -0.018 0.007 | 0.006| 0.006|0.015| 0.000 0.000 0.10 | 0.03 | 0.314

1 Centring eror for SMT assumed to be zero because it was corrected in calibration process.

HEXTAesul

ts

All shots on target were reported by the HEXTA target.

The standard deviations (S@f)the errorsin X and \directionswere in the range 1.50 2.2mm
(0.06t0 0.087in). The maximum linear error was 6.5 mm (0.26 in).

Centring errorsvere smallg averagingt.7 mm (0.186in) in the X direction and 2 mnO(1 i) in the Y
direction¢ and very consignt, differing by only 0.2 mm beteenthe two strings|t isassimed this

© Daniel Congltants Pty Ltd 2017
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Accuracy testing of HEXTA and SMeEtronictargets

error fairly representedhe actualmisalignment betweeitthe centre of the target face antthe
HEXTAcousticcentre.

Figured, Figure5, Figure6 andFigure7a K2 ¢ ( K S carrbicted HEXTAfdRults (red) overlaid
on the measured shot positions (blad&) both stringsVery close correlatiomvas evidentbetween
HEXTA results and measufokitionsin both strings.

Using LabView stfare, the target reported shot positiorend the measured shot positiomgere
overlaid on a target plot. These are shoimrthe figures that follow

Note: There was no measured shot position for Shot 9 because it niissiethe test sheet and the
paper target. In the SMT plots the HEXTA result (red) for Shot 9 was substituted; considering the
high accuracy of the HEXTA results evident in the tessassumed that the HEXTA result was a
close indication of the real position of Shot 9.
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and the HEXTAcousticcentre.
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Figure5 - String #1- Corrected HEXTA results (red) and measured shot positions (black). All shedscecrectly (182.3).
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Accuracy testing of HEXTA and SMeEtronictargets
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Figure? - String #2- Corrected HEXTA results (red) amehsured shot positions (black)! shots scored correctlidote that
some of the measured shots are not visible on the plot because they exactly align with the HEXTA results.
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Accuracy testing of HEXTA and SMEEtronictargets

SMTresults

All shots on target were reported by the SMT target.

The SBof the errors in X and Y directiom®re significant,in the range 9.20 50.1mm (0.36to 1.97
in). Themaximum linear error was 212 mm (8r§.

Figure8 andFigurella K2 ¢ G KS
(black) for both strings.

The errors in String #1 were significantly larger than in String #2. This was probably due to the lower

aNF gé€

{at¢

NB&dA (& 6 3INBSY 0

terminal velocity of String #1 (1220 fps average, according to SMT chronograph) compared with

String #2 (1511 fps averay

Horizontal and vertical shifts in SMT results

Significanhorizontal and verticaghiftswere evidentin the SMT resultdn both strings there was an
upward shift. String #1 showed a significant shdtizontallyto the right.

Asalreadynoted, correstions were not applied to the SMT results becausey/ thed already been
applied during thecalibrationprocess Theplots shownin Figure8 and Figurellthereforerepresent
the actual performance of the SMT agstimeasured shot position, when used in accordance with

the user instructions.
Tableb shows the average shifts.

Table5 ¢ Average horizontalX)and vertical(Y)shift inSMT results

AverageX shift Average Y shift
mm mm
String #1 77 107m
String #2 10 46

As discussed earlier,\itas decided to apply corrections to the SMT resultsng the values iable

5, to permit further analysis othe errors

Figure9, Figure10 andFigurel2 show the SMT results after applyitite correctionsshown inTable

5.
Significant errors we still evident.
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Accuracy testing of HEXTA and SMeEtronictargets
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Figure8 - String #1¢ & w I ¢ € re$ulis (green) and measured shot position (black). Significant X and Y shifts evident. Shot
9 (red) is HEXTA result (physical shot hole not available). Total 11 shots were scored incorrectly.
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Figure9 - String #1- CorrectedSMT results (green) and measured shot positions (black). Shot 9 (red) is HEXTA result
(physical shot hole not avable). Strong radial bias towards centre of targetdent. A otal of 5 shots would have scored
incorrectly (187.3).
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MRA-LR-1000y
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FigurelO- String #1- Corrected SMT results (detail)
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Figurel2 - Strirg #2- Qorrected SMT results (green) and measishot position (black). Radiaibstowardscentreof

target evident.
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Accuracy testing of HEXTA and SMEEtronictargets

Radial bias

Theradial component of error electronic target measuremeid important because inay affect
the reported score.

The radialbiasin both strings was calculatddr both HEXTA and SMT targets, ushwydorrected
results. The results are shownTable6.

Table6 ¢ Average adial bias(positive value towardsentreof target)

HEXTA SMT

mm (in) mm (in)
String #1 -0.10 ¢0.004) 47.2 (1.86)
String #2 -0.09 (0.004) 11.4 (0.45)

The radial bias ithe HEXTA error resuligas insignificant

In the SMT results there Wweaevidence of significant radial bias towards deatre of the target. Te
effect was more pronounced in String #1. In String #1 theeee at least 5 shots where the error
would have resulted in a giner score; irbtring #2 there wee 2 such shots.

Possibleauses of X andshiftsand radial bias in SMé&sults

The limited amount of data makes firm conclusions difficult as to the cause of tressesbi
However, some speculative observationaybe reasonably madd:urther testing would be
required before firm conclusions could be drawn.

X and $hifts

It is known that opersensor electronic targets are inherently susceptible to errors due to angle of
impact of the projectileandthat this effect increases as the terminal velocity redudeis. also
known that crossvindsmay cause horizontal shiftdue to the Doppler Effect

Themost likely cause of thborizontal K) andvertical {¥) shifts at 1,000 yards was differences in
angle of impact at 1,000 yards compared 200 yards where the calibration was\dertieal angle
differences would be caused by differences in elevation eftébo firing pointgthe 1,000yard was

in facthigherthan the 208yard), and the differing trajectorgf the short range and long range shots
(approximately 2 degrees differenc@hese effects are consistent with tapward shifs in the SMT
results tha were observed

The SMT chronograph data indicatagignificantlylower terminal velocity in String #1 (average
1220 fps) tharin String #2 (average 1511 fp$hismayaccount for the largeupward shiftseenin
String #1More testing would be requiretb make firm conclusions on this.

In the horizontal (X) direction, both strings showed shdtghe right with String #1 being the larger.
Thelargerhorizontal shift in String #1 may have been due to the shooter firing from positjonté
target in psition 2) It may also have been simply a more pronounced aofjyimpact effect due to
the lower terminal velocity. Then again, it may have been due to random influences. There is
insufficient data to make conclusions on this.
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Accuracy testing of HEXTA and SMEEtronictargets

Radial bias

It isknown that for accurate positiomeasurement with opefsensor electronic targets the impact
velocity must be accurately known, so that the angle of the oncoming acoustic wave front can be
calculated. This why the SMTtarget has an integratedhronograph. Errc in velocity

measurement will result in radial scaling errors.

A positive error in the SMT chronograph me@suents (that is, overestimation tfie terminal
velocity) would result inminward radial biagtowards thecentreof the targe). This is the mst

likely cause of theadial biasobserved.This effect is most pronounced at lower terminal velocities,
which would account for the largeadial biasn String #1.

A potential cause athronographmeasurement error (and hence radlahg is errors irlignment

of the chronograph with thérajectory of the projectile. To measure velocity accurately, the
chronograph must be perfectly aligned with the trajectory. If misaligned, one chronograph sensor
will be further from the trajectory than the othewhich affectsthe timing ofwavefront detection.
Misalignment may be caused by misalignment oftdiget facewith the trajectory (as already

discusse} it may also be caused by misalignmenthaf chronograph on the target face itselthere

is no requirenent in the SMT user instructions that the chronograph be mounted perpendicular to

the target face; in this test the alignment was checked by eye only, and may not have been perfectly
perpendicular.

Alignment of the range

An analysis was made of the alignmef Reade Range using Google Majigurel3 shows the
range. The target gallery is apparently aligpedfectly eastwest. A white rectangle was drawn on
the plan and aligned with the target gallery, andhisrefore aligned northsouth down the image.
By scaling from the image, it appears that g#@0-yardfiring point was offset to the righty about
9.4 m (10.2 yards), equivalent to a misalignment with the target faedotit 2.9. Thel,000yard
firing pointwas offset to the right by about 33 m (36 yards), or about.2.1

Without further testing it is not possible to determine the effect this may have had on the results.
However,it is worth observing that many ranges have similar alignment issues, anddiis m
contribute to errors.

© Daniel Congltants Pty Ltd 2017 Pagel9of 30



Accuracy testing of HEXTA and SMeEtronictargets

Figurel3- Plan of Reade Range. White rectangle is aligned rewttth.
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Summary comments on X axdhiftsand radial bias

The observations regarding possible causes, while based on valid principles, aretisigeéulaher
testing would be needed in order to draw firm conclusions.

It must be stated thatvhilst radial bias is clearly evideintthe SMT resultsandthis would

significantly affect scores, there is no way of knowirgsed on theeresultsalone whether similar

effectswould be observed with other SMT targets, or with the same SMT target in different

conditions. There is no publicly available body of datase as a referencéNevertheless, there are

reasonable grounds for concern that variationgignmentof both the targetandthe chronograph

gAGK (KS LINE entyaffettths @rbuniioNdor2dhi@lfvertitd and radial biasttivay

occurin different range layouts at different locationand from target to target on a single range
Measurement of terminal velocity

During String #1 the muzzle velocity was measured, shot for shot, uMagretoSpeed

OKNRBY23INI LIK® ¢KS | @SNr3IS a+ ¢l & Hcom FLAI ALK {
estimated TV at 1204 fps. Thisk dKGf & f 26SNJ GKIy GKS {ac¢Qa I @SNI 3
fps.

The MagnetoSpeed was not used for String #2. It is observed that there was a significant difference
between the SMEhronograpfNB F RAy 3 ompwmm FLA FF GSNIF 33821 yR (KS
fps). There is insufficient data to draw any conclusions on this.
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Images

Figurel4- Closeup of target face after testingshowing holes from both strings and the single calibration shot.
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Figurel5- Polyester test sheet laid over paper target. Test sheet was in two pieces, aligned with registration marks and
checked against hole alignments.
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Figurel6- Test sheet (detail, turned 90 degrees clockwise)
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