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Abstract Because fuses have many parts, human error can occur during visual inspections. This paper proposes an
automatic ammunition test algorithm for preventing human error during an inspection. The automatic ammunition test
algorithm consists of the following three steps. First, the image input and preprocessing step is where an inspection
image is rotated using an image rotation algorithm and the image is converted to a binary image. Second, the
inspection step of arming determines if the ammunition is armed using Masked Template Matching algorithm, etc.
Third, the inspection step of the parts determines if the parts are omitted using an image searching algorithm, etc.
The arming or parts omission of the fuse are detected efficiently using the ammunition automatic test algorithm. The
ammunition automatic test algorithm is expected to help improve the safety and reliability of 40 mm grenade fuse.
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Fig. 2. The Ammunition Automatic Test Algorithm
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1) Make Object Mask

2) After template match with
Object Mask, search for
the most similar location

3) Extract Image
from searched ROI

4) Perform AND operation
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5) Portions that is not connected
over a certain size are removed

Fig. 3. Edge extraction process using Masked Template Matching algorithm
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Table 1. Object Mask & Template Matching Process

stage Image Processing stage
1 Make Object Mask for searching.
) After template match with Object Mask, search for the most
similar location.
3 Extract Object Image from searched ROI through Template
Matching.
4 Perform AND operation with Object Mask & Object Image
and then leave only the pixels to be searched.
Remove Blob Noise.
5 - Portions that is not connected over a certain size are
removed.
6 Calculate matching rate depending on the ratio of Object
Mask size.
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Fig. 5. The top image of K541 fuze

Table 2. Inspection criteria on top image of 40mm
grenade fuze
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# Part Inspection Criteria

After binal rocessing, search for detonator
® Detonator ) P &

pixel.

After search detent and binary processing, search
@ Detent P &

for detent edge pixel.

After search detent, exclude detent edge, leave

Detent Spri . . . .
® cent SPINE | fetent sprint, then inspect pixel of detent spring.

Detent

® Measuring distance between detonator and detent
Retreat
® Pelit fAfter search for peli't and binary processing, then
inspect pixel of pelit.
- After search for pinion, make circle, and extract
® Pinion

edge, then measure pixel of pinion.

After search for setback pin, make circle, and

Setback Pi . .
@ e edge, then measure pixel of setback pin.

Setback After search for setback spring, make circle, and
extract edge, then measure pixel of setback

Spring spring.

<Fig. 6>9} 22 K5412139] SH & oju]A] o] tf
h=R

3 F3E AL 7155 <Table 3>°)A

Fig. 6. The side image of K541 fuze

Table 3. Inspection criteria on side image of 40mm
grenade fuze

# Part Inspection Criteria
Inspection of matching rate as compared to
Setback Pin normal image of setback pin

(Inspection of setback pin pixel)

Inspection of matching rate as compared to

® Ssetbla ck normal image of setback spring
pring (Inspection of setback spring pixel)

Setback Pin After m§pect setback pin & spring, drayv
Retreat yellow line, check how many setback pin

pixels below the yellow line are.
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LA Table 5. Inspection result of Bad Sample for 40mm
o o) Zuiol N Balel AFIAN LnEFE A grenade fuze
%8]'0:1 76117\]'% —’F?‘S}}é}‘iiﬁ}, QF d% ‘CH%H A\E%% H]%/Ké Classification Result
o= AT .
Re cn Detected
etreat
Table 4. Bad Sample Classification for 40mm grenade
Setback Pin
fuze omission Detected
Sample
# P Contents Setback
Classificartion Spring Detected
omission
® Detent The retreat of the Detent
Retreat
k Pi Detent
@ Setszc o Not assembled Setback Pin omission Detected
omission
tback i
® Se bac' Spnng Not assembled Setback Spring .
omission Detent Spring Detected
D omission
® ctent Not assembled Detent
omission
; Pinion
® Dctan Sprlng Not assembled Detent Spring omission Detected
omission
Pinion ..
® omission Not assembled Pinion Pelit
; omission Detected
@ P'e l.t Not assembled Pelit
omission
Detonator
® Detf)n?tor Not assembled Detonator omission Detected
omission
Partial Arming . .
9 . .
® (75%) Partial arming of Fuze Partial Arming Detected
(75%)
Partial Arming . .
® (50%) Partial arming of Fuze
. : Partial Arming
Pamzsiz;mmg Partial arming of Fuze (50%) Detected
® Arming Perfect arming of Fuze
Sefback Fi Partial Arming Detected
0,
® eiack Tin The retreat of the Setback Pin (@5%)
Retreat
Arming Detected
<Table 4>2] E&E2] Xray ©|V|AE AHs37A}
e ZE Bslel A58 GG 2R <Table 5> etk P
Retreat Detected
o 2
ArAT AA 1358 BFAES BT BEE
AESF oM, Xeray 45 2 W HY A
Zte7b WA e etE ojnlA] 3 daegEs
AgomR BHES GAoR PEY F tdeee
N B e G ® @
BoF 4B BuelE A5 e < S o
| (G (% (&
Al B gl%o] 9 Sample Scale 7 x 62.% 31 TLLL
FFE 42749 BHAZ 1359 29 4%, 4] f@E@a
F2 BSAATI FAREE A3 A 75608 §EEE @
F2 FFORE BEFFES EYOE 100% @%6}%\]—4'. Side Image Top Image

20



40mm 1<4-3EHK212) Aol okAA W

Ay FoE 9% Tk AEAA GaBel] B AT

6. 2 B

2 =AM e A3 Xaay o|vAE E9H o2 I
g Qs ©oF ARssAL datE| S Akl Al
Y Xeray oW A= F-55o] FEjuk A7 vE o 3l
o[| Ao o]=2% Fol o] o] 97t Bl o
b 22 FAE A A3 2 w=RelA e A5
£ Objectoll =o]=7} IAY AU 257} WalelAY
Fel7h 45 wREn e g0 AT F 9l

Masked Template Matching &i18]5& 283l &
o7 =g 4= Q) T3l o]nx] A LduFE
[e] =]

B

Object T4} darg|5g ARg-sto] 54T 94

=S |
e RES Ggon £9% & Ak
BYE 1330 O GAT dof AF A
Z Fo 4 2 2 29 A 29 4%, 97 g
Sol WA eE RS G0 AET 5 A
2 o 5 sl
G5 NPT BRE B BAL BAYRE

(1]

(2]

(3]

[5

—

[6

[}

[7

—

—
o0
[}

References

“40mm grenade(K212) ammunition malfunction report”,
Ammunition Support Command, Nov. 10, 2011.

YongHwa Kim, “The report of 40mm grenade safety
inspection result”, Defense Agency for Technology and
Quality, Dec. 30, 2015.

YoungHo Yoon, et. al., “The study on improvement of
ATE reliability in production phase”, Journal of the
Institute of Electronics Engineers of Korea, Vol.47,
No.6, 2010. 11.

“Ammunition, standard quality assurance provisions,
general specifications(KDS 1395-1028-1)”, Agency for
Defense Development, July 31, 2012.

“FUZE PIBD - M549A1, less spitback assembly(MIL-
DTL-0032175(AR))”, U.S. Department of Defense,
April, 26, 2004.

YoungHo Yoon, et. al., “Research on ATE development
process  standardization”,  Defense = Agency for
Technology and Quality, Nov. 2010.

Rafael C. Gonzalez, Richard E. woods, “Digital image
processing”, 3rd. Addition, Addison Wesley, 2008.

Minchul Jung, “Machine-printed numeral recognition
using weighted template matching”, Journal of Korea
Academia-Industrial cooperation Society, Vol. 10, No. 3,
pp.554-559, 2009.

DOI: http:/dx.doi.org/10.5762/KAIS.2009.10.3.554

[91 M. Cole, et. al, “Visual object recognition using
template matching”, Australian conference on robotics,
2004.

[10] Min-Seok Choi, et. al., “A novel two stage template
matching method for rotation and illumination
invariance”, Journal of Pattern Recognition, Jan. 2002.
DOI: http://dx.doi.org/10.1016/S0031-3203(01)00025-5

[11] C Heipke, “Overview of image matching techniques”,
OEEPE Official Publication, 1996.

Z ZI H(Jin-Chun Ju) (3| ¥]

-1996L4 19 ~ 20059 12¢ : =

ot} v E
0200651 1€ ~ @A . YEF
A A4

T 0] M(Mee-Sun Kweon) [H3|¥]

020001 2€ : FA T HFE T
o3} (85t

020043 59 ~ 20124 99 : ()
dlol &7y Alold= Al

020121 99 ~ A : (F)H]oul~

AZE 4R

FAE, MEHA B3k, vEde] S9F

21



A 71Ee 8 =2 A ATd ATE, 2016

4 & 2l(Sang-Min Kim) [H23]

020109 2¢ : BANgw g}sh3st
BN CGEEA))

20129 7¥ ~ &A : F3g B
AR FEAEHE

2t & (Nam-Su Ahn) [543

{0

]

02004 1249 : HMAWolFHL)
AraEetat (F3HAAh

©20109 1€ : KAIST 2H] 2 A
25 3k (FEkAh

20101 2¥ ~ 2010 129 : LG
Az AdAT+4

2011 1€ ~ 20159 2¢ : =
7EEAY AdaTrY

atEtg st A g wg

w274, AAs o &, ANaAEY

22




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


