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Class Characteristics

Class Characteristics  - 

measurable features of a 

specimen which indicate a 

restricted group source. 

They result from design 

factors and are determined 

prior to manufacture. 

(AFTE Glossary)
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The CNN training using 

620 images for 7 groups 

of pistols 



2D images of the 

same cartridge case 

exported from 

EvoFinder  system



2D images exported from IBIS : the left using older 

version (up to 3.3), the right using newer version 4



Examples of 2D 

images made from one 

X3P file exported from 

EvoFinder  system



Examples of 2D 

images made from one 

X3P file exported from 

IBIS



Examples of 2D 

images made from one 

X3P file exported from 

BalScan  system



Image sources Image numbers

2D EvoFinder  24304 

2D IBIS   (old scanner) 1027 

2D IBIS   (new scanner) 542 

converted from EvoFinder  X3P 2392 

converted from IBIS  X3P 2156

converted from BalScan  X3P 440

In total  - 30930 images

   - 4291 firearms



Class name

Number of images in subset

Train Validation Test

1911 316 65 65

Beretta 1951 95 18 28

Beretta 9000 (Tilted Barrel) 41 8 8

Beretta 92 647 136 148

Bul Cherokee 50 10 10

Converted 189 37 45

Crvena Zastava 424 96 96

CZ75 1940 439 450

FN HP35 1949 439 450

General rectangular apertures 211 50 44

General SMG 434 115 93

General Tilted Barrel 1443 307 316

Glock Rect 2668 576 576

H&K P7 88 16 16

H&K P9, P9S 58 8 12

H&K USP 246 49 68

Jericho 82 10 16

Luger P-08 2043 415 443

Class name

Number of images in subset

Train Validation Test

Others/Unknown/Undefined 685 152 132

Radom VIS35 313 66 81

Ruger 85 433 96 100

Sig Sauer 210 275 72 65

Sig Sauer 226 1161 256 262

Sig Sauer 320 87 16 20

SMG – H&K MP5 104 24 24

SMG – Homemade 304 42 76

SMG – MP40 259 53 56

SMG – Sten 107 25 33

SMG – Uzi 486 96 128

Smith and Wesson 579 105 113

Star 30 107 24 17

Star B 364 70 72

Tanfoglio 198 27 40

Tear Drops - Glock and S&W 619 140 136

Tokarev 320 72 76

Walther P99 337 72 65

Walther P-38 1885 417 410



Model # of layers Epochs Top-1 Top-3

Xception 74 20 0.6294 0.7966

InceptionV3 94 15 0.6153 0.7845

InceptionResNetV2 200 13 0.6311 0.8049

ResNet50 53 16 0.6048 0.7814

DenseNet121 120 15 0.6157 0.7990

ConvNeXtTiny 81 17 0.6184 0.8033

ResNet101V2 104 20 0.6153 0.7864

EfficientNetV2S 170 15 0.6546 0.8170















Original class Classes in domain

Any classes Others/Unknown/Undefined

1911 General Tilted Barrel

Bul Cherokee General Tilted Barrel, CZ75, Jericho, 

Tanfoglio

Crvena Zastava General Tilted Barrel

CZ75 General Tilted Barrel, Jericho, Bul 

Cherokee, Tanfoglio

FN HP35 General Tilted Barrel

H&K USP General Tilted Barrel

Jericho General Tilted Barrel, CZ75, Bul Cherokee

Radom VIS35 General Tilted Barrel

Ruger 85 General Tilted Barrel

SigSauer 210 General Tilted Barrel, SigSauer 226

SigSauer 226 General Tilted Barrel, SigSauer 210

SigSauer 320 General Tilted Barrel

Original class Classes in domain

Smith and Wesson General Tilted Barrel

Star 30 General Tilted Barrel

Star B General Tilted Barrel

Tanfoglio General Tilted Barrel, CZ75, 

Jericho, Bul Cherokee

Tokarev General Tilted Barrel

Walther P99 General Tilted Barrel

SMG - H&K MP5 General SMG

SMG - Homemade General SMG

SMG - MP40 General SMG

SMG - Sten General SMG

SMG - UZI General SMG

Glock Rect General rectangular apertures

Beretta 1951 Beretta 92

Beretta 92 Beretta 1951







Models in ensemble Top-1 Top-3 Top-1 Domain Top-3 Domain 

Xception + InceptionV3 + 

InceptionResNetV2 + 

EfficientNetV2S 

0.6615 0.8235 0.7518 0.9335

Xception + InceptionV3 + 

InceptionResNetV2 + 

EfficientNetV2S + ConvNeXtTiny

0.6580 0.8220 0.7484 0.9306

All 8 models together 0.6555 0.8137 0.7530 0.9275



https://huggingface.co/spaces/pavelgiverts/firearms-determination

HuggingFace.co - Firearm/Toolmark Image Classification Demo





















Research publication
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Further work

• More data collecting

• Developing multi-label model

• Reviewing image labeling

• Working on the increase of accuracy 

• Developing new software including stand-alone version



Questions?

Pavel Giverts

pavel.giverts@gmail.com

https://huggingface.co/spaces/pavelgiverts/firearms-determination
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