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SUMMARY

The interest of thesis topic “Handgun monitoring device” came from Department of
Mechatronics. Goal was to prove a system at prototype level that is capable of distinguishing

gunshots from other impacts using commercially available products.

In order to implement detection mechanism sample data was gathered using two firearms a
revolver Taurus 82B4 and a semi-automatic pistol Beretta 21A. Test data was analyzed and
compared with each other to find key points for detection. Tests were carried out by two
accelerometers, analog sensor ADXL377 and H3LIS331DL with digital interface.
ADXL377 was chosen for prototype because of slightly better data output rate compared to
H3LI1S331DL.

Two mounting positions were tested one on top of the weapon barrel and under grip.
Depending on mounting position results varied greatly. When sensor was mounted on top of
weapon barrel then results were more consistent with lower deviation in template matching.
It was noted that if system is commissioned for different weapon models then each model
needs to be calibrated separately. Although two different types of weapons were used for
testing it did not give understanding how much results can vary between different weapons

of same model.

Method to differentiate gunshots from other impacts have been implemented using template
matching technique. Template was generated from ten samples and then tested against rest
of data. In order to find if it is possible to generate false positive readings impacts on different
surface hardness were generated by practical tests. While evaluating rejection rate of
template matching it was noted that up to 12% of impacts were misclassified as gunshots,
this was due to evaluating only global minimum. To improve detection rate it was suggested
to compare gunshot expected matching position local minimums to global minimum. This
decreased misclassification rate significantly and with sample set produced no

misclassifications were observed.

System was able to differentiate gunshots from other impacts with high accuracy and
classified gunshots as intended. In future longer period for testing should be carried out to

find if there is any performance degradation due to the wear of weapon components.
58



In order to understand how much alignment of sensor axis plays role in detection rate up to
10° of misalignment was introduced to system setup. It was discovered that below 10° of
misalignment was still within the limits for system to be able to detect gunshots. While
template matching classified all the gunshots correctly it also increased false positives in
detection when impact test was performed. Only small number of samples were gathers. This
limited the accuracy of thresholds for matching techniques. It is not known how much
different shooting stances, hand orientations affect accuracy of template matching because

test samples were not separated. This did not affect detection rate when.

All the tests were carried out where sensor board is attached to MCU via cable. This limited
the ability to evaluate performance of some key areas like noise from analog sensor. A design
solution is proposed with components. The design would carry as development board to test
all the components on single board solution. Main components which impact power were

analyzed.

Solution for data communication was offered, but transmission quality should be tested near
metal. Although target weapon body is made of composite then magazine could affect
performance of reading negatively because of its metal construction.

Main goal of thesis was achieved in most areas when showing that it is possible to use simple
techniques to differentiate gunshots from other impacts with high accuracy. Next goal is to

make first development board for further testing.
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KOKKUVOTE

“Késirelva kasutuse jdlgimisseade” magistritoo teema tuli Tallinna Tehnikaiilikooli
Mehhatroonikainstituudi poolt. Eesmérk oli luua prototiiiibi tasemel lasuloendur kasutades

hetkel saadaolevaid componente.

Tuvastusiisteemi hindamiseks kasutati revolvrit Taurus 82B4 ja poolautomatset piistolit
Beretta 21A. Molema relva katseandmeid vorreldi omavahel, et hinnata kui sarnased on
saadavad tulemused. Leiti, et vastavalt relva tiilibile varieerub tulemus margatavalt ja ei ole
voimalik kasutada iildistatud meetodid kdikidele relvadele. Lasu analiitisiks katsetati kahte
andurid. ADXL377 kolmeteljeline analoog véljundiga kiiredusandur ja digitaalse liidesega
kolmeteljeline kiirendusandur H3LIS331DL. ADXL377 parema kiiruse tdttu tehti otsus

kasutada seda iilejddnud testides.

Loomaks arusaama kuidas mojutab anduri paigutus tuvastust ja iildist tagasiloogi graafiku
kuju tehti katsed kahes erinevas relva positsioonis, relva toru peal ja kidepideme all. Leiti, et
graafikute kujude erinevus vastavalt kust seda mdddeti ei vdimaldanud kasutada samu
piirvairtuseid tuvastualgoritmis. Katseandmed ei vdimaldanud hinnata kuidas erinevad

tagasiloogi graafikud sama mudeli erinevatel relvadel.

Eristamaks laske teistest voimalikest 160kidest voi kukkumistest kasutati keskmistatud
referentsi lasu profiilist. Referentsi ja lasu absoluutviértuste summa voeti klassifitseerimise
tingimuseks. Analiitisimisel leiti, et kuni 12% 166kidest klassifitseeritakse laskudena kui
need toimuvad pikku lasu telge. Suvalistel 160kidel ja kukkumistel esines miinimum kiill
lasuga sarnases kohas kuid see oli lokaalne miinimum, globaalne minimum asus véljaspool
oodatavad asukohta. Vea viahendamiseks pakuti vélja lisakriteeriumi kasutamine kuna alati
on teada asukoht kus peaks esinema globaalne miinimum kui tuvastamise algoritm

rakendatakse.

Hindamaks kuidas mdjutavad seadme tootmisprotsessist voi kaikvotust tulenevad vead
tuvastusiisteemi muudeti anduri nurka nii, et anduri orientatsioon oleks kuni 10° erinev
referentslaskudest. Leiti, et kuigi algoritm suutis tuvastada lasu varieerus tulemus esialgsega

rohkem ja klassifikatsioonivigade arv kus teljesihilised 106gid tuvastati lasuna. Samuti
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katsetati erinevaid laskeasendeid ja laskekde vahetust, mis ei mdjutanud lasu tuvastamise

tapsust.

Kuna koikides katsetes oli mikrokontroller ja anduri plaat eraldi slisteemidena, mis olid
omavahel tihendatud kaabliga ei olnud vdimalik adekvaatselt tépselt hinnata analooganduri
miira. Disaini lahendus on vélja toodud, mis vdimaldaks testida iihtset slisteemi. Aku
kestvusele kdige enim mdojuvate komponentide voolutarvet hinnati ja pakuti vélja lahendusi

selle optimeerimiseks.

Pakuti vilja disaini lahendus juhtmevabaks laadimiseks ja andmete edastamiseks RFID

lahendust kasutades. RFID lahenduse voimekust ei hinnatud metallpindade 1dhedal.

Magistritoé eesmirk teha prototiiiip lahendus, mis oleks vdimeline tuvastama laske ja neid
eristama teistest voimalikest hdiringutest voi l06kidest. Edasine eesmirk on teha valmis

arendusplaat mille peale on vdimalik tdiendavad testid teostada.
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