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Abstract. In this work, authors experimentally compare latencies of convolution neuron network
architectures. Authors measured only recognition time. Four architectures were applied in the experiment:
AlexNet, AlexNet Separated, MobileNetV1 and MobileNetV2. Models were trained using Fruits360 dataset.
The Android mobile application was developed to measure latency on mobile devices. The smallest latency
authors obtained using AlexNet Separable model, but the smallest size was provided by MobileNetV2.
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levads

Konvoliciju neironu tikli (convolutional neural networks, talak CNN) [1] ir specialas
neironu tiklu struktiiras, kuras parsvara pielieto vizualu att€lu apstradei. Ta ka CNN ir izstradati,
lai darbotos, imitgjot cilvéka smadzenu neironu savienojumu modeli, kad atseviski neironi
reagé uz stimuliem tikai ierobezota redzes lauka, kas pazistams ka “uztverosais lauks”. Sie lauki
parklajas, lai aptvertu visu redzes laukumu.

Neironu tikli, kuri ir apmaciti un darbojas izmantojot personalos datorus, veiksmigi
izmanto datora pieejamos resursus ievaddatu apstradei, toties realos apstaklos bieZi nav
pieejams personalais dators, kur§ varétu apstradat ievaddatus pietiekosi atri. Lai izvairitos no
tada veida problémam, ir iesp&ams izveidot neironu tiklu modelus, kuriem nav nepiecieSami
lieli skaitloSanas resursi rezultata iegiSanai. Tapéc tadi neironu tiklu modeli ir spgjigi
pilnvertigi stradat, izmantojot mobilo iericu resursus.

S1 pétijuma mérkis ir eksperimentali salidzinat &etru konvoliiciju neironu tiklu
arhitekttiru atrdarbibu, mérot att€la apstrades laiku, pielietojot Android mobilo telefonu.

Materiali un metodes

Darba ietvaros tika apskatitas Cetras konvoliiciju neironu tiklu arhitekttiras: AlexNet [2],
[3], AlexNet Separable, MobileNetV1 [4] un MobileNetV2 [5].

Lai eksperimentali salidzinatu arhitektiiras, sakuma cetri modeli tika apmaciti atpazit
abolu un bumbieru att€lus, pielietojot Fruits360 datukopu [6], TensorFlow 2.0 un Jupyter
Notebook. Eksperimentalos apstaklos tika ieglita precizitate ~99% (skat. 1. att.). Katrs CNN
modelis tika eksperimentali/manuali samazinats, lai tas aiznemtu péc iesp&jas mazak atminas,
nezaud€jot precizitati (skat. 1. tabulu). AlexNet Separable tika iegits, aizvietojot AlexNet
modela Conv2D slanus ar SeparableConv2D slaniem.

Epoch 35/5@

552/552 [ ] - 113s 2@5ms/step - loss: 8.8175 - accuracy: 0.995@ - val loss: @.098@ - val_accurac
y: 8.978@

Epoch @8@35: early stopping

MAX acc: @.99564544

MaX val_acc: B8.9938186

1. att€ls. Piemérs ar modela apmacibas rezultatu
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1. tabula
leglitu modelu izméri un precizitate
AlexNet: 952 835 params, 97,1% AlexNet Separable: 866 750 params, 99,8%
MobileNetV1: 801 795 params, 99,2% MobileNetV2: 98 379 params, 99,8%

Péc modelu apmacibas nakamais solis, kas tika veikts, bija modela sagatavosana
izmanto$anal mobilajas ieric€s. Tam bija nepiecieSams parveidot iepriek§ apmacito modeli ar
datnes paplasinajumu “.h5” Tensorflow Lite [7] modeli ar paplasinajumu “.tflite ” (skat 2. att.)

In [ ]: import tensorflow as tf
from tensorflow import keras
path = 'C:/JupyterProjects/TFlite model/mobilenetVl_sk.h5"'
model = keras.models.load model(path, custom objects=None, compile=True)

In [ ]: #prepare for model saving

export dir = 'saved tflite model’
tf.saved model.save(model, export dir)

In [ ]: #select mode of conversion

converter = tf.lite.TFLiteConverter.from_saved model(export _dir)
# FOR SPEED

converter.optimizations = [tf.lite.Optimize.OPTIMIZE FOR_LATENCY]
# # #FOR STORAGE

# converter.optimizations = [tf.lite.Optimize.OPTIMIZE FOR SIZE]
# #DEFAULT

# converter.optimizations = [tf.lite.Optimize.DEFAULT]

tflite model = converter.convert()

In [ ]: # create tflite file and export it

tflite model file = 'model.tflite’
with open(tflite model file, “"wb™) as f:
f.write(tflite model)

2. attéls. Python kods tflite modela izveidel

Merijumi tika veikti uzstadot izstradatu Android mobilo aplikaciju uz telefona Samsung
SM-G950F (CPU: Exynos 8895, 8 Cores - 2.3GHz Quad + 1.7GHz Quad, GPU: Mali-G71
MP20, RAM: 4GB) [8].

Meérijumi tika veikti, lai noskaidrotu laiku, kas nepieciesams tflite modelim attcla
atpaziSanai un ta klasific€sanai. Me&rijlumu mérvieniba ir nanosekundes [9], kas dod lielako
precizitati. Tika nemts laika mérjjums pirms funkcijas uzsakSanas un péc funkcijas darbibas
beigam, kas dod divas laika vienibas. Laiks tiek nemts no ierices precizaka pieejama sist€émas
taimera pasreizgjas vertibas nanosekund@s. Péc divu vértibu iegliSanas un saglabasanas
mainigajos, tiek veikta atnemsana, kur no otra mainiga tiek atnemts pirmais mainigais, lai
noskaidrotu cik laika tika patéréts noteiktas darbibas veik$anai nanosekund€s. Dota vértiba
talak tiek noapalota lidz 0,01 milisekundei. Kas spgj precizi attélot pateréto laiku gan uz
vecakam iericém, gan uz jaunakam (Skat 3. att.). Péc mérijjumu veikSanas, ierices operativa
atmina tika attirita, lai neietekm&tu mérijjumu rezultatus.
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et start time 1n nanoseconds

wy

long 1startTime = System.nonoTime();

fArUn TATeErpreter and sSave FESULTS

]

tflite_alexnet_seperable.run(imageBytrstring, result);

t end time 1N nanosecornds

=)

long lEndTime = System.nanoTime();

or 1Aaterpre

t tim ter run 1n nanoseconas

i

wy

long cutput = 1lEndTime - 1StartTime;

fiset precision to o.1 miliseconds

double floatOutput = output/leesa;
byteBuffer.clear();

3. attels. Funkcijas atrdarbibas noteikSanas metode

Rezultati
Apmacibas rezultata tika iegits laiks, cik bija nepiecieSams tflite modelim, lai atpazitu un
klasificetu att€lu. Meérijumi tika veikti 100 reizes, pec katras reizes ierices operativa atmina tika
attirita, lai neietekm&tu rezultatus. Darbibas laika tika aprékinats vidgjais laiks, kas
nepieciesams tflite modelim, lai atpazitu attlu (skat. 4. att.).
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4. attéls. Tflite modelu atrdarbibas rezultati

Visatrak klasifikaciju veica modelis ar arhitektiiru AlexNet Separable, tom&r modelis ar
arhitektaru MobileNetV2 saturgja vismazako parametru (saisu) skaitu.

Secinajumi
Darba uzsaksanas laika iepriekS apmaciti modeli tika optimizeti un parveidoti tflite
modelos. Katras CNN arhitektiiras darbibas laiks tika merits 100 reizes un tika izrékinats
vidgjais laiks darbibas veikSanai. P&tljuma laika tika novérota liela atskiriba cik daudz bija
nepiecieSams modelim, lai veiktu att€la atpaziSanu un ta klasificéSanu. Ta ka modela apmaciba
izmantotie dati bija identiski visiem ¢etriem modeliem, modelu atrdarbibu ietekmé neironu tikla
arhitekttira. Situacijas uzlaboSanai nepiecieSams veikt papildus test€Sanu ar modelu ieladi un
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att€lu sagatavosanu. V&l viena iespgja situacijas uzlabosanai ir izp&tit konvoliiciju neironu tiklu
arhitekttiru struktiiru un novertet to iesp&jamu uzlabosanu atbilstosi uzdotajam méerkim.

Summary
At the start of the work, previously trained models were optimized and transformed into
tflite models. The running time of each CNN architecture was measured 100 times and the
average running time was calculated. During the study period, a large difference was observed
in how much time it took for the model to recognize the image and classify it. Since the data
used in the model training were identical for all 4 models, the speed of the models is influenced
by the neural network architecture. To improve the situation, it is necessary to perform
additional testing with model loading and image preparation. Another way to improve the
situation is to study the structure of convolutional neural network architectures and evaluate
their possible improvement according to the set goal.
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