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ONLINE-SYSTEM OF PLANTS IDENTIFICATION
BY PHOTO IMAGES

B ymoBax mocriiiHoi B3aemogii i3 30BHilIHIM ¢BiTOM i *KHBOI0 NPUPOAOIO B
JKUTTI JIIOAMHU MOCTAa€ npodiemMa MBHUAKOI Ta TOYHOI ineHTH(]ikauii pocaun,
OCKUIBKM  POCJMHM  BifirpaloTb  3Ha4yHy pojiab He  TiIIBKH Yy
cilbecbKOrocnogapebkiii ramysi, ame i Takok y NaJIMBHO-eHePreTHYHOMY
KOMILIeKci, MeIULMHi, eKoJiorii, iHTep’€pi, BUBYEHHI HABKOJMIIHLOIO CBIiTY
Tomo. Y mifi pobori 3anpomoHoBaHo iHdopMauiliHy oOHJAH-cHCTEMY
inenTugikanii pocaun 3a ix ¢orosnimkamu. Po3poOky mnporpamMHoro
3a0e3neyeHHsl 3/ilicHeHO y BHIIAAI KJIE€HT-CEPBEPHOI apxiTekTypu i3
3aCTOCYBAHHSIM cy4yacHUX TexHousorii (MoBu C#, TypeScript, HTML, CSS,
¢peiimBopku ASP.NET MVC, ASP.NET WebApi, Angular), noryskHuX
aJropuT™MiB  pO3Mi3HABAHHSI  300pa’keHb Ta MAIUMHHOIO HABYAHHA.
MarteMaTH4YHY OCHOBY CKJIAJIH AJITOPHTMH 3HAXOIKEHHS KJIIOYOBHX TOYOK,
Taki ik SURF, SIFT ta FREAK, mogeans BOVW (Bag-Of-Visual-Words) i
MeTOJ OIIOPHUX BeKTOpiB. CHcTeMa Ma€ NPOCTHH, JIAKOHIYHMI Ta 3po3yMiimii
inTepdeiic, aganTHBHY BepCcTKy, 3a0e3medye 3py4yHy B3aeMonilo 3
KOPHCTYBa4eM 3 OyIb-sIKOrO INPHCTPOI0 32 HAsABHOCTI JOCTYNy A0 Mepe:xi
InTepHeTr, MOXKJIMBOCTI J1erKoro posmHpeHHs 0i0ioTekn 300paKeHb.
3nilicHeHo ampodanio po3podieHoi mporpaMuM Ha Ppi3HUX Ha0opax JaHMX
(pororpadii JucTsl JepeB Ta KBIiTiB, y TOMY 4McJi 3po0/1eHMX HAa MOOiTbHMIA
TeJeoH, IO € HaHOINBII TUNOBHM CcleHapieM B3aemoaii xopucryBauya i3
CHCTEMOI0) Ta NpPOBEleHO NOPIBHAJIBHHUII aHami3 3a3HaYeHHX AJITOPHTMIB
(mocaimkyBaBcsi BIVIUB KiIbKOCTI JaHUX, ciaiB y moaeai BOVW, zamymienocri
Ta cTpokaTocTi GoHy, THIY AAPOBOI GyHKUil y MeToai r0JIOBHUX KOMIIOHEHT,
iHBapiaHTHICTL 10 MOBOPOTY Ta MacTa0y Tomo). HaBiTh Ha focHTHL MaIHX 3a
00csAroM HA0Opax JAHMX /11 HABYAHHA CHCTEMa JEeMOHCTPYE HENOraHy siKicTb
pO3MiZHABAHHS.

Knrouogi cnosa: ingopmayiiina mexmonocis, posnizHa8anHs 300padicetv,
MAUWIUHHE HABUAHHS, [0eHmu@iKayis pociuH 3a YOMO3HIMKAMU, OHIAUH-CUCHeMd,
SURE, SIFT, FREAK, BOVW.

Pazpaborana uHpopManuoHHast  OHJalH-cHcTeMa  HAeHTH(HKanuu
pactenuii nmo ux ¢QorocHUMKaM. MaTeMaTH4YeCKyl0 OCHOBY COCTABMJIM
AJITOPUTMBI HAXOXKIEeHUS KJII0YeBbIX Touek, Takue kak SURF, SIFT u FREAK,
Mozneb BOVW u merox omopHbIX BekTOpoB. OcyulecTBjieHa anpodanusi
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pa3paboTaHHON NPOrpaMMbl U NPOBEIEH CPABHHTEIbHBINH AHAJIN3 AJITOPUTMOB.

Knrouesvle  cnosa:  ungopmayuonnas — mexHonozus,  pacno3nHaeanue
uzobpadcenul, — MawiunHHoe — oOyueHue,  UOEHMUDUKAYUS — PACMEHUll  No
gomocnumram, onnaiin-cucmema, SURF, SIFT, FREAK, BOVW.

An online information system for identifying plants by their photographs
has been developed. The mathematical basis was formed by algorithms for
finding key points, such as SURF, SIFT and FREAK, the BOVW model and
Support Vector Machine algorithm. The developed program was tested and a
comparative analysis of the algorithms was carried out.

Keywords: information technology, image recognition, machine learning, plant
identification from photo images, online-system, SURF, SIFT, FREAK, BOVW.

Introduction. A big part of a modern society’s life belongs to the
interaction with the outside world and nature. Plants play a large role not
only in the agricultural sector, but also in the fuel and energy complex,
medicine, ecology, interiors, environmental studies, and more. In such
conditions, the problem of identifying a given plant, as well as the issue of
creating a flexible and functional system with comfortable access to it is
essential. An online plant identification system is a way to simplify the
lives of scientists, travelers, farmers or even the average person. Anyone
with a mobile device, tablet or computer with Internet access and the ability
to take a photo of a flower or leaf can get the full information about the
plant they see in front of them.

Literature review and problem statement. Analyzing existing plant
recognition software for images, we can conclude that they do not always
show good or at least close to correct results. Web applications are virtually
unrepresented in this field.

The following are the closest analogues. "What Mushroom Is Growing
In My Yard" [1] is one of Urban Mushrooms website services. Solves the
problem of mushrooms identification and serves as an online encyclopedia.
The main drawback is the insufficiently intelligent process of analysis: the
user is only able to filter species in the environment of life, and then he has
to choose the most similar images from the given list. It works only with
mushrooms.

"Garden Answers Plant Identification" [2] is a mobile application that
recognizes plants by photo. The app finds similar plants and lets the user
choose from a list. As a result, it most often shows a list of plants of similar
color. It works well with flowers, but does not give satisfactory results on
the leaves of the plant. For the free version, functionality is limited.

«Cam Find» [3] is another mobile application that provides image
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recognition mechanisms. It works not only with plants, so it gives
inaccurate results regarding plants.

Thus, the development of an online system for plant recognition by
photo images is an actual and important task in practice.

The purpose of this work is to create mathematical base and software for
online system that allows to identify plants by their photo images, which
has a clear interface, provides convenient interaction with the user, has the
ability to expand the image library.

Materials and methods. When considering the task of identifying a leaf
or a flower on an image, there are a number of issues that are important for
successful resolution: scale, localization of the object on a specific part of
the image, background and noise, projection, rotation and angle. Since all
these factors can radically affect the classification result, finding the key
points in the image is the most relevant method to identify a plant. The most
popular key point search algorithms currently implemented are SURF, SIFT,
and FREAK [4-6].

The key point finding algorithm results in a set of vectors or, in the case
of binary descriptors, binary lines that describe the image. The length of
these vectors for each of the images is different depending on the number of
key points found, which is a problem for further application of machine
learning methods for image classification. This problem is solved by the
presenting of the image in the form of Bag-Of-Visual-Words (BOVW) [7],
this model was implemented in work. After that, the Support Vector
Machine algorithm is applied, which allows the identification of plants.

The software consists of two parts: server and client, developed on the
basis of the following technologies:

e server part — language C#, frameworks ASPNET MVC and
ASP.NET WebApi;

e  client part — languages TypeScript, HTML and CSS, framework
Angular.

The advantage of this system is that the data can be dynamic. Photo sets,
classes, class data can be modified or expanded without recompiling the
software system. Next to the photo sets describing a particular class of
plants a JSON file describing that class should be. This format not only add
flexibility to the system, but also greatly facilitates its potential localization.

The system interface and examples of its work on identifying plants by
photos of their leaves are shown in figures 1 and 2.

Figure 3 represents the results of key point detection by the SURF and
FREAK algorithms. Photos of tree leaves were taken on a mobile phone.
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This is an example of the most common scenario of user interaction with
the system.

The developed software can also be applied to the recognition of flowers
and other structural elements of plants. An example is shown in Figure 4.

PLANT IDENTIFICATION SYSTEM

PLANT IDER
Please select a file to work with:

Ghoosa Fils o fis chosan

Keypoint detection alghorithm,

Speeded-Up
Fast Retima
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Figure 1 — The main page of the system
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Figure 2 — Examples of plant identification results:
a — with method SURF; b — with method FREAK
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0
Figure 3 — Results of key points identification:
a — with method SURF; b — with method FREAK

. Your image:
Your image:

: Looks like thisis a
Looks like this is a...

= | ROSE (ROSA GAl
COMMON SUNELOWER (e THENGH ROSE (ROSA QAL

Rosa gallica, the Gallic rose, French rose, or rc
Helianthus annuus, the common sunflower, is a "
Z ) rose family, native to southern and central Eu
as a crop for its edible oil and edible fruits. This ; 2 =
) one of the first species of rose to be cultivated
livestock forage (as a meal or a silage plani), in sc

in domestic gardens.

- %
h

Figure 4 — Examples of flowers recognition

The results of the comparative analysis and research of the quality of the
implemented algorithms in the problem of plant identification are given
below. The data set collected for training the model consists of three classes
of images: poplar leaves (26 pcs), maple (27 pcs) and oak (24 pcs). The
performance of the system using the SURF method, the chi-square kernel
function in the Support Vector Machine algorithm, and the number of words
in Bag-Of-Visual-Words 36 with using cross validation to verify accuracy is
70% correct identification. That is, even with a sufficiently small training
dataset, the system shows a satisfactory result. Even with a slight increase
the number of images, the quality of recognition is increased. For example,
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when the amount of data in the ratio: poplar leaves (29 pcs), maple (27 pcs),
oak (38 pcs) the quality is already 73%. Important properties of the SURF
algorithm in this task are invariance of rotation and scale, as well as better
speed compared to the SIFT algorithm.

Let us now consider how the word count parameter in the BOVW model
influences the result of identification. When using the SURF method, the
average value of the classification quality with the number of words 18 is
56 %, increasing the number of words to 64, we observe an increase the
quality to 82 %, with the further increase of words to 200 the quality does
not increase, and even slightly worsens 81 %. Applying the FREAK method
for the number of words 18, 36 and 64, respectively, we get the percentages
of classification quality of 56 %, 61 %, 70 %. Because the FREAK method
works much longer on large words than SURF, and the quality is
approximately the same as for 64 words, so this configuration is not rational
in terms of time resources.

Comparative analysis of the application of different nuclear functions in
the Support Vector Machine algorithm shows that in task of plants
identification the chi-quadratic function demonstrates the most stable and
qualitative results.

Also, experiments show that the noise and motley background of the images
have a tremendous impact on the quality of recognition. The user can get better
results by using a plain white sheet of paper as a background. This is especially
important for FREAK descriptor, which is more sensitive to noise.

Conclusions. An online information system for identifying plants by
their photographs has been created. Software development was carried out
using modern technologies and powerful algorithms for image recognition
and machine learning. The system has a simple, concise and intuitive
interface, adaptive layout, provides convenient interaction with the user
from any device with Internet access, the possibility of expanding the image
library. A number of computational experiments and a comparative analysis
of the implemented algorithms in task of plant identification are conducted.
Even with relatively small training datasets, the system demonstrates decent
recognition quality.
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