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OSA I 
Miehittämättömien lennokkien käytön lyhyt oppimäärä 

 
 

1. Johdanto 

1.1. Julkaisun tarkoitus 

Tässä julkaisussa esitellään Helsingin kaupungin ympäristöpalveluiden ympäristönseuranta- ja -
valvonta yksikön miehittämättömän lennokin käyttökokemuksia sekä aiheeseen liittyvän pro 
gradu -tutkielman tuloksia. Julkaisussa esitellään tutkielman tulosten lisäksi ajankohtaisia miehit-
tämättömiin lennokkeihin liittyvää lainsäädäntöä käytännönläheisestä näkökulmasta sekä koko-
elma hyväksi koettuja käytäntöjä. Julkaisun tarkoitus on paitsi kasvattaa toimialan tietämystä 
miehittämättömien lennokkien mahdollisista hyödyistä, mutta myös tarjota helposti omaksuttavaa 
materiaalia ja tutkimustietoa lentotyön tueksi.  

1.2. Taustaa 

Julkaisun kirjoittaja on toiminut ympäristövalvontatiimissä korkeakouluharjoittelijana kesä-joulu-
kuun 2020 ja kirjoittanut aiheesta pro gradu -tutkielman Helsingin yliopiston Bio- ja ympäristötie-
tieteellisessä tiedekunnassa Environmental Change & Global Sustainability -ohjelmassa luku-
vuonna 2020–2021.  

Miehittämätöntä lennokkia (englanniksi unmanned aerial vehicle eli UAV, myös drone tai drooni) 
käytettiin etenkin ympäristövalvontatiimissä aktiivisesti kesällä ja syksyllä 2020. Lentotyötä ovat 
tehneet useat yksikön henkilöstön jäsenet, joiden kaikkien kokemukset ja käytännön vinkit ovat 
edesauttaneet tämän raportin koostamisessa. 

1.3. Julkaisun rakenne ja sisältö 

Julkaisu on jaettu kahteen osaan. Osa I on tarkoitettu helposti omaksuttavaksi tietopaketiksi. 
Sen on tarkoitus helpottaa miehittämättömät lennokin käyttöönottoa, auttaa erilaisten lentotehtä-
vien suunnittelussa ja tarjota käytännön vinkkejä lentotyöhön. Käytännön kokemuksia ja vinkkejä 
on kerätty ympäristönseuranta- ja -valvonta yksikön sisältä.  

Osa II sisältää julkaisun kirjoittajan aiheeseen liittyvän pro gradu -tutkielman julkaisuun soveltu-
vin osin. Pro gradu -tutkielman kieli on englanti, joten tarpeettoman käännöstyön välttämiseksi 
valtaosa tutkielmassa esitetystä materiaalista on englanniksi myös tässä julkaisussa. Pro gradun 
otsikko on Applicability of UAVs as a tool for municipal environmental monitoring, suomeksi Mie-
hittämättömien ilma-alusten soveltuvuus kunnallisen ympäristövalvonnan työkaluksi. Tutkielma 
sisältää itsessään kaksi osiota: kyselytutkimuksen ja roskamonitorointitutkimuksen. Kyselytutki-
muksessa selvitettiin Suomen, Ruotsin ja muiden EU-maiden miehittämättömien lennokkien 
käyttökokemuksia sekä käytön laajuutta. Roskamonitorointitutkimuksessa puolestaan selvitettiin 
droonin tarkkuutta ja luotettavuutta tarkastus- ja monitorointityökaluna verrattuna jalan suoritetta-
vaan tarkastukseen havainnoimalla roskaantuneita alueita sekä jalan kulkien että droonilla kuva-
ten ja kuva-aineistoa analysoiden. Kyselytutkimuksen tuloksista on hyötyä uusien sovellusten 
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ideoinnissa ja riskien kartoittamisessa perustuen muiden kohtaamiin haasteisiin, ja roskamonito-
rointitutkimuksen tulokset auttavat droonilla kerätyn aineiston luotettavuuden arvioinnissa sekä 
sopivien sovellusten löytämisessä ympäristötarkastajan työn tueksi. 

 

2. Lakiosio 

Tässä osiossa esitellään miehittämättömien ilma-alusten yleistä ja ympäristöviranomaisen työ-
hön liittyvää lainsäädäntöä, jotka tulee huomioida, kun droonia käytettäessä havainnointityöka-
luna. Droonien käytöstä ympäristöviranomaisen työkaluna ei tiettävästi ole erikseen säädettyjä 
lakeja, joten lentotyöhön ja ympäristövalvontaan liittyvät lait tulee huomioida samanaikaisesti ja 
osin niitä soveltaen.  

2.1. Yleinen miehittämättömiä ilma-aluksia koskeva lainsäädäntö 

Silloinen Liikenteen turvallisuusvirasto Trafi antoi vuonna 2018 määräyksen OPS M1-32, josta 
käy ilmi yleiset miehittämättömien lennokkien Suomessa lennättämiseen liittyvät määräykset 
(Trafi 2018). Euroopan komissio antama asetus 2019/947 yhtenäistää EU-maiden miehittämättö-
mien ilma-alusten lainsäädäntöä ja tuli sovellettavaksi vuoden 2020 heinäkuun alusta alkaen 
(EUC, 2019). Asetuksen soveltamisen voimaantuloa kuitenkin lykättiin Euroopan komission toi-
mesta vuoden 2020 viimeiseen päivään (EUC 2020). Suomessa asetusta 2019/947 siirryttiin siis 
noudattamaan vuoden 2021 alusta lukien. Työtehtäviä suoritettaessa, kuten kunnallisen ympä-
ristöviranomaisen suorittamilla lennoilla, noudatetaan myös Suomen ilmailulakia 2014/864 siltä 
osin kuin asetuksessa 2019/947 ei ole muuta määrätty (Ilmailulaki 2014/864).  
 
Kunnallisen ympäristöviranomaisen suorittamilla valvonta- ja tarkastuslennoilla on syytä huomi-
oida tiettyjä edellä mainittujen lakien ja asetusten kohtia. Siirtymäkauden alusta 1.1.2021 alkaen 
UAS-operaattoreiden (unmanned aerial system, miehittämätön ilma-alus) tulee rekisteröityä ja 
rekisteröidä myös laitteensa ja kauko-ohjaajien tulee kouluttautua. Kauko-ohjaajien tulee läpäistä 
sekä verkkotentti että valvottu lisäteoriakoe. Jos lentotyöilmoitus tehtiin vielä vuoden 2020 kulu-
essa, toimintaa saattoi jatkaa sellaisenaan aina 1.1.2022 asti ilmailumääräyksen OPS M1-32 lu-
vun 3 mukaisesti (Traficom 2020). Koulutusvaatimukset vaihtelevat droonin lentoonlähtöpainon 
mukaan. Vertailukohtana on käytetty Helsingin ympäristöpalveluiden kirjoitushetkellä käytössä 
olevaa DJI Mavic 2 Zoom nelikopteria, jonka lentoonlähtöpaino on valmistajan mukaan 905 
grammaa (DJI.com 2020).  

2.2. Tarkastus- ja havainnointilennot 

Edellä mainitut lait ja asetukset liittyvät nimenomaan miehittämättömiin ilma-aluksiin ja niillä suo-
ritettavaan lentotyöhön, mutta kunnallisen ympäristöviranomaisen tulee huomioida työssään 
myös esimerkiksi hallinto-, ympäristönsuojelu- ja jätelaki, joiden puitteissa viranomainen suorit-
taa valvontaa ja tarkastuskäyntejä. Miehittämättömän ilma-aluksen käyttö ei vaikuta niihin sää-
döksiin ja käytäntöihin, jotka ovat voimassa perinteisen jalkaisin suoritettavan tarkastuksen tai 
havainnoinnin yhteydessä. Suomen Kuntaliitto ry:n lakimiehen Marko Nurmikolun (2020) mu-
kaan havainnointikäynnin ja virallisen tarkastuksen ero on sama droonilla lennettäessä ja kuvat-
taessa kuin perinteisin menetelmin. Mikäli havaintokäynnin aikana droonilla kuvataan aineistoa 
ja myöhemmin päätetään tehdä paikalle virallinen tarkastus, tulee kuvattu aineisto tarvittaessa 
vahvistaa tarkastuksen aikana YSL 174 §:n mukaiset asianosaiset osallistaen. Asianosaisilla tar-
koitetaan tarkastettavan toiminnan harjoittajaa tai muuta tarkastettavan kohteen, tuotteen, tilan 
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tai alueen haltijaa (HE 2013/214 § 174). Asianosaisten oikeusturvatarpeet sekä kerätyn materi-
aalin käyttötarkoitus mahdollisessa jatkokäsittelyssä ovat lähtökohtia tarkastuksen ja havainnoin-
nin eroa mietittäessä myös droonia hyödynnettäessä, Nurmikolu (2020) muistuttaa.  
 
Aivan kuten perinteisin menetelmin kuvattaessa, asianomaisella on oikeus olla läsnä tarkastuk-
sella ja tarkastuksen aloittamisajankohta on ilmoitettava asianosaiselle, paitsi jos ilmoittaminen 
vaarantaa tarkastuksen tavoitteet (Hallintolaki 2003/434 § 39). Käytännössä asianosaiselle voi 
ilmoittaa tarkastuksesta juuri ennen, kun drooni alkaa kuvata asianosaiselle kuuluvaa aluetta, tai 
kun näyttöpäätteestä näkyy droonin välittämää reaaliaikaista kuvaa asianosaiselle kuuluvasta 
alueesta. Reaaliaikainen droonin välittämä kuva lienee siis verrattavissa viranhaltijan käyskente-
lyyn tontilla ja droonilla kuvaaminen esimerkiksi älypuhelimella kuvaamiseen. Tästä poikkeuksen 
luovat erikseen säädetyt alueet ja kohteet, joiden nimenomaan ilmasta käsin tapahtuva kuvaus 
ja tarkkailu on kielletty. Nämä alueet liittyvät pääsääntöisesti Puolustusvoimien toimintaan (Puo-
lustusvoimat.fi 2020). Droonilla kuvattaessa onkin aina kiinnitettävä huomiota siihen, että kuva-
taan vain tarkastuksen kohteena olevaa tonttia. Hallituksen esityksen 2013/214 § 173:n mukaan 
erilaisten mittausten tekeminen ja näytteiden ottaminen on tarkastuksen yhteydessä sallittu 
myös virkasuhteessa olevan tarkastajan avustajille, mikä mahdollistanee droonin kauko-ohjauk-
sen myös tarkastajan avustajalle.  
 
Tarkastus on mahdollista suorittaa myös pelkkänä droonilentona ilman, että pilotti ja tarkastaja 
ovat paikan päällä, kunhan hallintolain 39 §:n oikeusturvatakeet täyttyvät esimerkiksi asianosais-
ten läsnäolo-oikeuden osalta (Nurmikolu 2020). Toki tällaisessa tilanteessa pitää huomioida 
myös BVLOS-lennon (beyond visual line-of-sight, näköyhteyden ulkopuolella) erityistarpeet, –
luvat ja -maksut (Traficom 2019).  
 
Asianosaisen kieltäytyessä yhteistyöstä tarkastuksen suorittamiseksi tai yrittäessä estää se, voi-
daan lakivelvoitteinen tehtävä suorittaa droonia hyödyntäen samoin perustein kuin perinteinen-
kin tarkastus. Tarkastus voidaan suorittaa poliisin virka-apua hyödyntäen, mikäli asianomainen 
pyrkii estämään droonilla kuvaamisen.  

2.3. Lentokorkeus ja -alueet 

Lakilentokorkeus vaihtelee, mutta on Suomessa uuden asetuksen myötä lähtökohtaisesti 120 
metriä maanpinnasta (EUC 2019/947). Siirtymäaikana noudatetaan kuitenkin vielä nykyistä kan-
sallista ilmailumääräystä OPS M1-32, jonka mukaan suurin sallittu lentokorkeus on 150 metriä 
(Traficom 2020).  Paikalliset rajoitukset, kuten lentokenttien varoalueet tai lentokieltoalueet, ra-
joittavat lakilentokorkeutta. Suomessa ja Helsingissä on myös lukuisia lentokieltoalueita, joilla 
lentäminen on kokonaan kielletty (VNA 2014/930). Esimerkiksi lentokenttien varoalueilla voi suo-
rittaa lentoja yli sallitun 30 metrin etäisyydellä esteestä vain, jos lennosta on sovittu etukäteen 
lennonjohdon kanssa (Traficom 2020b).  
 
Metrimääräistä minimilentokorkeutta ei ole määritelty, mutta kotirauhaa tai yksityisyyden suojaa 
ei saa rikkoa. Myös yksityisten tonttien ilmatila on yleistä ilmatilaa ja on siten vapaasti miehittä-
mättömien ilma-alusten käytettävissä. Tonttien omistajat eivät siis omista tonttiensa yläpuolista 
ilmatilaa, joten lentäminen kenen tahansa tontilla on sallittua ilman erillistä lupaa tai ilmoitusta, 
mutta tontin kuvaaminen ilman sallittavaa syytä ei ole luvallista. Tarkastuksella on siis mahdol-
lista lentää naapuritontin yläpuolella, mutta kuvata saa vain tarkastettavaa kohdetta. Droonin len-
nätys ei saa myöskään aiheuttaa meluhaittaa muille ihmisille tai heidän omaisuudelleen (Tra-
ficom 2020b), mikä osaltaan rajoittaa minimilentokorkeutta.  
 
Droonilla on myös kiellettyä lentää ulkosalle kerääntyneen ihmisjoukon yläpuolella, johon va-
roetäisyys on 50 metriä. Kyseisen ihmisjoukon määritelmä on kuitenkin avoin tulkinnalle, sillä 
sille ole tarkkoja kriteerejä. Miehittämättömän lentoaluksen tulee myös väistää kaikkea muuta 
lentoliikennettä ja pelastushelikopterin työskentelyn häiritseminen on vielä erikseen kielletty (Tra-
ficom 2020b).   
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2.4. Kotirauha ja yksityisyyden suoja 

Kotirauhan määritelmä ei ole riippuvainen tarkastusviranomaisen käyttämästä kuvausmetodista. 
Viranomaistarkastuksen yhteydessä kotirauhan piiriin eivät kuulu pihapiiri eivätkä muuhun kuin 
asumiseen käytettävät tilat, sillä valtiosääntöoikeudellinen kotirauha eroaa rikoslaissa määritel-
lystä kotirauhasta (HE 214/2013 § 172). Esimerkiksi asuinhuoneiston ikkunoista ei saa kuvata 
sisään ja henkilöiden tunnistettavat piirteet on häivytettävä kuvamateriaalin jatkokäytössä sa-
moin säädöksin, jotka koskevat kameralla tai matkapuhelimella otettuja kuvia. Aivan kuten perin-
teisen tarkastuksen yhteydessä, virantoimittajalla on oikeus kulkea kiinteistön alueella ja kuvata 
siellä. Droonilla on kuitenkin mahdollista syyllistyä salakatseluun. Teknisellä laitteella ei saa ku-
vata kotirauhan suojaamaa paikkaa ja salakatseluun voi syyllistyä, vaikka kuvaa ei tallennettaisi 
laitteelle lainkaan (Traficom 2019b; Rikoslaki 2000/531).  
 
Tapauksissa, joissa tarkastuksen aikana droonilla (tai muilla kuvauskeinoilla) tallennetaan sa-
lassa pidettävää tai arkaluontoista materiaalia kuten terveystietoja, sovelletaan julkisuuslain sa-
lassapitovelvoitteita (Julkisuuslaki 1999/621 6 luku). Toisaalta YSL 172 § oikeuttaa viranhaltijan 
saamaan tarvittavat salassa pidettävät tiedot haltuunsa tehtävänsä suorittamista varten (HE 
2013/214). Jos huomataan, että kerättyä arkaluonteista aineistoa ei tarvita lakisääteisen tehtä-
vän suorittamiseen, tulee tämä ylimääräinen aineisto tuhota välittömästi (Nurmikolu 2020).  
Helsingin ympäristöpalvelut suorittaa tehtäviään pääsääntöisesti tiheään asutulla alueella, jolloin 
ei aina voida välttyä henkilötietojen tahattomalta keräämiseltä. Esimerkiksi kaupunkialueella len-
nettäessä on todennäköistä, että henkilötietoja, kuten autojen rekisterinumeroita, tulee tallennet-
tua tarkastusten tai havainnointilentojen yhteydessä. Lakimies Nurmikolun (2020) mukaan henki-
lötietojen käsittely tosin on sallittua lakisääteistä tehtävää suoritettaessa. Hänen mukaansa täl-
löin tulee pyrkiä kerättävien tietojen määrän minimointiin, eikä henkilöiden esiintyminen aineis-
tossa ole este menetelmän käytölle, mikäli heitä ei voi kuvista tunnistaa. Kuitenkin henkilöiden 
yksityiselämän kuvaamista, esimerkiksi auringonottoa heidän omalla takapihallaan, tulee välttää 
myös tarkastusten yhteydessä ja tällainen aineisto tulee pyrkiä välittömästi poistamaan (Nurmi-
kolu 2020). 
 
Miehittämätöntä ilma-alusta työssään paljon käyttävät saattavat löytää niistä itselleen vapaa-ajan 
harrastuksen. Tällöin voidaan törmätä ongelmaan, jossa yksityisajalla kuvataan samalla alueella, 
jossa on suoritettu tai tullaan suorittamaan myöhemmin virallisia tarkastuksia. Kunhan yksityis-
ajalla tai virka-ajalla virkatehtävän ulkopuolella kerättyä aineistoa ei käytetä virkatehtävän suorit-
tamiseen, ei kuvaamiselle ole Nurmikolun (2020) mukaan estettä. On kuitenkin hyvä muistaa, 
että yksityishenkilönä kuvattaessa esimerkiksi yksityisyyden suojan rajat ovat eri kuin virkatehtä-
vää suoritettaessa. 
 
 
 
 

3. Esimerkkejä käyttökohteista 

Tässä osiossa on lyhyesti esiteltynä käyttösovelluksia, joita Helsingin ympäristöseuranta- ja -val-
vontayksikössä on kokeiltu. 

Droonia on käytetty hyvin tuloksin tarkastustoiminnan tukena. Droonia on lennätetty muun mu-
assa Tattarisuon teollisuusalueella, jossa sillä on kuvattu useita eri kohteita tarkastusten yhtey-
dessä. Esimerkiksi rekkojen kyydissä olevien kuormalavojen sisällön selvittäminen maasta käsin 
on vähintäänkin työlästä ja lavoilla kiipeily voi vaarantaa työturvallisuuden, mutta ilmasta käsin 
avointen lavojen sisältö on helppo varmentaa turvallisesti. 

Roskaantumista on seurattu droonia hyödyntäen ainakin Mustikkamaalla, Sompasaaressa, 
Kruunuvuoren kallioilla, sekä pro gradu -tutkielman yhteydessä Toukolan puistossa, Suvilah-
dessa, Viikissä ja Kyläsaaressa. Droonia on lennätetty alueilla erinäisin metodein ja tuloksin. 
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Droonista on hyötyä etenkin laajoilla ja tai vaikeakulkuisilla alueilla, joilla jalan suoritettava ha-
vainnointi on aikaa vievää tai roskien havainnointi on maastonmuodoista johtuen haastavaa. Esi-
merkiksi Kruunuvuoren laajojen ja jyrkkien korkeuserojen määrittämien kallioiden läpikäynti jalan 
on työlästä ja osin jopa työturvallisuus saattaa vaarantua kallioilla kiipeillessä. Droonilla roskat oli 
helppo huomata ilmasta käsin, tosin niiden laadun tarkka tunnistaminen ei lentokorkeudesta tai 
roskien koosta riippuen ollut aina mahdollista. Roskaantumisen seurannassa droonista on pai-
kasta riippumatta apua roskaantumisen asteen ja laajuuden havainnollistamisessa ja taltioin-
nissa. Ilmasta otetut yleiskuvat antavat hyvän käsityksen roskaantuneen alueen laajuudesta ja 
sijainnista esimerkiksi siivoustoimenpiteitä ajatellen.  

Droonia on hyödynnetty myös katoilla pesivien selkälokkien ja luonnonsuojelualueiden seuran-
nassa. Droonin avulla on suoritettu uhanalaisten selkälokkien laskentoja ja syksyllä 2020 droo-
nilla havainnoitiin lintukosteikkojen niittojen laajuutta Viikissä ja Östersundholmissa. Myös Hara-
kan saarta on kuvattu droonilla säännöllisesti kokonaisuudessaan. 

Lisäksi droonin käyttömahdollisuuksia suurten rakennus- tai purkutyömaiden tarkastukseen on 
pohdittu. Etenkin pölyyntymisen seurantaa voisi suorittaa ilmasta käsin, samoin esimerkiksi liiku-
teltavien polttoainesäiliöiden paikantaminen helpottuisi ja työmaalla käyskentelyltä vältyttäisiin. 

 

 
 

4. Hyväksi koetut käytännöt 

Parhaiden toimintatapojen löytäminen droonikuvaukseen vie aikaa ja vaatii kokemusta erilaisten 
kohteiden kuvaamisesta. Droonia käytettiin vuonna 2020 useita kymmeniä kertoja muun muassa 
roskaantumisen seurantaan useissa eri kohteissa, virallisilla tarkastuksilla kuvaustyökaluna ja 
luontokartoituksiin. Seuraavien perusasioiden huomioiminen helpottaa droonin käyttöönottoa 
kunnallisen ympäristönvalvonnan työtehtävissä. 

4.1. Valmistelut 

Ympäristönseuranta- ja -valvontayksiköllä on ollut käytössä DJI-laitevalmistajan drooni Mavic 2 
Zoom. DJI rajoittaa omia laitteitaan lentämästä tietyillä ennalta määritellyillä alueilla, kuten soti-
lasalueilla ja vankiloiden yllä. Heidän rajoittamansa alueet voi tarkastaa verkosta hakemalla ter-
miä ”DJI GEO Zone Map” (DJI.com 2020a). Laitevalmistajasta riippumatta kannattaa aina lentoa 
valmistellessa tarkistaa Aviamaps Oy:n Dronekartta (Aviamaps.com 2020). Tässä kartassa eri-
tellään ajantasaisia ilmatilavarauksia, lentokieltoalueita ja esteitä, jotka tulee huomioida lentoa 
suoritettaessa. Dronekartassa näkyvissä on myös useista lentokieltoalueista, jotka eivät näy 
DJI:n kartassa, kuten esimerkiksi Meilahden sairaalan helikopterikentän varoalue, Mäntyniemi ja 
Kruununhaka. Lentokieltoalueiden lisäksi suurin sallittu lentokorkeus on tarkistettavissa 
Aviamaps Oy:n Dronekartasta.  

Lento- ja helikopterikenttien läheisyydessä lennettäessä on anottava lennoille lupaa etukäteen 
ANS Finlandilta (AIS.fi 2020). Lentojen alkaessa on lisäksi oltava yhteydessä lennonjohtoon.  

Mikäli lento on tarkoitus suorittaa alueella, jossa lentoonlähtö- tai laskeutumisalueella on run-
saasti jalankulkijoita tai autoliikennettä (esim. tie tai jalkakäytävä), on syytä varata mukaan lisä-
varusteita. Vähintään lentäjällä on hyvä olla huomioliivi yllään, sillä hänen on vaikea havainnoida 
häntä ympäröivää liikennettä lennon aikana. Huomiokartiot auttavat muita liikkujia väistämään 
lentoonlähtö- ja laskeutumisalustaa, mikä vähentää yhteentörmäysten todennäköisyyttä. Mikäli 
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kohteeseen on matkattu autolla, voi autoa hyödyntää suojaamaan ohjaajaa ja lentoonlähtöalus-
taa yhdeltä sivustalta.  

4.2. Harjoittelu 

Droonilla lentämistä ja kuvaamista on syytä harjoitella ennen ensimmäiselle tarkastukselle lähte-
mistä. Droonin lennättäminen on helppoa ja turvallista aloittelijallekin. Mavic 2 Zoom -droonissa 
(ja useissa muissakin) on lukuisia etäisyyttä mittaavia sensoreita, joiden avulla drooni välittää tie-
toa esteistä lentäjälle auton peruutustutkan tapaan ja osaa myös itse estää lentäjää törmää-
mästä esteisiin hidastamalla lentonopeutta ennen törmäystä. Droonilla kuitenkin on mahdollista 
lentää esteitä päin, mikäli droonin automaattiset turva-asetukset on kytketty pois päältä tai len-
täjä jatkaa kohti estettä droonin varotoimista ja varoituksista huolimatta. Kokematon lentäjä myös 
kuluttaa enemmän aikaa lentotyössä kuin harjaantunut lentäjä, mikä saattaa johtaa akun varauk-
sen loppumiseen ennen lennon tavoitteiden saavuttamista. Lisäksi lentoonlähtö ja laskeutumi-
nen saattavat jännittää ensikertalaisia. Näistä syistä droonin käyttöä on suositeltavaa harjoitella 
avoimella ja turvallisella alueella ennen maastoon suuntaamista.  

4.3. Lentotehtävien eri muodot 

Käytännössä droonilla voi lentää ja kuvata joko manuaalisesti tai sille voi luoda lentosuunnitel-
man, jonka drooni sitten suorittaa automaattisesti. DJI Mavic 2 Zoom -nelikopterissa on valmiina 
asennettuna Pix4D-ohjelma, jolla voi suunnitella erilaisia lentoja. Tämä ohjelma mahdollistaa esi-
merkiksi automatisoidun lennon, jossa tarkasteltava alue rajataan karttaohjelmaan ohjaimen kos-
ketusnäytöllä ja drooni käy sen jälkeen itsenäisesti suorittamassa kuvauksen rajatulla alueella. 
Lennon parametreista voi säätää muun muassa lentokorkeutta, kuvauksen kulmaa, lentono-
peutta ja kuvaparven tiheyttä. Tärkeä huomio on, että Mavic 2 Zoom nelikopteri voi suorittaa au-
tomatisoituja lentoja vain 10 metrin korkeudella tai sen yläpuolella. Esimerkkidroonin 12 mega-
pikselin kameralla 10 metrin korkeudelta kuvattaessa pikselikoko oli 0.23 cm/pikseli (pikselikoko 
= ground sampling distance, GSD). Automatisoitu lento luo yhtenäisen kuvaparven, jota on 
helppo jatkojalostaa esimerkiksi ortomosaiikiksi. Toisaalta kuvamateriaalia kertyy paljon (helposti 
satoja kuvia) mikä rasittaa jatkokäsittelyä, etenkin jos se tehdään manuaalisesti. Suurin hyöty 
suunnitelluissa ja automatisoiduissa lennoissa on niiden helppo toistettavuus ja lentotaitojen 
vaatimattomuus: kokematonkin lentäjä voi suorittaa tällaisen lennon, kunhan se on suunniteltu 
hyvin. Toisaalta epätasainen maasto vaikeuttaa tämän lentomuodon käyttöä, sillä lentokorkeus 
mitataan suhteessa lentoonlähtöalustaan. Tämä johtaa kuvamateriaalin epätasaiseen pikseliko-
koon maanpinnan tasolla. Alueella sijaitsevat korkeat esteet vaikeuttavat automaattisten lentojen 
suorittamista osin huomattavasti, mutta eivät estä niitä. Drooni osaa itse väistää esteitä, mutta 
väistöliikkeet voivat olla hyvin hitaita. Automatisoidut lennot soveltuvat tietyn, tasaisen alueen 
tarkkailuun, jolla on tarkoitus suorittaa pitkäaikaista seurantaa. Esimerkiksi festivaalialueen tai 
puiston roskaantumisen seurantaa on kätevä suorittaa automatisoituina lentoina.  

Pix4D-ohjelma mahdollistaa myös lennon, jossa ohjaaja lentää itse ja drooni kuvaa automaatti-
sesti tietyn metrimääräisen intervallin mukaan. Ohjaimen näytölle piirtyy lentoreitti, josta ohjaaja 
voi tarkkailla droonin sijaintia ja kuvaustiheyttä. Tämä lentomuoto vaatii lentokokemusta ohjaa-
jalta, sillä jos droonin lentonopeus on epätasainen, jää kuva-aineistoon helposti aukkoja. Tätä 
lentomuotoa voi käyttää esimerkiksi täydentämään automatisoidun lennon aineistoa. 

Ylivoimaisesti monimuotoisin kuvaustapa saavutetaan manuaalisella lennolla, jossa ohjaaja sekä 
lentää että kuvaa itse. Tällöin ohjaaja voi keskittyä kuvaamaan vain haluttuja kohteita, ja tärkeim-
piä kiinnostuksenkohteita voi kuvata suhteessa ympäristöä enemmän. Kameran asetukset ovat 
säädeltävissä lennon aikana kuvanlaadun optimoimiseksi ja tarpeen mukaan ohjaaja voi ottaa 
vuoroin kuvia tai videota. Lentokorkeus ja –reitti ovat vapaat, joten epätasaiset maastonmuodot 
eivät suoranaisesti vaikuta aineiston laatuun. Alueella sijaitsevat korkeat esteet eivät estä lento-
jen suorittamista, joskin niiden väistelyssä korostuu ohjaajan lentotaitojen tärkeys ja tähystäjän 
rooli. Manuaalisten lentojen varjopuolena on niiden toistettavuuden epätarkkuus, sillä niistä ei 
jää laitteistoon muistiin lentoreittiä, jonka drooni voisi myöhemmin itsenäisesti toistaa. Toistetta-
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vuuden tarkkuus perustuu ohjaajan muistiin ja aiemmin kerättyyn kuva-aineistoon. Tämä ku-
vausmuoto soveltuu mihin tahansa tarkoitukseen, mutta parhaiten tarkastuskäynteihin, joilla mie-
lenkiinto on tietyillä osin ennalta määritellyillä kohteilla pikemmin kuin koko tarkastettavalla alu-
eella yhtenäisesti, kuvakulmaa tulee muuttaa useaan otteeseen ja joilla on runsaasti väisteltäviä 
esteitä. 

4.4. Tähystäjän rooli ja merkitys 

Tähystäjä on korvaamaton osa lentotehtävää etenkin manuaalisilla lennoilla, joiden aikana droo-
nin ohjaaja keskittyy itse kuvaamiseen ja lentämiseen. Tähystäjä on droonin ohjaajan aisapari, 
jonka tehtävä on pitää silmällä droonia, sitä ympäröivää ilmatilaa, varoittaa korkeista esteitä, 
sekä havainnoida häntä ja ohjaajaa ympäröivää aluetta mahdollisten muiden alueen käyttäjien 
varalta. Usein tähystäjän on tarpeen olla ohjaajasta puhe-etäisyyttä kauempana, jotta hän voi 
suorittaa nämä tehtävät. Tällöin on pidettävä puheyhteys yllä tähystäjän ja ohjaajan välillä käyt-
täen radiopuhelinta, normaalia puhelinta, tai muuta vastaavaa keinoa. Tähystäjä pitää näköyh-
teyttä drooniin, mikäli se liikkuu pois ohjaajan näköpiiristä näköyhteyden (VLOS, Visual Line of 
Sight) säilyttämiseksi, jolloin ohjaajan ei itse tarvitse liikkua ja hän voi keskittyä lentämiseen. Nä-
köyhteyden katsotaan siis säilyvän, mikä joko ohjaajalla tai puheyhteyden päässä olevalla tähys-
täjällä on esteetön näköyhteys drooniin. Manuaalinen lento voidaan suorittaa myös ilman tähys-
täjää, mutta silloin ohjaajan täytyy jakaa huomionsa useaan eri kohteeseen, mikä hidastaa ku-
vaustahtia huomattavasti. 

4.5. Lentoaika 

Laitevalmistaja DJI ilmoittaa Mavic 2 nelikopterien lentoajan olevan ideaaliolosuhteissa 29–31  
minuuttia per akku (DJI.com 2020b). Käytännössä maksimaalinen lentoaika on noin 25 minuuttia 
per akku lennon luonteesta ja tuulioloista riippuen. Nelikopteri pyrkii turvallisuussyistä palaa-
maan lähtöalustalle, kun akussa on vielä jonkin verran varausta jäljellä, mikä edelleen lyhentää 
lentoaikaa joitain minuutteja. Yhden akun lataus tyhjästä täyteen vie noin tunnin, joten lentoteh-
tävät kannattaa suunnitella siten, että sen voi suorittaa kokonaisuudessaan käytössä olevilla 
akuilla.  

4.6. Kuvamateriaalin analysointi 

Manuaalinen analysointi lienee käytössä olevista metodeista yksinkertaisin. Manuaalisella analy-
soinnilla tarkoitetaan kuvien systemaattista läpikäymistä käsin ja havaintojen ylös kirjaamista 
esim. taulukkolaskentaohjelmaan. Tämä metodi vie paljon aikaa ja soveltuu parhaiten tarkastus-
käynneillä kerätyn materiaalin läpikäyntiin, jossa tarkastellaan tiettyjä yksityiskohtia ja jotka on 
lähtökohtaisesti kuvattu tätä silmällä pitäen. Esimerkiksi automatisoidulla lennolla kerätyn kuva-
parven läpikäynti roskaantuneelta alueelta voi osoittautua erittäin työlääksi manuaalisen analy-
soinnin keinoin, mikäli tarkoituksena on esimerkiksi roskalaskennan suorittaminen. 
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5. Pro gradu -tutkielman  
tiivistelmät 

5.1. Suomeksi 

Kuntien ympäristöviranomaiset ovat velvoitettuja suorittamaan ympäristövalvontaa. Miehittämät-
tömät ilma-alukset (droonit) voivat helpottaa ympäristövalvontaa mutta niiden soveltuvuutta kun-
nallisen ympäristövalvonnan työkaluksi ei ole tutkittu. Tässä työssä tarkasteltiin, miten kunnat 
ovat käyttäneet drooneja, ja testattiin droonien soveltuvuutta ympäristövalvontaan ja tarkastus-
työhön roskaantumisen seurantaa esimerkkinä käyttäen. 

Tutkimuksen ensimmäisessä osassa Suomen kuntien ympäristöviranomaisille, Ruotsin kunnille 
ja Eurocities WG Waste -ryhmään kuuluville kunnille (n = 512) lähetettiin kysely, jossa kysyttiin 
droonien käyttösovelluksia, käytön tiheyttä, onnistumisastetta, epäonnistumisten syitä ja tulevai-
suuden suunnitelmia. Kyselyn tulokset analysoitiin kuvailevan tilastoanalyysin avulla. Tutkimuk-
sen toisessa osassa droonia käytettiin roskamonitorointitutkimuksessa neljässä kohteessa Hel-
singissä. Otetuista droonikuvista laskettiin visuaalisen havainnoinnin avulla roskat kategorioittain 
ja lehdet. Droonikuvahavainnoinnin tarkkuutta arvioitiin vertaamalla havaittujen roskien lukumää-
rää maastossa tehtyyn roskien laskentaan. Yhdessä kohteessa droonikuvahavainnointia teki 
myös kontrolliryhmä. Sen tarkoitus oli mitata tulosten vääristymää, joka syntyy, kun sama yksilö 
suorittaa sekä maastotutkimukset että laskennat kuvista. Tulosten tilastolliseen analysointiin käy-
tettiin Wilcoxonin merkittyjen sijalukujen testiä ja Cronbachin α -reliabiliteettitestiä.  

Kyselyn osallistumisprosentti oli alhainen, 3,7 % (n = 19). Käytettyjen sovellusten kirjo oli laaja ja 
painottui sovelluksiin, joissa droonia oletettavasti ohjataan manuaalisesti. Käyttö oli erittäin on-
nistunutta. Tärkeimmät epäonnistumisen syyt olivat säätekijät sekä tietotaidon puute. Droonit oli-
vat osa valtaosan tulevaisuudensuunnitelmia. Roskamonitorointitutkimuksessa suoritettujen 
droonikuvahavainnointien tarkkuus maastotutkimukseen verrattuna oli 90,5 % vain roskat ja 
87,5 % myös lehdet huomioiden, eivätkä droonikuvahavainnoinnit ja maastotutkimukset erinneet 
toisistaan tilastollisella merkitsevyydellä. Etenkin lehdet osoittautuivat haastaviksi havaita ku-
vista. Kontrolliryhmän havainnointitarkkuus verrattuna maastotutkimukseen oli 67,9 % vain ros-
kat ja 49,0 % myös lehdet huomioiden, jolloin kontrolliryhmän ja maastotutkimuksen tulokset ero-
sivat tilastollisella merkitsevyydellä (p = 0,028). Kontrolliryhmän sisäinen reliabiliteetti oli suhteel-
lisen korkea, α = 0,776 ilman lehtiä ja α = 0,805 lehtien kanssa. Tulosten perusteella droonit ovat 
tarpeeksi tarkkoja ja sovelluksiltaan monipuolisia sopiakseen kunnallisten ympäristöviranomais-
ten valvonta- ja tarkastustyökaluiksi. Drooneilla on kyky täydentää maastokäyntien havaintoja tai 
tietyin edellytyksin jopa korvata ne itsenäisenä havainnointimetodina. Sovellusten ja havainnoni-
titapojen kehitystyölle sekä jatkotutkimukselle droonien käytöstä kunnissa on lisätarvetta. 

5.2. In English 

Municipal environmental authorities are required to conduct environmental monitoring. Un-
manned aerial vehicles, UAVs, may be helpful in environmental monitoring but their applicability 
as a tool for municipal environmental monitoring has not been studied. In this thesis it was stud-
ied, how municipalities have been utilizing UAVs. Additionally, UAVs applicability for environ-
mental monitoring and inspection work was tested using a litter monitoring experiment as an ex-
ample. 

In the first part of the study, a questionnaire was sent to municipal environmental authorities in 
Finland, to municipalities in Sweden and to those participating in Eurocities WG Waste group 
(n = 512), covering the used applications, their utilization frequencies and successfulness, rea-
sons for failures and future plans. The results were analyzed using descriptive statistics. In the 
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second part of the study, a UAV was utilized in a litter monitoring experiment on four sites in Hel-
sinki. Litter by category and leaves were counted based on visual observations from UAV im-
agery. The accuracy of UAV imagery detection was assessed by comparing its and ground as-
sessment (GA) results. On one site, a control group also carried out UAV imagery detections in 
order to assess the magnitude of bias or offset occurring when both the GA and the litter detec-
tion from UAV imagery are conducted by a single individual. The Wilcoxon signed rank and 
Cronbach’s α reliability tests were used for statistical analysis of the results. 

Response rate of the questionnaire was low, 3.7% (n = 19). The pool of used applications was 
extensive and covered a variety of monitoring and inspecting targets with emphasis on the pre-
sumably manually piloted applications. Utilization was very successful. The most important rea-
sons for failures were poor weather followed by lack of information and expertise. UAVs were in-
cluded in the future plans of most participants for municipal environmental monitoring purposes. 
The UAV imagery detection accuracies of litter and leaves compared to the GA results were 
high, 90.5% for litter and 87.5% for litter and leaves, and no statistically significant differences 
existed between the assessment results. Especially leaves proved challenging to detect from 
UAV imagery. The control group’s detection accuracies were 67.9% without and 49.0% with 
leaves, and with leaves the results differed with statistical significance (p = 0.028). The internal 
reliability of the control group was relatively high, α = 0.776 without and α = 0.805 with leaves. 
UAVs are deemed sufficiently accurate and versatile as monitoring and inspecting tools for mu-
nicipal environmental authorities. They have the capability to complement ground assessments 
or, with certain prerequisites, even function as an independent monitoring method. Further appli-
cation and detection method development and research on municipal UAV utilization are 
needed. 

 

6. Introduction 

The term environmental monitoring can be defined as observing and studying the environment 
with the intent of collecting data. This data can then be applied to create knowledge of the sub-
ject of monitoring for our better understanding of it (Artiola et al. 2004). Reasons for conducting 
environmental monitoring may be the intrinsic value of knowledge or more concrete reasons, 
such as creating information for decision-making. From the municipalities’ perspective, the envi-
ronment must be monitored to prevent its degradation and contamination (City of Helsinki 2019). 
Lovett et al. (2007) argue environmental monitoring to be an important field of science, creating 
far-reaching benefits for society. It creates knowledge for local policymakers and is essential for 
environmental protection efforts. They also remind that environmental monitoring ensures the 
well-being of inhabitants and natural habitats. 

Various methods of collecting data from the environment may be utilized in environmental moni-
toring spanning from fieldwork observations and sample collection to satellite imagery in order to 
obtain relevant and necessary information (Kim & Platt 2008; Artiola et al. 2004). Often multiple 
complementing methods are used simultaneously. Conducting a ground assessment (GA) on 
the area of interest (AOI) enables detailed assessment conduction. Close-up photographs may 
be taken and sources of pollution such as noise alongside with discharges of chemicals and 
wastewater may be observed. This method has high temporal resolution, i.e., the time between 
observations is short, given that there is sufficient workforce available for frequent visits on the 
site. Conducting a ground assessment requires a minimal number of technological instruments 
and technological expertise from the user, apart from the use of a photo documenting and nec-
essary measurement tools, such as a sound level meter. However, ground assessments con-
duction can be time-consuming (Martin et al. 2018). This can be the case especially if the area of 
interest is large or terrain difficult and the area requires an overall assessment rather than an in-
spection of a specific detail. 
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While aerial photographs from planes and satellite imagery offer great spatial coverage, their 
temporal and spatial resolutions, i.e., how detailed the imagery is, are too low to fulfil all needs of 
environmental monitoring. They are useful for monitoring targets of a larger scale, such as agri-
culture, vegetation, or urban growth, but ineffective for monitoring smaller AOIs or individual sites 
(Manfreda et al. 2018). Aerial photographs have their spatial resolutions typically in tens of centi-
meters (Tuominen & Pekkarinen 2005). For instance, aerial imagery with a pixel size of 0.25 m 
and temporal resolution of 3–10 years is only available for parts of Finland in Geodata portal 
Paikkatietoikkuna (2021). At best, available aerial imagery reaches pixel sizes of 0.05 m, but is 
limited to central Helsinki area with a 1–2-year temporal resolution (Helsinki Map Service 2021). 
Meanwhile, free of charge satellite imagery from widely used Sentinel and LANDSAT satellites 
have spatial resolutions of 10 and 15 meters (panchromatic band) at best, respectively (ESA 
2021; USGS 2021). However, above-ground photographs from planes or satellite imagery may 
still be utilized e.g., in forms of maps while preparing for a ground assessment, although their 
own resolutions might not be sufficient for conducting an independent assessment or inspection. 
Such imagery overlapped with a city plan, property outlines, or some other dataset supports the 
GA conduction by giving insight to the AOI.  

The limitations of these conventional environmental monitoring methods have opened a new 
niche for a more versatile and flexible environmental monitoring tool for municipal environmental 
monitoring. Easy to use, versatile, and affordable drones have gained popularity and are inching 
in to fill this niche.  

Drone is a term commonly used in general discussion to describe any relatively small aircraft fly-
ing without an onboard pilot, although drones are not limited to aircrafts and also include land 
and aquatic vehicles, such as remote-control submarines (Austin 2010; Salazar et al. 2019). The 
actual flying devices without an onboard pilot are referred to as unmanned aerial vehicles 
(UAVs), which in turn are a part of an unmanned aerial system (UAS). In addition to the UAV, a 
UAS contains the payload, control stations and supportive systems, launch and recovery instal-
lations, and other subsystems (Austin 2010). Therefore, it is important to distinguish between the 
terms and realize, that the true meaning of term “drone” is dependent on the context.  

During the last decade, the costs of UAVs and data post-processing softwares have reduced sig-
nificantly whilst new applications of use are constantly being developed and adopted (Manfreda 
et al. 2018). UAV utilization has also proven cost-efficient. According to Matese et al. (2015), 
who compared the costs of UAV, airborne and satellite imagery acquisition, airborne systems 
become more economical than UAVs when the AOI reaches a size between 5 to 50 hectares. 
Another study puts the cost-efficiency threshold of UAV assessments to < 20 ha (Manfreda et al. 
2018). Commercially available UAVs are also relatively affordable, as their prices start from just 
above 100 € and many professional-grade UAVs cost ca. 1000–3000 €, though some have a 
price tag of well over 10,000 € (DJI 2021; Feist 2021a). Notable is also that the maintenance 
cost of a UAV is negligible. 

As drones and especially UAVs have become more available on the market and their prices af-
fordable, the interest towards them as also grown. De Miguel Molina & Segarra Oña (2017) ana-
lyzed the market and industry sector of aerial drones and projected growth in all user categories 
from hobbyists to governmental organizations. Additionally, a self-proclaimed information portal 
Unmanned Airspace (2018) reports that 39 cities around the world are pioneering urban UAS op-
erations consisting predominantly of security and various delivery systems. Traficom (2020a) ex-
pected there to be up to ca. 50,000 UAS operators in Finland in the beginning of 2020, most of 
whom at the time were unlicensed hobbyists. The single largest UAS operator in the country is 
the Police of Finland who in 2019 already had nearly 400 trained UAV pilots and over 160 un-
manned aerial systems (Nurmi 2019; Lentoposti.fi 2019).  

Public organizations other than those working in the public security sector are also interested in 
the possibilities of UASs. For instance, a pilot experiment on first responder transportation via 
UAVs to remote locations is underway in Helsinki (Jompero-Lahokoski 2021). However, little to 
no official statistics exist on UAV utilization in Europe and the extent of municipal UAV utilization 
especially for environmental monitoring purposes in Finland is currently unknown.  
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The Finnish municipal environmental authorities have a legislative obligation to conduct environ-
mental monitoring within their respective municipalities (HE 2013/214 § 167). This obligation 
penetrates all sectors of society and includes monitoring of public parks, businesses, industrial 
sites, and in some cases even personal properties of individuals. For instance, in Helsinki, vari-
ous divisions within the municipal organization carry out environmental monitoring on their spe-
cific fields of responsibilities, such as the Urban Environment Division. They monitor the environ-
ment for any violations of e.g., the municipal environmental protection regulations. 

Visits to the AOIs and carrying out ground assessments is currently the only conclusive monitor-
ing method for municipal environmental authorities in many cases. This method enables them to 
verify that activities on the site are conducted in accordance to regulations. UAVs have been 
found to be much quicker in assessing an AOI compared to a GA (Martin et al. 2018) and their 
utilization could save time for municipal officials, ultimately reducing personnel costs for munici-
palities. 

Additionally, UAV utilization has been described to increase worker safety on construction sites 
since UAVs can be used for many risky tasks, such as monitoring sites with busy traffic and in-
specting tall structures and other targets that are difficult to reach (Howard et al. 2017). The 
same applies for the municipal officials while monitoring or inspecting challenging and possibly 
hazardous AOIs such as landfills or junkyards. In such cases the ability to assess the site from 
above from many different angles may prove vital, since UAV utilization could eliminate the need 
for a ground assessment and thus decrease the risk of injuries. 

Apart from UAVs, only aerial photographing could provide accurate enough data with a quick 
enough response time for many of the monitoring tasks of municipal environmental authorities. 
However, having an aircraft and a pilot on continuous standby is out of economical reach of 
many municipalities. On the contrary, a UAV may be deployed where and whenever needed. 
UAV utilization does, however, have its legal limitations. Laws and regulations considering UAV 
utilization in Finland are summarized in Appendix 1. For instance, operating a UAV generally still 
requires the pilot to maintain a visual line of sight (VLOS) to the aircraft (Traficom 2021), espe-
cially if the UAV is used rather spontaneously based on the need on site. This essentially forces 
the inspector to visit the AOI. A UAS can still help to reduce the time spent on the site and offers 
greater flexibility to monitoring methods.  

UAVs have many suitable qualities for municipal environmental monitoring. They are nimble, al-
lowing them to be used to photo document both relatively small AOIs as well as large ones, up to 
the neighborhood scale (Manfreda et al. 2018; Matese et al. 2015). Their temporal resolution is 
comparable to ground assessments and their spatial resolution is much greater than other 
above-ground solutions as UAVs in typical monitoring use reach spatial resolutions of ca. 1 
cm/pixel, often even < 0.5 cm/pixel (Andriolo et al. 2020; Fallati et al. 2019; Martin et al. 2018; 
Merlino et al. 2020). 

A limited amount of previous literature is available on direct municipal UAV utilization, but the lit-
erature does cover a variety of topics. As mentioned earlier, UAVs have high potential in the 
public safety sector (Taylor et al. 2016). It has been suggested that UAVs may be helpful in 
search and rescue operations due to their versatility and maneuverability despite the difficulty of 
terrain (Van Tilburg 2017; Weldon & Hupy 2020). Gasperini et al. (2014) obtained UAV imagery 
of a municipal landfill to estimate its volume and surface subsidence and concluded that UAV-
based results were as accurate as conventional methods while UAV utilization offered more flex-
ibility. Digital terrain models generated from UAV imagery have been used to study landfill 
wasteslides (Savchyn & Lozynskyi 2019; Nikulishyn et al. 2020). UAV imagery and elevation 
measurements were utilized to study landfill surface temperatures with new methods by Hernina 
et al. (2020). Landfill settlement characteristics have been studied by Baiocchi et al. (2019), who 
concluded UAV measurements to have comparable accuracy to e.g., LIDAR measurements. Ca-
pabilities of a UAV for land use and land cover monitoring have been studied by Pedras et al. 
(2015). UAV imagery sequences of roadside green belts have been studied for more precise 
maintenance and monitoring by Duan et al. (2019). New methods for pavement management 
systems have been studied by Garilli et al. (2021), who found UAV photogrammetry-based solu-
tions to offer viable alternatives for conventional inspection methods. UAVs have been used for 
monitoring the structure and movement patterns of landslides in urban areas by Godone et al. 
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(2020) and Sestras et al. (2021), who found UAV-based imagery and measurements useful. 
UAVs have also been found to be able to provide decimeter-level accuracy in monitoring mine 
tailings in Sub-Arctic conditions (Rauhala et al. 2017).  

One of the more researched topics in UAV utilization is litter detection. However, previous litera-
ture is mostly limited to litter detection on beaches. In their studies, Bao et al. (2018), Fallati et al. 
(2019) and Martin et al. (2018) found UAVs to be efficient tools for anthropogenic marine debris 
detection. UAVs also offer detailed litter monitoring possibilities with minimal disturbance to the 
site (Andriolo et al. 2020; Merlino et al. 2020). Additionally, Hengstmann & Fischer (2020) stud-
ied the sources of macroplastics on beaches of a freshwater lake and used a UAV for plastic de-
tection. While litter detection on beaches has been studied quite extensively, little to no litter de-
tection studies have been conducted in other environments, which this thesis work in part aims 
to correct.  

Several recent studies suggest that litter detection from UAV imagery via visual screening is a 
viable post-processing method. Fallati et al. (2019) made a comparison between litter detection 
via manual screening of images and deep learning and found image screening to have an accu-
racy of over 87%, whereas an artificial intelligence had results varying from 54% to 94% depend-
ing on the sunlight conditions. In another study, manual image processing was found to be ca. 
62% accurate, although objects smaller than 4 cm in a linear dimension were not reliably de-
tected from UAV imagery (Martin et al. 2018). A machine learning algorithm produced an abun-
dance of false positives, resulting in an overestimation of five times the actual amount of litter. 
According to Martin et al. (2018), these overestimations can be corrected with algorithm im-
provements and iterations and thus show upscaling potential for the future. They also found the 
UAV to be 39 times faster in monitoring their 325-meter-long study area compared to a ground 
assessment. Merlino et al. (2020) reported that while larger items have a detection percentage of 
85–100%, small objects, such as bottle caps, have a detection rate of only ca. 15% from UAV 
imagery obtained from a comparably very low altitude (6 m).  

UAVs do, however, have their obvious drawbacks. Both flying a UAV and post-processing of the 
imagery with a suitable software do require some technological expertise from the user. Addi-
tionally, most UAVs cannot operate in rain, strong winds, or low temperatures, thus limiting their 
utilization opportunities (Manfreda et al. 2018), although there are some waterproof UAVs availa-
ble (Feist 2021b). While strong winds might not necessarily lead to crashes, they severely com-
promise the platform stability, thus disturbing e.g., altitude control, sensor orientation, and spatial 
relation of UAV data to reality (Von Bueren et al. 2015). It is currently unknown what are the 
greatest and most common obstacles of UAV utilization in municipal environmental monitoring 
and whether they are due to drawbacks of UAVs themselves or some other reasons.   

 

7. Research objectives and 
questions 

The preceding scientific literature lacks knowledge in UAV utilization for municipal environmental 
monitoring. Finding out how well UAVs perform in monitoring tasks adds valuable knowledge for 
municipal authorities to exploit in their work. The objective of this master’s thesis was to evaluate 
if (1) the practical applications of UAVs are versatile enough and (2) UAVs are sufficiently accu-
rate for monitoring and inspection assignments for them to be applicable tools for municipal envi-
ronmental authorities in their work. To address the research objective, two research tasks were 
conducted, both of which answering to specific research questions.  
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First, a questionnaire on UAV utilization in environmental monitoring was sent to municipal envi-
ronmental authorities in Finland, Sweden, and elsewhere in the EU. The questionnaire was used 
to answer the following research question: How have UAVs been utilized in municipal environ-
mental monitoring? 

Second, a litter monitoring experiment was carried out to answer the following research ques-
tion: How do assessments from UAV imagery compare in accuracy to ground assessments, mu-
nicipal environmental authorities’ currently often only conclusive monitoring method? 

Combining the firsthand utilization experiences of municipalities and the observed assessment 
accuracies of UAVs will allow conclusions to be drawn of the applicability of UAVs for municipal 
environmental monitoring. 

 

8. Materials and methods 

An online questionnaire on UAV utilization in municipal environmental monitoring was used to 
collect information from Finnish, Swedish and other European municipalities considering their 
past, current, and future use of UAVs. Several AOIs situated in Helsinki were chosen for a litter 
monitoring experiment, for which UAV imagery was captured and ground assessments con-
ducted. All data for this study was collected between September and November of 2020, includ-
ing the questionnaire, UAV flights, and ground assessments. All dates presented in this thesis 
work follow the format commonly used in Europe (DD.MM.YYYY).  

 

8.1. Questionnaire on UAV utilization 

 

Unawareness of the state of UAV utilization in municipalities for environmental monitoring pur-
poses creates interest to study how commonly and to which applications UAVs have been uti-
lized across municipalities, and to which ends. Firsthand experiences of participants are hoped 
to expose most promising applications for municipal environmental monitoring. Also, surveying 
the future prospects of participants is hoped to give concrete indications of whether or not the 
UAVs are seen as a promising novel technology for environmental monitoring or rather a pass-
ing curiosity.  

The E-form platform (E-lomake in Finnish) of the University of Helsinki provided by Eduix Oy was 
used to construct the questionnaire. The virtual questionnaire was sent to potential participants 
on October 5th, 2020 via corresponding email lists with a deadline for answering of two weeks. 
Two rounds of reminders emails were sent and the report on the results was offered as an incen-
tive for all participants. 

The questionnaire was sent to environmental authorities of 149 Finnish municipalities and to all 
290 Swedish municipalities. This sample of Finnish environmental authorities was reached via 
an email list provided by Association of Finnish Municipalities (Kuntaliitto in Finnish). Addition-
ally, questionnaire was sent to Eurocities WG Waste group with 82 member municipalities, nine 
of which overlap with the other two email lists. Therefore, there were a total of 512 individual re-
cipients. Climatological, socioeconomical, and technological conditions in Sweden are compara-
ble to those of Finland and therefore Swedish municipalities make fine potential participants to 
broaden the sampling group for finding applications that may also be utilized in Helsinki and 
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other Finnish municipalities. Eurocities WG Waste group on the other hand provides Europe-
wide sampling of municipalities with varying conditions. Together these participant groups pro-
vide a wide base of experience and knowledge on which application applicability and future pro-
spects may be reflected upon. 

The questionnaire consisted of multiple-choice questions, open questions, and one numerical 
value question. Each participant was asked to state their country and municipality as well as 
whether they utilize a UAV for environmental monitoring purposes. Separate questions were de-
veloped for both users and non-users. For non-users, questions included reasons for not utilizing 
a UAV as well as their future plans considering UAVs. For users, frequencies of use for several 
applications such as litter monitoring, weather monitoring, forest management, inspection work, 
etc., were surveyed. Users were also asked to rate their successfulness for each used applica-
tion. Additionally, reasons for failures were surveyed alongside with plans for the future. The full 
questionnaire form can be seen in Appendix 2. 

 The multiple-choice, numerical value, and open questions were all analyzed using 
descriptive statistics. Statistical analysis tools could not be utilized due to a low number of partic-
ipants, which in some questions was as low as six. Overall, 3.7% (19) of the recipients of the 
questionnaire submitted an answer. 

8.2. Litter monitoring experiment in Suvilahti, Toukola, Viikki and 
Kyläsaari 

All of the AOIs were assessed through a ground assessment and manual litter detection from 
UAV imagery. For clarity, litter and leaf assessments conducted from the UAV imagery by the 
UAV pilot and ground assessment conductor are referred to as UAV imagery detection. Further-
more, “litter” refers to objects of anthropogenic origin, such as bottle caps, and “items” covers 
both leaves of natural origin and litter.  

The UAV utilized in this study was a DJI Mavic 2 Zoom quadcopter, equipped with a gimbal-
mounted 12-megapixel RGB-camera producing 4000 × 3000-pixel images. The takeoff weight of 
the quadcopter is 905 g, it has a maximum flight time of 31 minutes, and a maximum wind speed 
resistance of 29–38 kph (ca. 8–10.5 m/s). The flight missions were carried out using Pix4Dcap-
ture flight planning tool on the DJI Smart controller. Before the actual flight campaigns, practice 
flights were conducted. During these flights, different objects were situated on a test area and 
the area was photographed from several altitudes to find the best flight parameters for object 
identifying. Simultaneously, use of the flight planning software Pix4Dcapture was practiced.  

8.2.1. Flight parameters 

Previous studies with comparable UAV utilization have used varying parameters for flight mis-
sions and the mission parameters for this study were selected based on their experiences as 
well as on the practice flights. For the sake of consistency, all flight missions used the same 
flight parameters excluding the mission in Viikki. 

A flight altitude of 10 meters was selected, resulting in a ground sampling distance (GSD) of 0.23 
cm/pixel. The selected altitude is the lowest possible and results in the best spatial resolution 
available with the flight mission planner tool utilized. For reference, Merlino et al. (2020) and 
Fallati et al. (2019) opted to have GSDs of 0.18 cm/pixel and 0.44 cm/pixel for their comparable 
studies, respectively.  

A continuous flight at a constant velocity of 0.9 ± 0.1 m/s was chosen for this study. In the flight 
mission tool this is the fastest velocity option for the selected altitude. This option reduces flight 
time, which is limited by the battery capacity, yet produces accurate images and reduces inspec-
tion time. In previous literature, Merlino et al. (2020) used the “stop and go” mode also available 
in the quadcopter utilized for this study in order to avoid blurriness of images at the altitude of 6 
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meters. On the contrary, Fallati et al. (2019) opted for a continuous flight with a constant velocity 
of 1.3 m/s and Martin et al. (2018) for a constant velocity of 2 m/s both at 10-meter altitude.  

The gimbal-mounted camera was set to nadir (camera pointed straight down towards Earth’s 
center), 90 degrees downwards. An image overlap of 80% from the possible range of 70 to 90% 
was selected (Andriolo et al. 2020; Bao et al. 2018; Fallati et al. 2019; Merlino et al. 2020), as it 
was deemed sufficient enough for orthomosaic construction while saving the post-processing 
procedure from becoming unnecessarily heavy to compute. 

8.2.2. Role of weather 

Since weather plays an important role in UAV utilization, weather data is provided for each UAV 
flight in Appendix 3. The data was obtained through the Finnish Meteorological Institute’s web-
site’s “Download observations” service, which allows free access to weather data (FMI 2021). 
These observations include cloud amount, air temperature, horizontal visibility, and wind speed 
and direction, to name a few, all measured in 10-minute intervals. The weather data, while not 
systematically analyzed, is considered as a factor while discussing the results of the litter moni-
toring experiment. 

8.2.3. Area descriptions  

Four AOIs were chosen for the litter monitoring experiment (Table 1). These AOIs offer diversity 
in land use and surface materials. The foreground of a graffiti fence in Suvilahti (Figure 1) was 
chosen as the main AOI of the monitoring research due to its favorable qualities. Multiple events, 
concerts and festivals typically take place in Suvilahti each year, but in 2020 it has mainly been 
open for light traffic as a passthrough way from Kalasatama, Mustikkamaa and Korkeasaari Zoo 
to Sörnäinen. 

Table 1. Locations, assessment dates and surface areas of each four AOI chosen for the litter moni-
toring experiment, number of squares or slices, their sizes, and their total surface areas for Su-
vilahti and Vikki AOIs. In Suvilahti only the contents of the litter squares were assessed. Other AOIs 
were assessed in their entirety. Viikki AOI was segmented into slices and the slices cover the en-
tirety of the AOI. Both the ground assessments and the UAV flights were conducted on the given 
dates. Squares assessed on 13.10. in Suvilahti were randomized. Segment identification G refers to 
gravel background and A to asphalt. 

 

    Description 
 
 
 
AOI 

Location 
(latitude, 
longitude) 

Assess-
ment 
date 

Seg-
ment 

Surface 
area 
(m2) 

Number 
of 
squares / 
slices 

Square 
size (m) 

Total sur-
face area 
of 
squares / 
slices 
(m2) 

Suvilahti 60.110790, 
24.581596 

02.10. G1 48 5 1 × 1 5 

13.10. G1 48 13 0.5 × 0.5 3.25 

G2 40 7 0.5 × 0.5 1.75 

A1 40 15 0.5 × 0.5 3.75 

Suvilahti  
total 

  
 

176 40 
 

13.75 

Toukola 60.120860, 
24.584280 

14.09 
 

1830 
   

Viikki 60.132879, 
25.004164 

05.11 
 

495 8 5 × 11 495 

Kyläsaari 60.113800, 
24.584025 

06.11 
 

62.5 
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Figure 1. Suvilahti AOI (outlined in blue) of the litter monitoring experiment. The AOI orthomosaic 
was generated with and automatically positioned by Pix4Dmapper on top of Google Earth -platform 
imagery. All rights of the background image belong to Google. Approximate locations of segments 
G1, G2, and A1 are outlined in black. Segment identification G refers to gravel background and A to 
asphalt. Black lines represent the approximate location of the light traffic road with lanes for both 
cyclists and pedestrians outside the AOI as it is not visible in the Google Earth footage. A construc-
tion site is located on the southern side of the graffiti fence. A popular skating park can be seen on 
the bottom of the figure. 

A popular skating park is located less than 100 meters northeast of the east end of the AOI. The 
graffiti fence runs in the direction of northwest to southeast and the AOI is located on the north-
ern side. The foreground is a flat plain consisting of both gravel and paved surfaces. This cre-
ates a possibility to study detection rates of litter on both surfaces from UAV footage of a single 
flight mission. Bypassing light traffic, users of the skating park, graffiti painters and the construc-
tion site on the south side of the fence might all be potential distributers of litter to the AOI. The 
foreground experiences frequent littering with various types of litter from spray paint cans to food 
packaging.  

From the AOI running along the fence, three smaller segments were chosen for closer inspection 
due to their higher litter abundance and to represent different background surfaces. These three 
segments of the AOI were labeled as Gravel 1 (G1), Gravel 2 (G2), and Asphalt 1 (A1). G1 co-
vers an area of 48 m2 with dimensions of 12 m × 4 m, and G2 and A1 an area of 40 m2 with di-
mensions of 10 m × 4 m each (Table 1). The first few meters of the foreground from the fence 
outwards are of the greatest interest as litter abundance decreased further away. Thus, the 
longer side of each segment runs along the fence. The three study areas were segmented into a 
grid consisting of 0.5 m × 0.5 m squares. Hence, G1 has 192 squares and G2 and A1 160 
squares each, all of which were then assigned a number between 1 and 192 or 1 and 160, re-
spectively. Twelve litter square locations were randomized for G1, seven for G2, and fifteen for 
A1 by using the random sampling method without replacement by utilizing an online number ran-
domizer (Randomlist.com 2020). Random sampling without replacement was chosen since it of-
fers smaller variance in a sample population with equal probabilities and in a finite AOI the possi-
bly added work from sampling unique squares would not justify the increase of variance (Basu 
1958). Furthermore, a higher number of unique squares offers more possibilities for different lit-
ter varieties to occur. However, while marking the assigned squares on G1, a measurement er-
ror occurred and square #9 was misplaced 0.5 meters closer to the fence than supposed to. In 
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order to maintain continuity with the originally randomized squares and as the site was already 
disturbed, a new square (#13) was created in the misplaced square. Locations of squares within 
all segments can be seen in Fig. 2. A rectangular flight mission plan covering all three segments 
was drawn with Pix4Dcapture-software over the AOI (Fig. 3). On G2, seven square locations 
were randomized in order to bring the total of squares on gravel to twenty. The total number of 
0.5 m × 0.5 m litter squares is therefore 35 (Table 1).   

In addition to randomized squares, a set of five 1 m × 1 m litter squares (Fig. 4) was recorder 11 
days earlier on a separate flight mission with the same ground assessment methods and UAV 
flight parameters as the 0.5 m × 0.5 m squares. However, the locations of these five squares 
were manually assigned within G1 to contain many different sizes and types of litter for a more 
applied approach for assessing the accuracy of the UAV footage and post-processing methods.  
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Figure 2. Segments G1 (A), G2 (B), and A1 (C) of Suvilahti AOI illustrating the randomized place-
ments of the 0.5 m × 0.5 m litter squares captured during the flight mission from an altitude of 10 
meters for the litter monitoring experiment. Segment identification G refers to gravel background 
and A to asphalt. Initial misplacement of randomized square 9 (A) concluded in the manual addition 
of square #13 on G1. 
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Figure 3. A picture taken of the DJI smart controller’s screen with Pix4Dcapture flight mission plan-
ning app open. Used flight parameters for the litter monitoring experiment flight mission in Suvilahti 
can be seen on the screen. The flight parameters were the same for all AOIs, excluding Viikki. 

 

 

Figure 4. The five 1 m × 1 m litter squares (A–E) in manually assigned locations on segment G1 
(gravel 1) in Suvilahti AOI of the litter monitoring experiment. These five squares were assessed 
eleven days prior to the randomized squares.  
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The second AOI was at the southern end of Toukola Park in Arabianranta (Fig. 5 A). In this AOI, 
a polygon flight mission with the quadcopter was conducted similar to the one conducted in Su-
vilahti. The main differences are the shape of the AOI and surface variability, as Toukola AOI 
contains grass, water, and a rocky shoreline. In order to avoid collisions with migrating geese 
flocks and unnecessary automated dodge action from the quadcopter while avoiding taller trees, 
a polygon with an approximate area of 1830 m2 was drawn conforming the landscape, focusing 
on the shoreline of the park (Fig. 5 B). A ground assessment counting all litter was then con-
ducted on the same area.  

 

Figure 5. Toukola AOI of the litter monitoring experiment. A high-altitude image with the AOI ap-
proximately outlined in blue (A) and the parameters of the polygon flight mission in Pix4Dcapture -
app (B). The flight mission deviates from a simple rectangle in order to capture a longer strip of the 
shoreline while avoiding tall trees next to park walkways. 

The third AOI in Viikki represents varying surfaces, most importantly vegetation and autumn leaf 
cover (Fig. 6). The litter in the area was mostly generated when a temporary bus stop was lo-
cated there still approximately a week prior to the assessments. A stretch of a light traffic lane 
and adjacent areas with vegetation with a combined area of 495 m2 (45 m × 11 m, ± 0.5 m, 
± 22.5 m2) was photographed with the quadcopter. Two flights were conducted with parameters 
set to produce image overlaps of 90% and 80% respectively, and the flight speed was slightly 
reduced compared to the two preceding AOIs to ca. 0.8 m/s due to challenging wind conditions. 
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A ground assessment was carried out, mapping all litter in the area. The area is limited by the 
roadside curb on one side and a runoff ditch on the other (Fig. 6). The AOI was segmented into 
5 m long slices along the road to help with the assessments and data analysis. The water-filled 
ditch is considered a part of the AOI. The AOI consists of a strip of bare soil and grass between 
the road and the light traffic lanes with young trees of up to ca. six meters tall, the pedestrian and 
bicycle lanes themselves, a strip of unmanaged vegetation next to the ditch containing mainly 
vascular plants and bushy deciduous trees up to ca. four meters tall, and the water-filled ditch. 
As the AOI was photographed in early November, almost all leaves had fallen from the trees to 
the ground, although many had been blown away by a storm a few days prior to documentation. 

 

Figure 6. High-altitude photograph of Viikki AOI assessed for the litter monitoring experiment. The 
AOI is 45 meters long and is bordered by a roadside curb and the far side of a ditch as indicated by 
the blue outlines. A strip of bare soil with four newly planted trees indicates where a temporary bus 
stop was located a week prior to the assessments. 

 

The fourth AOI, located between a city access road and a truck stop, was studied in Kyläsaari 
(Fig. 7). The area is under development and the sides of the truck stop experience accumulated 
amounts of litter. The shape of the AOI roughly resembles a trapezoid with the side lengths of 
4.5 m, 10.0 m, 8.0 m, and 10.6 m, and an area of 62.5 m2 (Table 1). Surface of the AOI consists 
of rocks and stones of varying sizes, gravel, and vascular plants up to ca. 0.5 m tall. The AOI 
was documented in its entirety with the quadcopter and litter was counted during a ground as-
sessment. 
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Figure 7. Kyläsaari AOI assessed for the litter monitoring experiment outlined in blue from above 
(A) and in its surroundings with Kalasatama district on the background (B). A truck stop with gas 
pumps and a fast food kiosk is located in the proximity of the AOI. 

8.2.4. Ground assessment and UAV imagery detection 

A ground assessment was conducted on each AOI immediately after the flight mission but be-
fore the UAV imagery detection. Since the assessments were carried out during the autumn 
months, some additional details were to be considered. Namely, the AOIs contained varying 
amounts of fallen leaves. Although leaves are not litter per se, they may be considered as an 
equally valuable item for detection as human-generated litter of artificial origin. Thus, all litter and 
leaves within the litter squares of Suvilahti were counted and categorized based on visual obser-
vations. Leaves were included in both the GA and the assessment from UAV imagery, because 
while assessing the imagery it might be possible to mistake leaves for litter. Leaves were not 
counted in the other AOIs due to the sheer sizes of the AOIs, their vegetation cover, and leaf 
abundance. Counting leaves during a GA reliably and quickly enough before wind moves them 
to or from an AOI after a UAV flight mission would have been practically impossible. Detection 
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efforts of leaves from both the GAs and the UAV imagery would also have been unreasonably 
time-consuming and laborious over the relatively large AOIs. Otherwise, the ground assess-
ments were carried out in the same manner in all AOIs. 

The results of the ground assessments are considered to reflect the true litter amounts within the 
AOIs given the proximity of both the observer and the photo documenting tool. The photo docu-
menting tool used for ground assessment is an LM-G710EM “LG G7 ThinQ” smartphone 
equipped with a 16MP Super Wide Angle (F1.9 / 107°) / 16MP Standard Angle (F1.6 / 71°) cam-
era with a resolution of 4656 x 3492 pixels (LG.com 2020).  

During UAV imagery detection, the UAV imagery was screened manually for litter essentially by 
identifying litter from an individual image at a time based on visual observations. In Suvilahti, 
only the squares were screened, and litter with leaves counted and categorized to the same cat-
egories as during the GA, and on other AOIs all litter within the area was counted. As both the 
ground assessments and assessments from UAV imagery were conducted by the same person, 
there is a danger of bias and increased accuracy in UAV imagery detection. To mitigate this off-
set, a minimum of two weeks was allowed to pass between the conduct of the ground assess-
ment and the UAV imagery detection for each AOI.   

8.2.5. Control group assessment 

The magnitude of bias or offset produced via a single individual carrying out both the ground as-
sessment and the imagery detection in an AOI was studied by presenting quadcopter imagery 
from Suvilahti to a control group of five volunteers and comparing their results to the UAV im-
agery detection results. The results of the control group were also directly compared to both the 
ground assessment and UAV imagery detection by subtracting the latter two individually from the 
control groups results. This gives a numerical value that describes how many more or less 
pieces of litter the control group detected. None of the control group members had been to the 
site for at least two months prior to the study, although one was familiar with the site and aware 
of its state considering litter beforehand. 

Ten 0.5 m × 0.5 m litter squares from Suvilahti were purposefully selected for the control group 
assessment so that they represented various amounts and types of litter (Fig. 8). They also rep-
resent the three sections of Suvilahti AOI in relative proportions to the original dataset. Thus, 
four squares were selected from G1, two from G2, and four from A1. Each member of the control 
group was tasked to count the total amount of items in each square and classify them to the fol-
lowing ten categories: bottle cap, cardboard packaging, cigarette filter/bud, metal litter, paper lit-
ter, plastic litter, plastic packaging, unidentified, leaves, and other (please specify). These cate-
gories were most abundant in the GA and were also used for the UAV imagery detection for Su-
vilahti. The control group was given a general description of the area, similar to the Suvilahti AOI 
description given earlier, and instructions to count leaves and pieces of litter only the size of a 
bottle cap or cigarette filter and larger. A couple of squares that were not part of their assess-
ment task were assessed together as practice before their independent assessments. 
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Figure 8. The 10 litter squares of Suvilahti AOI from segments G1 (A), G2 (B), and A1 (C) presented 
to the control group outlined in blue. Segment identification G refers to gravel background and A to 
asphalt. Squares number 3, 5, 7, 13, 14, 15, 21, 25, 26, and 34 were handpicked from the three seg-
ments in relative proportions to the original dataset and contain various amounts and types of litter. 
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8.2.6. Data analysis 

The litter categories used for both the ground assessments and the assessments from UAV im-
agery differ from the ones used by previous studies focusing on marine beach litter (Fallati et al. 
2019; Martin et al. 2018). New site-relevant litter categories were adopted according to the loca-
tion and the surroundings of the study sites as suggested by Hengstmann & Fischer (2020). Rel-
evant litter categories also make litter counting during the assessments easier. The 14 litter cate-
gories used for the assessments were bottle cap, cardboard packaging, cigarette filter/bud, 
metal litter, paper litter, plastic litter, plastic packaging, plastic bag, plastic bottle, aluminum can, 
glass fragment, polystyrene piece, unidentified, and other. Numerical data collected during the 
litter assessments was analyzed utilizing IBM SPSS Statistics Version 26.  

The results from the GAs were compared to the results of the UAV imagery detection to deter-
mine the accuracy of litter detection from UAV imagery. To test for statistical significance, Wil-
coxon signed rank tests were conducted for Suvilahti and Viikki as described by Woolson (2008). 
Conduction of the Wilcoxon signed rank test requires a number of samples to be compared to 
one another and was therefore feasible for these two AOIs thanks to their segmented natures 
(squares in Suvilahti and slices in Viikki). In Suvilahti, the test was conducted separately for 
three datasets both with and without leaves: the 35 randomly assigned squares, the total of 40 
squares including the randomly assigned squares and the five larger squares, and the ten 
squares showed to the control group. 

Of the available statistical tests, Wilcoxon signed rank test was deemed most fitting for the pur-
pose, since unlike paired sample T-test, it does not require normally distributed variables. Alt-
hough the variables were normally distributed in most datasets, in some they were not. The re-
sults of the two remaining AOIs with no segmentation to squares or slices during the assess-
ments, Kyläsaari and Toukola, were analyzed by a simple percentage comparison. The imagery 
detection results were divided by the GA results and multiplied by hundred to get an imagery de-
tection percentage. The same was also done for the results from Viikki and Suvilahti, including 
the control group. The results of the control group were compared to the corresponding results of 
the GA and the UAV imagery detection with the Wilcoxon signed rank test. Additionally, the inter-
nal consistency of the control group’s results was analyzed with a reliability test and the resulting 
Cronbach’s Alpha value as introduced by Cronbach (1951).  

To determine in which litter categories the detection was most successful, percentage compari-
son was also conducted to the litter categories and leaf detection results, comparing imagery de-
tection to the GA. For this comparison, all AOIs and the control group assessment were in-
cluded. 

Orthomosaics were constructed for each AOI using Pix4Dmapper. The software can automati-
cally construct various types of orthomosaics from the imagery captured with Pix4Dcapture. 
However, they were not used for data analysis due to their lower reliability in displaying every 
recorded pixel for litter detection and remained more of a curiosity for this study. Instead, litter 
detection from UAV imagery was carried out from a set of individual photographs for each AOI.   
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9. Results 

9.1. Questionnaire results 

Responses were received from the following countries (quantities in brackets): Finland (4), Ger-
many (1), Portugal (1), and Sweden (13) for a total of 19 participants. Response rate of the 
questionnaire was 3.7%. Of participants, 42% (8) was utilizing a UAV and 58% (11) was not. 
75% of users were Swedish and the rest Finnish. 

Of the 19 responses, 11 municipalities reported currently not utilizing a UAV within the scope of 
this questionnaire. On average, 2.4 reasons were given for not utilizing a UAV with an expected 
value (mode) of three. The most common reasons were Lack of expertise and Lack of 
knowledge, both at 55% of the answers, followed by No need, and Legislative issues (Fig. 9). 
Other reasons included lack of funding, absence of plans, and need of further information and 
education on the topic. No one listed the price of UAVs themselves or weather conditions as a 
reason for not using a UAV. 

Figure 9. Answers to question 2 for non-users of the questionnaire on UAV utilization: “Why has 
your municipality not used a UAV for environmental monitoring so far?” Reasons not to use a UAV 
illustrated as percentages of responses. Eleven municipalities reported not to be using a UAV (n = 
11).  

 

The remaining eight municipalities reported to be using a UAV. On average, a municipality had 
2.5 applications for UAVs, ranging from one to five with an expected value of two (Fig. 10). The 
most common frequencies of application use among respondents per category were a few times 
per year or monthly for Beach littering, monthly for Littering, and once per year for Traffic moni-
toring and Forest management. Applications Agricultural monitoring, Animal monitoring and In-
spection of industrial areas have been most commonly used less than once per year or a few 
times per year, and Inspection of private properties and Other applications have most commonly 
been used a few times per year. Other applications included monitoring of reed clearings on bird 
wetlands, dumping, beach protection law obedience, and stormwater systems as well as their 
recipients. Inspection of oil spills at city shores, map updating, and conduction of land surveys 
were also included in this category. 
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For evaluating the successfulness of different applications, participants who were currently utiliz-
ing a UAV (n = 8) were asked to rate the successfulness of each application they have had ex-
perience with on a scale from 1 to 5 (1 = total failure, 2 = goals not reached, 3 = somewhat suc-
cessful, 4 = success, 5 = success above expectations). The user’s successfulness score on av-
erage was 4.4, whereas the average successfulness score of different applications was 4.1. The 
most successful application has been Inspection of private properties (score 4.7), followed by 
Forest management, and Other applications (Fig. 10). Least success has been in Beach littering 
monitoring and Animal monitoring (3.5).  

Figure 10. Number of users and the average successfulness score on a scale of 1 to 5 (1 = total fail-
ure, 5 = success above expectations) per UAV application, illustrating answers for the questions 3 
and 4 of the questionnaire for municipalities and municipal environmental authorities on UAV utili-
zation in environmental monitoring, n = 8. 

 

Among the nine respondents for the question considering reasons for possible mission failures, 
an average of 1.7 reasons were given. Six respondents reported reasons for failures and three 
did not. The most common reasons for failures among the respondents were Weather at 50% of 
the respondents, followed by Poor knowledge of the area of interest and Poorly selected goal 
and/or scope (Fig. 11). Other reasons included image quality and miscommunication between 
pilots and customers, apparently resulting in missing the point of interest (POI). No one reported 
Hardware malfunction, Flight zone restrictions or Collision with a bird as a reason for failure.  
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Figure 11. Reported reasons for failures as percentages of respondents from eight active users and 
one currently non-user but likely former user, n = 9, illustrating answers for question 5 of the ques-
tionnaire on municipal UAV utilization in environmental monitoring. Any reason that inhibited a 
flight mission to produce the intended outcome may be considered as a reason for a failure. 

Future plans of participants were diverse, yet most often involve UAV utilization. Nearly 74% of 
all participants were willing to purchase a UAV, have concrete plans for acquiring, or have al-
ready been using one (Fig. 12). Of the eleven non-users, only four did not have plans for acquir-
ing a UAV for municipal environmental monitoring and inspecting use, whereas six (55%) did. 
More specifically, participants’ plans included 3D model generation with volume calculations, 
high temporal resolution map updating and construction site monitoring, city planning, environ-
mental accident monitoring, advertisement footage capture, and monitoring of littering and 
stormwaters. Four participants (21%) did not answer this open question.  

 

Figure 12. Percentages of respondents according to their UAV utilization plans, n = 19, illustrating 
answers for question 6 of the questionnaire on municipal UAV utilization in environmental monitor-
ing. Four participants chose not to answer this open question (empty).  
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9.2. Litter monitoring experiment results 

9.2.1. Ground assessment results 

Various sizes and types of litter were encountered in the AOIs (Fig. 13). Suvilahti ground assess-
ment for the 1 m × 1 m squares (SGA1) and for 0.5 × 0.5 m squares (SGA2) yielded somewhat 
differing results due to the varying square allocation methods, randomized versus manually as-
signed, but were treated as a combined dataset since differences in square allocation methods 
do not affect the litter detection from UAV imagery. For instance, SGA1 showed a density of 27.2 
items/m2 (litter plus leaves), whereas SGA2 showed a density of 13.6 items/m2 (Table 2). Com-
bined ground assessment of SGA1 and SGA2 showed densities of 9.8 litter/m2 and an item den-
sity of 18.6 items/m2 with a total litter count of 135, leaf count of 120, and an area of 13.8 m2. Alt-
hough eleven days passed between SGA1 and SGA2, some individual pieces of litter were de-
tected during both assessments in an incident where one square from each assessment over-
lapped with one another (Fig. 14). 
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Figure 13. Examples of litter varieties encountered in the areas of interest during the ground as-
sessments of the litter monitoring experiment. A: a syringe partially covered by fallen leaves in 
Viikki with a pen for scale. B: a metallic bottle cap in Suvilahti. C: a paint roller and an upside-down 
spray paint bottle cap in Suvilahti. D: a piece of plastic litter in Suvilahti. E: litter in multiple catego-
ries partially concealed by vegetation including a black plastic microwave convenience food dish in 
Kyläsaari.  
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Table 2.  
Sizes of all four areas of interest (AOIs) of the litter monitoring experiment and their litter densities 
based on ground assessments. SGA1 refers to the Suvilahti ground assessment that covers the 1 
m × 1 m squares and SGA2 to the Suvilahti ground assessment that covers the 0.5 m × 0.5 m 
squares. Item density includes leaves detected within the litter squares in Suvilahti. Since leaves 
were not accounted for on other AOIs, their litter and item densities are equivalents. 

                    AOI 

Descriptions 

Suvilahti Kyläsaari Viikki Toukola 

Segment SGA1 SGA2 Combined 

Surface area (m2) 5.00 8.75 13.75 62.50 495.00 1830 

Litter count 52 83 135 217 35 25 

Litter density  

(litter/m2) 

10.40 9.49 9.82 3.47 0.07 0.01 

Leaf count 84 36 120 - - - 

Item density 

(items/m2) 

27.20 13.60 18.55 3.47 0.07 0.01 

 

The trapezoid shaped Kyläsaari AOI had a density of 3.5 litter/m2 with 217 total pieces of litter 
and an area of 62.5 m2 (Table 2). In Viikki, strong winds preceding the assessment removed 
some of the litter in the AOI; hence, the litter density was relatively low, 0.07 litter/m2. Toukola 
AOI had the lowest litter density overall with just 0.01 litter/m2.  

  

Figure 14. Litter square #1 of the Suvilahti ground assessment (SGA) 1 (A) and litter square #3 of 
the SGA2 (B) from the litter monitoring experiment containing a few shared pieces of litter, e.g., a 
lid of a paint container. The size of the square is 1 × 1 meters in image A and 0.5 × 0.5 meters in im-
age B. The square locations were manually assigned for SGA1 and randomized for SGA2, resulting 
in these two squares overlapping.  

9.2.2. UAV imagery detection results 

The assessment from UAV imagery in Suvilahti yielded a total of 140 pieces of litter and 83 
leaves detected for a total of 223 items as seen on Table 3. Leaves were most abundant cate-
gory, followed by bottle caps and unidentified litter. Total litter detection rate was 103.7% but the 
detection rate of leaves was considerably lower, 69.2%. Item detection rate taking both litter and 
leaves into account was 87.5%.  
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Table 3.  
Detection rates, ground assessment item counts (GA), and UAV imagery detection counts for each 
area of interest (AOI): Suvilahti, Kyläsaari, Viikki, and Toukola. Suvilahti AOI contains combined 
square results of all 40 squares. Non-detected litter categories are left blank as are incalculable per-
centages, i.e., where either of the values is zero. Detection rate is calculated as: (UAV imagery de-
tection count/GA count) × 100. 

 

In Suvilahti, there were clear cases of false positives in the cigarette filter/bud category. The 27 
unidentified pieces of litter also contributed to the higher UAV imagery detection count. Together 
these two categories with likely hidden false positives in other categories raised the litter detec-
tion rate past 100%. Altogether there were 41 or 29.3% of all items in Suvilahti that were either 
false positives, misclassified or unclassified. Plastic, metal, and paper litter were the most diffi-
cult to detect from UAV imagery with detection rates of 50% or lower.  

Litter detection rate in Kyläsaari, 83.4%, was similar to the item detection rate in Suvilahti. How-
ever, the distribution of detection rates varied notably (Table 3). The only clear false positives 
were in the plastic bag category with five false positives. Additionally, 41 items were unidentified, 
resulting in 46 (25.4%) of items to be either false positives, misclassified or unclassified. The 
most accurate detection rates were in categories paper litter, plastic packaging, and cardboard 
packaging while the worst detection rates were seen in categories metal litter, polystyrene piece, 
and aluminum can.  

AOI Suvilahti Kyläsaari Viikki Toukola 

          Results           
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Aluminum 
can 

- - - 33.33 3 1 100.00 1 1 - - - 

Bottle cap 90.48 63 57 37.50 8 3 - - - 200.00 1 2 

Cardboard  
packaging 

100.00 3 3 66.67 21 14 150.00 2 3 50.00 2 1 

Cigarette  
filter/bud 

255.56 9 23 40.00 5 2 88.89 18 16 84.21 19 16 

Glass frag-
ment 

- - - 40.00 15 6 - - - - - - 

Metal litter 46.15 13 6 0.00 3 0 - - - - - - 

Paper Litter 50.00 2 1 100.00 29 29 150.00 2 3 - - - 

Plastic bag - - - 266.67 3 8 - - - - - - 

Plastic bottle - - - 60.00 5 3 100.00 1 1 - - - 

Plastic litter 37.04 27 10 52.63 38 20 75.00 4 3 - - - 

Plastic  
packaging 

100.00 1 1 97.44 39 38 200.00 1 2 50.00 2 1 

Polystyrene  
piece 

- - - 16.67 24 4 0.00 1 0 0.00 1 0 

Unidentified - 0 27 - 0 41 - 0 0 - - - 

Other 70.59 17 12 50.00 24 12 60.00 5 3 - - - 

Leaves 69.17 120 83 - - - - - - - - - 

Litter total 103.70 135 140 83.41 217 180 91.43 35 32 80.00 25 20 

Items total 87.45 255 223 - - - - - - - - - 
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Viikki had a detection rate of 91.4%, ignoring leaves. Total detection rate was very high, and 
some percentages showed up to 200% detection rates. Large percentage variations between 
categories in Viikki were due to the low number of litter as many categories had less than five 
individual pieces. Thus, even a single false positive or misclassification may have caused detec-
tion rates to increase or decrease dramatically, such as in plastic packaging and paper litter cat-
egories.  

Toukola had the lowest litter count of all AOIs as only 25 pieces of litter were detected in the 
ground assessment and 20 in UAV imagery detection (detection rate of 80%).  Most litter in the 
AOI composed of cigarette filters/buds. Similarly to Viikki, detection rates of some categories 
varied greatly due to a low number of litter. 

The asymptotic 2-tailed significance values of the Wilcoxon signed rank test showed no statisti-
cally significant difference between the GA and UAV imagery detection results for the 35 0.5 × 
0.5 m litter squares in Suvilahti when only litter was considered (Z = -1.361, p = 0.174) nor when 
also accounting leaves (Z = -0.654, p = 0.513) (Table 4). The addition of the five 1 × 1 m 
squares did not change this outcome. For all 40 squares, the two assessments were even more 
alike when only considering litter (Z = 0.730, p = 0.466), while taking leaves into consideration 
increased the inconsistency between the two assessment results but did not reach statistical sig-
nificance (Z = 0.534, p = 0.125). In Viikki, the Wilcoxon test results (Z = -0.744, p = 0.457) 
showed no significant difference between the two datasets.    

Table 4.  
Descriptive statistics of the datasets and the results of the Wilcoxon signed rank test between the 
ground assessment (GA) and the UAV imagery detection (UAV) results from Suvilahti and Viikki 
AOIs of the litter monitoring experiment.    

Area of Interest Objects GA mean GA 

sd. 

UAV 

mean 

UAV 

sd. 

Z p 

Suvilahti, 35 

squares 

Litter 2,37 2,20 2,71 1,91 -1.361 0.174 

Items 3,40 3,47 3,11 2,44 -0.654 0.513 

Suvilahti, 40 

squares 

Litter 3,38 3,93 3,50 3,15 -0.730 0.466 

Items 6,38 8,90 5,58 7,22 -1.534 0.125 

Viikki Litter 3.50 2.27 3.20 2.62 -0.744 0.457 

 

Direct detection rate comparisons between AOIs with high and low litter counts can be problem-
atic since a single piece of litter in an AOI with low litter count can generate notable changes in 
the detection rate. To give each piece of litter the same influence on the final results, a weighted 
arithmetic mean over all AOIS was calculated, yielding an item detection rate of 85.7% (Table 5). 
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Table 5.  
Overall combined detection rates of all four areas of interest (AOI) of the litter monitoring experi-
ment with simple arithmetic mean and weighted arithmetic mean with and without taking the leaves 
in Suvilahti AOI into consideration. 

Combined detection rate of all AOIs (%) Litter total (with-

out leaves) 

Items total (with 

leaves) 

Arithmetic mean detection rate 89.64 

 

85.57 

 

Weighted arithmetic mean detection rate 90.53 

 

85.71 

9.2.3. Control group results 

The control group had a litter detection rate of 67.9% and an item detection rate (including 
leaves) of 49.0% (Table 6). The control group detected on average 1.06 pieces of litter per 
square less than actually existed. On the contrary, the UAV imagery detection detected on aver-
age one piece of litter more than actually existed (Table 6, Fig.15), making the accuracies of the 
two nearly as good. Thus, the offset or bias caused by a single assessment conductor is practi-
cally non-existent when only considering litter. 

Table 6.  
Results of the control group. Detection rate and the average number of litter per square detected by 
the control group (Control), during UAV imagery detection (UAV) and ground assessment (GA), 
control group’s results comparison to ground assessment and UAV imagery detection over the ten 
squares presented to the control group from Suvilahti area of interest. Comparison is made by sub-
tracting ground assessment results from the other two, resulting in a figure describing how much 
more or less litter was detected by the control group or during UAV imagery detection compared to 
the ground assessment. Negative numbers show fewer litter and positive more litter detected per 
square than actually existed. 

 Average per square Average difference per square 
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Bottle cap 13.33 0.16 1.30 1.20 -1.04 0.10 -1.14 

Cardboard pack. - 0.00 0.00 0.00 0.00 0.00 0.00 

Cigarette filter 20.00 0.02 0.90 0.10 -0.08 0.80 -0.88 

Screw/nail 4.00 0.02 0.20 0.50 -0.48 -0.30 -0.18 

Paper litter - 0.22 0.00 0.00 0.22 0.00 0.22 

Plastic litter 91.43 0.64 0.10 0.70 -0.06 -0.60 0.54 

Plastic packaging - 0.10 0.00 0.00 0.10 0.00 0.10 

Unidentified - 0.94 1.10 0.00 0.94 1.10 -0.16 

Other 17.50 0.14 0.70 0.80 -0.66 -0.10 -0.56 

Leaves 10.00 0.16 0.40 1.60 -1.44 -1.20 -0.24 

Litter total 67.88 2.24 4.30 3.30 -1.06 1.00 -2.06 

Items total 48.98 2.40 4.70 4.90 -2.50 -0.20 -2.30 
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Both the UAV imagery detection and the control group found less leaves than actually existed, 
but the failures of spotting leaves corrected some occurrences of false positives for the UAV im-
agery detection, while for the control group the missed leaves amplified the number of missed 
items even further (Table 6). The control group detected on average 2.5 items less than actually 
existed, which decreased their overall accuracy. Thus, the magnitude of offset was noticeable 
with a detection difference of 2.3 items in favor of the UAV imagery detection when leaves were 
accounted for. 

 

 
 

Figure 15. Litter and item detection results of the ground assessment (GA), the UAV imagery detec-
tion (UAV) and the control group (Control) for the 10 squares from Suvilahti area of interest pre-
sented to the control group. The lower boundaries of the blue rectangles represent the first quar-
tiles and the upper boundaries the third quartiles of each dataset. The black horizontal lines repre-
sent the medians, and the whiskers the minimums and the maximums of each dataset.  

 

The control group detected less litter but misidentified objects as plastic and paper litter. They 
seem to have considered the smallest pieces of litter such as bottle caps as background varia-
tion. Categories in which the control group outperformed the UAV imagery detection are Ciga-
rette filters/buds and Plastic litter.  

Internal consistency of the control group’s results was relatively high or at least acceptable with a 
Cronbach’s Alpha values of 0.776 and 0.805 when excluding and including leaves, respectively 
(Table 7). According to the Wilcoxon test (Z = -1.074, p = 0.283), no statistically significant differ-
ence existed between the GA and the average results of the control group when excluding 
leaves. However, when leaves were included, the two datasets differed with statistical signifi-
cance (Z = 2.193, p = 0.028). Incidentally, comparisons of the UAV imagery detection and con-
trol group’s results for both litter and items yielded the same outcomes from the Wilcoxon signed 
rank test despite of the differences in the datasets. This was due to low number of sample 
squares and the rank allocation method of the Wilcoxon test. 
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Table 7.  
Descriptive statistics of the datasets, the results of the Wilcoxon signed rank test between vari-
ous datasets, and the results of the reliability test from Suvilahti area of interest for the 10 
squares presented to the control group. GA stands for ground assessment, UAV for UAV im-
agery detection, Control for control group and sd. for standard deviation. The reliability test was 
conducted to test the internal consistency of the control group’s answers.   

Objects Litter Items 

GA mean 3.30 4.90 

GA sd. 2.75 3.73 

Control mean 2.24 2.40 

Control sd. 0.97 1.03 

UAV mean 4.30 4.70 

UAV sd. 1.89 2.06 

Comparison GA - UAV GA - Control UAV - 

Control 

GA - UAV GA - Control UAV - 

Control 

Z -1.338 -1.074 -2.668 -0.154 -2.193 -2.668 

p 0.181 0.283 0.008 0.877 0.028 0.008 

Cronbach’s  

alpha 

 
0.776  

 
0.805 

 

 

 

10. Discussion 

10.1. Questionnaire  

The projections done by both De Miguel Molina & Segarra Oña (2017) and Traficom (2020a) 
suggest that UAVs should have already found their ways into many organizations throughout so-
ciety, which created high expectations for the number of responses in the questionnaire. Despite 
this expectation, response rate in the questionnaire was low even though reminder emails were 
sent. 

A few possible explanations for the low answering rate can be suggested. Brüggen et al. (2011) 
reported that respondents do not often see incentives as important motives for participating in 
online surveys, and that the greatest motivations are intrinsic and based on e.g., enjoyment, in-
terest, and willingness to comment. Furthermore, participants motivated by intrinsic reasons can 
be expected to make up a bulk of all respondents, whereas respondents motivated by incentives 
can be expected to be in the minority. If enjoyment and interest are often main drivers for partici-
pation, then voluntary surveys might not exceed the participation threshold for some recipients or 
make participation high on their priority lists, although the topic would be relevant to their work. 
Likewise, according to the questionnaire results, many participants were not well-informed of 
UAVs since they are relatively novel tools and, and thus many recipients may not have much to 
comment on the topic. Although the results of the questionnaire were offered as an incentive in a 
form of a report to the participants, this most likely did not draw in many additional respondents. 

Additionally, the recipients might be experiencing “questionnaire fatigue” in particular due to cur-
rent remote work conditions. Moreover, recipients might be deterred from answering, if the recip-
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ient’s municipality is not using a UAV or the recipient is unaware of its utilization within the mu-
nicipality. This theory is in line with the results of Brüggen et al. (2011): if the respondent has lit-
tle to no intrinsic motivations, they will most likely not participate in a voluntary questionnaire.  

The reasons for not using a UAV are mostly related to information. There is not enough 
knowledge, expertise, or insight of UAVs and their possibilities among municipalities’ environ-
mental authorities. Some municipalities who listed these reasons might benefit from the use of a 
UAV but might not be aware of said benefits. An information deficit is hardly surprising since af-
fordable, commercially available UAVs are relatively novel tools available for municipal use.  

Legislative issues have also deterred UAV acquisition and EU-member countries have had vary-
ing legislation considering the use of UAVs. However, the EU commission regulation 2019/947 is 
aimed to unify the legislation from January 2021 onwards (EUC 2019). More universal legislation 
will make application sharing and implementing even easier in the future. A brief summary of the 
legislative field considering UAV utilization in Finland is given in Appendix 1. 

Used UAV applications were more related to “creative” solutions, such as inspections and other 
presumably free-flying missions where the pilot has control of the UAV and its sensors, than to 
“conventional” UAV and aerial imagery solutions. “Conventional” applications, such as forest and 
land surveys, typically use automated flights with preplanned flight parameters similarly to the 
litter monitoring experiment and are nadir-oriented, i.e., the sensor is oriented towards Earth’s 
center. This hints that among municipalities UAVs are used more as an extension of photo docu-
menting methods utilized during ground assessments, such as smartphones and cameras, ra-
ther than treated as nadir-oriented extension of aerial and satellite imagery.   

Nonetheless, the application pool of UAVs in environmental monitoring is quite vast. In preced-
ing literature, e.g., monitoring of pavement surfaces (Garilli et al. 2021) and landfills (Baiocchi et 
al. 2019; Gasperini et al. 2014; Hernina et al. 2020; Nikulishyn et al. 2020; Savchyn & Lozynskyi 
2019) may been seen as more “creative” applications, whereas monitoring of landslides (Go-
done et al. 2020; Sestras et al. 2021) and green belts (Duan et al. 2019) are closer to “conven-
tional” applications. Although forest, agricultural, and land survey applications were present in 
the questionnaire results, even more municipalities use UAVs for inspections of industrial areas 
and private properties. Such applications depend on great maneuverability and capability of in-
specting details from various angles, both of which have been reported as features of UAVs in 
other applications (Howard et al. 2017; Van Tilburg 2017; Weldon & Hupy 2020).  

Use of UAVs for inspections and other similar applications seems logical considering the spatial 
resolution of a UAV based on the results of the litter monitoring experiment. The necessary spa-
tial resolution for conducting an inspection on an industrial site where inspection of details may 
be crucial is much higher that the spatial resolution required for conducting e.g., a forest survey. 
However, the division of applications between the categories “creative” and “conventional” is not 
well defined. Reported applications such as e.g., monitoring of bird wetlands, stormwaters, and 
oil spills, may utilize varied methodological approaches.  

Overall, these results may be considered rather surprising, since most available literature on 
UAV utilization in environmental monitoring is focused on nadir-oriented solutions (Andriolo et al. 
2020; Bao et al. 2018; Duan et al. 2019; Fallati et al. 2019; Hengstmann & Fischer 2020; Martin 
et al. 2018; Merlino et al. 2020). This demonstrates the need for flexibility and versatility in a tool 
used for municipal environmental monitoring and inspecting. Another reason for the uneven dis-
tribution of applications among participants is simply the fact that forest surveys etc. can also be 
carried out by other airborne solutions or satellite imagery with pre-existing methods.  

Division between presumably nadir-oriented or conventional and more creative utilization cannot 
be detected in mission success rates. Presumably nadir-oriented missions were not any more 
successful than the more creative solutions, although Inspection of private properties was the 
most successful application overall. There is slight variation, but with the given sample size, 
noteworthy calculations are impossible. Interestingly, Beach littering was on the shared last 
place in successfulness among the participants and was slightly outperformed even by Littering 
(on other areas), although more knowledge and examples of beach litter monitoring can be ob-
tained from previous literature (Andriolo et al. 2020; Bao et al. 2018; Fallati et al. 2019; 
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Hengstmann & Fischer 2020; Martin et al. 2018; Merlino et al. 2020). However, since the com-
bined successfulness score average of the participants is over four the utilization of UAVs can 
be considered very successful. 

Weather was the most common reason for failures. It was followed by the same problems deter-
ring the use of UAVs in the first place: lack of information. Poor knowledge of AOIs, POIs, and 
incorrectly setting the goal and scope of missions also caused failures among the users. There-
fore, it can be concluded, that careful mission planning is key to success, weather permitting.  

Answers of one participant were singled out in questions 4 and 5. According to their answers, 
they are currently not using a UAV but still answered these two questions intended for UAV us-
ers. They were excluded from the analysis of success rates (question 4) because their reported 
utilization category was Do not know (empty answer) without any further details. However, the 
participant was included in the analysis of reasons for failures (question 5), since among other 
reasons they reported Pilot error and/or lack of practice as a reason for failure. The participant 
was interpreted to have had firsthand experience with UAVs in the past but having later discon-
tinued the use. 

Future plans of most participant municipalities include UAV utilization within the scope of this 
questionnaire. Most of current users are planning to adopt new applications. As a relatively novel 
tool, non-users currently outnumber users among participants, but the situation is likely to 
change in a few years according to the questionnaire results as well as other projections (De Mi-
guel Molina & Segarra Oña 2017; Traficom 2020a).  

Many if not all of the applications mentioned in the results of the questionnaire are also applica-
ble for BVLOS (beyond visual line-of-sight) flight missions. During these missions the visual con-
tact between the UAV and its pilot is broken, inflicting various additional risks but also allowing 
assessment conduction of AOIs farther away and behind visual obstacles. Requirements for a 
BVLOS flight are described in Appendix 1. Should BVLOS missions gain popularity, time-effi-
ciency of assessments and inspections conducted with a UAV would improve greatly, since au-
thorities’ physical visits to AOIs merely to maintain VLOS to the UAV would no longer be neces-
sary. 

10.2. Litter monitoring experiment 

The total item detection rate from UAV imagery compared to ground assessment was 85.7%, 
which is comparable to (Fallati et al. 2019; Merlino et al. 2020; Hengstmann & Fischer 2020) and 
even higher than (Martin et al. 2018) results in previous literature using similar methods. UAVs 
have been found comparably accurate to conventional methods including LIDAR also in landfill 
characteristics studies (Baiocchi et al. 2019; Gasperini et al. 2014). The detection rate result was 
obtained when both the GA and the UAV imagery assessments were carried out by a single indi-
vidual and the bias or offset was intentionally mitigated by a two-week waiting period between 
the two assessments. 

The manual square allocation during SGA1 was done to ensure a sufficient amount of litter 
would be subjected to (possible) detection from UAV imagery should the randomized squares 
during SGA2 fall on spots containing no or only little litter. Consequently, SGA1 yielded higher 
item densities.  

Leaves had a low detection rate compared to litter in Suvilahti. Most leaves present were rela-
tively small birch leaves and similarly colored as the background with brown being the dominant 
color. Brightly colored, distinctively shaped, and larger leaves, such as maple leaves, would 
have most likely had a drastically higher detection rate. 

Plastic, paper, and metal litter proved to be the litter categories most difficult to detect from UAV 
imagery. Reasons for this in case of Suvilahti might be the abundance of paint splashes on the 
foreground of the graffiti fence on both gravel and paved surfaces. It is possible, that some indi-
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vidual pieces of litter were either subconsciously or by mistake dismissed as paint splashes ra-
ther than identified as litter. Unclear, pixelated, and typically white in color smears on the ground 
were challenging to identify correctly. 

Metal litter consisted mainly of screws, nails, and other similarly shaped objects, which are chal-
lenging to spot from a pixelated image. Difficulty to detect and identify small objects from pixe-
lated images is not surprising. Hengtsmann & Fischer (2020) have reported that the detection 
rate of objects 25 cm2 in size fall from 80% to 31% when the altitude doubles from 10 meters to 
20 meters. Similar effect happens when identifying objects while the altitude remains constant: 
the smaller the object, the more pixelated it appears and separating it from the background be-
comes increasingly difficult.  

According to the results, practice and experience with UAV image interpretation has an effect on 
how well different objects can be detected. This would explain, why the control group had lower 
detection rates compared to UAV imagery detection rates, which slightly improved over time, 
and why the item detection results of the control group and the GA differed with statistical signifi-
cance, whilst the results of the UAV imagery detection did not. Then again, the UAV imagery as-
sessment resulted in numerous false positives compared to the control group in multiple catego-
ries possibly due to overconfidence. The combined average litter detection results (excluding 
leaves) per square for the UAV imagery detection and the control group was 3.27 compared to 
the GAs 3.30, which indicates that while neither the UAV imagery detection nor the control group 
was better than the other in litter detection accuracy (4.3 and 2.2, respectively), their average re-
sult seems to give the most accurate results.  

Leaf detection rate of the control group was very low possibly due to lack of practice and fear of 
false positives. The effect of visiting the area and conducting the ground assessment prior to 
UAV imagery screening versus not doing so might also have an impact on the two results. How-
ever, the control group was well aware of the existence of leaves in the AOI, since they were 
provided overall descriptions and photographs of the area, a couple of litter squares containing 
leaves were assessed together for practice, and they were also tasked to count the leaves as 
their own category. Yet, they mostly failed to identify them. If leaves or other objects that are 
challenging to spot from the background are to be identified from UAV imagery, practice seems 
to improve the results.  For instance, Kyläsaari litter detection rate (excluding leaves) is compa-
rable to Suvilahti item detection rate (including leaves). The reason for similar detection rates 
might be due to increased proficiency of the assessment conductor in item detection from UAV 
imagery, since Kyläsaari was the last the AOI to be assessed. 

Litter was abundantly present in Kyläsaari in various sizes and materials. The AOI was not seg-
mented for the GA or the UAV flight, and neither was Toukola AOI. Segmentation of areas of in-
terest prior to assessment conduction could be recommended for future studies since segmenta-
tion makes the assessment conduction easier and enables the use of statistical tools for analyz-
ing the results.  

The reasons for Suvilahti and Kyläsaari having such large variation between detection rates in 
some categories, such as Bottle caps and Cigarette filters/buds, are open for speculation. Most 
obvious explanations could be the different background materials. Another explanation could be 
the differences in litter varieties within a category. Most bottle caps in Suvilahti were spray paint 
cans with a more distinctive shape, whereas Kyläsaari contained mainly caps from drinking bot-
tles. Although larger than spray paint bottle caps, these caps might be mistaken as pebbles, un-
less placed horizontally, revealing the circular shape. Kyläsaari had stones and rocks of varying 
sizes from sand to boulders and heavy vegetation cover on parts of the AOI, which did not only 
directly conceal some of the surface area of pieces of litter but also casted a web of shadows on 
the AOI, making visual litter detection from UAV imagery ever more challenging. The vegetation 
itself might also be misinterpreted as litter in some cases, or vice versa, increasing inaccuracy in 
categories containing smaller litter, such as paper litter, plastic litter, and especially polystyrene 
pieces.   

Low litter amount in Viikki is thought to be partly due to stormy days preceding the ground as-
sessment and the UAV flight. The area was visually confirmed to have an abundance of litter a 
few days earlier, but strong southerly winds of up to 15–18 m/s prevented the utilization of the 
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quadcopter at the time. The larger average size of the pieces of litter in the AOI most likely con-
tributed to the comparably high detection rate of over 91% with only few false positives. This is 
supported by the results of both Martin et al. (2018) and Merlino et al. (2020), who reported litter 
detection reliability to increase significantly for large objects compared to small ones.  

Although flight missions in other AOIs used an overlap of 80%, an increased overlapping of 90% 
was tested for Viikki AOI. However, many of the images taken during the 90% overlap flight 
turned out blurry due to an unknown reason, overall an unprecedented occurrence. The blurry 
images captured during the 90% image overlap flight mission might have been caused by rapidly 
alternating windspeeds and relatively strong winds of ca. 10 m/s with over 16 m/s gusts. The 
conditions were demanding considering the quadcopter’s max wind speed resistance of ca. 8–
10.5 m/s according to the manufacturer. Why these conditions affected this mission so heavily 
while the 80% image overlap flight mission experienced little to no image blurriness, although 
they were conducted back-to-back, is unknown. Weather was also found to be the most common 
reasons for flight mission failures. Whether the restricting weather conditions have been low tem-
perature, high wind speed, rain (all of which may render a UAV useless), or some other factor, is 
unknown on the basis of the questionnaire results. Nonetheless, the required images of Viikki 
AOI were acquired and the flight mission completed safely despite of the wind conditions. Con-
sidering the continuous necessity of environmental monitoring even in suboptimal weather condi-
tions, this observation is encouraging, since it suggests that UAVs are capable of operating out-
side of their comfort zones. Yet, low wind speeds are often required for more accurate assess-
ments and measurements (Von Bueren et al. 2015). 

Toukola AOI was the first AOI to be assessed and was beforehand thought to contain higher 
amounts of litter due to the high number of visitors it receives. Ultimately, the litter density on 
Toukola AOI was the lowest overall. This is partially due to the fact that seawater covered 
roughly half of the ca. 1830 m2 assessed and no litter was detected on the surface. Low litter 
count may also be due to good sanitation services or visitors’ willingness to keep the park clean.  

Various causes for inaccuracies were discovered. The two-week waiting period between the 
ground assessments and the assessment from UAV imagery might not have been sufficiently 
long for all details of the AOIs to fade from the memory of the assessment conductor. This in turn 
might have improved the detection results. Although problematic for the experiment, in municipal 
environmental monitoring the increased accuracy achieved by conducting the two assessments 
back-to-back is most desirable.  

The quadcopter measures the altitude in relation to the takeoff point, which causes spatial reso-
lution variation on flight missions with changing topography. The quadcopter’s altitude accuracy 
is not absolute either and even on flat ground can cause variation of ca. ± 0.2 meters in flight alti-
tude, thereby slightly affecting the GSD. Additionally, all footage was captured with the auto-
mated camera settings. This was hoped to result in best image quality for each individual shot 
while simultaneously mitigating possible errors by the user. However, automated settings 
change depending on the lighting conditions, which in turn might create variation between im-
ages.  

Another problem was discovered while planning the flight missions with Pix4Dcapture. The back-
ground map, despite of having an option of satellite imagery, did not always correspond perfectly 
to the actual surroundings. This was evident especially in Suvilahti, where the temporary graffiti 
fence was not visible on the map and the flight mission had to be planned carefully in order to 
avoid the airspace of the neighboring construction site which had prohibited photography. Align-
ing the flight plan perfectly to the surroundings required a few attempts. The correspondence is-
sue was also noted in Toukola, where larger areas of water than intended were recorded due to 
the shift of the shoreline between the map and reality. 

Carrying out a mission with a continuous velocity is somewhat less time-consuming compared to 
stop and go mode but might increase blurriness of images. However, in bright daylight while fly-
ing on low altitudes the difference could be considered negligible but is certainly something to 
consider while planning a flight mission especially in windy conditions. In hindsight, the flight time 
of the used quadcopter was not a limiting factor in any of the AOIs. Hence, stop and go mode as 
trialed by Merlino et al. (2020) could be recommended for the future experiments. 
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Although Martin et al. (2018) found a UAV to be able to monitor their study site much faster than 
ground assessment could, the assessment of UAV imagery can be time-consuming should the 
smallest details to be detected from a large area, like during the litter monitoring experiment. In 
municipal environmental authority work, however, the absolute number of pieces of litter hardly 
matters but rather the ability to create documentation of an AOI and report on the issue. During 
inspections, some POIs are likely to be predetermined, thus mitigating the need for assessing 
every pixel of the captured images. Therefore, assessing areas with a UAV can be faster than 
with a GA. 

UAVs do also have their restrictions and limitations apart from weather conditions. Their assess-
ment and inspection possibilities are limited by obstacles in the airspace, such as trees and pow-
erlines, which might restrict the utilization of a UAV in an AOI. Obstacle avoidance takes time, 
and they might limit the minimum flight altitude, increasing the GSD and thus decreasing the as-
sessment accuracy. Abundant obstacles also make maintaining VLOS more difficult and may ul-
timately increase the chance of collision. Obstacles may also prohibit nadir-oriented applications, 
since the entire AOI may not be recorded due to required evasive maneuvers. UAV utilization 
might also not be relevant for very large AOIs, as reported by Manfreda et al. (2018) and Matese 
et al. (2015). Privacy issues may also prove problematic as presented in Appendix 1. 

These limitations may be combated with a variety of precautions. As evident from the question-
naire results, insight of the AOI and missions planning are critical for mission success. AOIs with 
obstacles may be assessed with free-flying missions, allowing nimbler obstacle avoidance and 
more effective camera orientation to the POIs. Spotter or a co-pilot may be utilized to maintain 
the VLOS to the UAV and help with obstacle avoidance.  

10.3. Call for new research 

New surveys with larger recipient pools would be beneficial in the EU, as UAVs are likely to grow 
in popularity in municipal environmental monitoring and sharing of applications has become eas-
ier thanks to universal legislation. More detailed questionnaires surveying reasons of both suc-
cessfulness and failures are seen as beneficial. It would be beneficial in subsequent studies that 
use manual detection methods from UAV imagery to have several individuals carrying out both 
ground assessments and UAV imagery detections individually to make conclusive observations 
of the role of practice and differences between individuals. Similarly, the size of the control group 
could be increased. Experiments focusing on the effects of various background surfaces would 
be beneficial. Comparison studies of time-efficiency between UAV and ground assessment in 
various tasks would allow more efficient resource allocation for municipalities and their employ-
ees. Various automated methods could be implemented and tested for different backgrounds 
and their time-efficiency and item detection accuracy from UAV images compared to manually 
conducted visual observations. UAVs should be tested for a range of varying applications that 
may be beneficial for municipal environmental monitoring. Additionally, practicality of BVLOS 
flight missions, their effectiveness for different applications, and their time-efficiency compared to 
VLOS flights should be investigated. 

 

11. Conclusions 

The objective of this study was to assess the applicability of UAVs as monitoring tools for munici-
pal environmental monitoring. A simple answer to the research question considering the ques-
tionnaire is that the utilization of UAVs has been very successful, and the application pool of 
UAVs is extensive. According to the questionnaire results, UAVs have been used for a variety of 
applications for environmental monitoring purposes, both for conventional and more creative 
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ones, of which the latter are more numerous. Reasons for failures have been due to unfavorable 
weather conditions and lack of UAS knowhow. Importance of up-to-date information and careful 
mission planning should not be overlooked. UAV users seem to be very pleased with their tool, 
and ever more municipalities are looking into acquiring one in the future. In the light of the ques-
tionnaire results and the response rate, most Finnish, Swedish, and other European municipali-
ties have not yet utilized UAVs for environmental monitoring. 

The assessment accuracy of UAVs is concluded to be comparable to that of ground assess-
ments in both spatial and temporal resolutions. The spatial resolution of UAVs is sufficient for 
spotting and assessing even relatively small details in AOIs with varying background materials 
and vegetation cover. Manual post-processing of UAV imagery offers a viable alternative for au-
tomated methods and practice improves the detection results. The greatest challenges in UAV 
utilization are weather conditions and limitations set by the AOI. 

According to the results, UAVs provide a versatile selection of environmental monitoring applica-
tions for the municipal authorities to choose from to help them in their assignments. Learning the 
necessary skills in order to utilize the quadcopter used in this study takes little time especially 
when manual screening of images is chosen as the post-processing method. Therefore, UAVs 
seem easy enough adopt as a part of any municipal environmental official’s toolkit. Additionally, 
the quadcopter utilized in this study showed noteworthy resilience in challenging weather condi-
tions.  

Together these results and observations demonstrate that UAVs are sufficiently accurate and 
their application pool versatile enough for them to be considered as applicable tools for munici-
pal environmental monitoring. Continued application development and more detailed research 
on municipal UAV utilization in environmental monitoring is encouraged.   

 

12. Pro gradu -tutkielman johto-
päätökset ja yhteenveto  
suomeksi 

Pro gradu -tutkielman tarkoitus on tarkastella droonien soveltuvuutta kunnallisen ympäristöval-
vonnan työkaluksi. Kyselytulosten valossa droonien käyttö kunnissa on ollut erittäin onnistunutta 
ja käyttösovellusten kirjo on laaja. Tavallisimpia syitä lentotyön epäonnistumiseen ovat olleet 
sääolot ja tietotaidon puute. Kyselyyn vastaajista suurin osa tulee käyttämään droonia ympäris-
tövalvontaan tulevaisuudessa, mutta olettavasti suurin osa Suomen, Ruotsin ja muista Euroopan 
kunnista ei vielä käytä droonia tähän tarkoitukseen.  

Droonin todettiin olevan tarkkuudeltaan ja havainnonitivälin pituudeltaan verrattavissa maastotut-
kimukseen. Havainnointitarkkuus oli riittävä havaitsemaan myös pienimmätkin roskat taustama-
teriaalista tai kasvillisuudesta riippumatta. Materiaalin manuaalinen analysointi tarjoaa toimivan 
ratkaisun automatisoidulle analysoinnille. Suurimmat haasteet droonin käytössä ovat sääolosuh-
teet ja havainnointialueen asettamat rajoitukset.  

Tulosten perusteella droonit tarjoavat laajan valikoiman ympäristön monitoroinnin sovelluksia 
kunnallisten viranomaisten työtehtävien tueksi. Droonin hyödyntämiseen tarvittavien taitojen 
opettelu vie vain vähän aikaa, etenkin manuaalista kuva-aineistoanalyysiä hyödynnettäessä. 
Näistä syistä droonin käyttöönotto osana kunnan ympäristöviranomaisen työkaluarsenaalia on 
varsin jouhevaa. Tässä tutkimuksessa käytetty drooni osoitti lisäksi huomattavaa kestävyyttä 
haastavissa sääolosuhteissa. 
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Yhdessä nämä tulokset ja havainnot osoittavat, että miehittämättömät ilma-alukset ovat havain-
nointitarkkuudeltaan kelpoisia ja käyttösovelluksiltaan riittävän monipuolisia soveltuakseen kun-
nallisen ympäristövalvontaan.  Sovellusten jatkokehitystä ja tarkempia tutkimuksia droonien käy-
töstä ympäristönvalvonnassa suositellaan tehtäviksi.  
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15. Liitteet 

APPENDIX 1 

Legislative framework in Finland for UAV utilization in environmental monitoring   

 

Utilization of UAVs is regulated by law in Finland. The government organization Trafi gave a 

commandment OPS M1-32 in 2018, outlining the rules of UAV utilization (Trafi 2018). The regu-

lation 2019/947 of the European Commission was designed to unify legislation considering UAV 

utilization in EU member states and came into effect from 2021 onwards (EUC 2019; EUC 

2020). While utilizing a UAV for what is considered work, the Finnish Aviation Act also applies 

unless stated otherwise in the regulation 2019/947 (Aviation Act 2014/864).  

 Legislation or regulations that guide municipal environmental authorities in their 

assignment apply regardless of the monitoring method. According to a lawyer of the Association 

of Finnish Municipalities, M. Nurmikolu (personal communication 16.11.2020), for instance the 

difference between an observational visit at the site versus a formal inspection remains the same 

whether they are carried out by traditional methods or not. Therefore, the same legal obligations, 

guidelines, restrictions, and practices that apply for ground assessment conduction also apply for 

UAV utilization. For instance, the litigants have a right to be present during a formal inspection, 

unless this jeopardizes the aim of the inspection (Administrative Procedure Act 2003/434 § 39). 

Domestic privacy, as defined in HE 2013/214 § 172, is to be preserved while utilizing a UAV the 

same way as during ground assessments. However, it is possible to commit invasion of domes-

tic privacy, a criminal act, unintentionally while utilizing a UAV. Mere observation of spaces be-

longing to domestic privacy with a technological device is forbidden, even if no pictures were to 

be taken (Traficom 2019a; Criminal Code of Finland 2000/531). Theoretically, a formal inspec-

tion could be carried out remotely as a BVLOS (beyond visual line-of-sight) flight utilizing a UAV 

but only if the legal protection of the litigants is considered alongside with the special prepara-

tions, permits, and fees of an BVLOS flight, including e.g., airspace reservations (Traficom 

2019b). 

 Some flight parameters are also regulated. With the new regulation, the maximum 

flight altitude for a UAV without a special permit is 120 meters above sea or ground level and 

their takeoff weights are limited (EUC 2019). Airports, airspace over some governmental build-

ings, and areas reserved for the Finnish Defense Forces are restricted flight zones and the maxi-

mum flight altitude may be reduced in their proximity (Government degree 2014/930). Addition-

ally, UAV flights over crowds are forbidden and UAVs are to yield all other aviation traffic (Trafi-

com 2020b). 
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APPENDIX 2 
 
The questionnaire form on municipal UAV utilization sent on October 5th, 2020 to environmental 

authorities of 149 Finnish municipalities, all 290 Swedish municipalities, and Eurocities WG 

Waste group with 82 member municipalities (n = 512). The questionnaire was constructed using 

the E-form platform (E-lomake in Finnish) of the University of Helsinki provided by Eduix Oy.  
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APPENDIX 3  

Weather characteristics during the UAV flights in 10-minute intervals. Data is provided by the 

Finnish Meteorological Institute and obtained through their Download observations service (FMI 

2021). Several flight mission alignment attempts with the Pix4Dcapture flight planning tool were 

required on some AOIs (Suvilahti 2, Kyläsaari, Viikki) and on Viikki AOI more than one flight mis-

sion was conducted. All UAV flights were conducted within the reported time frames. 
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Kuvailulehti 
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Kieli, koko teos Suomi ja englanti 

Kieli, yhteenveto Suomi 

Tiivistelmä:  

Julkaisussa esitellään miehittämättömien lennokkien (drone, drooni) mahdollisuuksia soveltua kunnallisen 
ympäristövalvonnan työkaluksi. Julkaisun ensimmäisessä osassa paneudutaan kunnallisen ympäristöviran-
omaisen kannalta kaikista olennaisimpiin seikkoihin droonin käytössä työtehtäviin. Tässä osiossa esitellään 
muun muassa vallitsevaa lainsäädäntöä, ympäristöviranomaisen työnkuvaan soveltuvia droonin käyttöso-
velluksia, sekä lentotyötä helpottavia neuvoja. Esiteltävänä on myös lentotyön valmisteluun käytettäviä so-
velluksia ja verkkosivuja. 

Julkaisun toinen osio käsittää aiheesta kirjoitetun pro gradu -tutkielman. Tutkielmassa tarkastellaan droo-
nien havainnointitarkkuutta roskien havainnointitutkimuksen avulla sekä droonien käyttökokemuksia ja -so-
velluksia Suomen, Ruotsin ja EU:n kunnissa. Tulosten avulla arvioidaan droonien soveltuvuutta kunnallisen 
ympäristöviranomaisen työhön. Droonien havainnointitarkkuuden ja niiden käyttösovellusten monipuolisuu-
den todetaan riittäviksi soveltumaan kunnallisen ympäristöviranomaisen työhön.  

Avainsanat: miehittämätön ilma-alus, lennokki, drone, drooni, ympäristövalvonta, roskaantuminen, pro 
gradu, tutkimus
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