
NDVI IMAGERY IN POLLINATION AREAS DETECTING
FOR MIGRATORY APIARY SCHEDULE

KRZYSZTOF SMYKAŁA
QZ SOLUTIONS,

FACULTY OF ELECTRICAL ENGINEERING, 
AUTOMATIC CONTROL AND INFORMATICS, 
OPOLE UNIVERSITY OF TECHNOLOGY, 
POLAND

email: k.smykala@gmail.c o m

ABSTRACT
Th e decli ne i n t he hon ey be e po pul atio n i s a wo rldwi de

pro ble m c onc er nin g far m ers an d scie ntist s as a si gnifi ca nt th re a t
to t he a gric ultu re . Th ese flyi ng ins ects a re th e best -k now n
pollin at ors a ro un d t he wo rld a nd th e w or k d on e by th em is a
critic al ste p in th e life -cycl e of t he plan ts. To us e tha t sm a ll
work fo rce as most e ffec tive as p ossi ble, t he be ek ee pe rs hav e
cre ate d mi gr ato ry a pia ries a nd t ra vel wit h th em t ho usa nds o f
kilom et ers to th e a re as rich i n t he ne cta r- sec reti ng flow er s .
Howe ver , hig h-d eci ble tr affic s ou nds and vi br atio ns d uri ng th e
tra nsp ort ati on a re not nat ur al fo r be es a nd hav e u nfav or abl e
imp act o n th eir he alth. W he n fa cin g th e risk of a c olla pse of th e
colo ny, it is es pe cially c ruci al to avoi d a ny n eg ative i nflu en ce o n
the b ees. I n t he cas e of tr avelli ng , t his mig ht be a chi eve d by
opti mizi ng t he mi gra to ry a pia ry ro ute an d sc he dul e to de cr eas e
the time the bees spend on the way.

In o ur w or k, w e ex ploi t r em ote se nsin g t ech niq ues to
acq uir e m or e inf or mati on to i mp rov e th e sc hed ulin g of mig ra to ry
apia rie s. In p artic ula r, we co mp ut e no rm alize d diff er enc e
veg eta tion i nde x (NDVI ), well e sta blish ed in t he a gric ult ur e t o
det er min e pla nts co ndi tio n. The initi al re sult s of ou r wo rk ar e
bas ed o n Se ntiN el Appli cati on Pl atfo r m (SNAP ) an d Se ntin e l
NDVI i ma ge ry t o det ect th e ar eas of int er est, w her e mig ra to ry
apia rie s co uld be s en t. Th e g oal is to det ect t he op tim al a pia ry
transfer time, based on plants vegetation state.

Fo r th e f utu re wo rk, i t is pl an ne d t o us e t he op timiz ati on
algo rit hms , suc h as Dij kst ra’s al go rit hm, t o co nn ect t he id en tifie d
areas of interest and schedule the best migration.

INTRODUCTION
Th e Eur op ea n Foo d Saf ety A uth orit y r epo rts tha t ov er t he

past 1 0 t o 1 5 y ea rs, b eek ee pe rs hav e be en re po rtin g un usu a l
weak eni ng of be e n um be rs a nd c olo ny loss es, pa rticul arl y in
West ern Eu ro pe an co unt ries incl udi ng Bel giu m, Fr an ce, G er ma ny ,
Italy, t he Ne th erl an ds, Switz erl an d, Sp ain a nd t he UK. Th e Foo d
and A gric ult ur e Or ga niza tio n of t he U nit ed N atio ns ( FAO )
esti mat es tha t out of t he 1 00 crop s pe cie s (t ha t provi de 90% o f
food worl dw ide) 7 1 are pol li na te d by be es. O nly in Eu ro pe th e
gro wth o f o ve r 40 00 ve get abl es de pe nd s on th e ess enti al w or k o f
pollin at ors, as G re enp ea ce re po rts. Bey on d t he v alu e o f
pollin ati on fo r m aint aini ng bi odi ver sity, th e Eur op ea n an nu al cas h
valu e o f p ollin ati on has b ee n e sti mat ed at ov er 22 billi ons of e ur os
(in global it is hundreds of euros).

OBJECTIVE
Th e m ain o bje ctive i s to h elp bee ke ep ers t o m an ag e th e ir

apia rie s an d f ur th er mo re h elp th e m t o i nc re ase th e api cult ur e
industry in Poland and Europe.

We w an t t o ac hiev e th at by c rea tin g a re mo te se nsi ng
syste m f or sc he duli ng t he ro utes for mi gra to ry a pia ries t o d ete c t
the o pti mal api ar y t ra nsf er tim e, b ase d on pl ant s v eg eta tio n st at e .
Our n ea res t milest on e is to fi nish firs t p ar t o f t he syst e m wit h
ma nu al sel ectin g cr op s peci es ( e. g. col za) an d de tec t the re ady -
for-pollinating vegetation state based on satellite imagery.

METHODS
Firs t of all an alysis o f av aila ble s atellit e im ag er y has be en

ma de (Tabl e 1) . S enti nel d at a hav e be en c hos en f or th e
res ea rch es, bec aus e o f te mp or al, s pati al a nd s pec tr al re sol utio n
com pa re d t o p ric e. R esol uti ons of S en tinel -2 MS I mi ssio n s ens or s ,
esp eciall y sp ati al r esol utio n, ar e e no ug h to pr ovi de v alu abl e
research results for big areas of one crop species.

As a se co nd s te p d ata was dow nlo ad ed an d lo cati ons o f
signifi ca nt c olza fiel ds was de te rmi ne d. Th re e v eg eta tio n st ag es o f
colza w as d efin ed - p re -flo we rs / gr owt h, flow eri ng a nd p ost -
pollin ati on. Se ntiN el A pplic ati on Plat for m (SNAP ) was u se d t o
pro ces s im ag es an d No r maliz ed Diff ere nc e Veg et atio n I nd ex
(NDVI) was calculated.

RESULTS
Altho ug h res ea rch es a re in t he ve ry fi rst st age , cur re n t

res ults a re p ro misi ng. C olza w as sel ecte d as a b as e exa m ple fo r
res ea rch es, b ec aus e i t is on e of th e ea sies t s pe cies t o l oc ate o n
the m ap. Hist og ra m of c olza NDVI sh ows th at v alu es of veg et atio n
inde x ar e div er sifie d d uri ng g ro wth s tag e - f ro m 0 ,20 to 0 ,7 5. A t
the en d o f p re -flow eri ng sta te N DVI c ha ract eri stic c ha ng ed an d
histo gr am p ea k w as b etwe en 0 ,7 5 and 0 ,8 5. Du rin g fl owe rin g
stag e NDVI val ue s w as b etw ee n 0,5 5 an d 0, 65 a nd in p ost -
pollution state it came back to 0,75-0,85.

Th at be ha vio r of NDVI c har act eri stic co nfi rms it is p ossi ble
to det ect fl owe rin g s ta ge an d th e plac es wh er e mig ra tor y api ari es
sho uld b e se nd by b ee ke ep ers, w hat is t he main obj ectiv e of th e
project.
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CONCLUSIONS
Cons ult atio ns an d wo rks ho ps w er e hel d wit h b ee kee pe rs

and f ar me rs fo r de ep un de rst an din g of fiel d of i nte re st i n
agri cult ur e a nd a pic ultu re i nd ust ry a nd t hat ap pr oac h will b e
continued.

Fo r th e fut ur e wo rk AI is pl an ne d to b e us ed f or det ecti ng
are as o f int ere st a nd o pti miza tio n alg orit h m to sc he dul e be s t
migration path.

DISCUSSION
No d ou bts the re a re c ou ple of risk poi nts i n t he

proj ect . R esol uti ons of Se ntin el- 2 MSI mis sio n s ens or s, esp eci ally
spati al res oluti on , a re en ou gh to pr ovi de v alu abl e r es ea rch re sult s,
but may be in suffi cie nt fo r sm alle r ar ea s of in te rest , wh at is
esse nti al i n busi ne ss cas e. Ir re gul ar te m por al re sol utio n do es n o t
guarantee correct detection of flowering stage.
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According to 
Polish Ministry of 
Agriculture and Rural 
Development expertise, 
pollinators, like 
honeybee (Apis
mellifera), have positive 
influence even on self-
pollinating plans. They 
can increase harvested 
crops by 30% in the 
case of sunflower and 
even 80% for  red 
clover , as reported.


