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Abstrakt

Bakalafska prace dokumentuje, shrnuje a analyzuje dlouholety vyzkum
zabyvajici se monitoringem hnizdéni dutinovych ptakd pomoci tzv. chytrych ptacich
budek, ktery byl realizovan na FZP od roku 2015 v rdmci projektu Ptaci Online (Birds
Online). Zakladnim kamenem celého projektu je ptaéi budka vybavena
sofistikovanym kamerovym systémem, ktery byl navrhnut a vyvinut specialné pro tyto
ucely. Soucasti kamerového systému je fidici (po€itacova) jednotka, integrovana
fotopast (IR brana) a fada environmentalnich senzord. Kamerovy systém automaticky
zaznamenava kazdou aktivitu uvniti pta€i budky, ktera je zachycena prostfednictvim
fotopasti umisténé ve vletovém otvoru budky. Videozaznamy jsou nasledné ukladany
na pamétovou kartu a pfenaseny prostfednictvim internetové sit& na server CZU
v Praze, kde jsou zalohovany a sdileny na webovych strankach projektu -

www.ptacionline.cz.

V prubéhu let 2015-2022 probéhla instalace a zprovoznéni 66 chytrych
ptacich budek v arealu matefskych, zakladnich a stfednich Skol, nemocnic a dal3ich
spolupracujicich vefejnych a soukromych subjektll. Kamerovy systém byl adaptovan
i pro dalsi typy hnizdnich budek tak, aby umoznil monitorovani dalSich ptacich druhd,
napf. syCka obecného (Athene noctua), sovy palené (Tyto alba), kavky obecné
(Corvus monedula), roryse obecného (Apus apus) a postolky obecné (Falco
tinnunculus). Na plynuly provoz v3ech chytrych ptacich budek je centralné dohlizeno
prostfednictvim aplikace Zabbix, ktera umoznuje sledovat pfipojeni a spravnou funkci

kazdé budky a okamzité zahlasit jeji vypadek.

Spole€né se spolupracujicimi subjekty bylo zaznamenano tisice zajimavych
pozorovani 15 druhl ptakud a savcl a byly vytvofeny didaktické a metodologické
postupy pro zpracovani a interpretaci pofizenych dat. Pfedlozena prace zaroven
slouzi jako prakticky manual pro sestaveni chytré ptaci budky a jeji zprovoznéni.
Autofi projektu by timto zaroven chtéli podékovat vSem grantovym prostifedkim,
kterymi byl projekt dlouhodobé& podporovan, predevsim pak FZP CZU, CZU (CIGA),

ELNICO s.r.0. a Magistratu hlavniho mésta Praha.

Klicova slova: Ptaci Online, kamera, chytra budka, ptaci, hnizdéni, monitoring,

internet, Skoly


http://www.ptacionline.cz/

Abstract

This thesis summarizes, documents and analyses long-term research dealing
with the monitoring of cavity nesting birds using so-called Smart Nest Boxes (SNB),
which has been implemented at Faculty of Environmental Sciences since 2015 as
part of the Birds Online project. The cornerstone is a camera system integrated into
a wooden birdhouse, which was designed and developed specifically for these
purposes at Faculty of Environmental Sciences (FES). The camera system includes
a control (computer) unit, an integrated camera trigger (IR gate) and a set of
environmental sensors. The camera system automatically records every activity
inside the birdhouse, which is captured by a camera trigger located in the birdhouse's
inlet opening. The video recordings are subsequently saved on a memory card and
transferred via the Internet to the server of Czech University of Life Sciences Prague
(CULS), where they are backed up and shared on the project's website -

www.ptacionline.cz.

During the years 2015-2022, number of 66 SNBs were installed and put into
operation on the premises of kindergartens, primary and secondary schools, hospitals
and other cooperating public and private entities. The camera system was also
adapted for other types of nesting boxes allowing to monitor other bird species, e.g.
the little owl (Athene noctua), the barn owl (Tyto alba), the western jackdaw (Corvus
monedula), the common swift (Apus apus) and the common kestrel (Falco
tinnunculus). The smooth operation of all SNBs is monitored centrally through the
Zabbix application, which allows us to monitor the connection and proper function of

each birdhouse and report its outage immediately.

Together with cooperating subjects, thousands of interesting observations of
15 species of birds and mammals were recorded, and didactic and methodological
outputs were created for the processing and interpretation of the collected data. The
presented thesis also serves as a practical manual for assembling a Smart Nest Box
and putting it into operation. The authors of the project would also like to thank all the
grant funds that have supported the project for a long time, especially FES CULS
Prague, CULS (CIGA), ELNICO s.r.0. and the City Hall of Prague.

Key words: Birds Online, camera, Smart Nest Box, birds, nesting, monitoring,

internet, schools


http://www.ptacionline.cz/

g U1 e OO 9
D O 1 = o] - Lo = SRR 9
3. LI EIAMNI FESEISE ... 9
3.1 Porovnani monitorovacich systému............ccccuiiiiiiiiiiiiiii 9
3.2 Kamerové systémy pro studium obratlovcl ............ccoevvvvvviiiiiiiiiiiiiiiiinen, 12
4. Materidl @ metodiKa...........ooooiiiiiiiiii 17
4.1  Vyvoj chytrych ptadich budek ...........ccooooiiii e, 17
4.2 Prvni zprovoznéni ,online“ modelu chytrych ptacich budek ...................... 22

4.3  Struktura technickych zafizeni ,online“ modeld chytrych ptacich budek ...22

4.4  Dokumentace pro implementaci chytré ptaci budky............cccoeeiiviiins 24
441 Hardware chytrych ptacich budek............ccoooiiiiiiii e, 24
4472 Software chytrych ptacich budek ..., 27
4.43  \Vyroba a instalace budky, vykresova dokumentace.......................... 34
4.4.4  Technicka podpora a udrzba chytrych ptaich budek ........................ 35

D VYSIEAKY . 37

5.1  Vyhodnoceni instalace a provozu chytrych pta€ich budek ........................ 37

5.2 Vyhodnoceni hnizdni aktivity ptakd v chytrych ptacich budkach............... 39

5.3 Vyhodnoceni vzdélavaciho pfinosu a popularizace védy.......................... 41

5.4  DalSi aplikace chytrych pta€ich budek ... 44

B, DISKUSE ..o 45
6.1  Ugelnost a vyuZiti chytrych ptagich budek ............ccccceeveeveeeeeceeeceeene 45
6.2  Uskali pouzitého hardwaru a SOftWaru .............c..ccceeeeveeveeseeeeeeeen e, 46

4 - |V R TRTR 48

8. Citovana literatura.........cooeeeeeee e 50

9. PHIONY. ottt e e e e e e et e et 53



1. Uvod

Projekt Ptaci Online je realizovan na Fakulté Zivotniho prostfedi CZU v Praze
od roku 2015 a navazuje na zkuSenosti z monitorovani hnizdéni syce rousného
(Aegolius funereus), ktery probiha v Krusnych horach od roku 1999 (Zarybnicka, et
al. 2009, 2012, 2015). PredloZzena bakalaiska prace vyhodnocuje a analyzuje
efektivnost kamerového systému, ktery byl navrzen a vyvinut v ramci projektu Ptaci
Online za ucelem monitorovani hnizdéni béznych dutinovych ptakul, zejména sykory
kofiadry (Parus major), sykory modfinky (Cyanistes caeruleus) a Spacka obecného
(Sturnus vulgaris), ale i méné Castych druhu jako je rorys obecny (Apus apus) Ci

kriticky ohroZzeného sytka obecného (Athene noctua).

2. Cile prace

Cilem prfedlozené bakalarské prace je:

- popsat technologicka zafizeni a analyzovat technicky vyvoj monitorovaciho
systému chytrych ptacich budek, ktery byl pouZity v ramci projektu Ptaci
Online (Birds Online), v€etné vyhod a slabosti jednotlivych vyvojovych sérii
s ohledem na cilové druhy ptaku

- vytvorit dokumentaci pro instalaci, zprovoznéni, udrzbu a technickou podporu
chytrych ptacich budek

- vyhodnotit pocty aplikovanych chytrych ptacich budek a hnizdni aktivitu ptaka
zaznamenanych v chytrych ptacich budkach v monitorovacim obdobi 2015-
2022.

3. Literarni reSerse
3.1 Porovnani monitorovacich systému

Snaha ziskavat ucelené soubory dat poskytujicich etologické, fyziologické a
ekologické informace konkrétnich ZivociSnych druhu vedla amatérské i profesionaini
pfirodovédce k navrhu a vyvoji vice ¢i méné profesionalnich monitorovacich zafizeni.
Dle konkrétniho zadani zkonstruovali rizna funkéni feseni, které ve vétsiné pripadu

nebylo replikovatelné pro jiné vyzkumy (Cooper, et al.,, 1981). V pfipadé studia

9



hnizdni biologie ptaku se dana technicka fe$eni vzdy odvijela od specifik konkrétnich
druht i predmétu studia. V kazdé dobé byly moznosti vyzkumnikd limitovany
aktualnim vyvojem, urovni technického pokroku a dostupnosti vhodnych komponent.
Navzdory riznym technickym limitacim zejména v pocatcich technologického vyvoje,
dokazali védecti pracovnici ziskavat na svoji dobu ojedinéla data a informace (Skutch,
1962). Prvni metody ziskavani biologickych informaci zahrnovaly pozorovani objektu
z krytu nebo instalaci jednoduchého mechanického spinaCe pfipojeného ke

grafickému zaznamu (Obr. 1) (Baldwin, et al., 1927).

ol
1) «slisrrimg Arvicmd iy »':f‘“‘

el | | 1]
— SMp on rem of meal, Chen

downw or eygr Again

: ~reliony Co‘oa-o./-l'y
~—1=L=?"ﬁ“' Eox—off duty

Obrazek 1 Teplotni zaznamové zafizeni, které bylo souéasti hnizdni budky v roce 1926 (Baldwin, et al.,

1927).

V roce 1927 britsky lesnik F. W. Champion navrhnul a vytvofil technické feSeni
pro automatické pofizovani fotografii v indické dzungli, které umoznilo ziskani prvnich
fotografii bengalského tygra, indického leoparda a jinych divokych zvifat v jejich
pfirozeném prostiedi (Champion, 1927). Jedna se o prvni pfipady alternativniho lovu
divoké zvéfe ,beze zbrani“. Zafizeni fungovalo na principu automatického sepnuti
spoustéciho mechanismu fotoaparatu pomoci navnady pfipevnéné na dratu. Tento
systétm byl az v 90. letech 20. stoleti nahrazen pohybovym Ccidlem nebo
infratervenym paprskem implementovanym do miniaturniho zafizeni oznacovaného

jako fotograficka past. (Fleming, et al., 2014).
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Vyvoj elektronickych a fotografickych soucastek zapficinil rozvoj dimysinych
zafizeni schopnych detekovat pfitomnost jedincd na hnizdé nebo v jeho okoli
(Obr. 2). Termistory a termoclanky byly umistovany na vejcich nebo jejich nahrazkach
(Norton, 1972). Pfimo na hnizdé nebo pobliz hnizda byla umistovana fotoelektricka
Cidla (Kessler, 1962) detekujici pfitomnost inkubujicich jedinci nebo byl obraz

zaznamenavan riznymi ¢asosbérnymi kamerovymi aparaturami.

1 T
1 1
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| ¢ i i VEICE ?!EiIM
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! 1.5VDC 1 TERMISTORJ] = e e e e
! ) 1 1
! ! 1 1
1 1 KAMERA | ‘
| : : SV | HNizDO
]
| i IR OSVETLENI : :
I TEPLOTA | RELE HNizDO ' Vodotésné |
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I UDALOSTI faU boswoseeseas
1 1
i i o
i J """""" 1 PODMINENY
! i REZIM
1
i | | E INTERFACE I
! BATERIE : R T .
1 12 VvDC | : :
! SPST : i | KAMERA 1 HNiZDO
L RELE T 2 3VDC !
1 1 1 1
1 1 ! i !
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b e e e e ——————— — — ——— 1 '___Eo_u_zqrg_.___'

Obrazek 2 Schéma zapojeni multisenzorického systému — prelozeno z originalu (Norton, 1972).

Napfiklad v letech 1969-70 byly pouzivany Spickové kamery némecké vyroby
Nizo S-80 a Nikkorex Zoom 8 pro pofizovani €asosbérnych zaznamu v kolonii
tuéhakua krouzkovych (Pygoscelis adeliae) na antarktické stanici Hallett (720 19" S,
1700 13' E). Filmova kazeta Super 8 mm obsahovala pfiblizné 1500 zaznamovych
poli, coz vyzadovalo pfi nastaveni 1 zaznam/min. vyménu kazdych 60 hodin. Kamera
byla zapouzdiena v izolovaném boxu, jehoZ interiér byl navic ohfivan odporovym
termostatickym vodi€em (Obr. 3). Napajeni bylo vedeno z nedalekych ubikaci polarni
z4akladny (Weller, et al., 1972).
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Obrazek 3 Kamera 8 mm (Braun-Nizo S 80) ulozena v izolovaném pouzdfe vyhfivaném odporovym

termostatickym paskem.

3.2 Kamerové systémy pro studium obratlovct

Soucasna uroven a dostupnost kamerové techniky na svétovém a tuzemském
trhu umoznuje vyuziti pestré Skaly kamerovych systému pro komeréni i akademické
ucely. Kromé dostupnosti se zvysila kompaktnost a rozmérové parametry, které spolu
s vykonem poskytuji nesrovnatelné vy3si objemy dat. Rovnéz digitalizace, na rozdil
od analogovych vystupll, umozriuje jejich ukladani, zalohovani a zpracovani nejen
manualné, ale také pomoci umélé inteligence. Pouziti a zplsoby feSeni jsou vSak i
nadale vysoce zavislé na biologii jednotlivych druh(l a typu sbiranych dat a informaci.
Ve druhé poloviné 20. stoleti byl zaznamenan neobycejny rozvoj ve vyuZiti
kamerovych systému pro studium obratlovcl, obzvlasté ptaka. V letech 1956 az 2007
bylo identifikovano 327 praci vyuzivajicich kamerové systémy ke studiu 255 druht
ptakd 19 rdznych fadu (Cox, et al., 2012). Studie popisuji predaci studovanych druh
(n = 114), potravni ekologii (n = 103) a chovani dospélych jedinct na hnizdé (n = 81).
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VétSina uvadénych kamerovych systém( byla ¢aste¢né nebo UpIné vyrobena
uzivateli (69 %). Pouzité kamery byly obvykle vyuzity pro Casosbérné snimkovani (tj.
méneé nez 25 snimku za sekundu) a vzacné za ucelem videonahravek v realném case
(tj. vice nez 25 snimku za sekundu) (Cox, et al., 2012). Za nizkorozpoctové sestavy
autofi povazuiji komplety v cenové relaci v piepoctu od 8000,- K& do 16 500,-K¢&, které
se vesmeés ukazaly jako velmi spolehlivé. Mira ztraty dat vlivem poruchy zafizeni byla
zpravidla nizka a zavisla na povaze konkrétniho zadani. Pfevazovaly vypadky
elektrického proudu, technicka selhani kamery a poskozeni kabell hlodavci. Ve
v8ech pfipadech byla rizika peélivé zvaZzovana a velky zfetel byl bran na prevenci a
snizeni negativnich faktord zpusobujici selhani celého systému. Podobné jako
kamery na antarktické stanici Hallett (Weller, et al., 1972), byly ve venkovnim
prostfedi pouzity i fotoaparaty Brownie Hawkey vybavené bleskem a specialnim
spoustécim mechanismem (Gysel, et al.,, 1956). Ukazalo se, Zze pfi nejméné
pFiznivych klimatickych podminkach zlstaval systém plné funkéni, pokud byl
v pfipadé vyskytu snéhu nebo desté vioZzen do zaskleného pouzdra. Pouze v pfipadé
nadilky vysoké vrstvy snéhu bylo nutné udrzovat zafizeni funkéni a odstranit snih
Z objektivu a navnady. Tento systém byl ve vétSiné pfipadl vyuzivan s ohledem na
ohniskovou vzdalenost objektivu a ruc¢nim nastaveni vzdalenosti spoustéciho

mechanismu s navnadou byl optimalni pro zaznam zivoc¢ichl do velikosti lisky.

V souCasné dobé byly vSechny podobné mechanismy nahrazeny
kompaktnimi automatickymi, zpravidla digitalnimi fotoaparaty schopnymi zaznamenat
staticky snimek nebo kratsi videozaznam v kteroukoli denni i no¢ni dobu. Na trhu jsou
dnes desitky rdznych typu fotopasti, které jsou hojné vyuzivany amatérskymi zajemci,
prirodovédci, myslivci ale i policii pro objasfiovani trestné €innosti. Mnohé typy jsou
v nadstandardnim provedeni a jsou vybaveny pfenosem pofizenych zaznam(
prostfednictvim WIFI nebo GSM pfipojeni. Lze tak okamzZité vyhodnocovat informace,
které zaslana fotografie poskytuje. VySe uvedené monitorovaci systémy se zpravidla
zabyvaji detekci a sbérem fotografii v konkrétnich biotopech, tj. povétdinou
v otevieném terénu, kde se zvéf volné pohybuje a zabér je pofizen pouze v pfipadé
vstoupeni zivo€icha do kamerovym zafizenim detekovaného prostoru. Maze tak byt
zkouman samotny vyskyt, migrace nebo abundance konkrétniho druhu a nezfidka
fotopast prispéje k objevu novych nebo dalSich zivociSnych druhli povazovanych za
vyhynulé, jako napf. malého sudokopytnika kancila stfibrohfbetého (Tragulus

versicolor) (Nguyen A, et al., 2019).
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Navzdory vyuzivani velkého mnozstvi uspésSnych kamerovych zafizeni, nékteré
faze zivotnich cykla zivocichl zlstavaji nadale skryty. Patfi k nim napf. druhy s noéni
aktivitou nebo druhy zijici v podzemi &i dutinach. Ackoliv mnozstvi informaci o
dutinovych druzich jsme schopni ziskat pfimym pozorovanim (napf. ¢etnost krmeni
nebo stfidani partnerl béhem péce o mladata), tento zplisob ndam neumozni ziskat
informace o krmeni mladat ¢i komunikace mezi rodi¢i a mladaty, ktera probiha uvnitf

hnizdnich dutiny. K tomuto ucelu je nutné pouziti kamerovych systému.

{11+

Batteries
{12V D.C)

Obrazek 4 Schéma zapojeni monitorovaci ptaci budky dle Royama 1956.

Legenda: E1 — elektromagnet 100 V AC, E2 a E3 — elektromagnety 12 V DC, A — kovové rameno se
stfibrnym kontaktem, Sp — stfibrna podlozka, St — spoust civky, C1 a C2 — sada stfibrnych kontaktd, F
— paprsek svétla, S — spoust’ uzavérky, C — kamera, | -— ocelova hfidel, G1 a G2 — sklenéné desky, G3

— mlééna sklenéna deska, W — naramkové hodinky.

V samotnych zac&atcich vyvoje ptacich budek s kamerovym vybavenim se
nejednalo o kontinualni pfenos z hnizdni dutiny; pfesto vSak bylo mozné ziskat
rozsahly obrazovy material, ktery nasledné slouzil jako rozsahly zdrojovy soubor
biologickych dat. Prvni velice sofistikované feSeni ptac¢i budky vybavené kamerovou
technologii monitorovalo par sykory konadry v pribéhu jeho hnizdéni (Royama, 1959)
(Obr. 4). Zafizeni pofizovalo snimky jednotlivych vletd obou jedinci spolecné

s ulovenou kofisti, kterou rodiCe pfinaSeli jako potravu mladatim. Dlouhodoba
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pozornost byla vénovana optimalizaci funk&nosti spinaciho mechanismu u vlietového
otvoru (Obr. 5), ktery v mnoha pfipadech vypovédél sluzbu a neuvedl celou aparaturu
v ¢innost. | pfes znacna uskali a vypadky systému se jednalo o vyhodny zpUsob

ziskani velkého mnozstvi dat s minimalnim usilim v terénu.

Cely kamerovy systém byl odnimatelny od hnizdni budky a mohl tak byt
presunut k jiné budce, kde pravé probihalo hnizdéni (Obr. 5a). | pfes zdanlivou
robustnost byl tento systém povazovan za neinvazivni prakticky bez jakéhokoli
ruSivého dopadu na hnizdici par. Systém v8ak kvili svym nadmérnym rozmérdm mél
omezené moznosti umisténi a byl umistovan pouze v omezené mife v odpovidajicich
biotopech konkrétnich druhd - napf. ve vétvich stromud ve vy3Si vySce nad zemi jiz
bylo fakticky nemozZné. Zajimavosti byla i ¢asova znatka na kazdém pofizeném
snimku, v podobé vyfotografovanych naramkovych hodinek umisténych uvnitf budky
vedle vletového otvoru (Obr. 5b). Toto jednoduché FeSeni umoziiovalo snadnéjsi
analyzu a tfidéni dat. Dnes$ni digitalni obrazovy vystup obsahuje oproti tomu

individualni ¢asovou znacku jiz ve svém nazvu (Zarybnicka et al., 2019).
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Obrazek 5 Mezigeneraéni srovnani monitorovacich budek: nahofe interiér budky a snimek sykory

konadry dle Royoma (1956), dole interiér chytré ptaci budky snimek sykory konadry s kofisti dle

Zarybnicka et al. (2019).

S postupnou miniaturizaci informacnich technologii a rychlym nastupem inovaci
ve vSech technickych oborech se rozvinulo autonomni navrhovani a vyvoj
monitorovacich jednotek. Typickym pfikladem byl systém pro monitorovani syce
rousného (Zarybnicka, 2008), (Kouba et al., 2015) vyvinuty na FZP v Praze, pozdéji
rozSifeny také na bézné druhy, pfedevSim pévce (Zarybnicka et al., 2019). Tento
systém je jiz pIné funk&ni v retrospektivni in online formé a je doposud nepfekonanym

z hlediska kvality, kompatibility a rozsahu sbiranych informaci.
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4. Material a metodika
4.1 Vyvoj chytrych ptacich budek

Vyvoj chytrych ptacich budek byl zapocat v roce 2002, kdy Markéta a Jan
Zarybnicti aplikovali pohybové €idlo a teplotni sensor do prvnich hnizd syce rousného.
Nasledné M. Zarybnicka rozvinula tyto €innosti v mezifakultni spolupraci (Vladimir
Bezouska a Pavel D&d z Technické fakulty, CZU), jejiz cilem byl vyvoj automatického
systému umisténého v upravené hnizdni budce pro syce rousné. Pouzité zafizeni se
skladalo z kamery s externim objektivem (DECAM), Cipové identifikaCni CteCky
s externi anténou, infraervené (IR) svételné brany pro detekci pohybu, ¢asového
zaznamniku, infraervené osvétlovaci diody SFH 485-2880nm a akumulatoru 12 V
60Ah. Byl také pouzit Cipovy RFID krouzek k identifikaci kazdého jedince, ktery byl
pfipevnén na jeho béhak. Timto krouzkem byli ozna¢eni oba rodi¢e véetné mladat.
Pokud se jedinec vyskytl v blizkosti ¢ipové antény, doSlo k zaznamenani ID krouzku
na Cipovou CteCku a pfi detekci pohybu IR branou byly pofizeny 1-3 digitalni snimky
s rozliSenim 640x480 pixeld, na kterych bylo znatelné, zda jedinec do budky vchazi
s kofisti nebo bez ni, anebo zda budku opousti. Z datového zaznamniku bylo mozné
ur€it presnou dobu konkrétniho jedince stravenou na hnizdé. Prvni takoveé
monitorovani hnizd syce rousného pomoci kamerového systému a CcCipového
identifikacniho zafizeni probéhlo v letech 2004 a 2006 v Krusnych horach a 2005 ve
Finsku (Kauhava). Monitoring probéhl kontinualné po dobu 24 hodin denné v pribéhu

inkubace a vychovy mladat (Zarybnicka, 2008).

V roce 2012 M. Zarybnicka a prof. Vaclav Hlavac¢ z fakulty elektrotechnické
CVUT v Praze zahdjili spolupraci na navrhu a vyvoji unikatni inteligentni ptaéi budky,
kterou v ramci své magisterské prace (pti FEL CVUT) vyvijel Petr Kubiziiak. V roce
2014 byla aplikovana prvni generace chytré pta¢i budky, model 1.0 (Tab. 1). Ve
Ctyfech provedenich ji védci aplikovali b&€hem hnizdéni syce rousného v Krudnych
horach v letech 2014-2017. Pouzité budky byly vybavené dvéma primyslovymi
kamerami, pohybovym senzorem a snimaci teploty. V mezisténé v prostoru budky
byla umisténa fidici jednotka, ktera zajiStovala chod celého kamerového systému.
Vsechna tato zafizeni byla napajena pomoci 12 V 60Ah baterie, kterou bylo nutné
vymenit z kapacitnich davodu pfiblizné jednou za tyden. Pomoci tohoto zafizeni se
védcim podafilo ziskat velké mnozstvi jedineCnych zabér( z prabéhu hnizdéni.
Pouziti tohoto monitorovaciho systému pfispélo k ziskani jinak skrytych informaci o

chovani rodi€u, jejich podilu na jednotlivych hnizdnich aktivitach, o druhu pfinaSené
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potravy, o zpusobu jejiho uskladnéni, nacasovani jednotlivych aktivit a také o chovani
mladat (Zarybnicka, et al., 2016).

»Velky pfinos celého systému spociva v tom, ze se skute€né zaznamenavaji
pouze aktivity po pfiletu do budky, napf. samce pfinasejiciho potravu pro samici a
mladata. Zaznamy necinné samice a mladat sedicich na hnizdé, které pfinaseji
minimum informaci, jsou tak eliminovany. Toto technické novum zasadné usnadruje
zpracovani dat a neni proto nutné prochazet nekone¢nymi hodinami zaznamu, kdy
se v hnizdé vlastné nic nedgje.“ (CTK, 2014) Nejenom z tohoto diivodu projevili
zajem ve Finsku, kde sidli nejvétsi populace sycu rousnych v Evropé. Nasledny
zajem médii (Hajek, 2014) svédCi o popularité této vyzkumné metody s vysokou

pfidanou popularné védeckou hodnotou.

V této dobé vznika mysSlenka pfizpUsobit inteligentni budku pro monitorovani
béznych druhl( ptaka tak, aby ji mohla vyuzivat Siroka vefejnost. ,Nejen Ze by
kamerou vybavené budky mohly byt dostupné na bézném trhu, ale pocita se
zaclenéni vefejnosti, a hlavné skol, do vlastniho sbéru a hodnoceni dat. Zajemci z fad
jednotlived i Skol by tak mohli budky aplikovat pfimo na svém pozemku
v nejriiznéjsich dastech CR a probihajici hnizdéni sledovat prostfednictvim online
prfenosu. Vznikne tak pro védeckou obec jedineCna pfilezitost, jak prezentovat
popularni formou svoji praci studentiam i laické vefejnosti. VSe se dafi koncipovat tak,
aby mohla spoluprace na zkuSebnich online budkach zacit jiz vroce
2015% (Zarybnicka, 2014). V nasledujicich letech byla mySlenka realizovana
prostifednictvim projektu Ptaci Online, coz souviselo i s rozsifenim realizacniho tymu.
V ramci tohoto projektu byla navrzena, vyvinuta a aplikovana druha (Model 2.0) a tfeti
(Model 3.0) generace chytrych ptacich budek, které byly postupné umistovany za
Uucelem monitorovani hnizdéni béznych druhl( ptakd na soukromych pozemcich
matefskych, zakladnich i stfednich Skol a dalSich odbornych a vzdélavacich
institucich (napt. Ministerstvo ZP) v CR i v zahrani&i. Provoz nékterych z téchto budek
probiha do soucasnosti. Design a vyvoj nové upravenych chytrych ptacich budek
(modely 2.0 a 3.0) zaji$toval Petr Kubiziiak v ramci doktorského studia na FZP atento
vyvoj realizoval ve spolupraci s firmou Elnico, s.r.o. Instalaci, udrzbu a dohled nad
budkami zajiStoval Vlastimil Osoba a za vzdaleny pfenos dat z chytrych ptacich

budek na server CZU byl zodpovédny Ing. Toméa$ Kotek (rektorat, CZU).

V ramci rozvoje projektu v letech 2014-2018 byly vytvoreny celkem ftfi

zakladni typy chytrych ptacich budek. Prvni typ (Model 1.0.) byl navrzen a vyvinut pro
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aplikaci ve stavu ,offline”, tedy bez moznosti pfipojeni k internetu a pouziti zdroje
napajeni (12 V 60Ah baterie). Tento typ budky byl uréen pro monitorovani syce
rousného v Krusnych horach, tedy v lesnim prostifedi vzdaleném mimo sitové zdroje.
Druhy a tfeti typ chytrych ptacich budek byl navrzen a vyvinut pro aplikaci ve stavu
wonline, tedy pro pouziti v osidlenych oblastech s pfistupem k sitovému zdroiji
napajeni a Internetu. Oba modely 2.0 a 3.0 slouzily pro pouziti ve stavu ,online®, ale

liSily se vykonem, pouzitou technologii a softwarem — viz srovnani (Tab. 1).

Po implementaci prvni série chytrych ptacich budek a nasbiranych
zkuSenostech s funkénosti chytrych ptaich budek navrhl autor technologického
feSeni (Kubiznak, 2016) inovovat hardwarové feSeni fidici jednotky. Byl navrzen
upgrade fFidici desky zaloZené na procesorovéem modulu SQM4-SX6 obsahujici
procesor NXP i.MX6 SoloX s asymetrickym dvoujadrem ARM Cortex A9 800 MHz a
ARM Cotex M4 200 MHz. Tuto inovaci ocenili uzivatelé vétSich Skol napf. se dvéma,
resp. tfemi stupni v€etné& matefskych skol. V téchto institucich bylo mozné, poc€inaje
rokem 2018, sledovat online hnizdéni prostfednictvim internetového prohlizeCe a
souCasné chytra pta¢i budka pofizovala pozadované video zaznamy. Jako
dostate€na se osvédcila délka zaznam( 20-30 sekund, ktera vystihne velkou vétsinu
aktivit ptakd. Délku pofizenych videozaznamui Ize libovolné nastavovat zménou
konfiguraéniho souboru. Oba modely 2.0 a 3.0 umoznovaly uzivatellm

prostfednictvim webovych stranek www.ptacionline.cz retrospektivni shlédnuti

pofizenych videozaznam i online pfenos. Soubory uloZzené béhem dne na pamétové
karté fidici jednotky jsou béhem klidnéjSiho obdobi na siti (zpravidla po pulnoci)

automaticky nahrany na server CZU.
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Model
Rok vyroby
Ndklady
Ridici jednotka
Vyrobce
Mikroprocesor
RAM
NAND FLASH
MicroSD karta
Ethernet
WiFi

Ulozeni

Napdjeni

Ostatni komponenty
Vyrobce
Mikrofon

Detektor pohybu

Ctecka RFID
Fotosnimac slun. svitu
Cidlo vnitfni teploty
Cidlo vnéjsi teploty
Vihkomér

Tlakomér

Magnetické cCidlo

Vnéjsi reproduktor

1.0
2014

$1400

Elnico

NXP Vybrid VF6

ARM Cortex A5 500 MHz+
ARM Cortex M4 167 MHz
256 MB

256 MB*

4 GB%

100 Mbit/s

802.11 b/g/n

171 x 121 x 55 mm, IP65

12 V traction battery

Elnico
Samostatné

Brana s infracervenym
paprskem

Ano

Fotorezistor + ADC
Ano

Ano

Ne

Ne

Ne

Ne

2.0

2016

$560

Elnico

NXP Vybrid VF6

ARM Cortex A5 500 MHz+

ARM Cortex M4 167 MHz

256 MB

256 MB

16 GB#

100 Mbit/s

No

125 x 115 x 58 mm, IP53

15V PoE

(Power over Ethernet)t

Elnico

Samostatné

Brana s infracervenym
paprskem

Ne

Fotorezistor + ADC

Ano

Ano

Ne

Ne

Ne

Ne

3.0
2018

$560

Elnico

NXP i.MX6SoloX

ARM Cortex A9 800 MHz+
ARM Cortex M4 227 MHz
1GB

256 MB

16 GB+

100 Mbit/s

No*

125 x 115 x 58 mm, IP53
15V PoE

(Power over Ethernet)t

Elnico
Soucast kamery

Brana s infracervenym
paprskem

Ne
Luxmetr
Ano*
Ano
Ano
Ano
Ano*

Ano*
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Ndstavbové sloty
USB konektory
Kamera
Vyrobce
Model
Rozliseni

Barevny reZim

IR pfisvit
Pripojeni
Pocet
Video
Kddovdni
Datovy kontejner
Snimkovd frekvence
ZpoZdéni spousté
Zdznam videa

Zivy prenos

Zdznam vs. Zivy prenos
Udrzba a sbér dat

Pravidelnd udrzba

Vzddleny pristup

Vzddleny sbér dat

Automatickd zdloha dat

Publikovadni dat na web

Ne

Ne

Imaging Develop. Systems

UI-1541LE-M

1280 x 1024 px (1.3 MPx)

Monochromaticky

stale

usB

MIJPEG

mkv

10 fps

16 ms

Ano

Ne

Pouze zaznam

Ano

Ne

Ne

Ne

Ne

Ne

Ne

Ailipu Technology
ELP-USB100WO5MT-RL36
1280 x 720 px (1 MPx)
Barevny(den)/
monochromaticky(noc)
Pfi nizkém osvétleni

UsB

1%

MIPEG

mkv

6 fps

20-200 ms

Ano

Pouze v mistni siti,

S ur¢enym prehravacem

Stfidavy provoz

Ne

Ano
Ano
Ano

Ano

Ano*

Ano*

Ailipu Technology
ELP-USB100WO04H-RL36
1280 x 720 px (1 MPx)
Barevny(den)/
monochromaticky(noc)
Pfi nizkém osvétleni
UsB

1%

H.264

mp4

30 fps

-3000 az 2000 ms

Ano

Internet,

Standardni stream (RTSP)

Soubézny provoz

Ne

Ano
Ano
Ano

Ano

(* Prislusenstvi zatim nezakomponovdno, * nastavitelnd moZnost v terénu)

Tabulka 1 Prehled technickych specifikaci fidicich jednotek, kamer, a ostatnich komponent modelu 1.0,

2.0 a 3.0 chytrych ptacich budek (Kubiznak, et al., 2019).
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4.2  Prvni zprovoznéni ,online“ modelu chytrych ptacich budek

Projekt Ptaci Online byl zapocat v roce 2015 instalaci prvnich péti chytrych
budek (Model 2.0) v Praze. Instalace a ,online* implementace chytré ptaci budky
vyzadovala komplexni pfistup a znacné usili, zejména v poCatcich projektu pfi
zprovoziovani budek. Pro uspédny provoz chytrych budek byl nutny vyvoj
technického zafizeni (tj. hardware i software) a zajisténi vhodné lokality pro umisténi.
Zpusobila lokalita byla ur€éovana vhodnym biotopem, ve kterém se vyskytovaly bézné
ptaci druhy a pfistupem k internetové a elektrické zasuvce. Nutny byl téZ dostate¢né
rychly internetovy pfenos dat. ZkuSebni prototypy chytrych ptadich budek byly
instalovany v roce 2015, kdy probé&hly montaze prvnich péti chytrych ptacich budek
v lokalité Praha Luziny (bytovy balkon soukromého uZivatele) a na Skolni zahradé
v ZS MIadi, Praha Stodulky (CT, 2015).

Autor této prace se pfipojil projektovému tymu v roce 2016 a od té doby se
stal zodpovédnym za aplikaci a provoz chytrych budek na pozemcich uzivateld.
Veskeré podklady, instrukce a zkuSenosti obdrzel autor prace od Markéty Zarybnické
a Petra Kubizhaka béhem instalace chytré ptaci budky na zakladni Skole v obci
Cizova dne 6. 4. 2016. Jednalo se o nazornou formu instruktazniho Skoleni
seznamujici s instalaci a integraci chytré ptaCi budky, v€etné predani potfebného
hardwaru a softwaru. V pribéhu dopoledne byla nakonfigurovana fidici jednotka,
provedena instalace kabelu a chytra ptaci budka (spole¢né s Fidici jednotkou modelu
2.0 a kamerovym systémem) byla vyvéSena na bfize bélokoré (Betula pendula) ve
vySce 6 metrl nad zemi, ve vzdalenosti 4 metrd od Skolni budovy. Délka pfipojeného

datového kabelu z mista pfipojeni na internet v feditelné k budce byla 16 metrd.

4.3  Struktura technickych zarizeni ,online“ modelti chytrych

ptacich budek

Instalované a zprovoznéné chytré ptaci budky (Model 2.0 a 3.0) zustaly a
kontinualné (24/7) pracovaly na uréené lokalité po nékolik let. Tyto kamerové systémy
byly vyvinuty na miru firmou Elnico, s.r.o. (zodpovédna osoba Petr Kubiznak) a
skladaly se z fady technickych zafizeni. Stavebnim kamenem celého systému byla
na miru vyvinuta fidici jednotka (pocita€), ktery byl umistén v plastové krabi¢ce o
rozmérech 125 x 115 x 48 mm s odolnosti proti vniknuti vody a prachu zhruba
odpovidajici normé IP53 (tj. se silnou, ne v8ak kompletni ochranou proti prachu a

pouze omezenou odolnosti proti vodé&). Ridici jednotka byla v pfipadé modelu 2.0
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vybavena mikroprocesorem NXP Vybrid VF6 (RAM 256 MB), ktery byl nahrazen
mikroprocesorem NXP i.MX6SoloX (RAM 1 GB) u modelu 3.0. V obou pfipadech byla
fidici jednotka vybavena MicroSD pamétovou kartou pro ukladani pofizenych dat.
Maximalni rychlost ethernetového prenosu je v obou pfipadech 100Mb/s. V ramci
monitorovaciho systému (vS§ech modell) byla k fidici jednotce napojena IR brana,
ktera byla integrovana ve vletovém otvoru budky a sada environmentalnich senzor(
méficich teplotu uvnitf budky (model 2.0), venkovni teplotu, atmosfericky tlak a
vlhkost vzduchu (model 2.0 i 3.0) a svételnou intenzitu (v modelu 2.0 pomoci
fotoodporu s AD pfevodnikem, v modelu 3.0 luxmetrem). IR brana eliminuje
nadbyte¢né zaznamy bez jakychkoliv aktivit, které by se v pribéhu dne zaznamenaly.
V pfipadé modelu 2.0 byl k dispozici také samostatny mikrofon, ktery byl u modelu

3.0 integrovan v kamefe.

Oba modely pouzivaly v plastovém boxu zapouzdienou CCTV kameru od
vyrobce Ailipu Technology. Komer¢ni kamera ELP-USB100WO5MT-RL36 byla
pouzita v model 2.0 a ELP-USB100WO04H-RL36 v model 3.0. Kamery byly jedinym
komercnim zafizenim, které nebyly specialné vyvinuté pro cilené pouziti v chytrych
ptaCich budkach, coz ve vysledku bohuzel ovlivnilo kvalitu pfenaseného obrazu.
Firma Elnico, s.r.o. tyto kamery zakoupila a opatfila je plastovym pouzdrem a datovym
kabelem s konektorem RJ12 pro pfipojeni k fidici jednotce. Oba typy kamery byly
schopné zaznamenavat barevny obraz béhem dne a monochromaticky obraz v noci.
K pfisvitu pomoci IR svétla doslo v pfipadé nizké urovné osvétleni. V budce bylo
mozne osadit dvé kamery pro sledovani jak hnizdniho prostoru, tak vletového otvoru.
Kodek videa byl v pfipadé modelu 2.0 MJPEG, v pfipadé modelu 3.0 H.264. Format
multimedialniho kontejneru umozniujici pojmout video a audio format byl ,mkv* u
modelu 2.0 a mp4 u modelu 3.0. Nizka snimkovaci frekvence kamer modelu 2.0 (6
fps) se v pfipadé modelu 3.0 zvysila na 30 fps. Zivy video prenos bylo mozné u
modelu 2.0 provadét pouze na specialnim videopfehravaci gstplayer v ramci mistni
sité bez moznosti pofizovani zaznamu z budky. Model 3.0 umozfioval soubézné
probihajici standardni video pfenos vramci internetové sité (RTSP) spole¢né

s pofizovanim zaznamd.
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4.4 Dokumentace pro implementaci chytré pta¢i budky
44.1 Hardware chytrych ptacich budek

Hardware chytrych ptacich budek se sklada ze dvou hlavnich Casti.
Technologické monitorovaci zafizeni v€etné elektroinstalace a dfevéné konstrukce
samotné budky pfipravené pro konkrétni ptaci druh. Ponechame-li stranou dfevénou
konstrukci ptaCi budky, ktera svymi rozméry a tvarem odpovida biologickym
pozadavkim rUznych druhG ptakd, pro elektronické vybaveni monitorovaciho

systému jsou podstatné nasledujici hardwarové komponenty:

e Ridici jednotka

e Kamera

¢ IR senzorika

e Sada environmentalnich Cidel
e POE adaptér

o Kabelova sada (jako soucast monitorovacich prvkd ale i napajeni nebo
datového pfenosu)

RozliSeni kamery je 1280 x 720 px (1 MPx). Rozméry kompaktniho pouzdra
jsou 58 x 64 x 35 mm. Ohniskova vzdalenost a zorny uhel byly optimalizovany tak,
aby pokryly hnizdni prostor budky pfed zahajenim stavby hnizda ale i po jeho
ukonc&eni a nasledné hnizdéni. Zpusoby uchyceni kamer jsou ruzné a zavislé na typu
budky a konkrétnim ptaCim druhu. V pfipadé budek typu sykornik se standardné
vyuziva uchyceni kovovymi L-Srouby (hnizdni kamera) a pomoci zapadky
v dfevéném lozi (kamera namifena na vletovy otvor) nebo Ize kameru fixovat pomoci
kovovych prvkl pFichycenych pfimo k télu kamery a do konkrétniho mista v budce

tak, aby byla kamera namifena do pozadovaného prostoru (Obr. 6).
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Obrazek 6 RGzné zpusoby pfichyceni kamery v interiéru budky (foto autor).

Pozice IR brany je dana umisténim vletového otvoru, v pfipadé realizace je
nutné zajistit jeji prachotésnou a vodotésnou odolnost (Obr. 7). V pfipadé budek typu
sykornik se standardné vyuzZiva umisténi IR brany do drazky vytvoifené okolo
vletového otvoru v pfedni sténé budky. Dal8i moznosti je vytvofeni drazky v dievéné
vrstvé se stejnymi parametry vletového otvoru, ktera je fixovana na pfedni sténu
budky v mistech vletového otvoru tak, aby vychazejici kabelaz dobfe tésnila a
zamezila vniknuti vody k IR brané. Veskera kabelaz je poté fixovana na télo budky a
nejkratSim zplsobem vedena do fidici jednotky. V pfipadé budek typu sykornik je
kabelaz standardné vedena nejkratSim zplsobem vnitfnim prostorem budky a
prichodem do vedlejSiho oddéleni k Fidici jednotce. Sada environmentalnich ¢idel je
zakrytovana a pfichycena zpravidla na spodni strané budky tak, aby sméfovala do
volného prostoru a chranila elektronické prvky pfed destém.
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Obrazek 7 Jeden ze zplsobu zakrytovani IR brany (na obrazku feseni pro sovu palenou) (foto autor).

| pfesto, Ze je fidici jednotka v plastovém krytu, je vhodné ji umistit do
chranéného prostoru. V pfipadé budek typu sykornik je standardné umisténa ve
vedlejSim oddéleni budky, v pfipadé jinych feSeni je vhodné umisténi do plechové
nebo plastové schranky fixované na vhodném misté budky zvenku (Obr. 8). Omezi

s vr

se tak zatékani do elektroniky po kabelech a zvysi se Zivotnost zafizeni.
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Obrazek 8 Ukazka ulozeni fidici jednotky v plechové schrance pod budkou (foto Jifi Hornek).

442 Software chytrych ptacich budek

Pro instalaci, udrzbu a provoz byl vyvinut specialni uzivatelsky software, ktery
umoznuje nastaveni pozadovaného rezimu v budce a pfipadné zasahy prostfednictvi

vzdaleného pfistupu VPN. Nezbytny software obdrzi uZivatel s dodavkou hardwaru.

e Gstplayer pro zobrazeni online pfenosu pro model 2.0
¢ Birdbox offline configurator

¢ Network Configuration Generator

e SQM4-Birdhouse Webserver

e Smart nest box webserver

Technické feSeni modelové fady budek 2.0 umoziiuje v jednom okamZiku
pouze pofizovani zaznamu nebo sledovani online pfenosu ve vnitfni siti uzivatele na
jednom ze zafizeni. Sledovani online pfenosu obrazu z budky je zajiStovano
prostfednictvim prohlizecCe ,gstplayer®. Software si uzivatel nainstaluje na zafizeni, ve
kterém bude online pfenos spoustét. V pfipadé modelové fady 3.0 sleduje uzivatel
online pfenos bez nutnosti instalace softwaru ,gstplayer”, nebot pfenasSené video
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vyuziva standardni protokol, ktery Ize pfehravat standardnimi videopfehravaci, napfr.
VLC.

Rozhrani ,Birdbox offline configurator” (Obr. 9), slouzi pro budky modelu 3.0
k primarnimu nastaveni pfislusnych IP adres na SD kartu fidici jednotky pfed
zapojenim budky do sité uzivatele. Tj. umoznuje manualni nastaveni parametr( IPv4,

IP, mask, gateway, DNS servers pro statické pfifazovani IP adres.

Birdbox Offline Configurator

There is a set of offline tools that help you configure your Birdbox device (as of version 2071907xxx). Each of the tools generate a file that needs to be placed to the
first partition (USERCONF) of the SD card (formatted as FAT32).

Select a tool.

Configure it.

Press Generate! button.

Download the file to the root of the SD card's first partition (see the Target hint). Do NOT edit the file!
Insert the SD card to your Birdbox device.

Power-on the Birdbox device.

If the file is recognized, configuration is applied and the file is appended an .applied extension.

SNEQULA a0 P o

Network Configurator

SD Card Formatter

Use this tool to format the data SD card. Birdbox will do it for you, but for security reasons, you need to tell it to do so.

Warning: This will erase all data from your SD card!

Generate!

Target: us

Obrazek 9 Rozhrani ,Birdbox offline configurator® pro budky 3.0.

Alternativné umozriuje dynamické nastaveni pfifazeni IP adres. Rozhrani
,Birdbox offline configurator® rovnéz umoznuje formatovani SD karty. Pro starsi budky
modelu 2.0 je pro podobny ucel pouzivan software ,Network Configuration
Generator® (Obr. 10).

Network Configuration Generator

Fill in the Birdbox network c and press Generate! to create file interfaces. Then store this file on the Birdbox SD card's CONFIG partition in directory network/. You can
freely create it 1f it does not exist yet. Do not manually edit the file!

Pv4 ) Static
MAC Address 3A:C7:1D:44:82:AC

Generate!

Obrazek 10 Rozhrani ,Network Configuration Generator pro budky 2.0.
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Poté, co je budka zprovoznéna, lze prostiednictvim vzdaleného pfistupu
vstoupit do uzivatelského rozhrani ,,SQM4-Birdhouse Webserver” pro model 2.0 nebo

~Smart nest box webserver” pro model 3.0 (Obr. 11 a 12).

CONFIGURATION ADMINISTRATION FIRMWARE

Obrazek 11 Menu aplikace ,SQM4-Birdhouse Webserver* pro model 2.0.

Obsahova struktura aplikace ,SQM4-Birdhouse Webserver” pro model 2.0:

e Overview
e Preview
e Configuration
o Recover standard configuration
o Recover minimum configuration
e Administration
o Set date and time
o Restart control
o Submit data incl. no. of records, size
e Firmware
o Update Linux version

o Revert Linux version
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i

ON

OVERVIEW

Device ID: 132541

Obrazek 12 Menu aplikace ,Smart nest box webserver* pro model 3.0.

Obsahova struktura aplikace ,Smart nest box webserver” pro model 3.0:

e Overview Device ID
e Data
o Information - no. of records, size
o Submission - configure
o Submission - submit data how
e Configuration
o Main Configuration
o Cameral Configuration
o Camera2 Configuration
e Time
o Current Time Preview
o Time Settings automatic
o Time Settings manual
e Restart
o Application restart
o System reboot
e Firmware

o Patch/Base Version info, update
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Softwarového vybaveni obsahuje moznost nastaveni pozadovanych
kvalitativnich parametrd kamer prostfednictvim konfiguracniho souboru camO.cfg
resp. caml.cfg (Pfiloha 3). Kromé& moznosti nastaveni Casu ur€ujiciho délku
pofizovaného zaznamu (parametr duration = 30, urCuje délku zaznamu 30 sekund),
Ize nastavit zpozdéni spusténi kamery za aktivaci IR brany (parametr delay = 5,
uréuje spusténi kamery 5 sekund aktivaci IR brany) ale také jeden z péti rezimu, jez
nabizi vyhody pro rlizna specifika pozorovani (napf. parametr ,profile = "night", uruje
fungovani kamer v rezimu night. Jejich nastavenim Ize optimalizovat spotfebu energie
napf. v pfipadé offline konfigurace s pouzitim baterii. Pro pfehledny popis
charakteristik jednotlivych rezim( viz Tab. 2. Nastaveni poZzadovaného rezimu kamer
je sou€ast skriptu main.cfg nahravaného do fidici jednotky v zaloZce

»configuration/Main configuration” (Pfiloha 2).

Pro nastaveni kamer modelu 2.0 je nutné zménit jejich nastaveni
prostfednictvim upravy souboru ,main.cfg” pfimo v editoru programu, kde je zaroven
mozné nastavit asové Useky pro provoz online pfenosu a pofizovani zaznam
(Priloha 1).
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ReiZim Auto Day Night Night Night
(NoLight) (Permalight) (AuotLight)

Popis PIné Manualni denni Manualni noéni Manualni noéni Manualni no¢ni
automaticky maod maod mod usporny méd
méd (DEN/NOC)

Kamera v automatickém | v v v no¢nim v noc¢nim
provozu Ltichém® provozu | ,tichém“ no¢nim | provozu provozu

provozu

Nocéni Zapina se Permanentné Permanentné Permanentné Zapnuto po

pfisvit (IR) | automaticky, vypnuto vypnuto zapnuto dobu zdznamu
fizen nebo online
fotorezistorem streamu
(celou noc
zapnuto)

Expozice Automaticky Automaticky Automaticky Pevna Pevna

(doporucend)

Backlog Ano Ano Ano Ano Ano, bez pfisvitu

(zpétny

zdznam)

Pozndmka | Barevné video Barevné video Pres den i noc Pfes den i noc Pfes den i noc
pres den, cb pres den, pres pouze ¢b video pouze ¢b video pouze ¢b video
pres noc noc pouze audio (neni-li dostatek s cernymi

(¢b obrazovka) svétla, tak pouze backlogy
cerna
obrazovka)
Spotieba
-pfi pouZiti | 2.8-3.4W 2.8W 2.8W 3.4W 2.8-3.4W
1 kamery
-pfi pouZiti | 4.1-5.4W 4.1W 4.1W 5.4W 4.1-5.4W
2 kamer

Aplikace Standardni méd | Védecké ucely Védecké ucely Védecké ucely Védecké ucely
bez specifickych | (diurnal. druhy, (Uspora baterii), (diurnal. druhy, (diurnal. druhy,
pozadavk mad bez ruseni) mad bez ruseni maod relativné Uspora baterii),

bez vyrusovani) maze byt rusivé
pfi prepinani
prisvitu.

Priklad

nastaveni

profile name

daymode =
“auto”;

controls =

profile name

daymode =
“day” ;

controls =

profile name

daymode =
“night_iroff”

’

profile name

daymode =
“night_iron”;

controls =

profile name

daymode =
“night_irauto

”.
’
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exposure aut
o = 3;

}i

}i

exposure auto
= 3;

}i

}i

controls =

exposure auto
= 3;

}i

}i

exposure auto
=1;

exposure_abso
lute = 100

}i

controls =

exposure auto
= 1;

exposure_ abso
lute = 100;

}i

Tabulka 2 Prehled péti operacnich rezimG kamer chytré ptaci budky modelu 3.0.
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443 Vyroba a instalace budky, vykresova dokumentace

Pro vyrobu chytré ptaci budky se pouziva vyschla dfevéna prkna o tloustce
20-25 mm, pripadné vodostala preklizka tloustky 10—15 mm (Obr. 13). Oproti bézné
ptaci budce obsahuje chytra pta¢i budka navic samostatny prostor pro umisténi fidici
jednotky — viz vykresova dokumentace (Pfiloha 12 a 13). V pfipadé sykorniku je tento
prostor hned vedle hnizdni dutiny jako soucast dfevéné konstrukce budky, v pfipadé
alternativnich typu budek, jako napf. budek pro sycky obecné, sovu palenou nebo
alkouny holubi, se doporuc€uje tento prostor nahradit plastovou nebo kovovou
schrankou umisténou na vhodné strané budky. Vyhneme se tak zbyte€nému
nabyvani objemu a robustnosti dfevéné konstrukce budky a schranku mizeme
umistit na nejméné exponovaném misté, kde zrovna budka neni zavéSena, napf.

zespodu na dno nebo bok.

Soucasti budky jsou otvory pro umisténi kamer (58 x 64 mm), vletovy otvor o
priméru 35 mm resp. 45 mm, plechova antipreda¢ni ochrana a kabelové prostupy v

pficce a dnu.

Na vnitfni Casti pfedni strany je vyfrézovany zlabek pro umisténi IR brany,
ktera je nasledné zakryta krytem (B) s plechovou antipredacéni ochranou. Prava bo¢ni
strana (D) je opatfena kruhovym otvorem (o priméru 65 mm) a zaslepkou se
zapadkou a plexisklem z vnitfni strany. Odejmuti zaslepky slouzi ke zvySeni pfisvitu
za méné priznivych podminek napf. v pfipadé nahromadéni velkého mnoZstvi

hnizdniho materialu v budce.

Kromé vySe uvedeného hardwaru by mél zdjemce o umisténi chytré ptaci
Z nich je dostupnost aktivni internetové zasuvky v pfiméfené vzdalenosti od budky.
Ta by neméla presahovat vice nez 50 metri z divodu Utlumu kabelového vedeni.
Datovy kabel typu UTP slouzi k pfenosu dat a rovnéz jako napajeni Fidici jednotky
prostfednictvim POE adapteru. V blizkosti internetové zasuvky je proto nutna
pFitomnost zasuvky elektrické sité 230 V/16 A. Dulezité je také vytipovat vhodné misto
v zeleni, nejlépe na vzrostlém stromu, ktery umozni neru$ené hnizdéni ptaku.
V pfipadé, Ze je datovy kabel veden vzduchem, je nutné dbat na bezpecnost jak lidi,

tak instalovaného materialu.
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Nize jsou uvedeny soucasti budky s orientaénimi rozméry

A — Pfedni strana

B — Kryt pfedni strany
C — Zadni strana

D — Pravy bok

D1 - Levy bok hnizdni

D2 — Levy bok zafizeni

E —Dno

F — Stfecha
G — Pricka
H — Zavés

145x335mm

130x185mm

145x335mm

275%x335mm

175x335mm

100x335mm

145x235mm

240x350mm

145x315mm

60x500mm

\.

2

ﬂ
™ E O\I

Obrazek 13 Znazornéni jednotlivych

dilt chytré ptadi budky.

444 Technicka podpora a udrzba chytrych ptacich budek

Kontinualni monitoring a dohled

spravnou funk&nosti vSech

provozovanych chytrych ptacich budek je zajistovan pomoci systému Zabbix, ktery

identifikuje vypadek Fidici jednotky napf. bé&hem vypadku elektrického proudu

v lokalité. Automaticky detekuje i jeji opétovné spusténi, analogicky hlida i funk&nost

jednotlivych kamer. Poskytuje pfehled o pfipojenych IP adresach, méfi provozni ¢as

jednotlivych jednotek a sleduje dal$i parametry stanovené spravcem sité¢ CZU (Obr.

14).

Na zakladé automaticky zasilanych emailovych notifikaci je konkrétni zavada

individualné posuzovana a feSena. V pfipadé, Zze nelze zavadu odstranit pomoci
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vzdaleného pfipojeni do budky prostfednictvim VPN, Upravou parametrll nebo
restartem zafizeni, je kontaktovan uzivatel a zavada s nim zkonzultovana. Pokud
nelze ani po této konzultaci zavadu identifikovat, je nutny vyjezd a jeji dosledovani a

rektifikaci pfimo na misté.

Technicka konzultace, tykajici se nastaveni nebo zavad technologie, a
biologicka konzultace, tykajici se hnizdnich druhd nebo déni v budce jsou zpravidla

poskytovany telefonicky nebo emailem.

Provoz chytré ptaci budky je kontinualni (nonstop 24/7), bezudrzbovy, pouze
uzivatelé se zpravidla aktivné podileji na bézné udrzbé, ktera spociva v pravidelném
vyCisténi budky po ukonéeni hnizdéni nebo drobnych opravach. Vyjezd na misto je

nutny pouze v nezbytnych pfipadech, kdy je nemozné ze strany uzivatele zavadu

vyresit.

& c @ O & ntpsy//z ptadonline.cz/zabb — = = e

ZABBIX Monitoring  Inventory  Reports o —

Dashboard  Problems O —— :

Dashboard E l
s | Dashboard

Data overview

Data overview

5132537 Error (2) Not Present (1 193 days, 10:57:16  Up (1 758ms 1001144 192168419 0 0 0 71516 M8 977.48MB
132538 0K (0) Not Present (1 3 days, 07:37:18 Up(1 618ms 1001145 19216812 034 01 009 71116MB 977.48MB 0%
132539 - Comell  OK (0 OK (0) 3 days, 21:35:03 Up(1 1826ms  10.0.1.146 106 091 093 69233MB  977.48MB
132540 0K (0 Not Present (1 6 days, 08:50:07 Up(1 6.1ms 10.0.1.147  10.19.22.167 057 058 064 70926MB 977.48MB 0%
0132541 OK (0) Not Present (1 50 days, 10:34:19 Up (1, 3.1ms 10.0.1.148  192.168.1.29 024 02 016 70558MB 97748 MB 0%
132542 OK (0 Not Present (1 25days, 044318 Up(1 165ms 1001149  192168.1.150 012 009 011 70512MB 977.48MB 0%
132544 OK (0) 0K (0) 25days, 06:0939  Up(1 222ms 1001150 192.168.1.150 134 111 12 6898MB  977.48MB 0%
132545 0
0132546 OK (0; Not Present (1 3 days, 14:53:01 Up (1 38ms 10.0.1.152  172.20.176.167 005 044 051 71323MB 97748MB 0%
Problems

123542 5136088 ‘ t BOJICHERS on5m ss

Today ©

1-02-24 11:02:31

[ B TERRSERCHE 1o 1o o

ll 16d3n7m

Obrazek 14 Ukazka prostfedi systému Zabbix monitorujicim funk&nost chytrych ptacich budek.
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5. Vysledky
5.1 Vyhodnoceni instalace a provozu chytrych ptacich budek

Po otestovani prvnich prototypu v roce 2015, autor této prace instaloval a
zprovoznil v roce 2016 celkem 22 chytrych ptacich budek (model 2.0, pocet lokalit =
19), vroce 2017 celkem 18 chytrych ptacich budek (model 2.0, pocet lokalit = 17),
v roce 2018 celkem 20 chytrych ptacich budek (model 3.0, pocet lokalit = 19) a v roce
2019 celkem 18 chytrych ptacich budek (model 2.0, pocCet lokalit = 17). Mezi lety
2017-2019 doslo k pfemisténi stavajicich budek na jinou lokalitu v osmi pfipadech
(Model 2.0: 6x, Model 3.0: 2x). V roce 2020 probéhlo 6 instalaci chytrych ptacich
budek (Model 2.0: 1x, Model 3.0: 5x, pocet lokalit = 5). V roce 2021 celkem 2 instalace
(model 3.0, pocet lokalit = 2). V roce 2022 celkem 4 instalace (model 3.0, pocet lokalit
=4).V letech 2020-2022 bylo demontovano celkem 17 chytrych ptacich budek. — viz.
(Pfiloha 5-11). DGvodem pro deinstalaci byla rekonstrukce budovy Skoly (n = 6),
rekonstrukce Skolni zahrady, v€etné pokaceni stromu (n = 3), rekonstrukce stfechy (n

= 1) nebo jiné blize nespecifikované divody (n = 13).

PocCty provozovanych chytrych ptacich budek v letech

2015-2022
1
2015 2016 2017 2018 2019 2020 2021 2022
Epocet budek 5 22 36 51 54 52 47 45

Obrazek 15 Pocty provozovanych chytrych ptacich budek v letech 2015—-2022.

V roce 2018 bylo souhrnné v provozu 51 chytrych ptacich budek modelu 2.0

a 3.0 a byly zprovoznény dalSi chytré ptaci budky v zahrani¢i — v Polsku (VarSava) a
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nové na Cornellové univerzité v Ithace, USA. V letech 2019-2020 autor prace
adaptoval kamerovy systém do budek ur€enych pro hnizdéni roryse obecného (1
budka v arealu Akademie Svétla nad Sazavou) a syCka obecného (2 budky
v lokalitach Drahkov a Hospozin). Obé budky byly instalovany v lokalitach
odpovidajici hnizdnimu rozsiteni druhu (Stastny, et al., 2001-2003) a po dohodé&

s uzivateli objekt(l a ve spolupraci s Ceskou spole&nosti ornitologickou.

Koncem roku 2022 bylo v provozu 45 chytrych pta€ich budek (Obr. 15), a bylo
registrovano pres 200 zajemcll, coz bylo nékolikanasobné vice nez byla fakulta
Zivotniho prostfedi schopna financovat prostfednictvim internich a externich
grantovych tituld. V tomto ohledu s financovanim vyznamné pomohly granty CZU
(CIGA), zdroje FZP, ELNICO s.r.0. a vyznamna finanéni podpora Magistratu mésta
Praha.

Mezi dubnem 2016 a listopadem 2022 bylo nainstalovano a provozovano 66
chytrych ptacich budek uréenych pro hnizdéni drobnych pévcu. Z tohoto poctu bylo
43 budek vybaveno fidici jednotkou modelové fady 2.0 a 23 kusU inovovanym

modelem 3.0.

VétsSina budek (n = 37) byla umisténa v zahradach matefskych, zakladnich
nebo stfednich Skol. Deset budek bylo umisténo na zahradé soukromych subjektd,
Ctyfi v parku nemocnic a Ctyfi v ostatnich typech instituci, napf. Dendrologicka

zahrada Pr{ihonice nebo Domov pro zrakoveé postizené Palata (Obr. 16).

Strukturalni podil
P31 Kluby seniort
spolupr.acujolcwh fimy  1.0%
subjektu 4,5%
. ZS aMS
Ostatni 10’4%

9,9%

Soukromi z&jemci

Ekocentra, 16,8% 78§ (véetné Z8S)
CSOP 32,7%
7,4% DDM
3,0% _
NemocniceJniversity -/ gg
0,
o L% 20% 499

EZS aMS BZS (véetné ZSS) =SS m University

= Nemocnice = DDM m Ekocentra, CSOP ® Soukromi zajemci

H Ostatni | Firmy m Kluby seniora

Obrazek 16 Strukturalni podil typu spolupracujicich subjektd k 31.12.2021, n = 202.
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Ve vétsiné pripadl byly budky instalovany na stromech (n = 57 lokalit), méné
Casté byly instalace na balkonech panelovych domu (n = 4) nebo na oknech a zdich
budov (n = 4), elektrickych stozarech (n = 1). VySka instalace budky se pohybovala
v rozmezi od 2 do 20 metr( (primér + SD, 5.8 £ 2.7 m). Okolni prostfedi hnizdnich
budek v poloméru 20 m od budky, bylo z 57.3 % (SD = 22.9) tvofeno vegetaci
sloZenou z kfovin, stromd, travniki nebo zahonl a v 42.7 % pfipadd byly budky

umisténé v zastavéném uzemi.

5.2 Vyhodnoceni hnizdni aktivity ptakad v chytrych ptacich
budkach

Pomoci kamerového systému bylo zaznamenano Siroké spektrum informaci o
hnizdnich druzich, tykajicich se behavioralni a biologické aktivity. Ziskané informace
se tykaly napf. velikosti sniSek, délky stavby hnizda, inkubace vajec, lihnuti a rdstu
mladat, péfe o vejce i mladata, frekvence krmeni, skladby potravy, uspéSnosti
hnizdéni. Zaznamenana byla i predace, napf. vajec 3pactka obecného strakou
obecnou. Dale bylo mozné sledovat pfikryvani snisky pred opusténim hnizda rodici,
Cidténi budky a polykani trusu mladat, vzajemné interakce mezi mladaty a rodi¢i a
mladaty. V mimo-hnizdnim obdobi byly zaznamenany Cetné pobyty a nocovani
v budce, zejména v budce nocovala sykora konadra, sykora modfinka, brhlik lesni a

strakapoud velky.

Celkem bylo v letech 2015-2022 monitorovano 93 hnizdéni v 66 budkach
(median, 25-75 %: 2, 0-5 hnizdéni v budce). V osmi budkach byly zaznamenany dvé
bezprostfedné po sobé& nasledujici hnizdéni. NejcastéjSim hnizdnim druhem
v budkach byla sykora koriadra (Parus major) (n = 58), vrabec polni (Passer
montanus) (n = 16), Spacek obecny (Sturnus vulgaris) (n = 9), sykora modfinka
(Cyanistes caeruleus) (n = 5), rehek zahradni (Phoenicurus phoenicurus) (n = 1),
syCek obecny (Athene noctua) (n = 3), brhlik lesni (Sitta europaea ) (n = 1) a rorys
obecny (Apus apus) (n =1) (Obr. 17) . V budkach byly zdokumentovany pfilezitostné
navstévy nasledujicich druht ptakd — krutihlav obecny (Jynx torquilla), konipas bily
(Motacilla alba), vrabec domaci (Passer domesticus), brhlik lesni (Sitta europea) a

strakapoud velky (Dendrocopos major). V obdobi od zafi do unora nebyla
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zaznamenavana zadna hnizdéni, ptaci vSak budky vyuzivali pro pfilezitostna i

pravidelna nocovani v priibéhu celého roku.

Celkové byly budky v letech 2015—-2022 v provozu 18 533 dni (521+ 261 dni
pro budky modelu 2.0 a 75 £ 16 dni pro budky modelu 3.0. V8echny tyto chytré ptaci
budky zaznamenaly a transferovaly data z 16 776 hnizdnich dnl (89.9% dnu
instalace, z toho 472 + 239 dnl budek modelu 2.0 a 67 + 17 dn budek modelu 3.0).

Pro pfedstavu napf. od dubna 2016 do ¢ervna 2018 bylo pofizeno 631 331
kratkych videosekvenci v délce zpravidla 30 sek. Celkova velikosti souborl
presunutych z celkem 51 provozovanych budek byla 8649 GB. V priméru bylo
z kazdé budky transferovano 60.1/809.3 video zaznam( denné/tydné o velikosti 0.8—
1.6 resp. 11.1-23.4 GB.

Vyznamnym vysledkem projektu Ptaci Online je postupné Sifeni povédomi
nejen o projektu samotném, ale i o problematice ochrany pfirody do rodin zakd.
V mnoha pfipadech byl projekt Ptaci Online ale i konkrétni Zivot ptaci rodinky hnizdici

v chytré ptaci budce, popisovan v lokalnim informacnim zpravodaiji (Obr. 18).

Strukturalni podil hnizdnich druhu
brhlik lesni

sycek obecny

rehek zahradni

1%

sykora modtinka
6%

rorys obecny
1%

H sykora koladra H vrabec polni m $pacek obecny M sykora modiinka

Erehek zahradni = sycek obecny W brhlik lesni H rorys obecny

Obrazek 17 Strukturalni podil hnizdnich ptacich druhl v chytrych budkach v letech 2015-2022, n = 93.
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Jednim z velice uspésnych projektu nasi skoly se stal v minulém skolnim
roce projekt ,,Ptaci online* s s
Projekt byl zrealizovan ve spolupraci

s Ceskou zemédélskou univerzitou v

Praze. V unoru byla vyvésena

(omptecd

.chytra” ptaci budka na tij1 v arealu » vid S
! el

vr w ’ -y 5 . A ; - . {
nasi Skoly. Diky jejimu vybaveni Y weale, sk
A a

’ v ey ,..L,._
kamerou a snimaci teploty a zvuku %

jsme poté mohli byt svédky tzasného ’ J » v
zazraku piirody — zrozeni novych =5
Zivoti — v pfimém pienosu.
Prostfednictvim interaktivni tabule a
monitoru prenasejiciho obraz zevmtf
budky do chodby nasi skoly jsme
mohl: byt kazdodennimi pozorovatel
zivota sykorek a proniknout tak do
taju ptaciho svéta. Sledovani
hnizdéni zaujalo dét1 natolik, Ze se
zacaly vice zajimat 1 o dalsi ptaci
navitévniky na nasi zahradé a také o

vse, co s tim Ssouvisi.

Jelikoz uz dlouhou fadu let

spolupracujeme se sousedni 28

zakladni Skolou, oslovili jsme 1 Skolaky. jestli by se chtéli zapojnt do naseho pozorovani a
dopadlo to nad oéekavani. O viem se muzZete presvédéit pii prohliZeni a éetbé tohoto deniku,
ktery jsme spole¢né vytvorili.

Obrazek 18 Ukazka medialniho vystupu 6. matefské Skoly Plzer s ekologickym zamérenim.

5.3 Vyhodnoceni vzdélavaciho pfinosu a popularizace védy

Budky byly umistény na Skolnich pozemcich se zeleni s dostatkem hnizdnich
prileZitosti a s dostupnou internetovou pfipojkou. Zaci pozorovali konkrétni jedince
hnizdici v jejich budce a s pomoci pedagogu se nenasilnym zpisobem seznamovali
s jejich aktivitami, ¢imz si pfirozenym zpusobem rozsSifovali své znalosti a navazovali
osobni vztah k zivotnimu prostfedi jiz od raného véku (Zarybnicka, et al., 2017) .
Jednalo se napf. o pfirozené pfirodni jevy jako uhyn mladat z divodu nedostatku
potravy, kdy byl détem vysvétlen diivod a ukazana strategie preziti drobnych pévcu

v podobé nahradni snGsky nebo jeji velikosti

Dulezitym aspektem projektu Ptaci Online je jeho vliv osvétovy, kdy pozitivnim

efektem Sifi informace o hnizdéni ptakd spojené s problematikou ochrany Zivotniho
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prostfedi. Podobnym zpusobem ovliviuji chytré ptaci budky povédomi o Zivotnim
prostfedi na vSech udrovnich vyukového systému — budky jsou provozovany
v matefskych, zakladnich, specialnich, stfednich i vysokych Skolach — ale také
v ekocentrech, nemocnicich nebo domovech seniord a individualnich
spolupracovnikdl. Ugastnici projektu se tak prostfednictvim budek dozvédéli o
principech a dulezitosti tzv. obanské védy a v mnoha pfipadech se sami aktivhé

zapojovali (Pfiloha 14 a 15).

Tematiku hnizdéni ptakd vyuzivali pedagogové spolec¢né s zaky prakticky ve
v8ech vyucCovacich pfedmétech od biologie (faktické biologické informace), pfes
vytvarnou vychovu (kresleni obrazku), ¢esky jazyk (psani pfibéhl o zivoté ptakd) az
po pracovni vyugovani (vyroba budky). Zaci inklinujici spise k technické tématice se
spiSe zajimali o vykon fidici jednotky a béhem hodin informaéni technologii se
zabyvali stfihem pofizenych zaznamu z budky a tvorbou videi. Vyznamnou pomuckou
pro praci pedagogu s zaky se stala spoluautorska metodicka pfiruc¢ka ,Chytra budka

— od technologie k biologii“ (Pfiloha 16).

Velky vyznam ma chytra ptaci budka pro univerzitni studenty pfirodovédnych
obort CZU, ktefi zpracovavali konkrétni zadani bakalafskych a diplomovych praci
s vyuzitim analyz pofizenych videozaznam (Pfiloha 4). Pozitivni tlohu hraly chytré
ptaci budky i béhem osvétovych pfednasek ve skolach, veletrzich nebo médiich (Obr.
19, 20, 21).
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Obrazek 19 Prezentace projektu Ptaci Online — veletrh védy v Letfianech vievo (foto Aneta Kucerova) a
pfed instalaci budky v ZS TGM vpravo (foto Zdena Olmerova).
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ptaéi budky To se milibi » Sdilet Zrusit ulozeni
0 Véda 24 ] v

Chytré ptaci budky

Budky maji mj. kamery, senzory tepla, svétla ¢i vihkosti
. ——

Obrazek 20 Prezentace projektu Ptaci Online v médiich.

5.4  DalSi aplikace chytrych ptacich budek

Snadna adaptace monitorovaciho systému umoznujici vyuZiti kamer
v budkach uréenych pro rizné ptaci druhy. Monitorovaci zafizeni chytrych ptacich
budek bylo objednano zahrani¢nimi institucemi pro jejich vyzkumné projekty.

v nasledujicich aplikacich:

1) sova palena (Tyto alba) - realizovand dodavka (bfezen, 2019) 10 kompletd
monitorovaciho systému (Department of Zoology, University of Venda, Thohoyandou,
South Africa), v€etné vyvoje a testovani dfevéné konstrukce hnizdni budky pro sovu

palenou

2) lednacek mikronésky (Todiramphus cinnamominus) a Spacek mikronésky (Aplonis
opaca) - ve spolupraci s Ministerstvem zemédélstvi, Guam, USA participace na
programu na zachranu ohrozenych druhl. Projekt byl z ddvodu omezeného

financovani pozastaven.
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3) alkoun holubi (Cepphus columba), alkoun aleutsky (Ptychoramphus aleuticus),
bufhacek dlouhokfidly (Oceanodroma leucorhoa) — realizovana dodavka (bfezen,
2021) 10 kompletl monitorovaciho systému vcéetné vyvoje a vyroby vétsi verze IR
brany a jejiho zakrytovani. Objednatel byla vladni agentura Environment and Climate
Change Canada, Pacific Wildlife Research Centre, financujici vyzkum na ostrové

East Limestone. Vyzkum je zaméfen na studium sloZeni potravy alkound holubich

(Cepphus columba) a jejich hnizdni biologie (Obr. 22).

Obrazek 21 — Vyuziti chytrych ptacich budek ke studiu sloZeni potravy alkound holubich (Cepphus

columba) na ostrové East Limestone v Tichém oceanu.

6. Diskuse
6.1 Uéelnost a vyuziti chytrych ptaéich budek

Po dobu trvani projektu Ptaci Online, probihala a k dneSnimu dni stale probiha
spoluprace primarné se zakladnimi Skolami, které nejen idealné splfiuji cile a zaméry

celého projektu ale i pfedpoklady pro umisténi chytré ptaci budky.

Po uzivatelské strance byla oceriovana hlavné moznost nezavislého online
sledovani vice Skolnich pracovnich skupin a rGznych zajmovych kolektiva v jeden
okamzik prostifednictvim internetového prohlize€e. Tato moznost byla i vhodnym

dopliikem vyuky Skol béhem jejich uzaveéry v pribéhu pandemie ve druhém pololeti
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$kolniho roku 2019/20. Zaci, ktefi méli ve svych Skolach instalovanou budku modulu
3.0, mohli pozorovat realny online pfenos z budky, zatimco tis modelem 2.0 se museli

spokojit se zaznamy pofizenymi b&éhem pfedchoziho dne.

Pro odbornou vefejnost, zpracovani pofizenych dat a naslednou analyzu, je
nespornou vyhodou mit k dispozici jiz pfipraveny soubor zaznami, s vysokym
vyskytem objektu zajmu, jako napfiklad rizné behavioralni interakce mezi rodi¢i a
mladaty nebo mladaty navzajem ale i poCty vletl, zpusob Cisténi hnizda nebo slozeni
potravy. Tento soubor pofizenych zaznamu je z celodenniho déni v budce selektovan
pomoci inovativniho fedeni — IR brany — pouzivané v ptacich budkach po celou historii
projektu. Ve své podstaté nema ve svétovém méfitku srovnani s jakymkoli jinym
zpusobem biologického monitorovani obratlovcld. Vzdalené podobnym je pouze
princip pouzivani fotografickych pasti, ktery v8ak v tomto ohledu neni s pouZzitim
chytrych ptacich budek srovnatelny. V tomto ohledu hodnotim pfinos a ucelnost
projektu velmi pozitivng, nebot pozorovatel pfimo pozoruje a vnima pfirodni jevy,

které mlze pripadné konfrontovat s dostupnou literaturou.

| pfes Cetné mnozZstvi vyhod a prednosti, které monitorovaci systémy vSech
vyvojovych sérii nabizi, je stale limitujicim faktorem pomérné vysoka pofizovaci cena
(pFiblizné 25 000,- K¢), ktera je v pfipadé zajmu jednotlivell nedostupna, a proto
zafizeni nahrazuji komerénim, jednodussim feSenim. V pfipadé instituci a skol Ize
pokryt tuto Castku formou grantd nebo zapuj¢kou. Vyhodou tohoto typu
spolupracujicich subjektu je zpravidla uzavieny aredl Skolni zahrady, pfipadné
s kontrolovanym pfistupem, ale i spolehlivé internetové pfipojeni a operativni

moznost zasahu v pfipadé vypadku monitorovaciho systému.

6.2 Uskali pouzitého hardwaru a softwaru

MozZnost automatizovaného bezobsluzného provozu, transferujici pofizené
zaznamy na server CZU, spoleéné s moznosti vzdaleného pfistupu do fidici jednotky
v pfipadé potfeby prenastaveni parametr patfi k velkym vyhodam celého systému.
Na druhou stranu jsou nezadouci situace, kterym nelze prfedchazet a patfi spiSe
k minoritni  ¢asti pfipadl vyzadujicich servisni zasah. Ktakovym nalezi napf.
opakované vyskakovani zadonicich mladat, napf. Spackd obecnych, ktefi svoji
pfitomnosti ve vletovém otvoru spousti kamerovy systém stale dokola. Jednotka

posléze pofidi velké mnozstvi zaznamu, které svoji velikosti zahlti kapacitu pamétoveé
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karty. Rovnéz se obcas stane, Ze opakovanym dotykem kFidel ptak( krytu kamery,
dojde k jeho znecisténi mastnou vrstvou, ktera zapficini zaclonéni obrazu. Tuto
skuteCnost je tfeba feSit mechanickym ocisténim krytu kamery. Nastésti k podobnym
pfipadim dochazi zfidka a prakticky jenom v pfipadé hnizdéni Spackul obecnych, kdy
je vétsi vletovy otvor umistén v tésné blizkosti kamery a je velka pravdépodobnost

kontaktu kfidel ptaka s krytem kamery.

ZvySenou pozornost vyzaduje hnizdéni vrabcu polnich, u kterych vyplfuje
hnizdni vystelka celou budku a jeji nahromadény material téméf vZzdy prekryje obraz
kamery a znemozni pozorovani. V kazdém pfipadé je nutné individualné posoudit,
zda je nutny manualni zasah, ktery by zablokovany prostor eliminoval. Pfipadny
nevhodny zasah by mohl narusit, ohrozit nebo ukoncit hnizdéni ptakd a je nutné ho
dobfe zvazit. Ve vétSiné pfipadl ostatnich hnizdi¢l dosahuje vystelka maximalné 15
cm. Dokonce ani vy8Si mocnost opakované stavby hnizda na zbytcich hnizda
z uplynulé sezény nepusobi velké komplikace béhem monitoringu. Nutno podotknout,
Ze vySe uvedené komplikace s nutnou udrzbou pouzitého hardwaru by se objevily i
pfi pouziti jakychkoli jinych alternativ a prakticky nejsou moznosti, jak by se témto
situacim dalo predejit. Vyplyvaji z biologie a chovani nékterych druh(l a pouzita

technologie na to nema zadny vliv.

Dalsi skupinou zavad béhem provozu jsou predvidatelné zavady, kterym Ize
byt v omezené mife pfedchazet prevenci. Ktémto pfipadim patfi shlukovani
drobnych bezobratlych v prostoru €idel IR brany. Jedna se zejména o kolonie plostice
blanatky lipové (Oxycarenus lavaterae), mravence obecného (Lasius niger) nebo
Skvora obecného (Forficula auricularia). V téchto pfipadech zivolichové vyuzili

drobnych netésnosti a pronikli do prostoru elektroniky IR brany (Obr. 23).
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Obrazek 22 Ptiklad IR brany vyfazené z provozu kolonii mravencl obecnych (vlevo) a blanatky lipové
(vpravo) (foto autor).

V jednom pfipadé bylo zaznamenano zkratovani fidici jednotky zplisobené
zateCenim vnitfni Casti datového kabelu po naruSeni jeho izolace strakapoudem
opravena. V dalSim pfipadé byla destrukce kabelaze zpusobena nocujicimi
poletuskami severnimi (Glaucomys sabrinus) (Cornell univesity), kde byla rozhlodana

kabelaz vyménéna a chranéna kovovym opletenim.

7. Zaveér

Projekt Ptaci Online se svymi parametry, cili a u€elnosti fadi ke svétovym
Spickam v metodach neinvazivniho vyzkumu ptakd. V mnoha parametrech neni
dosud prekonan v celosvétovém méfitku — napf. pouziti na miru vytvofeného
pocitae pro online i retrospektivni zaznam. Technické feSeni modularniho typu je
snadno adaptovatelné pro jiné hnizdni druhy s odliSnymi parametry hnizdnich budek.
V pfipadé moznosti internetového pfipojeni je automaticky vyfeSena otazka napajeni
systému a prenosu dat smérem z budky do internetové sité. Tento fakt pfispiva

k neutuchajicimu zajmu stale vétsi Casti vefejnosti o aktivni zapojeni do FeSeni
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rliznych otazek problematiky ob&anské védy. V pfipadé offline situaci existuji rovnéz
alternativni moznosti feSeni. V tomto ohledu ma Projekt Ptaci Online pomérné velké
rezervy pro inovace a dalSi rozvoj (napf. vyuziti solarniho napajeni, pfipojeni a pfenos
dat pres wifi sit, automatické zpracovani dat nebo rozsiteni platformy senzoru), tyto

v8ak narazeji na omezené financni prostredky.

Monitorovani pomoci kamerovych systém( dnes plnohodnotné nahrazuje
Casové narotna a nakladna pfima pozorovani. Nami navrzeny a vytvoreny unikatni
systém se plné osvédcil v prib&éhu monitoringu druhl s denni i no¢ni aktivitou a je
dnes nezastupitelnym ,prikopnickym“ nastrojem pro kontinualni (24/7) monitorovani
a neinvazivni sbér velkych souborl dat, ktera pomahaji zodpovédét fadu védeckych
a ochranarskych otazek a feSenych témat. Nami vyvinuty systém vyZadoval znacné
finan€ni naklady, které odpovidaly rozsahu a kvalité sbiranych dat. Na druhou stranu
vSak byly tyto naklady pfili§ vysoké pro vyuziti chytrych budek soukromymi osobami.
Zde se proto nabizi fada alternativnich jednodusSich feSeni poskytujicich moznost
omezeného typu monitorovani, napf. prostfednictvim online bez moznosti zaznamu.
| takovéto systémy vSak mohou byt uziteCné pro environmentalni vzdélavani

vefejnosti.
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Pfiloha 1. Konfiguraéni soubor pro komplexni nastaveni (model 2.0

/

// hardware
17
/* Hardware configuration of the system. The devices need to be assigned
appropriately to the hardware slots to allow proper communication and
power control. */
hardware:
{
/* Microphone in the MIC slot.
"HMUO603C-6€5" - Standalone cable microphone.
Ll - No microphone.

uIc = "HMUO603C-65";

/* Event trigger in the BARRIER slot.
"IRBAR" - Standard U-shaped infrared light barrier.
ol - No event trigger. */

BARRIER = "IRBAR";

/* Auxiliary hardware in the IOPO, IOP1 and IOP2 slots.
“s" - Temperature sensor. Only one piece can be used.
"LTS" - Light and temperature sensor. Only one piece can be used.
Lo - No hardware. */

10P0 = "TS";

I0P1 = "LTS";

I0P2 = "";

/* Video cameras in the CAMO and CAMl slots. If both cameras are used offline
for triggered event recording, CAMO records prior to CAMI.
"UI-1541M" - Monochrome camera by IDS, 1280x1024 px. Offline performance

only.
"UI-1641C" - Color camera by IDS, 1280x1024 px. Offline performance only.
"yve" - Generic USB Video Class camera. Online/offline.

camo = "UveC";
caML = "%;

- No camera. */

/* Radio frequency identification reader in the RFID slot.
"ELB149CSM" - 125 kHz RFID reader.
. - No reader. */

RFID = "";

/* Wifi modem assembled on the SQM4-VF6 module.
"AR4100" - Qualcomm Atheros AR4100 SIP (SQM4-VFEé-W module).
b - No wifi (SQM4-VF6-M module). */

WIFI = "";

/* On-board temperature sensor.
"MCP9804" - 0.25 degree temperature sensor, assembled on the base board.
o - No temperature sensor assembled on the base board. */
TONB = "MCP9804";
15

/
// sleep_mode
/

/* Sleep (power-saving) mode settings. When the system is in this mode,
the event trigger, RFID reader and offline cameras are powered off,
disallowing to record any videc. Up to three intervals
applicable - separate the values by commas (s.g. [22,5,14]). */

sleep_mode:

{

/* To enable sleep mode, use 1, otherwise 0. */
enable = 1;

/* sStart time of the sleep mode. */
from_hour = [08,22];
from minute = [00,00];

/* End time of the sleep mode. */
to_hour = [12,4];
to_minute = [00,00];

+i

/

// autoupload

//

/* Automatic records upload to the remote data server. Up to three intervals
applicable - separate the values by commas (e.g. [22,5,14]1). */

autoupload:

{
/* To enable sleep mode, use 1, otherwise 0. */
enable = 1;

/* start time of data upload. */
sta:t_hour = [22];
start__m:l.nute = [00];

/* End time of data upload. */
stop_hour = [8];
stop_minute = [00];

1;

17
// cam0
17
/* First camera settings. */
cam0:
{

/* If the camera is to be used for triggered event recording, set to 0.

If it is to be used for online watching, set to 1. */

online = 0;

hwspec:
/* Duration of one record in the offline mode, in seconds. */

duration = 30.0;

Y

17
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PFiloha 2. Konfiguraéni soubor pro nastaveni médu kamer a jejich operacni ¢asy (model 3.0)

/* Defines a custom set of modes. Each mode defines full configuration of the device,
* in particular configuration of the cameras. */
modes =
{
/1% // this would define a new mode named “active"”
active = {
// cameral would be configured to produce 12 seconds long videos,
// starting immediately after light barrier interruption.
// "default" camera profile is used (see cameral.cfg).
cameral = {
profile "default"; // profile name (default="default")
delay // delay in seconds (min=0, max=120, default=0)
duration = 12; // duration in seconds (min=0, max=300, default=0)

// camera2 would be configured to produce 10 seconds long videos,
// starting with 5 second delay.
// "default" camera profile is used (see camera2.cfg).
camera2 = ( profile = "default”; delay = S; duration = 10; };

i

// "active2" defines the same mode as "active”, but in more space-saving manner
// Both cameras use "default" profile (default value if not explicitly stated).

active2 = |
cameral = { duration = 12; };
camera2 = { delay = 5; duration = 10; };

b;

// to disable recording from camera2, set its duration to 0

active3 = {
cameral = { duration = 12; };
camera2 = ( duration = 0; };

// to define a "sleep” mode, set both camera durations to 0

sleep = {
cameral = { duration = 0; };
camera2 = (}; // using default duration, i.e. 0

// 8ince default duration is 0, both camera definitions can be removed.
// Such "sleep2" mode definition would be equivalent to "sleep”.

// Remember that the cameras profile would be set to "default".

sleep2 = (};

e/
light_operation = {
cameral = {
profile = "day";

delay = 0;
duration = 10};

camera2 = |(
profile = "night";
delay = 10;
duration = 30};
bi
dark_operation = {
cameral = {
profile = "night";
delay = 0;
duration = 10};

camera2 = |
profile = "night";

duration = 40};
slesp = {};

b
// define new modes here

/* Defines a sequence of modes switching schedule. Each line defines a start time
and a name of mode to switch to at given time of day. The schedule can have
virtually arbitrary length. There should always be at least one (non-dummy) item!
Without such item, the program does not know what mode to select on startup,
* so a default (dummy) mode is set. */
schedule =
(
% // The following list would define the following mode schedule:

// 08:00 - 14:00 active

// 14:00 - 15:30 active2

// 15:30 - 20:45 : active

// 20:45 - 08:00 : sleep

// (Remember that all times are in UTC.)

-

{ hour = minute = 00; mode = "active"; },
( hour = minute = 00; mode = “active2"; },
{ hour = minute = 30; mode = "active"; },
{ hour = minute = 45; mode = "sleep"; },
*/
{ hour = 11; minute = 00; mode = "light_operation"; },
{ hour = 16; minute = 00; mode = "dark_operation"; },

/* Leave this line as the last item, do not delete nor edit! */ }
)i

/* Defines the times, when the recorded data should be submitted to the server.
* There could be virtually arbitrary number of items in the list. */
autoupload =

Y o // The following list would enable autoupload from 20:00 to 04:00
// and from 12:00 to 14:30. All times are in UTC.
( start = { hour = 20; minute = 00; }; stop = [ hour = 04; minute = 00;
{ start = { hour = 12; minute = 00; }; stop = { hour = 14; minute = 30;
( start = ( hour = 04; minute = 00; }; stop = ( hour = 04; minute = 05; }; },

( /* Leave this line as the last item, do not delete nor edit! */ }



Pfiloha 3. Konfiguraéni soubor pro nastaveni kvalitativnich parametr(i kamer (model 3.0)

/* profiles->[name]->daymode:

* auto - Switches automatically between "day" and "night_iron" mode. Good
performance but high power consumption. Acoustic and visual disturbance.

* day - Color image, IR light permanently turned off. Lower power
consumption, no disturbance.

* night_iroff - Monochrome image, IR light permanently turned off. Lower power
consumption, no disturbance.

* night_iron - Monochrome image, IR light permanently turned on. Good performance

but high power consumption. Visual disturbance.
* night_irauto - Monochrome image, IR light turns on only when recording. Lower power
consumption, backlog without IR light. Visual disturbance.

*f

/* profiles->[name]->controls:
$ v4l2-ctl -d /dev/videol -L

brightness (int)
contrast (int)
saturation (int)
hue (int)
white_balance_temperature_auto (bool)
gamma (int)

min=-6€4 max=64 step=1 default=0 value=0
min=0 max=6€4 step=l default=32 value=25
min=0 max=128 step=1 default=64 value=64
min=-40 max=40 step=1 default=0 value=0
default=1 value=1

min=72 max=500 step=1 default=100 value=100

gain (int) : min=0 max=100 step=1l default=0 value=0
power_line frequency (menu) : min=0 max=2 default=1l value=1l
0: Disabled
1: 50 Hz
2: 60 Hz

white_balance_temperature (int)
4600 flags=inactive

min=2800 max=6500 step=1 default=4600 value=
sharpness (int) min=0 max=6 step=1 default=3 value=2
backlight_ compensation (int) min=0 max=2 step=l1 default=1l value=1l
exposure_auto (menu) min=0 max=3 default=3 value=3
1: Manual Mode
3: Aperture Priority Mode

exposure_absolute (int) : min=1 max=5000 step=1 default=156 value=156
flags=inactive
exposure_auto_priority (bool) : default=0 value=0

*/
video =
{

width = 1280;

height = 720;

framerate = 30;
};
profiles =

{
/* Default profile. This profile is mandatory. It shall define all "controls"
values
* that are used in other profiles. */
default =
{
daymode = "auto";
controls =
{
brightness = 35;
contrast = 25;
sharpness = 2;
exposure_auto = 1;
exposure_absolute = 100;

night =
{
daymode = "night_iron";
controls =
{
brightness = 35;
contrast = 25;
sharpness = 2;
exposure_auto = 1;
exposure_ absolute = 100;

day =
{
daymode = "day";

controls =

{
brightness = 35;
contrast = 25;
sharpness = 2;

/* TODO: Define custom profiles here. */
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INTRODUCTION

There is a long history in ecological research of
collecting observations of animals indirectly,
using cameras, sound recording devices, and
other forms of data loggers. Such devices have
allowed the collection of information in situations
in which direct human observation would
require too much time, money, and field effort,
or even change the natural behaviors of the
observed animals (Cutler and Swann 1999, Reif
and Tornberg 2006, Cox et al. 2012). However,
applications of similar technologies in human
society, with the Internet of Things, point to the
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potential for much more sophisticated collection
of ecological data. Most obviously, connection to
the Internet allows automated downloading of
data as well as remote monitoring and control of
devices (Madhvaraj and Manjaiah 2017). As
another example, more sophisticated edge com-
puting—providing substantial computational
resources at the data loggers—can enable the
integration of multiple streams of data at their
source, facilitating subsequent data manage-
ment. In order to achieve the full benefits of this
sophistication, researchers need to design entire
systems for data collection that are tailored to
specific needs, rather than constraining the data
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that they collect based on the availability of off-
the-shelf devices (Cox et al. 2012, Trolliet et al.
2014) simply because they are readily available at
low cost.

The study of reproduction of many animal
species, particularly animals such as cavity-nest-
ing birds, lends itself well to the use of integrated
monitoring systems in order to collect informa-
tion on aspects of nesting biology. Cavity-nesting
birds have been used as model systems for dec-
ades in order to study an array of questions in
population and behavioral ecology. Examples of
research topics include diet structure and forag-
ing effort, nest attentiveness, and parental coop-
eration and competition; sibling competition and
survival rate in relation to varying weather (e.g.,
temperature, precipitation, humidity, and air
pressure; Charmantier et al. 2008, Irons et al.
2017); and responses to anthropogenic changes
in environments (e.g., light, noise, and air pollu-
tion; Dominoni et al. 2014, Shannon et al. 2016).

The automated collection of data from cavity-
nesting birds not only facilitates research but can
additionally expand access of the general public
to the life sciences, at the time of increasing
urbanization and disconnection of people from
the natural world (Balmford et al. 2002). Scien-
tists can share research data and results with the
public through the Internet in real time, allowing
the public to be involved in the research at levels
varying from sharing images of natural systems
through to crowdsourcing of data collection and
processing in a citizen science project. The most
basic application is the dissemination of live
streaming and video capturing of bird activities
in their nests via social media (Zarybnicka et al.
2017). Availability of such video creates the
potential for educational activities such as direct
observation of animal life on screens placed in
schools that can supplement generic textbook
information with real-life bird observation. For
this potential to be realized, however, the infras-
tructure for transmitting, storing, and displaying
information needs to be built in a way that
allows for broad dissemination of the
information being collected by camera and
sensor systems.

Here, we describe the lessons that we have
learned from designing, building, and deploying
nest monitoring systems that we created for both
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research and educational purposes and that
allow (1) live video streaming and video capture
of cavity-dwelling animals over the course of an
entire year; (2) the collection of measurements of
local weather and environmental data including
temperature, light intensity, humidity, and air
pressure; (3) automated downloading, storage,
and dissemination of video and audio data; (4)
automated processing of all streams of data; (5)
remote monitoring and configuration of the sys-
tem; and all while (6) retaining the potential to
extend the system’s functionality in the future.
We discuss the major design decisions that we
made in developing our system including evalu-
ating the strengths and limitations of our current
system, offer suggestions regarding the trade-
offs involved in designing any such system, and
note ideas for future development and applica-
tions in scientific and educational fields.

MATERIALS AND METHODS

Here, we first describe the criteria that we set
for the design of our system for automated nest
box monitoring, and then describe the systems
themselves, both model 2.0 and 3.0 SNBox
camera systems, and related networking
infrastructure.

Since we aimed to build the modular camera
system whose functionality could be extended in
the future with minimal technological limita-
tions, we developed the entire camera system
from the ground up, including hardware and
software technology, and only the cameras were
standard commercial products. Our main design
criteria for new system were as follows:

Hardware criteria:

1. Flexibility to collect a wide range of environ-
mental data, and the flexibility to incorpo-
rate new features into the basic design.

2. Small dimensions of all technical compo-
nents to be suitable for embedding in the
structure of the nest box.

3. High reliability and long-term life span of
all technical components, including the
housing for all devices such that the system
would work reliably during extreme
weather conditions, and be easy to install.

4. Energy efficiency.
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Software criteria:

1. Reliable continuous operation.

2. Minimum video trigger delay.

3. Automated data delivery and management,
reducing potential errors associated with
manual steps in the data-management
workflow.

4. The ability for real-time and retrospective
viewing of any data both by researchers,
and for educational purposes by the general
public.

Financial criteria:

1. Lower need for on-site maintenance, thus
substantially reducing the cost of labor for
maintenance that could limit the number of
units that can be deployed at one time.

2. Reliability and professional design that
would allow the potential for commercial
production of the system.

Background

We have designed and deployed three genera-
tions of a modular camera surveillance system
for monitoring of cavity-dwelling animals, par-
ticularly birds. We designed the first camera sys-
tem (model 1.0) to monitor boreal owl (Aegolius
funereus) nests located in forest areas. We com-
pleted this system in 2014, and it consisted of a
pair of industrial cameras with IR lighting, an IR
light activity detector, an RFID reader, and tem-
perature and light intensity sensors. This system
was powered by a battery. Data were down-
loaded manually via a cable: Our initial design
did not feature automated data transfer capabili-
ties due to non-availability of Internet connec-
tions in forest areas. We embedded this camera
system in a wooden bird box forming a so-called
smart nest box (SNBox), which is described in
Zarybnicka et al. (2016).

Here, we introduce two successor SNBoxes
(the model 2.0 and model 3.0) that we adapted
for monitoring diurnal cavity-dwelling passerine
birds inhabiting urban areas where wired Inter-
net connection and mains power are easily
accessed. We extended the camera system of
both models (model 2.0 and model 3.0) with
remote data acquisition and live streaming of
animal activities, creating a maintenance-free

ECOSPHERE % www.esajournals.org

KUBIZNAK ET AL.

camera surveillance system whose data could be
universally accessible. In particular, we replaced
battery powering and regular manual data
downloading with full-time powering via stan-
dard household electrical connection and auto-
matic daily data transfers from each SNBox to
our university server (located at the Czech
University of Life Science Prague). In the spring
of 2016, we launched the model 2.0 that we
evolved from the model 1.0 by partial hardware
redesign and software extension. This model was
equipped to enable video capture of animal
activities, and live streaming at limited frame
rate. Recorded video was available to anyone on
our project’s websites, and live streaming was
provided only to the hosting location. To over-
come this limitation, we evolved the model 3.0
that we launched in spring 2018. Both hardware
and software of this model were complete rede-
signs. This model allowed video capturing of
animal activities at standard frame rate (i.e.,
30 fps) and simultaneous live streaming to the
Internet. The model 3.0 system also was
equipped with additional environmental sensors,
desktop applications for processing of data from
environmental sensors, and permanent remote
connection for automatic system health monitor-
ing and maintenance. Below, we describe the
technical features, including hardware and soft-
ware technology, and results of the use of both
camera systems during 2016-2018. We primarily
describe the model 3.0 system, while noting the
differences found in model 2.0 systems. In
Table 1, we also provide the basic technical
description of model 1.0 (Zarybnicka et al. 2016)
to provide a ready comparison among the three
generations of systems.

Smart nest box

While standard nest boxes are designed only
to house and protect nesting birds, our nest box
structures were additionally designed to physi-
cally protect the sensors and computer system
and allow for wired power and Internet connec-
tions. We modified the original wooden construc-
tion of the model 1.0 boxes used to monitor
boreal owls (Zarybnickd et al. 2016), reducing
the box size to be appropriate for cavity-nesting
passerines and using the same design for model
2.0 and model 3.0 (Fig. 1). We designed the inte-
rior to embed all devices, including the computer
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Table 1. Summary on the technical specifications of the computer unit, cameras, videos, and other components
and maintenance of the model 1.0, 2.0, and 3.0 SNBox camera systems.

Model of monitoring system 1.0 (Zarybnicka et al. 2016) 2.0 3.0
Time of completion 2014 2016 2018
Costs $1,400 $560 $560
Computer Unit
Manufacturer Elnico Elnico Elnico
Microprocessor NXP Vybrid VF6 NXP Vybrid VF6 NXP i.MX6SoloX
ARM Cortex A5 500 MHz+ ARM Cortex A5 500 MHz+  ARM Cortex A9 800 MHz+
ARM Cortex M4 167 MHz ARM Cortex M4 167 MHz ARM Cortex M4 227 MHz
RAM 256 MB 256 MB 1 GB
NAND FLASH 256 MB+ 256 MB 256 MB
MicroSD card 4GB} 16 GB% 16 GB}
Ethernet 100 Mbit/s 100 Mbit/s 100 Mbit/s
WiFi 802.11 b/g/n No Noi
Housing 171 x 121 x 55 mm, IP65 125 x 115 x 58 mm, IP53 125 x 115 x 58 mm, IP53
Powering 12 V traction battery 15 V PoE 15 V PoE
(Power over Ethernet)} (Power over Ethernet)}
Other Components
Manufacturer Elnico Elnico Elnico
Microphone Stand-alone Stand-alone On-camera
Activity detector Infrared light barrier Infrared light barrier Infrared light barrier
RFID reader Yes Noi No
Light intensity sensor Photoresistor + ADC Photoresistor + ADC Luxmeter
Interior temperature sensor Yes Yes Yest
Exterior temperature sensor Yes Yes Yes
Hygrometer No No Yes
Barometer No No Yes
Magnetic sensor No No Yest
External speaker No No Yest
Extension slots No No Yest
USB connectors No No Yest
Camera
Manufacturer Imaging Development Systems  Ailipu Technology Ailipu Technology
Model UI-1541LE-M ELP-USB100W05MT-RL36 ELP-USB100W04H-RL36
Resolution 1280 x 1024 px (1.3 MPx) 1280 x 720 px (1 MPx) 1280 x 720 px (1 MPx)
Color mode Monochromatic Color (day)/ Color (day)/
Monochromatic (night) Monochromatic (night)
IR lighting Always On low illumination On low illumination
Connection uUsB USB USB
Number 2 1% 11
Video
Codec MJPEG MJPEG H.264
Container mkv mkv mp4
Frame rate 10 fps 6 fps 30 fps
Trigger delay 16 ms 20-200 ms —3000 to —2000 ms
Video capturing Yes Yes Yes
Live streaming No Local network only, Internet,
dedicated player standard stream (RTSP)
Capturing vs. streaming Capturing only Mutually exclusive Simultaneous operation
Maintenance and data handling
Regular maintenance Yes No No
Remote access No Yes Yes
Remote data acquisition No Yes Yes
Automatic data backup No Yes Yes
Web-published data No Yes Yes

Notes: Costs (in US dollars) and manufacturers are also shown. Please note that all components are custom designed and
produced in cooperation with the Elnico company, and only cameras are standard commercial products.

tProperty not used or not implemented yet.

{Value applied in the field. Property is adjustable.
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Fig. 1. The design of the model 3.0 smart nest box (SNBox) and its individual parts. (a) The completed SNBox.
(b) A front view of the SNBox exposing the IR light activity detector board upon which environmental sensors
were also located. (c) The inner SNBox space containing a nesting area with one or two cameras and the electron-
ics area with a computer unit and cabling. (d) Side view of the SNBox with uncovered window and exterior light
and temperature sensor (model 2.0 only). (e) Photograph and schematic of the front wooden cover with the
entrance (35 or 45 mm) and the lens used to direct light to the illumination sensor. (f) Schematic of the box and
its individual parts: a, the nesting area; b, the electronic area; ¢, the front wooden cover; and d, the window
shielded by translucent plexiglass and covered by a removable cover. Outer dimensions are in millimeters. Note
that the model 2.0 box only differed in the front wooden cover that did not include the lens, and environmental

sensors were located on outside wall instead of being on the IR light activity detector board (e).

unit (Fig. 1c), an IR light activity detector
(Fig. 1b), environmental sensors (Fig. 1b, d), and
cameras with IR lighting (Fig. 1c). We provided
the box with a 45-mm entrance and a groove for
placement of the IR light activity detector that
was protected from the box exterior with a woo-
den plank (Fig. 1a, e). The sizes of birds using
the boxes could be varied by changing the size of
entrance hole in a wooden plank placed over the
entrance hole in the main box; we produced
planks with 35- or 45-mm entrance for nesting
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smaller (e.g., Eurasian blue tit Cyanistes caeruleus)
or larger (e.g., great tit Parus major or European
starling Sturnus wvulgaris) bird species, respec-
tively (Fig. 1e). We also equipped each box with
a window shielded by translucent plexiglass
(Fig. 1d) to provide greater natural illumination
inside the box and enable the recording of color
video during daylight hours. This window was
covered by a removable plastic or wooden cover
to manually regulate light intensity inside the
box. The overall dimensions of these SNBoxes
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were up to 355 x 280 x 185 mm, and the weight
was 6.2 kg when all components were installed.

Computer unit

To fulfill our criteria for data collection and
processing, we decided to build a custom-
designed computer unit instead of using an off-
the-shelf single-board computer (for comparison
with Raspberry Pi, see Discussion). We designed
and developed the computer unit as the core of
the system, connecting to and controlling all
peripheral devices, including scheduling, animal
detection, data collection, storing and submis-
sion, live streaming, and VPN connection and
communication. The model 3.0 computer unit
(Fig. 2a) was built based on the SQM4-5X6 pro-
cessor module (Elnico, Dvur Kréalové nad
Labem, Czech Republic) featuring a heteroge-
neous dual-core ARM Cortex processor
800 +227 MHz, 1 GB operating memory,
256 MB permanent storage, and integrated Eth-
ernet circuit. The computer unit was also
equipped with a 16-GB microSD memory card
(local data storage), 4 universal extension slots, 2
Type A USB connectors, a 3.5-mm audio jack for
external microphone, an RJ45 connector for the
Ethernet cable connection, and a set of RJ12
female connectors for connecting the peripheral
devices. We found RJ12 connectors ideal, offer-
ing sufficient number of pins to transmit
required power and data (i.e., 6 pins, 2 for power
and 4 for data signals), providing a mechanical
lock for reliable connection, allowing quick and
easy toolless connection and disconnection, and
being inexpensive. The model 2.0 computer unit
(Fig. 2d) differed primarily in the processor
module SQM4-VF6 (Elnico), with heterogeneous
dual-core processor 500 + 167 MHz and 256 MB
operating memory. This earlier computer unit
did not have extension slots or USB connectors.

The system was controlled by a dual-core pro-
cessor, using Linux and FreeRTOS operating sys-
tems running in parallel. This approach
combined the advantages of a feature-rich oper-
ating system together with minimum latencies
and full control of a real-time operating system.
In other words, use of FreeRTOS was not inevita-
ble, but it simplified implementation of some
device-driver software components and left more
options for the future development. FreeRTOS
was mainly used to implement non-standard
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drivers of the IR light activity detector and envi-
ronmental sensors, which would be more com-
plicated to do under Linux. Most of the
application software components ran under
Linux, with custom control software, a virtual
private network (VPN) client, a Secure Shell
(SSH) server, and a Simple Network Manage-
ment Protocol (SNMP) server. When a signal was
received from the activity detector, our applica-
tion based on the gstreamer library (powerful
library supporting all media-handling opera-
tions; for details, see https://gstreamer.freedesk
top.org) started recording from the cameras,
saving the MP4 video with metadata to the local
data storage. A gstreamer-based Real-Time
Streaming Protocol (RTSP) server was used to
publish the live stream over the LAN and VPN
and further via a WAN through the university
server (for details, see VPN tunnel). The software
was further responsible for periodic acquisition
of environmental data and regular submission of
all recorded data to the server-side storage. The
model 2.0 software ran under Linux and MQX
operating systems, with video recorded in the
MKYV format, and the live stream was only avail-
able over the LAN and required special video
player software; no SNMP server was installed.

A single Ethernet cable served as both data
and power connection for the unit in order to
simplify installation. We used a more expensive
foil screened twisted pair Ethernet cable in order
to eliminate electromagnetic noise. Data were
transmitted through the local network (LAN) to
the Internet (WAN). Power over Ethernet (PoE)
provided electricity to the unit, requiring a spe-
cial adapter to inject the electricity into the cable
at the host network’s end of the cable. We used a
PoE-1215-M3 (Sunny Computer Technology Co.,
Dongguan City, Guangdong Province, China;
Fig. 3b), providing up to 12 W at 15 V DC. The
computer unit was fitted in a plastic box
(115 x 125 x 58 mm), with nine 14-mm holes
drilled in a single row. Peripheral cables passed
through rubber blank flanges fitted in the holes,
in order to achieve ingress protection at the IP53
level. The control unit was installed in the elec-
tronics area of the SNBox (Fig. 1c).

IR light activity detector
In order to minimize the amount of video data
that needed to be stored, recordings were only
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Fig. 2. Electronic components and peripherals of the model 2.0 and 3.0 SNBoxes. The custom-designed com-
puter unit in the opened plastic housing of the models (a) 3.0 and (d) 2.0. The custom-designed IR light activity
detector of the models (b) 3.0 and (e) 2.0. The commercial camera of the models (c) 3.0 and (f) 2.0 with a lighting
and a custom-designed housing in a box with a transparent lid. Please note that the model 3.0 cameras were
equipped with integrated microphones, while the model 2.0 computer unit was fitted with a custom external
microphone. (g) An expansion card and (h) a tensometer of the weighing system. (i) IR light contactless ther-

mometer.

collected when an activity sensor was triggered.
For both camera models, we used a custom-
designed activity detector in the form of an IR
light barrier consisting of IR light beam transmit-
ter and a receiver set opposite the transmitter
(Fig. 2b, e). To ensure stable mutual position of
the transmitter and receiver, we assembled the
device on a single U-shaped board and embed-
ded it into the wood of the nest box that sur-
rounded the entrance hole, so that the beam
crossed the entrance (Fig. 1b). When the beam
was interrupted, the custom driver signaled the
Linux control software, which in turn initiated
the recording of video.
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Environmental sensors

We equipped the model 3.0 SNBox with a
range of custom-designed sensors to measure
local weather and environmental conditions. We
used a thermometer (°C), barometer (hPa),
hygrometer (%), and a luxmeter (Lux). We
located all these sensors on the IR light activity
detector board above the nest box entrance and
covered the board with a wooden plank
equipped with a clear lens (20 mm diameter)
that allowed daylight to reach and be concen-
trated onto the illumination sensor (Fig. 1a, e).
The data from sensors were collected at 30-s
intervals and stored in a csv file. The most recent
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Fig. 3. A schematic of the networking infrastructure of the SNBox camera system (models 2.0 and 3.0). (a) The
SNBox installed at the host locality. (b) PoE adapter. (c) Host’s router, a central point of the local area network
(LAN) and the gate to the wide area network (WAN). (d) Local user PC. (e) The Internet interconnecting all
devices together. (f) University server, ptacionline.czu.cz, running all server-side services. (g) Server-side data
storage. (h) Webserver, accessible through www.ptacionline.cz and www.birdsonline.cz. (i) Remote user PC.

data were also stored as part of environmental-
condition data associated with each activity-trig-
gering event.

The model 2.0 SNBox featured only three sen-
sors. An exterior light-level sensor (yielded
dimensionless number from 0 to 4095) and an
exterior thermometer (°C) were assembled on
one tiny board, housed in a plastic tube, and
located on the sidewall of the SNBox (Fig. 1d).
An interior thermometer (°C) was assembled on
another tiny board, housed in a plastic tube, and
placed on the ceiling of the SNBox.

Other sensors

The flexibility provided by our use of a cus-
tom-designed computer unit allows for future
expansion of the types of sensors that can be
deployed. We are developing prototypes for other
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sensors. One of these prototypes is for a magne-
tometer, located on the IR light activity detector
board, for magnetic field measurement. We are
also working on a scale for automatic weighing of
the nest content (Fig. 2g, h), an infrared ther-
mometer for contactless measuring of the temper-
ature of the clutch (Fig. 2i), and an external
microphone for ambient noise measurements.

Commercial cameras

We strove to find a commercial camera that
provided high light sensitivity for operation in
dark conditions, operation during nighttime and
daytime, sufficiently high video quality (i.e., res-
olution and frame rate) for comfortable watching
on the one hand and limited output file size for
saving data storage on the other hand, UVC
(USB Video Class) interface, H.264 encoded
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video stream, low cost, and small size for embed-
ding in the size-limited nest box area. We fitted
the model 3.0 with a commercial color CCTV
camera (ELP-USB100W04H-RL36; Ailipu Tech-
nology, Shenzhen, Guangdong, China) equipped
with a sensitive 1280 x 720 px CMOS image sen-
sor, embedded microphone, IR lighting, and an
adaptive filter capable of switching automati-
cally between day and night modes according to
the scene illumination (Fig. 2c). The camera pro-
duces H.264 encoded video at 30 frames per sec-
ond (fps), which was multiplexed with the audio
channel to an MP4 video container. We replaced
the original USB connector with the RJ12 male
connector and housed the camera in a plastic box
with a transparent lid and a small hole for audio
tapping (Fig. 2c). The 3.6-mm lens was focused
at a distance 170 mm above the wooden bottom
of the nest box.

In the previous model 2.0, we had not placed
any requirement on the video encoding format.
For that reason, the model 2.0 (Fig. 2f) was
equipped with different CCTV camera model
(ELP-USB100WO05MT-RL36; Ailipu Technology). It
was very similar to the model 3.0 camera aside
from outputting raw YUV video at 1280 x 720 px
resolution and maximum frame rate of only
10 fps. A custom application, based on the gstrea-
mer library, was used to encode the video stream
on the fly to the Motion JPEG (MJPEG) video for-
mat at a reduced frame rate between 4 and 8 fps;
the model 2.0 SNBox’s central processor did not
have sufficient computing power to process
10 fps. The video was multiplexed with the audio
channel from an  external  microphone
(HMU0603C; JL World, Kowloon Bay, Hong
Kong) into the Matroska container format, result-
ing in an MKV video file. Although the CCTV
camera included an embedded microphone, we
equipped the system with an external microphone,
housed in a small plastic tube, placed in the nest-
ing area, and connected to the control unit with a
shielded two-core cable with RJ12 male connector.

The processing boards of both models were
capable of accepting input from two cameras in
one SNBox: a door camera located on the back
side of the SNBox and capturing images of the
entrance of the next box, and a floor camera
placed on the ceiling of the box and directed
downward (for details, see Zarybnicka et al.
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2016). Animal activity triggered recording from
one or both cameras, depending on the configu-
ration. In passerine bird monitoring, we usually
used only one (floor) camera that provided a
good overall view of the nest box interior.

Video time lag and duration

We strove to minimize the trigger delay, that
is, the time between detection of animal activity
and the recording of the first stored video frame.
Since the UVC cameras were not optimized for
quick startup, we resorted to continually record-
ing video but not saving video frames to mem-
ory until activity was detected. In the model 3.0
SNBox, up to 1 s would be lost due to the prop-
erties of the H.264 video format. Therefore, soft-
ware continually created a 3-second video buffer,
whose content was prepended to all video
recordings triggered by animal activity, allowing
the recordings effectively started 2-3 s before an
animal entered the nest box entrance. In the
model 2.0 SNBox, the YUV input video format
did not cause a delay in production of the first
video frame. Here, we did not incorporate the
video buffer, resulting in tens to hundreds of mil-
liseconds delay. The length of the video record-
ings was configurable; based on experience with
the boreal owl (Zarybnicka et al. 2016), we con-
figured all video recordings to 30 s.

VPN tunnel

A key feature of the SNBox was a VPN tunnel
(Fig. 3), because it allowed secure live streaming
and remote control. Each computer unit (Fig. 3a)
became part of the LAN of each hosting site (via
the host’s router; Fig. 3c) and ran an OpenVPN
client. This VPN client automatically connected
to the OpenVPN server running on our univer-
sity server Ptacionline.czu.cz (a virtual server
running on vSphere 6.5, 4xCPU Intel(R) Xeon(R)
CPU E5-2680 0 @ 2.70 GHz, 8 GB RAM, 1.7 TB
HDD, CentOS Linux 7.4; Fig. 3f), located in the
WAN. Each computer unit was assigned its own
hardwired IP address. The established tunnel
allowed us to perform automated data submis-
sion, live video streaming, and remote monitor-
ing and maintenance, which would not be
possible otherwise. The VPN client could be
easily configured to establish a tunnel to another
server, or to be disabled.
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Data submission

The SNBox used a custom script based on the
rsync utility to automate the submission of
recorded data from local data storage to the uni-
versity server-side data storage (Fig. 3g) through
the VPN tunnel, during a configurable time win-
dow. The window was set for each SNBox to the
time of minimum network traffic for each host’s
LAN, typically from 22:00 to 04:00 hours. Unsub-
mitted data were kept on the local data storage
for the next submission window, while success-
fully submitted data were removed to release
space for new records. On the university server
side, the records were automatically backed up
and postprocessed, that is, downscaled and
transcoded to video formats suitable for publish-
ing on the webserver, and a thumbnail image of
each video recording was extracted, and meta-
data containing the recording date and time,
location, and nesting bird species were saved in
the database. The submission script can be easily
modified to submit the data to another location
(another server, cloud, local desktop), or config-
ured to be disabled for the case of no Internet
access.

Data structure

The most critical aspect of data management is
creation of an organizational structure that facili-
tates long-term data integrity and retrieval. We
defined the structure of the SNBox non-system
files to consist of four top-level directories. The
config directory contained configuration files
allowing us to customize the video properties
(recordings duration), power-saving settings
(time of disabled recording), and data submis-
sion parameters (start and end time of submis-
sion). The events directory stored the video
records for each independent activity-triggered
event in a separate subdirectory named by its
respective timestamp (with an accuracy of one-
second). Each such subdirectory contained the
video files and a text file with ancillary contex-
tual data (environmental sensor data and exact
date and time). The sensors directory contained
text files storing the environmental sensor data
recorded at a preset interval between the times at
which the activity triggered video recording. The
log directory contained numerous files with the
system debug logs for develop purposes. When
submitting to the server, this structure was
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preserved and further organized in directories
named after the box ID and the timestamp of
submission, respectively.

Website

The project and collected data are presented
on a webserver (Fig. 3h), running on the univer-
sity server (Fig. 3f), accessible on www.ptacionli
ne.cz and www.birdsonline.cz. The website
displays an interactive map of installed SNBoxes
(Fig. 4a), and a list and thumbnail image from
every video recording available for playback
from each SNBox (Fig. 4b). The list is dynami-
cally updated as new records are received and
transcoded (model 2.0 only) to the H.264 video
format. These videos are categorized by the local-
ity accompanied by the date and time of record-
ing, used for filtering the records. Information on
the nesting species inhabiting each SNBox is also
listed. Live streaming is not possible from model
2.0 SNBoxes; however, live streams from model
3.0 SNBoxes are available as RTSP protocol links
on the website that can be opened by a compati-
ble video player (e.g., VLC). Finally, the website
presents general information about the project,
its results, partners, and project’s presentations in
media and provides a registration form for new
potential system hosts, all in the Czech and Eng-
lish languages. All material is publicly available
to any user without registration (Fig. 3i).

Live streaming

In model 3.0, we used the standard gstreamer
implementation of RTSP server to publish the
live stream from the cameras. The server used
the Real-Time Control Protocol (RTCP) to param-
eterize and control the stream and the Real-Time
Transport Protocol (RTP) to transport the stream.
The stream consisted of a H.264 encoded video
(1280 x 720 px @30 fps) channel and MP3
encoded audio channel. The live stream was
available permanently, and it was not affected by
simultaneous video capture. In the LAN, it was
possible to play the stream using an arbitrary
video player (client) supporting the RTSP proto-
col, for example, VLC. Multiple clients could
connect at the same time. In the WAN, a client
could connect to a gstreamer-based retransmis-
sion RTSP server, running on the university ser-
ver. The retransmission server then connected to
the RTSP server of the requested camera system
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Fig. 4. The public interfaces to this project’s Internet accessible data. (a) The website of the Birds Online project,
the map of installed SNBoxes. (b) An example of video recordings available on the project’s website from the nest
hosted on the premises of the Jara Cimrman Elementary School in Prague. The use of live streaming of bird nest-
ing on (c) a projection screen and (d) a desktop computer during biology lessons in elementary and special-needs

school, respectively.

via its VPN and started retransmitting the
received stream to the client. If multiple clients
connected, the retransmission server only
duplicated the outgoing stream while receiving
a single stream from the camera system, which
saved the network traffic and camera system
resources.

In the model 2.0, live streaming was not imple-
mented ideally due to gradual development
from the model 1.0 software that was primarily
designed for stand-alone video monitoring with-
out Internet connection (see Background). We
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implemented custom live video streaming soft-
ware, consisting of a client (gstplayer) and server
(gstsrv), all based on the gstreamer library. Gst-
srv ran on the SNBox. A proprietary control pro-
tocol provided Video on Demand (VOD)
functionality. When gstplayer connected, gstsrv
started transmission of a 640 x 480 px MJPEG
video stream over the RTP protocol. It was possi-
ble to play the stream by gstplayer on any PC
inside the LAN (only on a single computer at
once), but not over the WAN. Gstsrv ran in a
variable time interval (live-stream mode), which
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was mutually exclusive of event-triggered video
capture.

Time synchronization

We needed to synchronize each computer
unit’s real-time clock so that it did not drift over
time. In model 3.0, we used the ntpdate utility to
regularly (every 24 h) synchronize the system
clock with UTC time, which simplified world-
wide data management. The need for automatic
time synchronization became clear from our
experience with model 2.0 SNBoxes for which
we originally synchronized clocks manually,
using the local time and respective daylight sav-
ing time. Consistent manual management
proved impossible, leading to inconsistencies
across the installed units. Beginning with 2018,
we switched to recording times in UTC in model
2.0 SNBoxes although manual setting of clocks
was still needed.

Remote maintenance

We were able to securely connect from the uni-
versity server to every SNBox at any time using
the SSH utility over the VPN tunnel. That
allowed remote monitoring and controlling of
systems, mainly to change the device configura-
tion and install software updates. The model 3.0
SNBoxes were additionally equipped with an
SNMP server, which was regularly queried by
Zabbix real-time health monitoring software
installed on the university server, for a range of
metrics, for example, CPU load, and local data
storage availability. Zabbix was configured to
send us notification emails in case of triggering
conditions for any of the monitored attributes, or
in the case of no data being received from a
SNBox for more than 12 minutes.

Contextual data analysis

Data are stored on the server using the same
directory structure that was created on the
SNBoxes (see Data structure). While the data were
not stored on the server within database soft-
ware, we still needed some of the functionality of
a true database system to allow for the analyses
of the contextual data related to each video
recording. We implemented two utilities for
aggregating and extracting data. Recordextract
was a simple graphical tool, used to aggregate
contextual data of all captured records (from the
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events directories) of one or more SNBox camera
systems into a single xIs (Microsoft Excel spread-
sheet) file. Recordextract was written in Perl and
distributed with all dependencies as an installer
for MS Windows, allowing this script to be used
offline by any collaborator performing an analy-
sis on a data subset. Sensorextract was a Linux
shell script, used to aggregate all environmental
data (from the sensors directories) of a set of
camera systems into a set of csv files, one file for
each camera system.

Field procedures

We installed and brought into operation all
SNBoxes on hosts’ premises. After installing the
SNBox on tree, balcony or other structure (see
Results), we connected the control unit with an
Ethernet cable to the PoE adapter. The adapter
was plugged into an interior 230 V electrical
socket within the host’s building and connected
to the LAN (Fig. 3b). The cable route ran safely,
preferentially through the air, in such a way as to
present no risk to surrounding traffic or of caus-
ing damage to the cable. Afterward, we con-
nected the camera and other peripherals to the
computer unit and brought the entire system into
operation. The host (or host’s IT manager) autho-
rized relevant ports of Firewall protection within
their LAN to enable the OpenVPN and local
streaming services. We installed a video player
(VLC or gstplayer) on a local PC and verified full
system functionality. Finally, the host received a
short briefing and practical training so that they
could understand and maintain the SNBox and
watch the live stream. The duration of the entire
procedure, including the installation of the woo-
den box and cable, the device configuration, veri-
fication and training, took from 2 to 10 h
depending on the local conditions and the host’s
attitude. Because nesting sites are typically in
short supply in the human dominated land-
scapes in which we installed the SNBoxes, nest
boxes are readily occupied and thus we did not
explicitly attract birds to the installed boxes.

Costs

The price of the SNBox and associated equip-
ment, including the computer unit, one camera,
IR light activity detector, environmental sensors,
the external microphone (model 2.0 only), 50 m of
Ethernet cable, the PoE adapter, and the wooden
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box construction reached $560 without utility
costs (all costs in U.S. dollars). This cost was
approximately the same for both model 2.0 and
3.0 SNBoxes when produced in low volume. The
most expensive components were the computer
unit ($350), the wooden box construction ($60),
the camera ($60), and the IR light activity detector
($50). Costs dedicated to the development of the
software and hardware through the development
of the model 3.0 SNBox (including model 1.0 and
model 2.0) reached $40,000. Additional costs for
technical services included the expenses for
implementation, operation and maintenance of
the university server infrastructure. Although we
were able to provide guidelines for self-installa-
tion of the SNBox by users, the additional costs
associated with assisting in the installation of a
SNBox at a new site allowed a new SNBox to
come online more quickly, reliably, and safely.

REsuLTs

Here, we provide a proof of concept of auto-
mated camera nest box monitoring and related
networking infrastructure (Fig. 3) that we have
designed, refined, and implemented.

Application of smart nest boxes

Between April 2016 and June 2018, we
installed and remotely operated 51 SNBoxes that
were designed as nest sites for small cavity-nest-
ing passerine birds. Of this total, 33 SNBoxes
were equipped with the model 2.0 system and 18
with model 3.0 system (for technical details, see
Materials and Methods). We deployed the
SNBoxes gradually through 2016-2018 (cumula-
tively 22 SNBoxes in 2016, 33 in 2017, and 51 in
2018) in the Czech Republic and Poland across a
140,000-km®  region (Fig. 4a), locating the
SNBoxes on private premises in villages or towns
where Internet and power source were available.
Over time, the 51 SNBoxes were placed at a total
64 hosting premises (some SNBoxes were moved
once or twice). Of the hosting locations, 44 were
schoolyards (preliminary, elementary, middle,
high, and special schools), ten were private gar-
dens, four were hospital grounds, three were
phenological gardens, two were university
grounds, and one was a zoological garden.
SNBoxes were most often installed on trees
(N = 55 localities), and less commonly on loggias
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of blocks of flats (N = 4), windows or walls of
the building (N = 4), and electric poles (N = 1) at
a height of 2-20m above the ground
(mean + SD, 5.8 + 2.7 m). The surrounding
environments of the nest boxes (buffer radius of
20 m) consisted on average of 57.3% (SD = 22.9)
vegetation cover comprised of shrubs, trees,
flower beds, and grass area, and 42.7% (22.9)
built-up area.

We recoded a total 93 nests in the 51 boxes
(median, 25-75%: 2, 0-5 nests per box) across
three breeding seasons, although boxes newly
installed in 2018 were set out late and thus used
at a lower rate. We found two consecutive nest-
ing attempts during the same breeding season in
six boxes. The most frequent nester was great tits
(N = 64 nests; Fig. 5a—c), followed by Eurasian
tree sparrows Passer montanus (N = 16 nests;
Fig. 5g), European starlings (N =9 nests;
Fig. 5e), Eurasian blue tits (N = 3 nests; Fig. 5f),
and common redstart Phoenicurus phoenicurus
(one nest; Fig. 5d). Moreover, other species such
as Eurasian wryneck (Jynx torquilla), white wag-
tail (Motacilla alba), house sparrow (Passer domes-
ticus), Eurasian nuthatch (Sitta europaea), and
great spotted woodpecker (Dendrocopos major)
visited boxes. No nesting of any bird species was
recorded from September to February, although
birds visited smart boxes sporadically and for a
short time, or regularly (e.g., using boxes as over-
night roosting locations) throughout the whole
year.

Modifications of box wooden construction

In 2018, we modified the SNBox wooden con-
struction to accommodate nesting by common
swift (Apus apus; Fig. 5h) and little owl (Athene
noctua), and we recorded that both species vis-
ited (but not immediately nested in) the boxes
soon after the SNBox installation.

Data acquisition

The 51 SNBoxes were in operation for 18,533 d
(521 £ 261 d for each model 2.0 SNBox, and
75 + 16 d for each model 3.0 SNBox). These
SNBoxes recorded and transferred data on
16,776 nest box-days (89.9% of installed days,
472 +£239d per model 2.0 SNBox and
67 + 17 d per model 3.0 SNBox). The speed of a
host’s Internet connection was crucial for deter-
mining the performance of a SNBox. Specifically,
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(b)

Fig. 5. Examples from videos recorded by the camera system of the SNBox: still image of (a) a clutch of great
tit (Parus major) eggs, (b) a parent great tit feeding the nestlings, (c) great tit nestlings, and (d) an incubating
female and male parent common redstart (Phoenicurus phoenicurus) recorded by the model 3.0 camera system.
Photograph of (e) begging nestling European starlings (Sturnus vulgaris), (f) Eurasian blue tit (Cyanistes caeruleus)
nestlings with a parent, (g) parents of Eurasian tree sparrow (Parus montanus) with the nest material, and

(h) courting common swifts (Apus apus) recorded by the model 2.0 camera system.

we found data recording and transfer most often
failed due to insufficient Internet bandwidth
(50% of failure days). A minimum upload band-
width of 6 Mb/s was needed for successful live-
stream transmission to the server, and 2-3 Mb/s
average speed was required to submit a day’s
collected data to the server overnight. A local
data storage capacity of 16 GB was sufficient for
video recordings of all daily activities in every
nest. However, at the hosting localities where
Internet bandwidth fell below the minimum
requirements noted above, the video records
started to accumulate in local data storage, and
when storage capacity was exceeded, the
SNBox started to behave unexpectedly. Connec-
tion speed and upload limits were mainly impor-
tant during the nestling and fledgling periods as
parental activity (mainly feeding frequency)
increased. Another reason for failure of the sys-
tem was the interruption in either the supply of
Internet or power connection to a SNBox from
the hosting site (40% of failures). In rare cases
(10% of failures), the camera system failed due to
inclement weather or insect activities. For
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example, water penetrating into one Ethernet
cable caused a short on the power supply or
insect larva blocked the IR light activity detector
initially causing false detections and ultimately
no detections. However, we were able to detect
system failures rapidly (systems sent automated
status reported every 12 min) using real-time
monitoring software.

From April 2016 to June 2018, a total 631,331
short video recordings (each record usually 30 s
in duration) totaling 8649 GB were remotely
transmitted from the 51 smart boxes. On average,
60.1 (SD =124.6) and 809.3 (1696.8) video
recordings, that is, 0.8 (1.6) and 11.1 (23.4) GB in
size, were transmitted from each box per day
and month, respectively (Fig. 6a, b). Video
recordings from all SNBoxes were transmitted
automatically every day starting at 22:00 (local
time), and all submitted video recordings were
published on the project’s website with a one-
day delay. Installed SNBox locations were repre-
sented as icons on an interactive map (yellow for
model 2.0 and red for model 3.0; Fig. 4a) refer-
encing to the SNBox details, including a list of all
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Fig. 6. Rates of data acquisition using SNBoxes and examples of data collected by environmental sensors
embedded in the SNBox. (a) Mean monthly volume of data (GB) and (b) the number of video recordings trans-
mitted from each SNBox (mean =+ SD) to the university server between April 2016 and June 2018. Examples of
data recorded by environmental sensors in one model 3.0 SNBox (at 30-s intervals) from 29 May (08:00) to 1 July

(12:00); (c) illumination intensity (Lux), and (d) temperature (°C), air pressure (hPa), and humidity (%).

video recordings (animal activities) categorized
by date and displayed by thumbnails (Fig. 4b),
and nest statistics. Model 3.0 live streams were
published on the website, and model 2.0 live
streams were provided via gstplayer to host sites
only. Anybody could watch or download any
video recording, and all material presented was
freely available to the public.

Video recording quality

Generally, the quality of video was sufficient
for extracting desired biological information but
it was sometimes less suitable for comfortable
watching due to the low light levels inside the
nest boxes. The video quality mainly fluctuated
due to varying light conditions during the day-
time, depending on bird species, and the nesting
phase. Monochrome video provided bright and
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clear picture while color videos were often dark,
especially during dawn and dusk when low
levels of natural light occurred but before being
dark enough to trigger the camera to turn on its
IR lighting. Bigger and darker birds (e.g., Euro-
pean starlings) absorbed large portions of light
inside the box, which resulted in lower-quality
video recordings. In bird species that build high
nests (e.g., Eurasian tree sparrows), the nest
material almost completely covered the translu-
cent windows in the sides of boxes, which lim-
ited the input of daylight into the box. Finally,
objects relatively close to the ceiling were also
blurred due to the distance at which cameras’
focus had been set.

We found different limitations for the video
quality in the models 2.0 and 3.0 as results of
using of different types of cameras (with different
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video format) and computer units. In particular,
neither of the camera types allowed control of
the IR lighting or automatic focusing. The model
3.0 camera produced significantly darker day-
time video than model 2.0 camera, although we
tried to optimize the camera settings for gain,
brightness, and contrast. On the other hand, dur-
ing nighttime video recording, when IR lighting
was switched on, the model 3.0 boxes’ cameras
produced video of higher quality thanks to their
higher frame rate (30 vs. 6 fps). In the model 2.0
SNBox, jerky and motion-blurred video record-
ings were produced (mainly when older nest-
lings moved rapidly) due to low video frame rate
caused by insufficient processing power of the
computer unit and the camera video format. As a
result, model 3.0 cameras produced smooth but
sometimes dark video recordings (Video S1),
while model 2.0 records were brighter but jerky
and motion-blurred (Video S2).

Environmental sensors

Together with each video recording, we col-
lected the information on the external tempera-
ture (°C), relative humidity (%), air pressure
(hPa), and light intensity (Lux; Fig. 6¢) from the
sensors of model 3.0 SNBoxes and recorded
external temperature (°C), light intensity index
(dimensionless values), and inside temperature
from the model 2.0 SNBoxes’ sensors. In addition
to recording environmental data each time a
video recording was made, these same environ-
mental measures were made at 30-s intervals
even when the camera was not activated.

Based on examining these environmental data,
we realized that the appropriate placement of
some environmental sensors requires testing in
order to insure that sensors are recording the
information that is required. As one example, we
found that the hygrometer in the model 3.0
SNBoxes was not recording the information that
we had assumed. Specifically, we found that
measurements of relative humidity increased
with increasing temperature (Fig. 6d), while we
expected that relative humidity would correlate
negatively with temperature. Ad hoc testing after
we removed the protective wooden plank cover-
ing the sensors and their circuit board produced
the results that we had expected. As a second
example, measurements from sensors in the
model 2.0 were technically reliable; however, the
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location of external temperature and light sen-
sors, on the sidewall of the SNBox, resulted in
variation in measurements both within and
among nest boxes as a result of proximity of veg-
etation blocking light to varying extents.

Biological data

We gathered a huge collection of video data
that provided us with a wide range of biological
information on bird nesting activities and behav-
iors over time (Fig. 5 Videos S1, S2). We
obtained information such as clutch size, the
duration of nest building, egg incubation, hatch-
ing and fledgling periods, as well as clutch and
brood attentiveness (i.e., the proportion of time
that eggs were incubated and nestlings brooded
by parents), feeding rate, and hatching and fledg-
ing success. We also monitored covering of the
clutch with nest material during incubation off-
bouts, eating and removing nestling fecal sacs by
parents, sibling competition between nestlings
and fledglings, and parental communication and
cooperation. We were able to determine the com-
position of nestling material, as well as the prey
items brought by parents to their nests with
varying degree of precision and levels of taxo-
nomic resolution. For example, based on prelimi-
nary video processing of two nests monitored by
the model 2.0 SNBoxes, we determined the
development stages (i.e., larva or adult) and tax-
onomic group for 45.0% and 24.2% of all food
items in a nest of great tit and European starling,
respectively (Table 2). We also found that Euro-
pean starling parents delivered to their nestlings
multiple food items at once, while great tit
brought separate prey items. Finally, the
SNBox allowed us to monitor animal activities
inside the box throughout the whole year, thus
including avian roosting activities. To date, the
processing of video recordings has been manual,
although we are exploring the potential for
automating some of this processing (see
Discussion).

Educational opportunities

Information from our nest boxes was also
turned into educational materials and enabled
members of the general public to build a better
understanding of the natural world, and of sci-
entific research. For example, the teachers at
elementary or middle schools introduced live
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Table 2. The precision and the levels of taxonomic resolution of food items delivered by different bird species to
the SNBoxes that were achieved based on human manual identification.

Eiasuciass e ondn] Great tit European starling
suborder/superfamily/family Number % Larva % Adult % Number % Larva % Adult %
Insecta/Pterygota 195 397 194 395 1 0.2 243 64 218 57 25 0.7
Coleoptera 3 <0.1 1 <0.1 2 0.1
Coleoptera: Cantharidae 1 0.2 1 0.2
Coleoptera: Chrysomelidae 1 0.2 1 0.2
Coleoptera: Curculionidae 3 0.6 3 0.6
Dermaptera 1 0.2 1 0.2
Diptera 430 11.3 428 112 2 0.1
Diptera: Bibionidae 1 0.2 1 0.2
Diptera: Bombyliidae 2 0.4 2 0.4
Diptera: Brachycera 7 15 7 14 2 <0.1 2 0.1
Diptera: Nematocera 2 <0.1 2 0.1
Diptera: Tipuloidea 1 0.2 1 0.2 46 1.2 2 0.1 44 12
Ephemeroptera 3 <0.1 3 0.1
Hemiptera: Heteroptera 1 0.2 1 0.2
Hemiptera: Pentatomidae 1 0.2 1 0.2
Hymenoptera: Apoidea 3 0.6 3 0.6
Hymenoptera: Ichneumonidae 1 0.2 1 0.2
Lepidoptera/Hymenoptera 1 0.2 1 0.2
Lepidoptera 2 0.4 2 0.4 150 3.9 150 41
Lepidoptera: Agrotis exclamationis 22 0.6 22 0.6
Lepidoptera: Lycaenidae 2 <0.1 2 0.1
Lepidoptera: Nymphalidae 1 <0.1 1 <0.1
Odonata 2 <0.1 2 0.1
Odonata: Zygoptera 2 <0.1 2 0.1
Orthoptera 1 0.2 1 0.2
Orthoptera: Caelifera il <0.1 1 <01
Gastropoda 1 0.2
Stylommatophora 1 0.2
Malacostraca
Isopoda 3 <0.1
Chelicerata 1 0.2
Araneida 40 82 5 <0.1
Araneida: Pholcidae 3 0.6
Araneida: Thomisidae 1 0.2
Opilionida 1 0.2
Annelida
Oligochaeta 5 <0.1
Unidentified 221 45 2885 758
Total 491 100 195 397 26 53 3807 100 651 17.1 258 7.1

Notes: Examples of food types (both developmental stages and taxonomic groupings) delivered by great tit (Parus major)
and European starling (Sturnus vulgaris) parents to their nestlings during the incubation period (N = 19 d, N = 1 nest) and the
incubation and nestling period (N = 37 d, N = 1 nest), respectively.

video streaming of bird nesting on interactive
screens or laptops into lessons on the environ-
ment and biology (Fig. 4c, d). Schoolchildren
painted pictures, wrote bird stories, and cre-
ated handcrafts about birds, and older students
created video clips about bird nesting and
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helped to produced wooden nest boxes. Finally,
schoolchildren with alternative home schooling
and university students analyzed video data to
gain biological information about nesting pro-
cess, and while schoolchildren presented the
results in their classrooms and in public,
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university students used these data in their
bachelor and master theses.

DiscussioN

Animal video monitoring is an important
methodological tool for acquiring reliable infor-
mation on ecology and behavior of animals in
their natural environments, for relatively low
financial cost and human effort. While off-the-
shelf camera systems are readily available, we
have shown here that the extra effort of develop-
ing a custom-designed camera system and
related networking infrastructure can both
greatly expand the range of data collected and
facilitate facets of data management that include
the following: sharing audiovisual information
in real time and retrospectively, filtering the live
stream of video to only store segments of inter-
est, remotely managing camera systems, and
integrating all forms of data within a comprehen-
sive data storage system. Our own principal
design goal was to create a system in which
audiovisual information could be shared for
research as well as educational purposes. Below,
we discuss the major design decisions that we
made in developing our system, provide exam-
ples of potential research and educational uses of
these data, and offer suggestions regarding the
trade-offs involved in designing any such
system.

Designing a system to match research objectives

In designing our own third-generation
SNBox system, we wanted to place our camera
systems in urban areas, for both research and
educational purposes. We will use the example
of urban ecological research in order to present
examples of how starting with research and edu-
cational objectives led us to design our current
SNBox system. Urbanization affects many
aspects of birds’ environments: vegetation type
and structure (Chamberlain et al. 2009, Bailly
et al. 2016), climate (Charmantier et al. 2008,
Irons et al. 2017), biogeochemical cycles (Ligeza
and Smal 2003), water and atmosphere contami-
nation (Bauerova et al. 2017), the availability of
food source (Isaksson and Andersson 2007,
Chamberlain et al. 2009), light (Titulaer et al.
2012, Dominoni et al. 2014), noise (Shannon et al.
2016, Injaian et al. 2018) pollution, and
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biodiversity including predator community
structure (Sandstrom et al. 2006, Chamberlain
et al. 2009). Nest box cameras, by themselves,
readily provide information relevant for research
into effects of urbanization that includes investi-
gations of the structure of diet including prey
type and prey size (Nour et al. 1998, Garcia-
Navas and Sanz 2011); parental time investment
in incubating eggs or brooding nestlings (Tripet
et al. 2002, Matysiokovd and Remes 2010), feed-
ing rate, and nest-visitation rate (Isaksson and
Andersson 2007, Titulaer et al. 2012); and sibling
competition (Neuenschwander et al. 2003). Any
camera of reasonable resolution would be able to
gather data appropriate for research into the
topics listed above. However, our decision to net-
work our SNBoxes and especially to automate
data management made the images a readily
accessible source of data with which we could
engage undergraduate students in research pro-
jects in urban ecology such as an examination in
diet shift in which urban great tits were found to
react to increased food demand from their nest-
lings by bringing greater proportions of a non-
native and invasive Cydalima perspectalis larva
that contain toxic alkaloids, documenting reduc-
tions in incubation time with warmer environ-
mental conditions, and revealing adjustments in
the types of nest material used in relation to its
availability in local area (M. Zarybnicka, unpub-
lished data). The use of wired Internet and power
connections also allowed us to operate our
SNBoxes year-round with very little ongoing
cost, enabling us to document the use of nest
boxes outside of the nesting season as roosting
sites (Fig. 6a, b). Systematic accumulation of
anecdotal uses of nest boxes as winter roost
would through time allow the examination of
behavioral decisions regarding overnight roost-
ing sites, for example, with variation in thermal
and light environment (Villen-Perez et al. 2014).
Research into topics such as the effects of
ambient temperature on incubation rhythm or
winter roosting depends on the collection of
ancillary data that complement the camera
images. The ability to have such ancillary data
collected and managed by the same system that
acquires and manages images is another benefit
of working with the system that we designed.
We have already incorporated a variety of envi-
ronmental sensors in the system such as a
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thermometer, hygrometer, barometer, magne-
tometer, luxmeter (light-level measurements),
and an external microphone (for noise pollution
measurement). These sensors together cost only
roughly $40 per nest box. The range of sensors
can be extended or modified according to
research objectives, by incorporating sensors that
measure environmental features such as precipi-
tation, wind, NO,, CO,, CH,, LPG, and dust. In
addition to environmental measurements, other
sources of ancillary data can be gathered. For
example, we have matched information on the
identities of boreal owls with their images based
on attaching PIT tags on boreal owls and incor-
porating an RFID tag reader into the entrance of
our first generation of SNBox (Zarybnicka et al.
2016). We have also designed and developed a
scale to weigh nest contents and an infrared ther-
mometer for contactless measurement of temper-
ature of the clutch and nesting material (Salek
and Zarybnicka 2015), as well as the external
speaker connected to the computer unit in order
to conduct acoustic experiments (Injaian et al.
2018).

More important than any of the specifics of
these examples are three general observations.
First, there are potentially major benefits to cre-
ating a custom-designed nest box monitoring
system in that research objectives can be
allowed to drive design in order to collect data
that are better matched to research objectives.
Second, a custom-designed system can facilitate
data management post-collection: Images and
ancillary data can be automatically tagged to
allow the various sources of data to be associ-
ated with each other. Third, with a real-time
Internet connection all of these data can be
automatically uploaded to and stored within a
database management system, thus eliminating
the potentially substantial costs of human effort
in manual data management.

Designing a system to match educational
objectives

The educational potential of information from
our SNBoxes was a major motivation behind the
nest box system that we designed. Non-invasive
remote monitoring of nests only required the
installation of a SNBox, allowing individual peo-
ple to develop a connection with research by
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hosting a SNBox as long as they can provide a
site and Internet connection for a SNBox location.
Outputs from video monitoring provide even
greater opportunities for formal and information
education. We have used output from our
SNBoxes to enable teachers at schools of all
grades to introduce educational materials such
as live video streams and video recordings dur-
ing science lessons. These materials were used
by teachers to supplement generic textbook
information with real-life bird observations.
These school activities varied with student ages
and included creating pictures, stories, hand-
crafts, and video clips, as well as the extraction
of biological information from video recordings
and its presentation in classrooms (for details,
see Zarybnicka et al. 2017). Students in more
advanced grades at vocational training schools
have developed their technical skills in material,
machining, and producing documentation in the
course of making wooden boxes used for our
SNBox system.

We also saw outputs from our SNBoxes being
used in a range of informal education settings.
Most basically, to date over 50,000 unique indi-
viduals or groups from over 100 countries have
viewed the live streaming or archived videos,
based on Google Analytics. Teenaged students
engaged in at-home educational activities that
included extracting biological information from
video recordings and making public presenta-
tions including amateur ornithological confer-
ences and on television news programs. The use
of output from the SNBoxes is not, however, lim-
ited to educational institutions. Other organiza-
tions such as hospitals and other healthcare
services have installed the SNBoxes on their
grounds and use the systems to engage a wide
audience and provide opportunities for disabled
and disadvantaged people within a citizen
science project.

All of the potential educational uses, both for-
mal and informal, rely on readily accessible out-
put from nest box cameras, which enables people
to connect with nature wherever they have
access to network infrastructure. While locally
networked cameras only allow this opportunity
within host’s premises, sharing information
through the Internet enables for far wider educa-
tional benefits.
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Custom designing nest boxes for camera systems

Even the design of the nest box itself needs to
be evaluated for use with a camera system. The
standard nest boxes used for studies of cavity-
nesting bird species (Vaugoyeau et al. 2016)
require that the camera and related electronics
are mounted outside of a typical nest box (Prinz
et al. 2016). We made the decision to create cus-
tom-designed wooden nest box in order to pro-
tect the whole camera system against inclement
weather conditions (e.g., rain, sunlight), dust,
insect activities, and human interference (i.e.,
vandalism, theft). Given a basic design of the
housing of sensor and computer systems, boxes
can be adapted to the needs of individual bird
species. We developed specialized wooden bird
boxes for nesting common swift and little owl
that were occupied soon after their installation.
Custom designing of nest boxes also allowed us
to place environmental sensors where we wanted
them to be, although we found through experi-
ence that sensor placement needs to be planned
carefully (see Results, above, for details). Custom
designing our nest boxes also allowed us to
embed a small frosted window to illuminate the
interior with natural light and allow our camera
to record in color rather than monochrome while
avoiding the need for artificially illuminating the
interior of the nest box. Although the construc-
tion of our custom-designed SNBox increased
the cost of the nest box (the approximate cost of a
single nest box was $60), we found the benefits
in the form of easier hardware maintenance
when the SNBox was installed in the field, and
the greater protection of electronics allowed our
system to operate throughout the year under all
weather conditions to which the boxes were
subjected.

Custom-designed computer unit

Central to our design for the SNBox was our
decision to base the electronic systems around a
custom-designed embedded computer with a rel-
atively sophisticated microprocessor (see Materi-
als and Methods, above, for details). By doing so,
we were not constrained by any limitations
imposed by hardware and software in lower-
cost, off-the-shelf systems (Prinz et al. 2016). The
most expansive component of our system was
the custom-designed computer unit ($350), used
in lieu of a cheaper single-board computer such
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as the Raspberry Pi ($35). The Raspberry Pi is
primarily designed for learning of electronics
programming rather than professional applica-
tions (for details, see https://www.raspberrypi.
org). Thus, these inexpensive devices have the
following limitations: no on-board memory for
storage, no possibility to run Linux and a real-
time operating system (RTOS) in parallel (allow-
ing the combined advantages of a feature-rich
operating system together with minimum laten-
cies and full control of a real-time operating sys-
tem), no real-time clock, limited hardware
inputs/outputs, unreliable physical connectors
without locks, no optimization for low power
consumption, no qualification for operation
under challenging environmental conditions
(e.g., below 0°C), potential challenges for finding
suitable housing, and lack of guarantee of long-
term support and production (production is only
guaranteed through 2023; see https://www.rasp
berrypi.org).

We also greatly appreciated the flexibility that
our SNBox computer enabled for configuring the
timing of active operation (i.e., continuous opera-
tion or operation during a subset of time each
day) and lengths of archived video clips, as well
as the possibility of equipping each nest box with
either one or two cameras. We could remotely set
and adjust video recording for specific species
and tasks. For example, we could set the dura-
tion of video recordings to balance between con-
straints of finite local data storage capacity and
the amount of biological information that we
wanted to collect, and we adjusted this setting
through the course of nesting attempts (i.e., from
nest building and egg laying to fledgling period).
We could also decide whether to use the door
camera pointed toward the nest box entrance
and/or the floor camera viewing nest area at any
point in the nesting cycle. The door camera was
usually more appropriate for gathering informa-
tion on larger bird species, such as boreal owl,
that spent some time (usually about 1-2 s) in the
nest box entrance while transferring prey to its
mate inside the box, while the floor camera view
of nest content for owls was limited because a
parent owl usually covered the nestlings, eggs,
and prey with its body (Zarybnicka et al. 2016).
In contrast, floor cameras were more suitable for
monitoring small passerine birds that usually
entered the nest box rapidly with no time spent
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at the nest box entrance, and bird activities,
including food handing and feeding the nest-
lings, were more reliably seen from above.

Criteria for camera selection

We found that the choice of camera modules
requires careful consideration, for multiple rea-
sons. The type of camera influenced the quality
of video and format in which video was
encoded, the latter affecting compatibility with
video player software. In two SNBox models, we
used two similar types of commercial cameras
from the same supplier that differed only in
video encoding and factory calibration. Overall,
both camera models produced video of suffi-
ciently high quality to gathering required biolog-
ical information. However, each of the two
models that we used had some limitations
related to the quality of data that were available.
First, neither of the cameras was capable of auto-
matic focusing and only manual focusing in situ
was possible, which prohibited adjustment of the
picture sharpness in the course of a nesting
attempt. Both camera models were hardwired to
begin using IR lighting (and recording of video
in monochrome) at unalterable levels of available
light. The result was overly dark video being
produced at dawn and dusk, when low levels of
natural light occurred while the IR lighting was
turned off. There was no documented way for
user configuration of the light level at which IR
illumination would start. Further, the camera
module used in the second version of our nest
boxes produced jerky and motion-blurred video,
mainly when older nestlings moved quickly. This
problem was caused by a combination of the
camera’s native video format and insufficient
computing power of the computer unit (model
2.0) for transcoding the video into a different for-
mat at a sufficiently high frame rate. Addition-
ally, it was only possible to transcode the stream
to the MJPEG video format, which had to be fur-
ther transcoded on the server to H.264 video for
publishing on our website. This issue led us to
upgrade both hardware and software in the third
version of the SNBox. The newer camera module
(model 3.0 SNBox) produced higher-quality
video due to the higher frame rate of 30 fps,
which additionally was already encoded in the
widely supported H.264 codec. However, the
newer camera module, although featuring the
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same image sensor, produced darker video due
to different calibration in the factory. While we
have not yet found an ideal camera module, it is
clear that there are multiple factors that need to
be taken into consideration when choosing an
appropriate camera module: maximum resolu-
tion and frame rate, output video format, control
interface, sensor chip sensitivity, day/night mode
switching, IR lighting and its control options,
lens focusing, the presence of an embedded
microphone, and housing. For future develop-
ment, we would like to find a camera module in
which we could alter the configuration of the
day/night camera sensor to turn the IR lighting
at higher levels of ambient light. We could also
try to find a camera with even more sensitive
sensor. Alternatively, we would dispense with
recording color video entirely, as the mono-
chrome recordings were of superior quality for
most of our intended uses.

Power input and data output

Although our SNBox system was relatively
expensive to design and produce (see Materials
and Methods, above, for details), it has provided
continual live streaming, extensive video mate-
rial on breeding and roosting phenology of birds,
and a variety of ancillary data on local environ-
mental conditions and animal phenology. The
costs for off-the-shelf camera technology would
be substantially lower; however, such systems
would never provide such a wide range of
research and educational opportunities as a cus-
tom-designed system such as ours. Here, we con-
sider trade-offs between use of off-the-shelf
camera and custom-designed systems and pro-
vide suggestions for different strategies in (1)
data acquisition and (2) system powering. We
are treating these two together, because in our
experience they are interrelated.

Off-the-shelf camera systems have the advan-
tage of providing a fast and simple technical
solution requiring no specific technological mod-
ifications of devices, allowing continual video
monitoring (or monitoring during a subset of
time each date) potentially with the addition of a
motion detector or IR lighting which are widely
available in commercial camera traps (Trolliet
et al. 2014). Off-the-shelf systems are also conve-
nient when there is no need for data archiving
(i.e., only live streaming), or any archives are
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small and data management can be performed
manually. Examples of uses fitting these con-
straints are for individuals and the public who
want live streaming of bird nesting (e.g., View
Nesting Birds portal; see https://www.viewbird
s.com), or researchers who collect limited biolog-
ical data, such as estimating animal distribution
using camera traps (Trolliet et al. 2014), or feed-
ing rates of nesting birds using video filming
(Nour etal. 1998). In contrast, the custom-
designed camera technology is more appropriate
for researchers who need specific data (e.g., high-
speed video recording; Rico-Guevara and Mick-
ley 2017) or require complex biological data
(Matysiokova and Remes 2010, Zarybnicka et al.
2016) from either long-term monitoring in natu-
ral environmental conditions or the collection of
data additional to video.

Both off-the-shelf and custom-designed sys-
tems can be powered by electricity from different
sources (i.e., directly from electrical networks or
stand-alone) and use different processes for mov-
ing data from systems into a data archive (i.e.,
through Internet-connection or offline, manual
transfer). Stand-alone camera monitoring typi-
cally uses battery powering and is necessary in
areas without power source availability, such as
for monitoring species living in forest and non-
urban habitats. Such systems are usually oper-
ated offline, that is, without Internet connectivity
(Bolton et al. 2007, Cox et al. 2012). This typically
leads to the need to download the data in situ
manually and regular battery replacement (usu-
ally each 5-8 d; Bolton et al. 2007, Zarybnicka
et al. 2016), either of which can disturb nesting
birds. Offline systems do save the costs for con-
nectivity and cloud services, although they pre-
vent the sharing of data via Internet in real time
and increase costs for regular field maintenance.
The decision to use stand-alone camera systems
has to balance between biological profit and
financial costs for field maintenance that likely
will limit the range of research activities in time
and space (e.g., only during nesting period of
birds and in a limited area). We believe that in
the future, the principal challenge for developing
offline systems will be in adapting them for use
with affordable alternate power sources such as
solar cells for recharging batteries. Among the
requirements will be dealing with low light
levels as would be found in forest habitat, the
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larger physical sizes of systems, and the resultant
potentials to attract undesirable human attention
or distract animals.

We believe that the Internet-connected camera
systems, based on a wired or wireless connectiv-
ity, allow for the greatest flexibility for monitor-
ing animals in nest boxes. This approach
currently requires relatively high costs for initial
development and technical support that must be
balanced with multiple benefits for researchers
and other people as well as the animals being
monitored. Internet-connected nest box systems
do impose specific technological and infrastruc-
ture challenges. In particular, we found that the
availability of a reliable Internet connection is
critical. The main reason for the failures of our
SNBoxes (they were unavailable only 10% of the
time) was most often the result of unstable or
low speed of local Internet connection (50% of
instances). Thus, the quality of Internet connec-
tion should be assessed prior to planning to use
Internet-connected systems, and simultaneously,
automated health monitoring software should be
deployed, as we found it very efficient for detect-
ing system failures. In future developments,
wired Internet connections could be replaced by
wireless (e.g., WiFi or GSM network) data trans-
mission. The technical challenges to overcome in
order to make this practical include the follow-
ing: speed of wireless connection that can vary
through time, increased power consumption,
and limitations of cellular data transmission rates
in more remote areas. The transmission of large
volumes of cellular data can also be relatively
expensive.

Even where wired electrical and data transmis-
sion is possible, the distance from a power or net-
work connection is limited. Wire-connected
systems cannot be too distant from a power
socket (e.g., Power over Ethernet is usually lim-
ited to 100 m due to Ethernet protocol limits),
their installation is more complicated, and cables
can be interrupted (40% of failures of our camera
system were caused by the physical interruption
of cable connectivity). Further, potential safety
issues might exist without careful design, such as
issues of property safety (e.g., missing galvanic
isolation might be an issue), and network system
security for the data-management system could
potentially be compromised as authentication
mechanisms are not common in cable networks.
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The safety and security issues could be resolved
with appropriate hardware and software
development.

Future development

In this paper, we have considered the chal-
lenges involved in acquiring and sharing video
and other information with which to study nest-
ing birds. We anticipate that the greatest future
challenges will be in turning the raw video into
useful biological information. First, data storage
needs to be considered given the large volumes
of data that can be collected (we collected 8649
GB of video data over 16,776 observational
days). General-purpose cloud service such as
Microsoft Azure or Amazon Drive may prove to
be the most practical solution, although poten-
tially high costs of downloading data from cloud
archives need to be considered carefully. We sus-
pect that data processing will be more challeng-
ing than data archiving. The costs and benefits of
human processing of raw data need to be
explored, including the potential use of well-
established crowdsourcing platforms such as
Amazon’s Mechanical Turk (Buhrmester et al.
2011), Prolific Academic (Peer et al. 2017), or the
citizen-science-oriented ~ Zooniverse  (Borden
et al. 2013). The costs and benefits of human pro-
cessing need to be weighed against the develop-
ment of automated processing pipelines for this
same information, such as the use of machine
vision algorithms for the automatic classification
of the video content (Weinstein 2018). We believe
that automation could facilitate extraction of data
on such features as the number of eggs and nest-
lings, and the type of food and bird activity.

More generally, we see the development of
custom-designed data-collection systems, cou-
pled with methods for processing the large vol-
umes of data that can be collected, having wider
applicability in population ecology. This is espe-
cially true as the intended scale, either spatial
extent or time period, increases. In this context,
the specific decisions that we have made in the
design of our SNBox system are illustrations of
the need to think about all aspects of an entire
system, from defining goals, to identifying com-
ponents of a system, through to careful consider-
ation of the specifications of each component in a
system.
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Pfiloha 5. Pfrehled instalovanych chytrych ptacich budek (model 2.0) v roce 2016

RJ &. IP budky Lokalita Rok |[Model |Adresa Subjekt
134568 |admin@10.0.1.101 |Mé&lnik, gymnazium 2016 |2.0 Pod Vrchem 3421 s$
134569 [admin@10.0.1.102 |Tyn 2 - u Skoly 2016 [2.0 Zizkova 285 z$
134570 |admin@10.0.1.103 |Cizova 2016 |2.0 Cizova z$
134571 |admin@10.0.1.104 |Bfevnov 2016 |2.0 Bélohorska 226/103 Soukroma Z$
134571 |admin@10.0.1.104 [MZP 2016 [2.0 VrSovicka 1442/65 MZP
134572 |admin@10.0.1.105 [Nachod 2016 |2.0 Komenského 425 z$
134573 [admin@10.0.1.106 |Tynn V1 - u brany 2016 [2.0 Zizkova 285 VA
134574 |admin@10.0.1.107 |Pruhonice - DZ 2016 [2.0 Za dalnici 146 Dz
134619 |admin@10.0.1.108 |P6 - Lysolaje 2016 (2.0 Zéakovska 164 zZS
134621 |[admin@10.0.1.109 |Svétla nad Sazavou [2016 (2.0 Séazavska 547 Akademie
134623 [admin@10.0.1.111 |Méstec Kralové 2016 (2.0 nam. Svobody 436 z8
134625 |admin@10.0.1.113 |Slany 1 - jih 2016 [2.0 Smetanovo nam. 1310 Gymnazium
134626 |admin@10.0.1.114 |P5 - Luziny 2016 (2.0 Piskova soukromy uzivatel
134627 |admin@10.0.1.115 |Polevsko 2016 |2.0 Polevsko 167 z$
134638 |admin@10.0.1.118 |Litvinov 2016 (2.0 Sokolska 11 soukromy uzivatel
134639 |admin@10.0.1.119 |Pavlov 2016 |2.0 Pavlov Zachranna stanice
134639 [admin@10.0.1.119 |Radnice-Skiez 2016 [2.0 Radnice LS CR
137462 |admin@10.0.1.122 |Slany 2 - sever 2016 |2.0 Smetanovo nam. 1310 Gymnazium
137463 |admin@10.0.1.123 |Méstec Kralové 2016 |2.0 nam. Svobody 436 z$
137465 |admin@10.0.1.125 |P5 - KoSife 2016 [2.0 Urbanova soukromy uzivatel
137466 |admin@10.0.1.126 |P10 - Strasnice 2016 |2.0 Starostrasnicka 120/45 Specialni Z$
137468 |admin@10.0.1.128 |Bukovice 2016 |2.0 Bukovice 47 z$
22 celkem
Pfiloha 6. Pfehled instalovanych chytrych ptac¢ich budek (model 2.0) v roce 2017
|RJ é. IP budky Lokalita Rok |Model |Adresa Subjekt
134571 admin@10.0.1.104 [Beroun 2017 |2.0 Komenského 249 zS
134622 admin@10.0.1.110 |P6 - Vokovice 2017 (2.0 K lanu 561/8 soukromy uzivatel
134627 admin@10.0.1.115 | Testcentrum Vinof 2017 |2.0 Na rampéach 10 soukromy uZivatel
134637 admin@10.0.1.117  |Znojmo 2017 (2.0 KFizovnicka 26 Charita CR
134639 admin@10.0.1.119 |Strazn N 2017 (2.0 Majerova 138 z8
135924 admin@10.0.1.120 |P2 - JUS Vysehrad 2017 |2.0 V pevnosti 4 zS aSS JUS
137463 admin@10.0.1.123  |Bridlicna 2017 |2.0 Komenského 360 z$
137468 admin@10.0.1.128 |Senohraby 2017 (2.0 V bfizkach 299 Maly zoolog
136082 admin@10.0.1.130 [Poznan 2017 |2.0 Napoleonska 19 Universita
136083 admin@10.0.1.131 |Bydgoszcz 2017 (2.0 Glinki 117 z8
136084 admin@10.0.1.132 |Vratimov 2017 |2.0 Na Vyhlidce 25 MS
136088 admin@10.0.1.133 |Jehnedno 2017 (2.0 Jehnédno 1 soukromy uzivatel
136094 admin@10.0.1.134 |Lichnov 2017 (2.0 Lichnov 360 zSaM$
136300 admin@10.0.1.135 [Nymburk 2017 |2.0 Boleslavska 425 nemocnice
136301 admin@10.0.1.136 |P6 - UVN - B - veteran  |2017 |2.0 U vojenské nemocnice 1200 nemocnice
136302 admin@10.0.1.137 |P6 - UVN - C kozni 2017 |2.0 U vojenské nemocnice 1200 nemocnice
136303 admin@10.0.1.138  |Plzen 2017 |2.0 Republikanska 25 MS
137424 admin@10.0.1.139 |P10 -Pretlucka 2017 |2.0 Pretlucka 51/2252 MS

18 celkem
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Pfiloha 7. Prehled instalovanych chytrych ptacich budek (model 3.0) v roce 2018
RJ &. IP budky Lokalita Rok |Model
132531E |admin@10.0.1.140 |Z$ T.G.Masaryka 2018 |3.0
132534 [admin@10.0.1.141 |MniSek pod Brdy 2018 |3.0
132535 |admin@10.0.1.142 [Tyn n V3 - feditelna 2018 |3.0
132536 |admin@10.0.1.143 [MS Trhanovské nam. 2018 |3.0
132537 |[admin@10.0.1.144 |Velké Prilepy 2018 |3.0
132538E |admin@10.0.1.145 |La Fontaine School in Warsaw 2018 |3.0
132539E [admin@10.0.1.146 |Cornellova univerzita, Ithaca, USA 2018 |3.0
132540 [admin@10.0.1.147 |P6 - Lysolaje od 1.4.2018 2018 |3.0
132541 |[admin@10.0.1.148 |DDM Ulita 2018 |3.0
132542 |admin@10.0.1.149 |ZS$ Filozofska 2018 |3.0
132544 |admin@10.0.1.150 |CSO - farma Cernuc 2018 3.0
132545 [admin@10.0.1.151 |Z$ Taborska 2018 |3.0
132546 [admin@10.0.1.152 |LHMP Pracska 2018 |3.0
136576E [admin@10.0.1.153 |SEV Toulcv dvar 2018 (3.0
136721 |admin@10.0.1.154 |P10 - DINO 2018 |3.0
136722 |[admin@10.0.1.155 |Domov PALATA 2018 |3.0
136724 |admin@10.0.1.157 |Tyn n V4 - sborovna 2018 |3.0
136725 |admin@10.0.1.158 |Francouzske lyceum do 10.9.2018 2018 |3.0
136725 [admin@10.0.1.158 |METEOCENTRUM VINOR 2018 |3.0
136726 |admin@10.0.1.159 |Z$ Kunratice 2018 |3.0

20 celkem

PFiloha 8. Prehled pfeinstalovanych chytrych ptac¢ich budek na jinou lokalitu (model 2.0 i 3.0) v roce 2017,

2018 a 2019
|RJ c. IP budky Lokalita Rok Model Adresa Subjekt
134570 admin@10.0.{Tfebosice (2018 2.0 Tiebosice 10 z8
134571 admin@10.0.]1Beroun 2017 2.0 Komenského 249 z8
134619 admin@10.0.|Svétla nad S§2018 2.0 Séazavska 547 Akademie
137466 admin@10.0.{Dobfis 2018 2.0 Skolni 1530 Gymnazium
136082 admin@10.0.{Sedziny 2018 2.0 Parkowa Universita
136301 admin@10.0.{Martinice 2018 2.0 Martinice v KrkonoSich 68 ZSaM$
6 celkem
|RJ c. IP budky Lokalita Rok Model Adresa Subjekt
132534 admin@10.0.]Sokolov 2019 3.0 Svabinského 1702 z8
136725 admin@10.0.1Z8 Na Vyslun|2019 3.0 Kostelecka 1750 z8
2 celkem
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Pfiloha 9. Pfrehled instalovanych a demontovanych chytrych ptacich budek v roce 2020

lruc. IP budky Lokalita Rok |Model |Adresa Subjekt
132544 admin@10.0.1.150 |CSO - Sy&kovnik CNC 2020 |3.0 Cemuc Cso
133156 OFFLINE BATTERY |CSO - Syckovnik DKV 2020 |3.0 Sloup VN Drahkov Cso
133154 OFFLINE BATTERY |CSO - Syékovnik HSN 2020 |3.0 farma Hospozin Cso
133157 admin@10.0.1.160 |CSO - Syékovnik KLN 2020 |3.0 odpadovy dvir Kleneé Cso
132536 admin@10.0.1.143 |SZV Amalie 2020 |3.0 Amalie 51,271 01 Ruda |CZU Lany
134570 admin@10.0.1.103 |SZV Amalie2 2020 |2.0 Amalie 51,271 01 Ruda |CzU Lany
6 celkem
-4 DEMONTOVANO 132546, 136300, 136301, 132545
Pfiloha 10. Pfehled instalovanych a demontovanych chytrych ptacich budek v roce 2021
lrue. IP budky Lokalita Rok |Model |Adresa Subjekt
132546 admin@10.0.1.152 |SZV Amalie3 2021 [3.0 Amalie 51,271 01 Ruda |CZU Lany
132545 admin@10.0.1.151 |ZS Dr. Edvarda Benese Cakovice 2021 |30 Dyjska 715/3, 196 00 PrahalZS MHMP

2 celkem
-7 DEMONTOVANO

136094, 137463, 134568, 136300, 136302, 136303, 132544,

Pfiloha 11. Pfehled instalovanych a demontovanych chytrych ptacich budek v roce 2022

RJ & IP budky Lokalita Rok |Model |Adresa Subjekt
132536 admin@10.0.1.143 |Hostivar - postolka 2022 (3.0 RiZska 1580/11, 102 00 Praha 15 - Hostivar |Skaut
139368 admin@10.0.1.164 [SEV Toulclv Dvir2 2022 (3.0 Kubatova 32/1, Praha 10 - Hostivar MHMP
133170 admin@10.0.1.161 |Zamek Veltrusy 2002 (3.0 Ostrov 59 277 46 Veltrusy NPU
132545 admin@10.0.1.151 |ZS Dr. Edvarda Benese Cakovice 2022 (3.0 Dyjska 715/3, 196 00 Praha 9 - Cakovice MHMP

4 celkem
-6 DEMONTOVANO

132546, 134571, 132534, 137468, 132537, 136082
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Pfiloha 12. Komponenty dfevéné konstrukce budky

Chytra ptaci budka

drevéna konstrukce

Seznam komponentl

A- Celni gast vruty pro zavéseni budky ~70-90mm (3 ks)
B - Celni kryt vletového otvoru spojovaci vruty jednotlivych dilil ~50-60mm (30 ks)
C - Zadni ¢ast kratké vruty pro prichyceni komponentt ~20mm (18 ks)
D - Pravy bok L - vruty 3x50mm (6 ks)
E1 - Levy vstup k hnizdu panty 40x40mm (3 ks)
E2 - Levy vstup k technologii vyschlé razivo (tl. 20 mm)
F- Dno plechovy kryt - antipredaéni ochrana (tl. 2 mm)
G - Stiecha krytina stfechy - volitelna
H - Prepazka

J- Zavés

MP- Plechovy kryt

L,,- Zapadka

PL - Zaslepka

PG - Plexisklo
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ckovnik

Spac

ti chytré ptaci budky — typ

fevéné cas

Pfiloha 13. Vykresova dokumentace pro vyrobu d

/sykornik - 2 strany

Chytra ptaci budka

drfevéna konstrukce
Diléi rozmé
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