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1 Uvod

Tento dokument opisuje postupy spojené s riadenim timu Traffic Watch v ramci predmetu Timovy projekt.
V nasledujicich kapitolach sa detailne venuje ¢lenom timu a rolam ktoré naplnali, aplikdcii manazmentov,
sumarizacii Sprintov a globalnej retrospektive z dokoncenych Sprintov.



2 Role c¢lenov a podiel prace na dokumentacii

2.1 Role ¢lenov timu

H Meno Rola H
Adam Knaze Pocitacové videnie a algoritmy
Jozef Kamensky Full-stack developer

Matej Horvath

Computer vision developer

Kristina Mackova

Front-end a back-end web developer
Manazér komunikéacie

Jakub Sedlar

Back-end developer
Manazér testovania a verziovania

Lenka Pejchalova

Grafik, Front-end developer

Matej Groma

Manazér nasadzovania

Peter Jurkacek

Scrum master
Manazér riadenia,

2.2 Podiel prace na dokumentacii

H Meno Percentualny podiel H
Adam Knaze 5.44
Jozef Kamensky 18
Matej Horvath 11
Kristina Mackova 13
Jakub Sedlar 9.5
Lenka Pejchalova 9.5
Matej Groma 12,56
15
Peter Jurkacek




3 Aplikacie manazmentov

3.1 ManaZzment uloh

V nasom time pri riadeni loh pouzivame systém Jira. Jednotlivé tlohy sa eviduju ako issues. Issues evidujeme
na troch trovniach granularity (Epic, Story, Sub-task).

Scrum master vytvara Epicy a Storky a ¢lenovia timu si k nim vytvaraji Sub-tasky. Kazdy ¢len timu si

zaznamenava ¢as straveny pracou na timovom projekte na prislusné Sub-tasky. Co nie je v Jire to sa nerobi.

Storky a sub-tasky maju definované definition of done. Storky st akceptované produktovymi vlastnikmi a
sub-tasky st akceptované ¢lenmi timu.

Vsetky procesy sojené s manazmentom tuloh st opisané v Metodike tloh.

3.2 ManaZzment komunikacie

Komunikéicia je dolezitd stucast fungovania timu. Najpouzivanejsim komunika¢nym kandlom timu je Slack,
ktory je organizovany do kanalov podla tém. Tieto kandly slizia na formélnu aj neformalnu komunikaciu
medzi ¢lenmi timu, komunikaciu s vedicim timového projektu a product ownermi. To, aky obsah sa riesi v
akych kandloch, je definované v metodike komunikacie. Postup pri komunikéacii a zdielani obsahu s product
ownermi je tiez vyhradeny v tomto dokumente.

Do Slacku sme integrovali Jiru, Github a Trevis, takze kazdy ¢len timu dostava notifikicie o zmenach na
projekte.

Na zdielanie dokumentov v time pouzivame vyhradne Confluence. Na Confluence tiez zbierame vsetky inte-
lektudlne vystupy ktoré vznikli v rdmci timového projektu.

3.3 Automatizicia nasadzovania

Produkéne pouzitelné nasadenie je zabezpecené pomocou Ansible playbooku - tymto sposobom je aj Stan-
dardne dokumentovany celkovy postup nasadenia (pozadované balicky, konfigurdcia systému, databdzy a
pod.), kedZe funguje aj na tplne ¢istom stroji. Nasadenie funguje na Linuxe, predpokladom je nainstalované
Ansible na klientovi z ktorého nasadenie vykondvame (napr. apt install ansible) a funkény stroj, na ktory
checeme aplikdciu (backend a frontend) nasadit (otestované na Ubuntu 18.04, malo by fungovat aj na inej
distribucii, pripadne po mensich dpravich). Nasadend je verzia v Specifikovanej vetve, ktorej repozitar je
automaticky naklonovany. Automatizované je:

e nastavenie zdkladnych konfigura¢nych parametrov OS

e nainstalovanie web servera nginx pre FE, jeho konfiguricia

e vyziadanie certifikatu cez Letsencrypt

e nainstalovanie a nakonfigurovanie PostgreSQL a TimescaleDB
e nainstalovanie a nakonfigurovanie MQTT servera

e nakonfigurovanie, zostavenie a nasadenie backendu

e nakonfigurovanie, zostavenie a nasadenie frontendu

V stibore hosts pod [servers] nakonfigurujeme FQDN servera, na ktory chceme aplikdciu nasadit. Parametrom
ansible_user $pecifikujeme meno pouzivatela, prostrednictvom ktorého sa na server pripdjame (root alebo
pouzivatel so sudo oprdvneniami). Pod [servers:vars| moZeme upravit niektoré konfiguraéné parametre servera
(napr. porty, na ktorych BE/FE bezia). Pod [all:vars] upravujeme nastavenia, ktoré sa aplikuji lokdlne



(ako cesta k repozitdru, alebo vetva ktort nasadit). Nasledne skopirujeme stibor host_ vars/example.com do
host_ vars/FQDN a definujeme pouzivatelské mend a hesld ktoré chceme pouzit pre MQTT (kvoli citlivosti
obsahu takéto sibory nie si verziované).

Nasadenie spustime cez . /play.sh (stiahne podporné roly a vykona samotny playbook). Po vykonani aplikdcia
bezi na serveri bez potreby dalsieho manuélneho zasahu. Na skolskom serveri aplikacia bezi na porte 8123
(backend) a 8124 (frontend).

Menej zédvaznym problémom bolo, ze Java vyuziva vlastny systém na infrastruktiru verejného kluca — po-
trebné je prekonvertovat pouzivany certifikdat do keystore. Z tohto dévodu bol najskor nasadeny backend
nezabezpecene. Frontend musel byt nasadeny nezabezpecene tiez, kvoli zakazanému nacitavaniu mixed con-
tent na zabezpecenej stranke v sucasnych prehliadacoch.

V suvislosti s nasadzovanim existuje metodika nasadzovania, ktorou sa v rdmci timu riadime za tcelom
zabezpecenia bezproblémového chodu procesu.

3.4 Manazment pisania kédu

Systém, ktory v ramci timového projektu vyvijame sa sklada z viacerych casti, pricom kazda cast je pisand v
inom programovacom jazyku. Preto sme potrebovali v pomerne kratkom case zaviest pravidld pisania kédu
tak, aby bol kéd jednotny a Tahsie pochopitelny.

Ako zéklad pravidiel pre pisanie kédu pouzivame dostupné pravidla pisania kédu zavedené velkymi spoloc¢-
nostami. Pre kéd v jazyku JAVA pouzivame pravidla pisania kédu od Googlu, Google JAVA Style Guide.
Pri frontendovom vyvoji pouzivame priru¢ku Airbnb React/JSX Style Guide. Obidve tieto prirucky st dost
rozsiahle a podrobne popisuji vsetky aspekty spojené s formatovanim ¢i struktirovanim kédu.

V ramci timu mame zavedené pouzivanie réznych nastrojov na kontrolu kédu, ktoré sa vyuzivaju pri tvorbe
¢iastkovych rieseni alebo skriptov.

3.5 Manazment verziovania
Na verziovanie sme pouzili nastroj git a sluzby bitbucket a github. Na vSetky moduly projektu je vytvoreny

samostatny repozitar, a vSetci ¢lenovia timu pracovali s tymito nastrojmi. Pravidla a postupy vytvarania
vetiev, vytvarania pull requestov a ¢islovaniu verzii je opisany v metodike verziovania.



4 Sumarizacie sprintov

4.1 Sprint Alomomola

Ciel: Stretnat sa partnermi projektu, configuracia serverov a IDEs.

Trvanie Sprintu: 05.10.2018 - 19.10.2018

Odpracovany ¢as: 115h 38m

Tabulka 1: Vyhodnotenie Sprintu Alomomola

Clen timu Pridana hodnota Pridana hodnota (%)
Matej Groma 18 13%
Matej Hortvath 15 11%
Peter Jurkadek 15 11%
Kristina Mackova 16 12%
Lenka Pejchalova 16 12%
Jozef Kamensky 24 18%
Adam Kriaze 18 13%
Jakub Sedlar 15 11%
Total 137 100%

Tabulka 2: Pridand hodnota na projekte ¢lenov timu za Sprint Alomomola

Poget Pocet . 2 2
. y _— . . . |(Commitnuté [Dodané
Nazov story Podulohy nedokonéenych |dokonéenych Story pointy |Story poi Stav
poddloh podioh yRamly |[Stony pelnty
Analyzovanie a prototypovanie spracovania TP-27, TP-28, TP-29,TP-
obrazu 30, TP-31, TP-32 0 = 12 13 feceptes
Analyzovanie hardwaru TP-8 4] 0 5 5 Accepted
Vytvorenie 1.navrhu architektary 1;?;_1;‘46 P TR 0 3 5 5 Accepted
Analyzovanie mapovych sluzieb TP-33, TP-34, TP-35 0 0 3 3 Accepted
Analyzovanie Cl atlassianu 0 0 2 2 Accepted
Vytvaranie 1. verzie projektovych metodik TP-14, TP-36, TP-43 0 5 0 0 Accepted
Vytvorenie zépisnic 0 3 0 0 Accepted
Prihlasenie do sutaze TP CUP TP-55, TP-56 0 6 0 0 Accepted
Vytvarenie statickej web stranky TP-39, TP-40, TP-41 ] 1 0 0 Accepted
Total 20 0 20 28 28
Velocity 28
Pocet uloh 9




4.2 Sprint Bulbasaur

Ciel: Rozbehany Full stack (BE, FE, Kamera klient)
Trvanie Sprintu: 19.10.2018 - 09.11.2018

Odpracovany ¢as: 124h 40m

Tabulka 3: Vyhodnotenie $printu Bulbasaur

Clen timu Pridana hodnota Pridana hodnota (%)
Matej Groma 18 13%
Matej Hortvath 17 13%
Peter Jurkadek 14 10%
Kristina Mackova 18 13%
Lenka Pejchalova 15 11%
Jozef Kamensky 20 15%
Adam Kriaze 19 14%
Jakub Sedlaf 13 10%
Total 134 100%

Tabulka 4: Pridana hodnota na projekte ¢lenov timu za Sprint Bulbasaur

Pocet Pocet : 5 y
. ; o . . |Commitnuté [Dodané
Nazov story Podulohy nedokonéenych |dokonéenych Story pointy [Story pointy Stav
poduloh poduloh
TP-119, TP-120, TP-121,TP-
Aplikovanie algoritmu KNN z OpenCV 134 : : : 0 5 13 13 Accepted
Detekovanie prechodu cez zonu TP-142 0 1 8 8 Accepted
TP-100, TP-110, TP-116,TP-
Vytvorenie BE Kostry 117 ? : : 0 4 8 8 Accepted
TP-111, TP-112, TP-114,TP-
Vytvorenie pratotypu pre MQTT komunikéciu 115, TP-122, TP-123,TP- 0 7 5 5 Accepted
141
TP-102, TP-103, TP-104,TP-
Zobrazenie Udajov o kamere na FE 105, TP-106, TP-107,TP- 0 7 5 5 Accepted
137
Vytvorenie FE Kostry TS; 90, TP-131, TE-132,TE= 0 4 5 5 Accepted
Analyzovanie FE technolagii 0 0 1 1 Accepted
TP-101, TP-108, TP-109,TP-
Dummy Bulbasaur 125, TP-126, TR=127, Tk 0 11 0 0 Accepted
128, TP-129, TP-136,TP-
138, TP-144
Vytvaranie 2. verzie projektovych metodik TP-63, TP-64, TP-65, TP-99 0 4 0 0 Accepted
Total 43 0 43 45 45
Velocity 45
Pocet uloh 9




4.3 Sprint Caterpie

Ciel: Zobrazenie poctu prejazdov zo sledovanej oblasti na stranke na zaklade generovanych udalosti z kamery.
Trvanie Sprintu: 9.11.2018 - 23.11.2018
Odpracovany ¢as: 220h

Pocet Poéet . . .
. , Commitnuté |Dodané
Nazov story Podulohy nedokonéenych |dokonéenych Story ploiﬁty Story pointy Stav
poduloh poduloh

TP-175, TP-187, TP-188, TP
189, TP-190,TP-194, TP-
Ulozenie prejazdu a aktualizovanie Statistik 197, TP-202, TP-203, TP- 0 15 8 8 Accepted
204, TP-206, TP-207, TP-
208, TP-209,TP-211

Konfigurovanie parametrov sledovanej oblasti  |TP-172, TP-174, TP-179, TP

pre detekciu objektu 180, TP-184,TP-195 ° 6 8 B Accepted
Generovanie eventu pre prejazd TP-169, TP-171, TP-193 0 3 8 8 Accepted
TP-161, TP-164, TP-166, TP
Zobrazenie tabulky prejazdov 167, TP-168,TP-185, TP- 1 6 5 2 Rejected
186
Prijimanie a aktualizovanie parametrov 1P=102, TP-103, TP-104,TP-
: . . ; 105, TP-106, TP-107,TP- 0 7 3 3 Accepted
sledovanej oblasti pre detekciu objektu 137
Automatizovanie nasadeni a testovani ;581 #8 TPHG, IR R, IE: 0 4 0 0 Accepted

TP-157, TP-158, TP-170, TP
181, TP-182,TP-196, TP-
- 198, TP-199, TP-200, TP-
Dummy Caterpie 201.TP-205, TP-210, TP- 0 16 0 0 Accepted

212, TP-235, TP-236, TP-

237
Total 58 1 57 32 29
Velocity 29
Pocet uloh i

Tabulka 5: Vyhodnotenie Sprintu Caterpie

Clen timu Pridana hodnota Pridana hodnota (%)
Matej Groma 17 13%
Matej Hortvath 13 10%
Peter Jurkaéek 14 11%
Kristina Mackova 18 14%
Lenka Pejchalova 15 11%
Jozef Kamensky 23 18%
Adam Knaze 17 13%
Jakub SedlaF 14 11%
Total 131 100%

Tabulka 6: Pridand hodnota na projekte ¢lenov timu za Sprint Caterpie



5 Globalna retrospektiva

5.1 Zimny semester

Clenovia nasho timu sa pred zadiatkom projektu nepoznali a aj napriek tomu pracovali ako skutoény tim.
Kazdy clen timu prispel svojimi vedomostami pri inicializacii projektu.

Pocas sprintov sme sa potykali s problémami, na ktoré sme poukézali pocas retrospekivy v kazdom Sprinte.
Tieto problémy sme sa snazili vyriesit v nasledujtcich Sprintoch. Medzi hlavné problémy povazujeme komu-
nikéciu, réznu ¢asovi dostupnost jednotlivych ¢lenov timu a nové technolégie.

Musime poznamenaft, ze na konci treticho Sprintu sa nam podarilo vytvorit infrastruktiru systému, ktory
dokaze monitorovat zaznamenavat pocty atut, ktoré presli cez vyznacené oblasti na videu a zobrazovat k nim
Statistky prostrednictvom webového rozhrania.

5.1.1 Co robime dobre?

e Vytvarame si program na kazdé stretnutie.
e Snazime sa riesit problémy osobne na timovych stretnutiach.
e Mame povedomie o pocitoch timu vdaka online dotazniku.

e Mame poriadok v gite.

5.1.2 V ¢om sa snazime zlepsit?
e Pravidelnejsie aktualizovat dokumenty na stranke timu.
e Najprv vyvijat Api a mockovat data
e Lepsie zadefinovat zodpovednosti ¢lenov timu.

e Skusit pair programming.



A Motivacény list

Predstavenie timu ¢.21

Nas tim sa sklada z 8 studentov, ktori na FIIT absolvovali aj bakalarske studium a momentalne studuju
jeden zo studijnych programov ISS alebo IT.

V oblasti tvorby backendu ma kazdy clen timu zakladne skusenosti s programovacim jazykom Java, vacsie
skusenosti s nim maju Jozef Kamensky, Peter Jurkacek a Matej Horvath, ktori ich ziskali v ramci staze alebo
zamestnania. Dalsimi jazykom, s ktorym dokaze nas tim pracovat je C (Kristina Mackova, Jakub Sedlar,
Lenka Pejchalova, Matej Horvath). V pripade spravy Linux serverov sa mozeme spolahnut na Mateja Gromu.

Pri ukladani dat sa kazdy clen timu stretol s relacnymi databazami PostgreSQL a MySQL. Peter Jurkacek
pri mobilnom vyvoji casto pracuje s databazami SQLite alebo Realm. Z nerelacnych databaz tim pozna a
vie pouzivat Redis (Matej Horvath) ci grafovu databazu Neodj (Jozef Kamensky).

Pri spracovavani dat vieme vyuzit programovaci jazyk Python spolu s kniznicami na analyzu dat NumPy,
SciPy a scikit-learn (Peter Jurkacek, Adam Knaze, Jozef Kamensky). Adam Knaze sa navyse v ramci baka-
larskej prace venoval hlbokym neuronovym sietam a spracovaniu textu, pricom pouzival kniznicu Tensorflow.

Pri tvorbe frontendu sa mozeme opriet predovsetkym o Lenku Pejchalovu, ktora sa zaobera dizajnom pou-
zivatelskych rozhrani. Pri neskorsom tvoreni webovych stranok vie pomoct kazdy clen timu - kazdy ovlada
HTML, CSS a zaklady Javascriptu. Ti pokrocilejsi ovladaju tiez TypeScript (Lenka Pejchalova) a rozne
Javascriptove frameworky, napr. Angular2+ alebo Polymer (Jozef Kamensky).

Na vyvoj mobilnych aplikacii sa sustredi Peter Jurkacek, ktory je schopny vytvarat nativne aplikacie pre
platformy Android a iOS. S vyvojom na platforme Android mu pomahaju Jakub Sedlar a Matej Horvath.

Medzi clenov nasho timu so specifickymi schopnostami patri Kristina Mackova, ktora sa sa zaobera vyvojom
pocitacovych hier a virtualnou realitou. Tieto schopnosti ziskala a rozvijala v ramci bakalarskej prace ci
priemyselnej staze. Navyse sa zucastnila Letnej skoly tvorby hier Summer Game Dev 2018.

Takisto treba spomenut Mateja Gromu, ktory sa venuje digitalnej elektronike a vnorenym systemom. Svoje
zrucnosti zdokonalil pri bakalarskej praci, ktora sa venovala teme IoT. Spolu s Adamom Knaze ovladaju
jazyk C++.

Clenovia timu svoje vedomosti a prakticke zrucnosti neustale rozsiruju — pracuju alebo sa zucastnuju stazi,
napr. v ramci predmetu Priemyselna staz — 3 z 8 stazistov su v nasom time. Myslime, ze to dostatocne
znazornuje ochotu ucit sa nove veci a celit novym vyzvam. Tymto sposobom tiez ziskavame skusenosti s
pracou v time.

Motivécia 1: Analyza spravania sa vozidiel v meste [SmartMobility]

Tato tema nas tim zaujala hlavne vyuzitim mnohych modernych technologii, o ktore sa nas tim aktivne
zaujima, a spaja ich zaujimavym a pre prax vyuzitelnym sposobom. Nas tim ma schopnosti aktivne prispiet
ku vsetkym castiam riesenia daneho problemu. Matej Groma sa dokaze venovat produktu po hardverovej
stranke, o spracovanie dat a strojove ucenie v Pythone sa zaujimaju viaceri clenovia timu. Spracovane data je
nutne zobrazit vhodnym sposobom. Nas tim je schopny tvorit moderne webove rozhranie aj nativne mobilne
aplikacie. Jedinym ciastocnym nedostatkom je, ze nas tim ma zatial male skusenosti so spracovavanim obrazu.
Myslime, ze tento nedostatok dokazeme lahko prekonat absolvovanim predmetov pocas semestra (SOGAM)
a dodatocnym studiom problemovej oblasti.

Motivacia 2: Podpora vyskumu behavioralnej biometrie [Behametrics - learn]

Behavioralna biometria sa v sucasnosti dostava do popredia. Prebieha vyskum novych moznosti jej vyuzitia,
ktore ma nas tim zaujem podporit. V ramci timu sme schopni pracovat a zaznamenavat data z roznych



platforiem — web, smartfony (Android aj iOS) a virtualna ci rozsirena realita (senzor Leap Motion). Tiez
mame skusenosti s analyzou dat — hlavne v Pythone s pouzitim kniznic na analyzu dat (NumPy, SciPy,
scikit-learn). Skusenosti s tvorbou webovych a mobilnych aplikacii mozeme vyuzit pri tvorbe grafickeho
rozhrania, ktore umozni lahky pristup, filtrovanie a vizualizaciu ziskanych a spracovanych udajov.

Motivacia 3: Prostredie pre inteligentni analyzu textov [TextEnv]

V oblasti spracovavania textu ma v ramci timu najvacsie skusenosti Adam Knaze, ktory sa venuje spracovaniu
textu pomocou hlbokych neuronovych sieti (kniznica Tensorflow).. Tiez mame skusenosti s analyzou dat -
hlavne v Pythone s pouzitim kniznic na analyzu dat (NumPy, SciPy, scikit-learn). Skusenosti s tvorbou
webovych a mobilnych aplikacii mozeme vyuzit pri tvorbe grafickeho rozhrania, ktore umozni pouzivatelovi
lahko pracovat s databazou text a prehladnym sposobom vizualizuje dolezite informacie.

Priloha A: Zoradenie tém podla priority
1. Analyza spravania sa vozidiel v meste [SmartMobility]
2. Podpora vyskumu behavioralnej biometrie [behametrics-learn]

Prostredie pre inteligentnu analyzu textov [TxtEnv]

> W

Identifikacia entit — spracovanie textu [SK-CZ-TEXT]

o

Vnimanie neviditelneho [Holographic Eyes]
Monitoring antisocialneho spravania [MonAnt]
Inteligentny importer verejnych dat [Importer]

IoT system monitorovania osob [Breyslet]

© »® N>

Prostredie na vizualizaciu mikrogridu [GridBox]
10. Skola hrou vo virtualnej realite [VREducation]
11. Vyhladavanie pomocou obrazkov [ImageSearch]

12. Monitorovanie a vyhodnocovanie fyziologickych procesov cloveka [BioMonitor] 13.Generator 3D pries-
toru [3DSpaceGen]

13. Databanka otazok a uloh [FIIT - DU]

14. 3D simulovany roboticky futbal [3D futbal]

15. Automaticke testovanie v prostredi Internetu veci [IoTesting]

16. Vizualizacia softveru vo virtualnej a rozsirenej realite (Remake) [VizReal] 18. WiFi Funtoro [WFuntoro]
17. In-memory databaza s vyuzitim GPU [In-memory-DB]|

18. 3D UML, improved version [3D-UML]



Rozvrh ¢lenov timu
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Obr. 1: Spolo¢ny rozvrh ¢lenov timu



B Prihlaska na TP CUP 2018

Predstavenie timu

Nas tim sa sklada z 8 studentov, ktori na FIIT absolvovali bakalarske studium. Siesti ¢lenovia nisho timu
studuju odbor ISS a dvaja odbor IT. Clenovia timu maji vedomosti a prakticke zrucnosti, ¢i uz z absolvo-
vanych stazi alebo zamestnania. Kazdy ¢len ndsho timu méa skisenosti s vyvojom webovych aplikacii, ¢i uz
v ramci Back-endu alebo Front-endu.

1. Matej Groma - Specialista na hardware a spravu serverov. M4 uzitoéné skiisenosti z bakalarskej préace,
ktord bola z oblasti IoT.

2. Matej Horvath - Back-end programator. Zaujima sa o pocitacové videnie. Ma sktsenosti so sietami, a
v praci sa zaoberd implementaciou projektov a DevOps.

3. Peter Jurkéacek - Scrum master, bol sdm zvoleny pri demokratickom hlasovani. M4 skiisenosti s meto-
dikou scrumu, planovanim, analyzou dat a vyvojom mobilnych aplikacii.

4. Jozef Kamensky - Softvérovy architekt. Ma uzitoéné skiisenosti z navrhu a implementécie projektov zo
staze a z prace, kde pracuje ako full-stack developer.

5. Adam Knaze - Specialista na poéitacové videnie a algoritmy. M4 bohaté skiisenosti z bakaldrskeho
projektu s analyzou udajov a spracovanim dat.

6. Kristina Mackova - Specialista na poéitacovii grafiku. Vo volnom ¢ase sa venuje vyvoju hier. Absolvovala
vela stazi. M4& bohaté skisenosti s VR, AR, tvorbou mobilnych, ¢i webovych aplikacii.

7. Lenka Pejchalova - Graficky dizajnér. Stoji za logom a strankou nésho timu. Vo volnom case sa venuje
praci vo Photoshop-e a ma bohaté pracovné sktsenosti v oblasti Front-endu.

8. Jakub Sedlai - Git master. Dohliada na spravny gitflow nasho timu. M4 uzitoéné skiisenosti zo staze,
z analyzy tudajov a vyvoja mobilnych aplikacii.

Motivacia

Na projekte spolupracujeme so spolo¢nostami Orange a Unicorn a ramci 12. ro¢nika stutaze TP Cup by sme
chceli preukazat svoje schopnosti tvorbou komplexného softvérového systému, ktory riesi problematiku z
oblasti SmartCity so zameranim na dopravu. TP Cup pre néds predstavuje vyzvu a motivaciu na vytvorenie
pouzitelného a uzito¢ného riesenia, ktoré pomoze zlepsit dopravu.

Comu sa venujeme?

Pomocou kamier zaznamenavame a vyhodnocujeme informacie o spravani sa vozidiel, cyklistov a chodcov
v sledovanom useku. Nasim cielom je optimalizovat dopravu napriklad sledovanim vyvoja dopravy v ramci
jednej krizovatky alebo identifikaciou ,,busy hours® na zaklade dlzky statia vozidiel. Vyhodnocovanim infor-
macii z viacerych kamier chceme sledovat vyvoj dopravy v rdamci urcenych oblasti ¢i postupné plnenie sa
mestskych casti vozidlami.

Kedy a ako sa to da pouzit?

V pripade, ak mesto planuje odklon dopravy alebo prestavbu cestnych komunikacii, vie pouzit nase informécie
o vytazenosti jednotlivych krizovatiek aby zvolilo to najoptimélnejsie riesenie na preznacenie hlavnych a
vedlajsich ciest. V pripade, ak rozmyslate nad kiipou alebo prendjmom nehnutelnosti a zaujima vas rentabilita
obytnych alebo firemnych priestorov z pohladu dopravnej situdcie, viete pouzit nase riesenie na sledovanie
dopravy vo vybranych oblastiach.



Ako to dosiahneme ?
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Obr. 2: Big picture navrhovaného rieSenia

Kamera

Kazda pouzita kamera bude vybavena modulom, na ktorom bude prebiehat spracovanie obrazu a nasledné po-
sielanie udalosti dalej na server. Pri spracovani obrazu na kamere pouzijeme kombinéciu technol6gii OpenCV
a Tensorflow, pricom OpenCV sa primarne zameriava na prvotné spracovanie obrazu a Tensorflow na na-
sledné rozpozndvanie jednotlivych vozidiel, bicyklov ¢i chodcov a zaznamenavanie ich pohybu. Od takéhoto
modelu si slubujeme zvysenti mieru presnosti pri urcovani vyskytu a pohybu vozidiel a tieZ zmensenie vy-
poc¢tovych narokov. Vzniknuté udalosti sa buda posielat cez RESTové sluzby priamo na nés server alebo
sa mozu vyuzit uz existujice platformy na ukladanie idajov z IoT sieti, napr. Live Objects od Orange-u.
NasSe rieSenie pocita tiez s konfigurdciou kamier na dialku, napriklad na zmenu parametrov potrebnych pre
korektné spracovanie obrazu, napr. vyska a poloha kamery ¢i iprava parametrov pre spracovanie obrazu v
zéavislosti od prostredia.

Ukladanie a spracovanie dat

Kedze kamery generuji velké mnozstvo udalosti, bolo potrebné vybrat vhodnt databazu. Z pociatocnej
analyzy a porovnavania réznych pouzivanych databaz sme sa rozhodli pouzit databazu TimescaleDB. Tato
databdza vznikla ako rozsirenie databazy PostgreSQL za ticelom uchovévania dat z IoT zariadeni a efektivnu
pracu s ¢asovymi peciatkami.

Server

Na zaklade analyzy a skisenosti ¢lenov nasho timu sme sa rozhodli pouzit jazyk JAVA spolu s frameworkom
Spring. Server sme rozdelili na 4 primarne komponenty:

1. komponent komunikujici s rozlicnymi databazami



2. komponent zaoberajici sa spracovanim dét
3. rozhrania s vystavenymi sluzbami, napr. pre front-end alebo ukladanie dat z kamery

4. komponent zaoberajiicu sa spravou kamier

Webova aplikacia

Webova aplikdcia bude vytvorend pomocou frameworku Angular. V spojeni s kniznicami ako napr. Boots-
trap nam umozni rychlo vytvarat vizualne pritazlivé a responzivne single-page aplikacie na profesionélnej
trovni. Udaje o doprave budeme zobrazovat predovietkym na mape s vyuzitim farebnej 8kély a zékladngch
geometrickych tvarov ako body, krivky ¢i polygény. V rdmci analyzy sme identifikovali ako vhodné riesenia
Google Maps a HERE Maps. Obe riesenia poskytuji potrebné zakladné sluzby ktoré planujeme vyuzit. Ko-
necné rozhodnutie bude vykonané hlavne na zaklade obtiaznosti integracie a ich cenového modelu. Tiez ho
ovplyni rozhodnutie o tom, ¢i chceme vyuzivat pokrocilé moznosti, ktoré poskytuje HERE Maps.
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1 Uvod

Dokument opisuje stav projektu SmartMobility timu TrafficWatch po ukonceni 3 Sprintov.

V prvej Casti opisujeme globélne ciele projektu, nasledne zobrazuje clkovy pohlad ny systém - uvadza "big
picture"koncept projektu a to, z akych casti sa sklada.

2 Globalne ciele

2.1 Globalne ciele za zimny semester

Pocas zimného semestra sme sa pustili do implementécie systému horizontdlne. Kladli sme déraz na kva-
litnd analyzu technoldgii a stratégii, predtym nez sme zacali pisat akykolvek kéd. Nasledne, experimentalne
aspekty projektu sa prototypovali, zatial ¢o druha ¢ast timu pracovala na rozbehani infrastruktiary projektu.

Pocas zimného semestra chceme dosiahnut nasledujicu funkcionalitu:

e detekcia aut, sledovanie prejazdov cez vyznacené zény
e mat prepojeny systém s fungujicou infrastruktirou
e UI na konfiguraciu kamier

e vizualizovat Statistiky o prejazdoch

3 Celkovy pohlad na systém

Obrazok 1 predstavuje zjednoduseny pohlad na celkovi architektiru a rozlozenie systému. Celkovo mozno
systém rozdelit na 3 hlavné casti:

1. Inteligentna kamera
2. Server a ulozisko dat

3. Webové rozhranie

Monitorovanie oblasti zabezpecuje kamera spojend s vypoc¢tovym modulom, ktory zaznamenany obraz spra-
civa a rozpoznava v nom objekty zdujmu, napr. vozidla, cyklistov ¢i chodcov. Po rozpoznani objektu ho
kamera sleduje a zaznamendva o nom informécie. Medzi zakladné informécie, ktoré urcCujeme, patri pohyb
objektu medzi stanovenymi zénami, jeho rychlost, doba statia a podobne. Jednotlivé objekty kamera tak-
tiez vo vhodnom momente klasifikuje. Cielom je spracovat video zdznam priamo na mieste a neprenasat ho
zbytocne cez siet. Cez sief sa na server prenasaju len zistené informéicie o pohybe a spravani sledovanych
objektov.

Serverova cast zbiera informécie z jednotlivych kamier a priebezne aktualizuje Statistiky. Taktiez sa zaoberd
datovou analyzou, pricom vyuziva kombinované data ziskané z viacerych kamier. Takymto spdsobom dokaze
zistovat informacie o toku dopravy ¢i sledovat pocet aut v danej oblasti. Server zaroven poskytuje sluzby
potrebné na spravne fungovanie webovej aplikécie.

Webova aplikicia sa stard o vhodné zobrazenie ziskanych informacii koncovym pouzivatelom. Informécie
o doprave mozno zobrazovat ako text, graf alebo priamo na mape. Vyzvou je najst spdsob, ktory umozni
zobrazit komplexné informaécie o spravani sa dopravy jednoduchym a zrozumitelnym spdsobom.
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Obr. 1: Schéma riesenia

3.1 Model adajov

Obrazok 2 znazornuje model tdajov, ktory pouzivame na serveri a v databaze. Opis jednotlivych entit: De-
vice - Fyzické zariadenie, kamera.

MonitoredArea - Oblast sledovana kamerou

Zone - Mnohouholnik definovany pomocou sturadnic vrcholov/pixelov/bodov (x,y), pouzivany pri sledovani
prechodu.

Pass - Vstup sledovaného objektu do zény a vystup zo zény

DetectionParameters - Vsetky konfigurovatelné hodnoty pouzité pri detekcii objektov kamerou (zény,
velkost sledovaného objektu)

Transit - Predstavuje vektor prechodov sledovaného objektu cez zény

ZoneSequence - Predstavuje moznt kombinaciu prechodov cez zony, kvoli rychlejSej praci s databazou
AreaStatistics - Agreguje informacie o pocte aut, ktoré presli cez prejazd za 1 hodinu

3.2 Reprezentacia pomocou WBS diagramu
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1 Analyza

1.1 Hardvér

1.1.1 Hardvér pre kamerovy systém

Od spolupracujicich firiem méame alokovany neobmedzeny budget, ktory bude pouzity na preplatenie na-
kladov na hardvér. Na zvoleni dosku bude potrebné pripojit komunikacny modul a kameru. Hardvér je
vhodné volif tak, ze sa budt neskér moct uchovavat vzorky videa. Napdjanie hardvéru elektrickou siefou nie
je problémom.

Vseobecne sme zistili, ze lacné dosky a dosky bez vykonnejSieho GPU si vykonovo nedostatotné (kvoli
potrebe akcelerdcie neurénovej siete).

Po zvézeni sme nakoniec zvolili nasledovny hardvér (vyznaceny tuénym, zvySok tvoria alternativy):

e JETSON TX1 DEVELOPER KIT SE —https://www.nvidia.co.uk/object/JetsonTX1DeveloperKitSE-cz.
html?nvid=nv-int-jntldrktsnt-21728

o Jetson TX2 — https://www.nvidia.co.uk/object/jetsontx2-edu-discount-cz.html

e Huawei E5577C, pripadne Iubovolny LTE modem s Wi-Fi AP (alebo bez Wi-Fi AP ak vyskdsame
a bude fungovat)

e Logitech C920 PRO HD, pripadne Tubovolna kamera s aspon 720p

e USB micro B-USB A OTG (napr. https://www.alza.sk/akasa-usb-micro-b-usb-a-otg-d4254841.
htm)

e SIM karta s datami

1.1.2 Poziadavky na HW akceleraciu

e TensorFlow - na GPU akcelerdciu CUDA® Compute Capability >= 3.5 — Jetson TX1, Jetson TX2,
inak nevhodné dedikované grafické karty

e Darknet neurénova siet na YOLO — CUDA, Compute Capability neudavand
e OpenCV — NVIDIA CUDA, Compute Capability prakticky lubovolnd a OpenCL 1.2 (1.1 obmedzene)

1.1.3 Porovnanie pouzitelného hardvéru

Nvidia JETSON TX1 DEVELOPER KIT SE Ponuka pre CR je 5868Ké. Jetsony TX1/TX2 robi
Nvidia priamo pre Al na embedded systémoch, vyhoda oproti ostatnym moznostiam je GPU akceleracia —
oproti ¢isto CPU nasobné zrychlenie (5 az 10 krat). Aj ¢isty Tensorflow object detection model tu zarucene
pobezi aspon 15 FPS. TX1 by urcite postacoval, da sa neskor optimalizovat nizsie, ale situdcia Ze nevieme
populéarne single board dosky. Problémom je len jeden USB port, riesenie je kipit OTG redukciu na druhy
(https://www.alza.sk/akasa-usb-micro-b-usb-a-otg-d4254841.htm).

Starsi model Jetson TK1 sa uz neda velmi zohnaf, neakceleruje TensorFlow a len kvoli CPU sa neoplati
kupovat.

LATTEPANDA Vykon v benchmarku Geekbench je 3343 single-core a 6323 multi-core. Linux nemusi
byt az tak dobre podporovany. Neurénovd siet YOLO bezi stdle len na 0.62 FPS (https://www.youtube.
com/watch?v=1c8zDDOIjbQ).
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https://www.alza.sk/akasa-usb-micro-b-usb-a-otg-d4254841.htm
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Firefly - AIO-3399J Vyhodou je slot na LTE modul. Vykon v benchmarku Geekbench je 1326 single-core
a 2935 multi-core. Nevyhodou je slabd podora v Linuxe (ovlddace).

MinnowBoard Vykon v benchmarku Geekbench je 1004 single-core a 2874 multi-core.
HiKey 960 Vykon v benchmarku Geekbench je 1710 single-core a 4384 multi-core. Velmi drahy.
ROCKG64 Vykon v benchmarku Geekbench je 530 single-core a 1422 multi-core.

Intel Joule Vykon v benchmarku Geekbench je 671 single-core a 2318 multi-core.

1.1.4 Porovnanie Nvidia TX1 vs LATTEPANDA (UP-board)

Problém bol najst benchmark na LATTEPANDA, vykon mé porovnatelny s UP-board (rovnaky procesor
a frekvencia), bol teda v benchmarkoch zastupovany. Vysledky st dostupné na https://openbenchmarking.
org/result/1608034-HA-1603058GA17 a https://openbenchmarking.org/result/1703199-RI-ARMYARM4104
(iny benchmark, nezahinia Z8350). Niektoré vysledky m4 Intel Atom x5-Z8350 (LATTEPANDA) vyrazne
lepsie (pravdepodobne optimalizované v x86), inak st vysledky lepsie pre Nvidia (tesne) alebo porovnatelné.

Zhodnotenie: ak bez GPU akceleracie, tak vykonnejsie zariadenie (v rovnakej cenovej kategérii by sa asi dal
uz kupit aj TX1), GPU akceleraciu by sme mohli chciet (velmi slaby vykon YOLO na CPU).

1.1.5 Sietové moduly

Existuju Specializované produkty pre rozne scendre (odpocty), komunika¢ny modul v8ak v nasom pripade
musi byt schopny preniest vlastni spravu kvoli flexibilite. Sigfox mé nedostatoény pocet sprav, kity stoja
od 20 . Lora je drahsia s cenou 78,65 za Orange Starter Kit. Technolégia NB IoT je aj na slovensku, je
skor ale v testovacej prevadzke. Na zaciatok na prototypovanie tak vyberame LTE modem, neskér budeme
moct produkt doplnit o ToT komunikaéni technolégiu. Ako protokol pouzijeme MQTT, ktory bol definovany
product ownermi.

HUAWEI E3372 Mal by fungovat aj na Linuxe. Niektoré verzie aj emuluju ethernet cez usb (NAT),

zélezi od FW /distribatora (http://www.draisberghof.de/usb_modeswitch/bb/viewtopic.php?f=3&t=

2261). St postupy, ako pridat ovlddac (https://devtalk.nvidia.com/default/topic/1006033/jetson-tx2/
lte-usb-module-on-tx2/, https://www.jetsonhacks.com/2018/04/21/build-kernel-and-modules-nvidia-jetson-t:
Cena je 44,49 . Podobny model E3372h mé cenu 44,26 .

Alcatel Link Key 4G Pouziva RNDIS (MS proprietarny, implikuje NAT) — predvolene bez ovliddaca, mal
by sa dat pridat. Cena je 38,15 .

E5577C Jedna sa o Wi-Fi modem, teda je isté, ze bude fungovat. Cena je 68,05

1.1.6 Vyber kamery

Kamera by mala mat podporu na Linuxe, dostupnost v EU/ Slovensko a podporu 1080p. Zatial na prototy-
povanie si mézeme vystacit z lubovolnou kamerou. Kameru je mozné pripojit aj cez Specialny kamera modul
(lepsi vykon bez USB, znizené niroky na CPU), na prototypovanie je vSak vhodnejsia USB kamera (napr.
kvoli dlhsiemu kdblu alebo nizsej cene). Podporované forméty obrazu v pripade USB kamery mézu byt do-
lezité (mdze byt vicsie zatazovanie pri nekomprimovanych datach). Aj mensie FPS kamery je dostatofné,


https://openbenchmarking.org/result/1608034-HA-1603058GA17
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http://www.draisberghof.de/usb_modeswitch/bb/viewtopic.php?f=3&t=2261
http://www.draisberghof.de/usb_modeswitch/bb/viewtopic.php?f=3&t=2261
https://devtalk.nvidia.com/default/topic/1006033/jetson-tx2/lte-usb-module-on-tx2/
https://devtalk.nvidia.com/default/topic/1006033/jetson-tx2/lte-usb-module-on-tx2/
https://www.jetsonhacks.com/2018/04/21/build-kernel-and-modules-nvidia-jetson-tx1/

pri 50 km/h rychlosti auta je posun pri 12 FPS 1,67 m medzi snimkami. Zalez aj na tom, v akej vyske
bude kamera umiestnend. 640 x 480 (320 x 240) by malo byt dostatoéné na rozpoznanie druhu vozidla (auto,
ndkladné, ...) podla existujticich komerénych rieseni, mdme sa vSak orientovat na vicsie rozliSenie.

C920 Overend na TX1, cena je 72,90 . Obltbend je na pocitacové videnie (https://www.chiefdelphi.
com/forums/showthread.php?t=154360, https://www.reddit.com/r/computervision/comments/
7x59de/inexpensive_5075_camera_for_machine_vision/du6hbm9/, https://www.quora.com/
Which-camera-would-be-the-best-low-cost-solution-for-small-OpenCV-projects-like-Face-Tracking-and-0bje
Ma  velmi dobre manudlne nastavitelné parametre (napr. zaostrenie), dala by sa

tak nastavit vzdialene cez konfiguraciu (https://www.kurokesu.com/main/2016/01/16/
manual-usb-camera-settings-in-linux/). Je to 2. najpopuldrnejsi model (heuréka).

C922 Overend na TX1, cena je 85,90 . Na pocitac¢ové videnie je rovnako dobre pouzitelna ako C920 (https:
//devtalk.nvidia.com/default/topic/1002483/jetson-tx1/reliable-usb-3-0-camera/). Je to 1. naj-
populdrnejsi model (heuréka).

Iné vhodné kamery Neboli porovnavané, kedZe su obsolete (napr. 720p modely), alebo si to podobné
Logitech kamery v rovnakej cenovej kategérii.

1.1.7 Iné poznamky k hardvéru

Nebudeme mat verejnii IP adresu cez modem (niektoré modemy priamo robia NAT) — potrebné je vyriesit
vzdialené pripojenie (zariadenie sa bude aktivne pripdjat/udrziavat komunika¢ny kandl). Modem cez PCle
nie je vhodny, viac¢sina modulov je cez mini PCle a adaptér je polozka navyse k aj tak drahsiemu modulu.
Potrebujeme LTE na prenos 1080p streamu. Wi-fi modem je isté rieSenie z hladiska spolahlivosti a je jedno-
duchsi na prototypovanie.

1.2 Komunikacia medzi kamerou a backendom

1.2.1 Volba MQTT servera

V tabulke 1 st popisané pouzitelné MQTT servery. Neuvaddzané st neudrziavané, uzatvorené, platené, pri-
padne inak nevyhovujice. Definovanymi poziadavkami boli:

e d4 sa jednoducho spustit standalone (az spadne server, nemusia sa stratit sprévy)

.....

e podporuje ¢o najviac MQTT funkcionality

e obstojny v benchmarkoch

Z trojice vhodnych bol dalej kvoli slabému vykonu (https://github.com/home-assistant/home-assistant/
issues/12117,https://community.home-assistant.io/t/hbmgtt-default-mqtt-broker-doesnt-support-heavy-flov
37333) vyradeny HBMQTT. Zvoleny bol najskor VerneMQ@), ktory sa tispesne pouZiva aj pri vyssich zataziach.

Tento sa vsak nepodarilo nastavit (problémy so zabezpecenim), presli sme tak na Mosquitto.

Server bezi na adreséch tls://team21-18.studenti.fiit.stuba.sk:8883 (secure TCP) a wss:/ /team21-18.studenti.fiit.stuba.sk:8083
(secure websocket), na otestovanie je mozné sa pripojit napr. cez MQTTBox.
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Meno Standalone | Zbytoc¢nosti | Funkcionalita
ActiveMQ (Artemis) | dno ano ano

emitter ano nie nie
HBMQTT 4ano nie ano
Mongoose nie ano nie

Moquette 4no nie nie

mosca ano ano nie
Mosquitto ano nie ano

tstack 4no nie nie
VerneMQ 4no nie 4no

Tabulka 1: Porovnanie MQTT serverov

1.2.2 Volba MQTT kniznic
Java

e Eclipse Paho Java

e XenQTT - neaktualizované od 2015

e MeQanTT - neaktualizované od 2012
e mqtt-client - neaktualizované od 2016

e Qatja - mélo funkcionality

Zvolené Paho je udrziavané a nestane sa, ze v budicnosti bude potrebné vymenit kniznicu kvéli nepodporo-
vanej funkcionalite. MQTT kniznica bola zakomponovana do build procesu servera.

Na systéme MacOS sa vyskytli tradicné problémy — zlyhanie bezpecného pripojenia z dévodu nerozpoz-

nania doéveryhodnosti pouzitého certifikatu. Na vyriesenie vykondme nasledovné prikazy, ktoré pouzivany

certifikdt pridaji napevno do keystore (po vymeneni certifikitu je potrebné zopakovat): openssl x509 -

in <(opeunssl s.lient — connectteam2l — 18.studenti. fiit.stuba.sk : 8883 : 443 — prexit2 > /dev/null) —

out [certificate.crtsudokeytool—importcert— file [certificate.crt—aliasexample—keystore(/usr/libexec/javapome)/jre/lil
storepasschangeit

Python

e Eclipse Paho Python
e gmqtt
e Nyamuk - neaktualizované od 2016

e hbmgqtt

Paho Python bol zvoleny kvoli rovnakej kniznici pouzitej pre jazyk Java.

1.3 Zapisnica zo stretnutia s Martinom Tamajkom

1.3.1 Detekcia a rozpoznanie auta

zakladny postup: detekcia vozidla z opencv, pridanie marginu a rozpoznanie typu v neurénovej sieti



(dense) optical flow - zistenie smeru pohybu medzi obrazkami konkrétne Gunnar Farneback’s
algorithm

dalej je mozné klastrovat na zaklade uhlovych sipok, napr. pomocou DBSCAN

Background modeling/subtraction odpoditanie pozadia medzi dvoma po sebe idicimi snimkami, zis-
kanie tak masky pozadie/popredie

Konturova analyza analyza, ¢i je auto stile to isté medzi snimkami (sledovanie) - zobrat kontiru a
porovnat ju s konturami z predoslych snimkov

porovnanie na zaklade vzdialenosti, alebo farby (lepsie, porovnanie histogramov)

Odstranenie Sumu

e treshold
e medidnovy filter

e zahodif najmensie konttry

Zistenie typu vozidla

e neurénovd siet - napr. YOLO na rozpoznavanie objektov (https://pjreddie.com/darknet/yolo/,
https://www.youtube.com/watch?v=g5BECgk9AEw, https://www.youtube.com/watch?v=PncSIx8AHTs,
https://github.com/tejaslodaya/car-detection-yolo)

e pomocou detekcie SPZ - malo by byt dostupné API, ktoré vracia aj typ vozidla

Riesenia problému detekcie prekryvajicich sa aut Je to dost zavazny problém, mohli by sme chciet
ho riesit.
Opatrenia:

e umiestnenie kamery zvislo dolu, minimalizujeme tak perspektivne skreslenie

e detekcia pruhov a obmedzenie kontiry na jeden pruh

1.3.2 Detekcia auta medzi kamerami

délezité je zabezpedenie rovnakého nastavenia kamier (pohlad a i.)

Pristup 1: klticové body opis auta pomocou bodov, pri ktorych je pravdepodobnost, ze budu rozpoznané
aj na inom zébere

algoritmy SIFT (pomaly, lepsi, lepsie na GPU), SURF, FAST
sparovanie klucovych bodov

RANSAC - zrusenie falosnych parovani —https://vgg.fiit.stuba.sk/2013-07/object-recognition-ransac-verificat:

Pristup 2: siamské neurénové siete vyuziva dve rovnako nakonfigurované neurénové siete
na vystupe je, ¢i je to rovnaky objekt

tzv. one-shot learning


https://pjreddie.com/darknet/yolo/
https://www.youtube.com/watch?v=g5BECgk9AEw
https://www.youtube.com/watch?v=PncSIx8AHTs
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Pristup 3: template matching velmi nefunguje (Studenti testovali na cvic¢eniach)

1.3.3 Iné poznamky

prototypovanie v pythone, do produkcie C++

odporicand kombindcia pristupov, z viacerych vystupov rozhodnut (hlasovanie):

e klasické opencv
e neurénové siete

e iné klasifikdtory

"Rozhodnit sa, ¢o je horsie - false positive alebo false negative? M6ze mat vplyv napr. na rozhodnutie, ako
spojit rozne paralelne pouzité algoritmy”

1.3.4 Odkazy

https://docs.google.com/document/d/1XS1cnd4ZJxyspVyOX-_YLgvbUgA52AQibret-weNZE2g/edit
https://www.youtube.com/watch?v=inCUJOJM5ng

https://github.com/topics/vehicle-counting
https://medium.com/machine-learning-world/tutorial-making-road-traffic-counting-app-based-on-computer-

https://chatbotslife.com/vehicle-detection-and-tracking-using-computer-vision-baea4df65906

1.4 Softvérové vybavenie kamery

1.4.1 Modely a implementacie (Neurénové siete)

Detekcia objektov (aka objavenie a vyznacenie objektu na obrazku) neurénkami je vyrazne narocnejsia tiloha
ako obycajna klasifikicia. Samostatna kapitola je detekcia na videu realtime, eSte donedavne neexistoval
model schopny tito tlohu splnif. Tri roky dozadu vznikli dva pristupy (modely), ktoré sa vyvijaji a stéle
su v zasade jediné dve moznost

St to:

e YOLO (you only look once) - https://pjreddie.com/darknet/yolo/

e SSD (single shot multibox detector) - https://towardsdatascience.com/understanding-ssd-multibox-
real-time-object-detection-in-deep-learning-495ef744fab

Tolko modely, nas vSak zaujima aj implementécia, chceli by sme nieco Standardné, odtestované, s dobrou
podporou. Pri detekcii mame v podstate dve moznosti.

Standardom pre YOLO je origindlna implementacia od autora modelu vo frameworku darknet (jeho custom
framework napisany v C a CUDA) a spltia vietky vySSie podmienky. Nevyhodou je ten darknet, tazsie
by sme v nom implementovali pripadné modifikdcie, na druhd stranu ni¢ extra by sme nemali potrebovat.
https://pjreddie.com/darknet/yolo/

V Tensorflowe mame od Googlu oficidlne Object Detection API, udrziavané repo ktorého najvicsia vyhoda
je mnozstvo predimplementovanych modelov na rozne tcely, okrem iného aj SSD (okrem iného aj mobilenet
varidciu SSD (to je neurénkovy model od Googlu Specidlne robeny s tym aby rychlo bezal na mobilnych
zariadeniach)).


https://docs.google.com/document/d/1XSlcn4ZJxyspVy0X-_YLgvbUgA52AQibret-weNZE2g/edit
https://www.youtube.com/watch?v=inCUJ0JM5ng
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1.4.2 Performance

Skusal som niekolko implementacii vyuzivajicich TF Object Detection API, plus som pozeral ¢o poskusali
ini.

e Cisto CPU na mojej starsej ibke som dal max 7 FPS, pekny vysledok ale nie dost. https://github.
com/datitran/object_detector_app

e s pouzitim GPU (NVIDIA computation capability len trochu menej ako Tegra X1 z Jetsonu) som na
inej implementécii dostal 15 FPS ¢o uz je pouzitelna hodnota. Potvrdzuje to, ze na na zariadeni s GPU
vieme pouzit aj ¢isto neurénkovy detekény model.

e pohladal som par Tudi ¢o robili detekciu priamo na Jetsone TX1, SSD aj YOLO, reportuji od 10 do
20 FPS

Poucenie - ¢isto na CPU, ¢isto neurénkovy detekény realtime model nikdy nerozbehame. S GPU ano viacerym
sa to uz experimentélne podarilo. Prakticky jediné embedded zariadenie ktoré to umoznuje je NVIDIA Jetson
TX1/2

1.4.3 Presnost

Jedna vec je, ze mame model s dostatocnym FPS, druhd vec je presnost. V sktsanych modeloch ktoré mali
dostatoéné FPS bola kvalita detekcie vo vSeobecnosti neuspokojiva. Samozrejme, model bude este mozné
dotrénovat (bude to nutné aby rozoznal triedy ktoré chceme) ¢im zlepsime kvalitu, osobne v8ak pochybujem
7e takto dosiahneme dostato¢nu kvalitu. Ak mé byt nas ndstroj pouzitelny musime dosiahntt aspon nejaki
minimélnu presnost, a ¢isto neurénkovy model na embedded zariadeni beziaci realtime to podla mna nedéva.

Pravdepodobne sa tym pddom nevyhneme nejakej kombindcif/spolupréci s tradi¢nymi computer vision al-
goritmami (cez OpenCV).

1.4.4 Co dalej

Bez neurdniek to nepojde, chceme rozozndvat typy aut a to klasickymi CV algoritmami (OpenCV) nedévame.
Cisto neurénkami to tiez nepojde, lebo naraz realtime aj kvalitu nezvladaji. Tu st nejaké nédpady:

e Nezavisle bezia OpenCV a TF modely, kde sa zhodnu je auto

— ktovie ¢i mame dost vypoctovej kapacity na takéto srandy
e OpenCV detekuje mozné autd, TF klasifikuje (nie detekuje) ¢i naozaj

— klasifikdcia je rychlejsia ako detekcia, vieme ju robit rychlo a kvalitne

— Ak ale OpenCV auto nenédjde uz nam ni¢ nepomoze

— Ak OpenCV da viac dut do jedného boxu musime nejako vymysliet splitovanie
e nieco iné?

OpenCV background substraction bezi rychlo a takmer nema false negatives. Ak vsak auto zastane zmizne.


https://github.com/datitran/object_detector_app
https://github.com/datitran/object_detector_app

1.4.5 Datasety

Nech to bude akokolvek, budeme musiet neurénku trénovat na nejakych datach. Casom si moézme nieco
oanotovat sami, ale to je vela roboty. Co existujice som nasiel:

e Detrarc challenge - anotovane data z cinskych ciest, zabery z dopravnych kamier http://detrac-db.
rit.albany.edu/download

e Nvidia Ai city cahllenge - k ddtam som sa zatial nedokopal http://smart-city-sjsu.net/AICityChallenge/
data.html

e Aicitychallenge - rieSia rychlost, detekciu anomalii a znovuobjavenie auta, datasety nemusia byt verejne

dostupné https://www.aicitychallenge.org/2018-data-sets/

Bonus, podla vsetkého st nejaké datasety aj na znovuobjavenie, aka reidentifikaciu

https://github.com/knwng/awesome-vehicle-re-identification

1.5 OpenCV

Open Source Computer Vision Library - kniznica pontikajica optimalizované funkcie vyuzivajice metody
pocitacového videnia.

Analyzované pristupy detekcie vozidiel pre nas projekt:
e Haar - otestované, tento pristup nie je vhodny z dévodu ¢asovej narocnosti algoritmu
e HOG - nepodarilo sa otestovat

e MOG background subtraction + Kontarova analyza odporucany pristup, otestovany, vhodny
Testovné kvality videozaznamu pri detekcii zvolenym algoritmom:

e Viac ako 720p - detekcia bola prilis pomala
e 240p az 720p - detekcia v redlnom case

e Zmena FPS neovplyvnila zdsadnym sposobom troven detekcie (4 vs 15)

Pri akceleracii OpenCV na GPU sa detekcia pravdepobodne zrychly, testovanie prebiehalo na CPU.
Postrehy:

e Parametre do OpenCV funkcii (pre rézne vided treba nastavit rozne tresholdy)

e Spéjanie detekovanych vozidiel do jedného detekovaného vozidla, ak st blizko seba - riesitelné uhlom,
pod ktorym je umiestnend kamera a detekciou pruhov

e Detekované st len pohybujice sa vozidla


http://detrac-db.rit.albany.edu/download
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1.6 Backend

1.6.1 Databaza

Klasické SQL databazy nepripadaji do tivahy, porovnavali sme hlavne NoSQL databédzy a rozne rozsirenia
SQL databéz:

TimescaleDB
InfluxDB
CrateDB
MongoDB

AN I

Apache Cassandra

Na internete nie st k dipozicii presné benchmarky, vacsinou sa dajd najst len ¢lanky/blogy, ¢asto propagu-
juce konkrétnu technolégiu. Z dostupnych zdrojov sa ako najlepsia javi TimescaleDB, kniznica rozsirujtca
PostgreSQL.

Do6vody a vyhody:

1. Benchmarkovo poraza vsetky ostatné - hlavne pri naroc¢nych dopytoch typu GROUP BY + ORDER
BY + LIMIT

SQL syntax - jednoduché a rozsirena

Rozsirenie PostgreSQL, ktory je rokmi overeny, otestovany, dobra kompatibilita
Skélovatelnost - https://docs.timescale.com/v0.12/faqscaling

Hypertables

Indexy na ¢asovych tudajoch

N

Custom funkcie na pracu s ¢asom, napr. time_bucket()

1.6.2 Porovnanie manazérov zavislosti

Pre jednoduchsiu pracu s externymi kniznicami je vhodné pouzit manazéra zavislosti (angl. depenency ma-
nager). Zamerali sme sa dva populdrne nastroje, Maven a Gradle. Maven

e zalozené na XML

e jednoduché validacia, v skriptoch (zvycajne) nevznikaji bugy

e lepSia podpora pluginov, menej problémov pri pouzivani, viac dostupnych pluginov
e lepsi tooling pre pisanie skriptov

Gradle

e vlastny jazyk zalozeny na Groovy

ovela kratsie stibory

plnohodnotny jazyk, da sa v nom nakddit ¢okolvek, castejSie mézu vzniknut bugy

fazsie na naucenie sa

e podporuje inkrementalny build

rychlejsie buildy



1.6.3 Zaver

Gradle je silnejsi nastroj, dd s as nim toho viac robit, ale je fazsi na naucenie, je tiez rychlejsi, obzvlast pri
velkych projektoch. Maven je jednoduchsi, je tazsie na tom nieco pokazit, lepsia podpora toolov a pluginov.

Pre nase ucely bola rozhodujica rychlost, nakolko ziadne zlozité skripty alebo pluginy sme pouzivat nepla-
novali. Rozhodli sme sa preto pre Gradle.

1.7 Frontend

1.7.1 Mapové riesenia

V ramci analyzy sme porovnéavali 2 mapové riesnia - Google Maps a HERE Maps. Google Maps
API:

1. JavaScript

2. Android SDK

3. i0S SDK

Pontikané sluzby, ktoré moézme vyuzit:

1. Heatmapy
2. Custom stylovanie

3. Traffic Layer
Moznosti vykreslovania:

1. markers, popups, info panels
2. polylines, polygons, circles, rectangles

3. pouzivatelom zadané/editované body a oblasti(polygons, rectangles...)
Pricing:

e nutny API kla¢ (tGcet a aktivny billing)
e platba za kazdy pristup
e kredit v hodnote 200$ zadarmo kazdy mesiac - up to 28,000 loads(dynamic maps)

e 0.007% za kazdy load naviac (7$ za 1000 loadov) do 100 000 loadov, 5.6% do 500 000 loadov... potom
custom plany

Podpora prehliadacov:

1. Microsoft Edge
2. IE10a 11

3. Firefox

4. Chrome



5. Safari

HERE Maps

Poniikané sluzby, ktoré mézme vyuzit:

1. Map Satellite Tiles
2. Custom Location Extension - Store, manage and retrieve custom POIs and polygons

3. Platform Data Extension - Get additional HERE Map Content, including height and slope values,
curvature, speed limits and traffic lights

Moznosti vykreslovania:

1. Markers - normal a DOM
2. Polylines

3. Polygons, Circles, Rectangles
Pricing (mesacne):

1. FREEMIUM - free, 250k tranzakcii + 5k aktivnych userov,
2. PRO - 4498%, 1M tranzakcii 4+ 5k aktivnych userov
3. CUSTOM - da sa dohodntt custom plan

Podpora prehliadacov:

1. Internet Explorer 10+

[\

. Firefox (latest)

. Google Chrome (latest)

B~ W

. Apple Safari 6+

(V31

. Internet Explorer 9

Rozhodnutie V sluzbach velky rozdiel nie je - obidve riesenia poskytuji potrebnu funkcionalitu, HERE Maps
ale pontikaji aj sluzby navyse (napriklad vytvaranie vlastnych bodov ¢i vrstiev mapy). Obidve rieSenia maji
ur¢ity druh free planu, ktory ndm pri vyvoji postaci. Co sa tyka podpory, obidve riesenia poskytuji integ-
raciu formou Javascriptovej kniznice.

Pri rieSeni HERE Maps sa ale javia pricing plany ako vyhodnejsie. Preto sme sa rozhodli vyuzit na vizuali-
zaciu ziskanych informécii HERE Maps.

1.7.2 Frontendové frameworky

Angular
Vyhody:

e dobra dokumentacia
e RXJS, HttpClient

e two-way data binding



e dependency injection

e TypeScript
Nevyhody:
e problémy s migréciou (release kazdych 6 mesiacov)

e strmd krivka ucenia

e TypeScript

ReactJS
Vyhody:

e Tahky na naucenie

flexibilita

virtual DOM

Downward data binding

100% open source
e Tahka migracia
Nevyhody:

e problémy s dokumentaciou - product owneri ndm pomdzu
e prilis volnosti

e potrebny dlhy ¢as na tzv. "master'level

VuelS
Vyhody:
e detailnd dokumentéacia
e prisposobivost
e integracia
e skalovatelnost

e velkost
Nevyhody:

e malé zasttipenie na trhu
e over flexibility
e problém s dokumentaciou v angli¢tine
Kvoli jednoduchosti ucenia a preferencii product ownerov sme sa rozhodli frontend vyvijat v Reacte. Umozni

nam rychlo zacat vyvijat webové rozhranie a pripadné problémy moézme riesit aj s product ownermi, ktori
nam slabili pomoc.



1.7.3 Porovnanie Metronic vs. AdminLTE

Metronic
Vyhody:

e ma vysoké rozlisenie

e ma velké mnozstvo widgetov, diagramov, atd.
Nevyhody:

e nie je priamo integrovatelny s React-om

e spoplatneny (35%), nepontka Ziadne volné Sablény
Podpora prehliadacov:

1. Internet Explorer 10+
2. Firefox (latest)
3. Google Chrome (latest)
4. Apple Safari 6+
5. Microsoft Edge (latest)

6. Opera (latest)
Kompatibilita:

1. AngularJS 2
2. Bootstrap 4.x

3. Bootstrap 3.x

AdminLTE
Vyhody:

e ma vysoké rozlisenie
e ma velké mnozstvo widgetov, diagramov, atd.
e ponika aj Sablony zadarmo (Studentskd MIT licencia)

Podpora prehliadacov:

1. Internet Explorer 9+
2. Firefox (latest)

Google Chrome (latest)

=~ W

Apple Safari 6+
5. Microsoft Edge (latest)

6. Opera (latest)
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Vzhladom na fakt, ze Metronic nemé priamu integraciu s Reactom, rozhodli sme sa pouzit AdminLTE, ktory
ponuka podobnt funkcionalitu aj v Ssablénach, ktoré su zadarmo.
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2.1

Navrh

Kamera

Kamera je zodpovedna za tvorbu videozdznamu a nasledne spracovanie tohto zaznamu, teda detekovanie
objektov, vyhodnotenie ich pohybu a odoslanie vysledkov na server.

Kamera je implementovand primarne v jazyku Python, kvoli vyuzitiu CUDA akceleracie a optimalizécii si
casti implementované v C++.

2.1.1 Organizacia

2.2

trafficwatch - Hlavny modul, z ktorého sa spusta celd camera app. Slizi na inicializaciu detekc-
nych modulov, MQTT modulu a tiez modulu spravujiceho konfiguraciu. Niekolko prvych snimkov
je spracovanych vyhradne na pociatoné natrénovanie algoritmu KNN. Nasledne st v cykle spract-
vané jednotlivé snimky vstupného videozdznamu (pomocou nainicializovanych modulov) a vysledky st
odosielané v podobe eventov na server.

detector - Modul zabezpecujuci detekciu pohyblivych objektov. Pri vytvoreni triedy VehicleDetector
prebehne inicializacia detekénych parametrov z konfigura¢ného siiboru. Tieto parametre je tiez mozné
za behu programu aktualizovat. Pri volani triedy sa aktualna snimka spracuje background-subtraction
algoritmom (v nasom pripade je to algoritmus KNN). Vysledkom je maska obsahujica detekované
pohybujice sa objekty. Tato je nasledne ocistend od Sumu, vyhladena a odosland do metddy, ktord
implementuje OpenCV algoritmus na najdenie kontir. Vystupom je zoznam detekovanych objektov.

counter - Modul zabezpecuje pocitanie prejazdov dut cez zény. Pri vytvoreni triedy VehicleCounter
prebehne inicializacia detekénych parametrov z konfigura¢ného siboru. Tieto parametre je tiez mozné
za behu programu aktualizovat. Pri volani triedy je pre objekty detekované triedou VehicleDetector
zapaméatavana ich poloha v jednotlivych snimkach, pricom mnoziny tychto poloh tvoria trajektorie
jednotlivych detekovanych objektov. Na zédklade tychto trajektérii si nésledne identifikované prejazdy,
ktoré s pocitané.

visualizer - Modul sluziaci na zobrazenie priebehu detekcie vo vstupnom videozazname.Do kazdej
snimky videozdznamu st vyznacené detekované objekty, ich trajektorie, zony a tiez pocitadlo prechodov,
ktoré je sihrnné pre vsetky zony.

config - Modul obsahuje triedu ConfigManager, ktord slizi na spravu konfigura¢nych siiborov. Su
podporované 3 typy konfigura¢nych stborov:
— defaultny - obsahuje vSetky parametre, ktoré je mozné nastavovat a ich vychodzie hodnoty.

— pouzivatelsky - hodnoty parametrov vlozené do tohto konfiguracného stiboru maja vyssiu pri-
oritu ako vychodzie. Tento konfiguracny stibor ma praktické vyuzitie napr. pri vyvoji, kedze pri
experimentovani so zmenami parametrov nie je potrebné prepisovat vychodzie hodnoty.

— prijaty zo serveru - ma najvyssiu prioritu. Hodnoty parametrov prijaté zo serveru prostrednictvom
MQTT st ukladané do tohto typu konfiguracného siboru

mgqtt - Modul spravujici MQTT komunikéciu na kamere. Pouzitie MQTT modulu umoznuje pripojenie
sa do komunikacie, posielanie sprav a prijimanie sprav.

utils - Modul obsahuje pomocné funkcie pouzivané pri detekcii objektov, poc¢itani prejazdov a vizuali-
zacii v ostatnych moduloch

Backend

Backend (alebo server) je implementovany v jazyku Java. Je realizovany frameworkom Spring Web MVC.



2.2.1 Architektiura

Pre backend sme zvolili architektonicky styl MVC. Controller pozostava z REST API, pristupuje k entitam,
ktoré zodpovedaju entitim v databéze.

2.2.2 Organizacia

Projekt je organizovany do nasledujucich balikov:

e controller - obsahuje REST API pre aplikdciu

e entity - objekty, ktoré predstavuju datové modely

e service - sluzby pre kamery a frontend, obsahuje logiku systému

e storage - logika spojend s pristupom do databédzy (rozsirenie JPA)

e util - pre vSeobecné pomocné funkcionality (logger, exceptions)



3 Implementacia

3.1 Kamera

Zo serveru je pomocou aktualizacie konfiguracného siboru mozné nastavovat tieto parametre:

e video__source - cesta k siboru s videom, na ktorom bude program spustat detekciu vozidiel

e bg_sub_ history - pocet framov, ktoré sa uchovavaju pre vypocet background modelu algoritmom
MOG2. Cim je ¢islo mensie, tym Tahsie sa objekty stavaju sucastou pozadia a nie st detekované ako
pohybujtice sa.

e detector__min_ contour_ width - miniméalna Sirka detekovanej kontury.

e detector__min__contour__height - minimalna vyska detekovanej kontiry. Spolu s minimalnou sirkou
detekovanej kontiry urcuji, akd minimalnu velkost na obraze musi mat objekt aby bol detekciou
oznaceny za pohybujice sa vozidlo. Ak je napr. kamera dalej od vozovky, treba tieto parametre zmensit,
kedZe vozidla sa budi na obraze javit ako mensie.

e zones - oblasti, v ktorych je detekovany prejazd pocitanych vozidiel. Kazda oblast ma svoje ID a je
definovand polom vrcholov (dvojice X a Y stradnic), ktoré v obraze tito oblast tvoria.

e transit_ table - slovnik obsahujuici dvojice ID a typov prejazdov.

e counter_ path_ size - pocet bodov zobrazovanej trasy vozidla. Cim viac bodov, tym budi zobrazo-
vané trasy dlhsie.

e counter__max__dst - maximalna vzdialenost novopridavaného bodu trasy od existujicej trasy. Ak je
prilis velka, bude trasa nepresné - bude obsahovat vzdialené body, ktoré do nej nepatria. Ak je prili§
malé, relevantné body nebudi do trasy pridané

3.2 Backend

Dokumentécia implementécie backendu je poskytnuta vo forme exportu z nastroja Javadoc ako priloha A.



4 Testovanie

Zo vsetkych modulov systému su zatial testami pokryté len niektoré moduly na strane serveru. Na strane
kamere o testoch zatial neuvazujeme. V neskorsich fazach riesenia projektu sa zavedi automatické testy pre
frontend, napr. pomocou nastroja Selenium.

4.1 Backend

Na strane serveru st dostupné jednotkové testy, ktoré sa zameriavaji na overenie spravnosti fungovanie
CRUD operacii nad entitami z modelu tdajov.

Pri testovani pouzivame kniznicu JUnit, ktort sme spojili s kniznicou DBUnit.

Kazdy test si pred spustenim inicializuje testovaciu databdzu a naplni ju tdajmi zo zadaného XML suboru.
Po tspesnom alebo netspesnom vykonani testu sa dita z databazy odstrania. Vysledkom su testy, ktoré su
samostatne spustitelné a nezalezi na poradi ich vykonavania.

5 Continuous integration

Po troch ziadostiach na Github a Travis bola schvalend studentskd organizacia s pristupom k Travis CI.
VCS bolo nésledne premigrované z Bitbucketu na Github. Repozitar servera bol obohateny o Travis skript,
ktory automaticky nakonfiguruje systém s ohladom na podmienky spustenia testov (databédza) a vykond
testovanie. CI bolo integrované do Githubu, merge pull requestu nie je mozné vykonat, pokial dand vetva
nepresla tspesne testami. Github a Travis boli integrované do Slacku.



A Dokumentacia implementacie backendu

Dokumentéacia vo formate HTML je prilozena ako zip archiv.

=]
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How This API Document Is Organized




This API (Application Programming Interface) document has pages corresponding to the items in the navigation bar, described as follows.









			

Overview




The Overview page is the front page of this API document and provides a list of all packages with a summary for each.  This page can also contain an overall description of the set of packages.









			

Package




Each package has a page that contains a list of its classes and interfaces, with a summary for each. This page can contain six categories:






			Interfaces (italic)




			Classes




			Enums




			Exceptions




			Errors




			Annotation Types














			

Class/Interface




Each class, interface, nested class and nested interface has its own separate page. Each of these pages has three sections consisting of a class/interface description, summary tables, and detailed member descriptions:






			Class inheritance diagram




			Direct Subclasses




			All Known Subinterfaces




			All Known Implementing Classes




			Class/interface declaration




			Class/interface description











			Nested Class Summary




			Field Summary




			Constructor Summary




			Method Summary











			Field Detail




			Constructor Detail




			Method Detail









Each summary entry contains the first sentence from the detailed description for that item. The summary entries are alphabetical, while the detailed descriptions are in the order they appear in the source code. This preserves the logical groupings established by the programmer.









			

Annotation Type




Each annotation type has its own separate page with the following sections:






			Annotation Type declaration




			Annotation Type description




			Required Element Summary




			Optional Element Summary




			Element Detail














			

Enum




Each enum has its own separate page with the following sections:






			Enum declaration




			Enum description




			Enum Constant Summary




			Enum Constant Detail














			

Tree (Class Hierarchy)




There is a Class Hierarchy page for all packages, plus a hierarchy for each package. Each hierarchy page contains a list of classes and a list of interfaces. The classes are organized by inheritance structure starting with java.lang.Object. The interfaces do not inherit from java.lang.Object.






			When viewing the Overview page, clicking on "Tree" displays the hierarchy for all packages.




			When viewing a particular package, class or interface page, clicking "Tree" displays the hierarchy for only that package.














			

Deprecated API




The Deprecated API page lists all of the API that have been deprecated. A deprecated API is not recommended for use, generally due to improvements, and a replacement API is usually given. Deprecated APIs may be removed in future implementations.









			

Index




The Index contains an alphabetic list of all classes, interfaces, constructors, methods, and fields.









			

Prev/Next




These links take you to the next or previous class, interface, package, or related page.









			

Frames/No Frames




These links show and hide the HTML frames.  All pages are available with or without frames.









			

All Classes




The All Classes link shows all classes and interfaces except non-static nested types.









			

Serialized Form




Each serializable or externalizable class has a description of its serialization fields and methods. This information is of interest to re-implementors, not to developers using the API. While there is no link in the navigation bar, you can get to this information by going to any serialized class and clicking "Serialized Form" in the "See also" section of the class description.









			

Constant Field Values




The Constant Field Values page lists the static final fields and their values.














This help file applies to API documentation generated using the standard doclet.
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			addEventListener(String, MQTTEventListener) - Method in class smartmobility.service.mqtt.MQTTService




			

Adds listener for specified subtopic for MQTT messages coming from devices.







			Application - Class in smartmobility




			 




			Application(MQTTService, NewTransitMqttEventListener) - Constructor for class smartmobility.Application




			 




			AreaStatistics - Class in smartmobility.entity




			

Entity that represents statistics about an area







			AreaStatistics() - Constructor for class smartmobility.entity.AreaStatistics




			 




			AreaStatisticsController - Class in smartmobility.controller




			

REST controller class for obtaining area statistics







			AreaStatisticsController(AreaStatisticsService) - Constructor for class smartmobility.controller.AreaStatisticsController




			 




			AreaStatisticsRepository - Interface in smartmobility.storage




			

A repository that provides access to the area statistics in the database







			AreaStatisticsService - Class in smartmobility.service.areastatistics




			

A service for managing area statistics







			AreaStatisticsService(AreaStatisticsRepository) - Constructor for class smartmobility.service.areastatistics.AreaStatisticsService
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			onNewMessage(UUID, String) - Method in interface smartmobility.service.mqtt.MQTTEventListener




			

Callback that handles incoming MQTT message.







			onNewMessage(UUID, String) - Method in class smartmobility.service.mqtt.NewTransitMqttEventListener
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			Point2D - Class in smartmobility.util




			

A simple point in a discrete two-dimensional cartesian space







			Point2D() - Constructor for class smartmobility.util.Point2D




			

Constructs a point with the coordinates of (0, 0)







			Point2D(int, int) - Constructor for class smartmobility.util.Point2D




			

Constructs a point witht he given coordinates
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			saveTransit(CreateTransitRequest) - Method in class smartmobility.service.transit.TransitService




			

Stores a new transit







			sendConfig(UUID, UUID) - Method in class smartmobility.controller.HelloController




			 




			sendConfigurationToCamera(UUID, UUID) - Method in class smartmobility.service.mqtt.MQTTManager




			 




			sendMessage(UUID, String, String) - Method in class smartmobility.service.mqtt.MQTTService




			

Sends a MQTT message.







			setArea(MonitoredArea) - Method in class smartmobility.entity.Zone




			 




			setArea(MonitoredArea) - Method in class smartmobility.entity.ZoneSequence




			

Changes the area that contains the zones







			setBackgroundSubstractionHistory(int) - Method in class smartmobility.entity.DetectionParameters




			 




			setBackgroundSubstractionHistory(int) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			setBackgroundSubstractionHistory(int) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setCount(long) - Method in class smartmobility.service.areastatistics.TransitCount




			

Changes the number of vehicles







			setCounterMaxDistance(int) - Method in class smartmobility.entity.DetectionParameters




			 




			setCounterMaxDistance(int) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			setCounterMaxDistance(int) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setCounterPathSize(int) - Method in class smartmobility.entity.DetectionParameters




			 




			setCounterPathSize(int) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			setCounterPathSize(int) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setDetectionParameters(DetectionParameters) - Method in class smartmobility.entity.MonitoredArea




			

Changes the parameters of the detection algorithm used for the area







			setDetectionParameters(DetectionParameters) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Changes the parameters of the detection algorithm used for the area







			setDetectorMinContourHeight(int) - Method in class smartmobility.entity.DetectionParameters




			 




			setDetectorMinContourHeight(int) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			setDetectorMinContourHeight(int) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setDetectorMinContourWidth(int) - Method in class smartmobility.entity.DetectionParameters




			 




			setDetectorMinContourWidth(int) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			setDetectorMinContourWidth(int) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setDevice(Device) - Method in class smartmobility.entity.MonitoredArea




			

Changes the physical device deployed to monitor the area







			setDevice(Device) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			setDeviceId(UUID) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setDeviceLatitude(Double) - Method in class smartmobility.entity.MonitoredArea




			

Changes the latitude where the device is installed







			setDeviceLatitude(Double) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Changes the latitude where the device is installed







			setDeviceLatitude(Double) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Changes the latitude where the device is installed







			setDeviceLongitude(Double) - Method in class smartmobility.entity.MonitoredArea




			

Changes the longitude where the device is installed







			setDeviceLongitude(Double) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Changes the longitude where the device is installed







			setDeviceLongitude(Double) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Changes the longitude where the device is installed







			setEnd(Date) - Method in class smartmobility.entity.Transit




			

Changes the end time of the transit







			setId(UUID) - Method in class smartmobility.entity.Device




			

Changes the value of the ID of the device







			setId(UUID) - Method in class smartmobility.entity.MonitoredArea




			

Changes the ID of the area







			setId(UUID) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Sets the ID of the area







			setLatitude(Double) - Method in class smartmobility.entity.Zone




			 




			setLongitude(Double) - Method in class smartmobility.entity.Zone




			 




			setMonitoredArea(MonitoredArea) - Method in class smartmobility.entity.DetectionParameters




			 




			setName(String) - Method in class smartmobility.entity.Device




			

Changes the name of the device







			setName(String) - Method in class smartmobility.entity.MonitoredArea




			

Changes the name of the area







			setName(String) - Method in class smartmobility.entity.Zone




			 




			setName(String) - Method in class smartmobility.entity.ZoneSequence




			 




			setName(String) - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Changes the name of the area







			setName(String) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Changes the name of the area







			setParametersId(UUID) - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			setPassTimes(List<Date>) - Method in class smartmobility.service.transit.CreateTransitRequest




			 




			setReceiveTime(Date) - Method in class smartmobility.entity.Transit




			

Changes the time when the transit was registered by the server







			setStart(Date) - Method in class smartmobility.entity.Transit




			

Changes the start time of the transit







			setStatistics(Set<AreaStatistics>) - Method in class smartmobility.entity.ZoneSequence




			

Changes the statistics related tot he zone sequence







			setTimeSince(Date) - Method in class smartmobility.entity.AreaStatistics




			

Changes the beginning of the time interval to which the statistcis are related







			setTransits(Set<Transit>) - Method in class smartmobility.entity.ZoneSequence




			

Changes the transits that went through the zone sequence







			setVehiclePassed(long) - Method in class smartmobility.entity.AreaStatistics




			

Changes the number of vehicles that have passed during the observed time interval







			setVertices(List<Point2D>) - Method in class smartmobility.entity.Zone




			 




			setX(int) - Method in class smartmobility.util.Point2D




			

Changes the horizontal coordinate of the point







			setY(int) - Method in class smartmobility.util.Point2D




			

Changes the vertical coordinate of the point







			setZoneNumbers(int[]) - Method in class smartmobility.entity.ZoneSequence




			

Changes the ordered sequence of zone identifiers represented by this entity







			setZones(Set<Zone>) - Method in class smartmobility.entity.MonitoredArea




			

Changes the zones that are watched in the area







			setZones(int[]) - Method in class smartmobility.service.areastatistics.TransitCount




			

Changes the zone numbers







			setZoneSequence(ZoneSequence) - Method in class smartmobility.entity.AreaStatistics




			

Changes the zone sequence to which the statistics are tied







			setZoneSequence(ZoneSequence) - Method in class smartmobility.entity.Transit




			

Changes the zone sequence through which the transit happened







			setZoneSequenceID(UUID) - Method in class smartmobility.service.transit.CreateTransitRequest




			 




			setZoneSequences(Set<ZoneSequence>) - Method in class smartmobility.entity.MonitoredArea




			

Changes the zone sequences related to the area







			setZoneSequences(Set<ZoneSequence>) - Method in class smartmobility.entity.Zone




			 




			SimpleMonitoredArea() - Constructor for class smartmobility.entity.Views.SimpleMonitoredArea




			 




			smartmobility - package smartmobility




			 




			smartmobility.controller - package smartmobility.controller




			 




			smartmobility.entity - package smartmobility.entity




			 




			smartmobility.service.areastatistics - package smartmobility.service.areastatistics




			 




			smartmobility.service.monitoredarea - package smartmobility.service.monitoredarea




			 




			smartmobility.service.mqtt - package smartmobility.service.mqtt




			 




			smartmobility.service.shared - package smartmobility.service.shared




			 




			smartmobility.service.transit - package smartmobility.service.transit




			 




			smartmobility.storage - package smartmobility.storage




			 




			smartmobility.util - package smartmobility.util
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			Transit - Class in smartmobility.entity




			

Entity that represents a transit through a monitored area







			Transit() - Constructor for class smartmobility.entity.Transit




			 




			TransitController - Class in smartmobility.controller




			

REST controller class for obtaining data about transits through monitored areas







			TransitController(TransitRepository, TransitService) - Constructor for class smartmobility.controller.TransitController




			 




			TransitCount - Class in smartmobility.service.areastatistics




			

A simple bean that groups an array of zone numbers with the number of vehicles

 that passed through them







			TransitCount() - Constructor for class smartmobility.service.areastatistics.TransitCount




			 




			TransitCount(int[], long) - Constructor for class smartmobility.service.areastatistics.TransitCount




			

Creates a new TransitCount with the given attributes







			TransitRepository - Interface in smartmobility.storage




			

A repository that provides access to the transits in the database







			TransitService - Class in smartmobility.service.transit




			

A service for managing transits







			TransitService(TransitRepository, ZoneSequenceRepository, AreaStatisticsRepository) - Constructor for class smartmobility.service.transit.TransitService
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			updateMonitoredArea(MonitoredArea) - Method in class smartmobility.controller.MonitoredAreaController




			

Updates a monitored area







			updateMonitoredArea(MonitoredArea) - Method in class smartmobility.service.monitoredarea.MonitoredAreaService




			

Updates a monitored area and notifies the corresponding device via MQTT







			UpdateMonitoredAreaRequest - Class in smartmobility.service.monitoredarea




			

A bean encapsulating the new values for an updates monitored area's attributes







			UpdateMonitoredAreaRequest() - Constructor for class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest
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			Views - Class in smartmobility.entity




			

Jackson views used for serializing entities







			Views() - Constructor for class smartmobility.entity.Views




			 




			Views.SimpleMonitoredArea - Class in smartmobility.entity




			

A Jackson view that contains the ID, latitude, longitude, name,

 device and detection parameters of the monitored area
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			Zone - Class in smartmobility.entity




			

Entity that represents a transit through a monitored area







			Zone() - Constructor for class smartmobility.entity.Zone




			 




			Zone(MonitoredArea, Double, Double, String) - Constructor for class smartmobility.entity.Zone




			 




			Zone.ZonePK - Class in smartmobility.entity




			 




			ZonePK() - Constructor for class smartmobility.entity.Zone.ZonePK




			 




			ZonePK(MonitoredArea, Integer) - Constructor for class smartmobility.entity.Zone.ZonePK




			 




			ZoneRepository - Interface in smartmobility.storage




			

A repository that provides access to the zones in the database







			ZoneSequence - Class in smartmobility.entity




			

Entity that represents a sequence of zones through which transits have occurred







			ZoneSequence() - Constructor for class smartmobility.entity.ZoneSequence




			 




			ZoneSequenceRepository - Interface in smartmobility.storage




			

A repository that provides access to the zone sequences in the database
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			connectionLost(Throwable) - Method in class smartmobility.service.mqtt.MQTTService




			 




			CreateMonitoredAreaRequest - Class in smartmobility.service.monitoredarea




			

A bean encapsulating the values for a new monitored area's attributes







			CreateMonitoredAreaRequest() - Constructor for class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			createNewMonitoredArea(CreateMonitoredAreaRequest) - Method in class smartmobility.controller.MonitoredAreaController




			

Stores a new monitored area







			createNewMonitoredArea(CreateMonitoredAreaRequest) - Method in class smartmobility.service.monitoredarea.MonitoredAreaService




			

Stores a new monitored area and notifies the corresponding device via MQTT







			createNewTransit(CreateTransitRequest) - Method in class smartmobility.controller.TransitController




			

Stores a new transit







			CreateTransitRequest - Class in smartmobility.service.transit




			

A bean encapsulating the values for a new transit's attributes







			CreateTransitRequest() - Constructor for class smartmobility.service.transit.CreateTransitRequest
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			deleteMonitoredArea(UUID) - Method in class smartmobility.controller.MonitoredAreaController




			

Deletes the given monitored area







			deleteMonitoredArea(UUID) - Method in class smartmobility.service.monitoredarea.MonitoredAreaService




			

Deletes the given monitored area







			deliveryComplete(IMqttDeliveryToken) - Method in class smartmobility.service.mqtt.MQTTService




			 




			DetectionParameters - Class in smartmobility.entity




			

Entity that represents the parameters of a detection algorithm







			DetectionParameters() - Constructor for class smartmobility.entity.DetectionParameters




			 




			DetectionParameters(int, int, int, int, int) - Constructor for class smartmobility.entity.DetectionParameters




			 




			DetectionParametersRepository - Interface in smartmobility.storage




			

A repository that provides access to the detection parameters in the database







			Device - Class in smartmobility.entity




			

Entity that represents a physical device







			Device() - Constructor for class smartmobility.entity.Device




			 




			DeviceController - Class in smartmobility.controller




			

REST controller class for obtaining data about physical devices







			DeviceController(DeviceRepository) - Constructor for class smartmobility.controller.DeviceController




			 




			DeviceNotFoundException - Exception in smartmobility.service.shared




			

Exception thrown when an operation was attempted on a non-existent device







			DeviceNotFoundException() - Constructor for exception smartmobility.service.shared.DeviceNotFoundException




			 




			DeviceRepository - Interface in smartmobility.storage




			

A repository that provides access to the devices in the database







			doSomethingAfterStartup() - Method in class smartmobility.Application




			 




			DummyStatistics - Class in smartmobility.controller




			 




			DummyStatistics() - Constructor for class smartmobility.controller.DummyStatistics
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			EntityDoesNotExistsException - Exception in smartmobility.service.shared




			

Exception thrown when an operation was attempted on a non-existent entity







			EntityDoesNotExistsException() - Constructor for exception smartmobility.service.shared.EntityDoesNotExistsException




			 




			equals(Object) - Method in class smartmobility.entity.AreaStatistics




			 




			equals(Object) - Method in class smartmobility.entity.DetectionParameters




			 




			equals(Object) - Method in class smartmobility.entity.Device




			 




			equals(Object) - Method in class smartmobility.entity.MonitoredArea




			 




			equals(Object) - Method in class smartmobility.entity.Transit




			 




			equals(Object) - Method in class smartmobility.entity.Zone.ZonePK




			 




			equals(Object) - Method in class smartmobility.entity.ZoneSequence




			 




			equals(Object) - Method in class smartmobility.util.Point2D
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			findAll() - Method in class smartmobility.service.areastatistics.AreaStatisticsService




			

Returns an iterable of all statistics in the database







			findAreaStatisticsByZoneSequenceIdAndTime(UUID, Date, Date) - Method in interface smartmobility.storage.AreaStatisticsRepository




			

Returns statistics for the given time interval and ZoneSequence
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			getAllDevices() - Method in class smartmobility.controller.DeviceController




			

Returns an iterable of all devices







			getAllStatistics() - Method in class smartmobility.controller.AreaStatisticsController




			

Returns an iterable of all statistics







			getAllTransits() - Method in class smartmobility.controller.TransitController




			

Returns an iterable of all transits







			getArea() - Method in class smartmobility.entity.Zone




			 




			getArea() - Method in class smartmobility.entity.ZoneSequence




			

Returns the area that contains the zones







			getBackgroundSubstractionHistory() - Method in class smartmobility.entity.DetectionParameters




			 




			getBackgroundSubstractionHistory() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			getBackgroundSubstractionHistory() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getCount() - Method in class smartmobility.service.areastatistics.TransitCount




			

Returns the number of vehicles







			getCounterMaxDistance() - Method in class smartmobility.entity.DetectionParameters




			 




			getCounterMaxDistance() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			getCounterMaxDistance() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getCounterPathSize() - Method in class smartmobility.entity.DetectionParameters




			 




			getCounterPathSize() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			getCounterPathSize() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getDetectionParameters() - Method in class smartmobility.entity.MonitoredArea




			

Returns the parameters of the detection algorithm used for the area







			getDetectionParameters() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Returns the parameters of the detection algorithm used for the area







			getDetectorMinContourHeight() - Method in class smartmobility.entity.DetectionParameters




			 




			getDetectorMinContourHeight() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			getDetectorMinContourHeight() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getDetectorMinContourWidth() - Method in class smartmobility.entity.DetectionParameters




			 




			getDetectorMinContourWidth() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			getDetectorMinContourWidth() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getDevice() - Method in class smartmobility.entity.MonitoredArea




			

Returns the physical device deployed to monitor the area







			getDevice() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			 




			getDeviceId() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getDeviceLatitude() - Method in class smartmobility.entity.MonitoredArea




			

Returns the latitude where the device is installed







			getDeviceLatitude() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Returns the latitude where the device is installed







			getDeviceLatitude() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Returns the latitude where the device is installed







			getDeviceLongitude() - Method in class smartmobility.entity.MonitoredArea




			

Returns the longitude where the device is installed







			getDeviceLongitude() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Returns the longitude where the device is installed







			getDeviceLongitude() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Returns the longitude where the device is installed







			getDummyStatistics() - Method in class smartmobility.controller.DummyStatistics




			 




			getEnd() - Method in class smartmobility.entity.Transit




			

Returns the end time of the transit







			getId() - Method in class smartmobility.entity.AreaStatistics




			

Returns the ID of the statistics







			getId() - Method in class smartmobility.entity.DetectionParameters




			

Returns the ID of the detection parameters







			getId() - Method in class smartmobility.entity.Device




			

Returns the ID of the device







			getId() - Method in class smartmobility.entity.MonitoredArea




			

Returns the ID of the area







			getId() - Method in class smartmobility.entity.Transit




			

Returns the ID of the transit







			getId() - Method in class smartmobility.entity.ZoneSequence




			

Returns the ID of the zone sequence







			getId() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Returns the ID of the area







			getLatitude() - Method in class smartmobility.entity.Zone




			 




			getListOfMonitoredAreas() - Method in class smartmobility.controller.MonitoredAreaController




			

Returns an iterable of all monitored areas







			getListOfMonitoredAreas() - Method in class smartmobility.service.monitoredarea.MonitoredAreaService




			

Returns an iterable of all monitored areas in the database







			getLongitude() - Method in class smartmobility.entity.Zone




			 




			getMonitoredArea(UUID) - Method in class smartmobility.controller.MonitoredAreaController




			

Returns the monitored area with the given ID







			getMonitoredArea() - Method in class smartmobility.entity.DetectionParameters




			 




			getMonitoredArea(UUID) - Method in class smartmobility.service.monitoredarea.MonitoredAreaService




			

Returns the monitored area with the given ID







			getName() - Method in class smartmobility.entity.Device




			

Returns the name of the device







			getName() - Method in class smartmobility.entity.MonitoredArea




			

Returns the name of the area







			getName() - Method in class smartmobility.entity.Zone




			 




			getName() - Method in class smartmobility.entity.ZoneSequence




			 




			getName() - Method in class smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			

Returns the name of the area







			getName() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			

Returns the name of the area







			getParametersId() - Method in class smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			 




			getPassTimes() - Method in class smartmobility.service.transit.CreateTransitRequest




			 




			getReceiveTime() - Method in class smartmobility.entity.Transit




			

Returns the time when the transit was registered by the server







			getStart() - Method in class smartmobility.entity.Transit




			

Returns the start time of the transit







			getStatistics() - Method in class smartmobility.entity.ZoneSequence




			

Returns the statistics related tot he zone sequence







			getTimeSince() - Method in class smartmobility.entity.AreaStatistics




			

Returns the beginning of the time interval to which the statistcis are related







			getTotalVehiclePassed(UUID, Date, Date) - Method in class smartmobility.service.areastatistics.AreaStatisticsService




			

Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence







			getTotalVehiclePassed(UUID, Date, Date) - Method in interface smartmobility.storage.AreaStatisticsRepository




			

Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence







			getTransitCountByMonitoredAreaIdAndTime(UUID, Date, Date) - Method in interface smartmobility.storage.AreaStatisticsRepository




			

Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence







			getTransits() - Method in class smartmobility.entity.ZoneSequence




			

Returns the transits that went through the zone sequence







			getVehiclePassed(UUID, Date, Date) - Method in class smartmobility.controller.AreaStatisticsController




			

Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence







			getVehiclePassed() - Method in class smartmobility.entity.AreaStatistics




			

Returns the number of vehicles that have passed during the observed time interval







			getVehiclePassedByTransit(UUID, Date, Date) - Method in class smartmobility.controller.AreaStatisticsController




			

Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence







			getVehiclePassedByTransit(UUID, Date, Date) - Method in class smartmobility.service.areastatistics.AreaStatisticsService




			

Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence







			getVertices() - Method in class smartmobility.entity.Zone




			 




			getX() - Method in class smartmobility.util.Point2D




			

Returns the horizontal coordinate of the point







			getY() - Method in class smartmobility.util.Point2D




			

Returns the vertical coordinate of the point







			getZoneNumber() - Method in class smartmobility.entity.Zone




			 




			getZoneNumbers() - Method in class smartmobility.entity.ZoneSequence




			

Returns the ordered sequence of zone identifiers represented by this entity







			getZones() - Method in class smartmobility.entity.MonitoredArea




			

Returns the zones that are watched in the area







			getZones() - Method in class smartmobility.service.areastatistics.TransitCount




			

Returns the zone numbers







			getZoneSequence() - Method in class smartmobility.entity.AreaStatistics




			

Returns the zone sequence to which the statistics are tied







			getZoneSequence() - Method in class smartmobility.entity.Transit




			

Returns the zone sequence through which the transit happened







			getZoneSequenceID() - Method in class smartmobility.service.transit.CreateTransitRequest




			 




			getZoneSequences() - Method in class smartmobility.entity.MonitoredArea




			

Returns the zone sequences related to the area







			getZoneSequences() - Method in class smartmobility.entity.Zone
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			hashCode() - Method in class smartmobility.entity.AreaStatistics




			 




			hashCode() - Method in class smartmobility.entity.DetectionParameters




			 




			hashCode() - Method in class smartmobility.entity.Device




			 




			hashCode() - Method in class smartmobility.entity.MonitoredArea




			 




			hashCode() - Method in class smartmobility.entity.Transit




			 




			hashCode() - Method in class smartmobility.entity.Zone.ZonePK




			 




			hashCode() - Method in class smartmobility.entity.ZoneSequence




			 




			hashCode() - Method in class smartmobility.util.Point2D




			 




			HelloController - Class in smartmobility.controller




			 




			HelloController(MQTTService, MQTTManager) - Constructor for class smartmobility.controller.HelloController




			 




			helloWorld() - Method in class smartmobility.controller.HelloController
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			main(String[]) - Static method in class smartmobility.Application




			 




			MAPPING - Static variable in class smartmobility.controller.MonitoredAreaController




			 




			messageArrived(String, MqttMessage) - Method in class smartmobility.service.mqtt.MQTTService




			 




			MonitoredArea - Class in smartmobility.entity




			

Entity that represents an area monitored by a camera device







			MonitoredArea() - Constructor for class smartmobility.entity.MonitoredArea




			 




			MonitoredAreaController - Class in smartmobility.controller




			

REST controller class for obtaining data about monitored areas







			MonitoredAreaController(MonitoredAreaService) - Constructor for class smartmobility.controller.MonitoredAreaController




			 




			MonitoredAreaRepository - Interface in smartmobility.storage




			

A repository that provides access to the monitored areas in the database







			MonitoredAreaService - Class in smartmobility.service.monitoredarea




			

A service for managing monitored areas







			MonitoredAreaService(MonitoredAreaRepository, DeviceRepository) - Constructor for class smartmobility.service.monitoredarea.MonitoredAreaService




			 




			MQTTEventListener - Interface in smartmobility.service.mqtt




			

Functional interface that handles MQTT events.







			MQTTManager - Class in smartmobility.service.mqtt




			 




			MQTTManager(MonitoredAreaRepository, MQTTService) - Constructor for class smartmobility.service.mqtt.MQTTManager




			 




			MQTTService - Class in smartmobility.service.mqtt




			

Abstraction for MQTT messaging.







			MQTTService() - Constructor for class smartmobility.service.mqtt.MQTTService
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			NewTransitMqttEventListener - Class in smartmobility.service.mqtt




			 




			NewTransitMqttEventListener(TransitService) - Constructor for class smartmobility.service.mqtt.NewTransitMqttEventListener
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Hierarchy For All Packages




Package Hierarchies:



			smartmobility, 




			smartmobility.controller, 




			smartmobility.entity, 




			smartmobility.service.areastatistics, 




			smartmobility.service.monitoredarea, 




			smartmobility.service.mqtt, 




			smartmobility.service.shared, 




			smartmobility.service.transit, 




			smartmobility.storage, 




			smartmobility.util














Class Hierarchy






			java.lang.Object



			smartmobility.Application




			smartmobility.entity.AreaStatistics




			smartmobility.controller.AreaStatisticsController




			smartmobility.service.areastatistics.AreaStatisticsService




			smartmobility.service.monitoredarea.CreateMonitoredAreaRequest




			smartmobility.service.transit.CreateTransitRequest




			smartmobility.entity.DetectionParameters




			smartmobility.entity.Device




			smartmobility.controller.DeviceController




			smartmobility.controller.DummyStatistics




			smartmobility.controller.HelloController




			smartmobility.entity.MonitoredArea




			smartmobility.controller.MonitoredAreaController




			smartmobility.service.monitoredarea.MonitoredAreaService




			smartmobility.service.mqtt.MQTTManager




			smartmobility.service.mqtt.MQTTService (implements org.eclipse.paho.client.mqttv3.MqttCallback)




			smartmobility.service.mqtt.NewTransitMqttEventListener (implements smartmobility.service.mqtt.MQTTEventListener)




			smartmobility.util.Point2D




			java.lang.Throwable (implements java.io.Serializable)



			java.lang.Exception



			java.lang.RuntimeException



			smartmobility.service.shared.DeviceNotFoundException




			smartmobility.service.shared.EntityDoesNotExistsException


































			smartmobility.entity.Transit




			smartmobility.controller.TransitController




			smartmobility.service.areastatistics.TransitCount




			smartmobility.service.transit.TransitService




			smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest




			smartmobility.entity.Views




			smartmobility.entity.Views.SimpleMonitoredArea




			smartmobility.entity.Zone




			smartmobility.entity.Zone.ZonePK (implements java.io.Serializable)




			smartmobility.entity.ZoneSequence
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Serialized Form











			

Package smartmobility.entity






			[bookmark: smartmobility.entity.Zone.ZonePK]





Class smartmobility.entity.Zone.ZonePK extends java.lang.Object implements Serializable






			

Serialized Fields






			

area




MonitoredArea area









			

zoneNumber




java.lang.Integer zoneNumber







































			

Package smartmobility.service.shared






			[bookmark: smartmobility.service.shared.DeviceNotFoundException]





Class smartmobility.service.shared.DeviceNotFoundException extends java.lang.RuntimeException implements Serializable









			[bookmark: smartmobility.service.shared.EntityDoesNotExistsException]





Class smartmobility.service.shared.EntityDoesNotExistsException extends java.lang.RuntimeException implements Serializable
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smartmobility


Class Application











			java.lang.Object




			



			smartmobility.Application























			







@SpringBootApplication

 @EnableCaching

public class Application

extends java.lang.Object
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Constructor Summary






Constructors 



			Constructor and Description








			Application(MQTTService mqttService,

           NewTransitMqttEventListener newTransitMqttEventListener) 

























			[bookmark: method.summary]





Method Summary






All Methods Static Methods Instance Methods Concrete Methods 



			Modifier and Type

			Method and Description








			void

			doSomethingAfterStartup() 








			static void

			main(java.lang.String[] args) 
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Methods inherited from class java.lang.Object




clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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Constructor Detail
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Application




@Autowired

public Application(MQTTService mqttService,

                               NewTransitMqttEventListener newTransitMqttEventListener)
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Method Detail
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main




public static void main(java.lang.String[] args)














[bookmark: doSomethingAfterStartup--]







			

doSomethingAfterStartup




@EventListener(value=org.springframework.boot.context.event.ApplicationReadyEvent.class)

public void doSomethingAfterStartup()
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smartmobility.controller


Class AreaStatisticsController











			java.lang.Object




			



			smartmobility.controller.AreaStatisticsController























			







@CrossOrigin

 @RestController

 @RequestMapping(value="/stats")

public class AreaStatisticsController

extends java.lang.Object




REST controller class for obtaining area statistics
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Constructor Summary






Constructors 



			Constructor and Description








			AreaStatisticsController(AreaStatisticsService areaStatisticsService) 
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Method Summary






All Methods Instance Methods Concrete Methods 



			Modifier and Type

			Method and Description








			(package private) java.lang.Iterable<AreaStatistics>

			getAllStatistics()

Returns an iterable of all statistics











			(package private) int

			getVehiclePassed(java.util.UUID zoneSequenceID,

                java.util.Date since,

                java.util.Date until)

Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence











			(package private) java.lang.Iterable<TransitCount>

			getVehiclePassedByTransit(java.util.UUID monitoredAreaID,

                         java.util.Date since,

                         java.util.Date until)

Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence
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Methods inherited from class java.lang.Object




clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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Constructor Detail
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AreaStatisticsController




@Autowired

public AreaStatisticsController(AreaStatisticsService areaStatisticsService)
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Method Detail
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getAllStatistics




@GetMapping(value="")

java.lang.Iterable<AreaStatistics> getAllStatistics()




Returns an iterable of all statistics




			Returns:




			an iterable of all statistics
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getVehiclePassed




@GetMapping(value="/vehiclePassed")

int getVehiclePassed(@RequestParam(value="id")

                                                          java.util.UUID zoneSequenceID,

                                                          @RequestParam(value="since") @DateTimeFormat(pattern="yyyy-MM-dd\'T\'HH:mm:ss")

                                                          java.util.Date since,

                                                          @RequestParam(value="until") @DateTimeFormat(pattern="yyyy-MM-dd\'T\'HH:mm:ss")

                                                          java.util.Date until)




Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence




			Parameters:




			zoneSequenceID - the zone sequence




			since - the start of the time interval




			until - the end of the time interval




			Returns:




			the number of vehicles passed
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getVehiclePassedByTransit




@GetMapping(value="/transits/vehiclePassed")

java.lang.Iterable<TransitCount> getVehiclePassedByTransit(@RequestParam(value="area_id")

                                                                                                         java.util.UUID monitoredAreaID,

                                                                                                         @RequestParam(value="since",required=false) @DateTimeFormat(pattern="yyyy-MM-dd\'T\'HH:mm:ss")

                                                                                                         java.util.Date since,

                                                                                                         @RequestParam(value="until",required=false) @DateTimeFormat(pattern="yyyy-MM-dd\'T\'HH:mm:ss")

                                                                                                         java.util.Date until)




Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence




			Parameters:




			monitoredAreaID - the ID of the area




			since - the start of the time interval




			until - the end of the time interval




			Returns:




			an iterable that contains the number of vehicles passed, broken down per zone sequence

















































[bookmark: navbar.bottom]





Skip navigation links


[bookmark: navbar.bottom.firstrow]







			Overview




			Package




			Class




			Tree




			Deprecated




			Index




			Help
















			Prev Class




			Next Class











			Frames




			No Frames











			All Classes




















			Summary: 




			Nested | 




			Field | 




			Constr | 




			Method











			Detail: 




			Field | 




			Constr | 




			Method












[bookmark: skip.navbar.bottom]












docs/smartmobility/controller/DeviceController.html







JavaScript is disabled on your browser.







[bookmark: navbar.top]





Skip navigation links


[bookmark: navbar.top.firstrow]







			Overview




			Package




			Class




			Tree




			Deprecated




			Index




			Help
















			Prev Class




			Next Class











			Frames




			No Frames











			All Classes




















			Summary: 




			Nested | 




			Field | 




			Constr | 




			Method











			Detail: 




			Field | 




			Constr | 




			Method












[bookmark: skip.navbar.top]












smartmobility.controller


Class DeviceController











			java.lang.Object




			



			smartmobility.controller.DeviceController























			







@RestController

 @CrossOrigin

 @RequestMapping(value="/device")

public class DeviceController

extends java.lang.Object




REST controller class for obtaining data about physical devices
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			DeviceController(DeviceRepository deviceRepository) 
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			(package private) java.lang.Iterable<Device>

			getAllDevices()

Returns an iterable of all devices
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Methods inherited from class java.lang.Object




clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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DeviceController




@Autowired

public DeviceController(DeviceRepository deviceRepository)
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getAllDevices




@GetMapping(value="")

java.lang.Iterable<Device> getAllDevices()




Returns an iterable of all devices




			Returns:




			an iterable of all devices
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@RestController

 @RequestMapping(value="/dummyStats/")

public class DummyStatistics

extends java.lang.Object
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			(package private) java.lang.String

			getDummyStatistics() 
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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DummyStatistics




public DummyStatistics()
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getDummyStatistics




@GetMapping(value="")

java.lang.String getDummyStatistics()
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@CrossOrigin

 @RestController

public class HelloController

extends java.lang.Object
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			HelloController(MQTTService mqttService,

               MQTTManager mqttManager) 

























			[bookmark: method.summary]





Method Summary






All Methods Instance Methods Concrete Methods 



			Modifier and Type

			Method and Description








			java.lang.String

			helloWorld() 








			java.lang.String

			sendConfig(java.util.UUID deviceID,

          java.util.UUID monitoredAreaID) 
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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HelloController




@Autowired

public HelloController(MQTTService mqttService,

                                   MQTTManager mqttManager)
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helloWorld




@GetMapping(value="")

public java.lang.String helloWorld()

                                                   throws org.eclipse.paho.client.mqttv3.MqttException






			Throws:




			org.eclipse.paho.client.mqttv3.MqttException
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sendConfig




@GetMapping(value="/conf")

public java.lang.String sendConfig(@RequestParam(value="device_id")

                                                               java.util.UUID deviceID,

                                                               @RequestParam(value="area_id")

                                                               java.util.UUID monitoredAreaID)
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@CrossOrigin

 @RestController

 @RequestMapping(value="/areas")

public class MonitoredAreaController

extends java.lang.Object




REST controller class for obtaining data about monitored areas
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			(package private) static java.lang.String

			MAPPING 
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			MonitoredAreaController(MonitoredAreaService monitoredAreaService) 
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			java.lang.String

			createNewMonitoredArea(CreateMonitoredAreaRequest monitoredAreaRequest)

Stores a new monitored area











			void

			deleteMonitoredArea(java.util.UUID uuid)

Deletes the given monitored area











			java.lang.Iterable<MonitoredArea>

			getListOfMonitoredAreas()

Returns an iterable of all monitored areas











			MonitoredArea

			getMonitoredArea(java.util.UUID uuid)

Returns the monitored area with the given ID











			MonitoredArea

			updateMonitoredArea(MonitoredArea monitoredArea)

Updates a monitored area
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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MAPPING




static final java.lang.String MAPPING






			See Also:




			Constant Field Values
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MonitoredAreaController




@Autowired

public MonitoredAreaController(MonitoredAreaService monitoredAreaService)
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getListOfMonitoredAreas




@GetMapping(value="")

public java.lang.Iterable<MonitoredArea> getListOfMonitoredAreas()




Returns an iterable of all monitored areas




			Returns:




			an iterable of all monitored areas
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createNewMonitoredArea




@PostMapping(value="")

 @ResponseStatus(value=CREATED)

public java.lang.String createNewMonitoredArea(@RequestBody

                                                                                                        CreateMonitoredAreaRequest monitoredAreaRequest)




Stores a new monitored area




			Parameters:




			monitoredAreaRequest - request containing the attributes of the new area




			Returns:




			the address where the new area was stored, i.e. /areas/{area id}
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updateMonitoredArea




@PutMapping(value="")

public MonitoredArea updateMonitoredArea(@RequestBody

                                                                MonitoredArea monitoredArea)




Updates a monitored area




			Parameters:




			monitoredArea - the area to be updated




			Returns:




			the updated area
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getMonitoredArea




@GetMapping(value="/{id}")

public MonitoredArea getMonitoredArea(@PathVariable(value="id")

                                                                  java.util.UUID uuid)




Returns the monitored area with the given ID




			Parameters:




			uuid - the ID of the requested area




			Returns:




			the requested area
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deleteMonitoredArea




@DeleteMapping(value="/{id}")

 @ResponseStatus(value=NO_CONTENT)

public void deleteMonitoredArea(@PathVariable(value="id")

                                                                                                   java.util.UUID uuid)




Deletes the given monitored area




			Parameters:




			uuid - the ID of the area to be deleted
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Class Summary 



			Class

			Description










			AreaStatisticsController

			

REST controller class for obtaining area statistics











			DeviceController

			

REST controller class for obtaining data about physical devices











			DummyStatistics

			 








			HelloController

			 








			MonitoredAreaController

			

REST controller class for obtaining data about monitored areas











			TransitController

			

REST controller class for obtaining data about transits through monitored areas
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			smartmobility.controller.AreaStatisticsController




			smartmobility.controller.DeviceController




			smartmobility.controller.DummyStatistics




			smartmobility.controller.HelloController




			smartmobility.controller.MonitoredAreaController




			smartmobility.controller.TransitController
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			java.lang.Object




			



			smartmobility.controller.TransitController























			







@CrossOrigin

 @RestController

 @RequestMapping(value="/transit")

public class TransitController

extends java.lang.Object




REST controller class for obtaining data about transits through monitored areas
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Constructors 



			Constructor and Description








			TransitController(TransitRepository transitRepository,

                 TransitService transitService) 
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			java.lang.String

			createNewTransit(CreateTransitRequest request)

Stores a new transit











			java.lang.Iterable<Transit>

			getAllTransits()

Returns an iterable of all transits
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Methods inherited from class java.lang.Object




clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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TransitController




@Autowired

public TransitController(TransitRepository transitRepository,

                                     TransitService transitService)
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getAllTransits




@GetMapping(value="")

public java.lang.Iterable<Transit> getAllTransits()




Returns an iterable of all transits




			Returns:




			an iterable of all transits
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@PostMapping

 @ResponseStatus(value=CREATED)

public java.lang.String createNewTransit(@RequestBody

                                                                                        CreateTransitRequest request)




Stores a new transit




			Parameters:




			request - request containing the attributes of the new transit




			Returns:




			the address where the new area was stored, i.e. /transit/{transit id}
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@Entity

public class AreaStatistics

extends java.lang.Object




Entity that represents statistics about an area
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			Constructor and Description








			AreaStatistics() 
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			Method and Description








			boolean

			equals(java.lang.Object o) 








			java.util.UUID

			getId()

Returns the ID of the statistics











			java.util.Date

			getTimeSince()

Returns the beginning of the time interval to which the statistcis are related











			long

			getVehiclePassed()

Returns the number of vehicles that have passed during the observed time interval











			ZoneSequence

			getZoneSequence()

Returns the zone sequence to which the statistics are tied











			int

			hashCode() 








			void

			setTimeSince(java.util.Date timeSince)

Changes the beginning of the time interval to which the statistcis are related











			void

			setVehiclePassed(long vehiclePassed)

Changes the number of vehicles that have passed during the observed time interval











			void

			setZoneSequence(ZoneSequence zoneSequence)

Changes the zone sequence to which the statistics are tied
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clone, finalize, getClass, notify, notifyAll, toString, wait, wait, wait
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AreaStatistics




public AreaStatistics()
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getId




public java.util.UUID getId()




Returns the ID of the statistics




			Returns:




			the ID of the statistics
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getTimeSince




public java.util.Date getTimeSince()




Returns the beginning of the time interval to which the statistcis are related




			Returns:




			the beginning of the time interval to which the statistcis are related
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public void setTimeSince(java.util.Date timeSince)




Changes the beginning of the time interval to which the statistcis are related




			Parameters:




			timeSince - the new beginning of the time interval to which the statistcis are related
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getVehiclePassed




public long getVehiclePassed()




Returns the number of vehicles that have passed during the observed time interval




			Returns:




			the number of vehicles that have passed during the observed time interval
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public void setVehiclePassed(long vehiclePassed)




Changes the number of vehicles that have passed during the observed time interval




			Parameters:




			vehiclePassed - the new number of vehicles passed during the observed time interval
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public ZoneSequence getZoneSequence()




Returns the zone sequence to which the statistics are tied




			Returns:




			the zone sequence to which the statistics are tied
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public void setZoneSequence(ZoneSequence zoneSequence)




Changes the zone sequence to which the statistics are tied




			Parameters:




			zoneSequence - the zone sequence to which the statistics are tied
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equals




public boolean equals(java.lang.Object o)






			Overrides:




			equals in class java.lang.Object
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hashCode




public int hashCode()






			Overrides:




			hashCode in class java.lang.Object
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			smartmobility.entity.DetectionParameters























			







@Entity

public class DetectionParameters

extends java.lang.Object




Entity that represents the parameters of a detection algorithm
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			DetectionParameters() 
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			getBackgroundSubstractionHistory() 








			int

			getCounterMaxDistance() 
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			getDetectorMinContourHeight() 
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			java.util.UUID

			getId()

Returns the ID of the detection parameters
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public java.util.UUID getId()




Returns the ID of the detection parameters




			Returns:
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public boolean equals(java.lang.Object o)
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			equals in class java.lang.Object



















[bookmark: hashCode--]







			

hashCode




public int hashCode()
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@Entity

public class Device

extends java.lang.Object




Entity that represents a physical device
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			getId()

Returns the ID of the device
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Returns the name of the device
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public void setId(java.util.UUID id)




Changes the value of the ID of the device
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public java.util.UUID getId()




Returns the ID of the device




			Returns:
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public java.lang.String getName()




Returns the name of the device
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public void setName(java.lang.String name)




Changes the name of the device
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public boolean equals(java.lang.Object o)






			Overrides:




			equals in class java.lang.Object



















[bookmark: hashCode--]







			

hashCode




public int hashCode()
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@Entity

public class MonitoredArea

extends java.lang.Object




Entity that represents an area monitored by a camera device
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			getDetectionParameters()

Returns the parameters of the detection algorithm used for the area
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			getDevice()

Returns the physical device deployed to monitor the area
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Returns the latitude where the device is installed
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Returns the name of the area
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Changes the parameters of the detection algorithm used for the area
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Changes the latitude where the device is installed
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public void setId(java.util.UUID id)




Changes the ID of the area
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			id - the new ID of the area
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public java.util.UUID getId()




Returns the ID of the area
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public java.lang.Double getDeviceLatitude()




Returns the latitude where the device is installed
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public void setDeviceLatitude(java.lang.Double deviceLatitude)




Changes the latitude where the device is installed




			Parameters:




			deviceLatitude - the latitude where the device is installed
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public java.lang.Double getDeviceLongitude()




Returns the longitude where the device is installed
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public void setDeviceLongitude(java.lang.Double deviceLongitude)




Changes the longitude where the device is installed




			Parameters:




			deviceLongitude - the new longitude where the device is installed
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public java.lang.String getName()




Returns the name of the area




			Returns:
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public void setName(java.lang.String name)




Changes the name of the area




			Parameters:
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public java.util.Set<Zone> getZones()




Returns the zones that are watched in the area
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public void setZones(java.util.Set<Zone> zones)




Changes the zones that are watched in the area




			Parameters:




			zones - the new zones that are watched in the area
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public DetectionParameters getDetectionParameters()




Returns the parameters of the detection algorithm used for the area
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public void setDetectionParameters(DetectionParameters detectionParameters)




Changes the parameters of the detection algorithm used for the area




			Parameters:




			detectionParameters - the new parameters of the detection algorithm used for the area
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public Device getDevice()




Returns the physical device deployed to monitor the area




			Returns:




			the physical device deployed to monitor the area
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public void setDevice(Device device)




Changes the physical device deployed to monitor the area




			Parameters:




			device - the new physical device deployed to monitor the area
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public java.util.Set<ZoneSequence> getZoneSequences()




Returns the zone sequences related to the area
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			the zone sequences related to the area
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public void setZoneSequences(java.util.Set<ZoneSequence> zoneSequences)




Changes the zone sequences related to the area




			Parameters:




			zoneSequences - the new zone sequences related to the area
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public boolean equals(java.lang.Object o)






			Overrides:




			equals in class java.lang.Object
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public int hashCode()






			Overrides:




			hashCode in class java.lang.Object
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			Description










			AreaStatistics

			

Entity that represents statistics about an area











			DetectionParameters

			

Entity that represents the parameters of a detection algorithm











			Device

			

Entity that represents a physical device











			MonitoredArea

			

Entity that represents an area monitored by a camera device











			Transit

			

Entity that represents a transit through a monitored area











			Views

			

Jackson views used for serializing entities











			Views.SimpleMonitoredArea

			

A Jackson view that contains the ID, latitude, longitude, name,

 device and detection parameters of the monitored area











			Zone

			

Entity that represents a transit through a monitored area











			Zone.ZonePK

			 








			ZoneSequence

			

Entity that represents a sequence of zones through which transits have occurred
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@Entity

public class Transit

extends java.lang.Object




Entity that represents a transit through a monitored area
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			boolean

			equals(java.lang.Object o) 








			java.util.Date

			getEnd()

Returns the end time of the transit











			java.util.UUID

			getId()

Returns the ID of the transit
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			getReceiveTime()

Returns the time when the transit was registered by the server
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			getStart()

Returns the start time of the transit
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			getZoneSequence()

Returns the zone sequence through which the transit happened











			int

			hashCode() 








			void

			setEnd(java.util.Date end)

Changes the end time of the transit











			void

			setReceiveTime(java.util.Date receiveTime)

Changes the time when the transit was registered by the server
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Changes the start time of the transit
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			setZoneSequence(ZoneSequence zoneSequence)

Changes the zone sequence through which the transit happened
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public Transit()
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public java.util.UUID getId()




Returns the ID of the transit




			Returns:




			the ID of the transit
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public java.util.Date getReceiveTime()




Returns the time when the transit was registered by the server




			Returns:
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public void setReceiveTime(java.util.Date receiveTime)




Changes the time when the transit was registered by the server




			Parameters:
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public ZoneSequence getZoneSequence()




Returns the zone sequence through which the transit happened




			Returns:
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public void setZoneSequence(ZoneSequence zoneSequence)




Changes the zone sequence through which the transit happened




			Parameters:
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public java.util.Date getStart()




Returns the start time of the transit




			Returns:
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public void setStart(java.util.Date start)




Changes the start time of the transit




			Parameters:




			start - the new start time of the transit
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public java.util.Date getEnd()




Returns the end time of the transit




			Returns:
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public void setEnd(java.util.Date end)




Changes the end time of the transit




			Parameters:




			end - the end time of the transit
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public boolean equals(java.lang.Object o)






			Overrides:
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public int hashCode()






			Overrides:
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public class Views

extends java.lang.Object




Jackson views used for serializing entities
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			static class 

			Views.SimpleMonitoredArea

A Jackson view that contains the ID, latitude, longitude, name,

 device and detection parameters of the monitored area
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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public Views()
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public static class Views.SimpleMonitoredArea

extends java.lang.Object




A Jackson view that contains the ID, latitude, longitude, name,

 device and detection parameters of the monitored area
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@Entity

public class Zone

extends java.lang.Object
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@Entity

public class ZoneSequence

extends java.lang.Object




Entity that represents a sequence of zones through which transits have occurred
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@Service

public class AreaStatisticsService

extends java.lang.Object




A service for managing area statistics
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public class TransitCount

extends java.lang.Object




A simple bean that groups an array of zone numbers with the number of vehicles

 that passed through them
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TransitCount




public TransitCount()
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TransitCount




public TransitCount(int[] zones,

                    long count)




Creates a new TransitCount with the given attributes




			Parameters:




			zones - the zone numbers




			count - the number of vehicles
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getZones




public int[] getZones()




Returns the zone numbers




			Returns:




			the zone numbers



















[bookmark: setZones-int:A-]







			

setZones




public void setZones(int[] zones)




Changes the zone numbers




			Parameters:




			zones - the new zone numbers
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public long getCount()




Returns the number of vehicles




			Returns:




			the number of vehicles
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setCount




public void setCount(long count)




Changes the number of vehicles




			Parameters:




			count - the new number of vehicles
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Class CreateMonitoredAreaRequest











			java.lang.Object




			



			smartmobility.service.monitoredarea.CreateMonitoredAreaRequest























			







public class CreateMonitoredAreaRequest

extends java.lang.Object




A bean encapsulating the values for a new monitored area's attributes
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Constructor Summary






Constructors 



			Constructor and Description








			CreateMonitoredAreaRequest() 
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Method Summary






All Methods Instance Methods Concrete Methods 



			Modifier and Type

			Method and Description








			int

			getBackgroundSubstractionHistory() 








			int

			getCounterMaxDistance() 








			int

			getCounterPathSize() 








			DetectionParameters

			getDetectionParameters()

Returns the parameters of the detection algorithm used for the area











			int

			getDetectorMinContourHeight() 








			int

			getDetectorMinContourWidth() 








			Device

			getDevice() 








			java.lang.Double

			getDeviceLatitude()

Returns the latitude where the device is installed











			java.lang.Double

			getDeviceLongitude()

Returns the longitude where the device is installed











			java.lang.String

			getName()

Returns the name of the area











			void

			setBackgroundSubstractionHistory(int backgroundSubstractionHistory) 








			void

			setCounterMaxDistance(int counterMaxDistance) 








			void

			setCounterPathSize(int counterPathSize) 








			void

			setDetectionParameters(DetectionParameters detectionParameters)

Changes the parameters of the detection algorithm used for the area











			void

			setDetectorMinContourHeight(int detectorMinContourHeight) 








			void

			setDetectorMinContourWidth(int detectorMinContourWidth) 








			void

			setDevice(Device device) 








			void

			setDeviceLatitude(java.lang.Double deviceLatitude)

Changes the latitude where the device is installed











			void

			setDeviceLongitude(java.lang.Double deviceLongitude)

Changes the longitude where the device is installed











			void

			setName(java.lang.String name)

Changes the name of the area
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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CreateMonitoredAreaRequest




public CreateMonitoredAreaRequest()
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getDevice




public Device getDevice()
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setDevice




public void setDevice(Device device)
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public java.lang.String getName()




Returns the name of the area




			Returns:




			the name of the area
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setName




public void setName(java.lang.String name)




Changes the name of the area




			Parameters:




			name - the new name of the area
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public java.lang.Double getDeviceLatitude()




Returns the latitude where the device is installed




			Returns:




			the latitude where the device is installed
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setDeviceLatitude




public void setDeviceLatitude(java.lang.Double deviceLatitude)




Changes the latitude where the device is installed




			Parameters:




			deviceLatitude - the latitude where the device is installed
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public java.lang.Double getDeviceLongitude()




Returns the longitude where the device is installed




			Returns:




			the longitude where the device is installed
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setDeviceLongitude




public void setDeviceLongitude(java.lang.Double deviceLongitude)




Changes the longitude where the device is installed




			Parameters:




			deviceLongitude - the new longitude where the device is installed
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public int getBackgroundSubstractionHistory()
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setBackgroundSubstractionHistory




public void setBackgroundSubstractionHistory(int backgroundSubstractionHistory)
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getDetectorMinContourWidth




public int getDetectorMinContourWidth()
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setDetectorMinContourWidth




public void setDetectorMinContourWidth(int detectorMinContourWidth)
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getDetectorMinContourHeight




public int getDetectorMinContourHeight()
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setDetectorMinContourHeight




public void setDetectorMinContourHeight(int detectorMinContourHeight)
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public int getCounterPathSize()
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public void setCounterPathSize(int counterPathSize)
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public int getCounterMaxDistance()














[bookmark: setCounterMaxDistance-int-]







			

setCounterMaxDistance




public void setCounterMaxDistance(int counterMaxDistance)
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public DetectionParameters getDetectionParameters()




Returns the parameters of the detection algorithm used for the area




			Returns:




			the parameters of the detection algorithm used for the area
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setDetectionParameters




public void setDetectionParameters(DetectionParameters detectionParameters)




Changes the parameters of the detection algorithm used for the area




			Parameters:




			detectionParameters - the new parameters of the detection algorithm used for the area
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Class MonitoredAreaService











			java.lang.Object




			



			smartmobility.service.monitoredarea.MonitoredAreaService























			







@Service

public class MonitoredAreaService

extends java.lang.Object




A service for managing monitored areas
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Constructor Summary






Constructors 



			Constructor and Description








			MonitoredAreaService(MonitoredAreaRepository monitoredAreaRepository,

                    DeviceRepository deviceRepository) 
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Method Summary






All Methods Instance Methods Concrete Methods 



			Modifier and Type

			Method and Description








			java.util.UUID

			createNewMonitoredArea(CreateMonitoredAreaRequest monitoredAreaRequest)

Stores a new monitored area and notifies the corresponding device via MQTT











			void

			deleteMonitoredArea(java.util.UUID uuid)

Deletes the given monitored area











			java.lang.Iterable<MonitoredArea>

			getListOfMonitoredAreas()

Returns an iterable of all monitored areas in the database











			MonitoredArea

			getMonitoredArea(java.util.UUID uuid)

Returns the monitored area with the given ID











			MonitoredArea

			updateMonitoredArea(MonitoredArea monitoredArea)

Updates a monitored area and notifies the corresponding device via MQTT
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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MonitoredAreaService




@Autowired

public MonitoredAreaService(MonitoredAreaRepository monitoredAreaRepository,

                                        DeviceRepository deviceRepository)
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getListOfMonitoredAreas




public java.lang.Iterable<MonitoredArea> getListOfMonitoredAreas()




Returns an iterable of all monitored areas in the database




			Returns:




			an iterable of all monitored areas in the database
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createNewMonitoredArea




public java.util.UUID createNewMonitoredArea(CreateMonitoredAreaRequest monitoredAreaRequest)




Stores a new monitored area and notifies the corresponding device via MQTT




			Parameters:




			monitoredAreaRequest - request containing the attributes of the new area




			Returns:




			the address where the new area was stored, i.e. /areas/{area id}
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public MonitoredArea getMonitoredArea(java.util.UUID uuid)




Returns the monitored area with the given ID




			Parameters:




			uuid - the ID of the requested area




			Returns:




			the requested area
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deleteMonitoredArea




public void deleteMonitoredArea(java.util.UUID uuid)




Deletes the given monitored area




			Parameters:




			uuid - the ID of the area to be deleted
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updateMonitoredArea




public MonitoredArea updateMonitoredArea(MonitoredArea monitoredArea)




Updates a monitored area and notifies the corresponding device via MQTT




			Parameters:




			monitoredArea - the area to be updated




			Returns:




			the updated area
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Class Summary 



			Class

			Description










			CreateMonitoredAreaRequest

			

A bean encapsulating the values for a new monitored area's attributes











			MonitoredAreaService

			

A service for managing monitored areas











			UpdateMonitoredAreaRequest

			

A bean encapsulating the new values for an updates monitored area's attributes
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			smartmobility.service.monitoredarea.CreateMonitoredAreaRequest
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Class UpdateMonitoredAreaRequest











			java.lang.Object




			



			smartmobility.service.monitoredarea.UpdateMonitoredAreaRequest























			







public class UpdateMonitoredAreaRequest

extends java.lang.Object




A bean encapsulating the new values for an updates monitored area's attributes
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Constructor Summary






Constructors 



			Constructor and Description








			UpdateMonitoredAreaRequest() 
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Method Summary
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			Modifier and Type

			Method and Description








			int

			getBackgroundSubstractionHistory() 








			int

			getCounterMaxDistance() 








			int

			getCounterPathSize() 








			int

			getDetectorMinContourHeight() 








			int

			getDetectorMinContourWidth() 








			java.util.UUID

			getDeviceId() 








			java.lang.Double

			getDeviceLatitude()

Returns the latitude where the device is installed











			java.lang.Double

			getDeviceLongitude()

Returns the longitude where the device is installed











			java.util.UUID

			getId()

Returns the ID of the area











			java.lang.String

			getName()

Returns the name of the area











			java.util.UUID

			getParametersId() 








			void

			setBackgroundSubstractionHistory(int backgroundSubstractionHistory) 








			void

			setCounterMaxDistance(int counterMaxDistance) 








			void

			setCounterPathSize(int counterPathSize) 








			void

			setDetectorMinContourHeight(int detectorMinContourHeight) 








			void

			setDetectorMinContourWidth(int detectorMinContourWidth) 








			void

			setDeviceId(java.util.UUID deviceId) 








			void

			setDeviceLatitude(java.lang.Double deviceLatitude)

Changes the latitude where the device is installed











			void

			setDeviceLongitude(java.lang.Double deviceLongitude)

Changes the longitude where the device is installed











			void

			setId(java.util.UUID id)

Sets the ID of the area











			void

			setName(java.lang.String name)

Changes the name of the area











			void

			setParametersId(java.util.UUID parametersId) 
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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UpdateMonitoredAreaRequest




public UpdateMonitoredAreaRequest()




























			[bookmark: method.detail]





Method Detail




[bookmark: getId--]







			

getId




public java.util.UUID getId()




Returns the ID of the area




			Returns:




			the new ID of the area
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setId




public void setId(java.util.UUID id)




Sets the ID of the area




			Parameters:




			id - the new ID of the area
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getDeviceId




public java.util.UUID getDeviceId()
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setDeviceId




public void setDeviceId(java.util.UUID deviceId)
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getName




public java.lang.String getName()




Returns the name of the area




			Returns:




			the name of the area
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setName




public void setName(java.lang.String name)




Changes the name of the area




			Parameters:




			name - the new name of the area
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public java.lang.Double getDeviceLatitude()




Returns the latitude where the device is installed




			Returns:




			the latitude where the device is installed
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public void setDeviceLatitude(java.lang.Double deviceLatitude)




Changes the latitude where the device is installed




			Parameters:




			deviceLatitude - the latitude where the device is installed
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public java.lang.Double getDeviceLongitude()




Returns the longitude where the device is installed




			Returns:




			the longitude where the device is installed
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public void setDeviceLongitude(java.lang.Double deviceLongitude)




Changes the longitude where the device is installed




			Parameters:




			deviceLongitude - the new longitude where the device is installed
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public java.util.UUID getParametersId()
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public void setParametersId(java.util.UUID parametersId)
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public int getBackgroundSubstractionHistory()
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public void setBackgroundSubstractionHistory(int backgroundSubstractionHistory)
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public int getDetectorMinContourWidth()
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public void setDetectorMinContourWidth(int detectorMinContourWidth)
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public int getDetectorMinContourHeight()
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public void setDetectorMinContourHeight(int detectorMinContourHeight)
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public int getCounterPathSize()
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public void setCounterPathSize(int counterPathSize)
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public int getCounterMaxDistance()
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public void setCounterMaxDistance(int counterMaxDistance)
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Interface MQTTEventListener













			



			All Known Implementing Classes:




			NewTransitMqttEventListener















public interface MQTTEventListener




Functional interface that handles MQTT events.
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			void

			onNewMessage(java.util.UUID deviceId,

            java.lang.String payload)

Callback that handles incoming MQTT message.
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onNewMessage




void onNewMessage(java.util.UUID deviceId,

                  java.lang.String payload)




Callback that handles incoming MQTT message.




			Parameters:




			deviceId - UUID to send the message to




			payload - message content
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Class MQTTManager











			java.lang.Object




			



			smartmobility.service.mqtt.MQTTManager























			







@Service

public class MQTTManager

extends java.lang.Object
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			MQTTManager(MonitoredAreaRepository monitoredAreaRepository,

           MQTTService mqttService) 
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			void

			sendConfigurationToCamera(java.util.UUID deviceId,

                         java.util.UUID monitoredAreaId) 
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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MQTTManager




@Autowired

public MQTTManager(MonitoredAreaRepository monitoredAreaRepository,

                               MQTTService mqttService)
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public void sendConfigurationToCamera(java.util.UUID deviceId,

                                      java.util.UUID monitoredAreaId)

                               throws com.fasterxml.jackson.core.JsonProcessingException,

                                      org.eclipse.paho.client.mqttv3.MqttException






			Throws:




			com.fasterxml.jackson.core.JsonProcessingException




			org.eclipse.paho.client.mqttv3.MqttException
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			All Implemented Interfaces:




			org.eclipse.paho.client.mqttv3.MqttCallback















@Service

public class MQTTService

extends java.lang.Object

implements org.eclipse.paho.client.mqttv3.MqttCallback




Abstraction for MQTT messaging. Used topic hierarchy is {camera UUID}/{direction from the point

 of this server (in/out)}/{subtopic}[/{nested subtopics}], for example

 d22b22d9-ea00-459b-9725-bace6abea49c/out/configuration. This service manages MQTT connection to

 the broker, allows to send message to any device and subtopic and allows to register a listeners

 that are called when a message on a given subtopic is received.
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			boolean

			addEventListener(java.lang.String subTopic,

                MQTTEventListener listener)

Adds listener for specified subtopic for MQTT messages coming from devices.











			void

			connectionLost(java.lang.Throwable cause) 








			void

			deliveryComplete(org.eclipse.paho.client.mqttv3.IMqttDeliveryToken token) 








			void

			messageArrived(java.lang.String topic,

              org.eclipse.paho.client.mqttv3.MqttMessage message) 








			void

			sendMessage(java.util.UUID deviceId,

           java.lang.String subTopic,

           java.lang.String payload)

Sends a MQTT message.
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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public MQTTService()
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public boolean addEventListener(java.lang.String subTopic,

                                MQTTEventListener listener)




Adds listener for specified subtopic for MQTT messages coming from devices.




			Parameters:




			subTopic - subtopic to subscribe to




			listener - callback handling incoming message




			Returns:




			true if this object did not already contain the specified listener
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public void connectionLost(java.lang.Throwable cause)






			Specified by:




			connectionLost in interface org.eclipse.paho.client.mqttv3.MqttCallback
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public void messageArrived(java.lang.String topic,

                           org.eclipse.paho.client.mqttv3.MqttMessage message)






			Specified by:




			messageArrived in interface org.eclipse.paho.client.mqttv3.MqttCallback
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public void sendMessage(java.util.UUID deviceId,

                        java.lang.String subTopic,

                        java.lang.String payload)

                 throws org.eclipse.paho.client.mqttv3.MqttException




Sends a MQTT message.




			Parameters:




			deviceId - UUID to send the message to




			subTopic - subtopic to use for communication with the device




			payload - message content




			Throws:




			org.eclipse.paho.client.mqttv3.MqttException - when there is a problem with storing the message or for other errors

 encountered while publishing the message
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public void deliveryComplete(org.eclipse.paho.client.mqttv3.IMqttDeliveryToken token)






			Specified by:




			deliveryComplete in interface org.eclipse.paho.client.mqttv3.MqttCallback
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@Component

public class NewTransitMqttEventListener

extends java.lang.Object

implements MQTTEventListener
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			void

			onNewMessage(java.util.UUID deviceId,

            java.lang.String payload)

Callback that handles incoming MQTT message.
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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@Autowired

public NewTransitMqttEventListener(TransitService transitService)
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public void onNewMessage(java.util.UUID deviceId,

                         java.lang.String payload)




Description copied from interface: MQTTEventListener


Callback that handles incoming MQTT message.




			Specified by:




			onNewMessage in interface MQTTEventListener




			Parameters:




			deviceId - UUID to send the message to




			payload - message content
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			Description










			MQTTEventListener

			

Functional interface that handles MQTT events.





















			



Class Summary 



			Class

			Description










			MQTTManager

			 








			MQTTService

			

Abstraction for MQTT messaging.











			NewTransitMqttEventListener
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@ResponseStatus(value=NOT_FOUND,

                reason="No such Device")

public class DeviceNotFoundException

extends java.lang.RuntimeException




Exception thrown when an operation was attempted on a non-existent device




			See Also:




			Serialized Form
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addSuppressed, fillInStackTrace, getCause, getLocalizedMessage, getMessage, getStackTrace, getSuppressed, initCause, printStackTrace, printStackTrace, printStackTrace, setStackTrace, toString
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, wait, wait, wait
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public DeviceNotFoundException()
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@ResponseStatus(value=NOT_FOUND,

                reason="No such Entity exists")

public class EntityDoesNotExistsException

extends java.lang.RuntimeException




Exception thrown when an operation was attempted on a non-existent entity




			See Also:




			Serialized Form
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addSuppressed, fillInStackTrace, getCause, getLocalizedMessage, getMessage, getStackTrace, getSuppressed, initCause, printStackTrace, printStackTrace, printStackTrace, setStackTrace, toString
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, wait, wait, wait
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public EntityDoesNotExistsException()
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			DeviceNotFoundException

			

Exception thrown when an operation was attempted on a non-existent device











			EntityDoesNotExistsException

			

Exception thrown when an operation was attempted on a non-existent entity
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public class CreateTransitRequest

extends java.lang.Object




A bean encapsulating the values for a new transit's attributes
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clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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public CreateTransitRequest()
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public java.util.UUID getZoneSequenceID()
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public void setZoneSequenceID(java.util.UUID zoneSequenceID)
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public java.util.List<java.util.Date> getPassTimes()
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public void setPassTimes(java.util.List<java.util.Date> passTimes)
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			CreateTransitRequest

			

A bean encapsulating the values for a new transit's attributes











			TransitService

			

A service for managing transits
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@Service

public class TransitService

extends java.lang.Object




A service for managing transits
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Constructors 



			Constructor and Description








			TransitService(TransitRepository transitRepository,

              ZoneSequenceRepository zoneSequenceRepository,

              AreaStatisticsRepository areaStatisticsRepository) 
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Method Summary
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			Method and Description








			java.lang.String

			saveTransit(CreateTransitRequest request)

Stores a new transit
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Methods inherited from class java.lang.Object




clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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TransitService




@Autowired

public TransitService(TransitRepository transitRepository,

                                  ZoneSequenceRepository zoneSequenceRepository,

                                  AreaStatisticsRepository areaStatisticsRepository)
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saveTransit




public java.lang.String saveTransit(CreateTransitRequest request)




Stores a new transit




			Parameters:




			request - request containing the attributes of the new transit




			Returns:




			the address where the new area was stored, i.e. /transit/{transit id}
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			All Superinterfaces:




			org.springframework.data.repository.CrudRepository<AreaStatistics,java.util.UUID>, org.springframework.data.repository.PagingAndSortingRepository<AreaStatistics,java.util.UUID>, org.springframework.data.repository.Repository<AreaStatistics,java.util.UUID>















public interface AreaStatisticsRepository

extends org.springframework.data.repository.PagingAndSortingRepository<AreaStatistics,java.util.UUID>




A repository that provides access to the area statistics in the database
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			Method and Description








			AreaStatistics

			findAreaStatisticsByZoneSequenceIdAndTime(java.util.UUID zoneSequenceID,

                                         java.util.Date since,

                                         java.util.Date until)

Returns statistics for the given time interval and ZoneSequence











			int

			getTotalVehiclePassed(java.util.UUID zoneSequenceID,

                     java.util.Date since,

                     java.util.Date until)

Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence











			java.lang.Iterable<TransitCount>

			getTransitCountByMonitoredAreaIdAndTime(java.util.UUID monitoredAreaID,

                                       java.util.Date since,

                                       java.util.Date until)

Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence
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findAll, findAll
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getTotalVehiclePassed




@Query(value="select coalesce(sum(s.vehiclePassed), 0) from AreaStatistics s where s.zoneSequence.id = ?1 and s.timeSince >= ?2 and s.timeSince < ?3")

int getTotalVehiclePassed(java.util.UUID zoneSequenceID,

                                                                                                                                                                                  java.util.Date since,

                                                                                                                                                                                  java.util.Date until)




Returns the number of vehicles passed during the given time interval via the

 given ZoneSequence




			Parameters:




			zoneSequenceID - the zone sequence




			since - the start of the time interval




			until - the end of the time interval




			Returns:




			the number of vehicles passed
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@Query(value="select s from AreaStatistics s where s.zoneSequence.id = ?1 and s.timeSince >= ?2 and s.timeSince <= ?3")

AreaStatistics findAreaStatisticsByZoneSequenceIdAndTime(java.util.UUID zoneSequenceID,

                                                                                                                                                                                  java.util.Date since,

                                                                                                                                                                                  java.util.Date until)




Returns statistics for the given time interval and ZoneSequence




			Parameters:




			zoneSequenceID - the zone sequence




			since - the start of the time interval




			until - the end of the time interval




			Returns:




			the statistics for the given time interval and ZoneSequence
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@Query(value="select new smartmobility.service.areastatistics.TransitCount(zs.zoneNumbers, coalesce(sum(s.vehiclePassed), 0)) from ZoneSequence zs join AreaStatistics s on s.zoneSequence.id = zs.id where zs.area.id = ?1 and (cast(?2 as timestamp) is null or s.timeSince >= ?2) and (cast(?3 as timestamp) is null or s.timeSince <= ?3) group by zs")

java.lang.Iterable<TransitCount> getTransitCountByMonitoredAreaIdAndTime(java.util.UUID monitoredAreaID,

                                                                                                                                                                                                                                                                                                                                                                                                                                      java.util.Date since,

                                                                                                                                                                                                                                                                                                                                                                                                                                      java.util.Date until)




Returns an iterable that contains the number of vehicles that passed through the given

 area during the given time interval, broken down per zone sequence




			Parameters:




			monitoredAreaID - the ID of the area




			since - the start of the time interval




			until - the end of the time interval




			Returns:




			an iterable that contains the number of vehicles passed, broken down per zone sequence
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			All Superinterfaces:




			org.springframework.data.repository.CrudRepository<DetectionParameters,java.util.UUID>, org.springframework.data.repository.PagingAndSortingRepository<DetectionParameters,java.util.UUID>, org.springframework.data.repository.Repository<DetectionParameters,java.util.UUID>















public interface DetectionParametersRepository

extends org.springframework.data.repository.PagingAndSortingRepository<DetectionParameters,java.util.UUID>




A repository that provides access to the detection parameters in the database
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Methods inherited from interface org.springframework.data.repository.PagingAndSortingRepository




findAll, findAll
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Methods inherited from interface org.springframework.data.repository.CrudRepository




count, delete, deleteAll, deleteAll, deleteById, existsById, findAll, findAllById, findById, save, saveAll
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			All Superinterfaces:




			org.springframework.data.repository.CrudRepository<Device,java.util.UUID>, org.springframework.data.repository.PagingAndSortingRepository<Device,java.util.UUID>, org.springframework.data.repository.Repository<Device,java.util.UUID>















public interface DeviceRepository

extends org.springframework.data.repository.PagingAndSortingRepository<Device,java.util.UUID>




A repository that provides access to the devices in the database
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Methods inherited from interface org.springframework.data.repository.PagingAndSortingRepository




findAll, findAll
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Methods inherited from interface org.springframework.data.repository.CrudRepository




count, delete, deleteAll, deleteAll, deleteById, existsById, findAll, findAllById, findById, save, saveAll
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			All Superinterfaces:




			org.springframework.data.repository.CrudRepository<MonitoredArea,java.util.UUID>, org.springframework.data.repository.PagingAndSortingRepository<MonitoredArea,java.util.UUID>, org.springframework.data.repository.Repository<MonitoredArea,java.util.UUID>















public interface MonitoredAreaRepository

extends org.springframework.data.repository.PagingAndSortingRepository<MonitoredArea,java.util.UUID>




A repository that provides access to the monitored areas in the database
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Methods inherited from interface org.springframework.data.repository.PagingAndSortingRepository




findAll, findAll
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Methods inherited from interface org.springframework.data.repository.CrudRepository




count, delete, deleteAll, deleteAll, deleteById, existsById, findAll, findAllById, findById, save, saveAll
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Interfaces






			AreaStatisticsRepository




			DetectionParametersRepository




			DeviceRepository




			MonitoredAreaRepository




			TransitRepository




			ZoneRepository
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			Interface

			Description










			AreaStatisticsRepository

			

A repository that provides access to the area statistics in the database











			DetectionParametersRepository

			

A repository that provides access to the detection parameters in the database











			DeviceRepository

			

A repository that provides access to the devices in the database











			MonitoredAreaRepository

			

A repository that provides access to the monitored areas in the database











			TransitRepository

			

A repository that provides access to the transits in the database











			ZoneRepository

			

A repository that provides access to the zones in the database











			ZoneSequenceRepository

			

A repository that provides access to the zone sequences in the database
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			smartmobility.storage.AreaStatisticsRepository




			smartmobility.storage.DetectionParametersRepository




			smartmobility.storage.DeviceRepository
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			All Superinterfaces:




			org.springframework.data.repository.CrudRepository<Transit,java.util.UUID>, org.springframework.data.repository.PagingAndSortingRepository<Transit,java.util.UUID>, org.springframework.data.repository.Repository<Transit,java.util.UUID>















public interface TransitRepository

extends org.springframework.data.repository.PagingAndSortingRepository<Transit,java.util.UUID>




A repository that provides access to the transits in the database
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Methods inherited from interface org.springframework.data.repository.PagingAndSortingRepository




findAll, findAll
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Methods inherited from interface org.springframework.data.repository.CrudRepository




count, delete, deleteAll, deleteAll, deleteById, existsById, findAll, findAllById, findById, save, saveAll
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			All Superinterfaces:




			org.springframework.data.repository.CrudRepository<Zone,Zone.ZonePK>, org.springframework.data.repository.PagingAndSortingRepository<Zone,Zone.ZonePK>, org.springframework.data.repository.Repository<Zone,Zone.ZonePK>















public interface ZoneRepository

extends org.springframework.data.repository.PagingAndSortingRepository<Zone,Zone.ZonePK>




A repository that provides access to the zones in the database
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Methods inherited from interface org.springframework.data.repository.PagingAndSortingRepository
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Methods inherited from interface org.springframework.data.repository.CrudRepository




count, delete, deleteAll, deleteAll, deleteById, existsById, findAll, findAllById, findById, save, saveAll
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			org.springframework.data.repository.CrudRepository<ZoneSequence,java.util.UUID>, org.springframework.data.repository.PagingAndSortingRepository<ZoneSequence,java.util.UUID>, org.springframework.data.repository.Repository<ZoneSequence,java.util.UUID>















public interface ZoneSequenceRepository

extends org.springframework.data.repository.PagingAndSortingRepository<ZoneSequence,java.util.UUID>




A repository that provides access to the zone sequences in the database
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Methods inherited from interface org.springframework.data.repository.PagingAndSortingRepository




findAll, findAll
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Methods inherited from interface org.springframework.data.repository.CrudRepository




count, delete, deleteAll, deleteAll, deleteById, existsById, findAll, findAllById, findById, save, saveAll
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			Point2D

			

A simple point in a discrete two-dimensional cartesian space
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