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1 Pamatojums

Transportlidzeklis parvietojas noteikta marSruta atbilstoSo grafikam. Ta pieturvietas un
paredzétais ierasanas laiks ir zinamas. ST informacija ir publiski pieejama atvérto datu veida
Latvijas atvérto datu portala (https://data.gov.lv/dati/lv/dataset/atd-gtfs). Transportlidzekla
atraSanas vietu fiksé kases aparata integréta GPS ierice un Sie dati ir piecejami transporta
parvadajumu uznémuma autoparka vadibas sisttma. GPS datiem ir javeic priekSapstrade, jo
jeldatos:

1. Netiek identificétas apmeklétas un nakamas pieturvietas, un transportlidzekla
apstaSanas var notikt dazadu iemeslu del;

2. Netiek noradita marSruta reisa informacija, un iegiitos GPS datu ir nepiecie$amas
piesaistit noteiktam marSruta reisam.

Marsruta TstenoSanas laika dazadu argjo faktoru ietekmes rezultata (piem., pasazieru plisma,
celu segumu kvalitate, satiksmes negadijumi) ir iesp&jamas nobides no planotd marsruta
izpildes grafika. Ja nobides ir zinamas savlaicigi, tad ir iesp&jams bridinat pasazierus vai veikt
citus nepiecieSamos pielagojumus. lerasanas laika prognozeéSana, nemot véra pasreiz€jos datu
par grafika izpildi un vesturisko noverojumus, lauj savlaicigi identificet sagaidamas nobides.

Prognozésanas  algoritms  aktivajiem  marSrutiem  (paSlaik  kustiba  esoSajiem
transportlidzekliem) nosaka transportlidzekla ieraSanas laiku nakamajas pieturvietas.
Algoritma implementacija nodroSina pilnu datu apstrades ciklu no GPS j&ldatu izgtiSanas lidz
prognozu iegiisanai, iesakot prognozesanas modela apmacisanu.

2 Prognozésanas algoritms

Lai noteiktu prognoz€jamo transportlidzekla ierasanas laiku pieturvieta, ir izstradats TILP
prognoze&sanas algoritms. Algoritmu veido septinas komponentes (1. attels):

1. “Node.js predict worker” — NodeJS un Python implement&ts modulis transportlidzekla
ieraSanas laika prognozeSanai nakamajas pieturas atbilstosi identific€tajam marSruta
reisam;

2. “Node.js worker for GPS data retrieving” — GPS j€ldatu ielasiS8ana no autoparka vadibas
sistémas;

3. “Node.js worker for GPS point adding” — nosaka, kuram marSruta reisam pieder
sanemtais GPS datu punkts;

4. “Express REST” — timekla serviss, kas paredzets marSrutu telpisko datu un prognozu
iegliSanai;

5. “Model training script - nodrosina prieksapstradato GPS datu parveidosanu Python
modela apmacibas vajadzibam nepiecieSamja formata;

6. “Model” — Python scikit-learn implement&ts prognozésanas modelis (atsevisks modelis
katram marSrutam);

7. “Postgre DB” — PostgreSQL relaciju datubaze ar PostGIS paplasinajumu GPS punktu
un marSrutu informacijas uzglabasanai.

“Bus fleet management system” ir ar€ja komponente, transporta parvadajumu uznémuma
autoparka vadibas sist€ma, no kuras tiek izgtta informacija par transportlidzekla atraSanas
vietu.
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“Vue.js frontend” ir priekSgala komponente, kas att€lo prognozesSanas rezultatus un tiek
pielagota atbilstosi klienta vajadzibam.
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1. att€ls. TILP algoritma komponentes.

lerasanas laika prognozes iegiist “Node.js predict worker”. Prognozu iegianai izmanto ieejas
datus:

e autobusa reisu;

e ieprieks€jo apmekléto pieturu;

e nakamo pieturu;

e veikto distanci no ieprieksgjas pieturas;

e atlikuSo distanci [idz nakamajai pieturai;

e diennakts laiku;

e nedelas dienu;

e paredzeto ieraSanas laiku atbilstosi grafikam.

S1 informacija tiek nodota prognozeSanas modelim, kas atgrieZ prognoze€to ierasanas laiku
nakamaja pietura.

3 TILP implementacija

TILP ir implementéts atbilstoSi stradnu lietojumprogrammatiiras arhitekttrai. TILP
implementacijai ir izmantota JavaScript programmeésanas valodas un tas Node.js un Express
ietvari un SQL strukturéta vaicajumvaloda. TILP implementacijas atkaribas ir:

1. Node.js 15.2.1 (MIT licence)

2. Express.js 4.17.1 (MIT licence)

3. PostgreDB 12.1 (PostgreSQL licence atvasinata no MT licences)

4. PostgreSQL PostGIS paplasinajums (Creative Commons Attribution-Share Alike)
5. Scikit-learn (BSD licence)
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6. VuelS 2.6.11(MIT licence)
TILP pirmkods glabajas GitLab repozitorija https://gitlab.vitk.Iv/TILP/tlp-backend.

3.1 Koda struktura

Aizmugursist€mas python komponente satur masinmacibas modelu apmacibas un izpildes
skriptus, kas implementéta Python programmeéSanas valoda un balstas uz scikit-learn bibliotéku.
Sis komponentes koda struktiira att€lota 2. att€la un to veido:

e marSrutu masinmacibas modelu apmacibas dati csv formata (pieméram, 7730.csv);
¢ marSrutu masinmacibas modelu binarie faili (pieméram, 7179.pickle);

e lietoSanas instrukcijas (README.md);

e konfiguracijas faila paraugs (default.config.py);

e masinmacibas modelu apmacibas skripts (main.py);

e python virtualas vides atkaribu fails (requirements.txt);

e masinmacibas modela izpildes fails (runner.py).

[l

7179.pickle

7730.csv

[iiig)

[ig]

7730.pickle

7788.csv

[l

[iiig)

7788.pickle

README.md

[ig]

[ing)

default.config.py

[iiig)

main.py

[ig]

requirements.txt

[ing)

runner.py

2. att€ls. Python aizmugursistémas komponente

Aizmugursisttmas NodeJS komponente nodroSina timekla servisus, gps datu apstradi,
prognozu iegiSanu, mijiedarbojoties ar Python komponenti. NodeJS komponentes galvenas
sastavdalas ir:

e timekla serviss prognozu un telpisko datu iegiiSanai, integracijai ar priekSgalsistemu
(bin/www, app.js, routes/index.js);
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e konfiguracijas faila piemérs (default.config.js);
e datubazes shéma (db_schema.sql);
e algoritma konstantes (constants.js);
e datubazes piekluves biblioteka (db.js);
e GPS datu priekSapstrades skripts (gps.js);
e ATD atvérto datu priekSapstrades skripts (graph_builder.js);
e NodeJS biblioteku atkaribu fails (package.json);
e Prognozu iegiiSanas skripts (predict.js);
e Masinmacibas modelu apmacibas kopas sagatavoSanas skripts (prepare_ml_data.js);
e GPS datu apstrades, prognozu iegiiSanas, masinmacibas modelu apmacibas kopu
sagatavosanas skriptu palaiSanas skripts (runner.js);
e Aizmugursistémas risinajuma palaiSanas skripts (startup script.sh).
B bin Initial commit
B public/stylesheets Initial commit
8 python Remove unneeded files
B routes Initial commit
B views Initial commit
[ .gitignore Initial commit
[ README.md Additional instructions
= app.s Initial commit
3 constants.js Initial commit
= db.js Initial commit
3 db_schema.sql Initial commit
2 default.config.js Initial commit
= gps.js Initial commit
& graph_builder.js Initial commit
3 package-lock.json Initial commit
[ package.json Initial commit
3 predict.js Initial commit
= prepare_ml_data.js Initial commit
3 runnerjs Initial commit
[ startup_script.sh Initial commit

3. attéls. NodelS aizmugursistémas komponente
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Pricksgalsstémas VueJS komponente nodrosina aizmugursistémas REST servisu izsaukumus,
datu apstradi un datu grafisko att€losanu lietotaja interfeisa. VueJS komponentes galvenas
sastavdalas ir:

e VuelS lietotnes izstrades un produkcijas vides konfiguracijas fails (vue.config.js);
e lietotnes biblioteku un komandu saraksts (package.json);

e VuelS lietotnes inicializacijas fails (src/main.js);

e VuJS lietotnes pamata karkass (src/App.vue);

e VuelS lietotnes marsSrutu (saiSu) definéSanas fails (src/router.js);

e lokalas kratuves datu glabasanas fails (src/store.js);

e transporta prognozesanas lietotnes grafiska datu att€losanas un REST serivus
apstrades komponente (src/views/dashboard/Routes.vue);

e kodola VuelS komponensu katalogs (src/views/dashboard/components/core);
e pielagotu komponensu katalogs (src/views/dashboard/component);

e katalogs ar Sass failiem, kas nodros$ina lietotnes dizainu (Src/sass);

e Kkatalogs ar lokalizacijas failiem, kurus izmanto teksta tulkosanai (src/locales);
e lietotnes pamata veidnes komponentes (src/components/base);

e dizaina attélu katalogs (src/assets);

e publisko failu katalogs (public);

e lietotnes pamata izpildiSanas fails (public/index.html);

e katalogs ar testiem (tests);
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B public Push to gitlab
W = Push to gitlab
B tests Push to gitlab
3 .browserslistrc Push to gitlab
[3 .editorconfig Push to gitlab
3 .env Push to gitlab
3 .eslintrcjs Push to gitlab
3 .gitignore Push to gitlab
3 CHANGELOG.md Push to gitlab
3 I1SSUE_TEMPLATE.md Push to gitlab
3 LICENSE.md Push to gitlab
3 README.md CHANGE README
3 babel.configjs Push to gitlab
31 cypressjson Push to gitlab
3 jest.configs Push to gitlab
A nowjson Push to gitlab
3 package,json Push to gitlab
A postess.config.s Push to gitlab
3 vueconfigjs Push to gitlab

4. attels VuelS priekSgalsistemas komponente

3.2 leejas dati

ATD nodrosina datus (taja skaita telpiskos datus) par marSrutiem, reisiem, pieturvietam un
grafikam atbilstoSajiem ieraSanas laikiem.

Autoparka vadibas sistéma nodroSina autobusa kustibas datus, kas satur GPS koordinates,
koordinasu fikséSanas laiku un atbilstoSo marsrutu.

3.3 TILP API

Aktualas transportlidzekla ierasanas laika prognozes iegiits, izpildot:
GET http://atd.vitk.lv:5000/predictions

Servisa atbildes piemers JSON formata ir dots 1. pielikuma. Atbildes grafisks att€lojums ir dots
4. attela. Serviss atgrieZ visu aktivo marSrutu masivu. Katram marSrutam tiek paradita:
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1. Informacija par transportlidzekli un marsrutu;
2. Prognozes visam nakamajam pieturvietam;
3. Transportlidzekla atrasanas vieta.

a[ Juson
={}o
@ vehicle_licence : "MJ3240"
# route_id : 7730
W trip_id : 94472
= -[} predictions
={}s
@ =top : 8099
# prediction : 158
@ prediction_date_fime : "Mon Dec 28 2020 10:35:35 GMT+0200"
@ prediction_timestamp - 1609144535
#{}e
a {3
a{} 1
#{}12
#{}13
={}14
= {}15
={}18
= {317
¥ gps_point_created - 1609144376
# vehicle_speed - "74.517
= -[]- geajsan
| type : "Point”
= [ ] coordinates
o 0249763357
o 1571748311
B gps_point_created_date_fime : "Mon Dec 25 2020 10:32:56 GMT+0200"
a{}
={}2
={}3
={}4
={}s

4. Attels. TILP API atbildes JSON dokumenta piemers

4 Pielikums

"vehicle licence": "MJ3240",
"route id": 7730,
"trip id": 94472,
"predictions": {
"8 |
"stop": 8099,
"prediction": 159,
"prediction date_time": "Mon Dec 28 2020 10:35:35 GMT+0200",
"prediction_ timestamp": 1609144535
by
"or:
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b

"stop": 8096,
"prediction": 185,

"prediction date time":
"prediction timestamp":

"om: |

b

"stop": 8094,
"prediction": 238,

"prediction date time":
"prediction timestamp":

"1 |

by

"stop": 8090,
"prediction": 419,

"prediction_date_ time":
"prediction_ timestamp":

o o

by

"stop": 8088,
"prediction": 242,

"prediction_date time":
"prediction_ timestamp":

"3

b

"stop": 11761,
"prediction": 235,

"prediction date time":
"prediction timestamp":

nigv, |

b

"stop": 8080,
"prediction": 363,

"prediction date time":
"prediction timestamp":

5.

by

"stop": 8076,
"prediction": 476,

"prediction date time":
"prediction_ timestamp":

"em: |

by

"stop": 15758,
"prediction": 1107,

"prediction date time":
"prediction_ timestamp":

7.

}
b

"gps_point created":

"stop": 11382,
"prediction": 1207,

"prediction_date_ time":
"prediction timestamp":

"vehicle speed": "74.51",
"geojson": {
"type": "Point",
"coordinates": [

1
b

24.9768357,

57.1749311

"Mon Dec 28
1609144720

"Mon Dec 28
1609144958

"Mon Dec 28
1609145377

"Mon Dec 28
1609145619

"Mon Dec 28
1609145854

"Mon Dec 28
1609146217

"Mon Dec 28
1609146693

"Mon Dec 28
1609147800

"Mon Dec 28
1609149007

1609144376,

2020

2020

2020

2020

2020

2020

2020

2020

2020

10:

10:

10:

10:

10:

11:

11:

11:

11:

38:

42:

49:

53:

57:

03:

11:

30:

50:

40

38

39

34

37

33

00

07

GMT+0200",

GMT+0200",

GMT+0200",

GMT+0200",

GMT+0200",

GMT+0200",

GMT+0200",

GMT+0200",

GMT+0200",

"gps_point_created_date_time": "Mon Dec 28 2020 10:32:56

GMT+0200"
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