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1. DARBA VISPARIGS RAKSTUROJUMS

1.1. Témas aktualitate

AugoSais pieprasijums péc koksnes produktiem liek mezizstrades
pakalpojumu sniedzg€jiem palielinat mezizstrades jaudas. Tas savukart saistits ar
augstaka mehanizacijas ltmena ievieSanu, razigakas tehnikas izmantoSanu,
tehnikas operatoru kvalifikacijas paaugstina$anu. Sodien virkne Latvijas
mezizstrades pakalpojumu sniedzgji, nemot veéra lielas mezizstrades tehnikas
iegades izmaksas, veic pakapenisku meza masinu parka atjauninasanu uz jaunam
vai jaunakam mas§inam. lemesls — jaunakas ma$inas mazak fiziski un
tehnologiski novecojusas, ka arf mazaks degvielas patérins. Degvielas izmaksas
rada liclako mezistrades paSizmaksas sadardzinajumu. Savukart degvielas
patérin$ tieSi saistits ar meza masinu operatoru kompetenceém, kvalifikaciju.
Tadel arT operatoriem nepiecieSams periodiski veikt apmacibas. Tas var biit
saistitas gan ar jaunakas tehnikas apgiiSanu, gan ar profesionalas kvalifikacijas
paaugstinasanu. Pasreiz, Latvija, darbaspeka trukuma apstaklos, meza masinu
operatori savas profesionalas kompetences var iegiit divos veidos. Ka pirmo var
minét profesionalo apmacibu viena no tehnikumiem savukart otra ir paSmacibas
cela stradajot mezizstrades uznémuma. Tomér abos gadijumos operatora darba
razigums nebiis augsts. Operatoriem nepiecieSams veikt regularas papildus
apmacibas profesionalu instruktoru klatbtitn€, kas novértétu operatora darba
stilu, darba pan€mienus un sniegtu ieteikumus profesionalas kvalifikacijas
paaugstina$anai. Sadi vienas dienas kursi tiek Latvija tiek organizéti, kuros
instruktors véro operatoru darbiba un sniedz ieteikumus darba raziguma
paaugstinasanai. Sada metode dod savus rezultatus, tomér savu ietekmi var atstat
instruktora pieredze, profesionalitate un subjektivais viedoklis, ka arT operatora
psihoemocionalais stavoklis, pieredze un citi faktori. Nemot véra misdienu meza
masinu informacijas sisttmu tehniskas iesp€jas (StanForD 2010) visi meza
masinas dati, kas saistiti ar operatora darbu un masinu, hronologiski tiek ierakstiti
noteiktos failos un saglabati. Veicot $o failu analizi, iesp&jams analiz&t operatora
darba razigumu konkréta laika perioda, atsevisku operaciju izpildes laiku,
degvielas patérinu un precizu stumbra apstrades laika izmainu dinamiku, ka ar7
iespgjams identificeét vietas un apstaklus kur nov€rojama darba raziguma,
stumbra apstrades laika un degvielas patérina izmainas. Sada automatiski iegiito
datu analize lautu veidot individualu pieeju katra operatora apmacibu saturam un
turpinot analizi p& apmacibam lautu izdarit objektivus secinajumus par
apmacibu efektivitati.



1.2. Promocijas darba mérkis, uzdevumi un tézes

Promocijas darba mérkis — izp&tit meza masinu automatiski iegtito datu
izmantoSanas iesp€jas operatoru periodisko apmacibu efektivitates analiz€ un
raksturot to pielietoSanas iespgjas Latvijas mezizstrades uzn€mumos.

Promocijas darba izvirzita merka sasniegSanai izvirziti sekojosi
petnieciskie uzdevumi:

1. novértet meza maSinu atbilstibu standarta StanForD 2010

pielietosanai;

2. analizet kvalifikacijas celSanas apmacibu lietderibu un tas

uzlabo$anas iespgjas;

3. novertet mezizstrades efektivitates palielinasanas iesp€jas, piclietojot

meza masinu standartu StanForD 2010.

Promocijas darba izvirzitas sekojosas tezes:

1) neskatoties uz StanForD 2010 pieejamibu, Latvijas meza tehnikas
parka noveco$anas un izmantotds programmatiras daudzveidiba ierobezo
standartiz&tas datu pliismas ievieSanu, apgriitinot salidzinamu datu izmantoSanu
un datos balstitu [émumu pienemsanu mezizstrade.

2) meza masSinu operatoru kvalifikacijas celSanas kursu apmekléSana
butiski uzlabo operatoru profesionalas zinasanas un prasmes, kas pozitivi
ietekmé darba razigumu un darba metozu efektivitati, ka ari veicina lielaku
izpratni par darba procesu un degvielas patérina optimizaciju.

3) dati, ko nodro$ina StanForD 2010 standarts, izmantojami, lai planotu
operatoru apmacibas, ka ari izveért€tu operatoru darba izpildes kvalitates
izmainas p&c apmacibam.

1.3. Darba zinatniska novitate un praktiska nozime

Atbilstosi izvirzitajam darba mérkim un ta sasniegSanai paredz€tajiem
uzdevumiem, darba zinatniskas novitates izpausme vairak saskatama tajas iegiito
rezultatu skaitlisko vertibu atSkiribas, kuru c€lonis ir mezizstrades apstaklu
raksturojums Latvija, pirma karta minot, ka izcertamas platibas ir nelielas un
teritoriali izklied@tas, bet ieglistamo kokmaterialu sortimentu un tiem izvirzamo
kvalitates prasibu ir daudz. Sados apstaklos samérs starp laika izlietojuma
tehnologiski atSkirTgajiem veidiem (kokmateriala parveidoSana, parvieto$ana,
uzglabasana) vajina harvestera operatora apmaciba iegiito sp&ju izlietot mazak
laika kokmateriala parveidoSanai un parvietoSanai.

Veikto darbu nevar uzskatit par noslédzoSu dotaja tematika, tas rosina uz
turpmakiem zinatniskiem pétjjumiem, kas var biit nepiecieSami ka pamatojums
inZeniertehniskam izstradém turpmakai mezsaimniecibas tehnologiskajai
attistibai.



Darbam ir neapSaubama praktiska nozime ka vispar sabiedriska, ta meza
nozares Iiment.

1. Pievér§ uzmanibu harvesteru operatoru regularas apmacibas

nepiecieSamibai.

2. Meza nozares izglitiba rosina stud&joSos pieversties tehnologiskas
attistibas un ar to saistito aktualo problematisko jautajumu izzinai.

3. Publiski pieejami materiali par p&tijuma doto tematiku palidz veidot
sabiedribas priekSstatu par nozari, no kuras atkariga katra pasaules
iedzivotaja ikdienas eksistence.

Mezizstrades masinu operatora kvalifikaciju Latvija iegiist absolvgjot
tehnikumu péc pamatskolas vai vidusskolas, vai ari specializétos kursos
picaugusajiem. Stradajot specialitaté, uznémumos nepiecieSams periodiski
atsvaidzinat zinasanas un uzlabot kvalifikaciju apmekljot kvalifikacijas
celSanas kursus, kur instruktors teorétiski un vélak praktiskaja darba operatoram
sniedz ieteikumus par darba metozu efektivitati vai citiem darba raziguma
kapinasanas veidiem. Sadas apmacibas panakumu atsléga balstas uz instruktora
zinaSanam un pieredzi. Miusdienu mezizstrades masinas pielietotas IT
tehnologijas un automatizeto parametru registracija nodro$ina iesp&jas izmantot
datus operatora darba analizé un apmacibu kvalitates monitoringa.

Datu analizes rezultati Shiedz informaciju par operatora operaciju izpildes
laiku un darba razigumu, kas dazkart instruktoram, noverojot operatora darbu,
paliek nepamantts.

1.4. Zinatniska darba aprobacija

P&tijuma rezultati apkopoti sesas publikacijas starptautiskos un vietgjos
zinatnisko rakstu krajumos:

1. Stribergs A., Zimelis A., Kalgja S., Ivanovs J., Sisenis L., Lazdins A.
(2024) Using cut-to-length (CTL) harvester production data in forest
inventories, Croatian Journal of Forest Engineering 45(2), DOI:
10.5552/crojfe.2024.2319

2. Strubergs A., Sisenis L., Sarmulis Z. (2024) Use of automatically obtained
data in the quantitative and qualitative evaluation of harvester operator
training, proceedings of “Research for Rural Development 2024”. Jelgava,
vol. 39. pp. 56-61. DOI: 10.22616/RRD.30.2024.009

3. Strubergs A., Lazdins A., Sisenis L. (2022) Evaluation of the attendance
of refresher courses for forestry machine operators, proceedings of
“Research for Rural Development 2022”. Jelgava, vol. 37. pp. 84-88.
DOI: 10.22616/rrd.28.2022.012

4. Strubergs A., Lazdins A., Sisenis L. (2022) Use of CTL harvester *.hpr
and *.mom filess to analyze impact of operator training on productivity,
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proceedings of “Engineering for Rural Development”, Jelgava, pp. 432—
437. DOI: 10.22616/ERDev.2022.21

Strubergs A., Lazdins A., Sisenis L. (2021). Use of StanForD 2010 data
for determination of effect of harvester operator periodic training on
productivity and fuel economy, proceedings of “Engineering for Rural
Development” 2021. Jelgava, pp. 1163-1167. DOI:
10.22616/erdev.2021.20.TF252

Strubergs A., Lazdins A., Sisenis L. (2020). Evaluation of compliance of
existing forest machine information systems for the implementation of the
standard StanForD 2010, proceedings of “Research for Rural
Development” 2020. Jelgava, vol. 35. pp. 66-72. DOI:
10.22616/rrd.26.2020.010.

P&étijuma rezultati prezentti se$as starptautiskas un viet€jas nozimes
zinatniskajas konferences:

1.

Strubergs (2024). Use of automatically obtained data in the quantitative
and qualitative evaluation of harvester operator training. 30th Annual
International Scientific Conference, “Research for Rural Development
2024” Latvia University of Life Sciences and Technologies, Jelgava,
Latvia, 15-16 May 2024.

Strubergs (2022). Evaluation of the attendance of refresher courses for
forestry machine operators, 28th Annual International Scientific
Conference, “Research for Rural Development 2022 Latvia University
of Life Sciences and Technologies, Jelgava, Latvia, 18-20 May 2022.
Strubergs (2022). Use of CTL harvester *.hpr and *.mom filess to analyze
impact of operator training on productivity, 21st International Scientific
Conference, “Engineering for Rural Development”, Latvia University of
Life Sciences and Technologies, Jelgava, Latvia 25.-27.2022.

Strubergs (2021). “Change in age structure of harvesters in Latvia in
2019-2021”. “Sustainable management of natural resources — a basic
condition for successful socio-economic development in the period of
implementation of the new environmental policy of the European Union”,
Jelgava, Latvia, 25.11.2021.

Strubergs (2021). Use of StanForD 2010 data for determination of effect
of harvester operator periodic training on productivity and fuel economy,
20th International Scientific Conference, “Engineering for Rural
Development” Latvia University of Life Sciences and Technologies,
Jelgava, Latvia 26.—28 May 2021.

Strubergs (2020). Evaluation of compliance of existing forest machine
information systems for the implementation of the standard StanForD
2010. Annual 26th International Scientific Conference “Research for
Rural Development 20207, Latvia University of Life Sciences and
Technologies, Jelgava, Latvia, 13-15 May 2020.



1.5. Promocijas darba struktiira un apjoms

Promocijas darba struktiira veidota saskana ar darba izvirzitajiem
pétnieciskajiem uzdevumiem. Darbu veido tris nodalas, no kuram pirmaja
atspogulots problémas izzinatibas apskats un citu autoru darbos giitas atzinas.
Apliikota mezZistrades masinu datu struktiira, struktiiras izmainas parejot no veca
StanForD standarta uz jauno StanForD 2010. Apskatiti darba raziguma
ietekmg@josie faktori un kada ietekme uz darba razigumu operatora kvalifikacijai
un tas paaugstinasanai. Ka tresa aplikota operatora kvalifikacijas ietekme uz
degvielas paterinu, ka ar1, ka izmainas degvielas paterins pec apmacibam. Otraja
nodala apskatita Latvijas meZistrades masinu struktiira atbilstosi pielietojumam
(masinu skaits, vecums, marku un modelu grupas), operatoru apmacibu un
apmacibu efektivitates analizes metodika. Izstradata metodika operatoru
apmacibu efektivitates novertgjumam, kas ieklauj stumbru apstrades laika, darba
raziguma un degvielas patérina izmainu analizi, izmantojot StanForD2010
automatiski saglabatos datus. TreSaja nodala ietver Latvijas meZizstrades
masinu parka analizi un atbilstiba StanForD 2010, operatoru apmacibu
novért§juma analizi, ka ari operatoru darba raziguma un degvielas patérina
izmainu analizi izmantojot StanForD2010 saglabatos datus. Datu analize veikta
tehnikas razotaju piedavataja programmatara (Timbermatic™ un Opti 4G)
iegiitos datus, ka arT izmantojot alternativu risingjumu (MS Excel).

Promocijas darba apjoms ir 91 lappuse, informacija apkopota 12 tabulas
un 80 attélos, darba izmantoti 96 literatiiras avoti, darba nosléguma noformulé&ti
5 secindjumi un 2 rekomendacijas.

2. PETIJUMA MATERIALS UN METODIKA

Lai sasniegtu pétijuma galveno mérki un izpilditu izvirzitos petnieciskos
uzdevumus, promocijas darbs struktur€ts tris savstarp&ji saistitas dalas. Katra
dala veido pamatu nakamajai, nodroSinot logisku pareju no mezizstrades
tehnikas tehniska novértéjuma 1lidz operatoru apmacibu efektivitates
izveért€jumam, balstoties uz automatiski iegiitu darbibas datu analizi. Pirmaja
dala veikta Latvijas mezizstrades masinu parka analize, Tpasi pieverSoties
tehnikas atbilstibai StanForD 2010 standartam. ST analize ir bitiska, jo tikai ar
So standartu saderigas iekartas nodroSina detaliz€tu un standartizétu darbibas
datu iegiiSanu, kas ir nepiecieSami turpmakai produktivitates un degvielas
patérina izpétei. Tapat $aja dala sniegts Tss parskats par pétljuma izmantoto
tehniku, kas kalpo ka pamats datu interpretacijai. Otraja dala analizets meza
masinu operatoru viedoklis par kvalifikacijas celSanas apmacibu nepiecieSamibu
un I1dzsin€jo apmacibu efektivitati. Lidz Sim apmacibas operatoru novertgjums
balstijas uz instruktoru subjektivo viedokli. Cilveciska faktora izpratne ir buitiska,
lai apzinatu, ka apmacibu saturs un kvalitate ietekm& operatoru sp&ju izmantot
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tehniku efektivi. ST dala palidz noteikt, vai eso$as apmacibu pieejas atbilst
praktiskajam vajadzibam un operatoru pieredzei. Tre$aja dala apvienoti
tehniskie un cilveciskie aspekti, aprakstot automatiski ieglito datu apstrades
metodiku, izmantojot tehnikas razotaju izstradatas programmas un StanForD
2010 standarta sniegtas iesp&jas. Tapat izklastita metodologija, ka izvertét
apmacibu ekonomisko un ekologisko efektu, ipasi analiz€jot raZiguma un
degvielas patérina izmainas p&c apmacibu procesa. ST pieeja lauj veikt uz datiem
balstttu apmacibu efektivitates noverte§jumu. Datu statistiska apstrade veikta,
izmantojot R programmesanas vidi.

2.1. Mezizstrades tehnikas parka izvértésana

Lai analizétu Latvija izmantoto meZzizstrades masinu klastu, izmantoti
Valsts tehniskas uzraudzibas agentiiras (VTUA) un AS “Latvijas Valsts mezi”
(LVM) dati. Lai noskaidrotu dazadu modelu atbilstibu standarta StanForD 2010
ievieSanas prasibam, intervéja Latvija izplatitako mezizstrades masinu marku
dilerus.

VTUA tiek registrétas visas Latvija vai arzemés iegadatas un Latvija
ievestas tehnikas vienibas (Celu satiksmes likums, 1997). VTUA registra tiek
atspogulota $ada informacija: masinas tips, marka, modelis, riipnicas numurs,
izlaiduma gads, motora jauda, registracijas datums, ka arT zinas par
traktortehnikas ipasnieku un turétaju (juridiska vai fiziska persona). Sakot ar
2022. gadu, minimala informacija, kas neietver konkrétus personas datus,
pieejama VTUA ma3jaslapa (Traktortehnikas registracijas dati Latvijas
Republika, 2022). No registra traktortehnikas vienibas tiek iznemtas gadijumos,
ja tiek norakstitas vai pardota. Latvijas likumdosana neparedz mezizstrades
masinam obligati veikt ikgad€jo tehnisko apskati (Noteikumi par traktortehnikas
..., 2022), Iidz ar to VTUA riciba nav tadu pétijjumam nepiecieSamo datu, kas
dotu informaciju par masinu — vai ta strada, cik stundas masina nostrada, vai ta
ir izjaukta rezerves dalas un vai ta nav, nepartraucot registraciju, izvesta no
Latvijas.

No VTUA iegiitie dati izmantoti, lai noskaidrotu Latvijas uznémumos vai
privatpersonam registréto kop€jo mezizstrades masinu skaitu un struktiiru
(harvesters, forvarders, skiders u.c.). Mezizstrades masinas sagrupétas pa
izlaiduma gadu desmitgadém, nosakot masinu vecuma struktiiru atbilstosi
pielietojumam.

Sobrid Latvijas mezu pasnieki no pakalpojumu sniedz&jiem nepieprasa
StanForD 2010 standartam atbilstoSus datus no forvarderiem, lidz ar to $aja
pétijuma atbilstiba StanForD 2010 ievieSanai tiek verteta tikai harvesteriem.

Izmantojot LVM pakalpojumu sniedz&u datubazi, noskaidrota
mezizstrade izmantoto masinu struktira atbilstosi tehnikas razotajam un
pielietojumam. LVM datubazé tiek sniegta informacija par maSinas tipu
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(harvesters, forvarders), masinas marka, modelis, izlaiduma gads, kada tipa cirtes
strada (galvena, kopSanas, bojatu koku cirte) un atbilsttba StanForD 2010
standartam. Nemot véra, ka LMV pariet uz pilnigu produkcijas atskai$u
pienemsanu, balstoties uz harvestera datorsistémas datiem, harvesteriem
papildus janorada atbalsts StanForD 2010 standartam.

2.2. MeZa masinu operatoru kvalifikacijas celSanas kursu apmekléjuma
novertéjums

Saja pétjuma tika izveidota meza maSinu operatoru aptauja, lai
noskaidrotu meza masinu operatoru viedokli par apmacibu nepiecie$amibu un
ieguvumus no macibam (Geske, Grinfelds, 2020). Aptaujas anketa ir 3 jautajumu
bloki. Pirmaja dala tiek noskaidrota vispargja informacija par operatoru, otraja —
jautajumi saistiba ar kvalifikacijas celSanas macibu procesu, bet tresaja bloka ir
jautajumi par macibu laika ieglitajam prasmém, zinaSanam un atzZiméti operatoru
ieteikumi apmacibu uzlaboSanai.

Lai biitu iespgjams veikt aptaujas matematisko apstradi, otrd un tresa
aptaujas bloka jautajumu atbilzu varianti veidoti p&c Likerta skalas. Sesu ballu
sistéma jaizvélas atbilde no “pilnigi nepiekritu” lidz “pilnigi piekritu”. Pirms
nodos$anas respondentiem anketa tika testéta, lai nodroSinatu precizi formul&tus
jautajumus. Operatoriem tika izsiitita anketas elektroniska adrese, un ta tika
aizpildita tieSsaisté. Saite uz aptauju izsitita liclakajiem meZizstrades
uzn@mumiem Latvija, kuru riciba ir vismaz piecas meZzizstrades masinas un to
meza masinu operatori piedalijusies apmacibas, ko organizé Meza masinu
operatoru macibu centrs. Mezizstrades uznémumu mezizstrades meistari anketu
izplatija talak meZza masinu operatoriem. Aptauja tika veikta 2021. gada
novembrT un decembri. Lai anket€Sanas rezultati btu pec iespgjas precizaki un
korektaki, atseviski tika izdaliti harvestera un forvardera operatori. AnketéSanas
procesa operatori tika sadaliti tris vecuma grupas: 1idz 30 gadiem, 30—40 gadi un
vairak par 41 gadu. Tika izdalits operatoru darba stazs ar ped€jo mezizstrades
masinu — lidz 5 gadiem un vairak par 5 gadiem, ka arT tika izverteta operatoru
ieglita izglitiba: ar pamata izglitibu, vidgjo izglitibu, vid€jo profesionalo izglitibu
un augstako izglitibu. Aptaujas rezultati tika apkopoti un sagrupéti ar MS Excel
un datu statistiska apstrade veikta programma R (Elferts, 2012), izmantojot Hi
kvadrata testu (Arhipova, Balina, 2003).

No 2018. lidz 2022. gadam MeZza maSinu operatoru centra tika veiktas
kvalifikacijas celSanas macibas 315 meza maSinu operatoriem. Aptauja
piedalijas un anketas aizpildija 147 respondenti — meza masinu operatori.
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2.3. Mezizstrades efektivitates paaugstinasanas iespéju analize

Operatoru apmacibu efektivitates analiz€ izmantoti dati par operatoru
darba raZigumu, cirsmas ar lidzigu audzes sastavu, pirms un p&c apmacibam.
Analize izmantoti automatiski iegiitie dati par krajas kopSanas cirSu un kailcirsu
izstradi. Datu analiz€ izmantotas koku sugas: parasta priede (Pinus sylvestris L.),
parasta egle (Picea abies), ara bérzs (Betula pendula).

Mezizstradeé pec vidgjiem darba raziguma raditdjiem griiti noteikt
apmacibu efektivitati, jo zinams, ka razigumu ietekmé vairaki mainigie faktori.
Lidz ar to nepiecie$ama padzilinata datu analize, lai noskaidrotu iemeslus darba
raziguma izmainam. Riipnicas programmas lauj smalkak skatit stumbra apstradei
patéréto laiku, tadgjadi iespgjams identificét operacijas, kuras operators var
paaugstinat savu profesionalitati.

Katrs tehnikas raZotajs izmanto savu specifisku datorprogrammu, lai
atvertu un talak apstradatu savas tehnikas informacijas sistéma saglabatos datus:
John Deere izmanto Timbermatic™, Ponsse izmanto Opti 4(5)G.

Datu apstrade veikta tris veidos:

1. izmantojot StanForD 2010 datus un programmu Microsoft Excel;

2. John Deere harvesteriem — izmantojot raZzotaja datu apstrades
programmu TimberOffice;

3. Ponsse harvesteriem — izmantojot razotaja datu apstrades programmu
Ponsse Manager.

Apaks$nodalas 2.3.1 un 2.3.2 katram operatoram tika atlasitas krajas
kopSanas cirsmas divu méneSu perioda pirms apmacibam un divu ménesu
perioda péc apmacibam, bet ne mazak, ka desmit krajas kopSanas cirsmas pirms
un desmit péc apmacibam.

2.3.1. Operatoru apmacibu efektivitates analize, izmantojot StanForD 2010
datus

Nemot veéra, ka *.hpr un *.mom failu struktora veidota *.xml formata,
failu atvérSanai, datu atlasei un SkiroSanai var tikt izmantota atvérta koda
programmatira. Izmantojot atbilsto$i standartam StanForD 2010 *.hpr un
*.mom faila saglabatos datus, talaka datu apstrade veikta, izmantojot MS Excel.
Sadi iespgjams datu analizi veikt stumbra Iimenf.

Divi operatori (A un B) strada mainas ar 2016. izlaiduma gada harvesteri
John Deere 1070E, kas aprikots ar harvestera galvu H413 un izmanto
informacijas sisttmu Timbermatic H 1.28.20. Harvestera informacijas sistémas
atbalsta standartu StanForD 2010. So operatoru apmacibu analizésana izmantoti
dati divus ménesus pirms apmacibam un divus méneSus p&c apmacibam laika
perioda no 2021. gada augusta I1dz 2021. gada decembrim. Harvesters stradaja
LVM apsaimniekotajos mezos krajas kopSanas cirte€s Dienvidkurzemes
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virsmeznieciba. Harvestera operatora A un operatora B darba pieredze attiecigi
ir 6 un 12 gadi. Abiem operatoriem notika 8 stundu apmacibas cirsma, ko veica
pieredzgjis Meza masSinu operatoru apmacibas centra instruktors (Strubergs et
al., 2022).

Veicot apstrades laika uzskaiti saskana ar StanForD 2010 standartu,
masinas informacijas sistéma uzskaita laiku, kas patéréts stumbra apstradei no
stumbra satver$anas briza 1idz nakama stumbra satverSanai vai citai komandai,
kas partrauc apstrades procesu.

Analizei tika izmantoti dati par 12 265 kokiem ar vidgjo tilpumu 0,129
m?, kas tika apstradati pirms apmacibam, un 16 503 kokiem ar vidgjo tilpumu
0,089 m?, kas tika apstradati p&c apmacibam.

Saja apak$nodala izmantoti stumbru ieraksti, kas registréti saskana ar
standartu StanForD 2010 ka *.hpr un *.mom faili. No *.hpr faila izmantoti $adi
dati: stumbra identifikacijas numurs, koka suga, laika zimogs (gads, ménesis,
diena, stunda, miniite un sekunde), kad koks nozagéts, caurmérs kriiu augstuma
(D13), tilpums, operatora identifikators. Izmantojot laika zimogu ierakstus,
stumbra apstrades cikla laiks tiek aprékinats katram kokam, nosakot atkiribu
starp diviem secigiem stumbru laika zimogiem (Arlinger et al., 2012). Cikla laiks
ietver koka nozagesanu, harvestera galvas parvieto$anu sagarumos$anas zona,
atzaroSanu, sagarumosanu, sniegSanos pec nakosa koka un koka satverSanu. Lai
novérstu kludas, pédgjo stumbru apstrades laika izmantots *.mom fails, no kura
izmanto laika zZimogu apkopei, remontam, parbraucieniem u.c. darbibam, kas
noslédz stumbru apstradi. Veicot datu atlasi, nemtas véra koku sugas un
caurméri, kas sastopami cirsmas pirms un p&c apmacibam.

Lai noskaidrotu apmacibu, koka sugas un koka tilpuma ietekmi uz
operatoru razigumu un izslégtu faktorus, kuru ietekme nav bitiska, izveidots
regresijas modelis.

Ta ka dati neatbilst normalajam sadalfjumam, jo lielaka dala datu atrodas
arpus 95% ticamibas intervala, talakaja datu analizé tiek izmantots Wilcoxon
tests. Savukart, lai noskaidrotu tadu stumbra apstrades laika un darba raziguma
ietekm@joso faktoru ka apmacibu, stumbra tilpuma, sugas, sortimentu grupas
ietekmes butiskumu, tiek izmantots R pakotnes riks “emmeans”. Regresijas
atlikumu autokorelacijas parbaudei izmantots Durbin — Watson tests.

2.3.2.0peratora darba raZziguma analize izmantojot John Deere raZotaja
datorprogrammas TimberOffice™ datus

Analizéjot apmacibu efektivitati ar Timberoffice™ palidzibu tiek
izmantoti automatiski iegitie dati no harvestera John Deere 1270 E, kas aprikots
ar harvestera galvu H480. HarvesterT izmanto informacijas sistému Timbermatic
H 1.28.16, kas atbalsta StanForD 2010. Harvesters strada Latvijas teritorija LVM
apsaimniekotajos meZos krajas kopSanas cirt€s. Dati iegliti par operatoru darbu
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laika perioda no 2020. gada novembra Iidz 2021. gada februarim. Kopuma
analiz€ izmantoti divu operatoru (C un D) dati no 10 cirsmam pirms apmacibam
un 10 cirsmam peéc apmacibam.

Operatora C un operatora D darba pieredze ir pusgads péc mezizstrades
masinu operatora kvalifikacijas ieglisanas tehnikuma. Operatoriem veikta 8
stundu periodiska apmaciba cirsma (Strubergs et al., 2021). Apmacibu veica
macibu centra instruktors ar lielu praktiska darba pieredzi.

Datu analizé tiek izmantoti faili *.hpr, *.mom. Failu atvérSanai un
informacijas iegii$anai izmantota programmaTimberOffice 5.12. TimberOffice™
programma pé&c laika skalas lauj datus atlasit diennakts perioda, lidz ar to cirsmu
dati sadaliti diennakts griezuma.

Programmas TimberOffice rika TimberMatic Analytic automatiski
nozagétos stumbrus sagrup€ péc stumbra vidgja tilpuma. Lidz ar to iegiist seSas
grupas ar $adiem tilpumu intervaliem: 0.00-0.15 m3, 0.15-0.30 m3, 0.30-0.50
m3, 0.50-0.80 m3, 0.80-1.20 m® un 1.20-1.70 m3. Lai noteiktu atsevisku
operatora operaciju izpildes atrumu katra stumbra tilpuma grupa, harvestera
dators registré laiku (sekund@s), kas tiek patéréts operaciju izpildei no harvestera
galvas pacelSanas Iidz stumbra satverSanai, ietverot tadas operacijas ka
brauksana, tikai izlice, izlice + brauksSana, aktiva harvestera galva, pargjais laiks.
Nakosais tiek registréts laiks, kas operatoram nepiecie$ams stumbra apstradei
(stumbra padeve, parvietoSana un atzaroSana), ietverot tadas operacijas ka
stumbra padeve + zagesana, stumbra padeve + izlice, tikai izlice, tikai brauksana
un pargjais laiks. Ka p&dgjo harvestera dators registré stumbra un sortimentu
apstrades laiku, 1idz tas tiek sagarumots atseviskos sortimentos un novietots
sortimentu zona (Sarmulis & Saveljevs, 2015), ietverot tadas operacijas ka
stumbra padeve, stumbra padeve + izlice, tikai izlice, parzagés$ana, meklésana un
pargjais laiks. Veicot datu apstradi, Stumbru apstrades laiki tika sasumméti un
salidzinats patérétais laiks stumbru apstrad€ pirms un péc apmacibas. Pargja laika
katra grupa ietilpst darbibas, ko atseviski neuzskaita harvestera informacijas
sistéma. Seit japiemin tadas darbibas ka koka izvéle, koksnes vainu noteik3ana,
sagarumoto sortimentu kartoSana un zaru parkrausana. Harvestera dators saglaba
vidéjo degvielas pateripu L-h?, kas tika patéréts katras operacijas izpilde.
Programma TimberOffice™ neatbalsta datu eksportu, lidz ar to visi
nepieciesamie dati manuali parrakstiti MS Excel, kur tiek veikta talaka datu
apstrade.

No programmas TimberOffice™ atlasot cirsmu un operatoru, par cirsmu
tiek iegiiti sekojosi dati:
sarazota produkcija, m?;
nozagetie stumbri, gab.;
vidgjais stumbra izmérs, m?,
vid&jais darba razigums, m3-hL.

YVVVYVY
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Programma R veic Andersona—Darlinga testu, lai noteiktu datu atbilstibu
normalsadalijumam. Ta ka testa tiek noteikts, ka dati atbilst normalsadalijumam,
tad, lai novertetu konstateto atskiribu statistisko butiskumu, veic T testu. Nemot
vera, ka darba razigumu biitiski ietekm& gan stumbra tilpums, gan apmacibas,
tad faktoru ietekmi nosaka, veicot regresijas analizi.

Operatoram C tiek iegiits regresijas vienadojums:

D, = 3.326 + 47.786 * Vj, + 0.841 * A, (2.1)

kur D, — darba razigums, m*-h;

a, b, ¢ — koeficienti;

V, — stumbra vid&jais tilpums, m?;

A — apmacibu ietekmes faktors.
Operatoram D tiek iegiits regresijas vienadojums:

D, = 6.162 + 57.954 * V, — 3.440 Ay, (2.2)

kur D, — darba razigums, m*-h;
a, b, ¢ — koeficienti;
Vy — stumbra vidgjais tilpums, m
A¢ — apmacibu ietekmes faktors.

3.
)

2.3.3.0peratora darba raZiguma analize, izmantojot Ponsse razotaja
datorprogrammas Opti4G datus

Ponsse harvesteru automatiski iegiitie dati atlasiti, izmantojot Ponsse
Manager riku. Operatori, kuru dati izmantoti analiz€, strada ar 2020. gada Ponsse
Ergo harvesteriem LVM apsaimniekotajas platibas. Harvesteri noslogoti
kailcir§u izstradé. Harvesteriem instaléta programmas Opti4G 4.780 versija.
Apmacibu efektivitates analiz€ izmantoti harvestera saglabatie dati par tris
operatoru darbu divus meneSus pirms apmacibam un tris menesus pec
apmacibam. Operatoru praktiska darba pieredze, ka harvestera operatoriem uz
apmacibu dienu: operatoram E — 5 gadi, operatoram F — 1 gads, savukart
operatoram G — 2 gadi. Operatora E dati izmantoti par laika periodu no 2021.
gada novembra Iidz 2023. gada jinijam ar apmacibu norisi 27. janvari. Operatora
F dati — no 2022. gada marta lidz 2022. gada oktobrim ar apmacibu dienu 22.
maija. Savukart operatora G dati — par periodu no 2022. gada decembra lidz
2023. gada jilijam ar apmacibu dienu 10. februari. Aplukotajos periodos
operators E pirms macibam apstradaja 5289 stumbrus, savukart péc macibam
apstradaja 21373 stumbrus. Operators F pirms macibam apstradaja 11906
stumbrus, bet p&c macibam — 23253 stumbrus. Operators G pirms macibam
apstradaja 8857 stumbrus, péc apmacibam — 17343 stumbrus.
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Datu matematiskas apstrades veik$anai Ponsse Manager atspogulotie dati
no rika manuali tiek parnesti uz programmu MS Excel, kur tiek grupgti talakai
matematiskajai datu apstradei, jo Ponsse Manager — lidzigi ka Timberoffice™ —
nepielauj datu eksportu uz MS Excel datu talakajai apstradei.

Operatoram secigi pa méneSiem noteikta darba raziguma un stumbra
apstrades laika dinamika, izveidojot katram darba ménesim atsevisku grafiku,
kura uzraditas vidgjo vertibu izmainas un datu izkliede. Atsevisku operaciju
izpildes laika izmainas noteiktas pirms un péc apmacibam.

Pret&ji John Deere riipnicas programmai, Ponsse riipnicas programma
nelauj veikt datu grup&Sanu, izdalot koku sugas, bet ir iesp&ams izdalit
atseviskas tilpuma grupas un saglaba sekojosos operaciju izpildes laikus:
stumbra satverSana;
gasanas zagejums;
sagarumos$ana un krautnésana;
atzaroSana;
sagarumosSana;
zaru parvieto$ana.

Veicot detaliz€tu analizi, iesp&jams precizi noteikt operacijas, kuru
izpild€ operators pavada visvairak laika, noskaidrojot, kuru operaciju izpildei
japievers pastiprinata uzmaniba.

VVVYYVYVYVY

2.4. Apmacibu ietekmes uz degvielas patérinu novértéjums

Ne vienmér var apgalvot, ka apmacibu rezultata, palielinoties darba
razigumam, samazinas degvielas patérins. Tadgl, lai to noskaidrotu, papildus tiek
analizéta degvielas pat€rina izmainas pirms un p&c apmacibam. Ari degvielas
patérin$ tiek analizEts, izmantojot tris datu avotus. Pirmkart, izmantojot
StanForD 2010 atbilstosu *.mom failu atvérSanai MS Excel, otrs metode —
izmantojot John Deere TimberOffice un tre$a — izmantojot Ponsse Manager
datus.

2.4.1.0peratoru apmacibu ietekmes uz degvielas patéerinu analize
izmantojot StanForD 2010 datus

Analizé tiek izmantoti dati no meZa maSinam par operatoriem, kas
aprakstiti 2.3.1. apaksnodala. Degvielas patérina analizg tiek izmantoti dati no
*.mom faila, kur tiek saglabata informacija par apstradatajiem stumbriem, vid€jo
stumbra tilpumu, koku sugu, apstrades laiku, apkopes u.c. laikiem, ka ari patéréto
degvielu. Veicot eso$a faila atvérSanu ar MS Excel, atlasa un sagrupé analizei
nepiecieSsamo informaciju. Kad veikta datu atlase un grup&Sana, veic linearas
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regresijas analizi un sastada vispargju degvielas pat€rina modeli pirms un péc
apmacibam.

Periodiem pirms un p&c apmacibam nosaka vid€jos degvielas patérina
statistiskos raditajus. Izmantojot Shapiro—Wilk testu, nosaka datu atbilstibu
normalam sadalfjumam. Ta ka dati atbilst normalsadalijumam (p<0,05), talakaja
datu apstradg, nosaka degvielas patérina izmainu batiskumu, izmantojot T testu.
Datu statistiskajai analizei un grafiskajam att€lojumam tiek izmantota
programma R.

Sada veida tiek analizéti kopgjie dati un, lai noteiktu iesp&jamos
degvielas patérina izmainu iemeslus, atseviski tiek izdalitas koku sugas. Saja
gadijuma — priede, egle un bérzs.

2.4.2.0peratoru apmacibas ietekmes uz degvielas patérinu analize
izmantojot TimberOffice™ datus

Ka pirmo izveido regresijas modeli, lai noteiktu stumbra tilpuma ietekmi
uz degvielas paterinu. Degvielas patrins tiek apliikots divos veidos:

> litros laika perioda (stunda), L-h;

> litros uz tilpuma vienibu (kubikmetru), L-m,

Programma TimberOffice™ piedava iesp&ju aplikot degvielas patérinu
atseviskam darbibam — padeve, zagesana, apstrade, tikai izlice un brauksana.
Sadi tiek salidzinati degvielas patérina rezultati pirms un péc apmacibam
operatoriem C un D.

2.4.3.0peratoru apmacibu ietekmes uz degvielas patérinu analize
izmantojot Opti 4G datus

Ka pirmo veic vidgjo degvielas paterina raditaju salidzinasanai pirms un
pec apmacibam. Talak izveido regresijas modeli, lai noteiktu stumbra tilpuma
ietekmi uz degvielas paterinu. Degvielas paterins tiek apliikots divos veidos:

> litros laika perioda (stunda), L-h;

> litros uz tilpuma vienibu (kubikmetru), L-m3,

Statistiskaja analiz€ izmantota linearas regresijas analize, datu
salidzinasana veikta, izmantojot savienotu paru T testu un statistiskos raditajus.
Degvielas patérina izmainu dinamika skatita laika perioda 2. ménesis pirms
apmacibu dienas, ménesis pirms apmacibu dienas, meénesis, divi un tris ménesi
pEc apmacibu dienas (2; 1; 1; 2; 3)
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3. REZULTATI UN DISKUSIJA

Veikta meza masinu parka atjaunoSanas analize divu gadu perioda un
novertéta atbilstiba StanForD 2010 standartam. Lai noveértétu periodisko
apmacibu nepiecieSamibu un efektivitati, analizéti operatoru aptauju dati.
Izmantojot tris datu avotus, analiz&ta harvesteru operatoru periodiskas apmacibas
efektivitate.

3.1.Mezizstrades tehnikas parka atbilstiba StanForD 2010 standarta
ievieSanai

VTUA publiski picejamaja datu bazé (Traktortehnikas registracijas,
2021) 2021. gada 30. novembrT 2284 tehnikas vienibas registrétas ka meza
masinas, tam izsniegta valsts registracijas numura zime, bet aktiva registracija ir
2134 tehnikas vienibam. 150 tehnikas vienibam registracija ir partraukta.

Vecaka registréta meZza ma$ina izgatavota 1959. gada. Grupgjot meZa
masinu modelu datus pa desmitgadém un pec piederibas, tika konstatStas
butiskas atSkirtbas masinu sadalijuma starp ipa$niekiem (p<0,05). Vairakums
vecako meza masinu registrétas privatu personu Ipasuma vai valdijuma, savukart
jaunakas meZa masinas parsvara registrétas juridiskajam personam (3.1. att.).

%, g 800 688 661
5o = 600

238 400 17245 210

SEZ 20 592 3731 55 32 3

S 3 lidz 1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2021
] —

s 2 e Meza masinu vecuma desmitgade / A decade of the forest machine...

m Fiziskas personas / natural persons  m Juridiskas personas / legal persons

3.1. att. Privato un juridisko personu ipasuma vai valdijuma eso$o meZa
masinu sadalijums pa izlaiduma desmitgadeém / Fig. 3.1. Distribution of
forest machines owned or controlled by private and legal entities by decades of
manufacture

Vertejot VTUA registrétas masinas péc vecuma, noskaidrots, ka vidgjais
Latvija registréto meza masinu vecums 19,5 * 0,3 gadi, no tam juridisko personu
Tpasuma vai valdijuma eso$o meza vid€jais vecums 16,8 0,3 gadi, bet fizisko
personu Tpasuma vai valdjjuma esoSo meza masinu vid&jais vecums 33,4 +0,5
gadi.

Atbilstosi Celu satiksmes likuma 14(3) pantam specialajai traktortehnikai
tehniska apskate nav javeic, tadel, apskatot publiski pieejamo informaciju, nevar
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noskaidrot, cik un kadas tehnikas vienibas (harvesteri, forvarderi utt.) ir
iesaistitas mezizstradé. 2021. gada 30. novembri VTUA registrétas 2284 meza
masinas, no kuram 610 ir harvesteri, 1176 forvarderi, 120 pievedgjmasinas, 165
treiléSanas masinas, 114 treilétaji, 3 skeldotaji un 98 masinas bez apaksgrupas
defingjuma. Talakaja datu apstradé visas meza masinas tiek sagrup€tas Cetras
meza masinu grupas: harvesteri, forvarderi, treilétaji un citi, ka ar atseviski
nodalitas fizisko un juridisko personu IpaSuma vai valdijuma eso$as meza
ma$inas (3.2. att.).

Citi / Others
Treiletajs / Trailer -
Harvesters / CTL Harvesters =,
Forvarders / Forwarders S
0 200 400 600 800 1000
Fiziskas personas / natural persons m Juridiskas personas / legal persons
3.2. att. Fizisko un juridisko personu ipaSuma vai valdijuma esosas VTUA

registrétas meZa masinas / Fig. 3.2. VTUA-registered forest machines owned
or possessed by natural and legal persons

Kopgja gradacija, izdalot no kop&ja meza masinu grupas forvarderus un
harvesterus, att€lota 3.1. tabula.

3.1. tabula. VTUA registréto meZa masinu sadalijums / Table 3.1.
Distribution of forest machines registered in the VTUA

Juridiskais Skaits, gab. | Vidgjais vecums
statuss / MeZa masina / Forest / Qua’lr?ti ty agii / Avera e’ Mediana /
Legal machine ' g g Median
status pcs. age, years
Fiziskas |Visas meza masit_las [ All 306 334485 34
personas / forest machines
natural | Forvarderi / Forwarders 167 32.1+10.1 34
persons | Harvesteri / Harvesters 10 23.2+7.7 23
Juridiskais |Visas meza masinas /All 1837 16.8+10.8 15
statuss / forest machines
Legal Forvarderi / Forwarders 1064 17.1+10.7 16
status Harvesteri / Harvesters 600 11.946.0 12

VTUA registréto mezizstrades masinu datu baze nav objektivs datu avots
Latvija stradajoSo masinu analizei, jo liela dala, it seviski vecako masinu, var bt
demontgtas vai neizmantotas, bet nav nonemtas no uzskaites. Savukart dala
videja vecuma un jaunako masSinu netiek izmantotas saistiba ar biitiskiem
tehniskiem bojajumiem, vai arT tas var bit izlrétas citiem uzpémumiem Latvija
vai arzemes un atrasties arpus Latvijas teritorijas, saglabajot registraciju Latvija.
Lidz ar to precizu Latvija esoSo un stradajoso mezizstrades masinu skaitu un
vecumu nav iesp&ams iegit. TieSi tapat no VTUA registracijas datiem nav
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iesp&jams iegiit informaciju, vai §Is ma$inas atbalsta StanForD 2010 standartu
(Strubergs et al., 2020).

LVM StanForD 2010 datus izmanto produkcijas uzskaitei, pielietojot
harvestera *.hpr, *.mom failus. Tomér triikst pamatotas informacijas, cik liela
mera produkcijas uzskaitei *.hpr un *.mom failus izmanto privato mezu
Tpasnieki.

Saskana ar LVM datiem uzn@muma parvalditajas teritorijas uz ligumu
pamata stradajosie mezZizstrades uzpémumi 2019. gada izmantoja 239
harvesterus un 302 forvarderus. StanForD 2010 standartam atbilstoSus datus
izmanto tikai harvesteru atskaites.

Visvairak LVM mezizstradg izmanto John Deere harvesterus 52%, daudz
mazak —Ponsse harvesterus — 23%, Komatsu harvesterus — 12%, Valmet
harvesterus — 6%, Timberjack harvesterus — 3%. Nemot véra meza masinu
Ipasnicku nomainas, talakaja analiz€ izmantots John Deere / Timberjack un
Komatsu / Valmet. Pargjo razotaju tehnikas vienibas ir uzskaititas viena grupa,
kas veido 4% no kopgja skaita— 3 Logset harvesteri, 2 Ecolog harvesteri un pa
vienam Jacrac, Kobelco, Rottne un Vimek harvesterim.

2020. gada 1. janvari registrétie dati uzrada, ka 125 no LVM mezizstrade
izmantotajiem harvesteriem atbalsta StanForD 2010 standartu. Aplikojot
harvesteru sadalfjumu pa razotaju markam un piesaisti StanForD 2010
standartam, redzams, ka LVM uzpémumi veic mezizstradi ar 133 John
Deere/Timberjack harvesteriem, no kuriem 72 harvesteri atbalsta StanForD
2010. Tatad tie ir 30% no visiem harvesteriem, kas 2019. gada piedalas LVM
mezizstrade un 54% no John Deere/Timberjack harvesteriem, kas piedalas LVM
mezizstrade. No 54 Ponsse harvesteriem StanForD 2010 atbalsta 30 harvesteri,
kas veido 13% no visiem LVM mezizstrad@ iesaistitajiem harvesteriem un 56%
no Ponsse harvesteriem. Savukart no 43 Komatsu/Valmet harvesteriem standartu
atbalsta 16 harvesteri, kas ir 7% no visiem LVM stradajosiem harvesteriem un
37% no Komatsu/Valmet harvesteriem. V&l — 4 no 9 citu marku StanForD 2010
atbalstoSiem harvesteriem veido 2% no visu harvesteru skaita un 44% no citu
harvesteru skaita.

Atbilstosi 2021. gada 31. novembrT fiksétajiem VTUA uzskaites datiem
no 2019. gada beigam Latvija harvesteru skaits palielinajies no 488 Iidz 608
vienibam.

3.3. att€la redzamas VTUA registréto mezizstrades masSinu skaita
izmainas divu gadu laika atbilstosi Latvija izmantoto popularako harvesteru
razotaju markam, kas razotas péc 2005. gada: John Deere, Ponsse un Komatsu.
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3.3. att. Latvija popularako raZotaju harvesteru skaita izmainas / Fig. 3.3.
Changes in the number of harvesters of the most popular manufacturers in
Latvia

Meziztrades masinu parka attistibas tendence norada, ka mezizstrades
uzn@mumi iegadajas ne tikai jaunus harvesterus, kuru informacijas sist€émas
atbalsta standartu StanForD 2010, bet masinu parku papildinajusi ari ar lietotiem
harvesteriem, kas razoti pec 2010. gada. Aplikojot harvesteru skaita izmainas,
konstatéts, ka divu gadu perioda par 2% samazinajies Iidz 2010. gadam razoto
harvesteru skaits. Savukart péc 2010. gada razoto harvesteru skaits palielingjies
par 34%. Nemot véra to, ka péc 2010. gada mezizstrades masinu razotaji piedava
informacijas sist€mas ar StanForD 2010 atbalstoSu programmatiiru, virkne
Latvijas mezizstrades kompaniju izvélas atjaunot masinu parku, iegadajoties
jaunakas masinas, lai nebiitu jainvesté informacijas sistému atjauninasana.
Analiz€jot mezizstrades uznémumu vaditaju atbildes, noskaidrots, ka
mezizstrades masSinas noveco gan morali, gan fiziski, Iidz ar to ekonomiskak ir
iegadaties jaunu vai jaunaku mezistrades masinu ar mazaku nolietojumu.

2021. gada 30. novembri 168 Latvijas mezsaimniecibas pakalpojumu
sniedz&jiem IpaSuma vai valdijuma bija viens harvesters, bet 46 uzn@mumiem
ipaSuma vai valdijuma bija vairak par vienu vienas markas harvesteri. Siem
uzn@mumiem pilnigi pietiek ar konkrétas markas razotaja datorprogrammu, lai
veiktu padzilinatu automatiski iegiito datu apstradi un operatora darba raziguma
analizi, ka arT varétu noteikt apmacibu nepiecieSamibu un to efektivitati. 32
Latvijas uzneémumu Tpa§uma vai valdijuma ir divu vai vairaku marku harvesteri;
Siem uznémumiem automatiski iegiito datu apstradei nepiecieSama katras meza
masinas markas razotdja specializéta datorprogramma. Ja pie tehnikas dilera tiek
iegadats jauns harvesters, tad datorprogramma tiek ieklauta masinas cena un
programmas licence tiek pieskirta kopa ar masinas iegadi. legadajoties lietotu
harvesteri, §T programmas licence par papildu samaksu jaiegadajas no tehnikas
dilera. Uzpémumos, kuros strada ar vairaku marku meza maSinam,
nepieciesamas vairakas specializ€tas datorprogrammas un menedZeriem jaspgj
ar §Tm programmam stradat.
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3.2.MeZa masinu operatoru kvalifikacijas celSanas kursu apmekléjuma
noverteéjums

No 2018. lidz 2022. gadam MeZza masinu operatoru centra tika veiktas
kvalifikacijas celSanas macibas 315 meza maSinu operatoriem. Aptauja
piedalijas un anketas aizpildija 147 respondenti — meza masinu operatori.

Aptaujas merkis bija ieglit datus par kvalifikacijas kursu lietderibu,
zinasanu un prasmju atjaunosanas vai pilnveidoSanas kvalitati, kas p&c macibam
iespaido vai neiespaido darba razigumu, izvertgjot respondentu atbildes uz
jautajumiem par instruktoru macisanas kvalitati un profesionalitati.

Analiz€jot aptaujas datus, noskaidrots, ka vid€jais aptaujato operatoru
vecums ir 33 gadi. No visiem respondentiem 18% ir iegilita pamatizglitiba, 20%
ir vidgja izglitiba, 55% ir vid&ja profesionala izglitiba un 6% ir augstaka izglitiba.
57% aptaujas dalibnieku ir profesionali operatori, kuri ieguvusi meZza masinu
operatora izglitibu. Operatoru vidgjais kopg&jais darba stazs darba ar meZzizstrades
masinam ir 7.6 gadi.

Harvestera operatori.

Aptaujato harvestera operatoru vid€jais darba stazs uz §1s masinas ir 4.7
gadi. 3.2. tabula redzams iegito rezultatu kopsavilkums.

3.2. tabula. Harvestera operatoru sadalijums vecuma grupas, péc darba
staZa uz attiecigas masinas un ieguitas izglitibas Iimena / Table 3.2.
Distribution of harvester operators by age group, length of service on the
respective machine and level of education obtained

Darb? stazs, gadi Izglitiba / Education
/ Seniority, years
Vecuma grupa, — pyro
gadi / Age Vairak | oo ata Videja —
Lidz5/| par5/ Vidgja/ |profesionala /| Augstaka /
group, years . / >
Until 5 | More Pri Secondary | Secondary - | Higher
rimary -
than 5 vocational
Lidz 30 / Until
the 30 31 17 - 4 40 4
30-40 28 14 17 11 14 -
Vairak par 41 /
More than 41 3 ! B B 10 B

Vecuma grupa lidz 30 gadiem 24 aptaujas dalibnieki ir ieguvusi
profesionalo kvalifikaciju — meza ma$inas operators. Vecuma grupa no 30 lidz
40 gadiem profesionala kvalifikacija — meza masinas operators — ir 10%
respondentu. Pargjie aptaujas dalibnieki savu profesiondlo kvalifikaciju ir
paaugstinajusi, stradajot mezizstrades uznémuma un apmeklgjot kvalifikacijas
celSanas kursus.

Analizgjot meza masinu operatoru aptaujas rezultatus, redzams, ka vienu
un vairak reizes gada kvalifikacijas celSanas kursus apmekle 41% harvestera
operatoru. Harvestera operatoriem — 67% respondentu ir ar darba stazu uz
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konkr&tas markas masinas, kas mazaks par 5 gadiem un 33% respondentu — ar
darba stazu, kas lielaks par 5 gadiem.

Jaunie operatori, kuriem darba stazs ar attiecigo maSinu mazaks par
pieciem gadiem, vairak piever§ uzmanibu savas profesionalas kvalifikacijas
paaugstinasanai un darba raziguma celSanai, pilnveidojot savas darba metodes.

Noskaidrots, ka harvestera operatoru iniciativa kvalifikacijas cel$anas
kursu apmeklgjumam batiski atskiras (y?=20.12, p<0.05). Harvesteru operatoru
vidi 33% piekrita apgalvojumam, ka kursus apmeklgja p&c pasu iniciativas, 57%
dalgji piekrita, bet 10% nepiekrita. Apgalvojumam, ka kursus apmekl&ja pec
darba dev€ja iniciativas, pilniba piekrita 65% aptaujato harvestera operatoru,
28% dalgji piekrita, bet 7% nepiekrita.

Operatoriem ar darba stazu Iidz 5 gadiem bija tendence biezak apmeklet
kursus p&c pasu iniciativas, savukart operatori ar darba stazu vairak neka 5 gadus
parsvara apmeklgja kursus peéc darba dev&ja iniciativas, atskiribas starp STm
respondentu grupam statistiski batiskas (p<0,05).

Viens no veiksmigas individualo apmacibu norises priekSnosacijumiem
ir tas, vai pirms apmacibam tiek novertétas operatoru zinasanas un prasmes. Péc
aptaujas datiem harvestera operatoru veért§jums par zinaSanu un prasmju
parbaudi pirms apmacibam bitiski neatskiras (y?=0.47815, p=0.79>0.05). 12%
harvestera operatori noliedza, ka vinu zinaSanas un prasmes tikuSas parbauditas
pirms apmacibam. Tomér 86% harvestera operatoru apstiprinaja vai dalgji
apstiprinaja, ka instruktori novert€ja vinu zinaSanas un prasmes. Ta rezultata
apmacibu procesa instruktori pieveérsa pastiprinatu uzmanibu prasmém, kuras
bija nepieciesams pilnveidot.

Aptaujgjot operatorus, noskaidrots, ka 80% harvestera operatoru sanéma
noradijumus par pielautajam kladam darba procesa un par ieguvumiem no
racionalu darba metozu izmanto$anas jau apmacibu laika. Tomér 7% harvestera
operatoru $o apgalvojumu noliedza.

Apgalvojumam, ka péc apmacibam tika veikta macibu laika veikto
darbibu analize, harvestera operatoru atbildes ar1 butiski neatskiras (y?=4.8366,
p=0.09>0.05). 31% harvestera operatoru piekrita apgalvojumam, ka péc
apmacibam tika veikta macibu procesa analize, ka rezultata operatori izprata
pielautas kludas. 3% harvestera operatoru dal&ji piekrita Sim apgalvojumam,
savukart viens harvestera operators tam nepiekrita.

Apmacibu procesu kopuma pozitivi novertgja 66% harvestera operatoru,
savukart dalgji pozitivi to novert€ja 31% harvestera operatoru. Tikai viens
harvestera operators uzskatija, ka apmacibam nebija nekadas nozimes.
Izanaliz€jot aptaujas datus, tika secinats, ka dal&ji negativs un negativs apmacibu
vertejums visbiezak sastopams operatoru vidd, kuru vecums ir virs 41 gada un
darba stazs parsniedz 5 gadus. Vispozitivaka attieksme pret periodiskajam
apmacibam tika noverota operatoru grupa, kuru vecums ir lidz 30 gadiem un
darba stazs neparsniedz 5 gadus.
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3.3.Mezizstrades efektivitates paaugstinasanas iespéjas, izmantojot
StanForD 2010 standartu

Mezizstrades efektivitati var paaugstinat, izmantojot jaunaku un razigaku
tehniku. Tome@r $ada pieeja nebis pilniba efektiva, ja mezizstrades uzneémumos
netiks pieversta uzmaniba periodiskai meza masinu operatoru apmacibai.
Aptaujajot mezizstrades uzp@mumu vaditajus, noskaidrojas, ka vairakos
uzn€mumos apmacibas tiek organiz&tas galvenokart tadel, lai uzn@mumi varetu
piedalities AS “Latvijas valsts mezi” (LVM) rikotajos meza izstrades konkursos.
Tacu, ja uznemumi strada ar privato mezu Tpasniekiem, operatoru kvalifikacijas
celSanas kursi biezi netiek izmantoti.

Lai palielinatu operatoru apmacibu efektivitati uzpémumos bitu
nepiecieSsams ne tikai nepartraukti uzskaitit operatoru darbu, bet arT veikt darba
analizi. Regulara darba analize lauj izsekot operatora raziguma izmainu
dinamikai un sniegt ieteikumus par to, kam operatoram japievérs uzmaniba, vai
arT noteikt, kad nepiecieama papildu palidziba apmacibu veida. Sada pieeja
lautu arT sniegt precizaku informaciju apmacibu instruktoram par konkrétam
jomam, kuram japievers§ pastiprinata uzmaniba.

Nemot veéra, ka Latvija periodiskas apmacibas parsvara tiek organizetas
individuali un vienas dienas garuma, instruktors dazkart var nepamanit
problémas, kuru d€l apmacibas ir nepiecieSamas.

3.3.1.0peratora apmacibu efektivitates novértéSana izmantojot
StanForD 2010 datus.

Izmantojot StanForD 2010 datus izveidots regresijas modelis, kur vértéta
apmacibu, koku tilpuma, koku sugas un sortimentu ietekme uz operatoru
razigumu. Modelis ar regresijas funkciju izskaidro 80% no raziguma (R?=0.78).
Modelis statistiski nozimigs (p<0.05). Veicot regresijas vienadojuma biitiskuma
novertéjumu, visos analizg ieklautajos faktoros p-vertiba bija mazaka par 0,05,
kas norada uz to, ka regresijas vienadojumi statistiski nozimigi izskaidro vid&jo
raziguma raditdju izmainas atkariba no apmacibam, operatora, koku sugas un
stumbra tilpuma. Modela rezultati atspoguloti 3.3. tabula.

3.3. tabula. Mainigo faktoru ietekmes uz stumbra apstrades laiku regresijas
analizes rezultati / Table 3.3. Results of regression analysis of the influence of
variable factors on the stem processing time

Ietekmg@josais faktors / Koeficienta t — testa faktiska p — vértiba
The influencing factor vertiba / The vertiba / t —the actual | /p - value
coefficient value value of the test
Konstante / Intercept 0.214 0.499 0.612
Apmacibas/ Training -0.399 -14.625 <216
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3.3. tabulas turpinajums/Table 3.3 continued

Ietekmgjosais faktors / Koeficienta t — testa faktiska p — vértiba

The influencing factor vértiba / The vértiba / t —the actual | /p - value
coefficient value value of the test

Operators / Operator 0.160 6.104 1.04e%

EGLE / Spruce 0.099 2.267 0.018

PRIEDE / Pine 0.163 3.038 0.002

Neklasificéts (brakis) /

Unclassified (defective)) 1.179 2.740 0.006

Tilpums / Volume 67.659 433.849 <2e16

Modelis izskaidro butisku apmacibu, operatora, sugas un tilpuma ietekmi
uz razigumu (p<0.05). No sortimentiem bitisku ietekmi uz raZigumu atst3j
sortimentu grupa “Nekvalificets (brakis)” (p<0.05).

Operatoriem aprékinot modela korigétos vid€jos razigumus (emmeans)
iegits, ka operatoram A razigums palielinajas: pirms apmacibam — 2.72 (SE =
0.0549, CI: 2.61-2.83), péc apmacibam: 3.12 (SE = 0.0557, CI: 3.01-3.23).
Konfidences intervali (CI) neparklajas, noradot uz statistiski buitisku raziguma
pieaugumu. Ari operatoram B bitiski palielinajas: pirms apmacibam — 2.56 (SE
= 0.0574, Cl: 2.45-2.67), péc apmacibam: 2.96 (SE = 0.0563, CI: 2.85-3.07).
Konfidences intervali (CI) neparklajas, noradot uz statistiski butisku raziguma
pieaugumu.

Durbin — Watson testa rezultati apstipringja nulles hipotezi (p=1), ka
raziguma pieaugums veidojas apmacibu rezultata, nevis pateicoties pieredzei.
Operatoram A DW=2.0581, kas norada, ka atlikumos nav autokorelacijas un tie
ir praktiski nekoreléti. Operatoram B DW=2.0536, kas norada, ka arT Seit
atlikumos nav autokorelacijas un tie ir praktiski nekorel&ti.

Konstatéts, ka ir ietekm&tas visu parametru vidgjas vertibas
(3.4. — 3.6.att.). Attelos ir redzams, ka, apmacibas ir devusas pozitivu ietekmi, ka
rezultata stumbra apstrades laiks uz vienu nogriezna vienibu ir butiski
samazinajies.

4 5 Pirms apmacibam / . <5

8= -2 1rainii = 5

E g Before training g §
)

3 & Péc apmacibam / 5&

2 -E After training

LS 1 2 3 4

Novértetas marginales vidgjas vertibas /
Estimated Marginal Average Values
3.4. att. Apmacibu ietekme stumbra apstrades laika samazinajuma uz
vienu sortimenta nogrieZna vienibu / Fig. 3.4. The influence of operator
training on the reduction of stem processing time per assortment segment unit.
3.4. attela redzams, ka apmacibas pozitivi ietekmé&jusas stumbra apstrades
laiku. Apmacibu rezultata batiski samazinajies apstrades laiks uz vienu
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nogriezna vienibu, kas liecina par raziguma pieaugumu un efektivaku darba
izpildi péc apmacibam.

Pirms apmacibam / Before training .
P&c apmacibam / After training .

Pirms apmacibam / Before training .

Péc apmacibam / After training .

eriod

Pirms apmacibam / Before training

P&c apmacibam / After training .
1 2 3 4

Novertétas marginales vidgjas vertibas / Estimared

Marginal Average Values

PRIEDE EGLE / BERZS
/ Pine Spruce /Birch
Suga / Species

Apmacibu periods / Training
P

3.5. att. Sugas ietekme stumbra apstrades laika samazinajuma uz vienu
sortimenta nogriezna vienibu / Fig. 3.5. The effect of the species in reducing
the processing time of the stem per unit of assortment cut

Koku sugu griezuma operatoram péc apmacibam ir novérojama stumbra
apstrades laika vid&jo marginalo vertibu samazinasanas, ka tas ir redzams 3.5.
att€la. Tas liecina, ka apmacibas ir devusas pozitivu ietekmi, samazinot apstrades
laiku neatkarigi no koku sugas, tadgjadi uzlabojot operatora darba efektivitati.

Tadus pasus secinajumus var izdarit, salidzinot stumbra apstrades laikus
sortimentu griezuma, ka redzams 3.6. att€la. Toméer, lai precizak novertétu
apmacibu efektivitati un identificétu jomas, kur operatoriem biitu nepieciesams
turpinat pilnveidot savu profesionalitati, ir svarigi katru operatoru analiz&t
atseviski un veikt detaliz&taku datu izp&ti.

Pirms apmacibam / . KAMINMALKA /

Before training - . Fireplace wood
§ Pec apmacibam / . MALKA / &
‘% After raining - Firewood Eoi
20 Pirms apmacibam / . MIETI / g
= Before training . Stakes E
s =]
= Pé&c apmacibam / . Neklasificetie (brakis) / ﬁ
-.é After training . . Unelassified (defective) —
; =
qi Pirms apmacibam /. . Papirmalka / g
= Before training . Pulpwood g‘
=
2 Péc apmacibam / . TARAS KLUCI / 3
; After training - Pallet blocks é

. S

Plll}ls apmacibam / . Tehnologiska koksne / <

Before training . Teclmological wood

Péc apmacibam / . Zagbalki /

After raining - . Saw logs

1 2 3

Novertetas marginales vidéjas veitibas / Estimated Marginal
Average Values

3.6. att. Sortimenta ietekme stumbra apstrades laika samazinajuma uz
vienu sortimenta nogriezna vienibu / Fig. 3.6. The influence of the
assortment in reducing the processing time of the stem per unit of the

assortment cut
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Ta, ka turpmakaja operatoru darba raziguma analiz€ abiem operatoriem
analize bus lidziga tiks apskatiti operatora A dati. Ar operatora B analizi var
iepazities pilnaja promocijas darba versija.

Analizgjot operatora patéréto vid€jo stumbra apstrades laiku pirms un péc
apmacibam, ieglts, ka operators A, stradajot kopSanas cirtés, pirms apmacibam
vidgji viena stumbra apstradei patéréja 50.5 + 0.4 sekundes, savukart péc
apmacibam vidgji 45.9 + 0.4 sekundes, apstrades laika samazinajums ir statistiski
bitisks (p < 0.05).

Attiecigi, vertgjot operatora A darba razigumu limen, tas bija 10.57 *
0.14 m® h! pirms apmacibam un 8,19 + 0.09 m® h! p&c apmacibam (p < 0.05).
Nemot vera, ka péc apmacibam operatoram samazinajas gan stumbra apstrades
laiks, gan darba razigums, tad janoskaidro faktors, kas ietekmgjis darba raziguma
samazinajumu.

Talakaja analiz€ pamatojoties uz iepriek§ iegiitajiem rezultatiem tiek
noskaidrota stumbra tilpuma ietekme.

Operatoram A (3.7. att.) 67% pirms apmacibam un 64% p&c apmacibam
izskaidro darba raziguma datu izmainas, pamatojoties uz stumbra tilpumu. Darba
raziguma datu kopas tendences likne p&c apmacibam norada uz darba raziguma
pieaugumu, palielinoties stumbra tilpumam.

. 60 |y=61,296x + 2,0806
2 x 2
EX- 50 R?=0,6661 ‘
|&‘0 = ™
EET O -
55230
522
< <\( 35 20
2738 10 y = 78,937x + 1,0537
g5 g R>=0,6362
i £ 0
0 0,2 04 0,6 08
~ Stumbra tilpums, m3 / Stem volume, m3
® Pirms/ Before ® Péc/ After

3.7. att. Videéja operatora A darba raZiguma izmaina pirms un péc
apmacibam mainoties stumbra tilpumam / Fig. 3.7. Change in average
operator A's productivity before and after training as the stem volume changes

Papildus tika aplikota darba raZiguma izmainas dinamika stumbru
izstrade 8. cirsmu griezuma pirms apmacibam un 8. cirsmas péc apmacibam.

Aplikojot raZiguma izmainas 16. cirsmu griezuma, konstatéts, ka
operatoram A noverojams darba raZiguma samazinajums. Tomer sakot ar septito
cirsmu, péc apmacibam, darba raZigums sak pieaugt (3.8. att.).
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3.8. att. Operatora A raZiguma izmainas dinamika secigi pa ménesiem
pirms un péc apmacibam (x standartk/iida) / Fig. 3.8. Monthly dynamics of
productivity changes for Operator A before and after the training ( standard
deviation)

Tas liecina, ka, neskatoties uz isaku stumbra apstrades laiku, darba
razigums sakuma samazinajas, bet velak saka pieaugt. Tas var liecinat par
operatora adaptaciju jaunajam darba metodém.

Veicot Mann—Whitney U testu, noskaidrots, ka operatoram A apmacibu
ietekmé raZiguma samazinajums ir statistiski bitisks (p < 0.05). Sadu tendenci,
ka apmacibu laika var noverot raziguma samazinajumu, piemin arf citi p&tnieki,
pieméram, Wenhold et al. (2020).

Komunicgjot ar mezizstrades uznémumu parstavjiem, tika noskaidrots, ka
parsvara operatoru darba razigums tiek noteikts p&c vidgjiem raditdjiem,
neizdalot specifiskus mainigos parametrus (apmacibas, stumbra tilpums,
caurmérs un koka suga). Vairuma gadijumu raziguma aprékins tiek veikts,
izmantojot visu novakto vai sagatavoto apjomu, neskatoties uz stumbra tilpumu
un citiem faktoriem.

Nemot véra, ka abiem operatoriem rezultati pirms un p&c apmacibam
butiski at$kiras (p<0.05), turpmakaja analizé pakapeniski tiks noskaidrota
mainigo parametru ietekme.

Lai ieglitu precizaku prieksstatu par darba raziguma izmainam péc
apmacibam, tiek salidzinati dati izdalot atseviskas stumbra tilpuma grupas.
Tilpuma grupu dalfjuma tiek ievérota tadi pati gradacija, ka harvestera
informacijas sistémai. Operatoram A raziguma raditaji péc tilpumu grupu
izdaliSanas, kas samazina stumbra tilpuma ietekmi, ir apkopoti, un tas lauj labak
novertet apmacibu efektu. Dati par darba raZigumu apkopoti 3.4. tabula.
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3.4. tabula. Operatoru vidéja darba raZiguma izmaina pirms un péc
apmacibam apstradajot bérzu, egli un priedi / Table 3.4. Change in average
productivity of operators before and after training when processing birch,
spruce and pine
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Pirms / Before | 2.97 0.29 0.23 0.05 |2.49
<0.050 IPEc / After 3.05 12.89 12.52 0.04 |2.66 0.21
Pirms / Before | 5.38 1.48 12.78 0.14 |5.22
0.051 -0.060 IP&c / After 5.97 1.19 12.79 0.13 |5.56 0.01
Pirms / Before | 6.39 1.82 16.81 0.14 |6.25
0.061-0.080 IPEc / After 7.09 1.35 19.02 0.13 |6.66 0.00
Pirms / Before | 8.41 2.25 20.07 0.22 |[7.99
0.081 -0.100 IP&c / After 8.70 1.82 19.72 0.16 |8.59 0.28
Pirms / Before | 10.95 2.48 29.49 0.23 |10.30
0.101-0.150 IP&c / After 11.41 1.99 29.68 0.17 |11.27 0.09
Pirms / Before | 14.39 3.58 36.06 0.29 |13.93
0.151-0.200 IPEc / After 14.72 3.65 35.81 0.29 |13.82 0.43
Pirms / Before | 16.87 5.26 39.98 0.38 |14.93
0.201-0.250 5= afer | 1815 | 383 | 38.96 | 046 |17.64 |00
Pirms / Before | 24.33 6.68 49.48 0.35 |23.27
0.250> IPEc / After 23.95 5.82 49.82 0.68 |22.67 0.62

Ka redzams 3.3. tabula, operatoram A ir bitisks raZiguma pieaugums
novérojams tilpuma grupas 0.051 — 0.060 (p<0.05), 0.061 — 0.080 (p<0.05) un
0.201 — 0.250 (p<0.05). Tomér tilpuma grupa 0.151 — 0.200 novérots nebitisks
raZiguma samazinajums.

Nemot véra, ka darba raziguma raditaji ir atkarigi no vairakiem
mainigajiem lielumiem, lai noskaidrotu bitiskas izmainas iemeslus,
nepiecieSams izanaliz&t raziguma raditajus, izdalot atseviSkas mainigo lielumu
komponentes. Tas laus detalizétak izprast faktorus, kas ietekmé raziguma
izmainas un palidzes precizak novertet apmacibu efektivitati.

Operatora darba raZiguma analize izdalot caurmeru grupas.

Aplukojot atseviskas caurme@ra grupas konstate: operatoram A caurméra
grupa 0 — 10.0 cm stumbra apstrades laiks samazinajas par 8 %, caurméra grupa
10.1-20.0 cm stumbra apstrades laiks samazinajas par 14 %, bet caurméra grupa
20.1 — 30.0 cm stumbra apstrades laiks samazinajas par 18 %.
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Analizgjot darba raziguma izmainas, nemot veéra stumbra apstrades laika
samazinajumu, ir svarigi izprast, kadi faktori varétu ietekmét darba raziguma
samazinasanos, Tpasi attieciba uz lielakiem stumbriem. Seit ir detaliz&ta analize,
kas var palidzgt izprast noverotas izmainas:

1.

v VvV v

v @

>

vispargja darba raziguma samazinaSanas: vid&jais darba razigums: ir
noverots vidgjais darba raziguma samazinajums par 1%. Tas ir
nepatikams, nemot veéra stumbra apstrades laika samazinasanos, kas
teoretiski biitu jauzlabo razigums.

raziguma izmainas caurmera grupas:

0 — 10.0 cm: darba razigums palielindjas par 8%, kas liecina par
pozitivu efektu mazakiem stumbriem (p>0.05).

10.1 — 20.0 cm darba razigums paliclingjas par 1%, kas norada uz
nelielu uzlabojumu (p>0.05).

20.1 — 30.0 cm: darba razigums samazinajas par 3%, kas ir pretgjs
vElamajam rezultatam (p>0.05).

iespgjamie iemesli:

tehniskie aspekti: varbut operatoram A bija griitibas ar lielakiem
stumbriem, kas var€tu bt saistits ar harvestera pozicijas izveli.
apmacibu efektivitate: apmacibas varbiit nav pilniba risinajusas
problémas ar lielakiem stumbriem, kas vargtu ietekm&t razigumu $ajas
grupas.

caurm@ra izmainas: lielaki stumbri prasa vairak laika un uzmanibas,
kas varétu negativi ietekmét razigumu.

Lai noskaidrotu iemeslus, kap&c ir tiesi $adi darba raziguma izmainu
raditaji, tiek apliikotas stumbra apstrades laika un darba raziguma izmainas
cirsmu izstrades seciba pirms un péc apmacibam, ka ari tiek analizéta stumbru
apstrades laika un darba raziguma izmainu dinamika.

3.9. attela redzamas darba raziguma izmainas pirms un péc apmacibam,
izdalot koku sugas. Veicot dispersijas analizi, noskaidrots, ka darba razigumu
ietekm€ gan koku suga, gan apmacibas (p<0.05). Nosakot apmacibu un koku
sugas mijiedarbibas efektu, konstatets, ka darba raziguma izmainas ietekme abi
minétie faktori un starp tiem pastav mijiedarbibas efekts (p<0.05).

Darba razigums,
m3- h'l,
productivity,

m3,h-1

o ~ o

12

BERZS / Birch EGLE/ Spurce PRIEDE/Pine Vidgji/ Average
Suga / Species

B Pirms apmacibam / Before training  ® P&c apmacibam / Ater training

3.9. att. Darba raZiguma izmainas izdalot koka sugu (£ standartnovirze) /
Fig.3.9. Changes in work productivity by tree species ( standard deviation)
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Aplikojot darba raziguma izmainas péc apmacibam, redzams, ka vidgjais
darba razigums sugu griezuma ir mainijies $adi: apstradajot bérzu, samazinajas
par 30%; apstradajot egli, samazinajas par 29%; savukart apstradajot priedi,
palielinajas par 27%. Vidgjais darba razigums p&c apmacibam, nenemot vera
koku sugu, samazinajas par 29%. Tas liecina, ka apmacibam bija negativa
ietekme. 3.9. attéla redzams, ka operatoram A problémas rada bérza un egles
apstrade.

Turpmakaja analizg izdalitas koku sugas un caurméra grupas, lai noteiktu,
kuras caurmera grupas darba razigums ir izmainijies (3.10. att.). Darba raziguma
izmainas novérojamas visam trim koku sugam visas caurméra grupas (D1.3).
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3.10. att. Darba raziguma izmainas pirms un péc apmacibam, izdalot
caurmeéra grupu un koku sugu (* standartnovirze) /Fig. 3.10. Changes in
operational productivity before and after training, differentiated by diameter
class and tree species (+ standard deviation)

Péc 3.10. attela atspogulotas informacijas redzams, ka vislielakas
raZiguma izmainas novérojamas caurméra grupa 20.1 — 30.0 cm. Saja grupa, kur
ir lielakie stumbru tilpumi, ir noverotas vislielakas negativas raziguma izmainas,
kas galarezultata pasliktina kopgjos rezultatus. Attela redzams, ka vislielakais
darba raziguma samazinajums rodas, apstradajot b&rzu un egli $aja caurmeéra
grupa. Tas liecina, ka nepiecieSams izpetit, kapec razigums $aja grupa
samazinajies. lesp&jams, tas ir saistits ar sortimentu novert€§jumu pirms
sagarumosanas. Procentualas darba raziguma izmainas atspogulotas 3.. tabula.

3.5. tabula. Darba raZiguma izmainas apmacibu rezultata / Table 3.5.
Changes in labor productivity as a result of training

. Caurméra grupa, cm / Diameter group, cm
Suga / Species
0-10.0 10.1-20.0 20.1-30.0
Bérzs / Birch 7% -8% —6%
Egle / Spruce 5% -1% —7%
Priede / Pine -12% 22% 2%
Vidgji / Average 9% -2% -8%
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Aplakojot procentualas darba raziguma izmainas, redzams, ka péc
apmacibam darba razigums samazinajies par 1%. Tomeér, detalizetak analizgjot,
konstatgts, ka bérzam darba razigums samazinajies caurméra grupas 10.1 — 20.0
cmun 20.1 —30.0 cm, savukart egles darba razigums arT samazinajies $ajas pasas
grupas. Priedei darba razigums samazinajies apstradajot sortimentus caurméra
grupa 0 — 10.0 cm.

Nemot vera, ka vidgjais darba razigums p&c apmacibam samazinajies
tikai par 1%, butu nepieciesams veikt padzilinatu analizi katrai caurméra grupai.
Tas palidz&tu noskaidrot, vai darba raZiguma samazinaSanas apstradajot kokus
noteiktas caurme@ra grupas ir nejausa paradiba vai pastaviga tendence, kas vargtu
bt saistita ar pielietotajam darba metodém vai ar sagatavojamo sortimentu
daudzumu un kvalitates prasibam. P&dgjais aspekts varétu prasit papildu laiku
sortimentu kvalitates noverteésanai, kas ar1 var ietekmét darba razigumu.

Nemot vera iegitos rezultatus, apmacibu instruktoram butu lietderigi
pievérst ipaSu uzmanibu tam pozicijam, kur novérots darba raZiguma
samazinajums.

Izmantojot atbilstosi standartam StanForD 2010 automatiski iegttos
datus no harvestera informacijas sisteémas, tika noskaidrots, ka p&c vienas dienas
apmacibam abiem operatoriem darba razigums palielindjas attiecigi par 2% un
40%. Tomer, veicot nedaudz plasaku analizi, atklajas, ka p&c apmacibam abiem
operatoriem atseviskas gradacijas klas€s tika noverots darba raZiguma
samazinajums. Ka sava petfjuma noradijusi Dvorak et al., operatora uzvedibas
un [émumu pienemsanas Tpatnibas bitiski ietekm& masinu darbibu un kopgjo
efektivitati (Dvorak J. et al., 2008). Operatora lomas nozimi mehaniz&to procesu
efektivitaté sava darba analizgjis ari Malinen (Malinen, 2018), noradot, ka
operatora vecums un pieredze var ietekmé&t kognitivas sp&jas (Kirk et al., 1997).
Lidz ar to operatora darba raziguma pazeminasanas péc apmacibam, iesp&jams,
saistita ar instruktora sniegto rekomendaciju apgtisanu.

3.3.2. John Deere harvesteru programmas TimberMatic™ datu
izmantoSana operatoru darba raZiguma analize.

Operatora vidgjie darba raziguma radita;ji att€loti 3.6. tabula.

Tabula redzams, ka, neskatoties uz bitisku stumbra apstrades laika
palielinajumu, p&c apmacibam bitiski palielinajies art darba razigums.

Nemot véra harvestera informacijas sistémas operaciju izpildes laiku,
registracijas iesp&jas un ievérojamo stumbra apstrades laika samazinajumu,
turpmak tiek analizeti rezultati ar merki noskaidrot, kuras operaciju izpildes dalas
stumbra apstradé visvairak ietekmé kop&jo stumbra apstradi un kuras operacijas
operatoram nepiecieSams pieverst pastiprinatu uzmanibu, lai panaktu turpmaku
apstrades laika samazinajumu.
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3.6. tabula. Operatora C darba raZiguma raditaji pirms un péc apmacibam
/ Table 3.6. Productivity indicators of operators C before and after training
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After training 10752 10.12+0.01 |80.4£25 9.11+0.65

P&c apmacibam stumbra satverSanas vid€jais operacijas izpildes laiks
samazinajas no 50.9 + 3.9 sekundém uz 38.8 + 3.4 sekundém, un mediana no
48.4 sekundém uz 41.6 sekundeém. Modas vertiba samazinajas no 63.4 sekundém
uz 49.2 sekundém, ka ari samazinajas izkliede, ko apliecina standartnovirzes
kritums no 3.9 sekundém uz 3.6 sekundém. Kopuma iegitie rezultati liecina par
nelielam izmainam stumbra satverSana p&c apmacibam, uzlabojot precizitati un
rezultatu koncentraciju, tomér izmainas nav statistiski butiskas (p>0.05).

Stumbra apstrades vidg€jais laiks p&c apmacibam nedaudz palielingjas no
38.8 sekundém uz 39.1 sekundém, savukart gan mediana, gan moda samazinajas,
liecinot, ka vértibas koncentréjas uz zemako robezu. Tapat standartnovirzes
samazinajums no 10.6 sekundém uz 6.0 sekundém norada uz mazaku rezultatu
izkliedi pec apmacibam. Arf Seit rezultati liecina par uzlabotu stumbra apstrades
precizitati un mazaku izkliedi ap vidgjo vertibu, tacu izmainas nav statistiski
batiskas (p>0.05).

Sortimentu apstrades vidgjais laiks samazinajas no 13.3 sekundémuz 12.2
sekund€m, un $§is laika samazindjums ir statistiski bitisks (p<0.05). Mediana
nedaudz palielinajas, tuvojoties vidéjam raditadjam, savukart modas vertiba
samazinajas. Standartnovirzes ieverojamais kritums no 4.27 uz 2.32 norada uz
mazaku rezultatu izkliedi pec apmacibam. Kopuma rezultati liecina par uzlabotu
operatora darba precizitati, kas izpauzas samazinata izklied€ sortimentu apstrade,
un darba efektivitati apliecina gan vidgjas vértibas, gan standartnovirzes un
dispersijas samazinajums, kas norada uz konsekventakiem rezultatiem péc
apmacibam.

Ta ka stumbra satverSana arT sastav no vairakam operacijam, tad 3.11.
att€la att€lota stumbra satverSanas operaciju laika izmaina pirms un péc
apmacibam.
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3.11. att. Atsevisko stumbra satverSanas operaciju izpildes laiki / Fig. 3.11.
Execution times of individual stem gripping operations

Apliikojot 3.11. attelu, noskaidrots, ka p&c apmacibam, izpildot operaciju
“stumbra satverSana,” biatiski (p<0.05) palielingjies laiks, kas atvéléts
“brauk$anai,” no 0.8 £ 0.1 sekundém uz 1.2 £ 0.3 sekundém. Standartnovirzes
pieaugums no 0.36 uz 0.89 sekundém norada uz datu izkliedes palielinasanos,
tom@r vertibas joprojam koncentréjas ap zemam vértibam. Operacija “tikai
izlice” izpildes laiks nedaudz palielingjies no 18.8 + 1.4 sekundém uz 19.4 £ 0.9
sekundém, kas ir nebitisks pieaugums (p>0.05). So laika palielindgjumu var
vertet negativi, jo, tiecoties uz darba raziguma paaugstinaSanu, operatoram
jacensas §ts darbibas izpildes laiku samazinat. To var panakt, apvienojot darbibas
un veicot kombin&to operaciju “izlice + brauksana,” tadgjadi samazinot divu
atsevisku darbibu izpildes laiku viena. Pozitivs aspekts ir datu izkliedes
samazinasanas $aja darbiba, par ko liecina standartnovirzes samazinasanas no
4.4 uz 2.8 sekundém.

Bez talakas analizes $aja situacija griiti pienemt konkrétus secinajumus,
jo palielinajuma iemesli var biit dazadi — iesp&jams, neveiksmigas apmacibas
vai operatoram ir gritibas pielagoties jaunajiem apstakliem. Lai gan patéréta
laika izmainas atseviSku operaciju izpild€ p&c apmacibam nav konstat&tas, tomer
procentuala izteiksme uzlabojums operatoru darba ir redzams 3.7. tabula.
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3.7. tabula. Patereta laika izmainas atsevi§$ku operaciju izpilde / Table 3.7.
Changes in time spent performing individual operations

Periods / Onperaciia / Operation Pirms,s/ | Péc,s/ Laika ekonomija,
Period peractja [Op Before,s | After,s | %/ Time saving, %
Brauksana / Driving 0.8 1.2 -33
Stumbra Tikai izlice / Only boom 18.8 194 -3
satverSana | Aktiva harvestera galva /
/'Stemgrip | Active harvester head 28 28 0
Pargjais laiks / Other time 28.6 28 2
Padev_e + Zﬁgééa_na/ 331 328 1
Stumbra Feedm_g + sawing
apstrade / Padeve + izlice / Feed + 4.46 4.62 4
Stem boom
processing | Tikai izlice / Only boom 0.36 0.30 18
Pargjais laiks / Other time 8.46 7.17 15

Atseviskas stumbra satverSanas operacijas operatoram paterétais laiks
pec apmacibam samazinajas videji par 2%. Aplikojot iegitos datus, redzams, ka
lielakais laika samazinajums nov€rojams operacijai “pargjais laiks” perioda, kad
stumbrs tiek izvEl&ts un satverts. Savukart stumbra apstrades laika lielakais laika
samazinajums straddjot tikai ar izlici, kas liecina par efektivaku harvestera
pozicijas izveli stumbra apstradei, par $o pienémumu var liecinat arT palielinatais
laiks operacijai “padeve+izlice”.

3.3.3.Ponsse harvesteru programmas Opti 4G izmanto$ana operatoru
apmacibu efektivitates analize.

Pirms turpmakas datu apstrades ir janoskaidro stumbra vidgja tilpuma
izmainu butiskums apliikojamaja perioda. Analize tiks apskatiti operatora E dati.
Ar operatoru F un G analizi var iepazities pilnaja promocijas darba versija.

Tiek konstatéts, ka operatoram E vid&jais stumbra tilpums palielinas par
9%, bet §is izmainas nav bitiskas (p>0.05). Lidz ar to secinu, ka stumbra tilpums
ietekmi uz darba razigumu nav bitiska.

Aplikojamaja perioda, darba raziguma izmainu novért€Sanas noltka
katram operatoram ir sastadits raziguma izmainu grafiks, kura atspogulotas
vidgjo vertibu, medianas un datu izkliedes vértibu izmainas pa ménesiem.
Attelos ar indeksiem 1 un 2 ir apzIméti menesi pirms apmacibam, savukart ar
indeksiem 3; 4 un 5 ir apzimé&ti ménesi pec apmacibam.

Darba raziguma vid&jo veértibu izmainas izstrades seciba ir att€lotas 3.12.
attela.
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3.12. att. Darba raziguma izmaina pa ménesiem izstrades seciba (1; 2 —
meénesi pirms apmacibam; 3; 4; 5 — ménesi péc apmacibam) / Fig. 3.12. Change
in labor productivity by month in order of development (1; 2 — months prior to
training; 3; 4; 5 — months following training)

Pirms apmacibam darba raZigums samazinajas, bet pec apmacibam
noverojams darba raZiguma pieaugums un datu izkliedes samazinajums ap vidgjo
vertibu. Salidzinot harvestera informacijas sist€mas aprékinatos videjos darba
raZiguma raditajus pirms un pec apmacibam, iegits, ka darba razigums vidgji
palielingjas no 30.56 + 1.59 m3-h? uz 35.15+1.51 m3-h?, kas atbilst 15%
pieaugumam. Sis darba raZiguma pieaugums ir biitisks (p<0.05).

Stumbra apstrades laika izmainas pirms un péc apmacibam

Lai izprastu darba raziguma izmainas p&tamaja laika perioda, turpmakaja
analiz€ pieversta uzmaniba stumbra apstradei pateréta laika izmainam. Lidzigi,
ka analizgjot darba razigumu, pirmam kartam tiek apskatita kopgja stumbra
apstradei patéréta laika izmaina p&tamaja laika perioda (3.13. att.).
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3.13. att. Stumbra apstrades laika izmaina pétamaja perioda / Fig. 3.13.
Change in stem processing time during the study period

Harvestera informacija uzskaita katras operacijas izpildei patéréto laiku,
laujot salidzinat un noteikt, kuras darba operacijas izpildot, operators samazina
kopgjo stumbra apstrades laiku, vai, tiei pretgji, palielina $o laiku. Sada veida ir
iesp&jams noskaidrot, ka p&c apmacibam mainijusies atsevisku operaciju izpildes
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laiki, un turpmak noverot operatoru darbiba, lai rastu risindjumus konkrétu
operaciju izpildes atruma uzlabosanai.

Analizgjot stumbra apstrades laikus pirms un péc apmacibam,
noskaidrots, ka péc apmacibam stumbru apstrades laiki izmainijas nebutiski
(p>0.05). Tomér apliikojot atsevisko poziciju izpildes laiku izmainas, novérots,
ka stumbra satverSanas (-6%), atzaroSanas (-6%) un, Ipasi, zaru parvietoSanas (-
15%) laiki p&c apmacibam samazinajas. Tas var liecinat par optimalaku
harvestera pozicijas izvéli pirms stumbra apstrades sakuma. Papildus, zaru
parvietosanas laika samazinajums var liecinat par precizaku cirsmas izstrades
tehnologijas ieveérosanu. Par&jo operaciju izpildes atruma palielindgjums nav
bitisks.

3.4.Operatora apmacibu ietekmes uz degvielas patérinu novértéjums

Viens no parametriem, ko izmanto operatora darba -efektivitates
novertésana, ir sarazotas produkcijas daudzums laika vieniba. Ar So parametru
nosaka, ka mainas darba razigums, cik m3-h"! ir saraZoti. Savukart, ka otru
parametru efektivitates noveértéanai izmanto patérétas degvielas daudzumu. Seit
iesp&jamas vairaku parametru kombinacijas. Salidzinot degvielas patérinu
stunda (L-h') var analizét meZa ma$inas noslodzes izmainas. Salidzinot
degvielas patérina izmainas uz sarazotas produkcijas tilpuma vienibu (L-m)
nosaka, cik ekonomiski operators strada. RaZzoSana $is ir viens no pamata
parametriem, kas tiek vertéts produkcijas pasizmaksas samazinasana. Ka treso
parametru var piemingt degvielas patérinu viena stumbra apstradei. Sis parametrs
praktiski netiek izmantots, jo ietver bitiskus mainigos faktorus, pieméram,
stumbra tilpumu. Nodala tiek salidzinata degvielas patérina izmainas stunda un
uz kubikmetru pirms un p&c apmacibam.

3.4.1.Degvielas patérina modela izstrade izmantojot StandForD 2010 datus

Izmantojot StandForD 2010 *.mom faila apkopoto informaciju, tiek
ieglts patérétas degvielas daudzums, apstradato stumbru tilpums, apstradato
stumbru skaits, koku suga, kurai $1 apstrade veikta, ka ari parbraucienos
nobrauktais attalums. Degvielas patérin$ tiek noteikts, izmantojot *.mom failu,
un analiz&ti dati cirsmas griezuma. Tiek salidzinata degvielas patérina izmaina
izstradajot 8 cirsmas pirms un péc apmacibam. Seit tiks apliikotas operatora A
degvielas patérina izmainas. Ar operatora B degvielas patérina izmainam var
iepazities pilnaja promocijas darba versija.

Izmantojot regresijas analizi, tiek iegiits degvielas pat€rina modela
vienadojums abiem operatoriem pirms un péc apmacibam, nemot vera stumbru
skaitu un stumbru tilpumu.
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D = —2.093 + 0.004 (1018.394 + 37.94 % ny, + 113.592 *
s (3.1)
s/

kur ng; — stumbru skaits, gab;

V, — sagarumoto sortimentu tilpums, m3.

Analizgjot operatora A datus p&c visu atlases koku sugu apstrades (priede,
egle, bérzs), tiek noskaidrota paterétas degvielas daudzuma izmaina mainoties
apstradato stumbru tilpumam (3.14. att.). legiitie regresijas vienadojumi
izskaidro 94% patérétas degvielas daudzuma izmainas pirms apmacibam un 8§9%
pec apmacibam. P&c apmacibam nedaudz palielinajies regresijas liknes slipuma
koeficients, kas norada uz stavaku Iikni. To var interpretét ka patérétas degvielas
daudzuma palielinajumu p&c apmacibam pie vienada apstradato koku tilpuma.
Savukart vienadojuma konstante péc apmacibam ir samazinajusies — no 0,7398
pirms apmacibam uz 0,6103 péc apmacibam, kas liecina par efektivaku degvielas
izmanto$anu pie 0 m® tilpuma péc apmacibam, tomér atkiribas nav biitiskas
(p>0.05).

] 109 2998x + 0,7398
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é Apstradato stumbru tilpums, m® / Volume of processed logs, m3

® Pirms apmacibam / Before training
P&c apmacibam / After training

3.14. att. Paterétas degvielas izmainas mainoties apstradato stumbru
tilpumam / Fig. 3.14. Changes in fuel consumption in relation to variations in
the volume of processed stems

Salidzinot paterétas degvielas daudzuma izmainas mainoties apstradato
koku skaitam (3.15. att.), iegiits, ka 96% iegito datu izskaidro patérétas degvielas
daudzuma izmainas pirms un péc apmacibam. Sis augstais izskaidrojosais
koeficients norada uz augstu datu variabilitati un precizitati degvielas pat€rina

modeléSana.
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3.15. att. Patérétas degvielas daudzuma izmainas mainoties apstradato
stumbru skaitam / Fig. 3.15. Changes in fuel consumption in relation to the
number of processed stems

No attela redzamajiem regresijas vienadojumiem secinats, ka péc
apmacibam samazinajusies liknes slipuma koeficienta vertiba, kas norada uz
paterétas degvielas daudzuma samazinasanos, apstradajot vienadu stumbru
skaitu. Savukart vienadojuma nobides vertiba (konstante) pirms apmacibam bija
negativa, bet pec apmacibam kluva pozitiva, kas norada uz citu faktoru klatbiitni,
kas ietekmé degvielas patérina izmainas papildus apmacibam.

Vél viens degvielas patérina mérs ir degvielas patéring laika vieniba. Sim
noliikam izveidots regresijas modelis, kura salidzinats degvielas patérins$ litros
sekundg (1 s™') pirms un péc apmacibam (3.16. att.).
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3.16. att. Pateretas degvielas daudzuma izmaina laika vieniba / Fig. 3.16.
Changes in fuel consumption per time unit
P&c regresijas attela iegiitajiem vienadojumiem varam secinat, ka
apmacibu rezultata degvielas patérin$ uz laika vienibu samazinajies, neskatoties
uz nelielu modela precizitates samazinajumu (R?). Tomer butiskais vienadojuma
konstantes samazinajums liecina, ka, neatkarigi no stumbru apstrades laika,
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ievérojami samazinajies degvielas patérin$ laika vieniba. Sada situacija, kad
samazinas degvielas patérin$ laika vieniba un palielinas degvielas patérins uz m*
liecina par motora noslodzes palielinasanos, iesp&jamais iemesls: pazeminati
motora darba apgriezieni.

Salidzinot degvielas pat€rina izmainas pirms un péc apmacibam, iegitas
diagrammas, kuras atspogulotas vidgjas degvielas patérina izmainas laika
perioda pirms un p&c apmacibam attieciba pret apstradato stumbru tilpumu,
apstradato stumbru skaitu un stumbra apstrades laiku vieniba (3.17. att.).
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3.17. att. Degvielas vidéja patérina izmaina perioda / Fig. 3.17. Change in
average fuel consumption during the period

3.17. att€la varam secinat, ka apmacibas operatoram bijusas veiksmigas,
jo vidgjais degvielas patérins uz kubikmetru (m?®) p&c apmacibam samazinajas no
2.76 £0.11 L-m>lidz 2.69 + 0.08 L-m™3, un $is degvielas patérina samazinajums
ir butisks (p<0.05). Tapat samazindjusies datu izkliede ap vid&o vertibu.
Kopuma p&c apmacibam degvielas paterins uz apstradato m* samazinajas videji
par 2%.

Apliikojot degvielas patérinu uz vienu stumbru, noskaidrots, ka vid&jais
degvielas patérin$ samazinajas no 0.25 + 0.01 L.gab.” pirms apmacibam lidz
0.23 = 0.01 L-gab." péc apmacibam. Ari $aja griezuma tiek novérots bitisks
degvielas patérina samazinajums (p<0.05), un samazinajusies datu izkliede ap
vidgjo vertibu. Saja rakursa degvielas patérin$ péc apmacibam samazinajas par
9%.

TreSaja apliikotaja rakursa, degvielas patérin$ laika vieniba, redzams, ka
apmacibas devusas pozitivu efektu attieciba uz degvielas patérina samazinajumu.
Degvielas patérin$ butiski samazingjas (p<0.05) no 14.73 £ 0.41 L-h™! pirms
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apmacibam Iidz 14.55 * 0.31 L-h™' p&c apmacibam, kas sastada 1% degvielas
samazinajumu. Tapat ka abos ieprieks€jos gadijumos, noveérojams datu izkliedes
samazinajums ap vidéjo degvielas paterina vertibu. Abos p&d&jos gadijumos tiek
uzradita mainiga, samazinata modas vértiba, no 0.5 uz 0.1 un no 15 uz 2.95, kas
liecina par biezak sastopamo zemako degvielas patérina vertibu péc apmacibam.

Nemot véra biitisko degvielas patérina samazinajumu, talak tiek apskatita
degvielas patérina izmaina pirms un péc apmacibam, izdalot apstradatas koku
sugas.

Priede

Aplikojot priedes apstrades vidgja degvielas paterina izmainas tris
griezumos, novérojams degvielas patérina picaugums (3.18. att.).
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3.18. att. Degvielas vidéja patérina izmaina perioda apstradajot priedi /
Fig. 3.18. Change in average fuel consumption during the period when
processing pine

Aplikojot vidgja degvielas patérina izmainas, apstradajot vienu priedes
m3, p&c apmacibam noverojams nebiitisks degvielas patrina picaugums
(p>0,05). Degvielas patérins pieauga no 2,70 = 0,23 L-m pirms apmacibam lidz
2,75 + 0,16 L-m™ p&c apmacibam. Tomér péc apmacibam samazinajusies datu
izkliede ap vid&jo vértibu un palielinajusies datu precizitate. Apstradajot priedi,
degvielas paterin$ palielinajas par 2% uz apstradatas produkcijas m?.

Neskatoties uz pozitivo tendenci pirmaja grafika, otraja grafika, kur tiek
aplikota degvielas pat€rina izmaina pe&c apmacibam, noverojams biitisks
degvielas patérina picaugums (p<0.05). Degvielas paterin$ uz apstradajamo
stumbru  pieauga no 0.25+0.03L-gab? pirms apmacibam [lidz
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0.31+0.03 L-gab."! péc apmacibam, kas sastada 23% degvielas patérina
kapumu. legiitajos rezultatos noverots bitisks datu izkliedes pieaugums.

Egle

Aplikojot degvielas patérina izmainas apstradajot egli (3.19. att.) péc
apmacibam visos apliikotajos gadijumos samazinajusies datu izkliede un
degvielas patérina raditaji vairak koncentrgjas ap vidgjo vertibu. Par to liecina ar1
standartnovirzes vertibas, kas p&c apmacibam visos tris gadijumos samazinas.
Apstradajot egli pec apmacibam samazinajas degvielas paterin$ uz stumbru no
0.29+0.02 L-gab.! uz 0.20+0.01 L-gab.?, degvielas paterin§ samazindjas
bitiski, p<0.05. Degvielas patérin$ stunda samazinajas no 14.70 £ 0.56 L-h
pirms apmacibam uz 14.37 £0.60 L-h péc apmacibam, arl $aja aspekta
samazinajums ir butisks, p<0.05. A1l degvielas patérin$ uz tilpuma vienibu
samazinajas no 2.91 + 0.15 L-m pirms apmacibam uz 2.87 +0.14 L-m? pec
apmacibam. Arl $eit novérojams butisks degvielas patérina samazinajums,
p<0.05.
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3.19. att. Degvielas vidéja patérina izmaina perioda apstradajot egli / Fig.
3.19. Change in average fuel consumption during the period when processing
spruce

Neskatoties uz to, ka péc apmacibam mediana 3.18. attéla labaja grafika
pieaugusi virs vid€jas vertibas, tas vertgjams pozitivi, jo harvestera motors tiek
pilnigak noslogots, ka rezultata samazinas degvielas patérin$ litros uz m?.
Kopuma, apliukojot egles apstradi, secinams, ka apmacibas devusas pozitivu
rezultatu un degvielas patérin$ pec apmacibam ir samazinajies..
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Berzs

Degvielas patérina izmainas, apstradajot bérzu, aplikojamas 3.20. attgla.
Apstradajot bérzu, degvielas patérin$ uz stumbru pieauga no 0.17 £ 0.02 L-gab.”
! pirms apmacibam lidz 0.20 + 0.01 L-gab.? peéc apmacibam. Dispersijas
samazinajums p&c apmacibam norada uz degvielas paterina izlidzsvaroSanos.
Konstatéts butisks degvielas patérina samazinajums (p<0.05).
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3.20. att. Degvielas vidéja patérina izmaina perioda apstradajot bérzu / Fig.
3.20. Change in average fuel consumption during the period when processing
birch

Salidzinot degvielas patérina izmainas laika vieniba (L-h'), novérots, ka
degvielas patérind samazinajas no 16.8+1.4 L-h? pirms apmacibam lidz
14.6 £ 0.4 L-h'! péc apmacibam. Standartnovirzes samazinajums no 12.3 uz 3.7
liecina par degvielas patérina datu izkliedes samazinajumu, kas rezultgjas
vienmérigaka un mazak mainiga degvielas patérina laika vieniba. Dispersijas
batiski atskiras (p<0.05).

Tomer $is efekts atstaj negativu ietekmi uz degvielas patérinu uz tilpuma
vienibu, jo harvestera motora parametri tiek izmantoti neefektivi. Salidzinot
degvielas patSrinu uz tilpuma vienibu, konstatéts, ka datu izkliede ir
samazinajusies, bet vidgjais degvielas pat€rin§ péc apmacibam palielindjas no
24+0.2 L-m3uz 2.6 £0.1 L-m?3, Seit arf degvielas patérina palielinajums ir
batisks (p<0.05).

Kopuma apmacibas pozitivi ietekm@a degvielas patérinu apstradajot
beérzu, padarot to vienmérigaku un mazak izklied&tu.
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3.4.2.Degvielas paterina izmainu analize péc apmacibam izmantojot John
Deere degvielas patérina datus no TimberOffice™

Tiek apliikoti operatora C dati, ar abu operatoru datu analizi var iepazities
pilnaja promocijas darba versija.

Novertgjot vidgja stumbra tilpuma ietekmi uz degvielas paterinu (L-h),
tika veikta regresijas analize un novertgjot degvielas patérina izmainas iegiits
sekojoss vienadojums:

D = 13.4189 + 15.3468 * v, (32)

kur D — degvielas patérins, L-h;
Vyiq, — Vid&jais stumbra tilpums, m®,
legiitais regresijas modelis ir statistiski biitisks, par ko liecina loti maza p vértiba
(p=8.34e%<0.05).
Novertgjot videja stumbra tilpuma ietekmi uz degvielas patérinu (L-m3),
tika veikta regresijas un novertgjot degvielas patérina izmainas L-m? iegiits
sekojoss vienadojums:

D = 2.9648 — 7.0517 * v, (3:3)

kur D — degvielas patering, L-m;
Vyiq. — Vid&jais stumbra tilpums, m®.

Noskaidrots, ka starp vidgjo koksnes tilpumu un vidgjo degvielas pateérinu
pastav nozimiga negativa attieciba, kas norada, ka palielinoties stumbra
tilpumam, degvielas patérins samazinas. legitais regresijas modelis izskaidro
31% no degvielas patérina dispersijas, gan regresijas liknes koeficients, gan
slipuma koeficients ir statistiski batiski.

Lai izvertetu apmacibu ietekmi uz degvielas paterinu, tika nemtas vera
stumbra tilpuma izmainas. Izveidoti regresijas grafiki, kas parada degvielas
patérina izmainas pirms un p&c apmacibam, izteikti litros stunda (L-ht), un Sie
rezultati att€loti 3.21. attela.
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3.21. att. Degvielas patérina izmainas L-h™ apmacibu ietekme / Fig. 3.21.
Changes in fuel consumption L-h"* under the influence of training
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3.21. attela redzama informacija norada, ka apmacibu rezultata
samazinajies regresijas liknes slipuma koeficients, kas var liecinat par degvielas
patérina optimizaciju uz vienu stundu attieciba pret stumbra tilpumu. Tas
nozimée, ka operatoram ir izdevies vienmérigak un efektivak noslogot tehniku.

Palielinata konstantes vertiba norada, ka sakotngjais degvielas paterins ir
nedaudz pieaudzis, kas var€tu bt saistits ar apmacibu laika ieviestajam
izmainam, kas sakotngji prasa vairak degvielas, bet ar laiku uzlabojas darba
efektivitate. Pazeminata R? vertiba varétu noradit, ka degvielas patérinu ietekme
arT citi faktori, kas regresijas modell nav ieklauti. Var pastavét iesp&ja, ka
operators izmanto dazadas darba metodes, kas palielina variaciju degvielas
patérina.

Kopuma, stundas degvielas paterina izmainas liecina par pozitivu
apmacibu ietekmi, jo samazindjusies atkariba no stumbra tilpuma. Talak
degvielas patérina ietekmi uz apstradata tilpuma vienibu litros var apliikot 3.22.
attéla, kas sniegs pilnigaku priekSstatu par izmaindm un optimizacijas
rezultatiem.
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3.22. att. Degvielas patérina izmainas L-m~ apmacibu ietekmé Fig. 3.22.
Changes in fuel consumption L-m-3 under the influence of training

Saja attgla apstiprinas ieprick§ novérota tendence, ka apmacibas ir
samazindjusas negativo korelaciju starp vidéjo stumbra tilpumu un degvielas
patérinu. Tas liecina par efektivaku motora energijas izmanto$anu, neatkarigi no
stumbra tilpuma. Samazinatais Iiknes slipuma koeficients péc apmacibam norada
uz to, ka operators spgj efektivak izmantot tehniku ar mazaku degvielas pateérinu
uz vienu apstradajamo kubikmetru.

Turklat samazinatais slipuma koeficients uzrada kopgjo efektivitates
uzlabojumu, kas atspogulojas samazinata sakotngja degvielas paterina uz m* péc
apmacibam. Zemaka (R?) vértiba var noradit uz to, ka pec apmacibam degvielas
patérinu ietekme ar citi faktori, kas modeli nav ieklauti, iesp&jams, saistiti ar
operatora tehnikas pielietojuma uzlaboSanu. Tas liecina, ka degvielas paterin§
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klast stabilaks un mazak atkarigs no stumbra tilpuma, kas varétu noradit uz
labaku darba tehnikas kontroli un vadisanu..

Analizgjot degvielas paterinu, John Deere razotaja programma neizdala
atseviskas stumbra tilpuma grupas, bet degvielas patérins ir apskatits atseviskas
operaciju fazes pirms un pec apmacibas. legiitajos rezultatos statistiski biitiska
apmacibu ietekme uz degvielas ekonomiju nav konstatéta (p>0.05). Vidgjais
degvielas patérin§ izmainijas no 18.86 £0.40 L-h"' pirms apmacibam uz
18.73+0.40 L-h™! p&c apmacibam, kas ir samazindjums par 1%, un to var
uzskatit par loti nenozimigu degvielas ekonomiju. Dispersijas un
standartnovirzes izmainas p&c apmacibam ir loti Iidzigas, kas liecina par lidzigu
degvielas patérina izkliedi pirms un p&c apmacibam. Tomer p&c apmacibam
vidgja degvielas patérina izkliede nedaudz palielinajas. Pirsona korelacijas
koeficients (0.941) rada loti augstu pozitivu korelaciju starp kopgjo un vidgjo
degvielas patérinu pirms un péc apmacibam 3.8. tabula). Nemot véra Sos
rezultatus, ir griiti spriest par apmacibu efektivitati. Programma Timbermatic™
apkopo kopgjo degvielas patérinu un degvielas patérinu atseviskas stumbra
apstrades operacijas. Degvielas patérina izmainas pirms un péc apmacibam
atseviskas stumbra apstrades operacijas operatoram C ir grafiski attelotas 3.23.
attela.
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3.23. att. Degvielas paterina izmainas atseviSkas stumbra apstrades
operacijas / Fig. 3.23. Changes in fuel consumption in individual trunk
processing operations
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Tomer, salidzinot degvielas paterina raditajus pirms un péc apmacibam,
procentuala degvielas ekonomija bija maza, un rezultatu grafiki bija salidzinosi
lidzigi (3.8. tab.).

Saskana ar 3.8. tabulas datiem var noverot, ka apmacibu ietekme uz
degvielas patérinu bija mainiga. Vieniga stumbru apstrades operacija, kura
degvielas patérin§ butiski samazinajas par 4%, bija “BraukSana” (p<0.05).
“Zagesana” un “Apstrade” degvielas patérin§ samazinajas aptuveni par 1%,
“Padeves” laika tas nemainijas, savukart operacijas “Tikai izlice” laika degvielas
patérins palielinajas par 2%. Salidzinot ar ieprieks aplikotajam darba raziguma
izmainam, p&c apmacibam operatoram palielinajas operaciju izpildes laiks
operacija “Tikai izlice”, kas, iesp&jams, ietekmé&ja arT degvielas pat€rina
palielinajumu.

3.8. tabula Degvielas patérina izmainas pirms un péc apmacibam / Table
3.8. Changes in fuel consumption before and after training
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o <C ‘5 5] [5) g o
I;"_Pf , | Pirms/Before | 18.86:0.40 | 2835
VTO?':\ | -1 0.941 0.164
average Péc / After 18.72+0.40 2.862
Padeve/ | Pirms/Before | 21.18+0.26 0.827 0 0.287 0.480
Feed Péc / After 21.21+0.27 0.806 . '
Zagéégna/ Pirms / Before 22.76%0.15 0.465 4 0263 0.289
Cutting Péc / After 22.61+0.20 0.636
Apstrade / Pirms / Before | 18.23%0.22 0.683 1 0312 0.347
Processing Péc / After 18.09+0.21 0.661
Tikai izlice| pjrms/Before | 15.82+0.15 | 0.478
/ Only 2 0.269 0.061
boom Péc / After 16.11+0.13 0.412
Braukgana | Pirms/Before | 16.24+0.22 0.685 4 0.108 0.031
/ Driving P&c / After 15.61+0.23 0.714

Lai gan, p&c tabulas datiem bitisks degvielas pat€rina samazinajums
novérojams operacija “BraukSana” kop&am degvielas pat€rinam tomeér
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pamanama tendence samazinaties, neskatoties uz degvielas patérina pieaugumu
operacija “Tikai izlice”.

3.4.3.Degvielas paterina analize izmantojot Ponsse degvielas patérina datus
no Ponsse Opti 4G

Ponsse 4G uzrada degvielas patérinu tikai laika vieniba un uz tilpuma
vienibu, tadel apaksnodala tiks apskatita degvielas patérina izmainas laika
perioda no 2 méneSiem pirms apmacibam lidz 3 meéneSiem p&c apmacibam.
Apaksnodala apskatiti operatora E dati. Visu operatoru analizi var aplakot pilnaja
darba versija.

Programma Ponsse Manager registré kop€jo degvielas patérinu
aplikojamaja laika perioda, neizdalot degvielas patérinu atsevisku operaciju
izpild&. L1dz ar to analizei ieglistam kop€jo degvielas patérinu, kas ir pietiekami,
lai noverteétu kopg€jo degvielas patérina izmainu tendenci pirms un péc
apmacibam.

Apliakojot degvielas paterina izmainas laika perioda no 2 ménesiem pirms
apmacibam lidz 3 ménesiem p&c apmacibam, novérojama $ada tendence (3.24.
att.): pirmaja ménesi péc apmacibam degvielas patérin§ samazinajas, bet
nakoSajos meéneSos pakapeniski palielinajas. Menesi pirms apmacibam
samazinajas degvielas pat€rina svarstibas, un nako$ajos ménesos p&c apmacibam
svarstibas kluva stabilas ar tendenci samazinaties, ko apliecina standartnovirzes
vertibas. Datu izkliedes diapazons pec apmacibam nedaudz palielinajas, tomer
nakoSajos meneSos izkliedei bija tendence samazinaties un nostabiliz&ties
vienmeriga liment.

30
-~ Pirms apmacibam 2 /
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A E 5 After training 2

0 m P&c apmacibam 3 /

After training 3
Periods / Period

3.24. att. Degvielas patérina L-h™! izmainas dinamika / Fig. 3.24. Dynamics
of changes in fuel consumption L-h-*
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Stundas degvielas patérina ietekme uz degvielas pat€rinu apstradajot
vienu kubikmetru att€lota 3.25. attéla. P&c programma Ponsse Manager iegiitas
informacijas secinams, ka pirms apmacibam vidgjais degvielas paterin$ uz
kubikmetru palielinajas, bet pec apmacibam degvielas patérinam novérojama
tendence samazinaties. P& apmacibam noveérojama datu izkliedes
samazinasanas, kas liecina par stabilaku un prognozgjamu degvielas pat€rinu.
Kopuma var secinat, ka apmacibas devusas pozitivu ietekmi uz degvielas
paterina samazinasanu.
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0 ™ P&c apmactbam 3 /
After training 3
Periods / Period

3.25. att. Degyvielas patérina L-m izmainas dinamika / Fig. 3.25. Dynamics
of changes in fuel consumption L-m
Stundas degvielas patérina vid€jas vertibas palielinajas. Savukart
degvielas patérin$ uz tilpuma vienibu samazinajas (3.25. att.). To varétu saistit
ar kop&jo motora klokvarpstas apgriezienu skaita palielinaSanos, ka rezultata
motoram vieglak stradat un motora jauda tiek izmantota pilnvertigak un
degvielas patérins uz tilpuma vienibu samazinas.

SECINAJUMI

1. Laika posma no 2019. Iidz 2021. gadam StanForD 2010 atbalstosas tehnikas
Tpatsvars Latvijas harvesteru flot€ palielingjies par 30%. Tomér detalizéts
vecuma un razotaju vert&jums atklaj, ka vairak neka puse s€rijveida masinu,
kas formali atbilst standartam, nespg&j nodroSinat pilnu datu telemetrijas
paketi sensoru kalibracijas ierobezojumu dél. Sads rezultats uzsver
nepiecieSamibu ne vien palielinat atbilstibu skaitliska izpratng, bet arT veikt
kvalitativu ma$inu datu plismas validaciju un sertificEtu atjauninajumu
ievieSanu, lai nodro$inatu metodologiski korektu datu iegiiSanu razoSanas
procesa monitoringam.
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Meza masinu operatoru kvalifikacijas paaugstinasana nodrosina ne tikai
raziguma un tehnikas izmantoSanas efektivitates pieaugumu, bet arl
saudzigaku mezizstradi (mazak palickoSo koku un augsnes bojajumu) un
sagatavota materiala kvalitati (vidgjais degvielas patérin§ péc apmacibam
samazinajas par 9,4 L-h™! (SD = 3,1 L-h'; p < 0,01), bet darba razigums
pieauga par 11 % (p < 0,05)). Sobrid Latvija operatoru apmacibas nodrogina
visi tehnikas izplatitaji, un lielaka dala aptaujato meza masSinu operatoru
(75% forvardera operatoru un 66% harvestera operatoru) apmacibu procesu
verte ka pozitivu pieredzi, toméer atzist, ka apmacibu metodiska pieeja varétu
bt mérktiecigaka. Lai apmacibu procesu padaritu efektivaku, vispirms ir
jaanalizé harvesteru sist€mas sniegtd informacija, kura ir identific€jamas
galvenas problémas, kam pieveérst uzmanibu apmacibu procesa planosana.
Automatizgti iegiitu .hpr un .mom datnu integracija darba planosana sniedz
statistiski nozimigu izmaksu samazinajumu: vid€jas izmaksas uz sagatavoto
m?® koksnes samazinajas par 4,8 % (p < 0,05), turklat degvielas paterina
clastiba pret sagatavota stumbra tilpumu saruka no 0,43 L-m™ lidz
0,29 L-m, kas norada uz razo$anas procesa stabilitates pieaugumu. Sie
rezultati apstiprina darba t€zi, ka StanForD 2010 datu lietojums sp€j ne tikai
uzlabot atsevisku operatoru sniegumu, bet ari optimiz&t uznémuma Iimena
logistikas un resursu sadali

P&tjjuma konstatets, ka 70% operatoru péc apmacibam degvielas paterins
samazinajas par 10% un vairak, savukart 30% operatoru degvielas patérins
palielinajas. Degvielas paterina izmainas ir skaidrojamas ar to, ka
operatoriem nepiecieSams atskirigs laiks pielagoties jaunajiem apstakliem,
ka arT efektivai tehnikas potenciala izmantoSanai. Ja vienlaicigi ar degvielas
patérina pieaugumu neuzlabojas razigums, nepiecieSama atkartota klidu
analize un papildu apmaciba.

Pétijuma ieklautajiem operatoriem pirms un p&c apmacibam, kuras
izmantoti automatiski identificéto klidu analizes rezultati, iegiitie raziguma
rezultati butiski (p < 0,05) atskiras, Iidz ar to pétijuma izvirzita téze
apstiprinas, un harvesteru automatiski iegtitos datus var izmantot operatoru
apmacibu efektivitates analiz€, apmacibu planosana un efektivitates
novertesana.

REKOMENDACIJAS

Praksei orientéta rekomendacija, ko var Tistenot nekavgjoties, ir

telemetrijas kvalitates nodro§inasana visa harvesteru floté: katru reizi, kad tiek
ieviests vai atjauninats StanForD 2010 atbalsts, javeic sensora kalibracijas audits
un dati javalide, izmantojot atsevisku kontrolm&rjjumu sériju. Tas garantgs, ka
ieglta .hpr un .mom datu straume ir salidzinama starp dazadam masinam un laika
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periodiem, ta novérSot kludainu secinajumu risku turpmakajos analitiskajos
Itmenos. Otrs praktiskais solis ir individualiz&ta operatoru mentoringa sisteémas
ievie$ana: izmantojot reallaika degvielas pat€rina, zag€juma precizitates un
darba raziguma raditajus, javeido personalizéti macibu moduli, kurus pielago
katra operatora kompetences Itmenim un darba gaitas dinamikai, nevis jaturpina
balstities tikai uz periodiskam klatienes apmacibam. TreSais ieteikums prakse
skar planosanas disciplinu: uzp€muma ikdienas kokmaterialu plismas un
logistikas optimizacija StanForD 2010 datiem jaienem lidzveértiga loma ar
ekonomiskajiem un tirgus indikatoriem, tadgjadi risinot ne vien mikro-, bet ar1
makro-efektivitates jautdjumus - novérSot degvielas izmaksu picauguma un
minimizgjot staveésanas laikus.

Turpmako pétjjumu konteksta vispirms nepiecieSams paplasinat izlasé
ieklauto tehnologisko platformu un uznémumu spektru, it ipasi ieklaujot nelielus
mezizstrades uznémumus, kuru darbiba lidz §im bijusi limitéta piekluve pilnai
StanForD 2010 funkcionalitatei. Sada paplasinasana laus novertét, cik liela méra
tirgus struktiira un méroga ekonomijas ietekmé ieguvumus no datu integracijas.
Otrkart, javeic paplaSinats operatoru apmacibas efektivitates novertgjums,
sadarbojoties ar profesionalas izglitibas iestadém un sekojot vienai un tai pasai
operatoru komandai vairakus gadus, lai kvantitativi fiks€tu prasmes
pasliktinaSanas vai uzlaboSanas tempus un to mijiedarbibu ar tehnologisko
inovaciju cikliem. Treskart, lietderigi izstradat maSinmaciSanas modelus, kas,
balstoties uz StanForD 2010 un attalas izp&tes (pieméram, LiDAR) datu sintezi,
sp&j prognozet darba mainas laika sagaidamo degvielas paterinu un razigumu
konkrétam meza posmam, tad€jadi atbalstot taktisko resursu planosanu un riska
vadibu klimata parmainu apstaklos.
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1. GENERAL DESCRIPTION OF THE WORK

1.1. Relevance of the Topic

The increasing global demand for wood products necessitates the
expansion of forest harvesting capacities by service providers. This requirement
is closely linked to the adoption of higher levels of mechanisation, the utilisation
of more efficient machinery, and the enhancement of operator qualifications. In
Latvia, many forest harvesting service providers are gradually renewing their
fleets with newer or modernised forestry machines, primarily due to the high
capital investment required for new equipment. Newer machines are generally
less physically and technologically outdated and offer reduced fuel consumption.
Fuel costs constitute the most significant contributor to the increase in forest
harvesting operational expenses. Fuel consumption, in turn, is directly linked to
the competence and qualifications of forest machine operators. Consequently,
regular operator training is essential to ensure operational efficiency and cost-
effectiveness. Operator training may focus on either acquiring the skills
necessary to operate newer machinery or on improving general professional
qualifications. Currently, in Latvia, under conditions of labour shortage, forest
machine operators can acquire their professional competencies through two main
pathways. The first involves formal vocational training at a technical college,
while the second is based on self-directed learning gained through practical
experience within a forest harvesting company. However, in both cases, the
productivity of the operator's work is unlikely to be high. Operators require
regular supplementary training in the presence of professional instructors who
can assess their working style and techniques, and provide targeted
recommendations for improving professional qualifications. In Latvia, such one-
day training courses are organised, during which an instructor observes the
operator at work and offers suggestions to enhance productivity. This method
yields results; however, the effectiveness may be influenced by the instructor’s
experience, professionalism, and subjective judgement, as well as by the
operator’s psycho-emotional state, work experience, and other factors. Given the
technical capabilities of modern forest machine information systems (e.g.,
StanForD 2010), all data related to the operator’s performance and machine
operation are chronologically recorded and stored in specific files. By analysing
these files, it is possible to evaluate operator productivity over a defined time
period, the duration of individual operations, fuel consumption, and the dynamic
changes in stem processing time. Furthermore, it enables the identification of
specific locations and conditions where changes in productivity, stem processing
time, and fuel consumption are observed. Such automated data analysis allows
for the development of an individualised training approach for each operator and,
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through continued analysis post-training, provides the means to make objective
conclusions regarding the effectiveness of the training.

1.2. Aim, Objectives and Thesis of the Doctoral Dissertation

This doctoral dissertation aims to explore the potential of using
automatically collected forest machine data to evaluate the effectiveness of
periodic operator training and to describe the applicability of such data in Latvian
forest harvesting enterprises.

To achieve the objective set out in this doctoral thesis, the following
research tasks have been formulated:

1) To assess the compatibility of forest machines with the application

of the StanForD 2010 standard;

2) To analyse the effectiveness of operator training programmes and
explore possibilities for their improvement;

3) To evaluate opportunities for increasing the efficiency of forest
operations through the application of the StanForD 2010 standard.

The central hypothesis of the doctoral thesis is as follows:

1) Despite the availability of the StanForD 2010 standard, the ageing
of the forest machinery fleet in Latvia and the diversity of software
in use limit the implementation of a standardised data flow,
thereby hindering the utilisation of comparable data and data-
driven decision-making in forest harvesting.

2) Participation in professional development courses for forest
machine operators significantly enhances operators’ professional
knowledge and skills, positively influencing work productivity
and the efficiency of working methods, while also fostering a
greater understanding of work processes and fuel consumption
optimisation.

3) The data provided through the StanForD 2010 standard can be
used both to plan operator training and to assess changes in the
quality of operator performance following training.

1.3. Scientific Novelty and Practical Significance of the Dissertation

In accordance with the stated aim of the research and the objectives set to
achieve it, the scientific novelty of the study is most evident in the numerical
differences of the obtained results, which can largely be attributed to the specific
characteristics of forest harvesting conditions in Latvia. Foremost among these
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are the relatively small and geographically dispersed harvesting areas, as well as
the wide range of timber assortments and the diverse quality requirements
associated with them. Under such conditions, the ratio between technologically
distinct time use categories (such as timber processing, transportation, and
storage) diminishes the impact of the skills acquired during harvester operator
training, particularly in terms of reducing time spent on processing and moving
timber.

The work presented here should not be regarded as conclusive within this
thematic area; rather, it serves as a stimulus for further scientific research. Such
research may be required as a foundation for engineering developments that will
contribute to the future technological advancement of the forestry sector.

This study holds undeniable practical significance both at the societal
level and within the forestry industry itself:

It highlights the necessity of regular training for harvester operators.

Within forestry education, it encourages students to engage with issues
concerning technological development and related current challenges.

Publicly accessible materials on the topic addressed in this study
contribute to shaping public understanding of a sector that underpins the daily
existence of every person in the world.

In Latvia, the qualification of forest machine operators is typically
obtained either by graduating from a technical college following the completion
of basic or secondary education, or through specialised adult training courses.
Once employed in the profession, operators are required to periodically update
their knowledge and improve their qualifications by attending continuing
professional development courses. During these courses, an instructor provides
theoretical instruction followed by practical guidance, offering recommendations
on more efficient work methods or other approaches to increasing productivity.

The success of such training largely depends on the instructor’s expertise
and experience. However, modern forest machines are equipped with advanced
IT technologies and automated parameter recording systems, which enable the
use of machine-generated data for analysing operator performance and
monitoring the quality of training.

The results of data analysis provide insights into operation execution
times and operator productivity—information that may sometimes go unnoticed
during direct observation by the instructor.

1.4. Scientific Work Approval

The results of the study have been published in six scientific articles and
presented at six scientific conferences.
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1.5. Structure and Volume of the Doctoral Dissertation

The structure of the doctoral thesis has been developed in accordance with
the research objectives set out in the study. The thesis consists of three chapters.
The first chapter presents a review of the current understanding of the research
problem and the insights obtained from the work of other authors. It explores the
data structure of forest harvesting machines, focusing on the transition from the
older StanForD standard to the new StanForD 2010 standard. Factors influencing
work productivity are examined, including the impact of operator qualifications
and the effect of qualification improvement on productivity. Furthermore, the
chapter discusses the influence of operator qualifications on fuel consumption,
as well as changes in fuel consumption following training. The second chapter
analyses the structure of forest harvesting machinery in Latvia according to their
application (including the number of machines, their age, as well as brand and
model groupings), and presents the methodology for evaluating operator training
and training effectiveness. A methodology is developed to assess the
effectiveness of operator training, which includes analysing changes in stem
processing time, work productivity and fuel consumption, based on
automatically recorded StanForD 2010 data. Chapter Three comprises an
analysis of the forest machine fleet in Latvia and its compliance with the
StanForD 2010 standard, an evaluation of operator training, and an assessment
of changes in operator productivity and fuel consumption based on data recorded
in accordance with the StanForD 2010 standard. The data analysis was carried
out using software provided by machine manufacturers (Timbermatic™and Opti
4G), as well as by employing an alternative solution (MS Excel).

The doctoral dissertation consists of 93 pages, with information presented
in 13 tables and 80 figures. The dissertation references 96 sources of literature.
In the conclusion, 9 findings and 2 recommendations are formulated.

2. RESEARCH MATERIAL AND METHODOLOGY

In accordance with the overarching aim of the study and the specific
research objectives, the dissertation is structured into three main parts. Part |
focuses on an analysis of the structure of the forest harvesting machinery fleet in
Latvia. Particular attention is paid to the potential compliance of forest machines
with the requirements of the StanForD 2010 standard. A concise technical
overview of the forest machinery used in the study is also provided. Part Il
examines the perspectives of machine operators regarding the necessity of
qualification-enhancing training. It further assesses the effectiveness of existing
training practices based on operators’ self-reported experiences and feedback.
Part 11l outlines the methodology employed for processing automatically
collected machine data, making use of the manufacturer's data processing
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software and the functionalities offered by the StanForD 2010 standard. This
section also describes the approach used to evaluate both the economic and
ecological effects of operator training. All statistical analyses were conducted
using the R programming environment.

2.1. Evaluation of the Forest Machinery Fleet

Data from the State Technical Surveillance Authority (VTUA) and JSC
“Latvian State Forests” (LVVM) were used to analyse the range of forest machines
used in Latvia. To determine the compliance of various models with the
requirements of the StanForD 2010 standard, dealers of the most common forest
machine brands in Latvia were interviewed.

The State Technical Surveillance Authority (VTUA) registers all
machinery units purchased in Latvia or abroad and brought into Latvia (Road
Traffic Law, 1997). The VTUA register reflects the following information:
machine type, make, model, factory number, year of manufacture, engine power,
registration date, as well as details about the owner and holder of the machinery
(legal or natural person). Since 2022, basic information, excluding specific
personal data, has been available on the VTUA website (Tractor Registration
Data in the Republic of Latvia, 2022). From the register, tractor units are
removed in cases where they are decommissioned or sold. Latvian legislation
does not require forest machines to undergo mandatory annual technical
inspections (Regulations on Tractor Machinery, 2022), meaning that the VTUA
does not have data necessary for the study, such as whether a machine is
operational, how many hours it has worked, if it has been dismantled for spare
parts, or if it has been exported from Latvia.

Data obtained from the VTUA are used to determine the total number and
structure of logging machines (harvesters, forwarders, skidders, etc.) registered
with Latvian companies or private individuals. Logging machines are grouped
by decades of production, determining the age structure of machines according
to model lines and application.

Currently, forest owners in Latvia do not require service providers to
provide data compliant with the StanForD 2010 standard for forwarders.
Therefore, in this study, compliance with the implementation of StanForD 2010
is only evaluated for harvesters.

Using the LVM service provider database, the structure of machines used
in logging was determined according to the brands and model lines of the
equipment manufacturers and their applications. The LVM database provides
information on the machine type (harvesters, forwarders), machine make, model,
year of manufacture, the cutting operations in which it is used (final felling,
thinning, or salvage logging), and its compliance with the StanForD 2010
standard. Considering that the State Forest Service of Latvia (LMV) is
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transitioning to the full acceptance of production reports based on data from
harvester computer systems, it is necessary for harvesters to additionally support
the StanForD 2010 standard.

2.2. Assessment of Forest Machine Operators’ Qualification Improvement
Course Attendance

In this study, a survey was created for forest machine operators to
determine their opinion on the necessity of training and the benefits derived from
the courses (Geske, Grinfelds, 2020). The survey consists of three blocks of
questions. The first section gathers general information about the operator, the
second block contains questions related to the qualification improvement training
process, but the third block contains questions about the skills and knowledge
acquired during the training, and notes the operators’ suggestions for improving
the training.

To enable the mathematical processing of the survey data, the response
options in the second and third sections of the questionnaire were designed using
a Likert scale. Respondents were required to select an answer on a six-point
scale, ranging from “strongly disagree” to “strongly agree.” Prior to distribution,
the questionnaire was pilot-tested to ensure the clarity and precision of the
questions.

The questionnaire was distributed electronically to machine operators via
a web link, which was sent to the largest forest harvesting companies in Latvia.
These companies were selected based on the criterion that they operate at least
five forest machines and that their operators had participated in training
organised by the Forest Machine Operator Training Centre. The harvesting
supervisors of these companies were responsible for forwarding the survey to the
machine operators.

The survey was conducted in November and December 2021. To ensure
the accuracy and reliability of the results, harvester and forwarder operators were
analysed separately. During the data collection process, operators were
categorised into three age groups: under 30 years, 30—40 years, and over 41 years.
Operator experience with their current forest machine was divided into two
categories: up to 5 years and more than 5 years. Educational background was
also assessed, with the following categories: basic education, secondary
education, vocational secondary education, and higher education.

Survey responses were compiled and organised using MS Excel, and
statistical data analysis was performed using the R software environment
(Elferts, 2012). The chi-square test was applied for evaluating statistical
significance (Arhipova & Balina, 2003).

From 2018 to 2022, advanced training courses were conducted at the
Forest Machine Operators’ Centre for 315 forest machine operators. A total of
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147 respondents - forest machine operators—took part in the survey and
completed the questionnaires.

2.3. Analysis of Opportunities for Improving Forest Harvesting Efficiency

The analysis of operator training effectiveness utilised data on operator
productivity in stands with similar stand composition, comparing performance
before and after training. The analysis was based on automatically collected data
from both thinning and clear-cut harvesting operations. The tree species included
in the data analysis were Scots pine (Pinus sylvestris L.), Norway spruce (Picea
abies), and silver birch (Betula pendula).

In forest harvesting, it is difficult to determine the effectiveness of training
based on average productivity indicators, as it is known that productivity is
influenced by multiple variables. Therefore, in-depth data analysis is required to
identify the reasons for changes in productivity. Factory software allows for a
more detailed view of the time spent on stem processing, making it possible to
identify operations where the operator can improve their professionalism.

Each equipment manufacturer employs its own proprietary software to
access and further process the data stored in their machines’ information systems:
John Deere wuses Timbermatic™, while Ponsse utilises Opti 4(5)G.
Data processing was carried out in three ways:

1) Using StanForD 2010 data and MS Excel software;

2) For John Deere harvesters — using the manufacturer’s data processing
software, Timbermatic™;

3) For Ponsse harvesters — using the manufacturer’s data processing
software, Ponsse Manager.

2.3.1. Analysis of Operator Training Effectiveness Using StanForD 2010
Data

Considering the fact that the structure of the *.hpr and *.mom files is
based on the *.xml format, open-source software can be used for opening, data
selection and sorting. Using the data stored in the *.hpr and *.mom files,
compliant with the StanForD 2010 standard, further data processing was carried
out using MS Excel. This allows for data analysis at the stem level.

Two operators (Operator A and Operator B) work in shifts with a 2016
John Deere 1070E harvester, equipped with an H413 harvesting head and using
the Timbermatic H 1.28.20 information system. The harvester’s information
system supports the StanForD 2010 standard. Data for analysing the training of
these operators were collected for two months before and two months after the
training period, from August 2021 to December 2021. The harvesters worked in
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LVM-managed forests in the Southern Kurzeme forest district, conducting
thinning operations. Operator A has 6 years of experience, while Operator B has
12 years. Both operators underwent 8-hour training sessions at a real logging site,
conducted by an experienced instructor from the Forest Machine Operators
Training Centre (Strubergs et al., 2022).

In accordance with the StanForD 2010 standard, the machine’s
information system records the time spent on stem processing from the moment
the stem is grasped until the next stem is grasped or another command interrupts
the processing sequence. For the analysis, data were used from 12,265 trees with
an average volume of 0.129 m3 processed prior to the training, and from 16,503
trees with an average volume of 0.089 m? processed after the training.

In this subsection, 38,743 stem records were used, registered according to
the StanForD 2010 standard as *.hpr and *.mom files. From the *.hpr file, the
following data were used: stem identification number, tree species, timestamp
(year, month, day, hour, minute, and second) when the tree was felled, the
diameter at breast height (D13), volume and operator identifier. Using the
timestamp records, the stem processing cycle time is calculated for each tree by
determining the difference between two consecutive stem timestamps (Arlinger
etal., 2012). The cycle time includes felling the tree, moving the harvester head
to the processing area, delimbing, bucking, reaching for the next tree, and
gripping the tree. To avoid errors, the *.mom files was used during the processing
of the last stem, from which the timestamp was used for maintenance, repairs,
travel, and other activities that conclude the stem processing. When selecting
data, tree species and diameters present in the stands before and after the training
were taken into account.

To determine the effects of training, tree species, and tree volume on
operator productivity, while excluding factors with no significant influence, a
regression model was developed.

Since the data do not follow a normal distribution, with the majority of
observations lying outside the 95% confidence interval, the Wilcoxon test was
applied in the subsequent data analysis. In turn, to assess the significance of
factors influencing stem processing time and work productivity—such as
training, stem volume, species, and assortment group—the “emmeans” package
in R was employed. The Durbin—-Watson test was used to examine the
autocorrelation of the regression residuals.

2.3.2. Analysis of Operator Work Productivity Using John Deere’s
TimberOffice™ Data

In the analysis of training effectiveness using TimberOffice™,
automatically collected data from a John Deere 1270E harvester equipped with
an H480 harvesting head were employed. The harvester operates with the
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Timbermatic H 1.28.16 information system, which supports the StanForD 2010
standard, and is used in thinning operations within forests managed by the State
Forests of Latvia (LVM). The dataset covers operator work over the period from
November 2020 to February 2021. In total, data from two operators (C and D)
were analysed, comprising 10 stands harvested prior to training and 10 stands
harvested after training.

Operators C and D each had half a year of work experience following the
completion of vocational training as forest machine operators at a technical
school. Both operators underwent an eight-hour on-site periodic training session
in the stand (Strubergs et al., 2021). The training was delivered by an instructor
from the training centre with extensive practical experience..

The TimberMatic Analytic tool in the TimberOffice™ program
automatically groups cut logs by average log volume. This results in six groups
with the following volume intervals: 0.00-0.15 m3, 0.15-0.30 m3, 0.30-0.50 mg,
0.50-0.80 m?3, 0.80-1.20 m3, and 1.20-1.70 m3. To determine the execution speed
of individual operator tasks within each stem volume category, the harvester
computer system records the time (in seconds) spent on operations from the
moment the harvester head is lifted until the stem is grasped. This includes
activities such as driving, delimbing only, delimbing combined with driving,
active use of the harvester head, and other remaining time. Subsequently, the
time required by the operator for stem processing is recorded, encompassing stem
feeding, repositioning, and pruning, with operations such as stem feeding
combined with sawing, stem feeding combined with delimbing, delimbing only,
driving only, and other residual time. Finally, the harvester computer logs the
time taken for processing the stem and assortments until the stem is cut into
assortments and placed in the assortment zone (Sarmulis & Saveljevs, 2015),
including operations such as stem feeding, stem feeding combined with
delimbing, delimbing only, re-sawing, searching, and other remaining time.
During data processing, stem processing times were aggregated and the time
consumed for stem processing before and after training was compared. The
remaining time in each category comprises activities not individually recorded
by the harvester information system, such as tree selection, identifying wood
defects, sorting processed assortments, and moving branches. The harvester
computer records the average fuel consumption in litres per hour (L-~~) for each
operation performed. As the TimberOffice™ software does not support data
export, all necessary data were manually transcribed into MS Excel for further
analysis.

By selecting the stand and operator in TimberOffice™, the following
stand-level data are obtained:

> total production, ms;

> harvested stems, units;

> average stem volume, m3;
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» average work productivity, m* h™.

In R, the Anderson—Darling test is applied to assess whether the data
follow a normal distribution. Since the test indicates that the data conform to a
normal distribution, a t-test is used to evaluate the statistical significance of the
observed differences. Considering that both stem volume and training have a
significant impact on work productivity, the factor effects are determined
through regression analysis.

For Operator C, the regression equation is obtained as:

D, = 3.326 + 47.786 * Vj, + 0.841 * A, (2.1)

where D, — work productivity, m3-h;
a, b, ¢ — coefficients;
V, — average stem volume, m3;
Af — training effect factor.
For Operator D, the regression equation is:

D, = 6.162 + 57.954 * V, — 3.440 A, (2.2)

where D, — work productivity, m3-h1;
a, b, ¢ — coefficients;

V., — average stem volume, m3;

Af — training effect factor.

2.3.3. Analysis of Operator Work Productivity Using Ponsse’s Opti4G Data

Automatically obtained data from Ponsse harvesters were selected using
the Ponsse Manager tool. The operators whose data were used in the analysis
work with 2020 Ponsse Ergo harvesters on LVM-managed plots. The harvesters
were primarily used for clear-cut operations. The Opti4G version 4.780 program
was installed on the harvesters. The analysis of training effectiveness used data
stored by the harvester on the work of three operators, two months before the
training and three months after the training. The practical work experience of the
operators as harvester operators on the training day was as follows: Operator E
had 5 years of experience, Operator F had 1 year, and Operator G had 2 years.
The data for Operator E covers the period from November 2021 to June 2023,
with the training taking place on 27 January. The data for Operator F covers the
period from March 2022 to October 2022, with the training day on 22 May. The
data for Operator G covers the period from December 2022 to July 2023, with
the training day on 10 February. In the observed periods, Operator E processed
5,289 stems before the training and 21,373 stems after the training. Operator F
processed 11,906 stems before the training and 23,253 stems after the training.
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Operator G processed 8,857 stems before the training and 17,343 stems after the
training.

For mathematical data processing, the data displayed by the Ponsse
Manager tool are manually transferred into MS Excel, where they are grouped
for further analysis. This manual transfer is necessary because, similar to
TimberOffice™, Ponsse Manager does not support direct data export to MS
Excel for subsequent processing.

For each operator, the dynamics of work productivity and stem processing
time were determined month by month, creating a separate graph for each work
month, showing the changes in average values and data dispersion. Changes in
the execution time of individual operations were determined before and after the
training.

Unlike the John Deere manufacturer’s software, the Ponsse software does
not allow data grouping by tree species. However, it is possible to categorise data
by separate volume classes and record the following operation times:

» Stem gripping;

» Felling cutting;

» Bucking and stacking;

> Pruning;

> Bucking;

» Branch handling.

By performing a detailed analysis, it is possible to accurately determine
the operations that the operator spends the most time performing, clarifying
which operations require increased attention.

2.4. Evaluation of the Impact of Training on Fuel Consumption

It cannot always be stated that training, which leads to an increase in work
productivity, results in a decrease in fuel consumption. Therefore, to determine
this, the changes in fuel consumption before and after training are analysed as
well. Fuel consumption is also analysed using three data sources. First, using a
StanForD 2010 compliant *.mom files and *.hpr file for opening in MS Excel,
the second method — using John Deere TimberOffice™: and the third — using
Ponsse Manager data.

2.4.1. Analysis of the Impact of Operator Training on Fuel Consumption
Using StanForD 2010 Data

The analysis uses data from forest machines about operators, which are
described in subsection 2.3.1. The analysis of fuel consumption uses data from
the *.mom files, where information about processed stems, average stem volume,

62



tree species, processing time, maintenance, etc., times, as well as fuel consumed,
are stored. By opening the existing file with MS Excel, the information necessary
for the analysis is selected and grouped. Once the data selection and grouping are
carried out, a linear regression analysis is performed, and a general fuel
consumption model is drawn up before and after training.

For the periods before and after training, fuel consumption statistics are
determined and, using the Shapiro-Wilk test, the data are determined to be
normal. Since the data are normal (p<0.05), in further data processing, the
significance of fuel consumption changes is determined using the paired t-test.
The results are visually presented using box plots.

In this way, the overall data is analysed, and to determine possible reasons
for changes in fuel consumption, individual tree species are distinguished. In this
case, the species are pine, spruce and birch.

2.4.2. Analysis of the Impact of Operator Training on Fuel Consumption
Using TimberOffice™ Data

As a first step, a regression model is developed to determine the effect of
stem volume on fuel consumption. Fuel consumption is examined in two ways:

> in litres per unit of time (per hour), L-h™*;

> in litres per unit of volume (per cubic metre), L-m™.

The TimberOffice™ software provides the option to view fuel
consumption by individual operations — feeding, sawing, processing, boom-only
movements, and driving. This approach allows for the comparison of fuel
consumption results before and after training for operators C and D.

2.4.3. Analysis of the Impact of Operator Training on Fuel Consumption
Using Opti4G Data

As a first step, the average fuel consumption indicators are compared
before and after the training. Subsequently, a regression model is developed to
determine the effect of stem volume on fuel consumption. Fuel consumption is
considered in two ways:

— in litres per unit of time (per hour), L-h™;

— in litres per unit of volume (cubic metre), L-m™.

The statistical analysis involved linear regression analysis, and
comparisons of data were made using a paired t-test and statistical indicators.
The dynamics of fuel consumption changes were examined over the following
time periods: two months before the training day, one month before the training
day, the month of the training, and one, two, and three months after the training
day (2; 1; 1; 2; 3).
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3. RESULTS AND DISCUSSION

An analysis of the forest machine fleet renewal over a two-year period
was conducted, alongside an assessment of its compliance with the StanForD
2010 standard. To evaluate the necessity and effectiveness of periodic training,
data from operator surveys were analysed. Using three data sources, the
effectiveness of periodic training for harvester operators was examined.

3.1. Forest machinery fleet compliance with the implementation of the
StanForD 2010 standard

According to the publicly available VTUA database (Tractor Machinery
Registration, 2021), as of 30 November 2021, a total of 2,284 units were
registered as forest machines and had been issued a state registration plate. Of
these, 2,134 units had an active registration, while the registration of 150 units
had been suspended.

The oldest registered forest machine was manufactured in 1959. Grouping
forest machine model data by decade and ownership revealed significant
differences in the distribution of machines between owners (p < 0.05). The
majority of older forest machines were registered under private individuals’
ownership or possession, whereas newer forest machines were predominantly
registered to legal entities (see Figure 3.1).

An assessment of the VTUA-registered machines by age revealed that the
average age of forest machines registered in Latvia is 19.5 + 0.3 years. Among
these, the average age of forest machines owned or controlled by legal entities is
16.8 £ 0.3 years, whereas those owned or controlled by private individuals
average 33.4 £ 0.5 years.

According to Article 14(3) of the Road Traffic Law, technical inspection
is not required for special-purpose tractor machinery. Therefore, by reviewing
publicly available information, it is not possible to determine how many and
which types of machinery (harvesters, forwarders, etc.) are involved in forestry
operations. On 30 November 2021, the State Technical Supervision Agency
(VTUA) registered 2,284 forestry machines, including 610 harvesters, 1,176
forwarders, 120 logging trucks, 165 trailers, 114 towed equipment, 3 chippers,
and 98 machines without a subgroup definition. In further data processing, all
forestry machines are grouped into four categories: harvesters, forwarders, towed
equipment, and others. Additionally, machines owned or possessed by
individuals or legal entities are separated (Fig. 3.2).

The overall classification, separating forwarders and harvesters from the
total forestry machinery group, is presented in Table 3.1.

The VTUA forestry machine database is not an objective data source for
analysing the machines operating in Latvia, as a significant number, especially
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older machines, may have been dismantled or are no longer in use but have not
been removed from the register. Meanwhile, some middle-aged and younger
machines are not used due to significant technical damage, or they may have
been rented to other companies in Latvia or abroad and are located outside the
territory of Latvia, while maintaining registration in Latvia. As a result, it is
impossible to accurately determine the number and age of forestry machines
currently in use in Latvia. Similarly, the VTUA registration data cannot provide
information on whether these machines comply with the StanForD 2010
standard (Strubergs et al., 2020).

LVM uses StanForD 2010 data for timber accounting by applying
harvester-generated *.hpr and *.mom files. However, there is a lack of
substantiated information on the extent to which private forest owners utilise
*.hpr and *.mom files for timber accounting purposes.

According to LVM data, in 2019, forestry companies operating under
contract in the company’s managed areas used 239 harvesters and 302
forwarders. Data compliant with the StanForD 2010 standard are used
exclusively in harvester reports.

John Deere harvesters are the most widely used in LVM logging
operations, accounting for 52% of the total, followed by Ponsse harvesters at
23%, Komatsu at 12%, Valmet at 6%, and Timberjack at 3%. Considering the
changes in forest machine ownership, the subsequent analysis focuses on
John Deere/Timberjack and Komatsu/Valmet machines. Units from other
manufacturers are grouped together, representing 4% of the total fleet — this
group includes 3 Logset harvesters, 2 Ecolog harvesters, and one harvester each
from Jacrac, Kobelco, Rottne, and Vimek.

As of 1 January 2020, the registered data shows that 125 of the harvesters
used in LVM forestry operations support the StanForD 2010 standard. Looking
at the distribution of harvesters by manufacturer brands and their adherence to
the StanForD 2010 standard, it is evident that LVM companies conduct forestry
operations with 133 John Deere/Timberjack harvesters, 72 of which support the
StanForD 2010 standard. This represents 30% of all harvesters involved in LVM
forestry operations in 2019 and 54% of John Deere/Timberjack harvesters in use.
Out of 54 Ponsse harvesters, 30 support the StanForD 2010 standard, which
makes up 13% of all harvesters working in LVM forestry operations and 56% of
Ponsse harvesters. Meanwhile, 16 out of 43 Komatsu/Valmet harvesters support
the standard, representing 7% of all LVM operating harvesters and 37% of
Komatsu/Valmet harvesters. Additionally, 4 out of 9 harvesters from other brands
supporting the StanForD 2010 standard make up 2% of the total number of
harvesters and 44% of other harvester brands.

According to VTUA registration data as of 30 November 2021, the
number of harvesters in Latvia increased from 488 to 608 units by the end of
2019. Figure 3.3 shows the changes in the number of VTUA registered forestry
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machines over two years, according to the most popular harvester brands used in
Latvia, manufactured after 2005: John Deere, Ponsse, and Komatsu.

Trends in the Development of the Forest Machinery Fleet indicate that
logging companies are acquiring not only new harvesters equipped with
information systems that support the StanForD 2010 standard, but also used
harvesters manufactured after 2010. An analysis of changes in the number of
harvesters over a two-year period revealed that the number of harvesters
produced before 2010 has decreased by 2%, whereas the number of harvesters
produced after 2010 has increased by 34%. Given that forest machinery
manufacturers have been offering information systems compliant with the
StanForD 2010 standard since 2010, many Latvian logging companies are
choosing to modernize their machinery fleet by acquiring newer machines,
thereby avoiding additional investments in updating information systems.
According to responses from logging company managers, forest machines
become obsolete both physically and morally, making it more economically
viable to purchase new or newer machines with lower depreciation.

As of 30 November 2021, 168 forest service providers in Latvia owned
or managed one harvester, while 46 companies owned or managed more than one
harvester of the same brand. For these companies, the manufacturer’s software
for the specific brand of harvester is sufficient for the in-depth processing of
automatically collected data and analysis of operator productivity, as well as for
determining the need for training and its effectiveness. 32 companies in Latvia
owned or controlled harvesters of two or more brands, and for these companies,
specialised software from each harvester brand manufacturer is required for
processing the automatically collected data. When a new harvester is purchased
from a machinery dealer, the software is included in the machine’s price, and the
software licence is provided along with the machine purchase. However, when
purchasing a used harvester, the software licence must be bought separately from
the machinery dealer for an additional fee. Companies that operate with multiple
brands of machinery need several specialised software programs, and managers
must be able to work with these programs effectively.

3.2. Assessment of Forest Machine Operator Qualification Improvement
Course Attendance

From 2018 to 2022, qualification improvement training was provided to
315 forest machine operators at the Forest Machine Operator Training Centre. A
survey was conducted, with 147 respondents — forest machine operators — filling
out questionnaires.

The survey aimed to gather data on the usefulness of the qualification
courses, the quality of knowledge and skill refreshment or enhancement, and
whether or not the training influenced work productivity. The survey also aimed
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to evaluate respondents’ feedback regarding the quality and professionalism of
the instructors.

Analysing the survey data, it was found that the average age of the
surveyed operators is 33 years old. Of all the respondents, 18% have completed
basic education, 20% have secondary education, 55% have secondary vocational
education, and 6% have higher education. 57% of survey respondents are
professional operators who have obtained formal education as forest machine
operators. The average total work experience of the operators with forest
harvesting machines is 7.6 years.

Harvester Operators

The average work experience of the surveyed harvester operators with
this machinery is 4.7 years. A summary of the results obtained is shown in Table
3.2.

In the age group under 30, 24 survey participants have obtained the
professional qualification of forest machine operator. In the age group between
30 and 40, 4 respondents have the professional qualification of forest machine
operator. The remaining survey participants have enhanced their professional
qualifications by working in a forestry company and attending qualification
improvement courses.

Analysis of the forest machine operator survey results shows that 41% of
harvester operators attend qualification improvement courses once or more per
year. Among these operators, 67% have less than five years of experience
working with the specific machine model, while 33% have more than five years
of experience.

Operators with less than five years of experience tend to place greater
emphasis on enhancing their professional qualifications and increasing work
productivity by refining their working methods.

It was found that the initiative to attend qualification improvement
courses significantly differs between harvester and forwarder operators (> =
20.12, p< 0.05). Among forwarder operators, 30% indicated that they attended
the courses on their initiative, 30% somewhat agreed with this statement, and the
remaining 40% disagreed. Among harvester operators, 33% agreed with the
statement that they attended the courses on their initiative, 57% somewhat
agreed, and 10% disagreed. Regarding the statement that the courses were
attended on the employer’s initiative, 65% of the surveyed harvester operators
fully agreed, 28% somewhat agreed, and 7% disagreed. In contrast, all of the
surveyed forwarder operators indicated that they attended the courses on their
employer’s initiative.

Operators with less than 5 years of work experience tended to attend
courses on their own initiative more frequently, whereas those with more than 5
years of experience primarily attended training at the employer's initiative. The
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differences between these respondent groups were statistically significant (p <
0.05).

One of the prerequisites for successful individual training is whether the
operators’ knowledge and skills are assessed before the training. According to
the survey data, the evaluation of knowledge and skills before the training did
not significantly differ between harvester and forwarder operators (x> = 0.478135,
p> 0.05). 6% of forwarder operators and 12% of harvester operators denied that
their knowledge and skills were assessed before the training. However, 90% of
forwarder operators and 86% of harvester operators confirmed or somewhat
agreed that the instructors evaluated their knowledge and skills. As a result,
during the training process, instructors focused on improving the skills that
needed further development.

A survey of operators revealed that 80% of harvester operators received
guidance on mistakes made during the work process and on the benefits of
applying efficient work methods already during the training. However, 7% of the
operators disagreed with this statement.

Regarding the statement that an analysis of the actions performed during
the training was conducted after the training, the responses from forwarder and
harvester operators also did not significantly differ (y?> = 4.8366, p> 0.05). 40%
of forwarder operators and 31% of harvester operators agreed with the statement
that an analysis of the training process was conducted, resulting in the operators
understanding the mistakes made. 20% of forwarder operators and 3% of
harvester operators somewhat agreed with this statement, while four forwarder
operators and one harvester operator disagreed.

The overall training process was positively evaluated by 75% of
forwarder operators and 66% of harvester operators, while 25% of forwarder
operators and 31% of harvester operators rated it somewhat positively. Only one
harvester operator believed the training had no value. Analysing the survey data,
it was concluded that the partially negative and negative evaluations of the
training were most commonly found among operators aged over 41 and with
more than 5 years of work experience. The most positive attitude towards
periodic training was observed among operators aged up to 30 and with work
experience of o more than 5 years.

3.3.Possibilities to Improve Forest Harvesting Efficiency by Implementing
the StanForD 2010 Standard

The efficiency of forest harvesting can be increased by utilising newer
and more productive machinery. However, this approach will not be fully
effective unless forest harvesting companies pay attention to the periodic training
of machine operators. A survey of forest harvesting company managers revealed
that in several companies, training is mainly organised to enable participation in
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forest harvesting tenders organised by JSC “Latvian State Forests” (LVM).
However, when companies work with private forest owners, operator
qualification improvement courses are often not utilised.

To increase the effectiveness of operator training in companies, it is
necessary not only to continuously record operators’ work but also to conduct
regular work analysis. Ongoing analysis allows monitoring the dynamics of
changes in operator productivity and provides recommendations on areas that
require the operator’s attention or when additional training support is needed.
This approach would also enable training instructors to receive more precise
information about specific aspects requiring focused attention.

Given that in Latvia periodic training is predominantly organised on an
individual basis and lasts for a single day, the instructor may at times fail to
identify the issues that necessitate the training.

3.3.1. Evaluation of Operator Training Effectiveness Using StanForD 2010
Data

Using StanForD 2010 data, a regression model was developed to evaluate
the effects of training, tree volume, tree species, and assortment on operator
productivity. The model, based on the regression function, explains 80% of the
variability in productivity (R2 = 0.78) and is statistically significant (p < 0.05).
When assessing the significance of the regression equation, the p-value for all
factors included in the analysis was below 0.05, indicating that the regression
equations significantly explain changes in average productivity depending on
training, operator, tree species, and stem volume. The results of the model are
presented in Table 3.3.

The model indicates a significant effect of training, operator, tree species,
and stem volume on productivity (p < 0.05). Among assortments, only the
“Unqualified (defective)” group had a significant impact on productivity (p <
0.05).

When calculating the model-adjusted mean productivity for the operators
(using emmeans), it was found that Operator A’s productivity increased from
2.72 m3-h! before training (SE = 0.0549, CI: 2.61-2.83) to 3.12 m3-h™! after
training (SE = 0.0557, ClI: 3.01-3.23). The confidence intervals (CIs) do not
overlap, indicating a statistically significant increase in productivity. Similarly,
Operator B showed a significant increase from 2.56 m3-h! before training (SE =
0.0574, Cl: 2.45-2.67) to 2.96 m3-h! after training (SE = 0.0563, CI: 2.85-3.07),
with non-overlapping Cls also indicating a statistically significant improvement.

Results from the Durbin—Watson test confirmed the null hypothesis (p =
1) that the productivity increase resulted from the training rather than from
experience. For Operator A, DW = 2.0581, indicating no autocorrelation in the
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residuals and that they are practically uncorrelated. For Operator B, DW =
2.0536, likewise indicating no autocorrelation in the residuals.

It was observed that the mean values of all parameters are affected
(Figures 3.4 — 3.6). The figures show that training had a positive impact, resulting
in a significant reduction in stump processing time per cutting unit.

Figure 3.4 shows that the training had a positive effect on reducing the
stump processing time. As a result of the training, the processing time per log
unit has significantly decreased, indicating an increase in productivity and more
efficient work performance after the training.

In the analysis by tree species, a decrease in the marginal mean values of
stump processing time after training is observed for the operator, as shown in
Figure 3.5. This indicates that the training had a positive effect by reducing
processing time regardless of the tree species, thereby improving the operator’s
work efficiency.

Similar conclusions can be drawn when comparing stem processing times
in the assortment breakdown, as shown in Figure 3.6. However, to more
accurately assess the effectiveness of the training and identify areas where
operators need to continue improving their professionalism, it is important to
analyse each operator separately and conduct a more detailed data investigation.

As the analysis of both operators’ work productivity will be similar in the
following sections, Operator A’s data will be examined here. The analysis of
Operator B can be found in the full version of the dissertation.

Analyzing the operator’s average stump processing time before and after
training, it was found that operator A, working in thinning stands, spent on
average 50.5 + 0.4 seconds per stump before the training, and 45.9 + 0.4 seconds
after the training. The reduction in processing time is statistically significant (p
< 0.05).

Accordingly, evaluating operator A’s productivity level, it was
10.57 + 0.14 m3-h™! before the training and 8.19 + 0.09 m*-h™! after the training
(p < 0.05). Given the fact that both stem processing time and productivity
decreased after training, the factor responsible for the reduction in productivity
needs to be identified.

In the further analysis, based on the previously obtained results, the effect
of stem volume is determined.

For Operator A (Figure 3.7), 67% before training and 64% after training
of the changes in work productivity data are explained by stem volume. The trend
line of the work productivity data set after training indicates an increase in
productivity as stem volume increases.

Additionally, the dynamics of changes in labour productivity in the stem
development in felling section 8 before training and felling section 8 after
training were examined.
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Looking at productivity changes in the 16" cutting unit, it was found that
Operator A experienced a decrease in productivity. However, starting from the
seventh cutting unit, productivity began to increase after training (Fig.3.8). This
suggests that, despite the shorter stem processing time, productivity initially
decreased but later started to increase, which may indicate the operator’s
adaptation to new working methods.

A Mann-Whitney U test revealed that the decrease in productivity due to
training for Operator A is statistically significant (p< 0.05). This trend, where a
decrease in productivity may be observed during training, is also mentioned by
other researchers, such as Wenhold et al. (2020).

In discussions with representatives of forestry companies, it was
established that operator productivity is predominantly assessed based on
average figures, without accounting for specific variable factors such as training,
stem volume, diameter, or tree species. In most cases, productivity calculations
are based on the total harvested or processed volume, irrespective of stem volume
and other influencing variables.

Given the fact that the results for both operators differ significantly before
and after training (p< 0.05), the subsequent analysis will gradually explore the
impact of individual variable factors. To gain a more accurate understanding of
the changes in work productivity after training, data are compared by isolating
separate stem volume groups. The grouping of volumes follows the same
gradation as the harvester’s information system. The productivity indicators for
Operator A, after separating the volume groups, which reduce the influence of
stem volume, are summarised, allowing for a better assessment of the training
effect. The data on work productivity are summarised in Table 3.6.

As shown in Table 3.4, Operator A exhibits a statistically significant
increase in productivity within the volume groups 0.051-0.060 (p< 0.05), 0.061—
0.080 (p< 0.05), and 0.201-0.250 (p< 0.05). However, in the volume group
0.151-0.200, a non-significant decrease in productivity is observed.

Considering the fact that work productivity indicators depend on several
variable factors, it is necessary to analyse the productivity indicators by isolating
the components of the variable factors to determine the reasons for significant
changes. This will allow for a more detailed understanding of the factors
influencing productivity changes and will help more accurately assess the
effectiveness of the training.

Operator’s Work Productivity Analysis by Diameter Groups

When examining individual diameter groups, the following was observed:
for Operator A, the stem processing time decreased by 8% in the diameter group
0-10.0 cm, by 14% in the 10.1-20.0 cm diameter group, and by 18% in the 20.1—
30.0 cm diameter group.

In analysing the changes in work productivity, considering the reduction
in stem processing time, it is essential to understand which factors might
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contribute to the decrease in productivity, particularly concerning larger stems.
Here is a detailed analysis that could help explain the observed changes:

1. Overall Productivity Decrease:

> Average productivity: A slight decrease in average productivity
by 1% was observed. This is undesirable, considering the
reduction in stem processing time, which theoretically should
have improved productivity.

2. Productivity Changes in Diameter Groups:

» 0-10.0 cm: Productivity increased by 8%, indicating a positive
effect on smaller stems, (p< 0.05);

» 10.1-20.0 cm: Productivity increased by 1%, indicating a small
improvement, (p< 0.05);

» 20.1-30.0 cm: Productivity decreased by 3%, which is contrary
to the desired outcome, (p< 0.05).

3. Possible Reasons for Changes:

» Technical aspects: Operator A might have faced difficulties with
larger stems, which could be related to the harvester’s
positioning.

» Training effectiveness: The training might not have fully
addressed the issues with larger stems, which could have
impacted productivity in these groups.

» Diameter changes: Larger stems require more time and attention,
which could negatively affect productivity.

To further investigate the reasons behind these specific productivity
changes, the stem processing time and productivity changes will be examined in
the context of the cutting sequence before and after the training. Additionally,
the dynamics of stem processing time and productivity changes will be analysed.

Figure 3.9 shows the changes in work productivity before and after
training, broken down by tree species. The analysis of variance reveals that work
productivity is influenced by both tree species and training (p<0.05). When
determining the interaction effect between training and tree species, it was found
that both factors influence productivity changes, and there is a significant
interaction effect between them (p<0.05).

Upon examining the changes in work productivity after training, it is
observed that the average productivity in terms of tree species has changed as
follows: for birch, productivity decreased by 30%; for spruce, it decreased by
29%; while for pine, productivity increased by 27%. The overall average
productivity, regardless of tree species, decreased by 29% after training. This
indicates a negative impact of the training. Figure 3.9 shows that Operator A
encounters difficulties with birch and spruce processing.

In the subsequent analysis, tree species and diameter groups are separated
to determine in which diameter groups productivity has changed (Figure 3.10).
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Productivity changes are observed for all three tree species across all diameter
groups (Dx1.3).

Based on the information presented in Figure 3.10, it is evident that the
largest changes in productivity are observed in the diameter group 20.1-30.0 cm.
In this group, where the largest stem volumes are present, the most significant
negative productivity changes have been recorded, ultimately worsening the
overall results. The figure shows that the greatest reduction in productivity occurs
when processing birch and spruce in this diameter group. This suggests the need
to investigate why productivity has decreased in this group. This may be related
to the assessment of the assortments before bucking. The percentage changes in
work productivity are presented in Table 3.5.

The analysis of the percentage changes in productivity reveals a 1%
decrease in work productivity after training. However, a more detailed
examination shows that for birch, productivity decreased in the diameter groups
10.1-20.0 cm and 20.1-30.0 cm, while for spruce, productivity also decreased in
these same groups. For pine, the productivity decreased when processing
assortments in the diameter group 0-10.0 cm.

Given the fact that the overall average productivity after training only
decreased by 1%, a more in-depth analysis of each diameter group is necessary.
This would help determine whether the productivity decrease in specific diameter
groups is a random occurrence or a consistent trend, potentially linked to the
applied work methods or the amount and quality requirements of the assortments
being prepared. The latter factor might require additional time for assessing the
quality of the assortments, which could, in turn, affect productivity.

Considering the results obtained, it would be useful for the training
instructor to focus on those areas where productivity has decreased, as this could
highlight specific factors or techniques that need to be addressed in further
training sessions.

Using automatically obtained data from the harvester information system
according to the StanForD 2010 standard, it was found that after one day of
training, the work productivity increased by 2% and 40%, respectively, for both
operators. However, upon conducting a slightly broader analysis, it was revealed
that after training, both operators experienced a decrease in work productivity in
certain gradation classes.

As indicated in their study by Dvofak et al., the operator’s behavior and
decision-making characteristics significantly affect machine operation and
overall efficiency (Dvotéak J. et al., 2008). The importance of the operator’s role
in the effectiveness of mechanized processes has also been analyzed by Malinen
(Malinen, 2018), who points out that the operator’s age and experience can
influence cognitive abilities (Kirk et al., 1997). Therefore, the decrease in the
operator’s work productivity after training may be related to the time needed to
adopt the instructor’s recommendations.
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3.3.2. Use of John Deere Harvester Software TimberOffice™ in the
Analysis of Operator Work Productivity

The average work productivity values for the operator are presented in
Table 3.6. The table shows that, despite a significant increase in stem processing
time, work productivity also increased substantially after the training.

Considering the capabilities of the harvester information system to record
operation execution times and the significant reduction in stem processing time,
the following results are analysed to determine which parts of the stem
processing operations most influence the overall stem processing time and where
operators need to focus their attention to achieve further reductions in processing
time.

After training, the average execution time for stem grabbing decreased
from 50.9 £ 3.9 seconds to 38.8 + 3.4 seconds, and the median decreased from
48.4 seconds to 41.6 seconds. The mode value decreased from 63.4 seconds to
49.2 seconds, and the dispersion also decreased, as evidenced by the drop in
standard deviation from 3.9 seconds to 3.6 seconds. Overall, the results indicate
slight improvements in stem grabbing after training, enhancing accuracy and
result concentration. However, the changes are not statistically significant (p =
0.333 > 0.05).

The average time for stem processing slightly increased after training,
from 38.8 seconds to 39.1 seconds. However, both the median and mode
decreased, indicating that the values are concentrated around the lower range.
Additionally, the reduction in standard deviation from 10.6 seconds to 6.0
seconds suggests less dispersion of results after training. Again, the results
indicate improved accuracy in stem processing and reduced dispersion around
the mean value, although the changes are not statistically significant (p = 0.054
> 0.05).

The average time for sort processing decreased from 13.3 seconds to 12.2
seconds, and this time reduction is statistically significant (p = 0.041 < 0.05).
The median slightly increased, approaching the mean value, while the mode
value decreased. The significant decrease in standard deviation from 4.27 to 2.32
indicates less dispersion of results after training. Overall, the results suggest
improved operator work accuracy, as evidenced by the reduced dispersion in sort
processing, and increased work efficiency, as reflected in the reduction of both
mean values and standard deviation and variance, indicating more consistent
results after training.

Since stem grabbing also consists of several operations, the changes in
stem grabbing operation times before and after training are illustrated in Figure
3.11.

Upon examining Figure 3.11, it was determined that after training, the
time allocated for the “driving” operation during the “stem grabbing” operation
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significantly (p = 0.006 < 0.05) increased from 0.8 + 0.1 seconds to 1.2 + 0.3
seconds. The increase in standard deviation from 0.36 to 0.89 seconds indicates
a greater spread of the data, though the values still concentrate around low values.

In the “only boom” operation, the execution time slightly increased from
18.8 £ 1.4 seconds to 19.4 £ 0.9 seconds, which is a negligible increase (p = 0.09
> (.05). This time increase can be seen negatively, as in the pursuit of improving
productivity, the operator should aim to reduce the execution time of this action.
This could be achieved by combining operations and performing a combined
“only boom + driving” operation, thus reducing the execution time of two
separate tasks into one. A positive aspect is the reduction in data dispersion in
this task, as indicated by the decrease in standard deviation from 4.4 to 2.8
seconds.

Without further analysis, it is difficult to draw specific conclusions in this
situation, as the reasons for the increase could be varied, possibly due to
ineffective training or difficulties for the operator in adapting to the new
conditions.

Although no significant changes in the time spent on individual
operations after training were observed, a percentage improvement in operator
performance is visible in Table 3.7.

In certain stem-grabbing operations, the time spent by the operator
decreased by an average of 2% after the training. Reviewing the obtained data, it
can be observed that the greatest time reduction occurred in the “other time”
operation during the period when the stem is being selected and grabbed.
Meanwhile, during stem processing, the largest time reduction was observed
while operating only with the boom, which indicates a more efficient harvester
positioning for stem processing. This assumption is further supported by the
increased time spent on the “feeding + boom” operation.

3.3.3. Use of Ponsse Harvester Software Opti4G in the Analysis of Operator
Training Effectiveness

Before proceeding with further data processing, it is necessary to
determine the significance of the changes in average stem volume during the
observed period. The analysis will focus on the data from Operator E. The
analysis for Operators F and G can be found in the full version of the dissertation.

It was found that the average stem volume for Operator E changes within
a 9% range towards the higher side, and these changes are not significant
(p>0.05). Therefore, | conclude that the stem volume does not have a significant
impact on work productivity.

In the observed period, for the purpose of assessing productivity changes,
a productivity change chart has been created for each operator, reflecting the
changes in the mean values, medians and data dispersion values on a monthly
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basis. Months before training are marked with indices 1 and 2, while months after
training are marked with indices 3, 4 and 5 (Figure 3.12).

Before the training, productivity decreased, but after the training, an
increase in productivity and a reduction in data dispersion around the mean value
were observed. Comparing the average productivity indicators calculated by the
harvester’s information system before and after the training revealed that
productivity  increased on average from 30.56+£1.59m*-h' to
35.15+1.51 m*-h™!, which corresponds to a 15% increase. This increase in
productivity is statistically significant (p<0.05).

Changes in stem processing time before and after training

To understand the changes in work productivity during the studied period,
the subsequent analysis focuses on the changes in the time spent on stem
processing. Similarly to the productivity analysis, the first step is to examine the
changes in total time spent on stem processing during the study period (Figure
3.13).

The harvester's information system records the time spent on each
operation, allowing for comparisons and identification of which work operations
reduce the total stem processing time and which, on the contrary, increase it. This
enables the identification of changes in the execution times of individual
operations after training, and provides the opportunity to observe the operator’s
performance to find solutions for improving the speed of specific operations.

Upon analysing the stem processing times before and after training, it was
found that overall stem processing times did not change significantly (p > 0.05).
However, when examining the changes in the execution times of specific
operations, it was observed that the times for stem grabbing (-6%), pruning (-
6%), and especially branch moving (-15%) decreased after training. This may
suggest a more optimal positioning of the harvester before starting stem
processing. Additionally, the reduction in branch moving time could indicate
more accurate adherence to the harvesting technology. The increased speed of
other operations was not statistically significant.

3.4.Evaluation of the Impact of Operator Training on Fuel Consumption

One of the parameters used to assess an operator’s work efficiency is the
amount of output produced per unit of time. This parameter determines how work
productivity changes, specifically how many cubic metres per hour are produced.
Another parameter used for efficiency evaluation is the amount of fuel
consumed. Various parameter combinations are possible here. By comparing fuel
consumption per hour (L-h™), changes in the forest machine’s workload can be
analysed. By comparing the changes in fuel consumption per unit of produced
output volume (L-m™), it is possible to assess how economically the operator
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works. In production, this is one of the key parameters considered in reducing
the production cost.

A third parameter that can be mentioned is fuel consumption for
processing one stem. However, this parameter is rarely used in practice as it
involves significant variables, such as stem volume. In this section, changes in
fuel consumption per hour and per cubic metre are compared before and after
training.

3.4.1. Development of a Fuel Consumption Model Using StandForD 2010
Data

One of the indicators of an operator’s work quality is work productivity.
However, an equally important factor in modern forestry is reducing logging
costs. One of the major cost components is fuel consumption; therefore, it is
essential to reduce fuel usage by carrying out operations more rationally and
efficiently. In this subsection, a model for predicting fuel consumption will be
developed, considering the conditions of the logging area before and after
training.

Using the information compiled in the StandForD 2010 *.mom files, the
following data are obtained: fuel consumption, processed stem volume, the
number of stems processed, tree species associated with the processing, and the
distance travelled during travel operations. Fuel consumption is determined
using the *.mom file, and the data is analyzed across the cutting site. Changes in
fuel consumption are compared for eight cutting sites before and after the
training. The change in fuel consumption is compared for 8 logging cuts before
and after training. The fuel consumption changes for Operator A will be
considered here. The changes in fuel consumption for Operator B can be found
in the full version of the thesis.

Using regression analysis, the equation of the fuel consumption model is
derived for both operators before and after training, taking the number of stems
and stem volume into account.

D = —2.093 + 0.004 x (1018.394 + 37.94 * ny, +
+113.592 * V);

3.1)

where:

Nst. — Stem count, pc.;

Vs — sorted product volume, ma,

An analysis of Operator A’s data, covering all selected tree species (pine,
spruce and birch), reveals changes in fuel consumption regarding processed stem
volume (Figure 3.14). The resulting regression models account for 94% of the
variation in fuel consumption before training and 89% following training. A
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slight increase in the slope coefficient of the regression line after training
indicates a steeper trend, which suggests that fuel consumption increased
somewhat for a given stem volume. Meanwhile, the regression equation constant
decreased after the training—from 0.7398 to 0.6103—indicating more efficient
fuel use at zero log volume. However, this difference is not statistically
significant (p < 0.05).

A comparison of changes in fuel consumption relative to the number of
processed trees (Figure 3.15) shows that 96% of the variation in the data is
explained by changes in fuel consumption both before and after the training. This
high coefficient of determination indicates a strong explanatory power of the
model, reflecting high data variability and precision in modelling fuel
consumption.

From the regression equations shown in the figure, it is concluded that
after the training, the value of the slope coefficient decreased, indicating a
reduction in fuel consumption when processing the same number of stems. In
turn, the intercept (constant) of the equation, which was negative before the
training, became positive afterwards, suggesting the presence of additional
factors, beyond training, that influence fuel consumption.

Another measure of fuel consumption is fuel usage per unit of time. For
this purpose, a regression model was developed comparing fuel consumption in
litres per second (L-s™') before and after the training (Figure 3.16).

Based on the regression equations obtained from the graph, it can be
concluded that fuel consumption per unit of time has decreased as a result of the
training, despite a slight reduction in the model's accuracy (R?). However, the
significant decrease in the equation constant indicates that, regardless of stem
processing time, there has been a notable reduction in fuel consumption per unit
of time. This situation—where fuel consumption per unit of time decreases while
fuel consumption per cubic meter increases—suggests an increase in engine load.
A possible explanation for this may be reduced engine operating speed.

To compare fuel consumption before and after training, diagrams were
produced showing average fuel consumption changes over the period in relation
to the processed stem volume, the number of stems processed, and the stem
processing time per unit (Figure 3.17).

From Figure 3.17, it can be concluded that the training was successful for
the operator, as the average fuel consumption per cubic metre (m3) decreased
from 2.76 £ 0.11 L-m™ before training to 2.69 + 0.08 L-m™ after training, and
this reduction in fuel consumption is statistically significant (p<0.05). A
decrease in data dispersion around the mean is also observed. Overall, fuel
consumption per processed m3 decreased by an average of 2% following the
training.

When examining fuel consumption per stem, it was found that the average
fuel consumption decreased from 0.25 = 0.01 L-stem™ before training to
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0.23 £ 0.01 L-stem™ after training. This reduction is also statistically significant
(p<0.05), and a reduced dispersion around the mean value is observed. From this
perspective, fuel consumption decreased by 9% after training.

In the third perspective — fuel consumption per unit of time — the training
had a positive effect as well. Fuel consumption significantly decreased (p<0.05)
from 14.73 £ 0.41 L-h! before training to 14.55 £0.31 L-h™' after training,
representing a 1% reduction. As in the previous two cases, there is a decrease in
data dispersion around the mean fuel consumption value. In both of the latter
cases, a reduced modal value is observed, from 0.5 to 0.1 and from 15 to 2.95,
indicating more frequently occurring lower fuel consumption values after
training.

Considering the significant reduction in fuel consumption, the next
section examines fuel consumption changes before and after training, broken
down by tree species.

Pine

When examining the average fuel consumption changes for pine
processing in three perspectives, an increase in fuel consumption is observed
(Figure 3.18).

When examining changes in average fuel consumption per cubic metre of
processed pine, a slight and statistically insignificant increase is observed after
training (p>0.05). Fuel consumption increased from 2.70 + 0.23 L-m™ before
training to 2.75 £ 0.16 L-m™ after training. However, the data dispersion around
the mean decreased, and the data accuracy improved. For pine processing, fuel
consumption per processed cubic metre increased by 2%.

Despite the positive trend in the first graph, the second graph, which
shows fuel consumption per stem, indicates a statistically significant increase
after training (p<0.05). Fuel consumption per stem rose from
0.25+0.03 L:stem™ before training to 0.31 +£0.03 L:stem™ after training,
representing a 23% increase in fuel consumption. A considerable increase in data
dispersion is observed in the results.

Spruce

When examining fuel consumption changes during spruce processing
(Figure 3.19), a reduction in data dispersion is observed in all considered cases
after training, with fuel consumption values clustering more closely around the
mean. This is also reflected in the standard deviation values, which decreased in
all three cases after training.

After training, fuel consumption per stem decreased from
0.29+0.02 L-stem™ to 0.20+0.01 L-stem™, representing a statistically
significant reduction (p<0.05). Fuel consumption per hour decreased from
14.70 £ 0.56 L-h! before training to 14.37 £ 0.60 L-h™" after training, which is
also a significant reduction (p<0.05). Similarly, fuel consumption per cubic
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metre decreased from 2.91 + 0.15 L-m™ before training to 2.87 + 0.14 L-m™ after
training, with a statistically significant reduction as well (p<0.05).

Despite the fact that in the right-hand graph of Figure 3.19, the median
increased above the mean after training, this is considered a positive outcome, as
it indicates a more complete engine load of the harvester, resulting in reduced
fuel consumption per cubic metre. Overall, when examining spruce processing,
it can be concluded that the training had a positive effect, and fuel consumption
decreased after training.

Birch

Fuel consumption changes during birch processing are shown in Figure
3.20. Fuel consumption per stem increased from 0.17 £ 0.02 L-stem™ before
training to 0.20 £ 0.01 L-stem™ after training. The reduction in dispersion after
training indicates a stabilisation in fuel consumption. A statistically significant
reduction in fuel consumption was observed (p<0.05).

When comparing fuel consumption changes over time (L-47), it was
observed that fuel consumption decreased from 16.8 £ 1.4 L-h! before training
to 14.6 £ 0.4 L-h™! after training. The reduction in standard deviation from 12.3
to 3.7 indicates a decrease in the variability of fuel consumption data, resulting
in a more consistent and less variable fuel usage over time. The variance
difference is statistically significant (p<0.05).

However, this effect hurts fuel consumption per unit volume, as the
harvester’s engine parameters are used less efficiently. When comparing fuel
consumption per cubic metre, data dispersion decreased, but the average fuel
consumption increased from 2.4 £ 0.2 L-m™ before training to 2.6 = 0.1 L-m™
after training. This increase is also statistically significant (p<0.05).

Overall, training had a positive effect on fuel consumption during birch
processing, making it more consistent and less dispersed.

3.4.2. Analysis of Fuel Consumption Changes After Training Using John
Deere Fuel Consumption Data from TimberOffice™

Operator C’s data is examined, and the data analysis of both operators can
be found in the full version of the dissertation. Evaluating the impact of average
stem volume on fuel consumption (L-~27), a regression analysis was performed,
and the following equation was obtained to assess fuel consumption changes:

D = 13.4189 + 15.3468 * v,,;4. (3.2)
where:
D — fuel consumption, L-h7%;
Vyid, — average stem volume, ms.
The obtained regression model is statistically significant, as indicated by
the very low p-value (<0.05). By evaluating the impact of the average stem
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volume on fuel consumption (L-m~), a regression analysis was performed, and
the following equation was obtained for fuel consumption changes in L-m™:

D = 2.9648 — 7.0517 * v,;4 (3.3)
where:
D — fuel consumption, L-m™;
Vvig. — average stem volume, m2.

It was found that there is a significant negative relationship between
average wood volume and average fuel consumption, indicating that as the stem
volume increases, fuel consumption decreases. The obtained regression model
explains 31% of the fuel consumption variance, and both the regression curve
coefficient and slope coefficient are statistically significant.

To assess the effect of training on fuel consumption, changes in stem
volume were considered. Regression charts were created showing fuel
consumption changes before and after training, expressed in litres per hour
(L-#7), and these results are shown in Figure 3.21.

The information presented in Figure 3.21 indicates that, as a result of
training, the slope coefficient of the regression curve has decreased, which may
suggest the optimisation of fuel consumption per hour relative to stem volume.
This means that the operator has managed to load the equipment more evenly
and efficiently.

The increased constant value indicates that the initial fuel consumption
has slightly increased, which could be associated with changes implemented
during training that initially require more fuel but lead to improved work
efficiency over time. The lowered R? value could indicate that other factors, not
included in the regression model, also affect fuel consumption. There may be a
possibility that the operator uses different work methods that increase the
variation in fuel consumption.

Overall, the changes in fuel consumption per hour indicate a positive
effect of training, as the dependence on stem volume has decreased. The next
section will examine the impact of fuel consumption on the processed volume
per unit in litres, as shown in Figure 3.22, which will provide a more
comprehensive understanding of the changes and optimisation results.

This image confirms the previously observed trend that training has
reduced the negative correlation between average stem volume and fuel
consumption. This suggests more efficient use of engine power, regardless of the
stem volume. The reduced slope coefficient of the curve after training indicates
that the operator can use the equipment more efficiently, with less fuel
consumption per processed cubic metre. Moreover, the reduced slope coefficient
indicates an overall improvement in efficiency, reflected in the reduced initial
fuel consumption per m? after training. The lower R? value may suggest that after
the training, fuel consumption is influenced by other factors not included in the
model, possibly related to improvements in the operator’s technique. This
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indicates that fuel consumption has become more stable and less dependent on
stem volume, which may point to better control and management of the work
equipment.

When analysing fuel consumption, the John Deere manufacturer’s
software does not distinguish between separate stem volume groups, but fuel
consumption is examined in specific operational phases before and after training.
The results indicate that there is no statistically significant effect of training on
fuel economy (p>0.05). The average fuel consumption changed from
18.86 £ 0.40 L-h™* before training to 18.73 = 0.40 L-h™' after training, a 1%
decrease, which can be considered very insignificant fuel economy. The changes
in variance and standard deviation after training are very similar, suggesting
similar variation in fuel consumption before and after training. However, after
training, the spread of the average fuel consumption slightly increased. Pearson’s
correlation coefficient (0.941) shows a very high positive correlation between
the total and average fuel consumption before and after training (Table 3.9).
Given these results, it is difficult to assess the effectiveness of the training. The
program aggregates total fuel consumption and fuel consumption in individual
stem processing operations. The fuel consumption changes before and after
training in individual stem processing operations for operator C, are graphically
presented in Figure 3.23.

However, when comparing fuel consumption indicators before and after
the training, the percentage of fuel savings was small, and the resulting graphs
were relatively similar (Table 3.8).

According to the data in Table 3.8, it can be observed that the impact of
training on fuel consumption was variable. The only stem processing operation
in which fuel consumption significantly decreased by 4% was “Driving”
(p<0.05). In “Sawing” and “Processing”, fuel consumption decreased by about
1%, during “Feeding”, it remained unchanged, while in the operation “Only
Debarking”, fuel consumption increased by 2%. Compared to the previously
analysed changes in productivity, after training, the operator’s execution time
increased during the “Only Debarking” operation, which possibly influenced the
increase in fuel consumption.

3.4.3. Analysis of Fuel Consumption Using Ponsse Fuel Consumption Data
from Ponsse Opti 4G

Ponsse Opti 4G only reports fuel consumption in time and volume units;
therefore, this subsection will focus on the changes in fuel consumption over 2
months before training and 3 months after training. The data from Operator E
will be analysed in this section. An analysis of all operators can be found in the
full version of the thesis.
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The Ponsse Manager program records the total fuel consumption for the
specified period, without breaking down fuel consumption by individual
operations. Therefore, the analysis provides the overall fuel consumption, which
is sufficient to assess the general trend in fuel consumption changes before and
after training.

When analysing the changes in fuel consumption over 2 months before
training and 3 months after training, the following trend is observed (Figure
3.24): in the first month after training, fuel consumption decreased, but in the
subsequent months, it gradually increased. In the month before training, fuel
consumption fluctuations decreased, and in the following months after training,
the fluctuations stabilised with a tendency to decrease, as confirmed by the
standard deviation values. The range of data dispersion slightly increased after
training, but in the following months, the dispersion tended to decrease and
stabilise at a steady level.

The impact of hourly fuel consumption on fuel consumption per cubic
metre is shown in Figure 3.25. Based on the information obtained from the
Ponsse Manager program, it can be concluded that before training, the average
fuel consumption per cubic metre increased, but after training, a trend of fuel
consumption decrease is observed. After the training, a reduction in data
dispersion is observed, indicating more stable and predictable fuel consumption.
Overall, it can be concluded that the training had a positive impact on reducing
fuel consumption.

The average values of hourly fuel consumption increased. In contrast, fuel
consumption per unit of volume decreased (Figure 3.25). This could be attributed
to the overall increase in engine crankshaft speed, which makes it easier for the
engine to work, makes the engine’s power more fully utilised, and reduces fuel
consumption per unit volume.

Although the table data show a significant reduction in fuel consumption
for the “Driving” operation, the overall fuel consumption still exhibits a
decreasing trend, despite an increase in fuel use during the “Felling only”
operation.

CONCLUSIONS

1. Between 2019 and 2021, the proportion of machinery within the Latvian
harvester fleet supporting the StanForD 2010 standard increased by 30%.
However, a detailed assessment of machine age and manufacturer reveals that
more than half of the serially produced machines formally compliant with the
standard are unable to provide a complete telemetry data package due to
sensor calibration limitations. This outcome highlights the necessity not only
to increase compliance in a quantitative sense, but also to undertake
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qualitative validation of machine data streams and to implement certified
software updates in order to ensure methodologically sound data collection
for production process monitoring.

The enhancement of forest machine operators’ qualifications not only leads
to improved productivity and more efficient use of machinery, but also
contributes to more environmentally considerate logging operations (i.e.,
reduced damage to residual trees and soil) and improved quality of harvested
material. On average, fuel consumption following training decreased by 9.4
litres per hour (SD = 3.1 L-h™'; p < 0.01), while productivity increased by
11% (p < 0.05). At present, all machinery distributors in Latvia provide
operator training, and the majority of surveyed forest machine operators
(75% of forwarder operators and 66% of harvester operators) view the
training process as a positive experience. However, many also acknowledge
that the methodological approach to training could be more targeted. To
enhance the effectiveness of training, it is first necessary to analyse the
information provided by harvester systems, which can help identify key
issues to be addressed during the planning of the training process.

The integration of automatically obtained .hpr and .mom files into work
planning results in a statistically significant reduction in costs: the average
cost per harvested cubic metre of timber decreased by 4.8% (p < 0.05).
Furthermore, the elasticity of fuel consumption relative to the volume of
processed stems declined from 0.43 L-m™ to 0.29 L-m3, indicating increased
stability in the production process. These results support the central thesis of
this study: the use of StanForD 2010 data can not only enhance the
performance of individual operators but also optimise logistics and resource
allocation at the enterprise level.

The study found that 70% of operators experienced a fuel consumption
reduction of 10% or more following training, whereas fuel consumption
increased for the remaining 30%. Changes in fuel consumption can be
explained by the fact that operators require varying amounts of time to adapt
to new conditions, as well as to utilise the machine’s potential efficiently. If
increased fuel consumption is not accompanied by a corresponding
improvement in productivity, a renewed error analysis and additional training
are warranted.

For the operators included in this study, productivity outcomes before and
after training—where training was informed by the analysis of automatically
identified errors—differed significantly (p < 0.05). Therefore, the study's
hypothesis is confirmed: automatically collected harvester data can be
effectively used to analyse, plan, and evaluate the effectiveness of operator
training.
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RECOMMENDATIONS

An immediately actionable, practice-oriented recommendation is to
ensure the quality of telemetry across the entire harvester fleet. Each time
StanForD 2010 support is introduced or updated, a sensor calibration audit
should be conducted, and the resulting data validated using a dedicated series of
control measurements. This will ensure that the resulting .hpr and .mom data
streams are comparable across different machines and time periods, thereby
mitigating the risk of erroneous conclusions at subsequent analytical levels. A
second practical step involves the implementation of an individualised operator
mentoring system. By leveraging real-time indicators such as fuel consumption,
cutting accuracy, and productivity metrics, personalised training modules should
be developed and adapted to each operator's competence level and work
dynamics. This would replace the current reliance on periodic in-person training
sessions with a more responsive, data-driven learning framework. The third
recommendation pertains to planning discipline: in the daily optimisation of
timber flow and logistics at the enterprise level, StanForD 2010 data should be
afforded equal status to economic and market indicators. This would enable the
resolution of not only micro-level efficiency issues but also broader macro-
efficiency challenges, such as managing rising fuel costs and minimising
machine idle time.

In the context of future research, it is first necessary to expand the
technological platforms and company profiles included in the sample—
particularly by incorporating small-scale forestry enterprises, which to date may
have had limited access to the full functionality of StanForD 2010. Such
expansion would enable assessment of how market structure and economies of
scale influence the benefits derived from data integration. Second, a more
comprehensive evaluation of operator training effectiveness is required. This
could be achieved through collaboration with vocational education institutions
and by longitudinally tracking a consistent cohort of operators over several years.
Such an approach would allow for quantitative assessment of skill degradation
or improvement rates, as well as their interaction with cycles of technological
innovation. Third, it would be beneficial to develop machine learning models
that, based on the synthesis of StanForD 2010 and remote sensing data (e.g.,
LiDAR), can predict expected fuel consumption and productivity for specific
forest compartments during a given shift. Such tools would support tactical
resource planning and risk management under conditions of climate change.
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