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Abstract

The StanForD 2010 standard for forestry machines is nearing the practical

implementation phase (autumn 2013). Skogforsk has conducted tests in which the
harvester's wood preparation, production reporting and operational monitoring
according to the new standard were assessed. Four systems were tested. The new
systems are more flexible in terms of control of bucking, and generate more individ-
ual data in production reporting and operational monitoring. The standard is based

on a new XML format.
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Sammanfattning

Introduktionen av StanForD 2010. Standarden bérjar narma sig praktisk anvind-
ning (héstern 2013). I genomfort test sd har en utvirdering av styrning av skérdar-
nas virkestillredning, produktionsrapportering och driftsuppféljning genomforts.
Fyra system testades 1 studien, Log Mate 500 fran Log Max, Timbermatic H fran
John Deere, MaxiExplorer frin Komatsu och Ponsses Opti 4 system. Alla system
har introducerat StanForD 2010 i sina senaste programversioner.

Resultat och nyheter med StanForD 2010 och skordare:

e Unika identiteter gor att varje avverkad stock/trid kommer att ha en
virldsunik identitet. Detta 6kar bl.a. sparbarhet och minimerar risken f6r
att data tappas bort eller blandas ihop.

e Mer flexibel styrning da produkter (sortiment) kommer att kunna liggas
till, bytas eller andras under ett pigaende objekt. Komatsu och Log Mate
klarade alla testade funktioner for styrning i studien.

e Ett objekt kan i den nya standarden delas upp i delobjekt.

e Varje stock och arbetad tid kommer att redovisas individuellt, vilket
Oppnar for nya nyckeltal och uppféljningsméjligheter.

e John Deere och Komatsu har infért automatisk lagring av produktions-
och driftsdata, detta leder till mojligheten att enkelt introducera automatisk
produktionsrapportering. Detta testades hos Komatsu 1 studien.

e [ alla system sa fungerade virkesstyrningen bra (vardeaptering och fordel-
ningsaptering), resultatet var i niva med test 20006 eller lite bittre.

e Massavedshanteringen bor standardiseras for att alla maskinmirken ska
kunna styras med samma instillningar (gemensam pin).

e Inget system klarade alla testade funktioner men alla dr en god bit pa vig.

Sedan testen s har alla tillverkare vidareutvecklat sina system och jobbar nu dven
med implementering av den nya skotarstandarden. Vad giller skordare sa ar liget i
oktober 2013 enligt foljande: Log Mate 500, TimbermaticH och MaxiExplorer
siljs med StanForD 2010 (2.0) kompabilitet pa den svenska marknaden. Ponsse
riknar med att introducera sitt system till sommaren 2014. Dasa som ocksa ér ett
stort skordardatormirke 1 Sverige har inte varit med i studien, men riknar med att
ha ett StanForD 2010 kompatibelt-system pa marknaden under sommaren 2014.
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Ytterligare viktiga komponenter for att systemen ska borja anvandas ar admini-
strationsprogrammen for styrning och mottagning av produktionsdata. CGI har
anpassat sitt program Silvia for styrning och SDC har arbetat for att kunna ta
emot hpr-data i sina system. Nya Silvia finns nu ute pa marknaden och SDC har
borjat testa hpr-data i sina system och raknar med att kéra StanForD 2010 data 1
produktion frin bérjan av 2014. Under en 6vergangsperiod pa nagra ar kommer
tillverkarna att stodja bade gammal och nya standarden i nya maskiner.

Bakgrund

Foljande beskrivning av StanForD 2010 bygger péd det informationsmaterial som
sammanstilldes pa Skogforsk under 2012 och som dven har publicerats i form av
en arbetsrapport (Arlinger, Nordstrom & Moller, 2012).

Hoésten 2006 beslutade skogsmaskintillverkarna inom StanForD-gruppen om att
inleda arbetet med att utveckla en ny StanForD-version, StanForD 2010.
StanForD ir skogsbrukets standard f6r hantering av data till och fran skogs-
maskiner. Standarden ar global och anvinds av alla storre tillverkare av skogs-
maskiner for avverkning enligt kortvirkesmetoden. StanForD 2010 4r den upp-

daterade versionen av StanForD-standarden som har funnits sedan slutet av
1980-talet.

Viren 2011 var den forsta versionen (1.0) klar och 1 november 2011 uppdaterades
den till 2.0. Under 2011 och 2012 har den f6rsta versionen av standarden vidare-
utvecklats och i november 2012 beslutades om den uppdaterade versionen 2.1. Vi
riknar med att den nya StanForD-versionen kommer att borja anvandas i det
svenska skogsbruket under 2014.

Under 2012 gjordes de forsta praktiska testerna med StanForD 2010-kompatibla
(2.0)-datorer i skordare. De storsta skillnaderna mellan StanForD 2010 och
tidigare version ér att:

e StanForD 2010 infér ett koncept for att ange identiteter for maskiner,
avverkningsobjekt, stammar, stockar m.m. med Keys och Userlds.
En produktnyckel sitts automatiskt i maskinen (vanligen ett I6pnummer)
och ett Userld anges av t.ex. avverkningsorganisationen. Systemet gor det
teoretiskt maojligt att sirhalla varje stock som producerats globalt samt ger
sparbarhet for varje modifiering som gors av maskinens instillningar.

e Det nya systemet for identiteter ligger dven grunden for en flexibel styr-
ning av avverkningen, d.v.s. férandringar av vilka produkter som apteras
och hur de ska apteras (lingd, pris etc.) blir méjliga att genomféra vid
vilken tidpunkt som helst, dven under pagiaende avverkning. StanForD
2010 introducerar dven ett separat meddelande for styrning av skotare,
vilket inte fanns i den tidigare versionen.

e Produktionsrapportering fran skérdare sker per individuellt producerad
stock, vilket ger stora mojligheter att presentera och analysera produktio-
nen utifran specifika 6nskemal hos t.ex. avverkningsorganisation- och
kund. Strukturen 6ppnar dven for en framtida rapportering av varje stock
on-line. Den detaljerade skordarinformationen fungerar ocksa som under-
lag f6r prognoser for skogsbrinsleuttag och beridkning av produktegen-
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skaper som densitet, kirnvedsinnehall och kviststruktur. StanForD 2010
introducerar dven ett meddelande for aterrapportering av geografisk
information.

e Driftsuppfoljningen sker genom att varje individuellt arbetsmoment
(upparbetning, reparation, underhall, rast, stillestaind etc.) registreras for
forare och maskin separat. Systemet ar oberoende av vilket avverknings-
objekt maskinen befinner sig pa for tillfillet. Detta gor det moijligt att
jamfora olika tidsperioder pa ett enkelt sitt och dirmed kunna analysera
olika maskinsystem, arbetslag etc.

e Formatet i StanForD 2010 dr XML, ett 6ppet, generellt och viletablerat
format, vilket bade underlattar for systemutvecklarna och minskar behovet
av konverteringar till andra format nir data enligt StanForD 2010 ska han-
teras i olika datasystem (Atrlinger, 2012).

StanForD 2010 strukturerar data i bl.a. ett antal meddelanden f6r produktions-
styrning och produktionsrapportering. Frimst har dessa meddelandetyper analy-
serats under 2012 ars test.

STYRNING

Inom StanForD 2010 finns ett antal meddelanden for att styra skérdare och
skotare med instruktioner som skickas ut till maskinen fran en kontorsdator.
Meddelandena for att styra skordare har motsvarigheter inom den aldre versio-
nen av StanForD, medan meddelandena f6r att styra skotare ar nya fér
StanForD 2010. Den storsta skillnaden 1 styrning mellan StanForD 2010 och
den tidigare versionen ir att de olika typerna av styrdata frikopplas fran varan-
dra sd att endast en mindre del av den totala instruktionen maste skickas ut om
forutsittningarna for produktionen dndras under pagiaende avverkning. Syste-
met blir dirmed mer flexibelt 4n det dldre systemet dir en helt ny apterings-
instruktion maste skickas ut om en dndring ska goras av t.ex. vilka produkter
som ska vara aktiva (produceras). Nedan foljer en schematisk bild (Figur 1)
over de olika meddelandena som styr skordare och skotare i StanForD 2010
och deras huvudsakliga innehall.
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. . . H . . Object geographical instruction (ogi)
Ly ec_t mstru_ctron_(om) '_ . *e, | * Kartlager (ortofoto, shp-filer)
: Objek}ets identiteter H “‘ 4 e Instruktioner om vilka kartlager
: Skogsagare mm . i som far modifieras i maskinen
e Aktiverade produkter H

. ¢ Presentation av kartlager (farger,
%, symboler etc.)
Product instruction (pin) %,
¢ Produkternas identiteter At
e Langder Species group instruction (spi)
¢ Diametrar ¢ Definition av
o Kvaliteter tradslagsgrupper, DBH
* Prislista ¢ |dentiteter
¢ Restriktioner ¢ Barkfunktion
¢ Fordelningsmatriser ¢ Friskkvistaptering

Figur 1.
Exempel pé styrmingsdata som lagras i oin-, pin, spi- och ogi-filer.

Product instruction — pin (produktinstruktion)

I en produktinstruktion ingar information om hur skérdardatorn ska hantera
diametrar (diameterklasser, mattslag, min/max diametermatt etc.) och lingder
(langdklasser, maxlangder, 6vermal). Meddelandet innehaller dessutom pris-
matris och eventuell lingdférdelningsmatris samt gillande gransvirden for
specifika produkter. I ett pin-meddelande finns ingen koppling till ett specifikt
objekt. StanForD 2010 stédjer ett flexibelt arbetssitt for avverkning, vilket bl.a.
innebir att en ny produktinstruktion ska kunna skickas ut och tas i bruk vid
vilken tidpunkt som helst.

Varje produkt identifieras med ett ProductUserld som avverkningsorganisa-
tionen anger och en ProductKey som sitts som ett I6pnummer 1 maskinen
(se beskrivning av identiteter ovan). Avverkningsorganisationen styr om
maskinforaren ska kunna modifiera produktdefinitionerna eller inte. Varje
modifiering av definitionen av en produkt genererar en ny ProductKey.

Object instruction — oin (objektsinstruktion)

Objektsinstruktionen innehaller det aktuella avverkningsobjektets identiteter
(satta av avverkningsorganisationen) samt uppgifter om objektsnamn, avverk-
ningsorganisation, siljare och referenser (ProductUserld) till vilka produkter
som dr aktuella. Hur produkterna ska tillredas finns dock definierat i produkt-
instruktionen. Om objektet ar uppdelat i flera delobjekt (subobjects) finns
referenser till dessa ocksa med.
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Species group instruction — spi (tradslagsgrupper)

En tridslagsgrupp inom StanForD 2010 kan vara antingen en enskild art (t.ex.
Picea abies) eller en grupp arter (t.ex. Ovrigt 16v). StanForD 2010 reglerar inte i
vilken ordning tridslagsgrupperna presenteras, vilket var fallet i den éldre ver-
sionen av StanForD. Detta ir i stillet upp till anvindaren, dven om det vore
praktiskt om man inom ett land eller annan limplig region kommer 6verens
om nagra vanligt férekommande tridslagsgrupper som hanteras lika av alla
foretag. For varje tradslagsgrupp definieras vilka funktioner som ska anvindas
for att berakna barktjocklek, rotavsmalning och friskkvistgrins. Dessutom an-
ges vad som avses med brosth6jd samt vilka kvaliteter som ingar for en viss
tradslags-grupp. Tradslagsgrupperna kan med en flexibel avverkningsmetod
uppdateras nir som helst under avverkningen.

PRODUKTIONSRAPPORTERING

StanForD 2010 bygger pa principen om att data registreras i maskindatorn med
hoég upploésning for att sedan aggregeras eller vidareféradlas 1 foretagens egna
system fOr datahantering. Huvudalternativet f6r produktionsrapportering fran
skordare blir dirfér hpr-meddelandet dir produktionen rapporteras for varje
enskild stock.

R

Object geographical report (ogr)\ ( Harvested production (hpr) )
¢ Vilka kartlager har dndrats? Per avverkad stock:
¢ Vilka andringar gjordes? ¢ Produkt TN
¢ Vem gjorde dndringarna? e Langd & N
o i . * Diametrar d @/

e Tradnr ) Q,
(B
Per avverkat trad: m

e Tradnr m [
o Tradslag \& — -
« GPS-position L

» Grotanpassning \.

* Processtyp

(single/muilti tree felling or processing)

. J N

Figur 2.
Exempel pa produktionsdata som lagras i hpr-filerna.
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Harvested production — hpr (skérdarproduktion)

I skordarens produktionsrapportering lagras detaljerad information om varje
enskild upparbetad stock och stam i en struktur som liknar den dldre filtypen pri.
Alla lingd- och diametermitningar lings en stam och kvaliteten kan dven skickas
med pa samma sitt som i en stm-fil. Varje stock far en unik identitet sa att pro-
duktionen fran flera maskiner pa samma objekt ska ga att rapportera i samma
meddelande med bibehallen méjlighet att spara varje stock till en viss stam och
maskin.

Aven flertridshanterade stammar kan rapporteras i samma struktur genom att
varje bunt (och varje i bunten ingiende stam) far en egen identitet
(StemBunchKey). Aven oklassade stockar lagras i meddelandet, om 4n med ett
minskat antal variabler.

Total harvested production — thp (total skoérdarproduktion)

Total harvested production (thp) ar en enklare form av foregangaren (prd) som
kan vara anvandbar nir behovet av produktionsdata om enskilda stockar inte
finns samt nér 6verféringskapaciteten ar lag. Meddelandet dr en produktionsfil
med aggregerade produktionsdata (total volym, totalt antal stammar) frin avverk-
ningsstart pa det aktuella objektet till tidpunkten da meddelandet skapades.

Object geographical report — ogr (geografisk aterrapportering)
Ogr-meddelandet liknar i stort den geografiska objektsinstruktionen (ogi). I detta
meddelande lagras information om vilka kartlager som har modifierats i maskinen,
hur kartlagren har dndrats och av vem dndringen har gjorts.

KVALITETSSAKRING

For att forsakra sig om att skordarens system for att mata lingd, diameter och
volym fungerar korrekt finns rutiner for kvalitetssikring av matningen. For skor-
darens matning bestar kvalitetssikringen 1 att ett antal slumpade stammar kontroll-
mits av foraren och jimfors med maskinens mitning. En oberoende revisor som
gor regelbundna uppfoljningar kan dven vara kopplad till systemet.

hqc
. (revisor)
sy

Harvested quality control (hqc)

Per avverkad stock:

¢ Produkt

e Langd (maskin/férare revisor)

¢ Diametrar (maskin/férare revisor)
e Tradnr

Per avverkat trad:
e Tradnr
e Tradslag
‘ * GPS-position
* Processtyp
(single/multi tree felling or processing)

Figur 3.
Exempel pé kvalitetsséakringsdata som lagras ner i hgc-filerna.
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Harvesting quality control — hqc (kvalitetssékring skordare)

All data som har att géra med kvalitetssakringssystemet for skordarens mitning
lagras i StanForD 2010 i ett hqc-meddelande (ersitter tidigare ktr + stm), det dr
alltsa samma meddelande som skickas bade till och fran dataklaven vid kontroll-
mitning. Nir en kontrollstam slumpats eller valts ut manuellt sa skickas stam-
vektorn med diametervirden for varje dm 1 ett hqc-meddelande till klaven. Vid
kontrollmitning av stammen lagras de kontrollmitta lingd- och diametervirdena i
samma meddelande. Meddelandet kommer dven att innehalla kalibreringshistorik.
Hqc-meddelandet har samma struktur som meddelandet f6r skordarproduktion
men inkluderar endast stammar som valts ut f6r kontrollmitning.

DRIFTSUPPFOLJNING

Genom att med automatik registrera skordarens arbete skapas forutsittningar att
tolja upp produktionen och jimféra arbetet hos olika maskinsystem och arbetslag.

Operational monitoring — mom (driftsuppféljning)

Driftsuppfoljningen i StanForD 2010 registreras per tidsenhet, vilket ger stor
valfrihet nir det giller att summera driftsdata eftersom data inte dr knutet till ett
specifikt objekt eller en viss férare. Tiden delas upp pa maskintid och férartid,
som sedan var och en dr vidare nedbruten pa upparbetning, rast, reparation,
underhill, restid, planering etc. Aven outnyttjad tid ska registreras for maskinen.
Tidsserierna kan sedan ritas upp var for sig och jimféras pa onskat sitt. Inom
StanForD 2010 finns valfriheten att registrera antingen individuella tider eller
kombinerade/aggregerade tider. Baksidan med kombinerade tider dr att dessa gor
det svarare att jaimfora driftsuppfoljningsdata med produktionsdata samt att
berikna nyckeltal f6r produktionen.

Upparbetning/ .
lastning
Egentligt arbete I Terrangkérning [l
Grundtid, Buri bet. I
Gl vrigt arbete
Flyttning
mellan objekt
Utnyttjadtid ] = &= = o o o o o o =
Reparation . {Orsak
Vantan pa rep.
. Avbrott
Kalendertid Skotsel 5
vrigt
Trailertransport .
P . Administration
- Planering
St .
‘‘‘‘‘‘‘ - orning . Fastkdrning
T ——— Klimat
Outnyttjad tid Rast l Stopp
Ovrig
outnyttjad

Figur 4.
Exempel pé driftsuppféljningdata lagrad i mom-filerna. Tiden nedbruten i olika arbetsmoment enligt StanForD 2010.
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Operational monitoring (mom)
Tipunkt, langd, forare, objekt registreras
for olika typer av tid som:

e Upparbetning

e Terrangkorning

* Rast

* Reparation

e Underhall

* Restid

* Planering etc.
N J

Figur 5.
Exempel pé olika typer av tider/ arbetsmoment som lagras i mom-filerna.

Syfte

Syftet med testen var att under produktionsliknande foérhallanden testa den nya
standarden, StanForD 2010, for styrning, produktionsrapportering, kvalitetssik-
ring och driftsuppfoljning av skordare. I studien testades fyra maskinsystem med
avseende pa styrning med StanForD 2010-filer, aptering och allmin funktionalitet
hos apteringsdatorerna, dessutom testades produktionsrapportering, kvalitetssik-
ring och driftsuppféljning enligt den nya standarden. Resultaten ska fungera som
vigledning for maskintillverkare vid vidareutveckling av systemen och ge informa-
tion till brukare och forskare vid 6vergangen till den nya standarden.

De faktorer som i férsta hand studerades var hur systemens apteringsutfall gick att
styra med den nya standarden och om produktions- och driftsdata lagrades ner
korrekt enligt standarden.
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Figur 6.
Ponsse pa objekt hos Sveaskog utanfor Vasteras.

Forutsattningar och studieupplagg
BESTANDET

Testerna i StanForD 2010 gjordes i bestand i nirheten av dar maskintillverkarna
hade limpliga maskiner. Testerna gjordes enligt tabellen nedan, fran Umea i norr till
Vixj6 1 soder. Malet var att avverka ganska stora trid med en medelstam pa knappt
1 m’fub.

I studien deltog maskinsystem enligt Tabell 1.

Tabelll.
Datorsystem och vardforetag som deltog i StanForD 2010 testet (medelstammen avser normalt upparbetade
stammar under fordelningstestet).

Eco Log 560C/ Log Mate 500. Ludvika Sveaskog 2012-04-12-13 0,603

John Deere 1170E/ Timbermatic H09. | Vé&xjo Sodra 2012-02-09-10 0,458

Ponsse Fox/ Opti 4G. Visterds | Sveaskog 2012-03-21-22 0,496

Komatsu 941/ MaxiXplorer. Umed Holmen 2012-03-27-28 1,198
10
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DATAINSAMLING

Maskinsystemen testades i tvd etapper. I den forsta utvirderades olika styrnings-
funktioner (identiteter, aptering) och produktionsrapportering, baserat pa upp-
arbetning av ca 40 enskilt upparbetade trid per maskinsystem. Triden utgjordes
av ca 30 granar och 10 tallar, vilka valdes i samband med avverkning. Enbart trid
som var relativt fria frin skador som dubbeltoppar och stora krékar valdes.
Tridens brosthéjdsdiametrar (DBH) varierade mellan ca 20-30 cm. Utvirderings-
modellen féljde uppligget fran tidigare virkesvirdestets (Moller et al., 2002, 2008).

Pa de 30 gran- och 10 tallstammarna samlades stamdata in automatiskt med
maskinerna (hpr-filer med utékad diameter vektor, jimférbara med dldre stm-
filer) och en uppféljning av maskinsystemens virdeaptering genomfordes.

I en andra etapp avverkade alla maskinsystem 200-300 granar (250—450 timmer-
stockar). Baserat pa dessa stockar analyserades maskinsystemens fordelnings-
aptering. Under den andra etappen testades dven maskinernas funktion for
utslumpning av kontrollstammar (hqc-filer enligt StanForD, 2010).

Under delstudierna lagrade de testade maskinsystemen lingd- och diametermit-
ningarna for samtliga avverkade stammar i form av stamfiler (hpr och/eller stm).
Dessa filer, tillsammans med 6vriga StanForD-filer, samlades in for anvindning
vid analyserna. Ovriga StanForD-filer som anvindes vid analyserna var produk-
tionsfiler (hpr, thp), driftuppfoljningsfiler (mom), kalibreringsfiler (hqc) och styr-
filer (oin, pin, spi).

Figur 7.
John Deere 1170E pa objekt hos Sodra utanfor Vaxjo.
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TESTADE MASKINSYSTEM

I Tabell 2 redovisas deltagande datorsystem, basmaskiner och aggregat.
I Tabell 3 redovisas hur apteringsdatorerna var instillda under testen.

Tabell 2.

Datorsystemen som deltog i StanForD 2010 test 2012.

0S, Windows XP.

Windows XP PRO, Lox Max
Log Mate 500. 1.0.34. 1.4.15 pekskarm. Eco Log 560C. 5000D.
Timbermatic H. | 1.14.1 1.16.11 Windows XP. John Deere H412
1170E.
. Inte pa
4Pgnsse Opti 4.715.RC1 marknaden, Windows XP SP3. | Ponsse Fox. H6
' kvartal 2-2013.
MaxiXplorer. | 3.0.x 18107D. 306 Custom embedded |\ - 9411 | 370.2

Log Mate 500 ir en ny apteringsdator fran Log Max AB som boérjade siljas under
slutet av 2012 i Sverige. Ovriga datorer har funnits nigra r pa den svenska mark-

naden och var i testet anpassade till StanForD 2010. I maj 2013 sa finns tre

stycken StanForD 2010 (2.0) kompatibla datorer pa marknaden i Sverige

(Log Mate, Timbermatic Och MaxiXplorer).

Figur 8.
Eco Log 560C pa objekt hos Sveaskog utanfor Ludvika.
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Tabell 3.
Instélining av apteringsdatorerna i testet

Log Mate 500/ Hela stammen | Adaptiv | 1/50 ms. 2-4 SF* Nej

Eco Log.

Timbermatic H. Hela stammen | Adaptiv | >1 perm. 2-4 SF** Ja

Ponsse Opti 4G. 30 Adaptiv | 1/25ms. 2-4 SF** Ja
. . Normalt 1 per stock "

MaxiXplorer. 11 Adaptiv (ibland oftare). 2-4 SF Ja

* Prognos jamfort med uppmatt diameter .
** Skogforsk 2004.

‘E_'
L __»
b |
AW
¥
i
Figur 9.
Komatsu 941 pé objekt hos Holmen utanfér Umea.
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Delstudier

Testerna bestod av foljande delstudier:
e  Styrning av produkttillredning.
e  Produktionsrapportering och kommunikation.
e Kalibrering och kontroll.

e  Driftuppféljning.

STYRNING AV PRODUKTTILLREDNING (APTERING)

Huvudsyftet med delstudien var att testa olika styrningsmoment. Dels traditionell
virdeaptering med prislistestyrning mot olika lingd- och diameterkombinationer
per sortiment, dels test av specifika funktioner som kvalitetsaptering, férdel-
ningsaptering, stocktypsaptering, friskkvistaptering, anvindning av begransnings-
matriser och frikap genomfordes.

Ett andra syfte var att testa de nya mojligheterna med att styra produkterna genom
byte av enskilda oin- och pin-filer mellan och under produktionskorning.

Mer specifikt jamfordes maskinsystemens styrningsmoéjligheter, apteringsgrad och
lingdfoérdelning vid virdeaptering av 30 granstammar. Vidare jamfordes maskin-
systemens férdelnings- och apteringsgrad vid férdelningsaptering av

200-300 granar. Slutligen gjordes en kontroll av i vad man funktionerna f6r auto-
matisk aptering i form av stocktyps- och friskkvistaptering, biobrinsleregistrering
fanns implementerade i apteringsdatorerna och en utvirdering av dessa funktioner
vid upparbetning av 10 tallstammar per maskinsystem.

Material och analyser

Styrfiler och instéllningar

Skogforsk tillhandahdll apteringsfiler (oin, spi och pin) baserat pa respektive
skogsforetags normala apt-filer ndgra dagar fore studien. Detta innebar att styr-
nings-filerna inte var identiska i alla maskiner. Daremot sa gjordes filerna sé att
antalet produkter (sortiment), antal kvaliteter per tridslag och liknande inte
varierade.

Objektinstruktion (oin-filer)

Oin-filerna inneholl identitetsvariabler, referenser till spi- och pin-filer. I testet
anvindes alla identitetsvariabler som ér av central betydelse f6r SDC,

(se Bilaga 2).

Tradslagsgrupper (spi-filer)

I testen anvindes spi-filer enligt de svenska rekommendationerna, se Appendix 3.
Detta innebar bl.a. att f6ljande installningar anvandes: Skogforsk barkfunktioner,
finska spp-funktioner f6r rotdelsberakning (forsta 1,3 meter av stammen), SDCs
tridslagskoder, DBH-h6jd 6ver stubbe 110 cm. I testen har ocksa automatisk
triskkvistaptering testats pa tall f6r de maskiner som stodjer den funktionen. Vid
friskkvistaptering anviandes konstant ’a” satt till 700. (Se Bilaga 4).
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Produktinstruktioner (pin-filer)

I produktinstruktionerna sa definieras varje produkts (sortiments) tillaitna dimen-
sioner (langd diameter), tillitna kvaliteter, priser, ev. begransningar, restriktioner
(stocktyper, torbjudna dimensioner), fordelningsonskemal, etc.

I virdeapteringstestet sa fanns f6ljande produkter:

e Dor gran: normaltimmer (Kvalitet 1-2) med tva prioriterade lingder, en
forbjuden lingd, kubbsortiment, barr- och granmassasortiment och
brinsleved. (se exempel i Bilaga 1). Timmerlistorna styrde mot varannan
timmerlangd.

e FDor tall: normaltimmer (Klass 1—4) alla med fyra prioriterade lingder, en
térbjuden lingd och massavedssortiment. For Klass 1 sa var endast rot-
stock tillaten.

e Forl6v si fanns tre tridslag med endast massaved: Bjork, Asp och Ovrigt
16v.

e F6r massaved sa anvindes manuellt frikap- och topbits-frikap
(TopLogFreeBuck). Fér massaved sd anviandes ocksa férdelningsaptering
och samma pris for alla massavedslingder.

e Alla system anviande kapfonstret 2—4 cm f6r timmerprodukterna, vilket
angavs i pin-filerna.

I samband med testet av styrning (aptering) sa testades dven registrering av
produktionsdata i samband med flertridshantering, fallning och flertridsfallning.

Nagra olika typer av instéllningar vad giller oin- och pin-filer testades dven
enligt f6ljande:

1) Start av nytt objekt med fullstindig uppsattning filer inklusive oin, spi och
pin.

2) Start av nytt objekt med ny oin (i maskinen redan befintliga spi och pin).
3) Tilligg av ny pin under ett pagaende objekt och vid nytt objekt.

4) Byte av pin under pagiende objekt (ny pin med nagot modifierade
instillningar).

5) Starta av ett nytt delobjekt (SubObject) under pagaende avverkning.

Datainsamling

30 medelstora granar och 10 tallar valdes ut. I samband med avverkning si angavs
kvalitetsgrinser pa granstammarna i samband med att kvistknivarna passerade
kvalitetsgrinsen enligt foljande:
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Gran

For 12—14 stycken trid anvindes samma kvalitet for hela stammen (Kvalitet 1),
tor 12—14 stycken trid angavs tva olika kvaliteter (Kvalitet 1 och 2), f6r tva-tre
stycken trid gjordes en manuell korrigering av kvaliteten. Tva stammar apterades
med en massavedbit i rot, varav en stam med hjilp av en massavedsknapp och en
stam med hjilp av att Kvalitet 6 angavs for rotdelen av stammen. For ett trad
apterades kortades en bit manuellt efter att maskinen hade matat ut optimal lingd.

Tall
For de 10 tallarna som avverkades si anvindes automatisk stocktyp- och frisk-
kvistaptering om dessa funktioner fanns implementerade i maskinen.

Fem tallar apterades med Klass 3 och 2, tva trdd med Kwvalitet 1 och 2, tva trid
med Kvalitet 3 och 2 och ett trid med Kwvalitet 2 och 4. For skérdare med auto-
matisk friskkvistfunktion implementerad s andrades endast startkvaliteten. For
Ovriga maskiner byttes till Kvalitet 2 manuellt.

Fordelningsaptering

I en andra etapp testades fordelningsaptering varvid skordarna avverkade ca
250—450 granstockar som fordelningsapterades. For fordelningsaptering anvandes
skogsforetagens egna prislistor och endast en grantimmerprodukt. Maximal
tilliten virdeavvikelse var 4 %. Férdelningsénskemalet framgar av Bilaga 5. Alla
maskiner anvinde niroptimalmetoden och férdelningen gjordes pa stycketal per
diameterklass (de metoder som StanForD 2010 stodjer). I samband med fordel-
ningsapteringstesten slumpades stammar ut enligt principen for kvalitetssikring av
skordarnas lingd- och diametermitning.

Utvardering

I studien utvirderades hur de olika maskinerna gick att styra enligt StanForD 2010
version 2.0. Férutom test med nya typer av styrmeddelande sa utvirderades och
jamfordes virdeapteringen 1 skordaren med virdeapteringen 1 Skogforsk simule-
ringsprogram Aptupp (apteringsgrad). Kvalitets- och tvangskapsgranser, som
noterats av skordarféraren definierades som sanna vid apteringsanalysen.

Vid analys sa rensades stammar med grova toppbrott i timmerdelen bort, d.v.s.
vid diametrar grévre dn ca 140 mm. Detta gjordes dé apteringsdatorn ej hade
informationen om toppbrott.

Foljande data togs fram efter analys och bearbetning av aptering:
® Tabeller med beskrivning av styrmajligheter och funktioner.
® Apteringsgrad stamprofiler (virde- och fordelningsaptering).

e Kontroll av manuell kvalitets- och tvangskapsregistrering liksom automatisk
registrering av friskkvistgrinser i stm-filer (test av apteringsdator).

® To6rdelningsgrad och férdelningsgradens utveckling Gver tiden (férdelnings-
aptering).
® [ingdutfall vid virdeaptering.

® Vidare studerades hur frikapsfunktionen, begrinsningsmatriser och
stocktypsaptering fungerade.
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Resultat styrning av aptering

Allmant

I studien testades att styra maskinerna enligt olika installningar. Alla system klara-
de att kéra en maskin med StanForD 2010 instruktionsmeddelande. MaxiXplorer
och Log Mate klarade alla tester med flexibel styrning som testades i studien.
Opti4G kunde i dessa test inte ligga till en ny pin under pagiaende produktion. I
varken Opti4G eller TimbermaticH kunde man uppdatera en aktuell pin med ny
information under pagaende objekt.

Alla system kunde startas upp med endast en ny objektinstruktion och gamla pin-
och spi-filer 1 respektive maskins databaser. Alla system férutom Opti4G kunde
dela upp ett avverkningsobjekt i flera olika delobjekt.

Tabell 4.
Test med olika styrnings-instruktioner som testades i de olika systemen.

Laser (oin, pin, spi). Ja Ja Ja Ja
Kan lagga till ny pin under pagaende objekt. Ja Ja Nej Ja
Kan uppdater pin, spi, under pagaende obejkt. Ja Nej Nej Ja
Starta ett objekt med endast ny oin. Jab Ja Ja Ja
Ateranvander pin och spi fran datorns databas.

Skapa ett nytt delobjekt under produktion. Ja Ja Nej Ja
Léaser envelope inkluderande oin, pin, spi. Ja Nej Ja? Nej
Implementerat automatisk komprimering av Nej Ja Nej Nej
produktionsdata (t.ex. hpr till hprz).

Implementering av modificationRestricted. Nej Nej Nej Ja
PresentationOrder implementerad. Ja Nej Ja Nej

1 Bugg under testet — korrigerad,
2Kan l&sa men ej skriva.

Tabell 5.
Test med olika styrnings-instruktioner som testades i de olika systemen

Vérdeaptering alla funktioner. Ja Ja Ja Ja
Férdelningsaptering. Ja Ja Ja Ja
Friskkvistaptering. Nej Ja Jab Ja
Top log free buck (frikap pa topp, Ja? Ja? Ja? Ja?
inkl min-dia-sok).

Manual free buck (frikap pa dvriga bitar). Ja Ja Jad Ja
Skogforsk barkfunktioner. Ja Ja Ja Ja
Svensk default for tradslag. Ja Ja Ja Ja
Registrerig av grotanpassning. Ja Ja Ja Ja

1) Friskkvistaptering fungerade inte i testet.
2 Funktionen fungerade olika i alla system, géller &ven i viss man fri kap.
3 Samma funktion som frikap topp.
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Vardeaptering

I Figur 10 redovisas apteringsgraden per trid och maskin sorterat i stigande
ordning avseende apteringsgrad. Apteringsgraden redovisas baserat pa
maskinernas insamlade lingd och diameterdata.

Apteringsgrad (%) TimbermaticH
100
98
96
94
92
90

88
86 mGran 98,6 %

= Tall 98,0 %

84
82
80

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
Tradnummer

Figur 10.
Apteringsgrad for gran- och tall ordnade i stigande ordning efter uppféljning baserat p& stamprofilernas (maskinens)
métvarden gallande Timbermatic H. | diagrammet anges dven aritmetiska medelvérden per tradslag.

Apteringsgrad (%) Ponsse Opti
100
98
96
94
92
90
88
86
84
82

80

mTall 97,8 %

EGran 99,4 %

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
Tradnummer

Figur 11.
Apteringsgrad for gran- och tall ordnade i stigande ordning efter uppféljning baserat p& stamprofilernas (maskinens)
métvarden gallande Opti 4G. | diagrammet anges aven aritmetiska medelvarden per tradslag.
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Apteringsgrad (%) Log Mate
100
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Figur 12.
Apteringsgrad for gran- och tall ordnade i stigande ordning efter uppféljning baserat p& stamprofilernas (maskinens)
métvarden gallande Log Mate. | diagrammet anges dven aritmetiska medelvérden per tradslag.

Apteringsgrad (%) MaxiXplorer
100
98
96
94
92

90
88 = Tall - 98,5 %

86 mGran - 99,0 %
84

82
80

1 3 5 7 9 11 131517 19 21 23 25 27 29 31 33 35 37 39 41
Tradnummer

Figur 13.
Apteringsgrad for gran- och tall ordnade i stigande ordning efter uppféljning baserat p& stamprofilernas (maskinens)
métvarden gallande MaxiXplorer. | diagrammet anges dven aritmetiska medelvérden per tradslag.
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Resultatet 1 figurerna 10—13 ovan visar att apteringsgraden beriknande pa
hpr-filer (maskinernas matdata) ligger mellan 95-100 % f6r enskilda trid och
medel pa 98,5 — 99 %.

Komatsu har en stam med ett virde som ligger under 95 %, vilket beror pa att en
kvalitetsgrins sattes manuellt strax efter forsta kapet, d.v.s. slumpen gjorde att det
ar 1 princip omdjligt att na hégre. For Log Mate har fyra trid tagits bort p.g.a.
grova toppbrott (1 timmerdelen), tre granar och en tall. Fér Ponsse har tva oklas-
sade toppbitar korrigerats till massavedspris, da de var manuellt apterade med en
diameter under minsta tillatna toppdiameter. For John Deere har ett tall-virde
korrigerats p.g.a. toppbrott. John Deere har nagra ligre virden inom 96-97 %
som med storsta sannolikhet beror pa dalig diametermatning, vilket gav en dalig
prognos. Detta beror sikerligen pa att en mindre gallringsskordare anvindes i
relativt grov skog. For Komatsu har prissittning av tre ej toppkapade massabitar
ej gjorts da de ej blev registrerade som volym i skordarfilerna, da de troligtvis flég
ur aggregatet, detta paverkar dock resultatet marginellt.

Berikningsmaissigt fungerar datorerna vil. Endast ndgra enstaka stockar bedéms
kunna apteras bittre, diremot si paverkas resultatet av varierande prognoset,
stamhack och dimensionsmatning. Jamfért med 2006 ars test (M6ller et al., 2008) sa
har apteringsgraden pa stamprofiler stigit ndgot, den storsta orsaken for det ar
troligtvis att vi den hir gingen valde att optimera med m’fub i stillet f6r med m’to.

Automatisk aptering

Automatisk stocktypsaptering fungerade pa alla maskiner 1 testen. I testen sa gjor-
des aptering dir rotstock f6rbjéds i vissa produkter och endast rotstock var
tillaten 1 andra produkter.

Vidare testades automatisk friskkvistaptering i de maskiner som implementerat
denna funktion. Maskinerna som anvinde friskkvistaptering var John Deere och
Komatsu. Ponsse har funktionen implementerad men den fungerade dock inte
under testet. Friskkvistfunktionen innebir att maskinen beriknar en maximal
triskkvistcylinderdiameter. Alla stockar som har en toppdiameter som ér klenare
an beriknad maximal friskkvistcylinder ger friskkvistkvalitet medan stockar med
grovre toppdiameter far den i programmet angivna startkvaliteten eller aktuell
kvalitet. Vid manuell registrering av kvalitet 6verordnas den manuella kvaliteten
den automatiska kvaliteten.

Berikningslogiken fungerade korrekt i de tva datorerna (John Deere och
Komatsu). Dock hade maskinerna lite olika logik gillande vilka kvaliteter som var
tillatna att andras med friskkvistgenerering, detta har klarlagts under StanForD-
gruppens mote under 2012, se Bilaga 4.

For de trad dér apteringsgraden var lagre sa berodde det 1 flera fall pa hackiga
stamprofiler, d.v.s. att maskinerna inte héllit stammarna pa ett bra sitt. Detta har
inneburit simre prognoser och simre apteringsbeslut. I testerna sa anvindes an-
givna kvalitets- och tvangskapsgrinser som absolut korrekta. I praktiken sa kom-
mer férarnas bedomning att till viss del variera jamfort med VMFs regler och be-
doémningar. Dirfor sa ér apteringsgraden 1 praktiken nagon eller ett par procent
ligre.
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Produktférdelning

Resultatet 1 figur 14 visar skillnaden 1 produktutfall i testen mellan aktuell skérdare
och simulering i aptupp med samma stammar. Resultaten visar att inga storre
skillnader foreligger. De skillnader som finns beror frimst pa sma prisskillnader
mellan olika produkter.

Volym, m*ub

45
m Oklass
40 ®m Bransleved
35 E Barrmassa
30 B Granmassa
25 D Klentimmer
B Gran 2
20
mGran 1
15
10
5
0
e X ° Ca
RN N)\uo\) \\]\0": \\I\Q\ote P@M)Q ?o(\s‘é P\Q\u()? mbe‘ma\\o P\Q\\)QQ
TN
Figur 14.

Utfall per produkt ifrén aptering med maskinen och simulering med aptupp pa samma stammar.

Utfall massaved

I studien testades att styra massavedsapteringen med férdelningsaptering och med
”toppstocks-frikap”. For massaved sa var TopLogFreeBuck och FreeBuck akti-
verade. Enligt vara intentioner sa ska, om TopLogFreeBuck ir aktiverat, sista
stocken dras ut till klenast tillitna diameter inom tilliten max-min-lingd f6r av
apteringsdatorn valt sortiment. Fér den sista stocken bortses det da ifran om olika
lingder har olika pris eller att det finns ett fordelningsénskemal for klassen.

I Tabell 6 nedan framgar att i princip alla system tolkar frikap pa toppstocken
olika. Hur de olika logikerna paverkar massavedsapteringen ér svar att analysera 1
studien. Diremot sa framgar det av tabellen att en harmonisering krivs om alla
system ska ga att styra pa samma satt.
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Tabell 6.
Beskrivning av hur elementet "TopLogFreeBuck” tolkades under testet.

Mlnlmum dlame_ter-_sok oberoende av _ Ja Ja Jad Ja Ja
I&ngdklasser i pin-filens massavedsmatris.

Pris prioriteras fore mindiameter sok. Nej Ja Ja Nej 2 Nej
Fordelningsaptering prioriteras fore . . )
mindiameter sok. Nej Ja Ja Nej Nej
Ar “Forbidden to buck” tillaten att kapa nar . . . . .
TopLogFreeBuck &r aktiv (true). Nej Nej Nej Nej Nej
Stock &r Oklass (“unclassified”) om frikap &r 3 i . .
falsk och langden &r utanfér kapfénster. Nej Ja Ney’ Nej Nej
Andra — special langdapteringsfunktioner for Nej Nej Nej Ja
toppstockar.

inte om minimumdiametern &r mellan langsta langdklassen och maximal tillaten langd.

2 Minimum-diameter sok fungerar inom ett visst diameterintervall 60-50 mm.

3 Oklass (Unclassified) endast om stocken inte kan sparas till ett tillatet sortiment (inom sortimentets max-min langd/ diameter).
4 Korrekt tolkning enligt StanForD-méte 2012-04-18-19

I Tabell 7 framgar resultaten av férdelningsaptering av massaved. Alla system
utom Komatsu har lyckats relativt bra. Komatsu har gjort ca 20-30 cm kortare
massaved an de Ovriga systemen. De har ocksa gjort betydligt mer kortlingder,
300 cm och 350 cm massavedsbitar. Totalt gjorde Komatsu 65 procent kortling-
der mot dvriga system som gjorde 20-25 procent. Detta innebir att Komatsus
fordelningsgrad dr ca 30 procent och de 6vriga systemens 70-80 procent. Vid
analys av enskilda trid sia borde system ha dragit ut sista biten betydligt lingre, om
TopLogFreeCut hade fungerat som tinkt. Enligt Komatsu kan en maskininstill-
ning ha paverkat massavedsapteringen.

John Deere har lyckats lite bittre dn Gvriga system med att ta ut klena toppar.

En viss del av skillnaderna kan forklaras med att skogen ir lite olika, Komatsu
hade lite grovre skog vilket innebir att topparna dr svarare att prognostisera och
Log Max slog av manga toppar vid fillning. Hela differensen kan dock inte fo1-
klaras med skillnaden i tridens egenskaper.

Tabell 7.
Resultat av férdelningsaptering av massaved.

Medellangd (cm) 418 432 427 397
Fordelningsgrad (%) 71,0 82,8 67,0 30,7

Medeltoppdiameter

sista stock? (mm) 69 64 67 69

Andel 300 cm 10 8 9 41 0 0
Andel 350 cm 17 13 24 24 0 0
Andel 400 cm 20 23 30 7 40 20/30Y
Andel 450 cm 40 41 30 14 40/509 60
Andel 500 cm 13 15 6 14 20/10Y 20/10Y

1) Komatsu hade Gnskemalet méarkt med 1 i tabellen i testet, de 6vriga tillverkarna hade det 6vriga 6nskemalet.
2 Endast toppstockar utan toppbrott.
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Langdutfall

I Figur 15-18 sa redovisas lingdutfallet vid virdeaptering f6r normaltimmer och
kubb. I figuren redovisas dven optimalt lingdutfall enligt Aptupp. Resultatet visar
att maskinernas resultat och Aptupp éverensstimmer i hég grad. De skillnader
som foreligger dr sma och beror frimst pa sma prisskillnader mellan olika lingder
1 prislistan, inga uppenbara felapteringar av lingd har kunnat identifieras.

Antal stockar (st) Log Mate
70

B Verklig
60

ETeoretisk
50

40

30 -

20 -

10 -

o L

310 340 370 400 430 460 490 520 550
Stocklangd (cm)

Figur 15.
Langdfordelning vid vérdeaptering av gran, réd stapel & maskinens utfall och grén stapel aptupps simulerade utfall.

Antal stockar (st) TimbermaticH
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Figur 16.
Langdfordelning vid vardeaptering av gran, réd stapel &r maskinens utfall och grén stapel aptupps simulerade utfall.
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Antal stockar (st) Ponsse opti
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Figur 17.
Langdfordelning vid vérdeaptering av gran, réd stapel & maskinens utfall och grén stapel aptupps simulerade utfall.
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Figur 18.
Langdfordelning vid véardeaptering av gran, réd stapel &r maskinens utfall och grén stapel aptupps simulerade utfall.
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Fordelningsaptering

Fordelningsgraden hamnade mellan 80-88 % efter ca 350 avverkade stockar. Log
Mate hamnade lite ldgre pa 80 % vilket framforallt beror pa att den férdelnings-
lista som de korde mot avvek mot de Gvriga da de fordelningsapterade ner till

14 cm 1 topp och 6vriga till 16 eller 18 cm i topp.

Simuleringen gav i snitt ndgon procentenhet hogre férdelningsgrad jamfort med
maskinerna, se Tabell 8.

Tabell 8.

Resultat frén test av férdelningsaptering gran. Bitvégd férdelningsgrad for Klass 1-2,
redovisning av férdelningsgrad for maskinens aptering och simulering av
fordelningsaptering i Aptan.

System (st) Maskin (%) | Simulering Aptan (%)
Log Mate 431 81,0 84,1
TimbermaticH 223 88,2 90,0
Ponsse opti 438 85,4 86,0
Maxi Xplorer 280 86,1 88,0
Medel 343 85,2 87,0

Alla system foljer Skogforsk specifikation (se Bilaga 5) vad giller berikning av
max tillaten avvikelse och val av stock f6r aptering med hinsyn till brist kontra
overskott.

PRODUKTIONSRAPPORTERING OCH KOMMUNIKATION

Huvudsyftet med delstudien var att testa produktionsrapportering enligt
StanForD 2010. Dels skulle de nya filtyperna hpr och thp testas. I dessa filer
skulle ocksa funktioner for lagring av t.ex. delobjekt (SubObject) flertradsupp-
arbetning (MTP) och flertradsfallning (MTF) testas.

I samband med produktionsrapporteringstesten si gjordes en genomging av de
rapporteringsmoijligheter som fanns i de olika maskinsystemen (Tabell 9). Nyheter
jamfort med test 2006 (Moller et al. 2008) ir t.ex. automatisk generering av pro-
duktion som Komatsu och delvis John Deere infort. I Log Mate- datorn kunde
man ocksa vilja valfti period, forare eller objekt/delobjekt och fa ut produktions-
resultatet for.
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Tabell 9.
Beskrvining av produktionsdata i hpr och thp-filer

Produktion lagras i hpr. Ja Ja Ja Ja
Produktion lagras i thp. Ja Nej Nej Ja
Alla volymtyper inkluderade Ja Ja Ja Ja
(m3fub, m3fpb, m3price).
Hpr inklusive diametervektor Ja Ja Ja Nej
(en diameter per 10 cm utmed stammen).
Hpr inklusive manuella kap (CuttingCategory). Ja Jad Jad Ja
Tidsstampel fér avverkning av stam (HarvestDate). Ja Ja Ja Ja
Flertradsupparbetning (MTP) registreras i hpr. Ja Ja Ja Ja
Flertradsféllning (MTF) registreras i hpr. Ja Ja Ja Ja
Enkel-tradsfallning (STF) registreras i hpr. Ja? Ja Ja Jad
Bade del- och total-rapportering av hpr & mgjligt. Ja Ja Jad Ja
Inséndning till SDC. Ja’) Ja’) Ja Ja
Automatisk generering av hpr-fil per skift, h eller dag. 1 tryck? Ja (dag) Nej Ja(h)
Automatisk sparande av samma hpr-fil i olika Jad Nej Jab Ja
fordefinierade mappar.
Automatisk séndning av produktionsdata till Nej Ja Ja Ja
fordefinerade e-mail adresser.
Svensk nomenklatur i anvandargransnittet. Ja Jad Nej®) Nej
1) Ingen automatik men féraren behdver enbart géra en enkel knapptryckning for att generera produktionsfiler (och
driftuppfdljningsfil).

2),3)  Négra extra enkeltrédfallda stammar registrerade (troligtvis pga négra extra fallkap p& mycket stora trad, kan dock
filtreras bort av mottagaren).

4) Fel i SDCs inséndnings-program.
5) Saknades i test.
6) Med hjélp av en bat-fil kan denna kopiering géras automatiskt hos Ponsse och Log Max. Hos Ponsse anvénds

"transfer.bat” och instéllningen "Ovrig kommunikation”. D& kan &ven problemet hos Ponsse med automatisk
borttagning av aldre filer undvikas.

7) Testat efter testet.
8) Implementeras fore release.
Tabell 10.

Detaljer angaende registrering av flertrddshanterade stammar

Flertradsfallda volymer Ja) Nej Ja Ja?

Enkeltradsfallda volymer Jal) Ja Ja Ja?

Flertradsupparbetade volymer (estimated) Jab Ja Ja Ja

Produkt registrerad per stock 3

(flertrddsupparbetning) Ja Ja Ja Nej

Produkt per stock anges av foraren, t.ex. genom Ja9 a9 Jad Nej

kvalitet eller sortimentsknapp.

Langd och top-diameter (pb och ub) per stock Ja Ja Ja Ja (bara pb)
. ' Bara 6

Manuellt kap registrerat (CuttingCategory) Ja “Automatic” Ja Ja

1) Fel i volymenhet (t.ex. m® sob i stéllet for korrekta enheten m3sob Estimated), fixat efter test.
2) Fel i volymberakning, fixat efter testet.

3) Alla stocker registrerades som oklass (unclassified).

4) Olika produkter registreras ej korrekt, enbart en produkt per stam.

5) Oklassade (Unclassified) produkter registreras, om beraknad langd och toppdiameter ligger utanfor ndgon normal product (outside any classified product).
6) Implementerad efter testet.
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Samtliga id-element av typen Key (MachineKey, OperatorKey, SpeciesGroupKey,
ObjectKey, SubObjectKey, ProductKey, StemKey, LogKey) har implementerats
pa ett korrekt sitt. Den enda mindre avvikelse giller SubObjectKey da denna av
alla tillverkare har implementerats pa s sitt att den aldrig nollstills utan virdet
stiger alltid med 1 f6r varje nytt delobjekt. Definitionen av detta element har efter
testet modifierats pa sa sitt att alla testade maskiner nu uppfyller standarden.

StemKey ir alltid helt unik 1 enlighet med standarden. I tva av maskintyperna ér
detta inte en 16pande numrering vilket méste beaktas av mottagare av data.

Det har efter testet noterats att mappningen av identiteter vid avverkning baserad
pa en dldre apt-fil i stéllet for nya instruktioner (oin, spi, pin) inte helt 6verens-
stimmer med rekommendationerna enligt Bilaga 2.

Analys av skdérdarnas volymberékningar

En kontroll av skordarnas volymberakning gjordes genom att jamfora skordarnas
registrerade stockvolymer mot manuella berdkningar baserad pa diametervektorn
(maskinens diameter matt). De manuella berdkningarna bygger pa en sektions-
kubering per dm-modul dir funktionen fér en stympad kon anvinds. Den relativa
differensen foér skérdarna lig inom intervallet 0,07 procent till 0,18 procent. Ana-
lysernas resultat per maskin illustreras i figurerna nedan. Resultaten indikerar att
samtliga skordartillverkare beridknar volymerna pa ett tillfredstillande sitt utan
visentliga systematiska skillnader.

Differens stockvolym (skérdare vs diavektor), dm3 Differens stockvolym (skérdare vs diavektor), dm3
40 40
30 30
20 20
0 10
0 B . 0 s .
10 (s} 50 100 150 200 50 300 350 10 (s} 50 00 150 200 250 00 350 400
-20 -20
30 30 1
40 40
Topp-diametar ob, mm Topp-diameter ub, mm
Relativ diff 0,07% Relativ diff 0,18%
Differens stockvolym (skérdare vs diavektor), dm3 Differens stockvolym (skérdare vs diavektor), dm3
40 40
30 0
20 0
10 10
0 S M e i e o R Wi
0 100 200 300 400 500 o 50 100 150 00 50
10 10
20 -20
a0 30
40 40
Topp-diameter ub, mm Topp-diameter ub, mm
Relativ diff 0,13% Relativ diff 0,032%

Figur 19.
Awvikelser mellan skordarens registrerade stockvolymer pb och manuellt beraknade stockvolymer baserat pa
diametervektorn for de fyra skdrdarna.

Avvikelse mot verklig volym kan férekomma da maskinen ej ar korrekt kalibrerad
eller att vissa stockar ej blir registrerade 1 systemet p.g.a. handhavande misstag.
Dessa fel kontrollerades ej i studien.
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KONTROLL OCH KALIBRERING AV MATNOGGRANHET

Under testet av férdelningsaptering aktiverades slumpning av kontrolstammar
med frekvensen en kontrollstam per 50 avverkade stammar. Féraren férvintades
sedan att kontrollmita minst tre slumpade stammar och avvisa minst tva slumpa-
de stammar.

Hagl6fs DigiTech-klave har anpassats for att fungera med hqc-filen. Det vill siga
att skérdaren skickar en hqc till klaven och klaven returnerar sedan en hqc-fil
inklusive de manuellt mitta virdena (lingd och diameter).

Tabell 11.
Oversiktlig beskrivning av implementerad funktionalitet avseende kontroll och kalibrering.

Sandning av hqc till klaven. Ja Ja Ja Ej Hac

Sandning av hqc fran klaven till skordaren. Ja Ja Ja Ej Hac

Slumpning av kontrollstammar baserat p&

frekvens. Ja Ja Ja Ja
Slumpning av kontrollstammar baserat pa tid. Ja Ja Ja Ja
Slumpning av kontrollstammar baserat pa volym. Nej Nej Nej Ja
Hac-fil med avvisade stammar. Ja Nej Nej Ej Hgc
Logg med kalibreringshistorik i hqc. Ja Nej Nej Ej Hac

Avvisade stammar ska lagras i form av hqc-filer.

Vid dataéverféring m.h.a. av Kermit och den seriella porten ir hastigheten be-
grinsad. Detta problem kommer att férsvinna vid 6vergang till kommunikation
via USB. Dagens laga hastighet blir frimst tydligt om man foérsoker skicka flera
stammar samtidigt i en hqc-fil. En littare” version av hqc har dirfor definierats
av Haglof. I detta littare format har vissa elementnamn som upprepas ofta kortats
till en enda bokstav, se Bilaga 7.

Om o6verforingshastigheten bedoms vara ett for stort problem ér det fran ett
StanForD-perspektiv acceptabelt att under ett 6vergangsperspektiv ligga kvar med
ktr- och stm-filer till dess att vi har nya klavar som kommunicerar direkt via USB.
Haglofs riknar med att lansera en klave med hogre 6verféringshastighet under
slutet av 2013.
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DRIFTSUPPFOLJNING

Under testet av férdelningsaptering aktiverades driftuppfoljningen och en mom-fil
genererades efterat.

Tabell 12.
Oversiktlig beskrivning av implementerad funktionalitet avseende driftuppfoljning.

Generering av tidsorienterade mom-filer. Ja Ja Nej Ja
Generering av objektsorienterade mom-filer. Ja Ja Nej Ja

Typ av tids-registrering?. Individuella | Individuella | Individuella | Kombinerade
Registrering av forarens arbetstid i Nej Nej Ja Ja
OpertorWork-Time (inklusive arbetstid utanfor

maskinen).

Automatisk generering av tidsorienterad mom-fil. Nej Ja Nej Ja
Automatisk sparande av samma mom-fil i olika Ja? Nej Ja?) Ja
fordefinierade mappar.

Implementering av User defined data. Nej Ja Nej Jad

1) Mom implementeras troligen hosten 2013 (release slutet av 2013).

2)  Maskintider och korta avbrott kan antingen registreras var for sig (Individuellt) eller som totala tider per férare och skift (Kombinerade).
3) Nasta program-release.

4) Med hjélp av en bat-fil kan denna kopiering géras automatiskt hos Ponsse och Log Max.

Man kan i mom-filer av version 2.0 inte med sikerhet avgora om det dr en
objekts- eller tidsorienterad mom-fil. Detta dr orsaken till att ett nytt element
ReportFilterCategory med féljande alternativa virden har inférts (version 2.1):
No (inget) filter, Object (objekts) filter och Other (annat) filter. Elementet
ReportFilterCategory kommer att bli obligatoriskt i version 3.0.

Referenser
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Appendix 1

Test protocol harvester StanForD 2010 test
BACKGROUND

Skogforsk last carried out a timber value test for harvesters in central Sweden
(Uppland) in 2006. Skogforsk and the Swedish forest companies have now
decided to repeat this study of all major bucking computer systems on the
Swedish market. It is important to review and evaluate the implementation of
StanForD 2010, other new functions, and basic functionality of the bucking
computers.

The first test will be carried out in February and March 2012. The test area will be
located where the various machine manufacturers have harvesters available for
testing.

The items to be evaluated are described in the tables below. As far as we under-
stand, many manufacturers can only test some of the described functions. The
manufacturers will decide which functions they want to test at this stage, and
more tests may be carried out later if necessary. Skogforsk will finance the first
test.

TEST
Bucking to value

Skogforsk creates production control messages (oin, pin, spi) that will be used
during the test.

In the object instruction (oin), we will use the most important identity variables for
the Swedish market. The spi will be Swedish default, including sound knot
bucking for pine (see Appendix 3).

Product instruction (pin).

e Spruce products will be: two saw log products of two qualities and of two
prioritized lengths, one forbidden length, short log product (kubb), pulp
wood product, fuel wood product.

e Pine products will be: four saw log products of four qualities and of four
prioritized lengths, one forbidden length, and pulp wood product.

e We will use only one pulpwood product for the broadleaves (Birch, Aspen
and Other broad leaves).

e  We will also test importing a new pin for one spruce product after
30 felled spruce stems and then cut 5 more spruce trees, if this option has
been implemented.
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We will test some special bucking functions if they are implemented in the
machine:

e For pine, automatic SoundKnotFunction (ConstantA = 0.72)) and log
type bucking (ProductionCondition(log type, butt log...) will be used. If
these functions are not implemented, we will use manual quality settings.

e Tor pulpwood products, we will use ManualFreeBuck and
ToplLogFreeBuck. For spruce pulpwood, we will also use apportionment
bucking to produce required lengths and apply the same price for all
diameters and lengths (unless the manufacturers recommended wise).

The production in the bucking-to-value test will be stored in thp- and hpr-files,
including diameter values every 10 cm. We also want to store the mom file during the
test.

Test of ‘normal production’, random sampling and operational
monitoring

After the bucking to value test, we want the machine to produce logs for

5—6 hours, during which apportionment bucking will be tested, random samples
taken of control stems, and the operation monitored. During this test we will
store harvester production data (hpr). If the manufacturers have implemented
partial storing of hpr, we will store production figures after each 50 felled trees.

During ‘normal production’, we will sample random trees from every 50 harvested
trees. We want the driver to carry out control measurements at least 3 trees and
manually reject at least 2 trees during the apportionment bucking test.

Calibration and control

Haglofs has adapted its calliper to use hqc. Before the bucking test, we will test
sending an hqc to the calliper and then send it back to the machine. We will cut at
least 23 stems and send them to the calliper for control measurement, before
sending them back to the harvester.
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Table 1.

Preliminary practical tests to be carried out in StanForD 2010 v 2.0.

Bucking to value, test of control and production

1.

A total of 45 single trees harvested at normal production speed

and 10 MTH trees.

1.1. Start a new object, use oin, pin and spi.

1.2.  Cut 32 spruce stems (dbh 20-30 cm, at least 2 saw
timber logs per tree): 15 stems with 1 quality, 10 stems of
2 qualities, 5 stems with forced cut (2 trees, 2 trees of
pulp quality at butt end, and one tree with manual
correction of automatically selected length).

1.3.  Cut 10 pine stems: (dbh 20-30 cm, at least 2 saw timber
logs per tree) with automatic bucking using butt log
function and sound knot function if implemented,
otherwise manual bucking for sound knot.

If the harvester is equipped for MTH, we will collect relevant

MTH data.

2.1. Cut5MTH bunches,

2.2.  Cut 5 multi/single felling trees.

New pin

After cutting 40 single and 10 MTH trees, add a new pin

message with new price for saw timber of spruce. Cut 5 more

spruce trees. Save all relevant StanForD 2010 messages.

Start new object and add new products.

4.1. Add a new pin for beech pulp.

4.2.  Then start a new object, using just a oin file. Same
product as previous object but use the new saw timber
price matrix, add one new product (beech), and remove
one product (aspen pulp).

4.3. Cut5 trees then start a new sub-object, cut 5 more trees.

Store production in hpr, thp,
stems in hpr (diameter each

10 cm).

Bucking index* (calculated on
basis of hpr-files generated by
harvester and manually measured
tree top).

Analysis storing of logs per stem
Analysis storing of MTH and
multi-tree felling.

Production in hpr, thp, schema
validation according to StanForD
2010v 2.0.

Analyse mapping of apt identity to
hpr files.

Test of “normal production” bucking, random sampling, and operational monitoring

Total cut of 200-400 spruce trees, (500-800) spruce normal saw
logs bucked, one quality.
1.

Dimension-apportionment bucking.

1.1.  Use length neutral price matrix with a maximum allowed
deviation of 4%.

1.2.  Bucking criteria with the codes/enumeration: No limit (0),
Forbidden to buck the log (-1) and Only logs bucked
manually allowed (-3) if implemented in harvester.

1.3. Store data in partial reporting, each 50 trees if that
function is possible (when sampling random stems).

Use Bio-adaptation (1/0), and any other stem data.

Random sampling of 5-7 control stems, reject 2, control

measure 3-5 trees.

3.1. Random frequency 1/50 stems, smallest DBH 18 cm,
signal 15t cut.

Store operational monitoring data (mom), test various types of

stops/ reasons for stops.

Store production in hpr, thp,
stems in hpr (diameter every

10 cm), store operational
monitoring in mom, and random
sampling data in hqc files.
Dimension-apportionment index,
Bucking index.

Description of random sampling
functions.

Validation of hpr, hgqc and mom
according to StanForD 2010 v 2.0
Analysis of hpr, hgc and mom
data.

e Bucking index (BI) = the value obtained by the bucking computer divided by the theoretical optimum timber value, expressed as a percentage.

Dimension-apportionment index (DAI) = length distribution obtained by the
bucking computer divided by required length distribution; shows how well the
output corresponds with the specified requirement, 100% denoting full

correspondence.
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A more manual procedure is described below in Table 2. We will test calibration
with a Hagl6f calliper, adapted to StanForD 2010. We want to test Production
reporting together with SDC. We also want to check production reporting and
calibration interface in the harvester computer.

Table 2.

Preliminary practical tests to be carried out within StanForD 2010 v 2.0. The table below shows various tests for

testing manua

| elements like calibration and use of harvester computer.

Before the bucking test, we will cut and send 2-3 stems to the calliper
for control measurement, measure the stems, and then send them

back to the harvester.

1. Calibration/ control of calibration of the harvester together with
representatives from manufacturer, 2-3 stems before bucking to
value test.

2. Control of available functions (settings, randomisation methods,
etc), testing the connection of a calliper etc.

1. Store hqc to the calliper, from
calliper and from machine.

2. Evaluation and description of
functions.

3. Validation of hqc according to
StanForD 2010 v 2.0.

Harvester me

asurements and communication

We will test the functions of store production and send data to SDC

(depending on their new sending program).

1. Object identities, nomenclature according to Swedish
nomenclature appendix, check screen in harvester.

2. Communication with other media like calliper, email, CD, etc.

3. Test SDCs program for sending data to office.

Description of procedures for

storing, sending and backing up

crucial data.

e Description of used
nomenclature.

e Description of standard

communication solutions.

Geographical functions

If any manufacturers have implemented ogi and/or ogr, we will test
that function.
1. Ifimplemented, test ogi, and generate ogr in map program.

Description of GPS functions

(splitters, etc).

e  Control of coordinates in hpr-
and hqc-files according to
StanForD 2010.

e  Possibly validation of ogd, ogr

according to StanForD 2010 v

2.0.

Other functio

ns

1. If any other interesting functions are implemented, we would
like to test them.

Description of any new functions.

34

Test av StanForD 2010 implementation i skérdare




Swedish Translations - version 120120

Appendix 2

The tables below show Skogforsk and SDC recommendations regarding
Swedish translations of certain important elements, and how to map between
old and new standards. The Swedish GUI names are recommended for use in

harvester computers and other Software for StanForD 2010 data.

Table 1.

Description of recommended Swedish default GUI names according to StanForD 2010. For use in forest machines and in administration

software.

MachineDefinition MachineKey Maskinnyckel
MachineDefinition MachineOwnerlD Maskin-id, maskinagare Id defined by Var003_t1
machine owner.
MachineDefinition MachineUserld Maskin-id, skogsféretag Id defined by var003_t2
logging
organisation.
MachineDefinition MachineCategory Maskintyp Var003_t3
MachineDefinition MachineBase- Basmaskin, marke Var003_t5
Manufacturer
MachineDefinition MachineBase-Model Basmaskin, modell Var003_t6
MachineDefinition MachineHead- Aggregat, marke Var003_t7
Manufacturer
MachineDefinition MachineHeadModel Aggregat, modell Var003_t8
MessageHeader ApplicationVersion- Mjukvaruversion var005_t1
Creation (nér fil skapades)
MessageHeader ApplicationVersion- Mjukvaruversion var005_t4
Modification (nar fil &ndrades)
MessageHeader CountryCode Landskod Var006_t1
MessageHeader CreationDate Fil skapad: var012_t4
ProductDefinition ProductCreationDate Produkt andrad: Var013_t4
ObjectDefinition StartDate Startdatum Var016_t4
ObjectDefinition EndDate Slutdatum Var017_t4
ObjectDefinition ObjectName Objektnamn
ObjectDefinition ObjectUserld Objekt-id Id defined by Var021 t1 OR
loggin var35_t1 OR
organization. var35_t2
ObjectDefinition RealEstateldObject Fastighets-nr Var021 t1 OR
var35_t1 OR
var35_t2 Or no
mapping
SubObjectDef SubObjectName Del-objektnamn Var2l t2 OR
Var2l t30R
Var21_t4 Or no
mapping
SubObjectDef SubObjectUserld Del-objekt-id Id defined by Var21 t2 OR
logging Var2l t30R
organization. Var21_t4 Or no
mapping
SubObjectDef RealEstateldSubObject | Del-objekt, Fastighets-nr Var2l t2 OR
Var21_t3 OR
Var21l t4 Orno
mapping
ObjectDefinition ForestCertification Skogscertifiering Var021_t5
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ObjectDefinition LoggingFormCode Avverkningstyp. Var023_t1
ObjectDefinition LoggingFormDescr. Avverkningstyp, Beskrivning. Var023_t2
ObjectDefinition ObjectArea Objekt-areal. Var023_t3
ObjectDefinition LoggingOrganisation. Organisation/skogsféretag, Id foretag. var031_t1
Businessld

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, var031_t2
BusinessName Foretagsnamn.

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, Region. var031_t3
District

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, Distrikt. var031_t4
Team

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, Efternamn. var031_t6
LastName

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, Adress. var031_t7
Address

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, E-post var031_t8
Email IMail.

ObjectDefinition LoggingOrganisation. Organisation/skogsforetag, Tele. var031_t9
Phone

ProductDefinition ProductBuyer. Kopare, Kod. Used by SDC var032_t1
BusinessID.

ProductDefinition ProductDestination. Mottagningsplats, Kod. Used by SDC var032_t2
BusinessID.

ObjectDefinition ForestOwner. Skogséagare, Foretagsnamn. Var033_tl
BusinessName.

ObjectDefinition ForestOwner. Skogségare, Kod. Var033_t2
BusinessID.

MachineDefinition MachineOwner. Maskindgare, Foretagsnamn. Var034_t1
BusinessName.

MachineDefinition LoggingContractor. Skogsentreprendr, Féretagsnamn. Var034_t1
BusinessName.

MachineDefinition MachineOwner. Maskinagare, Foretagskod. Var034_t2
BusinessID.

MachineDefinition LoggingContractor. Skogsentreprendr, Foretagskod. Var034_t2
BusinessID.

ObjectDefinition ContractNo. Virkesordernr. Today, Var35_t1 OR
‘virkesordernumm | var35_t2 Or no
er'is usual in mapping.
Sweden, used by
SDC.

ObjectDefinition ContractCategory. Kontraktstyp.

SpeciesGroupDefinition | SpeciesGroupUserld. Tradslag-id. Id defined by
logging
organization

SpeciesGroupDefinition | SpeciesGroupName. Tradslag, Namn. varl20 t1

SpeciesGroupDefinition | SpeciesGroupVersion. Tradslag, Version. varl20 t3

SpeciesGroupDefinition | SpeciesGrouplinfo. Tradslagskod. Order of species

in file (e.g. stem
code 1, var266 in
pri-file)).

ProductDefinition ProductName. Produktnamn. Varl2l_tl

ProductDefinition ProductUserld. Produkt-id. Id defined by
logging
organization

ProductDefinition ProductVersion. Produktversion. Used by SDC. Varl2l t2 OR

varl2l t3 OR
varl2l t4 OR
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varl21 t5 OR no
mapping
ProductDefinition. Productinfo. Produktkod (SSTE). Used by SDC. Varl2l t2 OR
Today normally varl21 t3 OR
assortment code | varl21_t4 OR
(SSTE). varl21_t5 OR no
mapping
ProductDefinition. ProductCreationDate. Produkt, skapad. Varl2_t4
ProductDefinition. ProductGroupName. Produktgruppsnamn. varl27_tl
OperatorDefinition. OperatorUserld. Forar-id. Id defined by Var212_t1
machine owner.
Table 2.

Description of recommended mappings between new and old standard versions

MachineOwnerID Var3 t1

MachineUserlD Var3 t2

ObjectUserld Var21 t1 ORvar35_t1 OR var35_t2

ContractNumber Var35_t1 OR var35_t2 Or no mapping

SubObjectUserld Var21 t1 Or Var21 t2 Or no mapping

RealEstatelDObject Var21_t1 OR var35_t1 OR var35_t2 Or no mapping
ProductUserld Var120_t1 AND Varl21 t1 AND Var121 t2 AND varl21l t3 AND

varl2l t5

ProductVersion

Var121_t2 ORvarl2l t3 OR var121_t4 OR var121_t5 OR no mapping

Productinfo Varl21 t2 ORvarl21_t3 ORvarl21_t4 OR var121_t5 OR no mapping
ProductDestination.BusinessID var32_t2

SpeciesGroupUserld var120_t1 AND var120_t3

SpeciesGroupName varl20_t1 (varl20_t2 in case of stm/ktr)

SpeciesGroupinfo Order of species in file (e.g. stem code 1, var266 in pri-file)
SpeciesGroupVersion varl20 t3

Red and underlined means default mapping in Sweden. Necessary to follow if file is sent to SDC.
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Appendix 3

Swedish default setting for spi files

A general presentation of the Swedish default settings for the species groups.
These settings were used in all tests.

Table 1.
Description of recommended Swedish default for spi files according to StanForD 2010.

SE1_Tall Tall 1* 110* 3 SF_Tall Spp tall 1
SE1 Gran Gran 2 110 1 SF_Gran Spp gran 2
SE1_Bjork Bjork 4 110 1 SF_Tall Spp bjork 3
SE1_OvrLov Ovr_Lov 3 110 1 SF_Gran Spp bjérk 4
SE1 Asp Asp 5 110 1 SF_Gran Spp bjork 5
SE1 Bok Bok 6 110 1 SF_Gran Spp bjork 6
SEL_Al Al 7 110 1 SF_Gran Spp bjork 7
SE1_Ek Ek 8 110 1 SF_Tall Spp bjork 8
SE1_Contorta Contorta M 110 1 SF_Gran Spp tall 9
SE1_Lark Lark A 110 1 SF_Tall Spp tall 10
SE1_OvrBarr Ovr_Barr 0 110 1 SF_Gran Spp gran 11

* SpeciesGrouplnfo is codes used by SDC in Sweden.

** Note that DBH height has previously been 120 cm. Consequently, stumpage height is approximately 1% of tree height, and tree
height at final felling is 20-25 metres, so DBH height changes to 110 cm. This is to correspond with height 130 cm above the ground
(Swedish definition of DBH).

Table 2.
Description of recommended Swedish default for spi files according to StanForD 2010.
Recommended grade name for use in harvester for interface presentation.

= modificationRes... false

{} startGrade 1

« Grade (12)

{} GradeNumber {} GradeName

11 K
22 Kv2
33 Kv3
4 4 Kvd
5|5 Kv5
65 Kv§
Tr w7
E ] Ky
95 Ky
10 10 K10
M1 K11

| 12 12 K12

Table 3.
Description of SoundKnotFunction for use in StanForD 2010 test for pine, SE_Talll in spi files.

 SoundKnotFunction
= modificationRes... true
{} ConstantA 0.72
{} FactorB 0
{} FactorC 0
{} ToleranceD 1

_ {} SoundKnotFunc... 2
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Appendix 4

Sound knot bucking and StanForD2010

Please note that this appendix is based on version 2.1 (2012-12-10). The
element Gradelncluded (described below) was not included in 2.0.

BACKGROUND

Moberg (2001, using non-destructive CT-scanning) and Qyen & Hoibo (1999,
using destructive measurements) investigated whether internal wood properties
could be predicted on the basis of external measurements and tried to identify
a relationship between the diameter of the sound-knot core (§KC) and tree
diameter at breast height (DBH). Based on this research, a second-order poly-
nomial equation, which can be used to predict SKC and to control bucking of
sawlogs suitable for appearance-grade products, is adopted in the StandForD
standard used in Europe for managing on-board bucking computers.

Elsttributes

modificationRestricted

= ConstantA

[Sou ndKnotFunctionType |$|—

EFan::’tl::-rEl

EF.=.u:t:_'rrt2

@
Ly

" ToleranceD

E.‘B'm_'runc:IIviin:_'rtFunu:ti:_'rnlErEu::IE:

P===——

Generated by XMLSpy www.altova.com

Figure 1.
Structure for storing sound-knot function settings in spi-file (StanForD2010 version 2.1).

41

Test av StanForD 2010 implementation i skérdare



Table 1.
Descriptions of sound knot function settings in spi-file.

ConstantA Constant "A" for determining the limit for sound knots per tree species | Decimal | V147 _t1
(abbreviation "b" iny = (a+b*x+c*X2)*d), where diameter of the sound
knot cylinder = DBH*y.

FactorB Factor for determining the limit for sound knots/tree species Decimal | V148_t1
(abbreviation "b" in y = (a+b*x+c*X2)*d), where diameter of the sound
knot cylinder = DBH*y.

FactorC Factor for determining the limit for sound knots/tree species Decimal | V148 t2
(abbreviation "c" in y = (atb*x+c*X2)*d), where diameter of the sound
knot cylinder = DBH*y.

ToleranceD Tolerance for dead knots within calculated limit for sound knot Decimal | V148 _t3
diameter / tree species (abbreviation "d" in y = (a+b*x+c*X2)*d),
where diameter of the sound knot cylinder = DBH*y.

SoundKnot- Type of grade for which extension is determined by a sound knot Positive- | V141 t2

FunctionGrade function Integer

Gradelncluded Grades that can be replaced by the automatically calculated Positive-
SoundKnotFunction grade. Means that if a section of stem does not Integer

have a grade included in this element, the SoundKnotFunction will
NOT affect the bucking optimization. All grades below StartGrade and
SoundKnotFunctionGrade should always be replaced if element
Gradelncluded is missing.

MODEL

The model for automatic bucking of sound-knot saw logs is based on a rela-
tionship between DBH and the small-end diameter (SED) of logs, in order to
produce sound-knot sawn wood in the centre boards of the logs.

The sound-knot cylinder (SKC) represents the /Jargest small-end diameter of the
lowest possible log meeting the grade requirements, assuming a cylindrical
sound-knot core. Below this level, there will be too many loose (encased) knots
on the sap-wood side of centre boards. The following function is implemented
to predict the /largest small-end diameter (SKC) for sound knot logs:

SKQ = (constant A4 + factor B* DBH + factor C * DBH’) * tolerance D.
SKC=  SKQ * DBH.

SKQ=  Sound-knot quotient used to determine largest allowed small-end
diameter of sound knot log.
SKC = Sound knot cylinder diameter.
=  ConstantA for determining the limit for sound knots.
= FactorB for determining the limit for sound knots.
C = FactorC for determining the limit for sound knots.
D= ToleranceD for dry knots within calculated limit for sound knot
cylinder diameter (normally close to 1).

SoundKnotFunctionGrade = Grade given to logs when the small-end diameter
is smaller than SKC diameter.
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Gradelncluded =Grades that can be replaced by the automatically calculated
SoundKnotFunctionGrade. Means that if a section of stem does not have a
grade included in this element, the SoundKnotFunction will NOT affect the
bucking optimization.

Figure 2.

SKC = ((constant a + factor b DBH + factor c DBH2) x d) x DBH. All logs with a top diameter above SKC
(smaller top-end diameter) will be classified as sound-knot logs (except if the operator manually selects a
different quality for the log).

WORKING METHOD IN THE HARVESTER

The harvester operator sets the quality according to traditional cutting, or
leaves the quality setting to the automatic function before each cut.

The sound-knot function will then divide the stem into one dry part (logs with
top diameter larger than SKC) and one sound-knot part (logs with top dia-
meter smaller than SKC). The quality of logs with a top diameter smaller than
SKC is determined by SoundKnotFunctionGrade set in the spi-file per
species. The quality of the dry part (top diameter larger than SKC) is set
according to the default quality for the present species (element StartGrade).

The operator can accept the quality, or change the quality manually before
cutting a log. If the operator changes quality after cutting, the system will use
the operator’s quality setting for the next log.
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Press species!
Default quality is used
processing is started

I

Is quality decided by the

— Yes operator? No —
Calculating optimal log Calculating optimal log length
length according to normal according to sound knot
routine routine
Accept or change length.
Cut!

l

Feeding continues with
default quality

l

Is new quality given? Figure 3.
J T ' " ﬁv Description of work process.
And so on. And so on.
FLOWCHART

The calculation algorithm is shown in the flowchart below. “Selecting
alternative cut” in the first step means that the computer begins with one
cutting alternative and then tests all possible alternatives in order to optimize
the value of the stem.

Select alternative cut (log length and top diameter)
Tdiam=Topp diameter ub

|

[ 0OQual=0 if operator has not set quality ]

|

[ SKQual =0 ]

OQual valid for Yes
whole log and
Oqual >0?

No

N

[ SKDiam = (@ + b*DBH + c*DBH2) * d) *DBH ]

Tdiam<=SKDiam

SKQual = SoundKnotQual SKQual= Not SoundKnotQual
(normally 2) (normally default quality 3)
Comments: J/
Not sound knot quality = defualtquality
If SKQual>0 then Quality = SKQual
Variables: [ Else if Oqual>0 then Quality = OQual ]

0OQual = operator quality
SKQual = calculated sound knot qual
SKDiam = calculated sound knot cylinder diameter [

Tdiam = Topp diameter ub Done! ]

Figure 4.
Description of calculation algorithm.
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Appendix 5

Distribution bucking and StanForD 2010
BACKGROUND

Skogforsk wrote a specification of value optimized bucking in 1985

(Berglund & Sondell, 1985). A document called “Simulation test of method for
specification bucking” by Coggman & Gustafsson (1985) was published at the
same time. The term “specification bucking” was later changed to “distribution
bucking” or in some cases “apportionment bucking”. In 1988 Jan Sondell
summarized the existing requirements for distribution bucking in a document
called “Operational requirements on distribution bucking in harvesters”. This
document was last updated in 2004.

The use of “distribution bucking” has been implemented by all manufacturers
of harvester control systems, and it is widely used in northern Europe today.

Due to the transition to StanForD 2012, Skogforsk identified a need for
updating the documentation showing how to implement and use distribution
bucking.

OPERATIONAL REQUIREMENTS
Optimization

The near-optimal method must be usable as a default alternative in all har-
vesters. There are no limitations to manufacturers also developing and marke-
ting other types of distribution bucking methods. StanForD 2010 only
supports the near-optimal method; the earlier standard version also supported
the “adaptive price list” method, which today is only used by Ponsse through a
machine specific setting.

The maximum allowed value deviation must only be expressed using the unit
“%” and it must be related to the value of the first log, which would be the
optimal alternative in a value optimization. The log being cross-cut must
always be the log with the largest relative shortage/deficit in relation to the
target length distribution where the value of the log is not outside the maxi-
mum allowed deviation. The maximum allowed value deviation must be de-
fined per product (price matrix) and it is to be recorded in element
MAXDeviation (see Figure 1 and Table 1).

= attributes
modificationRestricted

Generated by XMLSpy www.altova.com

(LenglhD\striuution DefinitionType

Figure 1.
Structure for parameters controlling distribution
bucking in pin files.
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Table 1.
Description of elements controlling distribution bucking.

DistributionAllowed | Distribution bucking allowed for product. true/false | v136_t2
Distribution- Defines type of distribution matrix in "Distribution". Allowed list v191
Category values: "Number of logs" and "Volume of logs". Two
separate matrices in old standard, v191_t4 or v191.
MAXDeviation Maximum allowed deviation (%) in distribution bucking per % v192 t2
product.
Distribution- Defines if distribution bucking is only allowed within optimal trueffalse | v197_tl1
WithinProduct product. If true only within optimal product, if false non-
optimal products may also be bucked. Simplification of old
v197_t1.

Defining target length distribution

The target length distribution must be definable per product. The
DistributionAllowed element is used for activating or deactivating distribution
bucking. The target distribution must be expressed as a length distribution
within each diameter class. It is recorded in the Distribution element. By
default, target distribution must be expressed as relative number of logs but
should also be expressed as a relative volume, in both cases registered in the
DistributionCategory element.

Bucking across products

Distribution bucking can be carried out across products or just within the
optimal product. “Across products” means that distribution bucking may result
in a different product to when the optimal product is cut. Whether or not only
bucking within a product is allowed must be recorded in the
DistributionWithinProduct element. Note that the old variable
FROMMATRIX (var197_t1) has been totally excluded from StanForD 2010.

Limitations in target distribution

StanForD 2010 contains two basic limitations affecting distribution bucking.
The first is a limitation on the number or the volume of logs, which is recorded
in the Limitation element. The second limitation affects the functionality of
distribution bucking and is recorded in BuckingCriteria. Both of these limita-
tions are set per length and diameter class.

Limitation on number or volume of logs (Limitation)

Limitations on the target distribution can be set by the user through administra-
tive software when creating a product instruction (pin). These limitations in the
number or volume of harvested logs are recorded in the limitation matrix
(Limitation per length and diameter class element) and in the LimitationCategory
element, which contains the following options per product:
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No limitation.

Total number, quantity per product.

Total volume, m’ per product.

Number per diameter class per product.

Volume per diameter class per product.

Number per length class per product.

Volume per length class per product.

Number per cell (log size class) per product and tree species.
Volume per cell (log size class) per product and tree species.

Note that the LimitationResult element defines the effects of reaching
the limitations in the Limitation element:

e No action.
e Production is stopped, bucking forbidden, only manually bucked logs
allowed.
e Production is stopped, bucking forbidden, including manual bucking of
logs.
& attributes
| modificationRestricted |
(Lim'rtationnefin'rtionType
ELimi'tati-‘:rn-l!:atf:g-:rryr |
= LimitationResult |
Generated by XMLSpy www .altova.com
Figure 2.

Structure for parameters controlling possible bucking limitations.

Table 2.

Description of elements controlling bucking limitations.

Limitation- Type of limitation matrix per product codes for limitation of production. list | v190_t1
Category

The list values allowed are: "No limitation", "Total number, quantity per
product”, "Total volume, m3 per product”, "Number per diameter class
per product”, "Volume per diameter class per product", "Number per
length class per product", "Volume per length class per product",
"Number per cell (log size class) per product and tree species" and
"Volume per cell (log size class) per product and tree species”.

Limitation- Action if production target is reached (overproduction according to list | v196_t2
Result

limitation in ProductMatrix and LimitationCategory).

Allowed values: "No action", "Production is stopped, forbidden to buck
logs, only manually bucked logs allowed" and "Production is stopped,
forbidden to buck logs including manual bucking of logs".
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Functional limitations (BuckingCriteria)
Functional limitations are recorded in the BuckingCriteria element, where the
following settings are available per length and diameter class:

e No limit.
e No bucking allowed, not even manual bucking.

e The log is excluded from distribution bucking, only bucking according
to value allowed.

e Only logs bucked manually allowed.

B attributes

| diameterClassLowerLimit |

| lengthClassLowerLimit |

EProductMatrixrle mType [IT]—

= Distribution

L- = BuckingCriteria i

I mmmmmccmmmmmmm————— -
'

*-+ LogColorMarking

Generated by XMLSpy www .altova.com

Figure 3.
Structure where all product-related matrices are registered, including prices, distributions,
limitations and colour markings.

Table 3.
Definitions of all product matrices

Price Price per diameter and length class. Curr. | Integer v162_t2

Distribution Relative number or relative volume of logs per % Non-negative-Integer v191
diameter and length class/product. VVolume or
number of logs is defined by DistributionCategory".
Negative values not allowed. Target length
distribution based on number of cut logs for each
diameter class. Percent value is calculated with each
diameter class as the denominator.

Limitation Limit according to "LimitationCategory", per length no | Non-negative-Integer v190 t2
and diameter class.
BuckingCriteria Allowed values: "No limit", "Forbidden to buck the log | list | Bucking-Criteria-Type v190_t2

even manually”, "The log is excluded from
apportionment bucking, only bucking according to
value allowed" and "Only logs bucked manually

allowed".
LogColor-Marking Structure for log marking per diameter and length no | LogColor-MarkingType | v152_tl
class
DiameterClass-LowerLimit | Lower diameter limit of diameter class. mm | Positive-Integer
LengthClass-LowerLimit Lower length limit of length class. cm | Positive-Integer
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The harvester control system must clearly notify the operator when operator
tries to cut a forbidden log length manually.
Starting a new harvesting object

The log tally from the previous harvesting object can be used when starting on
a new object, in order to optimise conditions for distribution bucking.

COMMENTS REGARDING THE REQUIREMENTS
Optimization

Maximum allowed deviation
The following is an example of how to calculate the maximum allowed value
deviation. The optimal bucking pattern is illustrated in Figure 4.

I =]

Log price
100 SEK 200 SEK

Residual value of stem
within calcluation length
100 SEK

Figure 4.
lllustration of optimal value bucking option, calculated by the control system (SEK = Swedish kronor).

The maximum value deviation is calculated by multiplying the value of the first
log with the maximum deviation (MAXDeviation), e.g. 2%. In this case, the
maximum value deviation will be 4 SEK (200 x 0.02). All bucking options
within 4 SEK of the optimal option within calculation length can be selected.
In the example above, all options with a total value between 396 and 400 SEK
may be selected if the whole stem length is used in the optimization.

The maximum value deviation is related to the value of the “length used in
calculation” in distribution bucking. The deviation as registered in
MAXDeviation will vary in weight, since the length used in calculation may
vary between different control systems.

However, this is not a significant problem since all systems use at least a
calculation length of two log lengths (>11 metres). This normally means that at
least 90% of the total stem value is included when calculating the maximum
value deviation.

Selection of cutting options

In distribution bucking, a log must always be cut so that highest priority is
given to the log with the largest relative deficit. The log with the smallest rela-
tive surplus compared to the target distribution is to be selected if all available
log options have a surplus.
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The requirement for selecting logs with the largest deficit or lowest surplus
does not mean that other conditions may not be used. For example, manu-
facturers could implement functionality where the deficit is weighted with the
value loss. However, deactivation of these possible functions must be simple.

Defining target length distribution

Figure 5 illustrates the target length distribution per diameter class in a
distribution mattix.

Price matrixes Distribution matrix l Limitation matrixl Other l

Lend 180] 200 220] 240 250 | 260 | 280 300 | 320 | 340 | 350 | 380 | Totd % |
370f30 30 30 5 5 5 |5 |5 5 |5 |5 |5 135 113
laoolo o 0 10 10 10 |10 10 10 10 10 10 (90 75
430|215 (15 |15 |15 (15 |15 |15 |15 |15 |15 |15 |15 180 150
lasolo o o 15 15 (15 |15 |15 15 |15 |15 15 135 113
00|45 |45 |45 (25 (25 |25 |25 |25 |25 |25 |25 |25 | 360 300
[s;0lo o o 15 (15 (15 (15 |15 |15 |15 |15 |15 135 113
'ssol10 10 10 (15 15 15 |15 |15 15 |15 |15 15 165 138
| Totd 100 100 100 100 | 100 100 100 100 100 100 100 100 120C 100,
1% |83 83 82 83 82 83|83 /83 /83 /83 83 83100

Figure 5.
Example of target distribution per diameter class. Cell values shown in red
have some kind of limitation defined in the limitation matrix.

Evaluation of distribution bucking

The definitions of some basic key figures for evaluating distribution bucking
are described below. Note that the relevant key figure for evaluating a single
harvesting object is the “Log weighted degree of distribution per diameter
class”. The key figure “Total degree of distribution” is usually only relevant if
analysing all production data from several harvesters, produced for a specific
industry.

Log weighted degree of distribution per diameter class

DD,, | = | Logweighted degree of distribution per diameter class in percent.
Dev = | Deviation per diameter and length class (per cell in matrix) in percent.
Out = | Outcome according to log tally in percent (per cell in matrix).
Trg = | Target distribution according to distribution matrix in percent

(per cell in matrix).
Devp, | = | Z(ABS (Out-Trg)) per diameter class in percent.
Npy = | Relative number of logs per diameter class.
DDy, | = | Z[ (100-Devy, / 2 000) x Np,, /1000] / (Z(Np,)/1 000).
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Total degree of distribution

DD, ., = | Total degree of distribution for the whole matrix in percent.

Devigu = | Total deviation per diameter and length class (per cell in matrix) in percent.
Dthoml = Z (ABS (Out—Trg)) .

DDtoml = 100 - Devtoml /2 000

NB. ABS | = | Absolute value.

Example of procedure for distribution bucking across products

Calculation method according to figure below:

1.
2.

Optimize relevant stem part (based on length of calculation).

Record price of first log and product, and total price of all logs for the
optimal bucking option within length of calculation.

Calculate minimum allowed value deviation based on the price of the first
log and minimum allowed deviation (MAXDeviation) for the product of
the first log.

A list (L) of all cutting alternatives within minimum allowed value deviation
is created.

All options in list L that do not fulfil criteria in DistributionWithinProduct
for the first log are excluded.

If “There is distribution bucked product for first log in I.” and “There is a
deficit for product of first log”, then select log option with the highest
deficit and go to “CUT” (9); if not, go to “Evaluate non deficit list” (7).

If “There is a distribution bucked product for first log in I”” and “There is
no deficit for product of first log”” and “There is a product which is not
distribution bucked for first log”, then select the log giving the highest
total value for the stem and which is not distribution bucked and go to
CUT (9), otherwise go to “Select minimum surplus” (8).

Select log with the smallest possible surplus from list L, then go to “CUT”
©)-

CUT: Cut the selected log alternative for FS in I and go to step 1 until the
whole stem has been processed into logs.

Select the highest value if there are bucking alternatives with the same “lowest
surplus” or the same “highest deficit” for the stem. Use randomization if the
values of the alternatives are also identical.
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1) Optimize present stem section
vS = Value optiomized log
vPm = Value optimized product (price matrix)

2. Register price and product of first log as well as total
value of optimal bucking for stem section

No

Distribution bucking

of vPm allowed?

3. Calcualte allowed value deviation based on vS (first log)
and maximum deviation for vPm.

v

Slect value
optimized log

4. L = List of all bucking alternatives for present stem
section that are whithin maximum allowed value deviation

v

5. Exclude alternatives from L that does not meet criteria in
"DistributionWithinProduct” for product of first log.

\

LD = List with products and first logs from L that are

distribution-bucked

LDS = List from LF with first logs that has a "shortage"

6.
Count(LFS)>

Allowed deviation is calculated based on the
optimal value of the frist log and maximum
allowed deviation of the optimal product.

This creates the minimum allowed value for
the whole stem section independent of whether
any distribution bucking is done or not.

"Present stem section” means the part of the
stem that is used in value optimized bucking.
The length of the stem used in the optimization

is settable in the machine.

LNonD = List of products, for first
logs,from L that are not

Select log distribution-bucked
alternative from
LDS with largest
shortage
No
7. Count(LNonD)>0
Yes

Select alternative in LNonD that 8. Select first log that has

gives the highest total value for the smallest surplus in

optimized section of stem LD

w log

Figure 6.

Calculation method for distribution bucking.
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Limitations in target distribution

Limitation on outcome of certain log dimensions

Limitation matrix is to be used if the production (number of logs or log
volume) of a certain product needs to be limited. The consequence of reaching
the limitation is defined by element LimitationResults, which can contain one
of the following enumeration values:

e “No action”.

e “Production is stopped, forbidden to buck logs, only manually bucked
logs allowed”.

e “Production is stopped, forbidden to buck logs including manual
bucking of logs”.

Limiting log dimensions for distribution bucking

Only value optimization will be used for those cells where matrix (element
BuckingCriteria) has the value “The log is excluded from distribution bucking,
only bucking according to value allowed”.

A log must be cut directly if it is the optimal log alternative and distribution
bucking is not allowed. A length and diameter class where only value optimized
bucking is allowed (not distribution bucking) must only be cut if it is the
optimal alternative.

Starting a new harvesting object

At least 200-1000 logs must be harvested in order to reach a satisfactory degree
of distribution. It is desirable to use the log tally from the previous object in
order to improve the degree of distribution on the new harvesting object.
However, note that this log tally must be kept completely separate from the
production data of the new harvesting object.

EXAMPLE OF DISTRIBUTION BUCKING

The following is an example of distribution bucking using the near optimal
method.

Log tally, i.e. outcome
The log tally describes the true outcome at a specific time, per diameter and
length class (Table 4).

Table 4.
Matrix containing all harvested logs belonging to a specific product (i.e. a log tally).

% % % % % %
370 8 5 9 9 3 0
400 5 3 7 7 1 3
430 9 7 10 10 0 3
460 19 13 19 19 4 4
490 12 10 14 14 0 1
520 7 6 16 16 4 3
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Distribution matrix, i.e. target distribution

The distribution matrix describes the target distribution of logs per length
class, diameter class and harvesting object. In this case it is the relative length
distribution per diameter class (Distribution element).

Table 5.
Matrix containing the target distribution (i.e. distribution matrix).

% % % % % %
370 7 7 8 8 8 8
400 7 7 8 8 8 8
430 13 14 13 13 13 19
460 30 26 25 25 25 23
490 17 18 18 18 17 15
520 26 28 28 28 29 27

Calculation of optimal bucking alternative

The first calculation step during distribution bucking is to calculate the optimal
bucking alternative for the relevant part of the stem (within the length of cal-
culation). In this case, the value of the first log is 100 SEK and the total value
for the bucking alternative is 200 SEK.

[ >

100 SEK Summa 200 SEK

—

Py  dlaly 1 IFHLMITL
Prefanap;tidar (RELAYRLERE R R L]
et HA LT 15 i]a

40 SE

Figure 7.
Optimal bucking alternative in the example.

Calculation of allowed value deviation
e Maximum allowed deviation is 5% (MAXDeviation) for the product of
the first log.

e The value of the first log in the optimal bucking alternative is 100 SEK.

e Maximum allowed value deviation for different bucking alternatives
within calculation length is 5% (MAXDeviation) x 100 SEK (value of
first log) = 5 SEK.

e Tirst log can be selected from all bucking alternatives with a total value
within the interval 195-200 SEK.

Calculation of allowed bucking alternatives
All possible bucking alternatives are then calculated on the basis of present

species and stem qualities.

All alternatives outside the allowed value interval (195-200 SEK) are excluded
as illustrated in Figure 8.

56

Test av StanForD 2010 implementation i skérdare



LU= 199,5 SEK
AT 190 SEK

200 SEK
Dhmmirs] 198 SEK

MM=] 188 SEK

T
AT I'J:J.:i.
frErett bbbttt
L Aptengdalag

Figure 8.
Bucking example with all alternatives outside the maximum allowed value deviation shaded.

Table 6.
Dimensions of first log and the total value of the bucking alternative.

1 199,5 49 29
2 200 52 25
3 198 43 31

Selection of first log with largest deficit

Finally the alternative with the largest deficit is selected from the possible
alternatives. The three available alternatives are shaded in Table 7. The matrix
includes the relative deviation between the target distribution and the outcome

(log tally).

Table 7.
Deviation matrix for present example.

% % % % % %
370 6 5 4 4 17 -8
400 1 0 2 2 0 14
430 3 2 0 0 -13 2
460 1 3 0 0 8 5
490 3 5 1 1 -17 -8
520 -14 -15 7 -7 4 -5

Alternative 1 therefore has the largest deficit (—17%). A log with the length
49 dm and diameter 29 cm will be cut.
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Appendix 6
Bucking settings

Table 1.
Bucking logic and apt-file settings in various systems.

Apt-file setting

Max number of tree species 16 16 8 20 (128)
Max number of products per Unlimited Unlimited 16 254
species

Max number of diameter Unlimited Unlimited 30 Unlimited
classes per matrix/ total

Max number of length Unlimited Unlimited 20 Unlimited
classes per matrix/ total

Max number of qualities 16 16 16 16
Log type bucking Yes Yes Yes Yes
Automatic sound-know No Yes Yest Yes
bucking

Pulp wood requirement No No No No
Oversize length Yes Yes Yes Yes

1)  Did not work correctly in the test.

Table 2.
Setting options for activating distribution bucking in various harvester computers.

Distribution model

Near-optimal

Near-optimal

Near-optimal

Near-optimal

Calculation model for value
deviation.

Calculated on 1 bit
according to value

Calculated on 1 it
according to value

Calculated on 1 bit
according to value

Calculated on 1 bit
according to value

bucking. bucking. bucking. bucking.
Selection of log for bucking Greatest deficit. Greatest deficit. Greatest deficit. Greatest deficit.
Distribution within or across Within Within Within Within
product limit .
What limitation matrices are Completely forbidden. Completely forbidden. Completely forbidden. Completely forbidden.

there?

Only manual cutting.

No distribution bucking.

Only manual cutting.
No distribution bucking.

Only manual cutting.
No distribution bucking.

Only manual cutting.
No distribution bucking.

Distribution requirements,

proportion of stems per Yes Yes Yes Yes
diameter class.

Distribution requirements,

proportion of volume per Yes Yes Yes Yes
diameter class.

Limitation on number of stems

per product. Yes Yes Yes Yes
Limitation on number of stems

per diameter class. ves ves ves ves
Limitation on number of stems

per diameter-/ length class. ves ves ves ves
Limitation on volume per product Yes Yes Yes Yes
L!mltatlon on volume per Yes Yes Yes Yes
diameter class.

L!mltatlon on volume per Yes Yes Yes Yes
diameter-/ length class.

Possibility to restart using No Yes Yes No

old log tally on new object.
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Calibration and control data

Table 1.

Procedures for sending ktr-files to the harvester.

Appendix 7

calliper, e.g. max 20 mm deviation,
etc.

Automatic sending of hqc Simple click of Yes Yes-stm/kir.
to and from calliper. button.

Sent complete or reduced hqc to Both Complete No hqc
calliper.

Can individual ktr-files be sent to Yes Yes Yes
the harvester from caliper for

storage in database?

Filtering of stem before sendingto | No 7? No
calliper.

Are the stems filtered in double Yes No

entering of data/ repetition of same

ktr-data?

Filtering of individual data from Yes Yes

Diameter calibration method in
computer (regression, average,
interval).

Interval, median.

Mix regression/
interval.

according to StanForD 2010.

Length calibration method. One length One length
Separate calibration per species? | Yes Yes
Separate calibration per root log? | Yes Yes
Use of butt end data (before first Yes, all data Depends on
measurement value). used. setting.
Setting for rejection of old data, Yes, number of Yes
max age. days, default
10 days.

Setting for storing data in various No Yes
diameter intervals.
Is there statistical calculation of Yes Yes, according
data needs? to Metséteho's

specification.
Correction of entire curve No Yes
Logging of calibration carried out Yes Yes
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Table 2.
Setting options for activation of quality assurance functions in various harvester computers.

Random selection method.

Before each

After control stem,

After control stem

After control

stem. or on activation of | orwhen new stem, when new
random selection. | object started. object started, or
after activation of
random selection.
Random selection:
- On the basis of total number. Yes Yes Yes Yes
- On the basis of time. Yes Yes Yes* Yes
- On the basis of volume. Noj No No Yes
Setting for time interval for activation of Yes Yes Yes No
random selection.
Random selection of first stem on the object Yes, when Yes, when random
within 50-150 stems. random selection selection is based
No . Yes
is based on stem on stem
frequency. frequency.
Selection of tree species. Yes Yes Yes Yes
Setting of minimum DBH. Yes Yes Yes Yes
Signal when randomly selected stem is Yes Yes Yes (log 1-3) Yes
reached.
Random stem must be measured directly. No ? No Not hqgc
Cause of rejection recorded. Yes No Yes? Not hqc
Logging of rejected stems in hqc-file. Yes No Yes Not hqgc

* Next program release.

Examples of “light” hqc structure where the element name has been

modified:
<DiameterClasses diameterClassCategory="Top">
<D>
<D>200</D>
</D>
<D>
<D>220</D>
</D>

<LengthDefinition modificationRestricted="false">

<LengthClassAdjustment>LengthClassAdjustmentl</LengthClassAdjustment>

<L>
<L>340</L>
<M>0</M>
</L>
<L>
<L>370</L>
<M>0</M>
</L>

<StemDiameters diameterCategory="Over bark">
<DiameterMeasuredStartHeight>130</DiameterMeasuredStartHeight>
<DiameterMeasuredEndHeight>2130</DiameterMeasuredEndHeight>

<D d="0" c="A">399</D>

<D d="10" c="A">383</D>
<D d="20" c="A">370</D>
<D d="30" c="A">359</D>
<D d="40" c="A">350</D>
<D d="50" c="A">342</D>
<D d="60" c="A">336</D>
<D d="70" c="A">330</D>
<D d="70" c="F">331</D>
<D d="80" c="A">326</D>
<D d="80" c="F">328</D>

Note that the harvester must convert this ‘light’ hqc to a normal hqc when the

harvester receives the file.
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Appendix 8

Rules regarding random selection

StanForD contains three methods for random sampling of control stems.
These are:

e Number of stems (control stem per total number of stems).
e Time (control stem per machine hour).

e Volume (control stem per m’sob).

Today all harvesters can choose to take samples based on number of harvested
stems. The other methods have only been implemented by some
manufacturers. So far, these sampling methods have not been clearly defined,
so implementation varies between the different manufacturers.

The purpose of this document is to define the procedure for random sampling.

Today, both in Sweden and Finland, one control stem must be randomly
selected per shift or per work day. The Finnish regulation also includes a
requirement that there should never be more than three workdays between the
sampling of control stems.

The need for a stricter definition of sampling on the basis of time was raised by
Metsiteho at the StanForD meeting on 5 November 2010, and it has been
subsequently discussed at various StanForD meetings since then.

The basic objectives of implementing random selection of control stems
are:

e Control stems as a whole must be representative of all applicable
harvested stems. Consequently, an abnormal stem may also be a
control stem — a control stem does not have to be an “average” stem.

e Operator should not be able to predict control stems

However a totally independent random selection is difficult, if not
impossible, to achieve as long as:

e We allow manual rejection of control stem by operator.

e We require an average of one stem per shift or day.

The probability of selecting a certain stem must vary over time if we allow
rejections and have a requirement on the average number of stems per day.

The issue of improving the definition of random selection of control stems on
the basis of time was discussed extensively in 2011. However no decision could
be reached when two different proposed algorithms were discussed at the
StanForD meeting on 9 November 2011.
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The meeting decided to not define any standardized algorithm for random
selection. Instead it was suggested that the requirements described below
should be followed when updating the random selection of stems on the basis
of time, as well as number of stems and volume. This means that each manu-
facturer can implement randomization functions in any way they choose, as
long as the following requirements are fulfilled.

General requirements for all types of randomization:

Operator MUST never be able to predict if the next stem is to be a
control stem or not.

It MUST be possible for all relevant stems to be randomly selected as
control stems.

Control stems MUST be representative of all applicable harvested
stems. Consequently, an abnormal stem may also be a control stem
— a control stem does not have to be an “average” stem.

The setting in the machine MUST be such that the operator sets the
average time (volume or number of stems) difference between
randomly selected control stems.

For example, an average of 8 work hours conld be set between sample trees when
harvesting.

Number of randomly selected stems MUST remain constant per time
unit (or volume or number of stems) even if, for example, 25% of the
trees belong to a species not to be sampled (in Sweden, for example
aspen).

Number of randomly selected stems MUST remain constant per time
unit (or volume or number of stems) even if there are, for example,
33% small trees (for example DBH<18 c¢m, normal case in Sweden).

Number of randomly selected stems MUST remain constant even if
stems are manually rejected by operator.

One single frequency setting for all species and operators MUST be
implemented.

It MUST be possible to activate or de-activate an individual species
(SpeciesGroup).

It MUST NOT be possible to de-activate an individual operator.

Setting correct frequency in the machine MUST be a simple procedure.

The randomization function MUST be considered as being turned off
if settings RandomStartTime and RandomEndTime are in use,
meaning that no stems are to be randomly selected between these two
times. The total number of randomly selected stems is therefore
reduced if these settings are in use.
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Example
The average number of random control stems per 24 hours will be 1.5 if the
machine is working 24 hours per day and the following settings are in use:

RandomEndTime 18:00

RandomStartTime 06:00

Ideally, the random sampling should be balanced (i.e. not too long
between sampling), for example to reduce the risk of the auditor
traveling to an “empty site” with no randomly selected stems.

Requirements for randomization based on time

The time MUST be defined as the total logged-in time of all operators
when the randomization function is turned on. We can then control
the outcome by dividing the number of control stems by the total time
that operators have been logged in to the computer. For example, this
could be done by analyzing all hqc-files for a month and the times regi-
stered in the mom files covering the same period, assuming the system
has not been turned off during the month. Note that times between
RandomStartTime and RandomEndTime MUST be totally excluded.

In other words, time sampling MUST be based on “Bucking software
time”, which means that it is activated when operator logs in to
bucking application and deactivated when operator logs out of bucking
application, and the randomization system is turned on.

Example

Number of randomly selected stems MUST decrease by 50% if the
operators work shorter days, e.g. 4 h instead of “normal” 8 h.

Number of randomly selected stems MUST not be affected by the
number of downtimes.
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