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Lesni inZenyrstvi
Zpracovani dreva a technika v lesnim hospodarstvi

Ndzev prace

Analyza struktury sortimentl vyrabénych harvestory pfi pni a rozklad pfesnosti metodik pro vypoéet
jejich objemu

Néazev anglicky

Analysis of the structure of assortments produced by harvesters and decomposition of the accuracy of
methods estimating their volume

Cile prace

(i) Analyza typt cen urcujicich metodiku pro vypoéet objemu vyfez( ve standardu StanForD, zjisténi
rozdili mezi témito metodikami a doporuéeni vhodné metodiky pro vyuziti v podminkdach lesniho
hospodarstvi Ceské republiky.

(i) Porovnani objem vyfezii stanovenych dle jednotlivych metodik pfi vyrobé dfivi harvestorovou
technologii, véetné analyzy objemovych rozdili mezi jednotlivymi vyrabénymi skupinami sortimentd.

(iii) Stanoveni podilu neevidovaného objemu dfivi v pfidavcich k délce vyiez pfi vyrobé smrkového dFivi
harvestorovou technologii, véetné analyzy objemovych rozdil( pridavka k délce mezi jednotlivymi
vyrabénymi skupinami sortimentd.

Metodika

(i) Analyza jednotlivych typt cen popsanych v dokumentaci standardu StanForD.

(i) Detailni popis jednotlivych metodik vyuZivanych pro stanoveni objemu vyiezu a jejich nasledné vyuzit
pro porovnani objemu redlné vyrobenych vyrezd.

(iii) Shér dat minimalné z jednoho harvestoru vykonavajiciho téZbu drivi v riznych pfirodnich podminkéch
Ceské republiky. VyuZiti *.STM soubor(i z vyrobné-evidenéniho softwaru stroje, ukladajicim data o vyrobé
drivi dle jednotného standardu StanForD.

(iv) Analyza sortiment jejich rozdélenim do jednotlivych skupin dle vyroby.
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(v) Statisticka analyza dat v softwaru Statistica.

Pracovni harmonogram:

fijen 2016 — prosinec 2017: analyza dokumentace StanForD, literarni reserse
leden 2017 — zaii 2018: shér dat

fijen 2018 — tnor 2019: analyza a kategorizace dat

biezen 2019 — biezen 2020: publikovani vysledki

cerven 2019 — zari 2020: zpracovani dizertacni prace
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Abstrakt: V. mnoha evropskich zem2 @mw2kragiddm @H o |
harvestorovb82vechaeohepgdIledgithNjg2m zdroj e
nutn® co nejpSesnhji odhadnout ajkenttola obj e
softwarov®ho vybaven? harvestor TodBad Tumog
objeriTvy r ob e n ®heon tdoS 2wi2zkum drydlolbzpummSeh char oz
vi SezT st anov e n lalgoim Tstarelardu StanfaB al ni avl Bl @&zhuk o v ®
struktury vyr seDstamesendioman®h @ Sé Wjazmi chs
k d®l ce vIiSezT pSi virobnD smrRaav@hd od S:Nv 2
STM soubor T bvilroedwilskrginm2ch softwarT har
vi TznTch virobn2ch podm2nk@B8chend 20dB2 alje
Vi zkn odhalil viznamn® rozd2ly mezi obj em)
algoritmy nastaevidenli mpchesoft owlbbu®dMh har
byl vyugit jako etal on, neboS objem stanc
nejv2ceapSiskluit @d n®mu obj emu VWuldteady | VeSis k
vyugit?2 algoritmu% A5 §zg2i gothlne no nve2gc ep Sie gv ybu
je zaj2mavl visledek, zejm®na pro nhRkter®
kde je dopr ul ov8&no vyug@gi t\Vl sdlegdryi ttmauk ®A5uk §z al \
neevidovsg§n2 objemT pS2davkT % zd®dljee nul Sk&
Vyr ®mmPear vestory. Z dTvodu rozd2l n®ho sl og
rozd?2ly mezi pr ITmNrnT mi pod2ly neevidovan
mezi vyr8bnNnl mi sk uwdierd&mi vd erktuimme mtoh.ou b T t
obj emov®moe zriozvd2sltwpy prvotn2 evidence har
rTznTch cen2kovich typT a pro doplnhRn2 z§
neevi dovan®ho objemu dS$S2v2 v pS2duprexi2ch k
protoge znvoyvgaunjo?s ti nof ofru-egod €nk n¥fhio obafNt war t
Mohou tpAtk pSziaji gtNn2 spr&§vn®ho naastta@wen?
ivyugitel nodtsifpugv vtamd devi dence dS2v2 vyr§hb

KI 2] ovi®&talndwa DevitbeobnBubsr6TMwatgp seny, p
k d®l ce, nadmDr ek, Sezac?2 okno



Abstract: Thetotal volume of timber producedoby harvesterss annuallygrowing in
manyEuropearcountries Timberis themostimportantsourceof revenuean forestryand
thereforejt is necessaryo scaleandgradeit precisely Appropriatesettingandcontrol
of softwarein harvestersvill allow achievingthe mostaccuratevolumeestimate®f the
timberproducedThisresearclwasfocusedon analyzingthe volumedifferencesof logs
estimatedby particular algorithms used in the StanForD and analyzing the lengh
structureof producedassortmentscluding the estimationof volumeof Norway spruce
timberin lengthallowanceof logs producedy harvestetechnologythatis currentlynot
recordedData,in theform of STM files, weregatheredrom forestmachinesystemsof
harvestersvorking in variousproductionconditionsin Czechiabetweer2016and2018.
Theresearchrevealedsignificantdifferencesbetweerthe log volumesestimatedoy the
sevenvarious algorithmsthat can be set in the harvester'sorest machine systems.
Algorithm A2 wasusedasreferencepecausats estimatesvere presumablyclosestto
thetruelog volumes.In theRoundwoodassortmengroup,a differenceof morethan6 %
wasfoundbetweerthelog volumesestimatedyy Algorithm A5 andAlgorithm A2. This
IS interesting, becauseAlgorithm A5 is widely used in several Central European
countries,including Czechia.The resultsalso showedthat 1.99 % of the volume of
producedimber were excludedfrom the primary forestryrecords.Due to the differing
compositionof the lengthallowance significantdifferencesbetweenthe meanrelative
unrecordedvolumesof length allowanceswere found betweenthe assortmengroups
produced.The resultsof the researchcan be usedto estimatethe volume difference
betweenharvestewoutputsusing the different price categoriesandto supplemenforest
managemerecordswith anestimateof unrecordedimbervolumein lengthallowances.
Theseresultsarealsoimportantin forestoperationsastheyincreaseawarenesaboutthe
functioning of harvesterforest machinesystems.They can contributeto ensuringthe
correctsettingof specificproductionparameterandthusthe usabilityandvalidity of the

primaryrecordoutputsof producedimberby harvestergurtherin wood processing.

Key words: StanForD, forest machine systemsSTM file, price category length

allowance crosscut allowancecutting window
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1 bvod
Sortimentn2 akhygelbinclkenme rjbadzayn § -todefigth) ( c ut

method (Pulkki, 1 99 7)) , je v nagich podm2nk8ch t ®m
harvestorovR®od2elchnmeagne. t Dgebn2z metody n;
dS¥heésk® republ i @2015nreostlidl % rea 386 (NAOVOeEal. 2017;
DvoS8§k 19 le®dh20174 02018 pode Ngebnti meolesldy m2r
z 38% na 34%, respektive 32 (MZe, 2018 MZe,2019) Tobylopp Tsobeno z e | md
n8§r Tstem pod2lu nahodillTch tnNngeb spojenT
Ipstypographus Ni ¢ m®d M 2r obj em 2ws20 Ngiem@&mhion 2do$St NGe bn
sevgak v absoswugEgmégvgh V2sdbeehZBmild® deo§hlbys o
022mil.m’v2ce neg (MZer2@lgMZe2@9).50rti mentn2 tRNgeb
dos8hl a pr oz atv3oce 2019,&dyjoe jmMaxpormk? | | nai% o# a2 t
comSedst b el gt N ga B & 2020) Harvestorog technologie

takz au§s2tng | e v Tradimea nvnl Bjwgbhdlv ®hloe sIS2 m2h demEk®E Sst
republiky.

Hl avn?2 hvalrhvoedsyt or o v ®p dle2cvhanjo?l ogi € om, ge
vir cua ov®hovydiizjve2 produlteidniovk oa®ms2ni g8k ks
vesr ovn@aicharmsu 8§l n2 2 vwhgdbem2 cdhS s vysokI mi mzd
(Zinkevilius et al . 2012, 301.6). Marvedtorog e t al
technologPe2ngml whopgobBneil 8ktroni ck®ho mnh
virpshRDvyugdit?2 meziStaBFRoresdln®uhdod kstt BachSmerddiau p Se n
pro evidenci a (NatoyDVv o $§ lp,F2Peekth8r)d.$3 ¢k ® mNSe
vesr ov nngannru 8§94 n2 mv ynfddSckwmjzen vy gg2 investice a
zdrojeVT r a z nddminjghalkanan2hody man u § pracRokto | @3 Devn 2
n§rastan n8§chylhryd$ftynu giett2erthkt roni ck®ho mNSen?
mTgeme tak® dosS8§bhhaonovepggvi pSedn@boSompP8én
| i dhlavicis pr §vnh kealairbvreswamr@hdg s ou spcSheospmoys tnth

na mili mepSesamod®Pkynascenti metry.

~

V. prTbRhu viroby dS2v2 doch8z2 ke ztr §
ztr 8ty mohou blt fakti ck®pelbzo Tfsiolbtein®n 2s,k u
viTsl edku rozdz]jiTgBevBn¥T ebpdiy dS2v2 rTzn
zpTsobemd&¢ivienxzeaokrouhl ovgn2zm mnRSenTch p
surov®ho dS2,2003 atGCaHLb&E8 & mmMapNByi 2e0viiSdenci vyr

10



dS2hva?r vestorem se omPinemedr sidityk attDcdht o §tzy r §
vevidovan®m objemu dS2v2 jsguniphsmbegmoyin
stanovem2sdhmjva mwe | nd cihd e el v3harcedtori@tpWasrob e m

zaokrouhlovgn?2 mamdéeni oretodik Glgé k DApmti k Tr u
tomu faktick® ztrg§ty zpTsobuje pS2|nl Se
aneevidovgn2 objemu pS?2Jdawvk3; kDWEHSk et Selz

SpolelniTm z8mem vilaktn2khppdhiekdtelsTpr g
adSevaSsk®m sektoru je pracavatSeS82nmét ev@nt
ng&sl ednhN mohou rbdal ivyaidii tpr adagkjee vdaS?dvnzl, paol c
prost an @atemrlacododpk @M pod§ Ss katel. Prety jehe n ¢ e
ser ozhod|l ve sv®m pwoHz kabnm® Vi B nTozvnaiietodik
vyug2vanTtclobpreonuwhsi SlegtfF obND dS2v2 hadvkegt o
| emudg mohou vzniveai dovan®mnd b jmeénmdtewh$? p2o,d:
neevidovan®ho objemu dS2zvrT svwo bfuf®dcztckSRe n Kk
vevi dovan®m dPojcchmp edSainiasd avMSm@wnilden| n2 ch
syst ®mT hpaorswkeysttnoer Tuetmi v @it £ é [Tm® piSn f ow ynadg2ev §
z2skaal capl i kovan®m | ¢istsupny h oBstqdo wpsr §saev 12 o u g
i jako podklad pro diska ohl ednlD srovn8§8vs&n2 1 stleybkyT
N§rodn2 inventarizace | esT Lesk® republ ik

ostavu lesa a |lesn2ho hospod§Sstv2 Lesk® r

Di sertr&lcpSe@l|l ogenat Pakbi kovubprkhet ®8n k7
soul §st2Syka ®iztao ID\E Isld s & kpTr a8hbsesthujep Sedst aven? (
vizkwmwdn2 rozbost mpu|phmed malti ickkg®yhSn 2z pwlazck u m
det arid néddbr prudHd kevan]dishuzida | §8evNelgumu v et n

doporulen?2 propaxyugit2 poznatkT v
Publ i kovan® |t ®diksye rotbaslang?e np&r &ci j sou n 8§

1) L°we ,SeRIb.m2 kov §, M. ; Nat ov, P.; Jankovsk
J. Differences in Timber Volume Estimates Using Variaigorithms Available
in the Control and Information Systems ofriAssters, Forests, 2019, 10, 388

2) L°we; Bedm2kov§, M.; Natov, mngl T2woS§
neevidovan®ho objemu dS$S2v2 v pS2davc?c

dShwaw? vest or ov.ouZptreScvhyn o leosgnii2c k ® hi216v T z k u m
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3y DvoS8§k°wd;, ; Ratov, P.; JankovskTl, M.
volume of Norway spruce timber in etdg-length harvesting, Scandinavian
Journal of Forest Research, 2038(7):383 393
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2 C2l e prs8ce

C2le t®to dpSedltwadpabdr@ppumgdc &kovanbylyh | | &
vymezenyn a z §pkd taSlefhty e s npragi inffrma@omo gnost ech vyug(
anast akenkRr ®t n2ch vgdaroeomigd e 1| nv2ec h sof,t war ec
programovanl c hstaddardu StaeFdriSidgforgkh2an2Q)proz 2 s k § n 2
rel evant navd i o bV batdeS@riwéu technaloi W}podm2 nk §ch Les
republiky. Do d 8§ n 2 inforihachlteos ni c kie®d Td readx it ® i vzhl ede
sezvygujothg2enmu zpr alSEwgv asno®rhtoi me ntwl2e snBge bn
hospodg&§Sstv2 (MZe8ROP republ i ky

Z8kl adn?2 z8mDr di s zrdtoaH In2v a@rc8hc eyhks ee r ®k |
n8sl edmRdNDé@nyP :ma dz21l1 |2 c2]e

T AnalTza metodi k vywb§2ewaunivdBemrTo vl mdlaat
a porovngn2 objiSmedholhendzth2idlTe jednot |
virobn dS$S2v2 harwestorovou technol ogi 2

o AnalTza typT meemdiuklujpr®o2cvl pol et ¢
vest andar du StanFor D, ZjigthnDn2 rozoce
adoporul en?z vhodn® metodi ky pr o Vy
hospodg&§Sstv2 Lesk® republiky.

o Porovngn2 objemT viSezT stanovenlTct
vi robn dS$S2v2 harvestorovou technol og

o Anal bheao v 1 ¢ o z dv 1l FenzeTz i vyr §bnni mi s k
sort ipnfeintyyewiott2l i vhrcdh wlep oldétk obj emu

T Anallza d®l kov® strukttmywovgnibhRekeoh ds
objemu @¢S8S2davwocich k d®lce viSezT pSi
harvestorovou technol ogi 2

o Stanoavwdm?t i vhn2ho podb|aeammed®? ddvan @H
kd®l ce.viSezT

o Anal bbaemovich rozd2l T pS2davkT Kk
vyr 8bnDni mi skupinami sortimentT

o Anal bbaemovich rozd2!1 T pS2davkT Kk
kategori emi viSezT dle jmenovit® d®l

o Analdtzjaemovich rozd2| T pS2daviEzk d®

a ostatn2mi viSezy.
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Sohledemnavy T ge uveden® c2le disertaln2 pr§
vDldeck® hypot ®zy:

H1: VyumirtPznTl ch aly @ dgr standaifi StanForD d o c h § z 2

kestatisticky v znsatmenn omoebrpilemtiy | TS enr a i

H2: Vyugit2m rTznlch al goritmT typT ce.
kest atisticky viznamnim rozd2l Tm mezi

viegdnot Isikviipcihn §ch sortiment T.

H3:Pr TmRr n ®nereevli adtobjemyd@ 2 p 5 2ckabvth ®1 ce v I Sez

semezi jednot!l i vl mivIiszknudpinpami sorti ment

H4&:Pr TmRrn®neeViadovad® wdj eanwc®?lecheS &z T
sevl znamngPedwnot!l i vich skupriTnzgnclhmis odr @i krmoewr

at l ougSkovimi kategoriemi viSezT.

H5:Pr TmRrn® rel ati vndS2neRvd awdorhaa® lwbjSem

sevi zndmmnl derkowldmi a ostatn2mi viISezy.
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3 Rozborproblematiky (1 i t er 8rn2 reger ge)

Tato | 8se paBte§ pSedstaVedfamvpsobl em
technologism a n a g e dne #4it WiGé& D n 2 popisenobarafiteristis or t | ment T
dS2miPSmdSaw2 §b Ranv@stoy z pefipobv §d Nn2 mdGretnrro | n
an 8 s | &atibnagg rozdnDl en2 v ydbafttdmdedborpl®ae b # oh T
avyugit2m jednot n®hmo st laln§ g barv&Stop&dEm o D

31 Harvestorov& fe¢hAnol ogie

Prvn2 -dddgredwnm2 stroj e s enasazavaupaod eonv i adle i
70. et minul ®ho stol ezZpadydgiht Lecraglch, zasjem
a na severasSNMuoeg 36)) Zpfvl se jednalo o stroje |. generace,
kpr vizdignpat Si |y pr ocveosSedraly, 2002). ¢fnoac e( DL9 77 se
objevi kgcpc¥n3t r bavestory, jedngls de ® tanvBstory typu Volvo

BM a ¥8A8NQmec 1996) . O deset | et pozdDj i
jedno¥%chopov® harvestory |1. gener ace. No
ge Ngebn?2 hl avice j e namontovs8na na konc

l.Lgenerace se na Rsobjeviyasoce@a87 WwzoeSekl., R012).
Vsoul asnj® dmaNDnagem Yze m? poj mem harvestc
v2ceoperaln?2 strojdsSakkse Harvestoey eud i cem [prrac o vix
cyklu k8gc?2, k r § ta%egistrujed \S ANedudajeteal,, 2065)\be o lug jeg 2
pracovn?haopesao?iu je vyklizovgn2 udb5%8d§g, t
nahromadyn a v 1 v oz (WM m2ysvi§y.&/@g%e clhinykyracovn?2 ofrf
vykon8v 8onycykiu,njDkkd rer ®n ap2eae amrechlob2uhat soubDgn
virobn2 f8ze mTge blt automati zowarstmeabam
harvestoruv. r e 81 n ®nk 8P0B3.Har(Lest or | e dommdsubmnd n®
pol2talem se softwarem, kterT S22 &k §fcemRce
pok &nT ch stromT a t2e20i3iarche sztpeemydgjesnid u ( MC
konstrukln?2ch parametrT urleny do girok®h:¢
ve vgech druzAaahodiNHeabhvestoryND psoudoa®mz c
syst ®mu viropy§ gespromiu tsr akt osroyupmabamivy v §
tzv.har vest odMeuda@ al.u2015y

Viraznl n8r Tst plésk® hraepesltiocd patrvnl
DvoSgk (2002) u v eud technologiel z b a rpreevsa oawoavt za
zprogresivn2ch a do btudducida per pdcktridv mh 2«
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2005 byl o registr ove8a0@s), tode’20thtac vbg80r T i g M
harveseéewir Tovptn@sh ar vest 808Folboyvioch a 37 p§
har vestea2®R)). U( MDD cht o pol tnfutsnt® oumpk ziodr npiae@ll ne s
gse jedn§8 o poltylbBakVestepdlpbBdadeRmli cheg
NDkter® spolelnosti phe®mugdzajahuharebes tpoor
vz ahr athliavn 2 mi dTvody, prol k8e alsapBeesamr y
prosadit, jsou pSedevgrymp@yson&kst ppo8uadktp Si
ve sroeckogweénl| n2 mi (SerclhangpH Pl 906 b e 2D15).
Produktivita pr8ce harvest omobjemug ®dHKehBEshel
stromTokwdelal ., 2007) . Vy sporkoobu? tazkeSpcdha k b v € n &
jednoho stromu za ,jcea njeemdongun ®minnauvhtrua dp it § cj e
(Schl agh,a20@s. Skfi| agha@0E) s kulv § d?2 , nosjetddwd ko n
harvestoru e pSlizhbrokMenzid 1doalag® 1Ivse | tki®s .v Trh o«
technologie pat$2 Wspora mzdovich ng&kl adT
odbNRDratele, 3acbo®PBOD2VJBPRIIESt wpedrlmée&nsy
pomoc?2 (Dg b BBtk eal ., 2@k Dd)Si NRKt® S2miaRuj 2 ni
uost at n2 &hhlsatgrhogjadela).Nlkev T hodou zde vgak moh:
poSi zovac?2 N8kl ady %drmrdphteyo | 8 kal ajdegh os pmp rea
organi zace pr8ce a n§&r olTn 8h aadvbeesot Be8KTv y(bDa v ¢
2012).

Podle Zpr8vy o stavu UReme 2@ (MZe, 2% ho ho:
se mTgeme na naBamveéstemry seTkmltch znal ek.
zastoupen? maj 2 harvestotyo$d w% evbjoeecthd 4 h
kol ohdhchedtecak® vepublice. DruhTm nejviznar
kter® se nm@ghylujl2esv¥ c h, ] e firma Rottne.
harvedtecakP v ee20d|euweadenwlabulcel.M ®t o t abul ce | s
harvestory rozdRleny podle roku viroby a ¢
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Tabul ka 1: PSehled poltu registesk@iméepubhrve
v roce 2019 (MZe2020).

z toho dl e
har v e s hlaviceo v z toho dle r
5 do do do do ag 1996 | 200Q | 2010
VIr obqCelkem| % |55cm|62cm|72cm|75cm|1995 |1999 |2009 | 2019

John Deere 372| 443 65| 101| 148 58 20 38| 188 126
Rottne 175| 20,8 85 53 4 33 0 3| 109 63
Komatsu 49| 5,8 17 9 21 2 0 8 36 5
Ponsse 111] 13,2 7 0 15 89 3 4 55 49
Logset 22| 2,6 1 2 5 14 0 0 11 11
HSM 5| 0,6 2 0 2 1 0 0 0 5
Sampo 34| 4,0 32 2 0 0 0 0 15 19
Gremo 3] 04 2 1 0 0 0 1 2 0
SP-Maskiner 1] 041 1 0 0 0 1 0 0 0
Caterp./EcoLog 1] 04 1 0 0 0 1 0 0 0
Profipro 2| 0,2 1 1 0 0 0 0 0 2
Vimek 404 18| 2.1 18 0 0 0 0 0 6 12
UTC 1067 1] 041 1 0 0 0 0 1 0 0
Entracon 9] 11 9 0 0 0 0 0 2 7
Kol ov® 803| 95,6]/ 242| 169| 195 197 25 55| 424 299
Kaiser 1] 041 0 0 0 1 0 0 0 1
Menzi Muck 3] 04 3 0 0 0 0 0 3 0
MHT Linz 32| 3,8 31 1 0 0 0 4 21 7
K°nigs 1] 01 1 0 0 0 0 0 1 0
P§sov® 37| 44 35 1 0 1 0 4 25 8
Celkem 840/100,0f 277| 170/ 195/ 198 25 59| 449 307
Procesor Hyprd 3 3 0 0 0 0 0 3 0

311 RozdNDl en2 harvestorT

Z8kl adn2hadi@esenh®r T | e dl e typu podvoz
naharvestonk o | o v ®,k rp8§ sefjogl@o2mbi nov anl nNemdaetal.p z k e m
20159.Vsou|l asn®pddmPnk&8clk Lesk® r e pkuoblloivkiymis e
harvestor gp 8§ so®niNmip aHavesiog sktoarrbyi n opodvezkem
jsou po6gduspedwmnot ek .(nmpSHlejMen2zihauwckst or
nen?2 vyug2mogballdMZ dhDI en?2 harvestorT je po
charakteristka t o mhar mak®ory, st S eanmestoryhzas wiessltoosrtyi
na vI kon(@©erudaetah,r2005)RozdRNl en2 kolovich harve

avl konu | e Tabuice 2.2 §iKInad nv2§ charektefistikipalo p Si Saze
harvest or katdeog opreiPh®o,z onbt lotr @r ®ho se odv?2j

17



strogifjemjzpracovg&padmOhnEméon@di novsg vIikonn
hydraulick®ho jeS&bu, m§ | pr
Bv ekdod no®& Trcdz chilrevre st or Tes @k n
Aut oBi njm8hotthvhcmaxi
parametr T.

dosah ma X i n 2
harvestoru.
republ i ce

hodnot 8ch

exi stuje.

rTznl ch

Tabulka2 RozdRI en?2 kol wwlikdsttcah vH akrovne@iserodaet F.,r201 5k
Orientaln? t Mal T St Sedn Vel kT
~ Jednotka

kol ovli ch hag harvestor harvestor harvestor

Objemz pr acov 8v
m? 0,100,50 0,400,80 0,702,00

kmenT
PrTmRrn8 hod

. m3/h 4 10 16
vi konnost
G2 Sk a cm 180230 230280 280-320
Dosah hydraulm 458 8-12 8-12
Maxi m8&l n2 pr|mm 300450 450600 600750
Hmotnost t 4-10 10-18 1826

3.1.2 Nasaza 2

Dv oS &lk( 2e0t1 2)

jako wu
| 289/1995 Sh.

dal g2 ch

j ehog

ge pSi

harvestorolve®®s K@ crhenpu lgii ®e
uv_gd?2,
t Dgebmucshviyee M®zpetavam 2cchg & ke
Z8& olneas 2 ch,

nasazen?

har

Yl @lTe rprjoe zatcdhmo

|l esa, p®|i o | es a boobhnagtvsit wid&s a2 j akoahBrdd
gi votn2ho prostSed?, pro plnnNn?2 vgech el
hospodaSen2 v nBDm. PSi pougi tgbmT dizovir Wl

navazuj 2c?

dopravhD dS2zvz,

mus?2,megnregprektag\

S i mus?2 pol2nat tak, aby nedoch8zelo k po
azaS2zen? sloug2c2ch hospodaSen2 v lese (z
uds§vsg, ge pSibligovg§n2, uskladnhDn2 a odvoz

k nepSimNDSen®muopbgkoz2ohnspdzeea&d. a
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Jednou z ¢getlgmycl wmewusd SeNovg§n2 dS2vz2 |j
(Kabeg2015). Jedn®S2sd Mieetpodtlobktzza ® j sou dn
vprocesu VvirobySosti me®@h@eshBasmasti t ®mNS
spjata fhar vest or ov oAby hareestdrog dechoajogié mofd b T t getrnh
vyugavwmagich | es2chapomues? viel tvhmandzéeint er ®n
podm2nk8ch. Pouze tak mTgenmeagziach sltd s2 cuhd rs
smi ni mal i zac? gkodromach egAxst @saliNé b potr 9 s
pot DgetzxBsalktohot@ dTvodu byly vytvoSeny t
typizace doporulRBdigprcédv nwzhotden®h ntdlgoegopine do k-
podm2nek. Mezi z8kl adn?2 t ernm@nsnaz e nazk ttol¥gyk ® k
a dopravn?2 techniky, Sad2me skfF®noabddt t e
al., 2012) Kol ov® harvevt @dgdnombhoer ®ny po sps8gdn
dosklonu 35% podle stavu povrchu, nad 3% p Si ch §z?2 v Yavahu v

kombi nonwdmo® kr 8|l ej 2 c? varianty podvozku.

(pSaskhbn) je stabilita hl@%sker§ Schuamhhfeas
2001a). Ulrich et al. (208) u v § d Wpmwestoryno houe kbdrnomi cky a s my s
vy itlygenvoblastechsir | i t T m stupnhDm | esnatost. a na
veli kosti. Dal g2 mi faktory omezuj 2 c?2 mi Vy L

podm2nky a zastoupen? | ekdu @0hlxaNdjc\nh cad nl1djsgt?
nasa e n 2 h gevesensrt koo V[I ®th plb rhocsrtovi ce TSy ev obsTtt2
k me nofJd Dt vov 8n2 m Ad iklod Dj ¢s2ec th aw ¥tews2t .ory poug?
jehlilnatTch dSevin, st&8le JasthRjit3e pou
ol emg svhRd| 2 Sada studi?2 zamhRS$e nziperha cnoav §vny?u
l i stnatTch stromT (Meder ski et al ., 2008;
Spinelli et al., 2017; Mederski et al., 2018}l i st nat T c h peosrtoosrtoevcgh
technologie wb$at apofosteehjneb®onkovi ch porostec
vRDkov®mt 82 chgl 82 m zast oup&n ¥sho hoamgv éaly enT ¢ h
20@).

Pod?z2I sortimentn? met ody tznvl ezaf m@®na
porostech Lesk® republiky st8le stoup§g, m ¢
vyl er pasrmiy@0@{ B DvoS8§k, )SarovmeB0a® tNJgebn2 n
vl es k® rperpauzbd ti2cm s vrRhcoe nPalxli 9ma kvd yt [JgebjI? | piondi?2
44%, co§ pSedsta@veopvBfhen®HUo5ddY o Seiadn@lz) 2020)
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ve sv® studihl eudvi8sdk?a, djoes tluzpen o= t i a Yanosno:
aga78% vIimNDry | esT Lesk® r epublleskny?,c ht jp o rzoh
nak t er T dibpozjcies72kmil. Mz §sob dS2v2. Podstatn§ | §:
jekdi spozi ci pr o vyugit?2 nej efektivnhDj g?2
(tzvvharvestordawimtoz @ISE.padn s e %ijceko®d §v lomlprSyi b |
l esn2ch porostT a %d8S2ow?y.SEERRO S 5(3200 1r2i)l .t a
ge¢ednoznalnim tRNRgi gtNm vyugit2 potenci §l u
porosty ¥ 2 ce neg 80% zastoupen2zm smrkuua bor
viraznnD odl istudie®i md stleslise dlaT zemNDdNIrmwcev?2, Kkt
2010 a nesla n8zev AZjilgad®ndhes&® oy udl p cre
je mogno vyug2t pro |lesnick®. hswhpdnadtimSen?2
potenci 8l vyugit2 harvestorov® teclkhdaloe ®i
vi mRDry 1| es(nBycsht rpiockolOteBz kad u ,v @OKL 0j)e, jakT m
| 2 s a pozpmldrb2Dkbh hmua ¢ c ov RGask asnaunw itzmPpEwst oupen?
jednot!l i vl cur &hrcuih To bdh®evwivli € Rn2ch porost T

313 TNDgebn2 metody

Proces viroby surov®ho dS$S2v2 je tvoSe
soust SeNovgn2 d&nvdpul adedbrSHB2dvIF28vare zt alhgrbnau
pok8§8cen2 stromu, odvDRDtven?adnNa dlefertyvd m2o bsyt r or
ktertSjepr ovedenat pSi npniPlokRAddItd tpalBe zr dzezn§v
t Dgebtadyist r omovou, k me n oerudaSimanows2006)tVieme v dm 1) (
se vgakseka[igeimad Il en2 m1990) kkozTiglu¢gle fpPMgeb:
metodP Si met odp it rporpio usRierjoprok 8t enmet oda dnes
t ®mNBu g2 vEna. PSi vyjegtompSik mphgo@nwmMevedy
azbavenvr chol ov® | 8§sStoirtmenemo mB?2 met odak je me
klasickoumot omanu 8| n2tznimed¢ lom o w&gnipdaci suni vemm z 81 n?2
k ol mvdktorem t&k hl avnhD har vest eudd Sinoanooy 2066).h no | o ¢
Dnegn? vyugit? sor ti me mtrraspjaiedtatvabtprovque v g a
t ec hn 8drtimeiti 72 met odu | ze popsm@aani pkpadsa®d T h
pSi nichg sde ushtaoj32ocr2t isnher notnyP (Maremebal.2066). | o k a | |
PSi t®t o metodB®Bprjac v &mw2n2smt rzamk e(modv Nt ven?
nebovi eho tNDsn® bl2zkosestdvotopomyYPPpoeom diopkwny
j isaitimenty PSi sorti mentn2km&8se@ndDvjda &mpndmp
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Sezem na | edn.otTa tvo§e hsaanrintwi Smeamipjlyges o j ej 2 hl av

oper adruhjowEméba soozhmdonj€® o vIigi zhodnc
trvaj2c2ho rTstu | esa, |j edn 8ossl®5L\eldryo boa v e |
sortimentT jig na zjaadstvksohwpa v&mgeich|ni®hto Set I

v T nugFsalandBriggs, 1984;Marshall, 2005)

Sorti ment n?2 metoda | e n & jNgytba8rcch? orbentoovd
ivichovnich. Hlavn2m dTJobdeb? jrgrhdl ugio §an
soust SeNovsgn2 dS2v2 n2¢kBotdd sgdmbdul 2yl b
vygdin® dS2v2 Sezem rozdhDI it mabo sortimenty 2, fy
abyl o vhodn® je i odkornit pro sn2dgen2 vile
hmotnost. Vpodm2 nk8ch Lesk® republiky vgak sort
viobND n8stupu traktorov®ho soust SeNov§gn?
traktory a kapacita kon?2 ksdee pjSeejsiucnhu | taa ¢dno§
nasoust SesNiow8kiemT dostatel ns§. D2ky rozmac
traktory byla vo b do b ?2 S2zen® ekonomi mani met ada
namani pul al n2ch skl adech pr @©drddétpe 8045).za hl a:

Sn8stupem ®echnolemessteorvgva k pod21 sorti mentr
rychle Hvyggbhkhdadhdy vest or o w® |tye g H jospogdiseSstn@t o
dsertal n2Vvppefmétn2chze®Oygbgoh f§eend ®yugit
technologe z p Ts alkg m®magen2m rizika pogkozen? st
sortimenty (Mruda Simanoy, 2006)V n RNkt erTch evropsklch st §
Gv®ds ko, Norsko a Finsko, je v soul asn®
vihradnhD ke elastedDahlinI9%mn d Getat,R018).Sor t i ment n?2
metoda | e o§f a R@ avlygu2gehvaevr opskich sté8tec
(tv80%B2cel kov® ,Livd (%) t N NIymMeWw)kGp a(ndd Yo (60
al t 81 dLu(h @ betal,R018.Dlouhoddo D v zr Tst aj 2 crietogyod 2 | s
na cel kov ®t a&Rn tRoSKl @dmbengket al2015. Na druhou stranu
har vestteocrhonvo8l ogi e v nhRkterTch zem2ch jihov
vyugatoZej m®na kv TlIi vysokIm inves20l7t n2m n
Dv o S§ k201®)a drap rgriTInsojed ns dost upnogtgRomd 2Ir &m u
| i st natTldcShe (Feérrad let al. 2012). N§r Tst pod2lu tRgby
technoll gk ® rvepubl Tabukce 3. doce 2005rbgld z e/l k ov ®h o
mnogsbMARIby dS2 w22t pis Bgenment n2 meoteodou,
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2019t 0 by14640ts.ing. N§r Tst absolcetl kovl® mModmadt tr
vposl ednadhiznlaennd®chvIivnNn kTrovcovou kalar

Tabulka 3:0bj em vIir oBwciiSevt2 cvh It eesckn® od emgu Bl ivce od
doroku 2019 is. m? (MZe, 2067 2020.

Rok 2005|2006 | 2008 | 2010 | 2011 | 2013 | 2015 | 2017 | 2018 | 2019

Kme n o\
metoda [(13797/13612/11125|12446| 9987 |10614|10069|12603(17389{18043

Sortim
metoda |1712|4066 | 4821 | 4290 | 5367 | 4717 | 6094 | 6557 | 8300 {14540

3.2 Sortimentyajejichz 8kl adn?2 <charakteristiky

Na moguniorsitliywkr ®t n2ho viSezu m8§ rozhoduj
akvalita. BSuhosve§nrostupnhD ovEBSWDjte sopdNntmemnt @y
poSad?2 od nejcennRDpg} o®PniA kealjis8eam] g2 e
Visl edkem jsbu vlyo v sertn@nty (Mruda et al., 2015). Podle
Doporulenich pravidel Lersd&®mmd30@3jstsdrtiment S2 d Nn

dS2v2 specifick®ho urlen2, vyhovuj2c?2 dSe\
noomy. Skupiny sorti memna pako 7t)v.o F?r ot S2odryt ij
exi stuje nhRkoli k krit®ri?2, podle kterTch

st 8§t n2(l $Ipar noypor o @N) maobrimyaj 2c2 se | esnictyv?
sedS2v2m $2d2 mezin§rodn2mi normami, pSedp
pozbyly .z§Z&nhonst sjeejsitcghv aijmplsement ac ?2 do
spol el nos-igouwld&sdtijvedul Suleim’y edn8adl a¥nost i t
zcela pozbyl viznam normativn2ho stanoven:
mNDnNn2z8visl ost.i na jeho dO&ekoapbogicouk®m2 mpp
anab2dce a popt8vce na tadn8ul.e Zz8Tssatdg&hv8m tkercil
jakost dS2v2, tzn. vyugitelnost pro wur]it
sortimemaXijeavogen® na techmpoldediad KI® njealg8a
na konkr ®t n?2 p 0 u g ertd@et adl,r201B)oVMe @ ©{ asmranBti k bd
sorti menlteys kdBS2rvepub | i ce pSev&§gnhD Doporul en
dS2\VL%esk® repubdjnarce 2Q0DB. (Wat o m@kawi§dIng mj
aney 2 c e r e s p pokktadgem awn § mc i r evpyunbel zi ukj y?2,c 2 m konl

parametry sortimentT dS2v? podl e n8rodn?2c«
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jednotliv® vady dS2vz2, uvsg§dnhNj2c2m postup

vsouvislostig eho prodemzgsady Skk®dnemcély pSej 2 mky
skut e (Narodagti al . , 2 01 5)t. N chwavddsl tieasbubar tabulek8 s t 2
sjakostn2zm ,tkdyleddiIrvzm rdoSpevPPh&onst dé ch t S2d.

T Prvn2 tS2dareabosninz2ahisegg a viSezy |

Jedng8 se o viSezy urlen® pro virobu
ng§bytk&8Sskich dih a speci§8§ln2ch techni
jakosti jsou vyr 8bnnwl jzenkwd duamke&d. uu haT

Dod8vs8ny jsou vgdy neodkor nDom®.n eRlem®@mIlar
4 stejnhND girok® | etokruhy a mohou blt ¢
Druhg§8 tS2da jakosti obsahuje viSezy pr
viSezy. Jedpgosel motvd SepSegkl i gkovich dT |
virobu z8&8palek, sportovn2ch euldetdeb, zdr
2015).

TSet2 tS2da jakosti zahrnuje viSezy ur
al i stnat®) a vIi Sz gloupovim)VivS e nput SéwupjTak
na nDKaittA kag D. kiditywegg§du pS2pustn® §§
povrchovich a vnitSn2ch hnilob, dg§gl e

vitnNngnost a kvalita visledn®ho Seziva

jejich ceny blvaj?2 rozdnS enwadpidtdd ak 6 $ b
t S2dy (s oznalen2mpbD)Imyes | ma®mus z pk walcatvi
nebot ak® jako vIimRtovs§ kulatina.

Ltvrt§ tS2da jakosti sdruguje nhRDkter® |
dTIn2 viSezy, tyl ovi neaz)y., JteydlnoSv isneu t(etdyyl
avl Sezy urlen® na vigkmwibwoopd®Sed S$icvoivyg n
nacel ul - zu mechanickIim zpTsobem).

P§t§ tS2da jakosti obsahuje dS$S2v2 pro
Sdruguje tedy sortimdntzy wrhleemi@ khea ¥ b
(vl 8kninov® dS2v2), dSevotS2skovich a d
pSedmNt T napS. hralek.

Gest§ tS2da jakosti zahrnuje palivov® d
jakosti, kter ® | evoWojnay, 2aG0&\erndaet g.,RQlZ)e | a k o
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Pro urlen?2 konkr®tn2ho sortimentu dS2v?2
zni ch je ur| en? d Se vminryi, m&dl ank2gehmT pokoml wt
znaPRP¥%i vdS20w2D harvest opev@t ot eblamolesdgior u
akvalitat i v n 2 sortmerdkk\WI r oodwniNd emd nwarse harvestoru
navrhne sortiment, ktepSedsBdbdhiclvykobeni
parametr T.

321 TS2dNn2 sortimentT dle dSeviny

Prvotn2 dRlen2 sortimeatfkter@®vEd2mmanpo
vyroben. Z8kladn?2 rozdRhRlen2? dSevin je na |
na | istnat® mRkk® a |istnat® tvrd®. Oznal e
tiskac2ch p2smeonab200di nsk® abecedy (W

322 TS2dNn2 sortimentT dle rozmDr T

RozmNRry viSezT jsou rozhoduj2c2m Kkrit
zes or t i manma P015). Podle Wjnam (2 00 7)) mTgeme viISezy
rozmBDr T a podle kvality.

Prvn2zm mRSeni ®l kaz WikrfenBupseen doj kr at g2 vz
mezi obRNma |ely kusu. Cel kov& idselziua SwiES s 21
sp Sesnaantinfetrynal menovitg§ d®l ka je celkov§ de
dohodnut ®ho nadmBDrku a =z3abdbkhkinagyRkl een § g mBrt aur

d®l ky. Z8vazn® stupnBhD jmenovit® d®| ky se
aodbnDr at eNaedmNNd $%kv2pro viSezy jehli] nkat®ho
jmenovit® d® ky. Pougit2 odmugal A t nasdmhiur
odsouhl aseno mezi d o d ajvan 2087).¥ mj ian Todb Nz @amz ¢

nadmPDrek stanoven nejen jako relativn?2 po
hodnota nebo kombinace rel ati vhonaxi pngd hl2u
velikosti (CITES 2006; Opferkuch et al2014).Na d mijree ku emDk h sorti m
vygadov_8n odgRoduel kaompenzace technol ogi c
sesych8&8n2zm dS$S29p ,a Spp® and oniN&arB2enPDayteda. j e tedy
ke jmenowl $®z W®h cedbDr ateli HRolenopa.sl89¥)t nut =z
Nadmhreenk? vygadovsn u cloemii anetid merchami ck
zpracomelBm2virobnN dezintegrovan®ho mater i §I
2018). Z hl edi ska druhov§gn? m8 rozhoduj 2 c?

l imituj2c2m faktorem je minim8ln2 pS2pustr
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ng8§sl edn® az pmoagcnoovs§tn 2vy r obi tt claonTgéewnlj asmlob
ge d®l ku je zapotSeb2 mnRSit pSesnhD, aby n
sortimentud 0 m®n N finanl|l nD ohodnHdaoita®lB). skupi ny s

DruhmmSenT m r oz njRe etml (opirgSRakdBuo u gntekege
jednou 7 ozhoduj2c2chbdi gkeFEHNVPmOb&n®ho dS2v?2
zaSazen? dS2veérudaed ta$2d K&t i TIMugSka vIi
j menovi,t @ad®Ilekpyu, a pokud je tSeba i na | e
hodnotu tlougSky WbESe kjTe yz 2 pkSEmanNtSlemBig Yk a
mNSen? tvlilSegTkoem se 2OougSka mNS2 jedenkr ¢
(rovina mnRSem2ovjre heard @read) § slest |l i ge m§ t
mNS2 se stSedov§ tlougSka ve dtvlioouu gnSak osue bnes
20cm se tl ougSkaebredSeolvmel cchv osumPDrae csh vgdy. |
mNSen2 tlougSky se p&él TahnéenmNBentevlyj @a
desetinnou | 8rkou neuvaguj 2. PSi provsgdniDn
hodnota tlougSkyl mymproTrmRmeam azi d byt T ekde | me

(Wojnar, 2007).

Na z8kladhn mhiSeEnrRT cthl om2gsStkeyc hv v1 Sezu r «
st SedbvougSkupdpd.ovjoauggtSku | el a a jedewmugSku
metrod | el #anidg2Glh). ( S

T St Sedov & ltoluogeg hkhavnhN ke stanoven? obje
se mNS2 ve stSedu | menomistt@ dn® XKeyn 2v TvSye

virazng nepravidelnost rTstu, mRS2 se s
nach8zA®vecestmpgnsg nej bgadd¥ynwns@had §rhieSeors:
pSed a za nepravidelnost?2 rTstu. StSe
aritmetickl pr TmDr ze dvou,onar 207.ekt i ve

KromhRD kub2rov§gmsz Sjeed omod@n ® | vayl|g Rtc hp vd Ste.
a suroviPbodkeen®t o tlougSky se tak® r o:
tS2d a do tIl| olain§R045).T ch st upRT (S

T Lepovsg slougSkaej m®na ke tS2dnNn2 viSezT
rl n2m mhRSen2 se mN%%2m voed vszldagbl ge2nhoos tki 0 ndcoe
| epu. Jens?tsltinemdsSe n? vyskytuje virazng
| epov 8§ tclooungeSknaenvg2 vzd§l enostlepav§TvVo
tl ougSka | e Skaj ndeang®®h ot IlvduSezu, jej?2 ve
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viznam pro mognost.i me ¢ h a nohledén® Imao zpr
mechanick® zpracovs8§n? je u vDtginy sort
| epov§ tdnaugB8a3) D Pr §vn tkeejgnormougebo | epov
uzanc?2 stanoven§ minim8ln2 tlougSka | e
respektive euSetduaj ako@0Oil5)JN Lepov§ tl o
Zzjigtnn2 obgnar@@7)vT Sezu (W

323 TS2dNn2 sortimentT dle kvality
PSi zpousam?2 hdé&dwvidka kvality hovoS2me o
(tt®fchnol ogi ck§8 jakost dS2v2) se jen zce

skuteln® kvality najpddn cenfintefut erme zloentaonkl rnw?hhTo
VNt gi nou se posuzuje nepS2mo, podle vIisky
ovlivRuj 2 ZzpTsob zpracov§gn? dS2vz2, RozdnlI
ahodnocen?2 se |ig2 podle exz&sadlBedbrgak ngee
je rozdbDlujeme na suky, vady tvaru kmene
napaden? dSeva houbami, napaden2? dSeva hmy

[ zpTsob vzni ku vad. NDKkt elr,® prrzonti &k nloaue pjTesjc

ovliivnit j en omezennih. Dal g? vgak vzni kaj
aneodboneUmodnT m dol asnl merudaekt| aad n. N n 22n® 1659 2. v
tNDchto vad | ze omezit vhodnT mi postupy t D¢

Pro nkrlvhodnosti zaSazen? vIiSezu do nih

nNDkolik z8kladn2ch vad dS2vz2,

f Sukyj sou | 8§sti vDRDtv2 obrostl ® dSevem, kt
povrchu sortimentu), zarostl|l ® (ullach§8ze]j
vypadav® (odumSel ® suky, kter® nedr g2
spS2znaky hniloby) a zdrav®. Vel i kost

zhl avn2ch charakteristik pro zaSazen? d

T Trhlinyv z nirkoazjdand $emva pod®l vI &ken. Trhliny

vzniku (bol n2, | el n2, dSeRov ®, pSech
odlupliv®) a d8le podle zpTsobu vzniku
1 Vadyr Tgsobunej | ast Dj i z p T sanb e poyostup kalys dtraémv e n 2 m
nem8 ide8ln2 prostor pro rTst, dg8l e ne:
materi 8l u pro danou | okalitu, svagitos
stanovigtD. Konkr ®t n2 mi vadami rTstu |
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tolitost, sb2havo%tSe meenx ot eongtta ki |¢rie2y . dd Beey
(talabv®kov® dSevo).
T Vady zpTsobpga®u h ahanpial@nbay |, kter® jsou vl

dSevokaznlch hub a mi kroorganismT. Po
zmDknut 2, viznamn® ztr8tND hmotnosti a
abar vy. Spol el nhD se suky jde o viadu, k
stromT | porost T T,tjnebroej czeansnahjugj2e |s§psoto
hnil ob je v2ce, nej |l astNji rozliguj eme

zpTsobenT m houbami pat S2 hniloba b2l § ;
zapaSen?2 ,a |zibarevne nzZmiDn

f Vady zpTsoben® nBgbhdehtmubklkyzemger kKT ( :
vk TSe nebo ve dSevhD) wurlujeme, jestl]i
ovlivRuje mechanick® vlastnosti dSeva 1
vitg? negy.3 Prmivirichetvl® napaden? proni k8§
jednoho milimetru.

T Vady a kdegsbunzastoupeny vadg p Tsoben® nemocemi n

mechani ckim pogkozen?2m, kter® nelze zaf
o boul e, l'iziny, n8dory, rakovinu, rTg
z8§rost, vytrhan§ vl §knadaniag20lb)skyt ci z2ct

Prg&§vhD na z8kladhR posouzen?2 viskytu vige
rozmRr T viSezu pSi Sazuj eme dsednesnal $azg e o
YuizeoBvykl e provg8§d2 podle Doporul enlestk ®r av

republice 2008 (Wjnar, 2007).
33 MNDSen2 dS2v?2

VLRivokol n2ch sde@gltescm® jcdobvDd prakticky u
stanoven?2 rozmRrT i objemT viSezT. KagdTl t
dTvody historick®, ktre8cthknBi cka®b NI noed czheo dme § |
sjednocoemP m@sen 2007) MDSar$?2 vz mTge blt mani
aut omat§iviks®, to na vyudgchmolt O@bpatnl hé&bypd Nm:
bTt stanoven rkamenan8)Sle&kd®D ciul o e & Bdowgrds, 1998 Try (
Prod c hozdgnl2e i pPdsobb mBSen2 a vipoltu objemu
me z i dodavatel,emprao odlbdliryat £k e m?2 hospod§S:
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standardyP Si mnNSen2 dS2v2 je vgak vgdy c2lem
sdostat el nT m esnt2u psnedms kpuSieb In2®&mu st avu tak, a
a co mogn8 nejjednodugg?, aby byly proved
aby r ams2algenl ch visledc2ch byl CoO nej men
opakovatoe Inre® vy @gdyiWojmet, 2007). s h

Pro vipolet objemu kmenT i viSezT 1| ze
objemov® vzorce. Mezi ty nejzn8mhDj g2z a nej
Newtonova metodaHusch et al.2003). VZzor ce | sou z np8Tnv® dpc dclhe
autorT a jsou odvozen® na podkladlD stere
skutelnlT tvar viSezu | e nahlreadzneSn sjee don o deudcnt

kub2rovac?2 vzorce, kkee®@epdgadejzd)dbm@msé ®3
dvou, max. (SSHeenstt00t)DbpgmNk T Sezu jmetodd| e Hu
vypol 2t &n qbsakiod & Blh@® ekl we hyyt Sedu vIi Sezu a
Obsah kruhov® plochy je vypd|Sabemyv InSe zzu§ k |
podle Smaknovymetody e vypol 2t&n za vyugdgite¢l Bepay®
Newt onova met ddantmawWvddmag gty Pwug Skt§edovou

ler maPa$€2005) zjigSovali objem a zpTsob
swwugit2m modelu tvaru kmene. Cel §8 Sada vDhc
rTznTch zpTsobT vipoltu objemT, proto by
tvarovich a objemovich rovnic, kter® se s
apr Thidene. Jako pS2klad | ze Grave®@a6xodak ol i k
et al. (1969) Loetschet al. (1973), @Gulding (1976), Liu (1980), Thomasa Parresol
(1991), Want et al. (1992), Bho a Schaa{1999), Nummi (1999), Fang et al. (2000)
Karlsson(2000), E e r i k @00D),&Kangas aMaltamo (2002), Wlhelmssonet al.
(2002), Akrzewsky a Mad-arlane(2006) Li a Weiskittel (2010)¥ zcel i k a Br o
(2012, Shahzackt al. (2019)Hussain etal. (202@) Sadu dal g2 ch.

3.3.1 MNS e n 2 haeStary 2

MNRiE2 syst®m harvesiocupupphaubheéhsnaper
syst ®me m, kt e Mtrosoftivé nd e jwk as tDBRjkiy t omu se ne
pri m8r n?2 funkce, kterou € buhg§denasehkan
Sekun@ r n 2 funkc? mTge bt instal ace jJak®hol
sy s M®rosoft Wi ndows . Takovl program pak mTge b

samotnow T robwa ¢d®%hw2 n§sl edn®ho ocenhln2, nebo |
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souvisvefobddako pS2klad | ze uv®st tabul ko
pogty, textovl editor a internetovl prohl:
na sortimenty vyug2vaj?2 optimalizaln?2 meto
rozmDarMametpr T Vvyr §bjlme ncahwilstot t i snte®e To(§ t 1l o
tlougSka, prTmRrn§ cenamaxsibrA&lan2 silélendpr d STt§
na maximalizaci zisku pr odej e vyrobenhbbg Z®T5) .me MtSP
zpracov§vtamr® hjag vemBSeno pomomrés emanciest or c
hydraul i ck®ho jeudéthly20t6Prod edtadrow T ( Byst ®m v
pod8vs8&&n2 kmene pomoc?2 \k§I|8cckmané nabottimenty C i h a
MRSen2 td®lug&keyzu mTge blt podlerwVBdenhedp
podle programu, kde se viSiewlubgaut benakvakit!
aut omgScihd la® h a20@b).Plolkud je harvestor vybave
aodpov2daj?2c?2m softwarem, mTge k e kagd®m
i nformaci o | elporostppSrecssnt@Sepmli@cze 2 m souSadn
(Nerudaet al., 20150livera, Visser, 2015

D®l ka vI SeSe ssneestini@®yNeasdaet al ., 2008). U
z8kl adhD poltu elektronicklch i mpulisThwozni k
ozuben®ho kolelka po povrchu viSezu prota
zpracoerg§daét (&l ., ic22016dl elMIS je pSitlalov
hydraulickim v8lcem ke kmeni a pSi jeho p
nebo dozadupodl pohybu smBDru kmene. Ti€éimho polf3Dal
odpov2daj?2c?i ppulesgnd mpudenmerrz8t or up.olZz2ts&klain ®
na z8kladh jedn® kalibraln2 hodnoty pSepo
nut n® sStegpmod veitt ipmpul s T rojmar, 2087). Makkorem(20@ls t at n N
vgak zmigReuje nhDkterTchicharkwe £t kT ac hnylbSe n
provg8§dhNDno pS2mo PSisumdbvabPNmidSe §Pcih.arvest c
cel kovdrtineittvk 8ena j menovi tou d®H®boevI SeEpge
pS2davkse ki d@idecneot | i vich vyuUShDhkteh T sbdr siom
tvoSen pouze Sezac?m oknem. fezac2 okno | e
harvestor ws,t jmjSemn2p Je®dreck pSi  wpo&s&SmoneN k al i
(Natov, Dv 0 S § k), J €2d0n188d ® ledu 0§ s t k mene, ve kter® |
zkr §ciegnBtro ¢ B,2012)kezac?2 okno urluje pSesnost
t 2 m, e nastavuje thlaevascior mDO®i ©d alvi s & n 3
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kmene na spr8§vnou polohu Sezu. VIisledkem
polohu Sezu a zvl §®ONDSPHk 0@tk tmilowrittiym@shtBig | e
pogadovs&n odbDNDrat el ed®Incaed mlyroeSke,n jte2 nptSe? dnhaavde
oknemSch®ma pSedstavuj2c?2 jednotliv® d®l kovd
kd®l ce zobrazuje Obrg8zek 1.

CCA

LA

RL

BL

Obr 8zekSch®ma popisuj2c? \yTeéem;qm§bt2)®®kﬂ(®lhav®e$‘
t ec h’nol ogi 2 vl et d®I(BLé=ocgeQInk2cb®t§Ba d ja nivdtu ocvi® | t k8a ;
LA=pS2 dlave@CA=nadmPDr EW = Sezac? okno).

Hodnoty tlougSky pdkeSeamineynma z8%kd kafMy Ya
naphRSov®ho el ekt r i cokd®hnoh Ssiicg?ncghl up oot devnoczi eonn@eht
m2Se rozevSen2 horn2ch odvRtvoeradaetalh nogT
2015). TbugSku tak wurluje ¥hel otevSen2 odvDhDtyv
harvestorov® hlavici, kterl se sn2m8§ pom
Tl ou gdiSkra®m m2 st D se vypol 2htos8drncatk or caz & vt Sreert 2i
zobou ovdavcl?tcvho no g T (napihDt 2 u odporovich
ui mpul sn2ch gener 8torT). Pol oha odvDtvovac
t ®mNS kS2gov® mMNSémugBkou@SkhEromenesyr rpi one
(min. a max. t§rrowdlkd&ynarf200F) Harstal & schopen
mBiltougBk jednom cen tevidovattirvu dde®lektyi cant i me |
intervalech (Aderson Dyson 2002).Kagd® mDSemSky jaouvl sl ec
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mNSenTch tloufSkeu®chj hgttPozviiEgt Pt Bk kemer
(na |l epu), m8§& vel kT vIVir odwniba eoftvwars dirojg e | a c i
vypol 2t 8wvi8 ozinget@tke kolaj em bez Bofiwayekalkuujee t ak G
t atwadkmene (B h |l agh a20b). s k T

Spr8vn® a bezchybn® fungovs8§n2 harvesto
senzorech, kter® monibotBj2tghpiyusShichnabilt ut
i mpul s§8§tor url &yl PaommBs&eh2d®l ougSky | e
sn2 mall nebo i mpulsn2 gener8tor. TSet2m ty
kont r olupiyfWojpag 2007).

Na z8kladh zmnhDSedn®kly? @Ik ymPpsSt ®m harvesto
objemvT Sezu. OppewmyphBeg&hadhD takov®ho al gor
vmili&2 m syst ®mu srudaed fl.e2015)\6d lamma¢ N St anFor D
zvolitzr TznT ch c e rtzvkpdce Catediesy y b T e r ® atherifmuspmj 2 | ak
vipolet objemu viSezu, tak zpTsob druhov§
| epov® tl ougSkyPr(dSkozgd watsekl, MRaOrives.t oru j e
vy ucietn2 kgtzd.altgygor i t mus vipoltu obj@&mbykmen
kvi poltu pougityyrvbpobhao veéBgomemot &wni®m?
v 1 pomvaord @lgoritmu)Cen?2 kolvde trygpst avit pro kagdl
samostatnhD, napS. na z&kladhD rTstowldilv ohme
vipol et objemu m§ tak@abaer amétkn) §netneorvii t §
zaokrouhl en8) se ojoag208/m bude pol 2tat (W

Visledng8 hodnota objemukJrfezwmemdgodell
Vpraxi se nejladgwDjst@®ppadSaye bbrpemTry. f
tak® pougug$kevich par aniertcdtowefl havestoem T c h p |
Ni c m@®nrvyesht orem proveden® mhNSen2 tlougSky
pSilrobBezu nedoch8§8z2 k jeho odkor Rbee §n2, |
kTppug2t funkce, kter§ jtel cujiRiqonvg dmrj ¢ w®s ts
na Kk Turtw. s{roddypkaul eltz ek Tsrtyanovi t pro jednotl:i
advoj2m zpTsobem. Ni kdw §my wdak dnrameploys t ulp
al.,, 2006).

Vdopor ul enT c hojnprr200v)ilzedbhiedath a bWl ku odpol tu
na kTru, kter§ |jromglkMs48 UDYBIWEP Spiodiyeugi t -
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tohoto postupu mluv2Z2me o .pP&8bgdv@&omerbetddN p
parametrick®ho | imMRI§rn@®@the meatpoditharanikdlyk ymu s 2
l i ne8rn?z f u npkrcoe , | ekstne?r ®h o sspooud § Sst vngjsouL R s e s
vy uap® Watoy Dvo S8k, P2rodmet ry naadvr ol eent@®@nrikp T roy

vpodm2nk8ch | eck®dovalesharck ovsdkpio| ¢ty ala. k(T
nastavuje provozovatel harvestoru a je povinen informavgti vat el e vIstup’
oup !l atmed m@dhar, 2007).Pol ynomi c,k 8k tfee@lsdje® rvepubl i
vyug2vang pro odpRel)et rkenmy gSNojmhrobn dS
t ec hnalpd g ik2o vSa taenldna& d St padgomije Mo gtnootsitg odel 2
parametricky hodnotu sr §gkwo &k ,k T2l &)o.u z e

Ve Gv®dsku funguje nez8visl § dor gkatneirze c

oper 8§t oSi harvestoru vgdy po smBDnD posz2]|
oproduk| n2 dat a, data o jednot!| iSDCjsoh k me n
data d8le zpracovs8vs8§na a pSi zjigtnnz vIiz

upozornhNn na nutinoblde @& S8Zdkisiddgle m26 BENSE MRO d &
institucec e nt r §1 n N damvolnmrabyb\yuyj e/sgtackr v Les k®atremub
neexistuje.

332 PSesnost mhNSen2 dS$2v2 harvestory
PSesnost mhRNSen? dred Z&er vhoaur pcs|sdi@gnveart | vz e
strojem zobrazen® d®l ky. VNt gina nepSesnc«
pohybu Zk mene ica& wB8Eel| kan2mrap S .k Sk w Tojsdr, 007k me ne
NepSesnost mRSen2 d®l ek vIiSezi@2 hnol[ §k o lzeplTks
harvestorud Ts | edku r Tz n @udpeetv nad s. t,i 2kOTlr5y) .( U st 8§t
lesk® repubBl pS8ypustn®, vilezhadeégeono vycéeb
krat g? 0 v2omegngd® Aroaunhiywkhodnoty vychg§
zpSedpokl §8dan® pSesnosti mNRSen2 a velikost
(Slaning 2015).Nat ov a (2M8)d B ® lo r mastavifrco zsah Sezac?2ho

v intervaluOi 4 cm

PSi mnNSen2 d®l ky je vyudg2vsgna jen jedn:é
na vIsl edntouuhod®| kduTvoAdHu nen? mo gn®, aby

ksituaci, kdy sorticnreerte o yur8bilXn® kmrasttgav, e m&
d®l ka, a z8roveR jinl sortiment o jin® d®I
Jestlige nen2? syst®m mRSen2 d®l ky sprgvnh
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pouze ke kladnT mouozdechlyd ki§m o e dibyePPdmy. m ( K
Odchyl ky pSi mhNRSen?2 md®hak dambhdah vp8?t kiah
pS2rodn2ch podm2nek, pogkozen2zm hl avii ce,
opot Sebenkcmhoultk D!l e &nan S efk?p $de o b 8 t idvozbnid k n o
m2zy, kdy pSi poicdgiho?2 kpfzel kg “ok®Ba2mRE& s

at 2m ke zkreslen2 visledn® d®l ky. Ovlivni
vzni kaj2c2 pSi protahov&my kheme mpbdg§yady
aj eho povrch, zejm®na hrubodaningk T2%15)b.ou§
definovg§n2 mognich pS2]lin pSesnosti mNSen

kt er Ttmo mteo vpS2padh o pkem&Rod). harvestoru (M

Al koliv jsou hard®@IlshppeynesshdDpng m&SBI it me
spSesnost 2 (54 Shikimtiaj 20, vIreys k ®m ¢leymd cstvdndar d,
by umognil t ®kbée ptvoriNSen®l n2 ch To§ smap®e cphl at 2
NDmecrkidk taer ® dal dHohmamwnretalp 20k7®a dsuho8 $trgnu mohou
bTt vistupy =z harvestorT ovlivnRny <chybal
dr uh o(Mashal, 2005)PSi st anoven2 objemu viSezT :
tl ouyiSkegzu dvojn&sobek chyby pSi mnRSen2 d
20cm chyba 1 cm (86), pak tato chyba ob8 g 2 u 0 b% @ergmanj 19¢7). 1 0
Viznam pSesnPbojgtedPiSechrtozatl sohl edem na vir
sort i(8ehntalg h a20@Lly\Vs kpir Tb Dhu wad vdodcyh §da%2t k2ec k T m
[ fikaztirvi2§m v | eho (Simanov®@®3 n G f @S2 &kmu HI a\
20159.Vyugi t2 r Tznl cithr lcwejn22&k2oovi cahl ¢ oyrpiTt mus pr o
vyr 8bNDn®homhéege vepisolit znal n® odchyl ky 1
objemuDv oS8k et ail. §gée2e69obj emp ddHBliibuy metody
mTge bis6%agi ggbj emgzji gdNNidswm| demuhT ch
vi SevZiuye tohoto rozd2lu vgak Vzy8uvgiist22 nmral zwny
al gotakvedekle vzni ku fvieki idonzao@nzrookdgye mur vot n?2
vistupy z tRgby dS2v2 harvest owwyu iytbegl m® v
veden2? z8znamT |l esn2 hospod§Ssk® evidence,

dTkl adnhn sezn§mi | ae vsi dfeunnl gno?vcghn 2sno fvtTw aorbTn. N
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333 Kontroln2 mNDSen2 a kalibrace harvestor
Kalibrace&g§dh@®mg?2 nést &vasSrtr2z e mNSip®Ioe kmN S e
at | ouwghtalxkv e st or Ee/l@librbcisaev ipcSi.shapuagel adgn vis
kontr ol n?Naoy, DMSS§KR, Ka2l0ilBr)ac2 se rozum2 na
zaS2zen2 harveé&esnorwmNBbam& SkhadRBahgndyhej v
pSesnobltagh®&0eh) skiKal i braci mRDSep$%2padbdezde
se re8l n® hodnoty d®l kyY¥%dajiougBkey ®v Lz 8dmn
harvestoru (Mrudaet al.,, 2015).Kal i br ac i MTIgud mena p,un®do @ 13 Nt
elektronickyManu &§lahi bsevgmévg§d2 podle rulnhD namDb
v 1 S@e\ojfiar, 200).Nezbyt nouppomSpk@un® proveden?2 m
jevyugit2 diagramT pro vyDoodSh Ro2®PEl. et
rulnD zmNSenT mi hodnotami a %daj.i harvest g
knast aven? mNSen?2. Pol 2t al harvestoru po
pSepoltov® koeficienty. WDakg2r mbghBRozmBPS¢ e
pS2 MAal upbonl22 t al porovng§ visleddiyotkomitrwl ag
mNSen? a navrhne optim8l n?2 zpTsob nastav:e
potvrzen2m n8vrhu obskalbracemu dHuv vkys t v iud o W§ n
a to buN automaticky, nebo obsluhou stroj ¢
zpTsob nastavenWopna 2008.8estvasémdeki agr amu
kalibracij e zal ogeno na url|lit®TwmadEgsumpektchybd
zpTsoben® | idepbmubaugdwoeml ektroni,ckp3i me:
kter® je vyugi tvekomhbinagjgsan 8l ogygopf MmPBeba digit
pro mnhSasaddard BdnEokY L e s k ® r e p u b | dtkated isgei tnETl gre2nmei
pr TmDhDr k ami od dv odue dml8alvsmegd dd8T MWW s K ® f i rn
Hagl °f Swe d efimy M&seaOyf iNnesvk @& o ddoi ug i vty8ul gni2t 2p r T mf
jenvygg?2 poSizokaaili béhkakg? ky@aeé&anwn 2nkaa , kte
pracuje (Natov, Dv 0 S § k , E 12e0klt8r)roetodap k ® v e d e n 2 kontrol n:
an 8§ s| e dn ®je tnashaiviestupuvd s| edky takov®ho kontr ol
at l ougSky viSezT se jednot!| pabhubpethhdot ploe d
harvestoru, kvéeslepdeypmNDSengvBasvestorovol
kontroln2ho autbntaickyhapohAeé alzpTsob maSdm? en?
mNSi sefzrcohrviar vest or.ovMo thvlirazveincci n&vr hu kalib
harvestoru. PSesnl post up .p rpoSvesndolan 2ud lakt ¢ nmer z
pol2talem a elektronickou prTnmddr¥hkousyst@m
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har vestwirsul,T jrea zt8y pu harvestoru a opharuhu | e
2007).

Kal i bruje se | atkl omE&ediksi d d ®§ 2 k fakioty @ k n 2
mohou zwdlslolbitozptyl mNRSenl cratglaly #atibvpace. J e t
mNSi c2ho zaS?2 zenrfeblyy laa pmhemg@deEttthrs Sae n 2
(SchlaghameNgkuda2e@01m) .2prd2¥BH)Nt d&kpart ulou j
d®l ¢l oangitndikm8&1 nN | eRISenck r\8lt a sdtem2n Nk al i br ac 2
provgd2 nejprve kontroln2 mnRSen2. Podle Do
viLesk® r 20p8uWdjnarc e2007) je vhodn® provsgdnt
kontr ol harvestttd&eom?t r ol ne2 neliISd m® pjr Son®BSstPr aco
postupu pSi virobnRD dS2v2  DhvaorSv8eks, tZ@kad haSa)m. 2 t €
kontrolu nastaven? mNSen2 d®l ky je nutn®
vzorku 5 ag 7 stromJouapBeHemoradment §l eh§
nastaven?2 tlougtRhRk by mhRoagbkovbcompdsmac ik
a to vintervalech 100, 150, 200, 250, 300, 350 mm a.8&/v i s loljesntiti D gnean T ¢ h
kmenPpohd edem na progr dmovw@& rwylkadaweaeruz pol 2t a

Obatypy k onthomiN®2en2 spotéva§ha2 vhodnot t1l o
uk§8zanlch na monitoru pol2tale stroje se
zjigthNna odchyl gal 2t aki j=puwtatdendBSoetnyiecvh h o d
Z8kl adn?2 kontrdl d®hkgtavehdumBEBgnje prove.
na zak8zce nebio? hpoSi z apS?rzuegne? nheS vest or u f
Opakovan§ konticédlha masStawear?2 mmuBS bit prov
kontroln2ho mhRSenBRamvésdoonovaoambDSanich. Ze
odpov2d§ provozowataeli dred rnvecsht d rnu ea vtad ew h
mini m§l nfD 3 stromT. Pro kowtlmroébmid enmdSrenit o
softvaru kterT poskytujPentohokmat &Hwsabahk v Se
Kontrol a ricasshoavzean$2 g2 by se mRla prov§g§dn
napS. tNRgem®@ mbDS8e®nbd9ge kn®he@m po opravs§ch s
harvestorov® ibPhvi co auaEha., 2008)Podr obn T popi
postupupr ov8dNn2 kontroln2ho mRSPaporaul kalich
pravidlechproe | ekt roni ckl pS2jRrRm2@iSe DEgNSBEKW 230 D8
Tato pravidt azldidgomneklount2r ol @A thd 2thNDSka | ac
aobjemuNutn® je tak® zopBedRblvtarvp 82 padm Dbty
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tDgby je doporuleno provgdnt kontrol n2 [
avpS2padhN pSedmitn2 tNgby SohedeminmamEbonpPpest
dSevin jeprdow®dtl ekmontrol n2 mNSenpSppadiag
v2ce neg 30%WgzabtdsSpenh. da

Virobcikalsit o dujprdvoSpdoXtudlcphSyil ce obj emu d
kontroln2zm mB%eNm?t oo a2 dDevvopSe§ko r(ud ind)ch pr a\
pro elektronickl pRayege dS® vl shlaaednksotuoidrmy d 2
obj emu kont rnoelm®l h opf6Befk Nkt € S2 vlastn2ci | e
ipS2snhNj g2 nmmpdvidilmtern2 smhDrni aep $itBdwng th?
odchyl ku v2ce nkKal 2b ma ¢ & EjRen®e@BtlBEnNn & al 8t ku
na jaSe, kdy na oslunhRnich | &8§stech kmene
MNRi&2 el ementy se pak boS2 do kTry na obou
vd ®l ce i erudaetaly 30d®. DebMu kdlir ac2?2 | zesndgeBBnNnoutzi
vel k®ho nadmBDrku. Kagdl cent i0@es%rztnrafitmidrka
cenbo@®not Dod8&vaal i br dSe stn®k ® yz2r52rdddm& sor
u mini mlomyPydkdle r Tzn® s ErSe2il merritty veed tk8u hr Da
(Sc hl agh aneobs kfBravidel® kont r ol n2 kalibrateS eeda a
kprokazatel n®mu zp Se saoolbyreral, 2IBS¢Ing | dicdlew es t o |
pr ov®&d&MDme aakharvestorech Timberjack, Valmet, Ponssee a Skogdag z a | vy ,
ge 70 YaguyrSobenbehnamB&8efM® hodnoty tlougth
ligily ctodhommtddugt DkSoDISeaghamesskbj eM0 0

34 Sof twar ov ®av ylea stamdaff StanForD

Harvestory se neob&j2dhomlicabhed2 dkyvsatl ®nmun. 2 hSt
Sic® ch syst ®mT j e zal ogena na technol ogi
adi stribuovam®@m S2ANemrs2b.NrmMdme spolu vz§jem
nez§viics?2l ®noSPudl y harigesjedmot kap®ot §2d, mo
hl avi ce, mo d u | hydraul i ck®hor TesEbh siptda
pSehl ednoustntoudkutluorvuoua mul t i f unkd?2né@h ddyagytn®m
pracpjéstvSed?2 operaln2ho syisi ®mystM®mr bap
vyhodnocuje data z2skan8 ze senzor T um2stHQlh
zad§8 bezphhemSeldnbBby opmgem@tkaur udpad ath@®Ram v
pol2tali. Na z8kladhbD tRDchto informac? pak

dos8hl maxi m8Il nz2ho zpenhDgen2 pro aktu8lnD
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sortiment T opgoadd oev ajn®jhioc hc ep BEmePha apd§dkiu C
soubor, ze ktier ®hpstuz®mkiEnBomM&ce o par ame!
(napS. o druhu dSeviny, rozmRrech jednot|
relativnzm zmpemldgendoatsd.u)b.orlunfcen2ku zadS§
Sstrojie?z WMPS2sd st ®m S arvv. e sptroar cuo vm 2 regim a
Vpracovn2m regidmes pron& iacpe rakttpurEIwd? pir rofv@rdnan aex
(napS. tl@ugids&e@azwn,al en?2 sortimentu nebo pro

budou ngsleyobvanlh)maf uknk| n2m parametrTm h

hydrauli ck®ho ol ej e, mno gsrte/@i npua |l n avsat anveebno
zad8vs8§ oper8tor idden®PmMukapbndstiafar hacesvb
vol by tiskov® sestavy realizovan® viroby,

mNSen2 nebo diagnosti ku a naersdbenal,®018). f unk]| r

Virobeci harvestorT diod&waj82Jec¥yth tsit alof
speci 8l n2m softwarovim vybaven2m, kter®
softwarovich ,PvofS8kilB3tNApOWI2van® oznal e
vybaven2 v2ceopespalrmd af styse@miBd@dMéeADbT pr
operal n?2 isryfsar®matjiecev vn2 m8n |jako z8kl adn?2
t.sof t ware), kter® je zavedeno dloi pamdt i 3
do jeho vypnjustcr.a Sak | pS8odngo csnek szhr e jy 5t ®loa Vv ©th m
operaln2ho syst ®mu j e zajistit p%gpadel
vz2ceoperaln2ch strojT je vyug2vsgn zpravid
Windows U harvestorT nRktero®@ twwapBolich; EpBecj B
napS2kl ad kadcmdumii ksaecniz osr ymuSm2 s t @dnd 2nd k ara® t Yad)
o zmNRSenTch veliling§ch pSevg&§d2 z anal ogove
di git8&8ln2 formy pr ov §dz2e dunkolt8ndR8m 28nk Lizo2vs®kaaknt Toc
ul ogensg digitgln?2 dat a j sou ng8§sl edni p
hospod§Ssk®mu pracovn2kovi prostSednictyv?
monitoru. Tento jednotnlT datovIl form8t prc
sepetupnhN vyv2j2 jig od roku 1980 ve Gv®ds
komuni kaln2 syst®my harvestorT a vyv§8gec?
zn8&ml pod zkratkou St aarFplriDc k &heod ns§p osjee n®?  z
ForestMachneData andCo mmu n i ¢ avt o Sefadfi 200 2)5tardard StanForD je
koordinov§ghegwi®dlsdkikiunmnT m WUppdalarveesouvc 2 m n § z e
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Skogforsk. Skogforskj e h o g posl 8n2m | e Vyvz2jet a ko

apr oduktpaodpkotrewrj® jegthD vDtg2zaudpdvidPedinosa
audr gov 8§n?2 kegfoesk 2020 Situa n(dSar d b yeden dof progozu§ | n N
vioce 1987 a od jeho wvzniku je aktivnhD

v2ceoperal ndedhi ssofotf Wamowlleah produktT url e
Nejzn8&mRj g2mi virobci jsou Dasa, LogMax, F
Ponsse Oy, Rottne AB, John Deere Forestry
standar d, asloe ttwak ® vWwI pgtordau kt vy, kter® stan
apodpdrDwjo2S § k2018)tVsalul asn® dobhD savetzane set k
standarduP Tv o @ 2 TovSaanForDClassi a novDPDj g2 v&dxojStan
StanForD Classic byu k o n | rece 2011 nicm®nN naprost§ vt
vsoul asn® dobhD pracuj 2 c? dubo verzas t 8dyeeund 2 vi8e s k
Vn8sl eduj ?2sm?8csh zlpetdedddN P haolvese ovgak d8§ ol e
rozg2Sen2 novDNj g2C2veernz en o/thg nyR o rvike k 220aty Ostt @ n
upugt nNn?2 \war zpe[,voaineg vyugit2 dobSe funguj 2
pSedevg?2m o0 nov® Sohtwal o? @& praétdmiLypy. st
StanForDMTgdeme rozdNRl it na dvD hl avmpd gnlowmicry
software, dr uh eeuv isdkeunpli nniates, &M or@abikieN @ 018

Viroph®novac? software zahrnuje takzva

kterT sloug? pSedevg2m pro pS2pravu a pl
z2skanlTch (pP8bS§k20l@bTenwlisoftwarenTge bl t instalc
| i bovolnl pol2tal spl Ruj2c2 pogaZgravidlan® ha
se protoos gbend?n §neobo pSenosnl pol 2 Miarbsoftv y bav e
Windows (Natoy, Dv 0 S§ k , Dr2wohl8 ) s kupi na softwa+tovich
evidenln2z software, se star8 o z2sk8vsgn?
aosamotnou komunikacieaper 8t orem stroj e. Kagdl har v
konkr ®t nzenv ivdiernobnm soft war em, aby byl a zj

ViroédwniNden| n2 software ml@S2sti arsSenaoky manij

pSev&§gnNneirp kondeolu a sledov§gn?2 viroby

dodavatele prac?2, vliastn?2ka |l esa a dalg?2ct
satelitn?2 navi gacrravenGRu jpeS etvyts® miyd ajket us |
pSengget me zhiar opet 8t ar em eho zamDst navat €

sodbRDratelem a zadavatel em-@vwiaceén| nHlhaov ng afi
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jsou kontrola technicklch funkc?2 stroje,
a pSenos eatideviWmBeérsPddgi struje pracovn2 p
pracovn?2 doby, rozmRry dSevidnyh kesdhata dSev
z8kl adnD algoritmu zadan®hacemédloe ®pmabelni
objempok §cenlch strioeni molrety, spolujte8jehj em v
a registruje jejich polet, ukl 8d8 profil
pSenos dat nebovojSeBpki 20I2)NeSE RN Dj §k ¢ ®Ff t war c
virovwrecTeoper alnme?jovidtsgt2rmo jiTessk @up epauiml v ce | s c
zobrazeny Wabulce 4.Tytosof t warod®kty jsou instal ovsgn
Caterpillar, EcoLog, Forestline, Gremo, Hyundai, John Deere, Komadisgman,
Logset, okkd rPike Rinox, Ronsse, Prdfirosi, Rottne, Timberjan, Tigercat

aVi mek. XNMW&ltly ®se |ji g nevyr 8b2, mpmovogu mohou
(NatoyDvoS&8k, 2018) .
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Tabul ka 4: NejbRgnNj g2snepvidvge onv @ &S k®d pletpy v V.
(Natov a DvoSg&k, 2018).
~ Harvestor Forwarder
Virob Vlrs(;t-\za?egnov vi rokernvi de| vi r ok de
software software
TimberOffice 5
JohnDeere T@mberNavi T!mberMat?cBOO T!mberMat@c?OO
TimberCalc TimberMatic H TimberMatic F
TimberLink
MaxiA
MaxiB
MaxiC
MaxiD MaxiHarvester ,
Komatsu MaxiS MaxiXplorer MaxiForwarder
MaxiN
MaxiP
MaxiL
OptiGIS Office
OptiEditor
OptiSimu . OptiControl
OBtiStem Opt!SG OBtiForwarder
: OptidG .
Ponsse | OptiPlanner Obti . OptiMap Forwarder
) ptiPlan Viewer .
OptiComm OptiMan Harvester OptiTime Control
OptiReport P P LoadOptimizer
OptiAnalysis
OptiLogi Office
Vyugs8oeBBt war o Rottne D4 Rottne D4
Rottne ~ Rottne D5
prodwulkt dbce Rottne D5
DasaForester
Optimization Builder
Production Report
File Transfer
Assortment Builder Dasa 4 Dasa 4
Project Shell Dasa 5 Dasa 5
Das& Priority Builder d5Bucking DasaForwarder
Instruction Compiler Dasa 380 Volume
Operation Monitor
Operation Report
Forwarder Volume
Geolnfo
Motomit? Motomit IT/PC Motomit IT/PC
Logset TOC—MD 2 TOC—MD 2
(OS Linux) (OS Linux)
< Aptor 2
coalg DSP4000
produkty: LogMate 500
) XLOGGER

PoznS8hhRguze

virobce

softwarovich
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Vegker 8 virobn?2 -edvd tdee nu knlh&wisSoriwmt Teraat benvi] ¢ h
souborech par ametry spl Ruj 2 c2 mi standard St an
Soubory jsou rozligeny pS2slugnoaSsihnetovkoc
2012).Vn 8= duj 2c2m pSehl edu jyskotue ru®& ebdyel nyy vzySukgl 2e
pot Seby t ohotteerwl 7 kswnuu ,s taa n d a €lassidPoiddi§ ny d e
2005 NatoyDv o S&k), 2018

T APTsouboobsahuje instrukce pro drulprovg8§nz d
vyr 8bnNnl sortiment.

PRD soubor informuwjile obycalSRovv® produkci
STM soubor obsahuje infjoagdraactel iovipbah amert
viSezT. Zde jsoudzhedamensS§ngmhSeSPk &hado:@
T STI soubor pSedstavuj e i dpeanltu bfni2khad npol|2
dodi git8In2 prTmDrkykpnoreoshadalPdd kden:
f KTR soubor je vyugit pSia mBot &dnm® klad:
pomoc? digitg8ln2 prTmRDrky.

V dat ov ®mtandaovduStaBFRoij e £ ak ®@a me n 8snt aznpoTvseont?
objemu jednotlivich viSezT.ejMiyeddn&eeriaa se z
metr krdyS2hvi@eriov§ mati cet lvwukmkye £ vimB&en?}
jednot |2 kdwilycphTe it mdegekst Sedu kmene, na | e
cenyzakus(Ebe g2015) .cadrednovu® itvy®py, ‘etstendaeduj e mo
StanForD pro depohdvégp2c2algoobjfem vIiSezu
v T S gsauwyedeny Tabulce 5.

41



Tabul ka 5: Cen2kov® typy definuj2c2z algoritmu
vi Sezluter® je mogn® zvmwm$ii tvivreosm ach$2avw2d uh St aerFt
(Skogforsk, 2012)

C e n 2 kypywll® standardu StanForD

N8§zev cetyukPopis cetyppkov®ho

K-d 1 (n8§zgqCena/mM Objemdlet | oungaSklyepu ( SED). PromBDnng§
se mnDS& | |oa(@EDk

K-d 2 (ng8zgCel kovl objem po sekc2ch. Celkovl o
poltu tmlUemtékkc 2 ) . Zpravi dl a s et |pooungydH
cm po cel ® d®l ceicel Senzte.r vRras mSettiotu

vkagd®mil®ekci. Tento vipolet by se m
K-d 3 (n8§zdCena/vliSez. Objem se stanovuje jako
viroby.

K-d 4 (n8zegCena/d. Norsk8 ceno@Bj emtegovypol 2t8gvs
prTmRDrem na stSedu vi$Sezu (M). D®I ka
| i L v centimetrech, je zkr8cena na
tS2dhouljchky(net®vna skutelnich ceng§g
tl ou@Skase mnNS2 10 cm od vr ch adkrouhlenda
centimetry (spodnd2u@g$Sk@adu Rmene? § M§
M=T+(L/2*0,1) + 0,5

Objem se n8§8sl e3podB vzergep/c |((M/10F(MALO)I/ATL, kdy PI
je matematick8 konstanta 3, 14.

K-d 5 (n§zeCena/. Gv®dskl typ mhRDSehduliskez ma s empa
vzd§l ercars toid 10epu a wen wadd gled mo svtiiSe]
viSezu al e ives0vzcdngloednd el a vIi Sezu. O
hodnotypd®PmRyu it $0dywiSkehzu zaw nmmen & h
vcm, objem mTge blt vypol 2t8ho ingekdoo o

MRDSen2m |ela a |epu viSezu se objem
V = PI/4*L/100*[a*(Dr/1000*2+(1-a)*(DV1000)*2].V j e ob | e m, Lyel
d®l ka viSezu vitdenlgekamtvieSdz u Dv tilied u
|l epu viSezu v milimetrech.

K-d 6 (n8zegCem®> NDmeck8 cenov§ kategorie. Ckbl
Cenov§ matice se tsltoaungoSs&ngel dooujgesS klpe o
vipoltu obj eadu ez avoektrooduyh IHKnS v gdy dol
Nap$. 8§ § 6 @2@&%nm je zaokrouhlen na HKS 250m.

K-d 7 (ng§8zdCena/d Cel kovi objem jtel pwd TkeyaolV §dmat i
dle stfeodgSRESddbujgSkmr o pot Seby v pa
dlemetody HK §dy dol T na nej bl i ¢gg8t |noiud§iesds
mm je zaokrouhleana HKS 250mm

K-d 8 (n&zgCenaM. Pro vipol etas b b gtdlomuu(gniek)as yam@iSe k u
st Sedu viSezu. Cenat ®u@ékiyce je dl e
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K- d 9 (n8iCenal/board feet. Americk8 cenov§ k4
feet) kvel k®mu pol tu existuj2c2ch rTznTch
ugi vatelem jednotlivDnD.

K-d 10 (ngzCena/d Cel kowll outjBkja, mNDSenot | blugrSkty S d
objemu. Cenot§ oma@ekege( pomd. e

K-d 11 (n8&8ZCenal/ kmen. Norsk8 cenov§ Katdaugod i €M
registraci visledku viroby.

K-d 12 (n§g3ZCenalsvazekin Hr omadnl objem vypoltenl s

K-d 13 Estonsk8 funkce pro vipolet obj emu.
(ng8zev M3sHZ8&kladn2 myglenkou funkce je vT ptolloeu
viSezu. Objem je pol2t8&n n&sledovnh:

V=objem 3blegeRFripepoviEmmlod@iSka vi Sez
jedn2m desetinnim m2stem, al, a2 a a
kter® jsou ulogeny v promlé6l_t2, pro
K-d 14 (n&§gZCena/m Objemdlet | oulgSky ( SED) podl e kategg
viroby. PromhRDnng§ 164 def i nSij © ugBSkan®
matice dle skuteln®ho objemu M3s, | &

Vikazy vier® b poskyt uj 3c 2scohu dsoybs®& ®&neTr zhea rnviles
odpov2daj?2 svim obsahem a pSesnost? vykaz
| esnictvz?2. PS2peaddnmo®@ | odc byl kpyar amet rech p ¢S
zpTsobeny buN |l ids&l mnélakt oeethb ¢rnzERWBY ma n i
softwarem) nebo specifickI mi pd @@ vm8mi a py
nebo ,pdEY. kparlSacnei drvaethal., 2005).

Abychom mohl i efektivnhD vyug2vat j ako
prostudovat vgechny souvisej2c?2 vliastnost
VNDdeck§ literatura se zamhRSila na nhRkol ik
technologie,a k 0 napS2 k lkraettehp @ § ly 0 2 ® d%8 Wautnencehal.,v § 1 ¢ T
2010; Gerasimov et al., 2012; Karaszewski et al. 2018\v | i v. t DgkT ch str
(Marusiak Neruda, 2018 , sl edov8n? Yal i nnosti, vi kono
(Gl ° & e k s,t2002; 8pinelli et al., 2010;Strandgarcet al., 2013Apafaianet al.,

2017; Mederskiet al., 2018, opt i mal i Zabelle H W @aLY o v &m2al ( z a
s pot Se blymidemesal, 2006Szewczyk Sowa,2017;P a j &t alg2018a viiv
zkugenost 2 oper 8§t or aPunraff 00stt o ard ena kK le2hloo wvi
harvestorov® technologie tRDgby byl vgak v
viroedbwminden| n2 softwary a standardy spojen
nejSesnNj g2ch odhadT ®Pbhbpopeéemubyyroean®hol df8awv
na tuto problematiku.
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4 Metodika
Tato | §st prn§wé ndbpalpujse met odi,c kk@heor Tz p
je deaazpirlanvipudhi kovanTch |1 8nc2ch

41 SbDr dat

Data pro LI §nak? dakehnslt| Ssendenkn havwebigml dobrv ® h o
Deere 1270Eharywastemr®hwoud 0 @v a ce\ ivbd m|Drazhm
softwarem TimberMaticHar vest or pr ambv a%mypsdenvi &ghn Nt vg b
anahodti D§ c®actha pro LI 8§neaek 1% by[lzaTzhs kh&ma e
provdeddml t n2 Ymy sal mah otdi) d mu pSB Bt n2  Yimy s |
t N ¢ Barvestory pracovgl vi T z nregiohechL e s k ® r ePf e b d 1§ t
zpracovs8vanilch st r(Piced abiedld!Gistl) Ks mz k pratci e pi | T
byl a vyugi t 4 dpmrskvol @Rt Iad St atl predh hao 16 ag
VirodwiNden| n2 softwary harvestorT byly vy
STM sodilbeorjTednot n®h o CassiaSkdgborsikg20128 g d Fo SD M
soubor obsahovalata o jednom zpragoa n ® m ,k nkednei by | y hodreoty n a me n |
d®l ek jednot !l i vTitclhouwit3kkz TviaSelzad mpot ykagdTl c
Soubor t akh®o donbostauh oostalearain 2vki oSve®Bso Skdgfpreku
(2012) w\b§ &2, vye all2gtoanit mil eéeen2kov®ho typ
skutel n®mu oborjoe neujSidgStel@ma. i namhNSehylbmh d®l e
zal §tku kagd®ho pr,acp¥angadm@l me@Pnedr wdls todrnwi
podm2 peKb®®hu dn&onprOGedepoudgi t2 di.git§ln
VpS2padhD pot Seblyaceam®dtS®cprcobDhldal k al i

42 Zpracovs8§n? a kategorizace dat

BDdapbsag&id® wouborech byl y pSevedeny
tabul kov®ho pr ocesor uaplikkBe SEeMa éltor: NatavsrokS e d n i
2016). Aplikace STeMa je pS2mo navrgena ptr
vharvestorech a spl Ruj? podmarndli8yn k at &Bn dhay I
pracow&snob§z? obg28hwTavec 2s bBDIvreT Kk ®Z dat ab 8§z
vytvoSen 10% m8hmydnpir owl2thiarl ,o wpNt zpracov &
STeMa.

Kagdl vyrobenlT viSez pSedstavoval konk

rozmRry a jakost?2 pogadavkTm ouwrmllujad ed e v if
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a kvalitu sortimentu. Software harvestoru
vyroben na z8kladn zadanTch kvantitativn?2c
na z8kladhD pogadavkT odbDratel Tv®yb&uminoy

sortimentT. Sortimenty proto byly rozdDnDI en
zbytky (Ti mber residues [/ Firewood), Kul
aVl §knina (RUIEpmwkood]) vboyd/ua pzr §pcSee dsmirtOrj2dEhE h v
rozligov8na tak® skupina sortimentT Tyl ov

Kul atina, Agreg8t, VI 8knina a Tyl ovina byl
viSezy. Konkr®tn2 zpTsob rozdRlen2 eortim

popsigeadwotl ivich |1 8nc2ch.

VLI 8nku 2 a LI &8nku 3 byly analyzovan®
kategori 2 dle jejich jmenovit® d®l ky a st
kd ® ce \kioSenpvEmi n&§bNhy bydddewnkDe®y vl Sz
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Abstract: Timber is the most important source of revenue in forestry and, therefore, is necessary
to precisely estimate its volume. The share of timber volume produced by harvesters is annually
growing in many European countries. Suitable settings of harvesters will allow us to achieve the
most accurate volume estimates of the produced timber. In this study, we compared the different
methods of log volume estimation applied by control and information systems of harvesters. The aim
was to analyze the price categories that can be set up in the StanForD standard and to determine
the differences between the algorithms used for log volume estimations. We obtained the data from
*.STM files collected from March 2017 until June 2018 on a medium-size harvester. We analyzed
price categories and found seven different algorithms used to estimate the log volumes. Log
volume estimates according to Algorithm A2 were considered as standard because these estimates
should be closest to the true log volumes. Significant differences, except the difference between
Algorithm A2 and Algorithm A3, were found between log volumes estimated by different algorithms.
After categorization of logs to assortments, the results showed that significant differences existed
between algorithms in each assortment. In the roundwood assortment, which contains the most
valuable logs, a difference of more than 6% was found between the log volumes estimated by
Algorithm A5 and Algorithm A2. This is interesting because Algorithm A5 is widely used in some
Central European countries. To obtain volumes closest to the true volumes, we should use Algorithm
A2 for the harvester production outputs. The resulting differences between the algorithms can be
used to estimate the volume difference between harvester outputs using the different price categories.
Understanding this setting of harvesters and the differences between the price categories will provide
users useful information in applied forest management.

Keywords: bucking; log; StanForD; stem file; tree measurement; TimberMatic; CTL method

1. Introduction

Timber is the most important source of revenue in forestry. Besides grade, which affects the
price per unit, it is necessary to precisely estimate volume and weight to quantify the amount of
merchantable timber. Incorrect estimates of timber quantity affect the economic vitality of enterprises
and forest owners. Besides the effects of the accuracy of the estimates on revenue, they also have a
function on a societal level, serving as inputs into records and being used in industrial statistics.

Forests 2019, 10, 388; doi:10.3390/f10050388 www.mdpi.comyjournal/forests
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There are many different ways of measuring timber. Measurements can be manual or automatic,
depending on the logging method and technology. Timber can be scaled based on diameter measured
either over or under bark [1]. For automated measurements that are rapid and accurate, there is no
reason not to scale immediately after felling. In fact, it enables precise record keeping in forestry and
reduces risk of losing timber during handling.

The use of manual, semiautomatic or automatic measurement is closely related to logging
methods. Pulkki [2] describes five logging methods used around the world. He distinguishes between
cut-to-length (CTL), tree-length, full-tree, whole-tree, and complete-tree logging methods. These
methods differ in the form and size of logs hauled from the forest immediately after logging [3].
The CTL logging method can be described as a series of operations, in which standing trees are
converted to timber assortments directly at the stump [4]. The assortments are produced during forest
harvesting to increase net revenue early in the production chain [5,6]. The frequency that the CTL
method is used varies between countries. Almost all logging in Sweden, Finland, and Norway is
carried out by the CTL method [7,8]. The CTL method plays an important role in other European
countries as well; in Estonia, 80% of all timber is logged by the CTL method, whilst in Latvia, 70%;
Germany, 65%; Spain, 60%; and Italy, 60% [8]. Similarly, the share of the CTL method in the total
amount of annual logging is increasing over the long term in countries such as the Czech Republic [9]
and Poland [10], mainly due to the popularity of harvester technology. The reason for the increasing
usage of harvester technology is that mechanized harvesting increases productivity and reduces costs
and damages compared to motor-manual harvesting [11]. In the Czech Republic, the share of the CTL
method reached 34% of total annual logging in 2017 [12], though this proportion may continue to grow
to at least 50% [13].

Harvesters automate the measurement of log dimensions and subsequent volume estimation. If a
machine is properly calibrated and set up, the outputs from its control and information system can
be accepted as an accurate estimate of the amount of harvested timber by that machine. Although
the harvesters are capable of measuring lengths with the accuracy in centimeters and diameters in
millimeters [14], Czech forestry is lacking a standard that would govern the acceptance of these
measurements by official records. This is also true for Germany and other European countries [15].
On the other hand, the outputs from harvesters can be affected by measurement errors, practices used,
and bucking procedures [6]. For harvester outputs to be considered trustworthy in forestry record
keeping, it is necessary for the forestry community to become familiar with the functioning of control
and information systems.

Machine manufacturers supply the harvesters equipped with control and information system suites,
often containing several separate software products. This software provides means of communication
with the measuring sensors placed on the harvester head and converts the measured data (pulses
and voltages) into metrics (lengths and diameters). Diameters of a log are recorded every 1 to 10 cm
of its length—this distance depends on the control and information system and the standard file
type. The measured data are stored in a unified data format, according to the StanForD standard.
This communication standard allows data transfer between harvesters from different producers
without problems. It was developed and is maintained by Skogforsk, the Forestry Research Institute
of Sweden. The original StanForD was developed in 1988, and in 2011, an updated version was
published. The updated version was named StanForD 2010 and the original was renamed to StanForD
Classic [16]. In the Czech Republic, most of the harvesters still use StanForD Classic, which specifies
data in more than 20 standard file types, such as *.KTR files for control measurement data, *.PRD files
for production data, *.STM files for stem information, *. APT for bucking instruction data, and so on [17].
The StanForD offers a selection of 14 different price categories [18]. The price category defines the
algorithm for volume estimation from the measured data (diameters and lengths) and also determines
which diameter of the log (midspan or top-end) determines the inclusion of the log into individual
assortments [19].
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To enable the efficient use of any technology, we must study all relevant characteristics connected
to it. Several aspects of using the harvester technology were studied, such as the damage to logs
by feed roller spikes [20-22], the impact of heavy machinery on soil [23], harvester efficiency and
performance [24,25], bucking optimization [26], harvester productivity [27-29], time consumption
analysis [30-32] and harvester operators [33]. However, one key aspect of the harvester technology has
been largely neglected in the scientific literature: the control and information systems and standards
connected with their settings to achieve the most accurate volume estimates of the produced timber.

Therefore, this study compares the different methods of log volume estimation applied by the
control and information systems of harvesters in conjunction with different price categories. The aim of
this study was to analyze the price categories and to determine the differences between the algorithms
used for log volume estimations. The algorithms use different parameters and calculation procedures
to estimate the log volume. Therefore, we expect them to provide significantly different estimates of
log volume, regardless of the assortment considered. It is important to consider this in the forestry
practice, as even a seemingly minuscule error in volume estimation (e.g., due to using an inappropriate
algorithm) can have a severe effect on the timber production in large-scale harvesting operations.
Errors in volume estimation directly affect revenues, because they manifest in the amount of timber
supplied to the market. This is especially true for roundwood, the most valuable assortment produced.
Understanding this setting of harvesters and the differences between the price categories will provide
users useful information in applied forest management.

2. Materials and Methods

2.1. Data Collection

The data were collected from March 2017 until June 2018 on a medium-size John Deere 1270E
harvester. The machine was equipped with the TimberMatic control and information system and with
a Waratah 480C harvester head. In the Czech Republic, the vast majority of harvesters use StanForD
Classic. Therefore, a harvester using this standard was selected for this study. The harvester was
owned by a private forest company. Harvests included mainly final felling and took place in Central
Bohemia, South Bohemia, Vyso¢ina and South Moravia Regions of the Czech Republic (Figure 1).

Figure 1. Map of the Czech Republic showing the Regions from where the harvester data originated.
These regions are marked in gray: (a) Central Bohemia Region; (b) South Bohemia Region; (c) Vyso¢ina
Region; (d) South Moravia Region.
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We dealt with *.STM files that contained lengths and diameters along 10 cm length increments of
each recorded stem. For the purpose of this study, a total amount of 40,930 *.STM files were used. In this
study, we analyzed Norway spruce (Picea abies [L.] Karst.) timber. Data from *.STM files represent a total
amount of 231,196 spruce logs. To ensure the accuracy of the measured lengths and diameters, a control
measurement was performed at the beginning of each working day. In the control measurements,
the harvester felled from three to five trees, which were processed into logs. The harvester recorded the
log lengths and diameters and created the *.STM control tree files. Subsequently, the harvester operator
imported the *.STM data from the control and information system of the harvester into the Haglof
Digitech Professional II digital caliper with Kermit communication, equipped with the Digitech Tape
and remeasured the logs. The caliper was set to automatic and used Skalman 6.11 software (Haglof
Sweden AB: Langsele, Sweden). In this setting, the harvester operator was guided for measurement
locations by audio alerts of the caliper. When the control measurements were finished, the caliper
created a *.KTR file. This file contains deviations between the log lengths and diameters as measured
by the harvester and the caliper. If more than 20% of the diameters differed by more than 4 mm or more
than 20% of the lengths differed by more than 2 cm, the harvester measuring device was calibrated.
The calibration was realized by transferring the *.KTR file from the digital caliper to the harvester
on-board computer. The TimberMatic software (1.19, Deere & Company: Moline, Illinois, USA) allows
for the performance of automatic calibration of length and diameter gauges in the harvester head from
the *KTR file according to StanForD Classic.

2.2. Price Categories and Volume Estimation Algorithms

The TimberMatic software had 14 price categories pre-set. The description of each price category
contained information about the algorithm used for the log volume estimation and also information
about the diameter used for sorting the logs to individual assortments [18]. Some price categories
differed only in using a different diameter to determine the assortment of the log, and their algorithm
for the calculation of the log volume estimate remained the same. If some price categories were not
described in detail [18], they were excluded. Two price categories were excluded from this study.
They were the Board feet price category, which is not defined in the standard due to the very large
number of different calculation methods that exist [18], and the M3sB price category, where the bulk
volume is calculated with the default diameter and length of the bundle [34]. Other price categories
were divided into groups according to the algorithm used to estimate the log volume. Price categories
that contained the same algorithm for the log volume estimate were merged. This way, we ended up
with seven different algorithms for the calculation of log volume estimates according to StanForD
(Table 1).

Table 1. Seven algorithms (A1-A7) for log volume estimations according to StanForD. Price categories
were merged to algorithms based on the log volume estimating algorithm.

Algorithm Name of the Price Category
Al M3to (code 1); M3tos (code 14)
A2 M3s (code 2); Log (code 3)
A3 M3sNO (code 4); LogNO (code 11)
A4 M3tobutt (code 5)
A5 M3toDE (code 6); M3miDE (code 7)
A6 M3smimi (code 8); M3sm (code 10)
A7 M3sEST (code 13)

All log diameters were measured over bark. Log volumes were estimated in m? over bark

and from the required length (nominal log length) instead of the total length (bucked length). Price
categories were described in detail by Skogforsk [18].
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Log volume according to Algorithm A1 was estimated by top-end diameter (TD) in millimeters
and required length in centimeters. The TD measurement was always performed at the end of the
required log length, i.e., 0 cm from the top end. The volume was estimated according to Equation (1):

Va1 = [ x (TD/1000)2}/4 x (RL/100) 1)

where: V1 is the log volume (m> over bark), @ = 3.14, TD is the top-end diameter (mm), RL is the
required length (cm).

The log volume estimate according to Algorithm A2 included price categories M3s and Log.
Skogforsk [18] states that the volume estimated by the M3s is closest to the true volume of a log, because
it measures the over bark diameter at each end of a 10 cm long section of the log. These measurements
are then averaged, thus approximating the section as a cylinder. As the feeding rollers move the stem
through the measurement devices, the machine adds up the volume of all sections calculated through
Huber’s formula until it reaches the threshold diameter for smallwood of the set price category [35].
For the last section, which is shorter than 10 cm, the real length is used in volume estimation. The total
volume of the log is then calculated as the sum of all section volumes. This reduces the possible
deviation from the true volume to a minimum. Total log volumes according to Algorithm A2 were
taken from the *.STM file where they are automatically recorded.

Other algorithms use various measured or calculated diameters and required length of the log
to calculate volume estimates. These algorithms were added to the StandForD standard to meet the
requirements of key timber producers and make the outputs of harvesters and other scaling methods
compatible in forestry record-keeping.

Log volume according to Algorithm A3 was estimated based on the calculated theoretical midspan
diameter of the log (TMD) and the required length. The required length in decimeters was used for
estimating the log volume. Therefore, the length measured in centimeters was rounded down to the
nearest whole decimeter. The registered diameter measured at a distance of 10 cm from the top of the
log (TD1p) was used for calculating the theoretical midspan diameter (TMD). The TD1g measured in
millimeters was rounded down to the nearest whole centimeter. Equation (2) was used to calculate the
log midspan diameter:

TMD = TD1p + (RL/2/10) + 0.5 (2)

where: TMD is the theoretical midspan diameter (cm), TD1g is the diameter at a distance of 10 cm from
the top of the log (cm), and RL is the required length (dm).
Then, the log volume was calculated in dm?® according to Equation (3):

Vas = (TMD/10)? x 7i/4 x RL 3)

where: V3 is the log volume (dm? over bark, subsequently converted to m? for volume comparisons),
TMD is the theoretical midspan diameter (cm), © = 3.14, and RL is the required length (dm).

Log volume according to Algorithm A4 was estimated based on diameters measured at a distance
of 10 cm from the top of the log and at a distance of 10 cm from the log butt end. In the case of a butt
log (stem base), a second diameter was measured at a distance of 50 cm from the log butt end. Log
volume was calculated according to the following Equation (4):

Vg = 7/4 X RL/100 X [a X (BD19(s0/1000) + (1 — @) X (TD10/1000)%] (4)

where: Vy is the log volume (m? over bark); 7w = 3.14, RL is the required length (cm); @ is the parameter
assigned according to the length and top end diameter of the log [18]; BD1g or BDsg is the diameter at a
distance of 10 cm from the log butt end (mm) or at a distance of 50 cm from the butt end in the case of a
butt log; and TD1g is the diameter at a distance of 10 cm from the top of the log (mm).

Log volume according to Algorithm A5 was estimated based on the midspan diameter and the
required length. For volume estimation, the midspan diameter was rounded down to the nearest
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whole centimeter according to the Handelsklassensortierung (sorting of merchantable wood; further in
text HKS) method [18,36]. The total log volume was calculated according to Equation (5):

Vas = 7 x (MD?/4/10,000) x RL/100 (5)

where: Va5 is the log volume (m® over bark), 7w = 3.14, MD is the midspan diameter (cm), and RL is the
required length (cm).

Log volume according to Algorithm A6 was estimated based on the midspan diameter and the
required length. The midspan diameter was measured in millimeters and was not rounded. The total
log volume was calculated according to Equation (6):

Vag = 7 X (MD?/4/1,000,000) x RL/100 (6)

where: V 5 is the log volume (m> over bark), m = 3.14, MD is the midspan diameter (mm), and RL is
the required length (cm).

Log volume according to Algorithm A7 was estimated based on the top-end diameter of the log.
The volume was calculated according to Equation (7):

Va7 = [ TD? x RL x (a1 + a3 X RL) + a3 x RL?]/10,000 @)

where: V7 is the log volume (m? over bark), TD is the top-end diameter (mm), RL is the required
length (dm) with at least one decimal, a1 = 0.07995 is the tree species dependent conic factor for spruce,
a> = 0.000161 is the tree species dependent conic factor for spruce, and a3 = 0.04948 is the tree species
dependent conic factor for spruce (a1, a; and a3 factors are by Skogforsk [18]).

2.3. Stem Files Analysis

Data stored in the *.STM files were transferred to the MS Excel spreadsheets using the STeMa
application. The variables obtained from the *.STM files were the following: (i) tree species (SP),
(ii) assortment (AS), (iii) total length (TL), (iv) required length (RL), (v) log volume according to M3s
(A2), and (vi) top-end diameter (TD). Other variables necessary for log volume estimation by particular
algorithms were calculated during the iteration of each single *.STM file by analysis of the StanForD
variable that contains the taper curve of the produced stem and allows for the extraction of variables
that are not a direct part of the saved *.STM file by using a suitable algorithm. This way, the following
variables were obtained: (i) midspan log diameter (MD), (ii) diameter at a distance of 10 cm from the
top end of the log (TDyg), (iii) diameter at a distance of 50 cm from the log butt end (BDsp), and (iv)
diameter at a distance of 10 cm from the log butt end (BDyj). After the batch processing of the *.STM
files was finished, the data were saved in the *.CSV format. This format allows for easy conversion
to the *.XLSX format, which is suitable for further data analysis. Data in the * XLSX format were
subsequently used for estimation of the log volumes according to the individual algorithms.

2.4. Assortment Categorization

The stem of the felled tree was cut into individual logs by the harvester. Each log represented an
assortment, meeting the tree species, dimensions, and quality requested by the customer. The harvester
operator determined the tree species and grade; the machine software then suggested the assortment
to be produced based on the quantitative parameters. We distinguished the logs into three assortments:
(i) firewood (FW), the lowest grade of timber intended for energy use; (ii) pulpwood (PW), timber
intended for production of wood pulp products; and (iii) roundwood (RW), the highest grade of
timber intended for industrial processing, such as for veneer logs, timber for the production of musical
instruments, sawn wood, poles, etc.
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2.5. Data Analyses

First, we calculated the absolute (in m® over bark) and the relative (in %) differences between

the log volumes estimated by each algorithm and Algorithm A2. We also calculated the relative
differences between the log volume estimates for the seven different algorithms, differentiated by
assortment categorization. Then, we used general linear models (GLM), specifically ANOVA for
repeated measurements, to test differences in log volume estimates among the algorithms, both for
all timber together and categorized according to assortments. The post-hoc tests (Tukey HSD) were
used to find out differences between the log volumes estimates according to the respective algorithms.
For all statistical tests, the a = 5% level of significance was set. All tests were conducted in the Statistica
13 package (TIBCO Software Inc.: Palo Alto, CA, USA).

3. Results

Altogether, 231,196 logs were measured, and seven volume estimates were calculated (Table 2).

Table 2. Measured timber parameters and estimated log volumes.

Assortments
i All Logs
Timber Roundwood Pulpwood Firewood
Parameter

n= 231,196 n=93,129 n=114,474 n = 23,593
Mean SD Mean SD Mean SD Mean SD
TL (cm) 294.9 126.7 430.0 83.5 211.3 27.0 167.2 64.1
RL (cm) 288.6 1223 4184 814 208.1 26.8 167.2 64.1
MD (mm) 207.4 102.0 278.8 79.7 171.0 86.1 101.9 56.4
TD (mm) 193.2 98.8 261.8 78.8 157.9 83.1 93.7 55.1
TD1p (mm) 194.1 98.9 262.6 78.8 158.8 83.3 943 55.4

BDszj (mm) 217.8 106.8 295.3 83.0 177.8 87.4 105.2 57.2
BD1p (mm) 222.0 107.6 299.4 83.9 182.4 88.6 108.0 58.0
Va1 (m?) 0.1251 0.1443 0.2431 0.1508 0.0517 0.0647 0.0149 0.0300
Vaz (m?) 0.1453  0.1650 0.2830 0.1694 0.0597 0.0725 0.0170 0.0333
Va3 (m?) 0.1452  0.1636 0.2845 0.1663 0.0582 0.0682 0.0178 0.0334
Vag (m?) 0.1413  0.1594 0.2744 0.1637 0.0585 0.0696 0.0175 0.0330
Vas (m?) 0.1370  0.1560 0.2659 0.1608 0.0571 0.0708 0.0164 0.0323
Vag (m?) 0.1417  0.1593 0.2740 0.1633 0.0596 0.0720 0.0176 0.0332
Va7 (m?) 0.1420  0.1629 0.2781 0.1689 0.0570  0.0686 0.0174 0.0328
N = number of logs, TL = total length, RL = required length, MD = midspan diameter, TD = top-end diameter, TD1g
- diameter at a distance of 10 cm from the top of the log, BDsp = diameter at a distance of 50 cm from the log butt end,
BDyp = diameter at a distance of 10 cm from the log butt end, V41 = log volume estimate according to Algorithm
A1, Vy, = log volume estimate according to Algorithm A2, V5 ; = log volume estimate according to Algorithm
A3, Vag = log volume estimate according to Algorithm A4, Va5 = log volume estimate according to Algorithm A5,
Vag = log volume estimate according to Algorithm A6 and V7 = log volume estimate according to Algorithm A7.

The absolute log volumes estimated by the different algorithms were always lower than the log
volumes estimated by Algorithm A2 (Table 3). Algorithm A1 provided log volume estimates which
differed the most from those provided by Algorithm A2. The second highest difference was recorded
by using Algorithm A5. On the other hand, the smallest difference was recorded using Algorithm A3.
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Table 3. Absolute and relative differences between the log volume estimates by seven different
algorithms according to StanForD Classic. Differences were related to Algorithm A2.

) otal Valtiae of Eogs Absolute Difference Relative Difference
Algorithm from Algorithm A2 from Algorithm A2
(m3 over Bark) (m? over Bark) %
Al 28,914.92 —4674.31 -13.92
A2 33,589.22 0 0
A3 33,577.46 -11.76 -0.04
A4 32,662.77 —926.46 -2.76
A5 31,684.32 —1904.90 -5.67
A6 32,753.76 —835.46 -2.49
A7 32,835.02 —754.20 -2.25

The relative differences between the log volume estimates were also determined for the seven
different algorithms differentiated by assortment. Out of 231,196 logs, 40.3% of logs were roundwood
assortments, 49.5% of logs were pulpwood assortments and 10.2% of logs were firewood assortments
(Table 4). The total volume of the logs according to Algorithm A2 was 33,589.22 m? over bark, out of
which roundwood assortments accounted for 78.5%, pulpwood assortments for 20.3%, and firewood
assortments for 1.2%.

Table 4. Relative differences between the log volume estimates by seven different algorithms according
to the assortment’s categorization (roundwood, pulpwood, firrwood). Differences were related to

Algorithm A2.
Assortments
Algorithm Roundwood Pulpwood Firewood
Total Relative Total Relative Total Relative
Volume of Difference from Volume of Difference from Volume of Difference from
Logs Algorithm A2 Logs Algorithm A2 Logs Algorithm A2
(m? over & (m? over a (m? over
Bark) = Bark) - Bark) -
Al 22,643.54 -14.08 5919.51 -13.38 351.87 -12.51
A2 26,353.27 0 6833.77 0 402.18 0
A3 26,495.77 0.54 6661.30 -2.52 420.39 453
A4 25,554.26 -3.03 6696.71 -2.01 411.80 2.39
A5 24,759.89 —6.05 6537.43 —4.34 387.00 -378
A6 25,519.29 -3.16 6819.89 —-0.20 414.91 3.16
A7 25,895.78 -1.74 6528.71 —4.46 410.53 2.08

There were significant differences in the mean log volume estimates among the algorithms
(Figure 2a). Algorithm A2 estimated the highest mean log volume and was similar to Algorithm A3.
The smallest log volume was estimated by Algorithm Al. Calculations according to assortments
followed similar patterns with minor differences (Figure 2b). For the roundwood assortment, the highest
log volume was estimated by Algorithm A3, followed by the lower log volume estimated by Algorithm
A2. Algorithm A1 provided the smallest log volumes estimates and was followed by Algorithm A5.
For the pulpwood assortment, the highest log volume was estimated by Algorithm A2, followed by the
significantly lower log volume estimated by Algorithm A6. The smallest log volume was estimated by
Algorithm A1 and the second lowest log volume was estimated by Algorithm A5. For the firewood
assortment, the highest log volume was estimated by Algorithm A3, which was followed by Algorithm
A6. The smallest log volume was also estimated by Algorithm A1 and the second lowest volume was
estimated by Algorithm A5.
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Figure 2. Differences in mean volume estimates per log by different algorithms (a) of all logs together,
(b) according to assortments. Different letters indicate significant differences revealed by post-hoc
Tukey HSD tests (a = 0.05); assortments were tested separately. The error bars indicate a 0.95 confidence
interval. There were no significant differences only between Algorithms A2 and A3 in the group of all
logs together (a-a) and between Algorithms A4 and A7 in the firewood assortment (c3-c3).
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4. Discussion

The results showed significant differences between the log volumes estimated by different
algorithms used in the control and information systems of harvesters. A comparison of the obtained
results with other studies could not be carried out because we were unable to find suitable scientific
literature dealing with the evaluation of volume differences according to the price categories of
StanForD. Differences between the volumes estimated by the individual algorithms were related to
Algorithm A2. As Skogforsk [18] states, the volume estimated by the Algorithm A2 should be closest
to the true volume of the log. However, even this volume estimation algorithm is not absolutely
precise; as Hohmann et al. [15] state, harvesters underestimate the log volume by —0.45% on average,
compared to the water immersion technique.

The large difference between Algorithm A2 and Algorithm A1 can be explained by the parameters
they use to estimate the volume. Algorithm A1l is based on cylindrical volume to estimate the log
volume and uses the top-end diameter as the diameter value. Naturally, the top-end diameter is the
smallest value that can be used and will result in a substantial underestimation of the log volume, so it
is inappropriate for detecting the true log volume. However, it can be assumed that Algorithm Al was
never intended to provide a true log volume, but apparently to provide a value reflecting the volume
available for full-length sawn products.

The second largest difference was found between Algorithm A2 and Algorithm A5. According
to Algorithm A5, the log volume is estimated based on the measured midspan diameter. However,
its value is always rounded down to the nearest whole centimeter. This is in accordance with the
HKS method [35] described in detail by Wojnar [37]. Thus, if Algorithm A5 is used to determine the
volume of harvester timber production, this cannot be considered as a true timber volume which is
felled and hauled from the forest. The large difference was interesting because Algorithm A5 is used
in the M3toDE and M3miDE price categories that are used in Central European countries such as
Germany, the Czech Republic, Austria, Slovakia, and Hungary. For example, in the Czech Republic,
these price categories are recommended because they ensure that the timber volume reported by
the harvester will be comparable to the timber volume determined according to the Recommended
Rules for Timber Measurement and Sorting in the Czech Republic 2008 [37]. Thus, we deliberately
significantly underestimate the volume of timber production.

It is also very interesting to compare the volume results according to Algorithm A5 and Algorithm
A6. These two methods differ in one key aspect: Algorithm A6 does not require rounding down
the midspan diameter because it is not based on the HKS method. Therefore, the directly measured
midspan diameter, in millimeters, is used for the volume estimation. Estimating the volume based on
precise midspan diameter halved the margin of error to 3.18% (1069.44 m®). Therefore, we recommend
working with the accuracy of diameter measurements harvesters provide [14] and not round the
measured diameters for volume estimation.

Both Algorithm A4 and Algorithm A7 showed a difference in estimated log volumes of less than
3% compared to Algorithm A2. Algorithm A4 uses Equation (4) that contains the “a” parameter,
the value of which varies with the log length and top-end diameter. The values of the “a” parameter
are listed in [18]. Also, Algorithm A7 uses Equation (7) for log volume estimation. The log volume is
estimated by using the top-end diameter of the log and the conic factors whose value depends on the
tree species [18]. Thus, the difference from Algorithm A2 could be different if we were to estimate the
log volumes of tree species other than the Norway spruce.

Algorithm A3 proved to estimate the volume closest to the benchmark Algorithm A2.
This difference was the lowest one and was the only statistically insignificant difference. Algorithm A3
estimated the log volume based on a cylinder with a theoretical midspan diameter of the log and the
measured log length rounded down to the nearest whole decimeter. However, the diameter used
to estimate the theoretical midspan diameter was actually measured 10 cm from the top of the log.
This measured diameter is always rounded down to the nearest whole centimeter. The calculation
of the theoretical midspan diameter is based on a standard stem taper that is 1 cm diameter per 1 m
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length. Such a standard taper is in accordance with what is stated in [38] for sawlogs. Then, 0.5 cm
is added to the calculated theoretical midspan diameter for compensation of the previous rounding.
Then, the Huber’s equation [35] is used to calculate the log volume. Equation (3), used to calculate the
volume according to Algorithm A3, thus appears to be the best alternative to Algorithm A2. However,
if we focused on individual assortments, we found that there were significant differences between these
two algorithms, though the lowest difference between these two algorithms was in the roundwood
assortment. This could be due to the fact that the equation of Algorithm A3 uses the theoretical
midspan diameter that is calculated based on the principle of standard stem taper of 1 cm diameter per
1 m length. This stem taper is referred to as the standard for sawlogs, which largely represents the
roundwood assortment. On the contrary, pulpwood and firewood assortments contained mainly butt
and top logs, which can taper differently than the standard rate [38].

When we compared the differences in the assortments, it was interesting to focus especially on
differences in the roundwood assortment that contained not only the highest volume of the logs but also
the best economically valued logs. In the roundwood, the results showed that a significant difference
occurred between the log volume estimates for each algorithm pair. As compared with the overall
difference, the difference between Algorithm A5 and Algorithm A2 increased by 0.38 percentage points.
This result was interesting because it showed an increase in the volume difference in the most valuable
timber. In some Central European countries, Algorithm A5 is used for harvester production outputs
of roundwood. If we would like to use these outputs for selling timber, we would sell more than 6%
less timber than what the true volume is. In the case where this underestimation is not reflected in
the timber price, this would bring a significant economic loss to the seller, even if the machines were
properly maintained and calibrated. We should require credible outputs not only for timber sales, but
also for credible timber production records.

Log volumes estimated by Algorithm A2 were the highest in the pulpwood and the second highest
in the roundwood. However, in the firewood assortment, the volume estimated by Algorithm A3,
Algorithm A4, Algorithm A6, and Algorithm A7 was higher than that estimated by Algorithm A2.
This can be due to the fact that the firrwood grade contained logs of small dimensions. Procedures for
estimating the log volume of firewood logs according to some algorithms are not entirely appropriate
for these small dimensions and therefore overestimate the true log volume.

This study was focused only on spruce stems. Generally, cutting and processing coniferous trees is
preferred for harvesters. The influence of tree species cannot be ignored when discussing mechanized
harvesting [25]. There are still problems when harvesting broadleaved trees by machines associated
with delimbing [39], taller stumps in coppice stands [40], and also larger shavings of the bark and
the lateral surface of processed assortments [41]. Defects on stems and large branches, which are
particularly common in some broadleaved tree species, can cause measurement errors for both the
log length and diameter [42]. These errors can significantly affect the precision of volume estimations
through various algorithms.

It is necessary to perform regular control measurements of harvester measuring systems and,
if necessary, to calibrate the harvester. Regular calibration improves the accuracy of the harvester
measurement system [43] and ensures that the volume outputs are credible. Different methods can be
used for manual control measurements. In this study, a digital caliper equipped with a digital tape was
used. The combination of a digital caliper and a digital tape is faster, more accurate, and more efficient
than conventional analog measuring devices. We strongly recommend using this method to calibrate
the measuring system of harvesters. Performing regular control measurements and calibration of the
machine measuring system secures sufficient measurement accuracy of the timber volume production.

For these results, it is also necessary to note that the log volume estimates in this study were
expressed as volumes in m? over bark. In this manner, volumes are free from potential inaccuracies
caused by the estimation of volume under bark. Marshall et al. [44] dealt with the effects of bark
thickness estimates. It is important to note that the resulting volumes compared in this study cannot be
compared with the true total volume of logs because timber volumes in this study do not include the
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volume of the allowance to the required length and the cutting window volume. The length allowance
means the addition of length to some assortments for cross-cutting or other processing, and the cutting
window is an addition to the length for ensuring a cut-point tolerance of the harvester measuring
sensors, which increases the performance of the machine. In the Czech Republic, the recommended
allowance is 2% of the required log length, and the recommended cutting window is within a range
from 0 cm to a maximum of 4 cm [19]. The total volume of harvested timber also differs from the
volume of standing timber because it does not contain a share of logging residue volume estimates [45].

5. Conclusions

In this study, we revealed significant differences between the log volumes estimated by different
algorithms used in the control and information systems of harvesters. The results showed that if
we want to use harvester production outputs for timber sales and record keeping, it is necessary
to distinguish how the log volumes were estimated. Algorithm Al proved to be an inappropriate
algorithm for estimating the true log volume. There was no significant difference between the log
volumes estimated by Algorithm A3 and Algorithm A2. In the roundwood assortment, a difference of
more than 6% was found between the log volumes estimated by Algorithm A5 and Algorithm A2.
This is an interesting result, especially for some Central European countries, where Algorithm A5 is
preferred in harvester production outputs.

To obtain volumes closest to the true volumes, we should use Algorithm A2 for timber production
outputs of harvesters. These conclusions are true if the goal is to obtain the most accurate total timber
volume that can be used for timber sales and for precise forestry record-keeping. If the measurement
would have a different goal, e.g., to estimate the amount of timber for board production, using a
different algorithm could be appropriate.

However, the outputs of timber production are useful only if credible. Therefore, it is necessary to
perform regular control measurements of the harvester measuring systems and, if necessary, to calibrate
the machine. The resulting differences between the algorithms can be used to estimate the volume
difference between harvester outputs using different price categories. Further research could be focused
on what share of timber is not registered in harvester production outputs due to the length allowance
and the cutting window of logs.
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ANALYSIS OF UNRECORDED TIMBER VOLUME IN LENGTH ALLOWANCES OF LOGS
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ABSTRACT

The CTL logging method, linked to the harvester technology, has an increasing share on the total annual felling in the Czech Republic. The
aim of our study was to determine the relative share of unrecorded volume in length allowances on the total volume of merchantable timber, as
produced by harvesters. We also analyzed the volume differences in length allowances in assortment groups. Data were gathered from *.STM
files, 221 235 spruce logs were evaluated. The total volume of unrecorded timber in length allowances of merchantable assortments represented
2.19% of the total recorded timber volume. After dividing the logs into individual assortment groups, we found that in the groups Roundwood
and Aggpregate, the average relative volume in length allowances ranged from 2.41% to 2.43%, while in the group Pulpwood was only 1.22%.
Significant differences between the relative timber volumes in length allowances were also found in individual groups of assortments after
categorization of logs according to their nominal length and midspan diameter. In the groups Roundwood and Pulpwood, we found significantly
lower relative timber volumes in length allowances for butt logs compared to other logs. The results can be used for estimation of unrecorded

timber volume in length allowances to supplement forest management records.

For more information see Summary at the end of the article.

Klicovaslova: vyroba drivi; sortiment; nadmeérek; fezaci okno; CTL metoda; StanForD
Key words: timber production; assortment; length margin; cutting window; CTL method; StanForD
uvoD

V Ceské republice (CR) se dlouhodobé zvysuje podil sortimentni té-
zebni metody na celkové vysi roéni tézby drivi (NaTov et al. 2017).
Sortimentni tézebni metoda, nazyvana také CTL (cut-to-length)
metoda (PuLkkr 1997), je ve vétsiné pripadi spjata s harvestorovou
technologii. V roce 2017 dosahla sortimentni téZebni metoda vice
nez tietinovy podil na celkové vysi tézby dfivi v CR (Zprava 2018).
V nékterych evropskych statech, jako je napriklad Svédsko, Norsko
a Finsko, je v souasné dobé sortimentni metoda vyuZivina témér
vyhradné ke viem tézbam (GELLERSTEDT, DAHLIN 1999; LUNDBACK
et al. 2018). Diivodem zvySovani vyuziti harvestorové technologie je,
ze mechanizovana vyroba surového dfivi zvySuje produktivitu a v ze-
mich s vysokymi osobnimi naklady sniZuje vyrobni niklady oproti
motomanualni tézbé (SpiNeLLr et al. 2014). Potencial sortimentni
metody neni v CR stle zcela vyuzit. Podil sortimentni metody na
ro¢ni tézbé dfivi mtze v budoucnu dle predpokladéi dosahnout az

50 % (DvoRrAk et al. 2011) a vyrobni podminky jsou pro vyuziti har-
vestorové technologie vhodné az na vice nez 70 % rozlohy lesnich po-
zemkd (DvoRrAk, NaTov 2016).

V pribéhu vyroby dfivi dochazi ke ztratdm v jeho evidovaném obje-
mu. Tyto ztraty mohou byt faktické, zptisobené skutenymi ztratami,
nebo fiktivni, vznikajici v dtisledku rozdilts mezi vysledky zjistova-
ni objemu dfivi riznymi metodami, rozdilnym zptsobem evidence
dfivi, zaokrouhlovanim méfenych parametrd, zaménou sortimentd
surového drivi atd. (StManov 2003). Pfi evidenci vyrobeného drivi
harvestorem se mtiZzeme setkat s obéma druhy téchto ztrat. Fiktivni
ztraty v evidovaném objemu dfivi jsou zptisobeny napfiklad vyuzitim
raznych algoritmii nastavitelnych ve vyrobné-eviden¢nim softwaru
harvestoru (L6we et al. 2019). Oproti tomu faktické ztraty zptiso-
buje pri¢ny fez, nezpracovani vrcholovych ¢asti stromi a neevido-
vani objemu pridavkii k délce vyfezu (Simanov 2003; DvoRAKk et al.

2018).
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Sortimenty surového dfivi jsou vyrabény harvestorem na zakladé pa-
rametr nastavenych ve vyrobné-eviden¢nim softwaru harvestoru dle
pozadavkit odbératele. Jednim z parametrii je i nastaveni pfidavku
k délce sortimentu (Narov, DvorAk 2018). Pridavek k délce sorti-
mentu mdZe byt v pripadé vyroby drivi harvestorem sloZen ze dvou
casti, (i) skutecného nadmérku ke jmenovité délce sortimentu a (ii)
fezaciho okna. Nadmérek ke jmenovité délce je u nékterych sorti-
mentii vyzadovan odbératelem ke kompenzaci technologickych ztrat,
vzniklych sesychanim dfivi nebo pri¢nymi fezy pri pilafském zpraco-
vani atd. Je tedy zahrnut ke jmenovité délce vyTezu a odbérateli je po-
skytnut zcela bezplatné (PoLENoO et al. 1994). Nadmérek je vyzadovan
u sortiment uréenych k vyrobé reziva, naopak neni vyzadovan u sor-
timenti uréenych k chemickému zpracovani nebo vyrobé dezintegro-
vaného materidlu, napf. u vidkniny (DvoRAk et al. 2018). V Ceskée
republice je doporucovan pridavek k délce ve vysi 2 % jmenovité délky
vytezu (WOINAR et al. 2007). Rezaci okno, s doporucenym rozpétim
hodnot 0-4 cm, je typ pridavku k celkové délce vyTezu specificky pro
harvestory (Narov, DvoRrAxk 2018). Urcuje presnost a rychlost méfeni
délky tim, Ze predstavuje toleranci méficich senzort v harvestorové
hlavici béhem nastaveni kmene na spravnou polohu fezu. Vysledkem
je zkraceni doby potfebné pro nastaveni kmene na spravnou polohu
a zvyseni produktivity stroje. Rezaci okno je nastaveno pro kazdy sor-
timent véetné vlakniny (DvoRAk et al. 2018).

Ztraty zpiisobené neevidovanim objemi pridavki k délce mohou zpii-
sobit rozdily mezi odhady objemu celkové rocni tézby surového dfivi
dle vysledkd Narodnf inventarizace lest CR (NIL2) a odhady objemu
tézby surového dfivi dle zaznamii Ceského statistického tifadu. Odha-
dy tézby drivi na zakladé opakovaného $etfeni NIL2 (2011-2014) na
inventarizacnich plochach zalozenych v ramci NIL1 (2001-2004) jsou
vyrazné vyssi v porovnani s odhady uvadénymi kazdoroéné ve Zpra-
vich o stavu lesa a lesniho hospodatstvi Ceské republiky (ZZ). Uda-
je o tézbach pro ZZ jsou prebirany z vysledkd dotaznikovych Setfeni
Ceského statistického aradu. Pramér odhadd celkovych tézeb podle
ZZ za obdobi od roku 2001 (pocatek NIL1) do roku 2014 (ukonéeni
Setfeni NIL2 v inventarizacni siti NIL1) pfepocteny na desetiletou pe-
riodu ¢inil 81 % odhadu NIL2. Odhady tézby podle NIL2 jsou navic
dle metodiky systematicky podhodnoceny a predpoklada se, Ze toto
podhodnoceni dosahuje do 10 % odhadu objemu tézby drivi. Vysled-
ky NIL 2, které uvadi rozdil v tézbé drivi oproti ZZ 19 %, s prihléd-
nutim k pfipadnému podhodnoceni mohou byt proti ZZ rozdilné az
029 % (Apocr et al. 2016). Tento procentualni rozdil je fakticky nizsi
napfiklad pravé o procentudlni podil neevidovaného objemu dfivi
v pridavcich k délce.

Cilem této prace je (i) stanoveni relativniho podilu neevidovaného
objemu dfivi v pfidavcich k délce vyfezii pfi vyrobé smrkového dri-
vi kalibrovanym harvestorem, (ii) zji§téni objemovych rozdilt pri-
davki k délce mezi jednotlivymi vyrabénymi skupinami sortimentii,
(iii) zjisténi objemovych rozdilt pridavka k délce mezi jednotlivymi
kategoriemi vyfez dle jmenovité délky a stfedové tloustky vyfezu
a (iv) zjisténi objemovych rozdila pridavkda k délce mezi oddenkovymi
vyfezy a ostatnimi vyfezy.

MATERIAL A METODIKA

Sbér dat

Data pro tuto pfipadovou studii byla ziskdna ze stfedné vykonové-
ho harvestoru John Deere 1270E vybaveného harvestorovou hlavici
Waratah 480C a vyrobné-evidencnim softwarem TimberMatic (1.19,
Deere & Company: Moline, Illinois, USA). Stfedné vykonové har-
vestory jsou v Ceské republice nejvice vyuZivany (NERUDA, VALENTA
2003), proto byl k této studii vybran pravé tento harvestor. Software
harvestoru ukladal data v jednotném systému StanForD Classic. Har-
vestor byl vlastnén a provozovan soukromou spolecnosti. Sbér dat se
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uskutecnil v obdobi bfezen 2017 az ¢erven 2018. Tézebni prace probi-
haly pfevazné v planovanych obnovnich téZbach a nahodilych tézbach
v kraji StfedoCeském, Jihoceském, Vysocina a Jihomoravském.

Harvestor z vice neZ 86 % z celkového poctu zpracovavanych stromd
tézil smrk ztepily (Picea abies [L.] Karst.), ktery je zaroven v CR nejvi-
ce zastoupenou dfevinou (Zprava 2018). Proto byla v této studii vyuzi-
ta data z tézby smrku. Bylo zpracovano celkem 37 924 *.STM soubori,
které obsahovaly data 221 235 vyrobenych vyrtezi.

Software harvestoru byl pfednastaven na automatické ukladani *.STM
soubord, kdy kazdy *.STM soubor obsahoval data o jednom zpraco-
vaném kmeni. V *.STM souborech byly zaznamenany hodnoty délek
jednotlivych vyfeza a hodnoty tlousték vytezu po kazdych 10 cm jeho
deélky. Na zakladé téchto naméfenych hodnot obsahoval *.STM sou-
bor také hodnotu objemu vyfezu vypocitaného dle algoritmu cenové-
ho typu M3s - kod 2 dle StaxForD (2012). StanForD (2012) uva-
di, ze objem vypoditany dle algoritmu cenového typu M3s je nejblize
skutecnému objemu vyfezu. Pfi vypoctu objemu timto zpésobem je
méfena tloustka s kirou na kazdém konci 10 cm dlouhé sekce vyfezu.
U kazdé sekce jsou nasledné zprimérovany naméfené hodnoty tloust-
ky na zacatku a konci a tento primeér je vyuzit jako vstupni hodnota
tloustky pro vypocet objemu dané 10cm sekce dle Huberova vzorce
(HuscH et al. 2003). Podavacimi valci harvestorové hlavice je kmen
posouvan a béhem vyroby jsou méficimi senzory (méricim koleckem
a potenciometry) méfeny jednotlivé parametry. Z nich je nasledné
Huberovym vzorcem pocitan objem jednotlivych sekci, dokud nedo-
sihne hrani¢nich hodnot délky a tloustky pro vyrobu sortimentu. Pro
posledni sekci, ktera je kratsi nez 10 cm délky, se pro vypocet sekéniho
objemu vyuziva realna délka konkrétni sekce. Celkovy objem kazdého
vytezu je finalné vyjadren jako soucet dilCich objemd jeho jednotli-
vych sekci. Uréeni hodnoty celkového objemu vyfezu timto zptisobem
snizuje riziko odchylky objemu od skutecného objemu vytezu.

Pro zajisténi presnosti méfeni délek a tlousték bylo na zacitku kaz-
dého pracovniho dne harvestoru realizovano kontrolni méfeni. Pfi
kontrolnim méfeni bylo vzdy pokaceno 3-5 stromd, ze kterych byly
vyrobeny jednotlivé vyfezy, u nichz harvestor zaznamenal jejich dél-
ky a tloustky. Nasledné operator harvestoru prenosovym protokolem
Kermit importoval data z *.STM soubor( kontrolnich kment do di-
gitalni pramérky Haglof Digitech Professional II. Digitalni pramérka,
vybavena digitalnim pasmem Digitech Tape, byla nastavena na méfe-
ni po sekcich s vyuzitim softwaru Skalman 6.11 (Haglof Sweden AB:
Langsele, Sweden). Pfi tomto méfeni operator méril jednotlivé vyfezy
kontrolnich kment. Na presna mista méfeni jednotlivych sekci upo-
zornovaly osobu provadéjici méreni zvukové signaly. Po dokonceni
méreni posledniho vyfezu byl v softwaru primérky vytvofen *.KTR
soubor, ktery obsahoval hodnoty odchylek mezi délkami a tloustkami
naméfenymi strojové harvestorem a manualné digitalni pramérkou.
Pokud se vice nez 20 % tlousték lisilo o vice nez 4 mm, nebo vice nez
20 % délek o vice nez 2 cm, byla nasledné méridla harvestoru kalib-
rovana. Ke kalibraci byl vyuzit vyrobné-evidenéni software Timber-
Matic umoziujici ze souboru *.KTR podle StanForD Classic provést
automatickou kalibraci méridel délky a tloustky v harvestorové hla-
vici. Kalibrace byla uskute¢néna prenosem *.KTR souboru z digitalni
pramérky do vyrobné-evidenéniho softwaru harvestoru.

Zpracovani a kategorizace dat

Udaje ulozené v *.STM souborech byly pievedeny do pracovniho sou-
boru *.XLSX pomoci aplikace STeMA, verze 1.0 (autor: NaTov, rok
vzniku: 2016). Aplikace STeMa je pfimo navrZena pro analyzu *.STM
soubord, které jsou ukladany v harvestorech a spliuji podminky ote-
vieného standardu StanForD Classic. Aplikace STeMa byla vytvofena
ve skriptovacim programovacim jazyku PHP jako webova aplikace
sautorizovanym pfistupem. Nedisponuje grafickym uZivatelskym roz-
hranim a pracuje se s ni pomoci pfimé editace zdrojového kodu. Byla
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navrzena a programovana imperativnim pfistupem (proceduralné).
Pro fe$ené téma byla z *.STM soubori: piebirana interativné pro ka-
zdy jednotlivy soubor data (proménné). Jednalo se o tyto proménné:
Dievina, Sortiment, Stiedova tloustka, Cepova tloustka, Celkova délka,
Jmenovita délka a Objem s kiirou dle cenového typu M3s. Po ukonce-
ni davkového zpracovani *.STM souborii byla data zobrazena v pro-
hlizeci a uloZena ve formatu *.CSV, ktery umoziuje snadny prevod
do vysledného *.XLSX formdtu pro naslednou dalsi analyzu dat.
Data v *.XLSX formatu byla procisténa od extrémnich hodnot jednot-
livych proménnych vzniklych chybou operatora harvestoru.

Proménna Drevina nesla informaci o druhu dfeviny (v pripadé této
studie vzdy smrk ztepily). Proménna Sortiment obsahovala informaci
o zafazeni vyfezu do sortimentu dle pozadovanych parametrii odbé-
ratele, proménna Stfedova tlousfka vyjadfovala hodnotu tloustky vy-
fezu v kiife uprostied jeho jmenovité délky. Proménna Celkova délka
obsahovala hodnotu skutecné délky vyfezu, proménna Jmenovita del-
ka obsahovala hodnotu minimalni pozadované délky vyfezu pro od-
bér dané¢ho sortimentu. Rozdil mezi hodnotami proménnych Celkovd
délka a Jmenovitd délka tvoril hodnotu dopocitané proménné Pridavek
k délce. Proménna Objem s kiirou dle cenového typu M3s vyjadiovala
hodnotu objemu jednotlivého vyfezu v m® s kiirou, ktera byla stanove-
na pro jmenovitou délku vyfezu. Proménna Cepova toustka vyjadfo-
vala hodnotu tloustky vyfezu v kife, méfené na konci jmenovité délky
vyfezu a slouzila jako podklad pro vypocet objemu pridavku k délce
a zafazeni vyfezu do sortimentu. Celkovy Objem pridavku k délce v m®
s ktirou byl nasledné vypocitan na zakladé proménné Pridavek k délce
a proménné Cepova tloustka dle nasledujiciho vzorce (1):

" (Dc % 0,001)*

h=m 2

* L, +0,01 (1)

kde V_ [m’*s kitrou] je Objem pridavku k délce;  [-] je Ludolfovo Cislo
=3,14; D_[mm] je Cepova tloustka s kiirou méfena na konci jme-
novité délky vyfezu; L [cm] je Pridavek k délce.

Na zakladé vypocitané veli¢iny Objem pridavku k délce byl urcen re-
lativni podil hodnoty Objemu ptidavku k délce vzhledem k hodnoté
proménné Objem s kitrou dle cenového typu M3s. Tato hodnota byla
nasledné vyjadiena v procentech a jednalo se o Relativnf objem pri-
davku k délce.

Jednotlivé vyfezy byly dle proménné Sortiment rozfazeny do jednotli-
vych skupin sortimentd (tab. 1), které byly v prabéhu tézby vyrabény
podle metrickych a kvalitativnich pozadavki odbérateld. Parametry

Tab. 1.

pro vyrobu jednotlivych sortimenti byly nastaveny vidy pfed zacat-
kem vyroby dfivi ve vyrobné-eviden¢nim softwaru operatorem har-
vestoru. Parametry pro vyrobu jednotlivych sortimentd specifikuji
také pridavky k délce, které je moiné pri vyrobé drivi harvestorovou
technologii rozlisit na (i) nadmérek ke jmenovité délce pozadovany
odbératelem (2 % jmenovité délky vyfezu) a (ii) Fezaci okno vyzado-
vané konstrukénim feSenim hlavice harvestoru, jejiz presnost mére-
ni délek pri spravné kalibraci méfidel se pohybuje v pasmu +2 cm.
V této studii bylo vyuzito doporucené fezaci okno 0-4 cm (Naroy,
Dvorik 2018). Pridavek k délce u jednotlivych vyrabénych sorti-
mentit byl sloZen z riiznych ¢asti (tab. 1). Z druhotné analyzy dat byla
vyfazena evidovana data ve skupiné sortimentt TéZebni zbytek, ktera
neobsahuji zadny pridavek k délce (tzn. jmenovita délka a celkova
délka vyrfezu je shodna). Jedna se o drivi, které je sice harvestorem
evidovano, ale jiz nespliiuje parametry pro vyrobu obchodovatelného
sortimentu. V této skupiné sortimentd jsme zaznamenali 25 670 vy-
fezti o celkovém objemu 313,35 m* s ktrou (dle cenového typu M3s).
Drivi evidované ve skupiné sortimenta TéZebni zbytek bylo po tézbé
ponechano v lesnim porostu. Ostatni skupiny sortimenti oznacovaly
obchodovatelné sortimenty vyrabéné dle pozadavku odbérateli. Sor-
timent skupiny Kulatina obsahoval vyfezy kmene uréené pro pilafské
zpracovani, vyrobu krajené dyhy, vyrobu loupané dyhy, rezonan¢ni
vyfezy a jiné specialni vyfezy. Slabé vyfezy uréené pro pilafské zpra-
covani byly zafazeny do sortimentu skupiny Agregaf. Posledni rozli-
Sovanou skupinou sortimentd byla Vidknina, ktera zahrnovala vyte-
zy uréené pro vyrobu buniéiny, dfevoviny a dfevovlaknitych desek
(tab. 1).

Pro analyzu dat byla data rozdélena také do jednotlivych kategorii dle
jmenovité délky vyfezu a dle stredové tloustky vyfezu (tab. 2). Pro
analyzu objemu pridavki k délce vyfezii s kofenovymi nabéhy byly
vytvoreny kategorie vyfezti Oddenkovy vyfez a Ostatni vyrez. Katego-
rie Oddenkovy vyfez zahrnovala vzdy prvni vyrobeny vyfez z kazdého
pokaceného stromu, tzn. vyfezy Casto tvarové ovlivnéné kofenovymi
nabéhy. Do kategorie Ostatni vy¥ez byly zahrnuty zbyvajici vyrobené
vyfezy z kazdého pokaceného stromu.

Analyza dat

Statistické analyzy byly zpracovany v softwaru Statistica 13 (TIBCO
Software Inc.: Palo Alto, CA, USA). Pro ziskani primérnych a su-
marizujicich hodnot jednotlivych proménnych byly vyuZity popisné
statistiky (SD - smérodatna odchylka, pramér, pocet, soucet). Roz-
dily mezi relativnimi pramérnymi objemy neevidovaného drivi

Jednotlivé skupiny sortimenti smrkového drivi vyrabéné harvestorem dle pozadavki odbératelii; u kazdé skupiny jsou uvedeny parametry pro
zarazeni vyTezu do dané skupiny sortimentd a slozeni pfidavku k délce sortimentu

Groups of assortments of Norway spruce timber produced by the harvester, according to customer requirements; for each group of assortments,
the parameters of the minimum top end diameter, the parameters of the nominal lengths and the composition of the length allowance are stated

Skupina sortimentl/ Minimalni ¢epova tioustka/ Jmenovita délka/ Pridavek k délce/
Group of assortments Minimum top end diameter (mm) Nominal length (cm) Length allowance
Kulatina/Roundwood 200 250, 300, 400, 500, 570, 600 N +RO
Agregat/Aggregate 120 250, 300, 400, 500 N +RO
Vlaknina/Pulpwood 70 200, 250, 400 RO
TéZebni zbytek/Residues X X BP

Vi {Captions: X - /not specified; N - nadmérek ke jmenovité délce/length margin; RO - fezaci okno/cutting window;

livky/Capt
BP - bez p;idavku k délce/no length allowance
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v pfidavcich k délce, vzhledem k priimérnému objemu vyfezu v jed-
notlivych skupinach sortimentd, byly testovany s vyuzitim obecnych
linearnich modeli (General Linear Models; GLM), konkrétné jed-
nosmérné analyzy rozptylu (One-way ANOVA). Signifikantni roz-
dily byly nasledné testovany post-hoc Tukeyho HSD testem s vyzna-
¢enim homogennich skupin. Pro testovani relativnich pramérnych
objemt neevidovaného dfivi v pridavcich k délce mezi kategoriemi
vytezt dle jejich jmenovité délky a stfedové tloustky v jednotlivych
skupinach sortimentit byly vyuZity obecné linearni modely (GLM),
konkrétné vicefaktorova analyza rozptylu (Factorial ANOVA). Vi-
cefaktorova analyza rozptylu byla vyuzita také pro testovani rozdili
relativnich pramérnych objemd neevidovaného diivi v pridavcich
k délce mezi oddenkovymi vyfezy a ostatnimi vyfezy v jednotlivych
skupinach sortiment. Signifikantni rozdily byly nasledné testovany
post-hoc Tukeyho HSD testem s vyznacenim homogennich sku-
pin. Pro viechny statistické testy byla zvolena hladina vyznamnosti
a=>5%.

Tab. 2.

VYSLEDKY

Celkem bylo do analyzy zahrnuto 195 565 kusti obchodovatelnych
smrkovych vyfezi. Celkovy evidovany objem téchto vyfezd dle algo-
ritmu cenového typu M3s &inil 31 874,36 m®. Celkovy neevidovany
objem dfivi zjistény v pridavcich k délce byl 697,76 m?, coz predstavo-
valo pridavek 2,19 % k celkovému objemu evidovaného obchodovatel-
ného drivi harvestorem. Pramérné hodnoty proménnych urcujicich
zafrazeni vyfezu do skupiny sortimentii, pocty vyfezii a celkové evi-
dované i neevidované objemy dfivi v jednotlivych obchodovatelnych
sortimentech predklada tab. 3.

Mezi jednotlivymi skupinami sortimentd drivi byly zjistény signifikant-
ni rozdily pramérného relativniho objemu pridavku k délce (obr. 1).
Nejvyssi prameérny relativni objem pfidavku k délce vzhledem k cel-
kovému objemu vyfezu byl zjistén ve skupiné Kulatina (2,43 %; SD =
smérodatna odchylka = 0,38 %), nasledovan skupinou Agregdf (2,41 %;
SD = 0,30 %), pri¢emzZ nejnizsi pramérny relativni objem pridavku
k délce byl zaznamenan ve skupiné Vidknina (1,22 %; SD = 0,32 %).

Kategorizace vytezt dle jmenovité délky vyfezu a stredové tloustky vyfezu; hodnota stiedové tloustky vyjadfuje hodnotu tloustky vyfezu ve

stiedu jmenovité délky

Categorization of logs according to nominal length and midspan diameter; the midspan diameter represents the value of the diameter in the

middle of the nominal length

Délkova kategorie/  Jmenovita délka/

TlouStkova kategorie/ Stredova tloustka/Midspan diameter

Length category  Nominal length (cm) Diameter category (mm s kirou/mm over bark)
1 0-200 A 0-150
2 201-400 B 151-300
3 401-600 C 301-450
D 451-800

Tab. 3.

Hodnoty proménnych urujicich zarazeni vyfezu do skupiny sortimentt a celkové objemy evidovaného i neevidovaného dfivi v jednotlivych

obchodovatelnych sortimentech
Mean values of variables determining the group of assortments, and tot
table assortments

al volumes of recorded and unrecorded timber in individual merchan-

I ) Kulatina/ Agregat/ Viaknina/ Celkem/
froménna vyfezu/Variahle:of 10gs Roundwood Aggregate Pulpwood Total
Celkovy pocet (ks)/Total number (pcs) 66 320 21370 107 875 195 565
Primérna jmenovita délka/Mean nominal length (cm) 4355 4059 2079 306,7
Priméma Eepova tloustka/Mean top end diameter (mm) 2889 1738 1613 2059
Priimérna délka pfidavku (cm)/Mean length allowance (cm) 12,2 12,1 3.0 74
Primémy evidovany objem (m* s klirou)/

Mean recorded volume (m* over bark) 034 012 0,06 018
Celkovy evidovany objem (m? s kiirou)/

Total recorded volume (m? over bark) 22688,16 003,485 ESAZA9:  BIeES6
Celkovy neevidovany objem v pfidavcich k délce (m? s kirou)/

Total unrecorded volume in length allowances (m? over bark) 95378 6182 8209 69776
Celkovy neevidovany objem v pridavcich k délce/ 244 2138 125 219

Total unrecorded volume in length allowances (%)
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