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The Utilization of SfM that Combines Images Taken Above and Below the Canopy
Using UAV for Deriving Forest Inventory Data

OAzwar Azmillah Sujaswara (Grad. Sch. Agric., Kyoto Univ) * Hisashi Hasegawa (FSERC, Kyoto Univ.)

1. Introduction

ForestInventory isoneofthe most crucial parameters in forest management. Conventional forest inventory
data collectionis consideredcostly, time-consuming, and exhausting. On the other hand, a non-contact method
using remote sensing could be a solution for those shortcomings. With current technologies, we can obtain
more detail tree characteristics such as stem shape and leaf mass. It is also expected that advanced simulations
of forest management operations can be performed by constructing digital copy of real forests.

Currently, LIDAR (Light Detection and Ranging) measurement is the most accurate but high-priced
technology. As an alternative, a cheap consumer-grade Unmanned Aerial VVehicle (UAV) could produce
cheaper LIDAR-like data through the Structure from Motion (SfM) algorithm. This research aims to evaluate
the capabilities of our method in producing 3Dimensional data in several forest conditions for deriving forest
inventory data. We proposed a new approach to fly the UAV below and above the canopy, to examine whether
it is possible to obtain precise forest information by SfM algorithm instead of LIiDAR.

2. Method

The research is conducted in two different forest conditions in terms of tree species, understory condition,
and terrain condition. We manually flight the UAV (DJI Mavic3) below and above the canopy in about a 20-
35 m? circular plot. The image was captured in 2 seconds intervals. The point cloud was produced using Pix4d
Mapper frombothflightmissions. The tree position, DBH, and height were automatically estimated using lidR
and TreeLSpackages in Rstudio. As comparison, we collected forest inventory data using ground measurement.
We were also acquiring airborne laser measurement data using a LIDAR UAV (DJI Matrice 300 RTK +
Zenmuse L1).

3. Resultand Discussion

In two plots, we were able to construct highly accurate 3D models of the forests, except for the heights
where the branch density was high. Tree position, DBH, and height were successfully estimated then compared
with ground measurement result. In addition, the reproducibility of the stem shapes was high compared with
UAV-mounted LIDAR data. The capabilities of our approach in reconstructing 3D model in each plot will be
discussed. Lastly, we will also discuss the other potential utilization of this approach in future forest
management. In future work, we would like to obtain more tree information such as wood-leaf classification
and stem curve use this data. We will compare our results with airborne LiDAR data as well.

Keywords : Structure from Motion, Forest Inventory, Photogrammetry, Point cloud Fusion

Fig2 Point cloud result at lower part Figl DBH detection in thined point cloud



THE EFFECTIVENESS OF OCCUPATIONAL AND SAFETY HEALTH (OSH)
IMPLEMENTATION IN PLANTATION FOREST HARVESTING

Ratih Madya Septiana ; Masahiro IWAOKA ; Takeshi MATSUMOTO

Tokyo University of Agriculture and Technology

Sustainable forest management (SFM) is accepted as a concept designed to embrace different
forest interests on the value of various stakeholders (Berninger et al., 2008). This definition
reflects that forest not only provides ecological function but also should consider human and
social aspects, including the safety of the workers, as they play a significant role in executing
SFM. Indonesia has about 58,3% Forest production, and all timber harvesting activities are
conducted in this type of forest. Forestry work, especially timber harvesting, is a dangerous
industry and has a high risk of accidents and occupational health disorders. The High risk of
the work resulted from the combination of characteristics of the logging operation itself,
adverse working conditions, and workers’ safety behavior. The accident rate in the forest
industry in many countries has been reported to be significantly higher than in other sectors.
The Occupational and Safety Health System for forest workers is important to implement. The
objectives of the study are 1) To identify the sociodemographics of forest workers; 2)To
identify the hazard risk, the accident, and health diseases caused by timber harvesting and 3)
To analyze the implementation of the OSH Management system in the company. This study is
qualitative research employing an approach to data collection and analysis. Data that will use
in this analysis are occupational health-related policy documents, criteria and Indicators of
Occupational and safety health by the FSC's documents, procedures on forest operations, and
OSH implementation.
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30 HICIRE—MRD DIRED B A X OFIELRE LT, TO%H &I BREIEEIT > T2, T DIk,
[F4E 10 A 18 B (CEHKIE 16,3 B, SR 55,1 %) (2 SRS EBLBATRIT, M ANTK
EHEKE TS OREER L H, HEEZNTIIZOW T Tz, ZOEBRIZEKIT 28%h% E
%) IFLATF ORIz & - Tk,

E=T,/ T, X 100 (1)

Z T, EEEGh®R (%), TOdKEEFICHS L
& (kcal), T 13 (B 2DWITEHE) DIRALFEEN
& (kcal) THD, &I, FE12H 21 H (FY
SAR 10,9 BE, SERREE 57.4 %) X L TFHEED
PR A, REEEnENE AW T ITo 7,

3. WMRLEE

PRIEFERDOFER, FHOBGHRIL 4.4 % (1 [BIH),
3.7% 2|IH) &7polz, FREOENZFRIT 2.4% (1
mH) & 2.3% (2 HH) ThHhotz, & KTITE
INRKEZTNIER T B T2 0BT E L ooz, ¥
AT EOFTHERICE U 7= 3 & FBED ELL R EEIXE
IEI 14,994 keal, 14,970 kcal Tho7-, FHHE
WEfIE 3T L B 3E 224 5, 241 B, 2,806 P CTH
ST, NTARIGE PR ZJREEKICB T2 ) ¥
— 73— NVEREDFT —ZEHNT, ZOF A
FED 1YL MIEEN D 02 A LTz, Ok
B, AXANTAH tha Y4720 HTIE 839.0 [A], FEETIL88. 1 [AIEND Z ERboTz, FEEN
LEOLNDEEIITHLIY bREL, FHEmiaed 26 L L ToOREEMIZE .
F—J—F: Xy, B, OBREE B

S
g
-~ ¥y

- 34 4

& LT 1 2D KRR
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UAV OFRITEE & AR A AN ZEREMEIZ LD
HARDHEBN AN G 2 D B2 DT
AT BRI 8 AR bR 2 )

1 [XL®IC

WA, HEAIZERE (UAV) AaaficE & L, stoBinRIcEH S>> 5h 5, 29 L2,
FEREARBCORE RN E DFER DT, Mk Lol ARZ G & LB RO=— R 503, HEAREY
A ZXWPNEL, Frha REOZERTEISEH INARITEE (50~100m) THASF L7z ZEHRkiEE Tl
HIBINREE 2 GENH D, £72, ZEREGIC L DEAROHBIIL UAV ORI TE IR R TH D
HARDY A REDRELZIT 5720, ZEREMRIZIESO T BN OFHEM 2 AT 5 72912,
WY 72 DR ENMETH D, ABFFETIE, s L= ARD BARHBNCE L=k tbo
BEZHWE L, YA ADEL-Z0b5E / FEIKREEZXNRIT, BiHDMITEE CEREAT
VY, UAV OFRITEE LA L 72 AR O A AN ZERIEEIC X 5 B Al 510 5 2 DB 2 R~ 7=,
2 A&

SR IR = T AGERT O A L (0. 23ha) 123UNT, UAV(DJT #E84 Phantom 4 Pro V2.0 Plus) %
HWT, FITEE 6 ~88m CE FMIADZERZIT-7- (n=186 K), FAEHANDE / FHEAKE
(n=125 &) OREFRALEZFLER L, BEARBIEORKIE S CUCERZT 2RI ZHEL, FHBHEE
FRH LT, £, o, RS OMEZHO 244 2 a7 (2021 F1 A%
ff, 2022 48 HFHAI, n=35A) O NHEE % [RERICFHAI L7z, HIBIRISIiz WL, A0 Vi
BALRTOZEEREG & VT, MEARNIE ORERE H &2, ZERmEiE o P REIcii@E LV icm AR s
SNV ay ECHAHBIL, 3ERE (THRIES ), THRBIKEE F7203 PREBIAFT) TR L7z
(n=468 [A]), F7=, MtET V7DD, MHIES] %1, DEBIKEEE 72 3HB0AR") 20
ELTMELL, ZhEEERE LT, REGLET LV (D), RiTREKRGFET LV (@), F
Ik e v (@), MEE GRATEE X ORI KFEET7 L (@) 0450 " IHu
AT 4y VEIFETIAVEER L, AIC DHERIC X > TETFAEIREZIT o7,
3 R

T HUAER L2 ARB L OSHAEA O 2484 /% £—1  EHAROLBENE D434

2T FEOFERBERY, R-10LBY ThoT, 55 mEAL Y | 2EEE/F
IR A[ASIZ DWW T, RATEENE L 2251251 T, - GEEHE) 15+
PHIBIA S ) OFIGRNED L (M- 1), i 2t e 205em
AIC 75)% ?é) /J\ é o fC:E"if/l/ﬂi, @@ﬁﬁj‘g (ﬁ?ﬁ—% $F~Bamau | 15.5cm~25.5cm 17 5cm~~26.0cm
BE K ONES R R IKEET L CTholm, BT B ME~BAE 6.0~34.5cm 11.5~~32.0cm

HHEETIE, 284/ Fa T TR OV A X ThH H85E 20cm DRI R EZ R E LIz
B, 80%LLEDEAD THIBIAS ] L7ebBBE2 PG 570I120E, ITEEL 1om L TFIZT 5
VBN (M—2), BATEEZ T2 LRERHEN R 2570, ZEREGOFH B8 & ik
HRRTHLHADY A RZEDEAITEELZRIRT 5 L BREETH D,

n=88 n=92 n=87 n=86 n=115

10
g 10
:HJ 0.9 1% b >< 16% m " 0.9
Al ; 2% S TP B S
R R - 8 7l 00T
= 0.7 2% b 6% K =1 B
gl:)l 0.6 21% & 06
| os| [, % @ 05 ! e BiEle \ERiE
A 62% = 0.4 : 15cm_ 20cm
=3 04 28% :
0.3 52% Y = 03
B #mirar 0.2 - 0.2
0.1 23% 0.1
o s 15%
0.0 0.0 :
Fsizees £20 2130 3140  41~50 51 ) 20 0 60 20 00
RATEE [m] RATHE [m]
B— 1  FATEE & BRSO BR X—2 E7 HEERS

F—OJ—F HEA, VE—FEUVUT, Rue—r, ZEREM, iR
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GV ANTHROFEE XA MIEZETTITFONE D
OREK BRI (BB EMART)

1. [XLsIc

REFETIX, 77~Y ATHEBEOK 6 FI25 13 finikll BIZZEL, Tk, BEROEE ZEAKZT
TRERARICSOHIER VRO TWD, BT~V IIERMEZTLISEWFREN DL Y, SRR I
(ZH DN, 4 BT O 7~ NTHRERIE 1%I2072700, SR ORERNBD 7<= YO E L
L CLREMRMRZX 5720121, 1T~V BEROE R HHEEPLETH D, ZOTOITE, EHE
R, MOFenTRWiiks BIET 2L b0 ETH D, ZNE TOMFERRNG, HHfFZT
E L Z OB ORAREIIZEELRH D Z ENHA L (KRS 2021), £V, HFEX GBI - T
FEAR IR TR NZ = PRES NS, T I TANIETIE, RHTEREOMIE X TTIED LIZTDHROE
ENG =L, EH A N E U X R LT,

2. A&

HiHE 2 S OME¥E AT — 0%, OAHEx, OFMiitEz, @7 7 v 7 AHiEz, @O 7 v MHilEz,
Oy NN EO 5 E Lz (38), kR L U7fEskEEIL, (RO E TN 3 L
L, HEZII AT, MBI E IS TITY, TR I EN S 5 Bl E Lz, ERIEER OCO~@OITH
?v/@AIL% O T~V ORKEHEZHEEL TN D, O~ODHHEXIT—BIEET AT AL
L, NTIEMICBT DHEED T I 2 DO E Lz, 72, O~@DE RITHR DMk,
TEAER, PIHRENOHM L TR E2HEHT 2 &L, Mk 44ER ETIOEYMEDN 2mEz#B 25
ZEEBELSFHOTMY ZEKT 5 L Lz, BLERODKREDL (2021) OfEERND, T [EE
TO@O@IE 3 F, @Wix2FE Lz, OIIh T~V DORIKREFETHN X IZ L D5EEDOMFLE B &
FTH) 47572, FADIZoEE Lz (KRS 2020),

3. #ER
ﬁE%l%f’E%J:H:@LT B = A R OHIEEIGIE021%, @42%, @33%, @D48%, ®88% LA I

7 (), A W%ﬁnzL&ﬁé@i@ﬂ#%ffﬁﬁﬁ%léﬂ& Y THDHN, 5~T T 1

Iﬁlkéhéw7v/@¥® TR Z D TR 2 Z LA TERITHIE, BB afReth 2D TR,

KIELTHAITEOIMA DD = A RR0ms 2 EIRY, EREELE LD bR D RN S 5,

@@’“f/“%#“*ﬁ@ﬁ131}¢4& £ WHABESEOBHMEER 2

S TR [EFEA D T Te oo N LiEAR D H

CHRLIES R b £ 7B, KeT@om T e wwa= %gi%%géE““g

T P e A T BT I |

NHEL LT EETH D20, Fhdk, T @

D &b BT 0 (OB b 5 % @

HIENEZLND, ZNLHDZ LD, Ak

BREMRERIEE L UI@DN 7o Rl —atex ®

WANHELETHY, HiHfFEz OGR4 . mE

MDD LIS TTAY [EEE LD free

RLTHZELI/ETEH LD, & 2= s

BOERDADMLETH D, ST RERE R R AR G A Tht: e RS

31 SCHk 200 TTEE

RFAZSIREBIED (2021) ¥tk Hidz 2 12 i 8 FI34EH

S BARLABAILE 010 B =T
B, ARFEE 36 (2) : 99-110 f?;ﬁﬁf

KEZWERIED (2020) 7T~ DRIK itz
BT A 06 F U 72 BT W it S F A oD il

N, EEFIEMR AR 34 0 11-20

BEHAANTFA/ha)

ST K, B, 590 o e s
REAEPDH], TXY, KIRFH ELHR O L8
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b/ FHAMIC BT 5RO E
OKRIFR™ + IFEAT™ - SF R - HAEA"™ - diREE" - MRS - A s
1. [FC&HIC
Witki3, (47 PRI X 2 FREHR OB © & 2 77T, L L TR R (R
(E% 3T 2720, Z ORSEIEBRENINT 2 L EAOND, % C CHIk O % i 5 7=
D, REIGCTREENED 5 b, EMEIRFEICH > 5 EEEEREW S 21 L,

2. MIRF L
EHRORREARINEGK (F14, 15 c&RILEHRK (& 16, 21) W TfTbilz, 4%
B OBRMEEZBI L 72, EERIHERINZe ) FTHY, TEBRKIRRCEKELZe T
Hb, FERIZF vy =1t XBHEME - i (21 R<) 0%, HHY A4 v FIic X - Cigid %
TOMAR|E TREFE SN, EMIEI N —RZAXBEMDLF vV — - 77y TVOMFEICK - T
FITINTz, P L MR T LICERIERICHEL, I W ERBE - BRI 2: 5
KA L ICHEEFEE 2 KD T,

3. BREER

%2> & EM B ONRE A £ TICE L R ERFEE O 2L 4,116 F/ARTH -7 (RK-1), [
KRB H 31%E T 5 &, 5334 FH/RE %, ZofERIE, REMOEMZ WL < FRi&KtE
MOFEETH 5 6,333 M/m®  (GF1 3 FREHK - hEAFE) LRKETHZ LEZXOND,

®-1 EEEREER

14 14 15 =15 %16 %16 21 & 21

EIRY K2 [EHR Y K2 B Y K2 (E ) KReéie
LS UN- S ON) 1 1 1 1 2 2 2 2
BLIEL 43 6 25 33 12 20 9 4
FEEH (F/A) 4,231 4,271 3,249 4,130 4,049 4,664 3,139 7,626
FEFEMMARE (m¥/4A) 1.24 0.84 0.98 0.78 1.06 0.75 1.05 0.99
TEAPEE R

59.7 59.7 52.3 52.3 78.2 78.2 54.0 54.0

(% * FARAB/AEARETD)

AR X (BB SNENE RS, SCRHERHRE [15H04508 5 20H03023] OXiR% 32 72,

F—T—F e ¥, Wk &k EEFEER

Hf%SE (Corresponding author) @ K¥KK (Dai Otsuka) E-mail: dotsuka@ffpri.affrc.go.jp
Direct production cost of final cuttings at two cypress shelterwood stands.

™ Dai Otsuka, Masahiko Nakazawa and Seishiro Taki #FFMFREWIEHT For. and For. Prod. Res. Inst.,
Tsukuba 305-8687

™" Mikiko Matsui and Tatsuhito Ueki S R#= 5 Kami-ina 399-4598

"™ Kai Moriguchi = HIKFEIRIFFERAER Faculty of Agriculture and Marine Science, Nankoku 783-
8502

***** Masashi Saito 5 FRFEFE Faculty of Agriculture, Iwate University, Morioka 020-8550
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4 AT R ARy BT XK DR B BT OREEE

I ayEfn, BRELL, xR, FULME, FEALZ (BWRAEE) . B85E— (k) V7
kv 7))

XU

DREOEMRHDZL 13, IR A E OREEY M RAET DR REHIZH O | A — L7
01— 7 ORI ETR OEARRNEETH Y | EHARORHSS T D AEEEOBEMIEEITRIZICATIE
EIZL 0T TWb, 51, BEIUAHgo A0 & Sl E2HNFERREL TS Z &
D, FARBEOFERRIT SEREICL PEo T D, HERREZED, HKELERHEMICIT ) 720
I, EMHL A B HICBE) CE DM AEA L, AFRE O EAFEREREDOM LAY |
ROM Ex2MDBEND D, € 2T, 1EROBENEN & 13825 4 RATRES) =R > b2 E@HE
¥EBUGITEAL, BEWERRZH LN T DL LI, FERMICEANET 22 2 8EL, Ry b
O BHEHBTIZET 2 FAERR 21T > TV D, AHE TR, 4T e Ry FOBEMTHE & BE)
BTN AR R R EZ I BT T 5,

Tk

ATRERIT, BRAGR S UTIEFTREN O B TCEITRBRES (RARMER 25 ) B LR/ TN T
Feh Uiz, TR OGRS, FlmoBEI 7, #REE, BEmEAL 2 LS T, ZOROBEH)
BATOREE 2R Tz, BEBRTIR, ARV — 22 X DB ORI 2 B OALERRIC L0 BorT —
2L LTRERL, TORKERZEDIETHEMSND, TORDHEBTOREIL, ZosHTL AH)
BITOMME ENENHBNERRO h—F VAT —2a ATEIDEI LTS Z L2 XD koD
7o Fio, BHATERAHORE 22 SE25E (AHOXN Y A O BEIBRT~DEEIZON T,
HONERW TN (RES A F | LIDAR) IZX2EWEZH LT LT,

(EES

4 TR AR » ME ATRAILOBREENPRE B LRWERFIZB N TE, X TOHETH
BTN ARETH Y . TOBRDREITRARNT Im BRE TH o7, £z, BITREEOENT L DKE
~OFBITIZE A E RO o7, RIS, BT L BRBE 2 2L S B BEVRT T, ETE
DD HDOIFENNZ L L7eE. EB 6O A CAERMS T AL bICHBBRTEZIT) 2 LT
Teis . BATE O ZA Y Ao 7oA 1T, IRED A T OBEIZB W THEBAMTO®R T TH OAZE
RO HEWTRREEE 7o o7z, —J7, LIDAR 2> 72 HERTCIX, BOfEL R LS Z &
R EHBBTNET Lic, TRODREERNG, REN A TIZX 2 HEATIIHEREREOZIZ LY
WHEEC 2D LAES DA, LV 1ES ORBEZFE#H TE % LiDAR £ 5 Z &2 & W BEVRTOME
FEMENEEDL L TFHRINT,

F—U— RN 4R fTaRy b, KE, BERT, BEI AT, EH
Z ORI, EHFIER R IE N 2L X — - FEEEFINR AR (NEDO) OHit¥ER
(JPNP14004) OFERELNT-H DT,

14



A Fe—v SIM i X 2 EEERETEICE T3 L TEDFH

OFE@IIMsE (UK FSERC) - Azwar Azmillah Sujaswara + kil (REABEE)

1. [FLCHIC

MRS DAERE G I 351 2 GBI HE LA~ DR £ - T % 28, (E¥ERTRE A HiPH 23 BRIE X
N5 FRMVEREER - fEERE T, —FNALoE E 5P THEFIHEIC O WT, —ii k@I
XV LR S 2 2L s, (FETOLEZMICET 2/l WERESHETH D,

e s 3 B0 FEE LTIE, Fe—vHIXoTRELZEERT — 255 3D E7 L
EREET 2 SIM T2 H 0, [REEROFH AW EZHN (M5 2014) SLHEMEEED kS
HHl GBES 2020) ZHicfifHINT w3, —J, SIM CIRIRF L ZEGREZHVW3 2 225, HFhco
EH R E S > O JLEFENT 2, M E»oDRFICIREINS Z L AMEE 25,

ARIFZETIE, Fu— v 285 T oRfT ¢ TS L 2R % T SIM fi#ffr 217V, BRIREE
EHE THEOREBIcs T 3 L TR Z A,

2. Hik
FERREARE T PNIC IR & 4, WIS X o THEK G THIVE) L =SB o e BE c v
<, LEYH» LK E o 4B T e — v aiiy, FTREAHEE L 72, AL 2SR F
o — v DJI#:8 MAVIC3 % v, Hi B 3~5m O E & ok % 2 BWRE iR L, PixdD i
X oT SIM @i %#1T 5720 REHIC P —Z A2 F—v 3y (XY~ TT-N45, AT TS) <Lk
DR EHE 2T, #EREZ Fo— Yy CHE L2 TE &L 72, FHlcY 72 o CTld, W2
4iEFREL, TN OHINICE T TS T L - fEE% SIM I3 % GCP & LT L 7=,
3. BREER
4 BlOEFFEOWTFRICEWTY, 3D EFALE LTHREOFRA Y 277 FF—223EEh
(1), HEHOLTEIEETE 72, TSIC X 2aHITIE, 135 AsHlA % Tic L7z TIN fE&K
mEDOFET, AR OE S B EZHEE LA iEe s kv, SIM I X 2 EHEICIE, HvIC
W% L TRIEELTRETH o 72, 5, B4 G0 Rz 2 Mim CRKOEIT 2175 2 &1tk b,
FEBDEH B L UCHIBTIEZ — LT 2 -0 DFHRE2G2 e nTELLELZLNS,
5| FASCHR g ayebery
WILE—BF - 3 B2 - 8RR T (2014)
SIM Z W72 ZRICE T L DERR & K E
P~ DTERATREME BT B9, B
BT T seEe 81 « 37-60.

FEAGEED, B E, AR, KIPRIE, &
RFFH, FHHEESR, TR (2020)
SIM % i o 7= Bl X 5 fE%E O kI
RHHI. HAREATES 131 : 603.

®—7—F PR, - TR UAV, B | Leiakie
MTRTT, SIM 51 SM (& > CTHERL L 7= TE4IH D 3D 5L

3
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WEEDO N EZH D ET HEBRBICH T HRBEEROETH"
Oé&%ji'f%/jli:** . lj:?*\j‘;j%_’r%*** . Eﬁ}” I%_/]I):E**** . ﬁ%ﬂ\_}i:***** . %%1:%****** . ?D{@** . E{%%ZE sfotlololor

1. [FCHIC

A ONRAC KU 2 (R O A D 7=, 2020 £ B RERFEOFRFEmEICE I ML
—IRETITINZ BTz, —F, (KRBT 2 MR8 OE B IS Hake 3 4 1L M o0 2808 T,
—WRATEDOR BIRWEE THDHH 3 SR THEITHARIEIN TV D EFEA BN (10t OARM b Z
v 7 R D 2022) OBITHAEEL WEAT S 2V, @ T A ILE T A ERICIE, IO RO
DI H LY, £EEBENICEIT 2 REOEHIEDODHFIERHEROEN, HROMENE, moe
DOE SHIRA L, Zicbizd, ARG T, SBROZDICHFEENLIE L 7 58k O %%
ED DB, HEEE CHBERIZIS Uit A+ o MR SN TV A0 E B L TGREEZIT- 72,

2. Ak

EEOBERFEHRICONT, EHEHMEERICITAAOESFEHIREH (B - 18- EE7 Y ; ADAS
(Advanced Driver-Assistance Systems, JCiEIEHL S HE T AT L) KHLD/RNT A —XDO—E) BNHDHH
B —29—r 2 (B U4k Tnod NAVIAPIZO) ) 705, ZAE & —EOMES I 2 EE
(KN OREEEHEERE 3.0 m K&l : W1, ~55m: W2, ~13.0m: W3, 13.0 m~ : W4) - #
JE - HIRMESE D GIS 7— % & f%7-, #EERIIMIE T — % 2 kR 3 m AREELL T 0 s8I 2848 L C i
AR > DHEE LB 2 S8 T — 2 IS L, T O&iEME %2 RTK-GNSS (FBik 5 2022) %
HH L-dl (Y Z AR I3 DX 4WD 3JB 2017 A8 TEHM L 7-8ET — &% THE ZMEE L
2o EBEOHEWBIZRBEmO K74 7 La—4% (7Y —7 2 C9T2-V7-590) O % Hvy,
HEICBT25HIHAS YV 7 L—2 g VB 572 0.5 mBEROFHI A v v 2 22 LT, #hff
O HLEIR B % 0.1 m BAL CRiA o 7o, FHURISTHhAR S 50 m LUF Calfe 5 81 (dhfR
ER1omllE) &L, BMBHNOBRKEAHRESNTWALIEET - FEmBoORE (FEZ 7 A WI,
2 X[#EF 16.1 km ; 1a, b) , FEHOEME (W2, 6.4 km;2) , AM b7 v 7 88 I@ITT
HEEHORE 2 XM (W2, & 163 km ; 3a, b, BEHIIMENDDOHAE) , WHHITOEEDG
EEHRICELFE (WL - W2, #+47km;4) THMEILZ (EFRXEZE 626, ) 85 m/X[H)

3. HBRLEBE

FHE U 7= EENE B s D AKE S 2 FE 2 ko RIS U2 AR O BHEIE B2 U7 O 2 20
g2 L, KBE la, b ITTFHRIEN~A T A THEICMOBERE L N/ NS hoT-, 1b 135
IZHE B 2ML L 0K T m e TR L ARIC/N S, IMGEK (RES 2 FE 3 MHEY) L
THREFFENTWVWD Z EWNRIB I N7z, EEEES T 2011 AFOE T CTHUTE OB T F1TEUIZ
RN EEEINTEY, BREEIZNLEIERN, ZOFRANEH I TWDAREMER &
b, MEE LTS NZIEHR 2 & b IXRMIENFAEICM LD K& o7z, [EROME XL,
EDBRUTB N TG, EREBEIT TRV E Z AR &7z, WEHIERIC S 5 B4 T
IERBENEEICME Y KXol Z OO MIITER - &R & - ZEiTREE ok v i
SemzefEr (LLRES 2021) T, BB EZANMME D ARBICRKRELNENWEZD EEZBND,
AWFZ2IL, Blpprgesy (G C Hrk « JRET+5 18KT0090, F:A% B —i% : 21H03672, 22H03800,
A C i : 22K05747) DIARE, EEFRMICOW TR AT U5 LERK I 2
DOEET VX IVERBMXFEHT — 2 ot 54252 )72, ZZICRE L CHEEET,

F—0— K XE, ME, B, @7 ER

%56 (Corresponding author) : $8AK{RE (Yasushi Suzuki) E-mail: ysuzuki@kochi-u.ac.jp

Passing ability of log trucks on public road networks in mountainous area

Yaushi Suzuki and Kai Moriguchi & RFHEMIHE B AREFREFHMM  Fac. Agric. Marine Sci., Kochi
Univ., Nankoku 783-8502

Tetsuhiko Yoshimura SR KFAWEIREFE  Fac. Life. Envi. Sci., Shimane Univ., Matsue 690-8504

Hisashi Hasegawa HEIK% T 4 — /L RRIZ2HEENIEL > % — Field Sci. Edu. Res. Ctr., Kyoto Univ.,
Kyoto 606-8502

Kazuhiro Aruga FHEEE KFESE  Fac. Agric., Utsunomiya Univ., Utsunomiya 321-8505

wt Masashi  Saito BFRZFEEEL  Fac. Agric., Iwate Univ., Morioka 020-8550

******* Hiroaki Shirasawa #MHREHIZEFT For. and Forest Prod. Res. Inst., Tsukuba 305-8687

*****
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U BRI SRS RSy DTG 5 2 % 7B
SHIETT CTEAR) - IR (AR

1.IZC®IC

KBRS IC BT, O & D DIEEMRD DI 1AW IE ERERE, 2 A PHITHNTH L Z &
FECHONTWS, L2L—T, RHROEERY — MR O 25 1%, & QITHERICBWT
KIFEDOMEEITFROBEELR T X2 2 B EfEINTnd, LzdoT, Awic [¥Z T
HCELD|EH DL PRBETH D, 2 TARFE T, (FEOREEZHECE O 2D & b %,
AR D R 220 RE LCE—DFEEHAVTEMEEZ XL, 55 N7 0 % L MRk
DIt & DBEIfRZ T L 72,

2. W & FIk

EIRR S A TS R oMY, MZEX Sy, BEMZ M & L CRRaT21T o 72, MZENZRMI L L
T, MEEHAL (21 EARIE), /NIEELAL (328 fE/NE), 35 X OVIE—AREE N O B/ NE % sk AT © &
LMy (70 #53) o A&E 419 ¥4y, THIRE 0.04~37.6ha 2 F&E L, EEMERD GIS 7 — % X
DIEREIS L 72, T-ME0TF — 2 13EEHFEBED SmfiiZEL —F—HlE X v 2%, BEfFE
BT © GIS 57— £ % w7z,

FEMANCTE © T I3l (1982) oifmibkEEz v, mAEMEHZ 30m & Lz, Fo i
HEBCE DAL R & B RS & sk, MHbky & & icho g & g L 72,

3. MR
SRS DI &, PEMEGT I D T RAK > N EEHE S DBIfR %2 B — 1 10 37, AN S Wik T
VX EEAE R (3R O EIPHIC AR L 7223, B X % 4.5ha LA OMRS Tl EEHE25EE 12 300m/ha~350m/ha
OISR L 72, T7abb, SHBEELEEL AT LICEWTLELIMEEa R M 2155720
ICId 4.5ha REOHBELHEICKR D L
BAb. 7L, TN VNI VHED
MO TORBEED 2 VIZ XV EEED
BB E LN T» MY b 8% FIE 8000 F

10000 ¢

LCh Y, Iz el Lo i % o b
WERHFIZDOW TR bR 2 FERDBLE P t.
<H 5, § 4000 |»
2 2000 y
31 P sk .
WEHAREH (1982) il o Bl 5T i > 0 © 90, 0009 ®e00 6 00 %0 |
W (1) ¢ PR R T RO 54 0 5 10 15 20 25 30 35 40
172-177. 43I (ha)

B —1 SR DI & 15 6 27z Bl L
¥ —U— F G Mo
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