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Abstract Obtaining topographic information is essential for various forestry businesses, but it is difficult
to measure due to the forests' rough topographic conditions and obstacles. Currently, various methods
of logging area measurement are used for forestry businesses in Korea. So, this study compared the
logging area and the reforestation cost computed from it under (smartphone) GPS, RTK-GPS (using the
VRS technique), and drone ortho imaging. This comparison showed that the drone ortho imaging
completed the logging area measurement in lesser time than GPS and RTK-GPS and recorded tracks
while walking along the felled area's boundary. In addition, comparing the reported and actual logging
areas for these three methods showed an average area measurement error of 2,039 m?% Meanwhile, the
area measurement error was 446 m® and 355 m’ for GPS and drone ortho imaging, respectively,
compared to RTK-GPS, which is considered the most accurate method in this study. Finally, it is
expected that efficiency improvement of logging area measurement methods in the forestry businesses
and reforestation cost error reduction to prevent wasted budgets and disadvantages for contractors will

be possible.
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A Wol A AlfiEl= AR, Ak, EA, 2E 59
ThIRH AFAE QlliAle AFH RO FEo] dHo[tt,
AR IE58 9o W A 55, 4 = 93, W
gk 5ol & olg=3lo}, Hefolli= A= GPS(Global
Positioning System), LiDAR(Light Detection and
Ranging), 3D A7H 52 &-85lo] 22H9] IR
Bt obd 321 FPEE FEohe 5 thdst HiHo)
AREET QIEH1L 823 GPSe 4Hd S50 dubdo
2 FE{E jloH, X, S LopllA HH¥os &
|51t} E35] HZ2ole EES 283 AF
A9 g5 9 EA4o] 2437} Hl IrH2,3]. shA|et
P, ApYE 22 Beole
b A HolAe At AP2A3 gt FoER
o &3] ofglwol Bl oAt IA WA

Z|Z F2Iu|g7](UAV: Unmanned Aerial Vehicle)
]l o] 43} AHAEH o F8 AY F SHHE &84
o] oAl QltH4]. “EEolgt1 EEle FRITEV=
et HolE mAgE A AlA thaFst At Eokel A
71%E0] S 41 37t HolgE 3%k 58S
PIAATE] ot IT 71T 528 2ot 850l
T FY, 59 2ok g MM, A28 EE 5 O
gt EofollA F&of 9 7= o] o]&E 1 qiHoel. E
BARIEZE E8ol 7HEh, GPS,  INS(Inertial
Navigation System)?} 22 AAE HAlote] &Y A
AAFEE FHEst A E Bt 334D AR
£ AT £ Sle ot @A EEARISEE &
£oto] ARFAE A 9 B4, A4S B 5
ndly, &% £57 5 o8 a7 19 =1, 7-9).

SEuolAs ARAEY 24 E o A3 HE
of wet HAAGE APstr| Hol| EEA AL, AT
A A 5% 59 2AE S8 BAFIE E= GPSH
SLot oG eFRAA, AFAYA 52 A&t
5]7}E wotolgt gt E3F HAE 3t Foll= WAl 2
A otA otk 2019¢9] A|FE HAHA| Q] HA
100,588 ha & W2 HAoA AL Afzgo] o=
P31 QITH10]. E3F ALY Aiksstof Fgstar EA
FEyEte] Ad=AEE 77k rlEe] B dEEC] &
710 Holg ZoE HYEo], YoR9| HAHFL
A&sial AL ZAoR AT

AA vt AE BA - 23 AA ] A
B HHAE AMgSto] o] 28, 7M1 AR Sl
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Z&5ta Qlet. ShARE AlaA Q] HAHA T} A4 HA
WHIE Tha &Ko7} ARt 11 olf= AAEHY
OF, AAXY NYH EA, BAC AAT A&, BA
59 oz W45l TS| wfizo|th. wbA 7]E 4l
1 WA} A A A5 2YAIGC] AP
=7 A AEFE Bl viEgS o] ok WAyt
QAS FAIGHIL AFRYS Y5t AlgAtollA &7} i
AotAY, date] o] WAYste 1 RAFHL Ak
34 A- Folt.

£ Ao A ol2jdt Al A4 AL EE HAS
o] Whg JRAsk] el AAl EAze] Mg of
Zgo| A1PE AL GPS, RTK-GPS, =& 371A]9]
WHE ggoto] HHSHS AT T 47k
S uith 29 A7} WA, 2EARIS YT
o] W5k FHRolE EA5te] Al HAETF W
o] BEAH YRS AAEkILA}F SH9rt.
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Fig. 1. Location for each study areas.
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Table 1. Coordinate of GCPs for each study area.

Region Point X(m) Y(m) Z(m)
GCP1 | 468777.159 | 238452.025 | 126.621

Yeongok-ri | GCP2 | 468819.806 | 238376.499 152.073
GCP3 | 468683.919 238310.119 161.098
GCP1 | 472159.442 230085.507 409.678

Taerak-ri GCP2 | 472034.921 230102.071 425.437
GCP3 | 472135.383 | 230187.775 | 423.303
GCP1 | 470048.327 244857.255 88.612

Hwasan-ri | GCP2 | 470124.855 | 244913.106 64.382
GCP3 | 470055.447 | 244960.473 89.309

2.3 GIRCHYR| BRALE

2.3.1 GPS &%

GPS2F A7 449 AEE  Galay

Notel0 Plus Bd-S ARE3lAT} AFFoA o]#gt &
7718 ARgstel ST Al BaHoR wsHoMe
3.4 m, A&HolA= 2.6 m A7 IAFRITHIL. Tlo]
B2 @t dAUABolA et FISAHRZRAY
oHES] GPSFHE ALBtel LA} B o
= oJAslx] &1 AUEZO] WA GPSYRS E-85}o]
Ed 712¢ guslgith. 2ARTE S8 i
HAA] BAE Ao FE EHVIES AutoCAD
DRIPS AHgotel WA AEssh
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2.3.2 RTK-GPS &&

RTK-GPSZ#HS ComNavAle] T30 IMU GNSS
RECEIVERZ ©]83}9ith. 71&% GPSE AFRSHA] ¥1
o]%ZGPS 1tHE RTK &%o] 7Rs3t VRS(Virtual
Reference Station)-RTK &FHWHOZ 43.1 cm 9]
oko] FEER 7HAT ARoM FYE eA&S gH
T & oy AFYPAY Y9 dHl, +F Bl IF=
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A4 E97H|= DJIAR] MAVIC 2 PROE A&
3t9ict. o] 717]+& 2,000%F 349 1912 CMOS A7t
2 =lo] Qltk. Table 2+ ARESE A 9] AAGE ALFS
vebd Aojtt.
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Table 2. Specifiaction of UAV and camera(MAVIC 2

PRO)
Manufacturer DJI
Demension 322x91x84 mm
Weight 907 g
Max. Flight Time 31 min
Max. speed 72 km/h
Range 18 km
Gamera Resolution 20 MP
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Fig. 2. Drone aerial photography plan for each study
area.
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Table 3. Elapsed time according to area measurement
method for each study areas.

Region GPS RTK-GPS Drone
Yeongok-ri 22m 29s 11m 21s
Taerak-ri 35m 16s 20m 40s
Hwasan-ri 39m 33s 15m 15s
339] AttiAlel thsh GPS, RTK-GPS, E20=&
WAE S ) 7 2 el whet AEE W
2 WA THAT v LS, AFRHA 332 BF 7]
= *Ui?!id HAZ AL} ARG ol vt A
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Table 4. Area according to area measurement method for each study areas.

Region Reported Lo(igl;;lg Boundary GPS RTK-GPS (m?) Drone (m?)
(m?) %) (m?) %) (m?) (%)
Yeongok-ri 20,000 19,753 98.77 19,993 99.97 20,121 100.61
Taerak-ri 28,000 22,485 80.30 23,166 82.74 24,033 85.83
Hwasan-ri 40,000 38,395 95.99 38,812 97.03 39,084 97.71
Average 29,333 26,878 91.69 27,324 93.24 27,746 94.72
SD 9.95 9.22 7.83
A HA, A=, A= 59 AxE, AR HAL A

Reported Logging Boundary
S

RTK-GPS
——— FIS DRONE

Fig. 4. Boundary according to area measurement
method for each study area.

RTK-GPS &2 7IA=E FHe=2 HEA
(Modem)E ©l&3sto] olF=ol A Asoen

olg=9 AAFFGEE FIA7I= Aol AN 54
GPS 9] Hr2loltH13]. %4917} 50 cm ool &
olen AA| I AW 2ol 753t AAE wet 2
& & & RTK-GPS AARIE 7|50 =2 GPSeF =2
AALGGo 2 S35t HAE vuwskyS o, GPSe ¥
446 m’, EE& B4 355 m® 9] Zo|7} LAYSIITE
EFF HAL WA THER 0] 40,000 m” Q1 BHAtE]oA
28,000 m* 2l el 2 upy 7+ WA xjo]7} f
FA EAsIA=, ol=dt A= 3R WA I7]E
ot Ao} 20 wiet WA Zjo|7t o ZA WO
w EFHHo] AXHA WAPst= Xo|H} o & ¥

Sapsta, A7) ool 9L 2YE AgeHA] gk 7ol
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Qlgfof stct. Ik GPS, RTK-GPS &% 412 A9
A9 WAS wz Sofor ST 58 YIS &
&5 AQA 9] HAg AEshed e 53T el
o] shte] FArFAO R WA AbEo] 7ps3ltt

olg A5ttt dAxg, gy, shilElolA «drks
BIHOZ 22,141 ¢, 857,078 ¢, 218,993 9] A}
o|7} ¥hAlEIQIt. T3 RTK-GPS &3 HAS 7|&0 8
AF23t £971R o]0 A GPSE BEELZ 79,000 Yol
TSI, 522 63,000 Yol WAEsIAtHTable 5).

ALRAE BFAAR A= BHHOR 14,738
9, 589,350 ¥, 150,585 o] Afol7} TAYSIHCE.
RTK-GPS &HH&L 7|&0 8 A&3E BFAAE] 2}
oloflA] GPS&= BT OR 54,323 o] WAL, &=
22 43,320 o] ATt

AA EA A 2= oo} SEIHOA 2= o
27} HefAiA gigelohs Hd 7l 976,878
o] IR A A= 671,727 Yol HAP5IATt. A
A AAETC] "asgh JAvE 7 S H A8
Azt @ AYsE FHE HwsHytt. 3% A dA =
EZ &8sto] SF0I9S W AR FA DAYSHA
ot £35] tiAI7E & MY F%- GPS, RTK-GPSE
T ] C202 EZIFYS uf Bet 2.6 v Y]
fol7} Agsteict. WA THAHECL AA| HIHZ o]

$ 28 AL E & 9EE AG7] g2l &
AA &Es7t BAsta, ALkE B 4 B o g2 5
o] HES AAglof 57| wiol| AR|sHA] &gt §l F7h
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Table 5. Cost of reforestation according to area measurement method for each study areas.
Region Measﬁlrfeamem Area (ha) Coftlzg/[(/on) Dif?:i\:nce (\?VC:)SIE) Diﬁce?z;ce La?vovror?)o st To(thdoi)o st
Method (Won) (Won)
RLB' 2.000 2,436,000 0 3,542,622 0
GPS 1.975 2,405,915 -30,085 3,498,871 -43,751 3,966 5,908,752
Yeongok-ri
RTK-GPS 1.999 2,435,147 -853 3,541,382 -1,240 3,966 5,980,495
DRONE 2.012 2,450,738 14,738 3,564,055 21,433 2,002 6,016,795
RLB 2.800 3,410,400 0 4,959,671 0
Caerakrl GPS 2.249 2,738,673 -671,727 3,982,793 -976,878 6,220 6,727,686
RTK-GPS 2.317 2,821,619 -588,781 4,103,419 -856,252 6,220 6,931,258
DRONE 2.383 2,902,859 -507,541 4,221,566 -738,105 3,645 7,128,070
RLB 4.000 4,872,000 0 7,085,244 0
Hwasanori GPS 3.840 4,676,511 -195,489 6,800,949 -284,295 6,976 11,484,436
RTK-GPS 3.881 4,727,302 -144,698 6,874,812 -210,432 6,976 11,609,090
DRONE 3.908 4,760,431 -111,569 6,922,992 -162,252 2,690 11,686,113
'L:Reported Logging Boundary
Goverment Funded Matarial
H &2 Aol ZEARE AREEE =7 Adae B 446 m’, 22 Bt 355 m® 9] Xo|7t WA
AAldu|7F gt olgh A Fo| A& & v} GPSY RTK-GPSe AHIE 22 AR £ 74
Holn Hut 2% WS 5| oA WU BAS  AS Aos EYRE AT A Ho]sl Wil
ERIthd o 2o] AFAY Aol 7104 & & A Tk RTK-GPSE AEet S30] 7Fsshy a71e] 717]

o= meheEnh
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