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Range precision in forestry with Reflectorless Total Station

SU Yingzhang, XU Wenbing, ZHANG Guoli, MA Cancan, LIANG Dan, FANG Yapan
(School of Environmental & Resource Sciences, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: The Reflectorless Total Station, a convenient and efficient instrument for distance measurement used
more in construction surveying than in forestry, was employed to determine the influence of different factors,
such as trees, walls, distance, and angle of incidence, on precision distance measurements in forestry and to
determine its feasibility for use with forest surveys, a Reflectorless Total Station (SOKKIA SET1X Total Sta-
tion) with trees and walls as survey targets was tested. Experimental results on precision of distance measure-
ments showed that (1) the material quality of a wall had little effect, its error is about 0.5 mm; whereas, (2)
different tree species has varying degrees of bark roughness, it had the most influence to precision distance. For
example, maximum error reached 2.769 mm with a measuring distance of 20 m. (3) Surface color of the target
object revealed that the darker the color the greater the influence with 1 mm of error for a 20 m distance. (4)
The stability of reflected signals had an error proportional to the distance with close to 5 mm measurement error
for 100 m. (5) When the angle of incidence was over 20°, at 20 m the error was close to 2 mm. (6) for target
trees with rough bark, randomly selected target points should be obtained to improve the precision of the dis-
tance measurement. [Ch, 2 fig. 6 tab. 17 ref. ]
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Table 1  Bark’s surface characteristics of different tree species

T Fif TR} He 2 1H1 FRAE B #f Y B 2 i AR AIE
FE# Cinnamomum camphora WK, WIHNRE || HHW Firmiana simplex Ha, i
£LAE R Robinia hisqida W, QML Wi 4% Populus adenopoda WK, Y3
T h Castanopsis sclerophylla WK, 14 Podocarpus nagi e, P, AR
WIS Salix sp. e, P & 2% Magnolia denudata KAWHFEM, FiEoR
HRAY Ginkgo biloba WA, RNHMHZ | FAEM Robinia pseudoacacia ‘Idaho’ K8, L%
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Table 2 Distance measurement accuracy of different tree species

B b TR MBE R /m G R R E/m RO /mm AR/ mm ARFERTE/mm  SME AR /mm

ivi) 20915 20913 5.000 2.000 +1.194 +1.958
ARl 20.761 20.759 5.000 2.000 +1.653 +2.280
it 19.936 19.934 5.000 2.000 +1.398 +2.708
My 23.460 23.460 4.000 0.000 +1.810 +1.780
R 20.985 20.984 2.000 1.000 +0.971 +1.560
H 17.966 17.965 3.000 1.000 +0.828 +1.506
i) A% 20.112 20.110 5.000 2.000 +1.279 +2.769
(e 21.205 21.105 2.000 0.000 +0.662 +0.658
= 20.932 20.932 2.000 0.000 +0.675 +0.775

T 20.751 20.750 4.000 1.000 +1.437 +1.897
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Table 3 Results of distance measurement by different metopes

B T AR AL B E/m AR I E/m B2/ mm BEEE/mm NSRS /mm AME SR /mm

SRERTS EPAE: ] 20.231 20.231 1.000 0.000 +0.466 +0.548
[EREP RiERT =S ] 22.036 22.036 1.000 0.000 +0.434 +0.447
A €0 8 1 i 18.551 18.551 1.000 0.000 +0.507 +0.516
[ERERP S 20.988 20.988 1.000 0.000 +0.507 +0.516
BRI Bk 23.844 23.844 1.000 0.000 +0.509 +0.707
piAE k=1 19.755 19.754 1.000 1.000 +0.509 +0.707
[ERER S 19.842 19.842 1.000 0.000 +0.509 +0.707
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Figure 1 Diagram of inner accuracy and distance Figure 2 Diagram of outer accuracy and distance
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Table 4 The precision of distance measurement to different color metopes

BRERE OB (/m SO R I /m BRE E/mm BEEE/mm AT SR /mm SMREE KT /mm

{8 Rl A0 Ji% 20.231 20.231 1.000 0.000 +0.450 +0.516
RAD 2R il 5% 19.443 19.443 1.000 0.000 +0.702 +0.753
TR 14y bl 4 19.269 19.269 1.000 0.000 +0.466 +0.548
oy €053 i S ik 20.578 20.578 1.000 0.000 +0.669 +0.753
AR €5 il 21.314 21.315 2.000 1.000 +0.596 +0.913
TR AR Fil 55 20.293 20.294 2.000 1.000 +0.461 +0.949
TR €0 K3 il 1 20.942 20.941 2.000 1.000 +0.556 +0.837

4 W] ARRIA Jo (4 AN [ B0 0 35 T I AR A M) B (B AR 22 BL A, L P AT 5 JEE RO AT 00 3 R L
FHS I EEORE BEAR 22N, U5 B (0 o A B ) BERS FE R R R (ELR, UGB, O N B 45 2R
AR, MERRCR B E G, BRSO, ST AR A RS, UL A w5 fE b
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Table 5 Influence of different incident angles on reflectorless distance measurement (8 m of distance measurement)

ASIAENC)  Tot BB E/m AR I E/m f R 22 fE/mm B {E2E(H/mm AR /mm SRS /mm

20 7918 7917 1.200 1.000 +0.000 +1.200
16 7.919 7918 1.200 1.000 +0.076 +0.923
12 7.919 7918 1.400 1.000 +0.076 +=1.122
8 7.902 7.901 0.700 1.000 +0.128 +0.688
7.925 7.925 0.500 0.000 +0.092 +0.247

7.906 7.906 1.000 0.000 +0.183 +0.183

-4 7.899 7.899 0.600 0.000 +0.076 +0.329
-8 7.899 7.899 0.500 0.000 +0.137 +0.486
-12 7.908 7.907 1.000 1.000 +0.055 +0.712
-16 7.897 7.896 1.100 1.000 +0.000 +1.100
-20 7.901 7.899 2.400 2.000 +0.114 +2.253

LWL IE (R AR B Fn A A, GBS R R
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R6 ARANGAEXNTEFNER MW (HNEEE 20 m)

Table 6 Influence of different incident angles on reflectorless distance measurement (20 m of distance measurement )

ABTAEEIC) ORI E/m RS I E/m R ZE(E/mm BE IR mm NAT AR /mm SRFF SR L /mm

0 19.252 19.251 0.900 1.000 +0.124 +0.602
10 19.254 19.253 1.100 1.000 +0.461 +0.716
21 19.255 19.254 2.000 1.000 +0.318 +1.337
31 19.256 19.255 1.900 1.000 +0.281 +1.496
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