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Tree-rings Measurement Method Based on Micro Drill Resistance
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Abstract: In view of the problems of the micro drill resistance instrument developed in the early stage,
such as the direction of the drill drilling into the tree deviated from the straight line, the width of tree-
rings cannot be obtained accurately, the mechanical structure and software algorithm of the micro drill
resistance instrument were redesigned, the improvement measures of changing the drill shape and adding
the drill support baffle were put forward, and the calculation method of the tree-rings’ width was given.
The principle and the expression method of drill resistance of self-made micro drill resistance instrument
was described. The number of tree-rings and the width of tree-rings of nine Pinus massoniana discs were
tested by self-made micro drill resistance instrument, Resistograph 650 —s and Lintab 6 respectively. The
results measured by Lintab 6 were taken as the true value. The tree-rings recognition error rate and the
measurement accuracy of tree-rings’ width of self-made micro drilling resistance instrument and
Resistograph 650 — s were calculated respectively. Most boundaries of tree-rings identified by the two
micro drill resistance instruments corresponded to the late wood position of the tree-rings. The
measurement accuracy of tree-rings width of self-made micro drill resistance instrument was 86.40% .
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The measurement accuracy of tree-rings width of Resistograph 650 —s was 84.93% . And the average

accuracy of the tree-rings width measured by the two instruments was as high as 85% , which showed that

the micro drill resistance instrumentwas feasible to measure the number of tree-rings and the width of tree-

rings. The error rate of tree-rings recognition of self-made micro drill resistance instrument was 12.7

percentage points lower than that of Resistograph 650 — s, and the measurement accuracy of tree-rings

width of self-made micro drill resistance instrument was 1.47 percentage points higher than that of

Resistograph 650 — s, which indicated that the mechanical structure design of self-made micro drill

resistance instrument was reasonable and the tree-rings recognition method was feasible.

Key words: micro drill resistance instrument; tree-rings; drill resistance; peak-valley algorithm
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Tab.1 Results of tree-rings measurement measured by self-made micro drill resistance instrument

5] 5 J7n] AR i LAV RS AR % BRFIR/ % IR/ % GEREIN A R/ %

i) 42 0.37 35 16. 67 0 16. 67 91. 09
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Fig.7 Tree-rings matching diagram of self-made

micro drill resistance instrument
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Tab.2 Results of tree-rings measurement measured by

Resistograph 650 — s
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Fig.8 Tree-rings matching diagram of Resistograph 650 —s
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difference in density between early-wood and

late-wood, narrow tree-rings and pseudo tree-rings
FLgMhZ i SER AL

A
A Jwkl

i 4 3 LN "‘-’\,ﬁ JN. i

\ A kM\W \f\' t,wk' N T '\‘\"\Aﬁ“mﬁf\/\a A a«"v.w,ﬂ

TN

NV, /|

B10 Al ri i B ACAR 1 1) B 4 e DL L
Fig. 10 Tree-rings matching diagram of drilling

direction deviated from tree radial direction

XF H B 2 AR I R 4551 A R REL
SRR PN AR 14, 60% , 4F-48 9 15 1 -
G 2 86. 40% |, Resistograph 650 — s UG % FH 7
PR RPN SRR A 27. 30% , 448 58 B (1 °F- )
RS EE N 84.93% , A Ml AWUES B 3 ASCHY 4R 58 1R 0 4
1% Y Resistograph 650 — s BUfUEGRE 34K 12. 7 4>
53 a5, AF 58 95 BE I 75 K FE L Resistograph 650 — s
RUGEBE A5 1. 47 AN 43 i, BT B UG BE )
AU VL5 B, HUBCRS AN TS BE e 3l Al
BN TR B2 38 2 BAT TR B ASCR N TR B, 4R 56
PO AT,

5 it

BTSSR , GUBl BE 0 ASCRG BB £ 2 ok

PR T2 BEeE R Y AR 1 J ] Bl AR

RIS, B BB AT LR i R OR AR B F R, X
BR[ 24 X5F FE 20 BT 17 AR 3 AR AR B BHL g 3 0

135 R HHAN AR50 25 5L, & B0 G 7 3 00 2 1Y)
AEARTE B AR G R B IR 0. 97, KRS 4F§6 30
F—3, CER[15] 45 T A AE 5 0 Bk i A
PRI AR, FEAR A K HE AT 2 A AR IS B A
ANBE 3B BT I 4 25 L A B AEL, P08 P 4
AP R T 0 2 B (A AR 9 R
WA AP AR AR T (R AR AR AT % 5 2 R A VA 45
FHAZIR (I SCRR A 53 AT e 4 S8 A 4 5 B 1) U
HREEE . SCHR[ 25 1 (B ik L BR 4T B F 5
HH R DR IR 0 VI T A It 6 114 W 2 2 A 1 7 B (AR
R IR, ST 250 /N T 7 B A o e A Ay Mg s A
5 P ECER A AR R A S AT (R I SR R SR
25 SR B B I AS AR T B S LSRR Y 2
SAR/N, AR SCHE T A FE A FE AL L, % s B 4%
(AT 245 F4) R 75 A 58 TR 3 B3 1 At — 25 it
FH TG I 2 5B e A 30 {1 %) SV A (B A e 73 B 1)
Vo, & v 1 Gt BEL 03 S St AR AR A5 5 B (A
TR EHIR ) ORARRE B ET T ) R A AR 1) 7 ]
SRR AR AR AR R AR 5 R 7R 22 (A /N T3
OYMEFE RS IR 25 (8, A R AR A48 15 5 1 14
B FEAH 22 SRR AR MEFR B — 538 1Y B (ARG 6 3
SITAWARER G, T —2 it — SRS
AT MM (5 S e MRS IR L AP B 22 5% JF
ST XA AR U 7 2 (1 R (L ) AT ol
B A R REAE A AR T T AR 1L

6 it

(1) B T BT AT S B XS Bl BT B A2 25 th 72
AT FUNAE 58 d5e /N 58 BE 152 00, 3 %8 Bl AT AR R AT
TR A RO T BT B AR S AR

(2) $& T — M E SR R BT R R S
TREEE S BN TR R 0N T B EHR SR

(3) XTSRS PUN L AT 7 ktE 4R I T
SRR SRR R . A R R BEL T AR AR A U
IR Z I Resistograph 650 — s BUfUAG FH 14U 12. 7
ANE A AR 8 B RS JE L Resistograph 650 — s
RUEBH AR 1. 47 ST 0 s, BEHTAR SO 4R 8
PUTTE AT,

£ % x o

(1] HURZ, Btk mghak, S5 MAFERALHE[T]. PR Mol R R A2441,2017,37(3) : 1-8,16.
QI Chengjing, ZHAO Yunlin, YU Xunlin, et al. A comprehensive review on dendrochronology[ J]. Journal of Central South
University of Forestry & Technology, 2017,37(3): 1 —8,16. (in Chinese)

(2] R, EEAY. MAERSUREMOCRDITE[I]. MollBle:, 2006, 42(6) :100 - 107.
ZHENG Shuxia, SHANGGUAN Zhouping. Study on relationship between tree-ring and climatic change[ J]. Scientia Silvae

Sinicae, 2006, 42(6) ;100 —107. (in Chinese)

[3] Trvitts, Bk, XM, 55 BIARAEARODITERERE )], BT A4, 2014, 25(7) ; 1879 - 1888.
FANG Keyan, CHEN Qiuyan, LIU Changzhi, et al. Research advances in dendrochronology[ J]. Chinese Journal of Applied



Ll g 2 . BET OB BEL T B AAE AR B D7 ST 59

&
~

Ecology, 2014, 25(7) . 1879 —1888. (in Chinese)

(4] BORR, AT S SRS SRR 1], IEFMOLATSE, 2002, 15(6) :26 - 31.

HUANG Rongfeng, BAO Fucheng. Abnormal climate environment and tree rings[ J]. World Forestry Research, 2002, 15(6) .
26 —31. (in Chinese)

[5] FORTINT L B, CROPPER W P, ZARIN D J. Modeling the complex impacts of timber harvests to find optimal management

regimes for Amazon tidal floodplain forests[ J]. Plos One, 2015, 10(8) :e0136740.
[6] MIRANDA D L C, HIGUCHI N, TRUMBORE S E, et al. Using radiocarbon-calibrated dendrochronology to improve tree-
cutting cycle estimates for timber management in southern Amazon forests[ J]. Trees, 2018, 32(2) : 587 - 602.

[7] MEDEIROS R D S, VIEIRA G, ALMEIDA D R A D, et al. New information for managing Copaifera multijuga Hayne for
oleoresin yield[ J]. Forest Ecology and Management, 2018, 414(1) .85 -98.

(81 JA%, E&4\, FW%, 55, 1901—2010 4F & RGBS SN2 MR R ZAPE[ ], Bloiddi, 2016, 61(18) :2064 -
2074.
ZHOU Lei, WANG Shaogiang, ZHOU Tao, et al. Carbon dynamics of China’s forests during 1901—2010 the importance of
forest age[ J]. China Sci. Bull. , 2016, 61(18) ;2064 —2074. (in Chinese)

[9] GAO Shan, WANG Xiping, WIEMANN M C, et al. A critical analysis of methods for rapid and nondestructive determination of

wood density in standing trees[ J]. Annals of Forest Science, 2017, 74.27.

[10] RINN F, SCHWEINGRUBER F, SCHAR E. Resistograph and X-ray density charts of wood comparative evaluation of drill
resistance profiles and X-ray density charts of different wood species[ J]. Holzforschung, 1996, 50(4) : 303 -311.

[11] SZEWCZYK G, WASIK R, LESZCZYNSKI K, et al. Age estimation of different tree species using a special kind of an
electrically recording resistance drill[ J]. Urban Forestry & Urban Greening, 2018, 34.249 - 253.

(127 Whadtig, 70 65— J7, 55, T2 1 SalROR] 42 ] B0 12 100 A AC AR 0 0 o 130 U R ML AR R [ 7). A0l TR 2R 0
2019,35(14) .57 - 63.

YAO Jianfeng, LU Jun, ZHENG Yili, et al. DC motor speed control of annual-ring measuring instrument based on variable
universe fuzzy control algorithm[ J]. Transactions of the CSAE, 2019, 35(14): 57 -63. (in Chinese)

[13]  Whadtid, BGEEAR, /5745 4F. BT A& NIRIE RE ORI 5 7 [ 1], A0l U4, 2020, 51(3) :216 —222.
YAO Jianfeng, ZHAO Yandong, LU Jun, et al. Annual-ring measurement method based on adaptive filtering algorithm[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(3) ;216 —222. (in Chinese)

(147 Whadtid, BTGB 0 ORI ARAE AR I AU 35 SE AR 5T D). JEat s s E AL BB ERBE , 2020.

YAO Jianfeng. Research on principle and realization of tree ring measuring instrument based on micro drill resistance method
[D]. Beijing: Chinese Academy of Forestry, 2020. (in Chinese)

[15] ¥R, 5945, SRA0RE, S5 B T4 Ip A S0k VAT SO E A AR RS B PT AT 0T [ U] Mol BR2ARF5E, 2020, 33(5) -
48 —54.

PAN Hong, LU Jun, GUO Xuzhan, et al. Feasibility analysis of tree age estimation algorithm using Resistograph based on
peak-valley analysis[ J]. Forest Research, 2020,33(5) :48 —54. (iin Chinese)

[16] UL, %, FRAHAR, &5, JETHAROCFR R /R SUEBA R AERAR T[], MolkBky:, 2021, 57(6) : 14 -23.

PAN Hong, LU Jun, LEI Xiangdong, et al. Tree age estimation based on Resistograph stationary Kalman filter[ J]. Scientia
Silvae Sinicae, 2021, 57(6) : 14 —23. (in Chinese)

[17] WL, 5%, SRR, S5, JET WG B AT RSCIE M AR B RIELT]. MOl RHETSE, 2021, 34(1) 19 -25.
PAN Hong, LU Jun, GUO Xuzhan, et al. Tree age estimation algorithm based on spectrum analysis by Resistograph[]J].
Forest Research, 2021, 34(1) :19 —=25. (iin Chinese)

(18]  Whaud, BXAMEAR, SR, 45 BEARBUE IR ET B 2RI TENITE [ T]. AOUHUEH, 2021, 52(8) ;271 -277,286.
YAO Jianfeng, ZHAO Yandong, ZHANG Huiru, et al. Drill resistance expression method of tree micro drill instrument[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(8) ;271 —277,286. (in Chinese)

[19] ISAAC- RENTON M, STOEHR M, STATLAND C B, et al. Tree breeding and silviculture; douglas-fir volume gains with
minimal wood quality loss under variable planting densities[ J]. Forest Ecology and Management, 2020, 465.118094.

[20] BAAYAR, FROCUK, b o A5 BETHT IS E-HOAR A IEHAA A B BE [ R8CR [ ) ]. Mll Bl ,2018,54(10) 1172 - 179.
ZHAO Fencheng, GUO Wenbing, ZHONG Suiying, et al. Effects of indirect selection on wood density based on Resistograph
measurement of Slash pine[ J]. Scientia Silvae Sinicae, 2018,54(10) ;172 =179. (in Chinese)

[21] DOWNES G M, LAUSBERG M, POTTS B M, et al. Application of the IML Resistograph to the infield assessment of basic
density in plantation eucalypts[ J]. Australian Forestry, 2018, 81(3): 177 - 185.

[22] NICKOLAS H, WILLIAMS D, DOWNES G, et al. Application of resistance drilling to genetic studies of growth, wood basic
density and bark thickness in Eucalyptus globulus[ J]. Australian Forestry, 2020,83(3) ;172 - 179.

[23] ISIK F, LI B. Rapid assessment of wood density of live trees using the Resistograph for selection in tree improvement programs
[J]. Canadian Journal of Forest Research, 2003, 33(12) :2426 —2435.

[24] GULLER B, GULLER A, KAZAZ G. Is Resistograph an appropriate tool for the annual ring measurement of Pinus brutia?
[C] //42 TInternational Conference NDE Safety, 2012 89 —94.

[25] RHE, AR, 20T, 5. JETRBUALLATE ISR SEEE RN L [ )], ARAMRTAE, 2019, 35(3) :32 - 35,40.
XU Qun, XU Huadong, LI Qizhe, et al. A method of identifying ring width of standing tree by using Resistograph detector
[J]. Forest Engineering, 2019, 35(3) :32 —35,40. (in Chinese)



