Contents lists available at ScienceDirect
Engineering

journal homepage: www.elsevier.com/locate/eng

Engineering

Views & Comments

PEZRMZFNERBILKBRAR

Precision Forestry Key Laboratory of Beijing, Beijing Forestry University, Beijing 100083, China

1.5

ARMAEANRELENFIREE, NMUEFATE
AT s, R 4ER R A S RGPS
Wi, VB REREER., BEEG BRI K
J&, T SEBMO VR TR, NATTR AR AR B2
PRV RIS A SRR 7 I HERA 5 S 1 75 5K H 253
K[1-6]. Sfguill&E TEMLL, AN (UAV) fiss
M EH AR BA m e, BAERIE . AR AR &
s, fEL, MRS S AN GUEER 1S 2] 1 )32 1R H
[7-91. BEFE &AL RIEH N Z R4, 115 B3k
B —MpE 70, T AN 2888 Bk k)2 1
. AR ARG 5 — P I ARE B AR ——1h
Hi{Z E 24t (geographic information system, GIS) 115
B 7 RHEAEE. HUFEN RS AR . TR EIR
EHIKIE. BEEXEERT KR, G ERGITGE
A AR N 284k, HAB S D) Rethfe 2 H & 5ess . i,
B ARGtk AR A DU S (R 30 5] B 55 1
AR N GISFE AT R SR AE T 984 7 iR
SCHPAEE S ORI [10].

FARAR TR A2 Rt S FC P AR K B R AR WA 1) R
SEEV ZREEAR L, ARAR B 9 N SR B A 7 AR v
TAFREI AR . R, anfer e Rl dERE. PRadiHhER
AR TTIRAS 2, BOAMAT I B R e . BRAR 55 U5
arill & — U ARAR SR IO ECR . R ) A AT A A

FHARBLBEAT 5 BA & 7000 43 B AVPAR (1) A, HH 12
T B 5 4 AR Y R AT T AR B A LA K TN AR B
TR ERS, M EEE RS . B
PR B R U 2 A 4G T H R A DR TR AR X AR AR B IR A
T 1950 4F i [ AR BB (B A N IRSLAI[E 5 2R 55
) AARI[11]. N20 L 604ET UG, A A P it
Fed AR B AR (RS). GISH AR, ELLM S/ RS
F AR S A A B B R [12], {2 HE T SRR
PEUR A AR AR AR R, BA R [ bR B U5 R A R A &R
HETE T B

P20t A0 80 AR, A AR T R R A Y B AHE S A
WILTE R B AR BRI A o =26 © B KM
WRESEE (—RFE), RUAEENGEN R
MRBHIE A, HH B BUE R LA T f# W AR PR 55
BUR S 30ES, AT e 5% MR Bt gk
@ FRMEPFRI B HE C2RRE, BRI/
YA A A, HH M 70 B4R B E ol A= 7
BARTIIAR, SR 53 b RS 2 AR ARG B0 2878 R5OR L R A s
AR FREL 2 7 SRR MK, O Rt ieE (=38
WA, —HBoE AT TR E. B
212Dk, BMEREAR NS, BT AR
W SEBRAE PR TR SR, AR AIRFZ A0 ARAR BT IR vl
B2 LSRR MO I 4 o5 0 1R 3R LR 1 R BAR SRR 5 U
2 M Y B R [13,14]

F ] ) AR PR 0 R A L TE S MR R B R T TR

2095-8099/© 2020 THE AUTHORS. Published by Elsevier LTD on behalf of the Chinese Academy of Engineering and Higher Education Press Limited Company.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

: Engineering 2020, 6(5): 491-494

: Xiuli Zhao, Zhongke Feng, Yangyang Zhou, Yicheng Lin. Key Technologies of Forest Resource Examination System Development in China.

Engineering, https://doi.org/10.1016/j.eng.2019.07.022



iR, X ECR E ARSI AR s
SEHLSCE . BARSRAE, A SRR B A AR R
GURAHREIZ N, 5 E A AR AR BRI B AR vE AT
b, R E AR SR AT F P e 36 . IR AN
IAE AR BB A B R GEE LT I, IR DA%
PE ORI I, Bk, b E R SRS AT AR
WREEIEANE . R 5 W, TS HE KKK E
e, LR 10— RN 2R EHGE, #RTCVE AT B4R
Hh I AR AR BT UK S B AR DL, el R AR AE L 2
KRR [15]. Bk, 18 )75 2R AR R A AR R T3
DRt ARAR B R A L o o B AR AR BE R A HOR LR
wa, R AR IR A B EREE N T, FFFEN
AFEL SR A, R Tahi ERBE R . XMk
fERM B IR BRI RA R SRR BT A . B
BHAARIR R, E ARG I B BORZ T MIKEEN
THRARNN T EBEBMA G, BRI K
K T RERCR . SR, PP FE AL IF AR MARAS L figf ok
AR BT S A R, AR B IRR E A R 75 A
KRER NI T). Bk, E8Y)7 @SR

BWAES RGO EBA, Uit B WA NI 7, A
SO R A S RGHEATRE AL B S5 0H 5. ARpR Bt

Y5 A ARSI A AR SRR B A P s

557

2. BRME TR R Gebf 2

2.1 BT IR + R ST
HERAREHE EREAE - = ZRKHAE. &
MBI 1 32 2 DAARAR [ e ARt oy E T R R
WA, AR BRSSP P R AT I A
WWR/NPER AR . MR ERE . -T2, BSHA L .
SLHIABTSEAE D AR BRI = SRR DURAR X Dy
PLEAT IR A, o AR A E MR AR 551

2.2, T g — S SR TE AR AR KA Y

RS EL R E AR AR IR RS L B, e R AR
PRBEIEAR L, 0T B IR E 1) B A8 AR A% Tl B A A=
KEHLHWIAEE 2 A8 R e o ). BfRmE, o7
PR EE S H8 X AR A KA S 1 S AN IR R 7 I 25
TEARFEHEE . . FBWE. L5 WRECEES
Rl 7 [16]. SZHIFA L B 32 58 R 2R A E 154 J7 1,
WHET R . U RGEE . RARBOGR . ARARER B 1977 17 LA
FAER TR, o B AR AR A K R TS R X AR AR 4
B AR BB ORI LS A S AR BRI A
T DL R ARAR A AR B IO A, ) SE A b SRS [RI AR S
M FARMBIRAIEE - AR R DA R AME . BB AREE

Systems of investigation and examination on
China’s forest resources

[
Internet + 3S + Al

|

Categories |, I, and Ill forest investigation data
and professional investigation

:

GIS forest resources
management

!

Model creation of forest growth
system

l

Observation through micro-sample
plots examination system

l

Accuracy examination of
standing forests growth

National/regional annual forest growth data
generation

B 1. o [ ARk B 5 A A I A R I . 3S: REREOR . SEREML RS, WBEE RS Al NLER.



558

SEEH[17], MH, SRS R R NATMEN
) TR IS SEILARAR SEIR I T PSR e . AT FEMR S A it 4
AL ISR AR, B IR I AL L R
Al PR RO LSS R R L B, B,
JREA R, WHE 7RSSR Qs fafomnd:
K&y (ALZD FREUR E AR A K ETER, 1
A (D PR,

AY!

t+At

— A Y] et Xl XK (D

A, A2 A R BT AR YR A A T A AR5
AY, o SR TN AR R, AR WA IR R EL b2
JRE AR B R HBG X R S R A KR R (LR
B RS XORSBAFIER S ORI 5L

3. TR A A X

BT EIRM+, R B A B AR RN PR A A A
TN 100~300/ AL 7 AL /N DESE,  JE I X IX
100~300N/NHEBEAT RS A A, 7T S R4 i /N BIE ) H A4
T OL[12] SRR/ BERI RO, W] SR ARG o 0 %
2, BIGIORE AR S S (S~ ) o FRURE R WL 2 A
LIRS RAT A ) — PP R RE . IRIRZE . A
AR RO A R A T 7% TR SR I £ R A 7 95 A2 A
AR A oty R BRI HS 5O BRI A,
DE B AT A (R AL F Lo B A [ vt AT s~ 422,
MR PR M ERE. Mo BERESEKS S
Ko PARE I IR AT B s O BASFE R AT
51, FEARFRME IS A AT, Rz ] 2 /DAl
10 km; @ FEMbEFEEEHAGRNE,  BEAATILIZH DX Fif
HI7r AT @ LA R] . BT AT, BAJT (8
HAEM; @ FEEETF ARG Bl L& T E
M DX, 702 g K R B R 22 . B2 N JURR I
P UL 7

Mo PRI Mo B R ERSELT

PRAFBEFEN, 8 48 I B — P [ 5 TR R
PR L, TR A O

n-05

- %10
ﬂ:Rﬁ,1 (2)

N =

A nRE AR HCR R, Lo R B 5 38 5 m— LRRAR (1
2, B m,

B2, U R IR

WA TPHIBEED, $5HAH A B 0 2 K
AR

~_ iy Di+Dy+0.5D,

D 05 3>

A, D D,HID, SRS Hn B REn—1SHA
Hife, Fhem.

PR BEBEM (m*hm > HERE NS ECR .
VAR (0 A B bR 3 ST MR T PR 5 25 U
PR, HitEAKXT:

M — it Vit Vo + 0.5Vi

x 10*
R 4

K, Vi VAV, o3 3R S iAR . 58 n AR A0 28 n— LRR AR 7 A
1, BAf Am’,

4. FEERKENSG X

AR UE AR TR A LA S i G AP 38 F S HE R
AT 580 AR A R EAT AT AL BE, AESPSS R HEAT
BEAfR ST, BN a8 R 1R, FHMARE
(GFD g A 5 INHME 2 B AT, MXR
BREREZIT L, Tl WIBLAY 5 U0 8] () F0 &5 2 P R AT o
EARM T H, ARKETNAT R E1£0.98, i,
IR 90.98, B AR & ] LLARR R A8 7 98% AR 1E. .
2R LA, AR 7 R AR O Rt IE T AR E T .

J 250 (ANOVAD FEBAF 2 45 Bt AT 07
FIH NG 255 AT e, 2 o B A [l V3 07 R 1R AR 4G 565
ZERAYTHERRTATESEREEZ BT
FERFZFLM X R, HR2WVLIEH, AEAMSTHH
B (DOF) 52, FEARZEN3T7 798, KUk, 7E0.051



AR IKOP TR TSR TS B F RS N T AT R AR R F
fH. XRYIABRRES N HTE A A B R A KR
ERW. Ah, WEMENO0 (<0.05), FUIIZBIALM W
TH 5 R IER T I

5. Mt E KRB E L0 IE

N T SRR AR AE KR TS, AT Tk
100N 4E &4 FEHb B, IR AR A S 4
AN )L AN S N 0 AN [ N € VA B P e e 3
. CPHARRSEREKN T, LEEASSAS R
F UL ARy 2. RSIBECEMME R . B TR, Xk
H 100/ FEHL I 567 A Fda HEAT [R50 B, 5 i 22
(bias). FHXMiZ (relative bias). $J77H 1% % (RMSE).
FIXFRMSE LK R?, SR 5 35 F 3 V7 i s o 485 78
ITeE VM. SRR FR, WERP LA S, Wz
fH9-2.187 mm. AHXF W Z{E H-1.235%. RMSE{EH N
14.154 mm. FIXRMSE{f N7.993%. R*E N0.941 (K
T0.9). FRGERRH, ABIRGEE A B0 BRI
A KR AT TR

6. 4518

AP T HUAR A8 37 T8N R fr) — 2 U 7 s
IS XA A k. R BRI E R DL
FREMIE R B efr, HIREEERGE, PHEEAEA
Kb (GZHBIRED) FREANAK L HALZ) FRET
HEARRAEKREBNEA. Diaise. & XKIRE .

®/1 BHRAEER

559

LR MR R PR RO DL RS R I R B
. AL, RIEE R Oy B AR, PR A K E.
JE A b X AT AR AL G R B, A R AR K TR
FE R ik 0.98 AL, Ud BHIZ A AL BEAE B A M dE AT AR AR AR
KBTI ST SRR R AR KB TR B, AR
WFFLIE B 2 5 AR bR AR B A2 A 22 ()4 248 100 A
MR, ORIE R BE B8 BT A IR RS 2. Jl
567 NEEIATHE EIGIE AT A, RPIIFE0.9LL L, LA
TR GRS AT RACH O FRAR A FE AR K B EAT Tl . BRI, 1%
RERSRI R |72 B T4 E AR AR BT IR A AR R, DAIRBR AR
PRAE B AR K 1 ] SR O BRI, AT S AR AR B I
HOEPRR. SRR IR AL R R .

gt

TR AL MO K 2 A6 ORS S5 oMROll B RS G = 1 TAE
NG, B BT A SO DTRR I N o ASHIF 7 R sy
BEFEARII MY 55 27 L 1% 4 (2015ZCQ-LX-01) FI[E K
EAREHE S (U1710123) [ # ).

References

[1] Bai LS, Feng ZK, Li YD, Nie ML, Sui HD. Inventory system of forest resources
and its implementation based on PDA. ] Beijing For Univ 2008;S1:138-42.
Chinese.

[2] Wang GD, Guo GM, Cao BB, Jiao S. [On the application value of UAV remote
sensing in forest resources investigation]. Technol Enterp 2014(15):383.
Chinese.

[3] Feng ZK, You XB, Ren YQ. Discussion on monitoring system for forest
resources and environment based on 3S technology. ] Beijing For Univ
2001;23(4):90-2. Chinese.

[4] Fan YX, Feng ZK, Mannan A, Khan TU, Shen CY, Saeed S. Estimating tree
position, diameter at breast height, and tree height in real-time using a
mobile phone with RGB-D SLAM. Remote Sens 2018;10(11):1845.

[5] Gao X. [Research on informatization approaches for forest resources inventory
and monitoring] [dissertation]. Beijing: Beijing Forestry University; 2015.
Chinese.

[6] Liu J, Feng Z, Yang L, Mannan A, Khan TU, Zhao Z, et al. Extraction of sample
plot parameters from 3D point cloud reconstruction based on combined RTK

R R Reset R Standard deviation and CCD continuous photography. Remote Sens 2018;10(8):1299.

098 098 0.98 1.03 [7] Feng Z, Huang X, Forest Liu F. survey equipment and development of
. . . . information technology. Trans Chin Soc Agric Mach 2015;46(9):257-65.

R2 ANOVALER

Item Sum of square DOF Mean square F Significance

Regression 1647 900.435 52 34190314 29 693.399 0.000

Residual 40 284.562 37 746 1.067

In total 1 688 184.997 37 798

R/3 AR TS FE (I8 E 5 5 A

Item Bias (mm) Relative bias (%) RMSE (mm) Relative RMSE (%) R

Accuracy verification -2.187 —-1.235 14.154 7.993 0.941




560

Chinese.

[8] Gao FX. Characteristics and development suggestions of forest resources in
Kaiyuan City. ] Green Sci Technol 2014;5:116-7. Chinese.

[9] Zhou GH, Zeng WS, Chen XF. Problems and countermeasures of forest
resource and ecological condition monitoring in China. Cent South For
Inventory Plan 2006;25(4):1-5,9. Chinese.

[10] Qiu Z, Feng Z, Jiang ], Lin Y, Xue S. Application of a continuous terrestrial
photogrammetric measurement system for plot monitoring in the Beijing
Songshan National Nature Reserve. Remote Sens 2018;10(7):1080.

[11] Qiu ZX, Feng ZK, Wang MM, Li ZR, Lu C. Application of UVA photogrammetric
system for monitoring ancient tree communities in Beijing. Forests 2018;9
(12):735.

[12] Chmura GL, Anisfeld SC, Cahoon DR, Lynch JC. Global carbon sequestration in
tidal, saline wetland soils. Global Biogeochem Cycles 2003;17(4):1-22.

[13] Houghton RA. Aboveground forest biomass and the global carbon balance.
Glob Change Biol 2005;11(6):945-58.

[14] Liu J, Feng Z, Mannan A, Yang L. Positioning of coordinates and precision
analysis of sample trees using the intelligent forest survey calculator. Comput
Electron Agric 2019;159:157-64.

[15] Chang C, Feng ZK, Lin YC, Qiu ZX. Development and application of new
generation forest survey technology system and observation equipment.
Beijing Surv Mapp 2018;32(12):1412-7. Chinese.

[16] Fang JY, Wang GG, Liu GH, Xu SL. Forest biomass of China: an estimate based
on the biomass-volume relationship. Ecol Appl 1998;8(4):1084-91.

[17] Liu ], Feng Z, Mannan A, Khan TU, Cheng Z. Comparing non-destructive
methods to estimate volume of three tree taxa in Beijing, China. Forests
2019;10(2):92.



