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Abstract: A volume table with calculations based on a volume equation, is an important tool for estimating tree
volume in forest resources inventory. To overcome the large total relative error (7Tyz) that sometimes occurs,
making the volume tables unable to meet the precision requirements of forest surveys and production, a Quan-
tum—Behaved Particle Swarm Optimization (QPSO)-Least Squares Support Vector Machines (LSSVM) Model
was used to estimate the volume of Platycladus orientalis and Larix principis-rupprechtii in Beijing. The tradi-
tional method of analyzing cut trees and the method of electronic theodolite standing timber volume were used
to measure diameter at breast height (DBH), tree height, and volume of small diameter class (6-10 ¢m) and
large diameter classe (12 c¢m or more) were used. A total of 792 trees were collected, including 344 P. orien-
talis and 448 L. principis-rupprechiii. Then, one-variable and two-variable tree volume equations of P. orienial-
is and L. principis-rupprechtii were established based on the QPSO-LSSVM algorithm. Also the volume model
was established using the traditional empirical volume equation, BP neural network, and the PSO-LSSVM algo-
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rithm to test comprehensive performance indexes such as estimate accuracy, convergence speed, and robustness.
The sample data set was divided into train set and test set according diameter class in the experiment. There
were 250 train set samples of Platycladus orientalis, accounting for 72.67% of the total number, and 94 test set
samples of it. Also, there were 300 train set samples of Larix principis-rupprechtii, accounting for 66.96% of
the total number, and 148 test set samples of it. Results of the regression analysis on the improved one-variable
and two-variable tree volume equations of P. orientalis and L. principis-rupprechiii showed R* (the coefficient
of determination of the test sets) = 0.978 6, 0.946 1, 0.987 0, and 0.990 1, with the Ty of 0.75%, —-0.16%,
0.64%, and —0.50%, all within +1%. The QPSO-LSSVM has higher comprehensive performance indexes for the
volume equation than the other three volume equations, including traditional empirical volume equation, BP
neural network and the PSO-LSSVM algorithm. Thus, the proposed QPSO-LSSVM method should have a favor-
able application prospect with high precision volume estimates. [Ch, 3 fig. 3 tab. 29 ref. ]

Key words: forest mensuration; tree volume; Quantum-Behaved Particle Swarm Optimization (QPSO); Least

Squares Support Sector Machines (LSSVM); volume equation

SEARBFRRAE A MO AT AR E, Fi il T 20 tE2D 70 AR b (= ZRbR 08 U 2008 A AR R, &
S CAMEMY 30 a, AIRUEM R R MREBEAZ M40 . L AR, B AR e e, X
B 20 a XM BURIATE AL T S BT E ARG IR S5 R 7E X S AR R A TR AR, EB 4R A B R
FAE N R A AEME LA SZ B 22 o 8 S0P A At LA Populus spp M FRBETU AT T K05, AW
Populus x euramericana 5 T A4 Populus tomentosa (1 M RAI X 1R 22 (Twe) 27 531 -3.59%F11 7.31%, #81d [5]
FIE 3%, HIL, JRA R F T 2 A BE T 2 MOl P8 2 F A ™ TR oK, mR 7 3 5 4 il s
MR R AR T A B S AR . B R TR (R0 el 0GR, ST M AR R S ) 1, DRI, A R R
ELAES M B R ORG BE RIS I PE . B 1846 4F U  RM BRI 24, IR Z 43 8210 TR [A A A B
B, e AR . RS . ARSI Bl AL 2 A BRI B R R R, BT
F18) R R B 1 DAy I T R R R 1) R RRURSE AR 0 o T A O 1) A SR AR AL OB L2 o AP BB A S — AR 4 57
ARt o w8 S A B vk . —BOR UL, FEAS BRI B BORS UE, AP AR R AR O, K
TAEREWB AR, Xl TZMIE . RRERZPW, FEARREOC, [F—RFh T ] 58 2 B R ) 2 5+
P, A TR M R ) E SR MRy o A% G I 2 B A TR AR IR A A ) Ak BRSO T R RS ME T R A RE AR
SCRF ] EEHL (Support Vector Machine, SVM)7Eff# e/VEEAS | ARZRME | e 4R SR i Al /) o 552 52 s ) o ¢
WG, B AR Az AR Re 1 B fe /D 9 S R ) 4k AL (Least Squares Support Vector Machines,
LSSVM) £t X b5 SVM 30745 1 W 68 ) 5 22 1 n) A4 T el it 10 HL 823 LSSVM i At i M T S 50 ik
WA, HETSEWERSE EZ AR N 3, W 0O T K, X AERRFEEE ERRE BRI
AR, T2 BN PR A SCIIE . BE R . WORS D R S SR MGHE Ty AR SRR 1 AL S
B, ABRAEMROR 5 IARE MR AR KR . TR #E 1L 7 (quantum-behaved particle swarm
optimization, QPSO)J& SUN £ g1 g 2% 1 £ B2 318 ) 14— B 02k ok 1 B 16 fL 37 (particle swarm op-
timization, PSO). QPSO B iAH L PSO ik A 2R/ RMEGEM . SEAED> . @ MLy . BB 2
S S, o IR AL HUH KA Platycladus orientalis 55 3% W#5 Larix principis-rupprechtii 8045 , #1745 1A)
A5 T Y A — T 7 AR R AT U AR T b DX AR — T r R MPRRER , THEA5 B3R AN A BR 3 S I AH X i3 22
WK 11.33%F-11.02%, 3k [ G E 3%, 5 22 T8 i il b4 B o A il RO Ay B85 ST AR 4 BRI ¥
B, A ST DAL T e XA 5 v A RS X G, B T —Fh T QPSO Ak LSSVM 533k 5 7 = A B
MBS R 7 2, DA ST AR FRER A i i i HERL 74K 4l o

1 M5 &*

1.1 HIRRW
PAAE 5 s DM AA 0 7 I A 2 Flops b O s X 5, B BRI ASIE st i B Bl 113k
e W, Ba . P RS X E o ARIMEAR B 2L PR H5 253 M BURE A9 b L, SR LRI AR i B



870 TN 3 N = o= R 2018 410 H 20 H

AL FR MEARFE S LB A A X, SR AR A Ty 15 0 37 b 25 R 358 BROAS TR) A2 B AR v S A AR o 5 B
PIARIEAR Sy T R % . AU, DU S DR T 25 il sl At A T S SO ORI 138 2 o g oo A o 1) A A
A4 B RER 4k 6, 8, 10, 12, 16, 20, 24, 28, 32 H136 cm %5 10 12K,

R FMAEAT 2014 47 12 J] 8 H %2 2015 47 12 /] 31 H kA7, HREMEA 810 #k, Hrp ikt
456 tk, MIFI 354 k. FERGEIHRARILEE 1,
1.2 SIARMBRMERE

AR I il B B 1 S AR AR — R AR 4B A AT £1 BEREASITER
oo MRS, HRRER . AR, KT Table 1 Statistical indicators for modeling samples
Pk, EWAAAEEO)TIem. that. RMEN IR MR G fRem sft/em BE/m 4 BYm®

BEBUT WO R GE  45 55 1 450 BE B  7 0k AT S i 510 650 386 00059
W IEREGE . SRIBEGR . TBES, 0 BAM 4120 5010 1751 07286
AEE, RSERIER, Rk, W% ok, M AR 162071980 947 01472

T o 2 8.30 9.60 3.03 0.166 2

i CCD XtgAnpL . 2440, A7k

. e e NSRRI . BHAR/% 5127 4823 3200 11297
BB I0 AR AS 5  A E  {SCA I L E, — A x

3ok 4 75 R D (SRR AT 1 DB AR R 9 1 A SN 500 710 425 0.0057
GE I, o, o T R A S A B BRI i SOV 4330736200 2410 12939
ALV Sl G| 1930 2440 1321 0.308 4

MR E , RORCAS By 4R A 1 S R B AR TG 0L 5
W ARZTT IR0 /N BRSO
N T AR B AR AR, R T 2 A TG B S
AR B I EE A X /N AR AR AL G P 52 W B R B AN A, SR SR A A IR R T R 1 22 5 A TS 4 S AR 4 R
R 45 A A B i A ik AT, o 6~10 em A2 B AR A B A A B R ZRH, 12 em SR B AR B A9 R AT AR
T2 AT A B BURT I H AR

LT AT S AR BRSO  , SR R 2 A7 B L 5~ 2 A A (DT-2) - T 0t =X 07 v L
PRUEAR B G , IF A8 = R AR HE AR 3 D 10 B Ul %o B o BE AR BB T B4R, f 5 6 IX 2 SR AR 3
LA R, 43 Brg b 1) b B R v, R AT LA AE LI T A D IR AR, TR A B Y
I e r SRR I3, LAPRIE LIS 1L o

PRABN g B 7512, A5 AR AR (T A R 0 b A 5 8 2 RS S 1 A E RS ), B R AR 00 A A 2
0.2/10, 0.5/10, 1/10, 2/10, 3/10, 4/10, 5/10, 6/10, 7/10, 8/10, 9/10 4bAYy+ Bz A%, %X 4R B
RN A

2 QPSO-LSSVM % 3 & #

21 JNZFZFHEEVEEAEE

SVM J&f CORTES 4§ ®/fl VAPNIK"/7E 20 {22 90 4 AR 42 i) — Fh 3 F Ge T 2] B L a2+ 2] B
7% SUYKENS %100 1 82 @ biife SVM IRl , AT 1T icik, 2y 7 LSSVM 83k, LSSVM
FHE5 ¥ XS e /M (structural risk minimization, SRM)JE0ET, #5128 sRECR /b R &GRS, IS
AR A G XL FORBURAL Ge i kBRI Dy U e 1) 8, TG SR Al — A2k Jy R gl B T A5 45 51
AR TS 20, $ TR MEAR . LSSVM 2R FH R (1) W REA K dis A7 i pe

y=w'p(x)+b, (1)

(D veR R4 5E n EVIFEA LM AT &7 yeR AN G i 10 i R WFEARZSH]; weR™ AL H
M, w'hyow R E R beR RS (o) MAELEMLS R R—R™ K fin A B0 HE e b 31 = 4t 5
Ak (4]

LSSVM [al )73 0] L3 7R A it Ak m) i, =0 (1) R AL H AR R 08 -

Fn 22 10.20 12.30 523 03353
I 52.69 5048  39.55 108.7

minJ(w.e)=t [ w [ 2+E Y e
w,e,b 2 2 i=1

o 2
s.t. y=wlo(x;)+b+e;, i=1, -+, N 2)



BISEHSH Woar a4 s BRI T R AL iR /s 3 4 ) i ALY SE AR B BUNG 871

K@) Jw, e) AR w Ml e WRE; beR NME R eeR NIRIEEL R ; C Nl RIENLSE; N
PN GRREA R
AR (2) 5 SCRIAS I H R L o8 -

N N
L(w,b,e,a):é— lw || >+ %Zez Z,la;(ngo(x)+b+ei—y,~)o (3)

K3)H: aeR ks H T
F 4 KKT(Karush-Kuhn-Tucker) g AL 55 7F, i@ 0GR w, b, e, a IR FHOGFE N 0, THEw, e,
SR B DA In) SR AL A SR R ek RR A, B % T R TS o, b BOME, 753 LSSVM {4 [a] I 455 50 g .

flx)= ZalK(x x;)+b o 4)

@)1 K, x) WBEBEG xeR® 5 n SIS REASR AR x U RBRAT
SR BUIT  REES AR R | IR B B TG B8 KOl AT 98K 0 3 e A B 1
P 93 PR FL 5 0 697 1 361 2 (RBF)
K (x. w)=exp| -5 15 ) (5)

20°
X)) o WS
0 LSSVM [al 9 AL (1 F B2 HON ML S5 C IS o2, 2 S HO0 BERLZ AL RE T A 2
BRI 52 227 FESL AP BUBIAUG S, T4 LSSVM G S0Rs B, A Bk EN k2% C
MBS o” EHEE,
2.2 QPSO &k LSSVM &%

ORI REOC AL T e IR TR A WS A e R B R BR A, R A RS T AT A 8] P RE RS S
REVEALR, M RGES SWEUERE G FhrE PSO ik, HBEANECELD, ARG, 5 P>,
TEf A (A, kL Y R RN R AN BE W] I A 1, AT ek e R BIOR F R R 1 AR, O R i
JE Vi 7 TR B 78 25 8] e — 5t B R AR B R Bk, DS JE e 52 R R 2 O vk B LA AL A O =45 B R 1
RV W YA B VAL R TR

xﬂ<r+1>=pd$6\numw—xw<r>\1n<;§f>

M
Mpestd= ﬁL; Pid o ( 6 )

P=epirt(1=0)p
B=0.5+0.5(T =t )/ T
KO xu(t), %+ D) RN ¢, 41 WERUGT @ BLFAESS d QerP i r e o R ARIREG Tow IR
EARKEL; B oMWY Tk AR, AT I AE SR B s MO BRI T B R RO muea RS d HEORE
THEPEBACOLE s po N d QEh B RLFULEUT B B BENL A pu ARL T @ 755 d 4ERY MR T 52 et
PLE (Po) s o WEEDRLTF RS d 4EM 2RO E (Gr) o @, w275 (0,1) Z 87 A2 (1 FEHLER .

oAk LSSVM 3k Hr () 1E AL 280 C Al RBF ¥ R30S 50 o I — Ak i i, ATk H
min f(C,0?)=min(F,,..)
s.t. Cin<<C<Cpa . (7)
O-Zmin< 0.2< O.Zmax

AR 1 O PR RO

(8)

K@)y AFEARRAE; 5 WAEA I ; Njﬂﬁézﬁ*&i
K1 QPSO AL & LSSVM 28 (C,0?), IrAF BUG Ma A o A g Al A8 Y f) R AR S BEAE RN T
X FEA YR IEATIT— LA B, THBR N N ; QR BRLTREECRE M, JERR T BT 10 2 4efr



872 TN 3 N = o= R 2018 410 H 20 H

4k (C,07), 52 QPSO Myl ik Z B B S I . B K IR AR AL T S8 R AR T 19 402
B, FHUIGREA IR LSSVM, AR 20 (8) T153 440 A 38 07 B F s (ORI 3130483 2 i ik B 3 {
SEHORLF AR Prow #1428 BB Grws ORI (6) THFE 3 10 25 ey FUBEHL AL P, S 3B ASRL T
(9 00 5 (O AR 37 S 75 W6 AR 4 SR A I, 8038 O R /N T 40 G 3 0 326 38038 5 1 e R AR K
B, LS AL, YRR AL EAE ) LSSVM 280, BN, ¢ = e+1, iR [ RO EAC T

3 HER5a4

3.1 HiETAE

IR b o) 22 ol W A P O AR e SR B (B, DYH) S5 Sr AR R (W, V)Y BAIET . A (D) 51
= (HD) AR B B2 (D)5 S AR BV 9 B P (BT 1) o AP B0 TR 3 Bl i AT 2 W B L, Ol
v AL R U I B S R 10 AN 8 2, AR B G RS A RE AR KLU M A 344 41, T AL 448 . R REAS KR
EMRIEARB o I ZR MR, B R L5 WA 20 MR R BEREAS 3L 250 21, o5 MR AEAS S K
72.67%, MIKAEFEATL 94 41, FEMHFAIZRAEAEAIE 300 20, (5% TH A REA B8 66.96% , T ARFEA
148 41,

1.8 - -
WA . 20 LBE .
1.5 o 16+ 1.5 o
- 1.2F °
= o il
= 09} °o <
® 9 8t
0.6 o
03F ° ar
0 1 ! 0 ) ,
0 20000 40 000 0 60 60
D*H/(cm®-m) D/em
1.81 Tgl}l_ﬁ} ° 28 1.81 7@"[]«[»1:2\\ °
1.5¢ 241
o
1.2} :;g) &° ; 20r
g o E16F
= 09 oo T
N 12F
06F ol
0.3 o 4t
O 1 ] 0 1 1 J J
0 20000 40 000 0 20 40 60 60
D*H/(cm’-m) D/cm D/cm

B 1 bk REMHAKER LA

Figure 1 Scatter plot of sample data collected in the field
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Figure 2 Distribution of sample data of Platycladus orientalis and Larix principis-rupprechtii
V=aD'H'+¢e (10)
F)~10) . VRS AR () D e (em) ;s H A& (m); a, b, ¢ ASH; e HIRFETL,
LA BB R A7 R4 S 0 2, ORI %o muiagfisgrtin—. M BERSH
AU S B0 W 25 R RS T B 5 T 22052 o BB 7% Table 2 Parameters of the one-variable and two-variable

JR SR PR 0 AR [ T A U BB R 7 R A tree volume models of Platycladus orientalis and
LML N7, AR AR AL W=L/Dr (e B %) Laris principis-rupprechti

R E D B ML A W O BRI g g TOOK 2

7 5 M 22 0 R R KU 1 6 R W R R 2 3 v ‘ R

A1 V=aD’ /D 1.365x10™ 2.374

HENL—ICE T R AR, AR BRI S (3R 2) . _ )
V=aD'H*  1D*  6470x10° 1815 10140

AHFFERE LS 4 TE Bn A S b BUBE Y R BE PP A1 45

~ , . . ) AR V=aD’ /D" 1274x10* 2.489

bR PERBCRD) , B BRIE (Tw) IR 2 45 0 {1 bt U eadse0® 1881 0055 1
(1 S {E (M) RSP YR X R 28 (M) o A5 35 AR 05 U

SN

Z (y=9:)°

R=1-" 51— (11)

z(y—y)z
Z (J’L 5/5
TRE—t — l
Zy

Mm_ Z LyLXmO%, (13)
1—1

= 3,552
D) ~(14) sy Flg 73 5 2R § BRATE A 4 55 0 {Eﬂlﬂwjfﬁ, y N A TR A S AR 4P P44

F MRS B, 6 LA S5 9 AR — . oM BT BRI MERE R AR (R 3) T LI FEPE REL
(R*)¥845 I, QPSO-LSSVM 5k 44 B L F o 3 AR, PSO-LSSVM 54— . oot Bl Ak
KA, T BPNN 3k 3004 B AR X 45 2% — 26 . QPSO-LSSVM b4 B AL B A5 8 (14 S AH X 15 22 (Tre) , AHRT IR
22 2 XHEL ) ST B (M age) T YA G 1R 22 (M) B8 FA& 58— . oM B 2

TEPAT B BUAG ERERAR S 1 A b, QPSO-LSSVM #3447 i S35 i % 4 T+ PSO-LSSVM, LA AY — o
BRI R ], HE ST M B BB 15 YR R 1138 0 4 A B8 245 R 1) ARG 102 25 B KA. R FDAF X
TR 25 4 S E I T M M (B 3) o @R REME S — . oM BB, QPSO-LSSVM, PSO-LSSVM i
BPNN 7 (19 Mo FIFTHEZE MR R 0.00, 0.03, 0.09, 0.88, AJLLFE H BP 2 W 45 £ 4 45 B (1) Ry F1

x100% ; (12)

x100% (14)




874 TN 3 N = o= R 2018 410 H 20 H

®3 MREERIERESREIRXTLL

Table 3 Comparison of performance indicators for the volume models
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Figure 3 Indicator of the estimate model of the two-variable volume of Platycladus orientalis
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