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Establishment and Precise Measurement of Forest Sample Plot
Based on CCD Super Station

Liu Jincheng' Huang Xiaodong® Yang Liyan' Feng Zhongke'
(1. Precision Forestry Key Laboratory of Beijing, Beijing Forestry University, Beijing 100083, China
2. College of Arts and Science of Beijing Union University, Beijing 100101, China)

Abstract; The accurate establishment of forest sample plot plays a key role in capturing the parameters
characteristics and reveals the regular variation of the forest. To quickly and precisely measure the fixed
constructions and trees of sample plots, methods which used CCD super station to carry out image pair
observation of measuring tape were proposed. Setting up the instruments in the observation point was
determined by the GPS/RTK with the help of total station coordinate measurement and angle measurement
function to accurately record the exterior orientation elements of the CCD moment photography. To
determine the coordinates of other observation points, the appropriate baseline length to establish the
image pair observation was selected in order to extract the relative three-dimensional coordinates of the
target location. The measuring tape method with the “S” type route, with a small amount of artificial
repair and related coordinate system rotation transformation were carried out, to achieve the precise
establishment of forest fixed sample and the diameter measurement. The experimental results showed that
the proposed method can be used to achieve the establishment of fixed sample plots with fewer sites, and
the DBH calculated by the photos were compared with field survey value. The average relative error was
3.9% , and the root mean square error was 1.2 cm respectively. The proposed method has good
application prospect in forest sample plot establishment.

Key words; forest sample plot; CCD super station instrument; photogrammetry; sample trees

coordinates; diameter at breast height

ks H . 2016 —05-19 &[0l H 5. 2016 —06 —26

ESTE: K [ AFHEIE S T EITH (41371001) L 50RH 4 5 (Z15110000161596)

fE AT X4 IR (1990—) , 55, 2, 3 B0 AR BERA M 5 00 22 BRIl % 65 £ B AL BF 58, E-mail . jincheng9010@ 163. com
SEAE e W FL(1962—) 93 B0 LA S0, 3 SR ME AL 22 55 3S 2R RBFIE L E-mail . fengzhongke@ 126. com



5 113

X4 S HET COD AR 3 A0 AR AMORE 3t 57 45 K5 I 7 & 5 317

51

FRMAE N BRI Bl e 25 2 5, X Bl b A S &
55 -1 1 B A £ ) L R o S W F R R T
T AR ARG P9 45 4 52 2 2 A, W] 48 71 AR MR AR B 1Y
A5 AL TN A AE , S BRI T R S A
U5 3 B 58— S A PR T o0 4R AR b B AT S A
T . T 2R AR AR B 0 RRE K, 76 52 Bk 9 5 T4
1, — SN T R V5 A A B X A AR bR AR TS B g
A7 S R 2 T A e B R G SR A S 45, T
o A 7 ] R b e 78 S I T K A I ok e o A
FRAS B AE AR AR o e Ml 38 2 T, AR L
A 5 RN 2 R /N S T B R b 2 B, R T AR A
[ 5 6 3 RIS b AR A BR 10 0 2 A

T4 55 1) T R A Hb AR ST 7 v — R T R S R
M I 2 N LB 58 IR M RE A A X7 B
By 5 A0 R R R PR I RE 9 ] K, A R
KU B R A R £ 2 R 2 ) 3
B R 22 B 5 4% T B R I8 R BRI S,
G2 o [ R b 1 8 SRR A R o R -
i G T A T A R (L TR AN A A
GPS %) F1“3S” H AR RBL AT bRl 45008, fie S48 41 T
RO AR &5 BE S L & T HL A LR 7
Bt 4 5 4EAX H T2 2 AR DEM 4T RF Hb 13 R Ak
AT E LA BT T BT B R
T ZR BRI 2 o 5 PR ST, 8 37 2% PRI F A R 4
O o P T R AR R O R R B = 4 Ok
TR X R bR 1B 52 R AT T OO B pp i
e 7 5 1 ) R 3 R AR WL X % MRS Hb T AT 4
W 33 e AR 7 vk B SR AE AR MORE st 7
W T T A (L T R A R AR
DX U I 4% 17 262 g B o A6 S B 0l 0 v 2 7 A
AR [ B g e

TS L AT AR MORE St B S R A DA
AR SCTE 250 5 95 I R S 00 SRR b 4R —
R CCD A 0t A 2 0045 v 0 A7 % b [ 52 K Hb 7
S FVRE AR I 9 77 5

1 HRERMHR

B 128 Bl A7 b T P AR A8 /NP L AR
FRTIX 25 km, 46 T 40, o5 #TE AR 160 42 23 i,
FR U AU AR R R 557 mo [ A AR 26 T
bR B Sy s R RS R A R
B RS B BB AR T AR R B
SESE A, AT B 44 KRB 5 800 kK, £ 1 b Bt
DXl B 1 1/4 FR MR 35 2R 6 96.8% o BF ST

il

DAV F A 128 Bl AR B, A2 4R O L 2 39059724
ARE 116°10'23", S IR R B 8200 - 48, 1 52
3, DX PR R DU AR B D T BROA [R] i 4 e R A
g, m AL R, S A LA

2 EEBEH®

FIFH CCD B 3 AR AT AR bR [ 7 A A 57 /Y 5t
ok, T B2 i P i A 3 B, U s LA ek
Az & (MR E SCF ] GPS/RTK # % ) , i 4 & 3
CCD 3l (UG X WL, KL 5 7 Visual Studio 2010 £
FRIF %85 . NET Framework 4.0 HEZR R i Fj CHE S
2 55 52 B PN M TSC S P, Al VR T8 8 e L A PR
FAEE = A A BRI DT 2 57 A AR B A
XPOLE R FR o BT AR AR B 1) = A A
1L, PR AH AR A DAY R SRAT XS LA A B B A2 1R
2.1 B ITIEREE

ABIFFE A I 0 i 15 4 R A A (NTS —
372R AL, I AL g A BR A |, v ) s CCD
£k (DSC — QX100 #l, Sony Corporation, H 4% ) £ —
3 M%< PlayMemories Mobile (4 ~F Al i+ 53 L sl 3
REFHLA A 1M 8. CCD 3k {2 A T 42 ol AL TG S
S5 B 0 7 42 ) ) DU AR RS HE R E CCD Sk
(KAL) 552 Bk 18] (4 S0 J7 LT 3R, 8 5 A e i
FALBR R BERE 7%, FH CCD i3k 408 & 43 HE R B %
S5 PR B W T ) R A O

TE AT B ) 2 S A B B 06 250 4 i AN S ) R
A St rhC S A BR 5 CCD 45 Sk B BRI 5 43 B 2R B
G HEATAE B CHE , A" R HE 0 A 58 455 TR0 T AL
18y Al b A L 2 1T S BUORS ME DU 141 X 75 22 7E CCD
TR S AU T RIT , % 2 2B e 1y AL ks R AT T A% 5 5 R AL
DA 5E i CCD 5 Sk vt AR O 42 3l 4SO S5 oy 0o 1) 228
SR B, Ho, LAl 4SO s B AR R A R AR
T—XYZ bR, B8 € 1) & CCD gk oA
X T A A i G 1 AR BR L ES (e, sey e, ) FIE 5%
fi(e,,e,,8.) , iR ALBR R AL AR AZ QNP 1 /R o

o i =
Z f v
ELE L E
¥

5
e‘
e ' x
e ws

/i 7 >
s X
1 CCD 3 {38 A % 10 A8 s O 5
Fig.1 Coordinate offsets of CCD super station

coordinate system

[F ik 5 S 4 ol S AR B B dls (X, Y, Z,) RS
AR (XY, Z0) Z )5, 6 D AR bR 2Z 8] — E 77



318 & A Bl B ¥

2016 4

TE A4 HE T AR 5C B e 5% FIF- 3% G &, BARR Iy

Ao XAood -7 Y oo
o e o O O 0O O
%ﬁ E%m* 04 0 XYmoo oo
L %,D 0., , 00 O OO
O @ 0O Y X 0 O=.00 @O
(1)

(L), LA 6 L A6 A B8 | ol B8 1
CCD i 3k 0 AH X T2 A O 1 A AR 2 B 4t (e,
e e ) BB (e, e, ,6.) 45 H W foo
ARG, B DG 2R, 208 10 A 57 e 4 il (000 o A B R 5
5 I A b 22 18] ARG B8 AR 406 R

ACER 25 R I AE AT DU S JT S8 Y, H— 4
B 7, CCD g 3k vt AH R 42 3l 430 5t v 19 407
K FIEAR AL AT HE 3 15t B I 5 PR
2.2 ZHARMERE

CCD 8 3 A3 A5 0T XL 0 358 J2 K A3 % 43 ol ¢ 8 A
] — AR AR 2R 19 2 A T 60 A 6 Al A s, (AT B g8 ) T
GPS/RTK #fix ) b, FE X 0 H 454 3 0 i A7 A 4%,
HICEF I H AR W) B SEARAR X, ik CCD sk {0l

[%
R-5

L]

L4,

[QOS@COsK — singsinwsink
O

Ldinpcosk + cosgsinwsink
TR X AR R S, A
hy =fa, + (u -u,)a,
= /b, + (u=u,) b,
%:fcl +(u—uy)c,
%:fal)(s +f0, Y +fe, Zs + (u—uy)a Xy +
1 (uw-uy)ab, Y+ (u—-uy)fe,Zy

@ &[] gose O
by by Eo 10
¢, % Ldinp O

)

coswsink

4
= far + (v=0,)a, W
%szz + (U_”o)b3
%:fcz + (0—00)03
LL] = fa, X +fb,Y + fe, Z + (v —v,) ay X +
[
L1 (v=-vy)ab, Y+ (v=-v,)fe, Z
A (2) A B AL Ny
LX+LY+1,Z-1,=0
{ (5)
X+, Y+1,Z -1, =0

i F 1 [E 4 e LS an X (5) Fi R i 4 A
Ji AR M H AR BB A 3 A, B, AT RLR
P /N IR E TR ST ARG X Hp ] 4 5 B AR = 4 A
B o
2.3 BHAHEMEIERE

FIH CCD 8 3l {37 [5] 5 FF L B, Hy 0 75 42

— sing [k

cose [IQ
— COos@sIinK — sinEsinwcosk
COSWCOSK

- singsink + cos@sinwcosk

FEIFIREL CCD 4% 3k 411 45 W 1) &A% (4 &b J5 £ o &
(X5, Y5, Zs,0,0,k) , M A ALK £ I 7% CCD
KR TTHRTCER (uy,0,,.0) MR TR A FR BEAT A 1E, I
R B 5% 5% ) 8 PN A0 5 6 o6 26 88 L B AR, R A
FE L2y RS H AR [F] 24 A8 5 A AR X = 4E AR bR o
HTAEFH CCD M s 47 7K 7 1 B I & B,
FER Lt &< S D WA 1 R | o o N (S
TR 2ZTE N T LI o Fl « BAEE ., B2 H 1L
arHEAT AR R, FORHIBURET o W] H A AR HER 45
Lk AT AR/ NRAE, I R
Stk oy 0 T g
a, (X =X,) +b,(Y=Y,) +¢,(Z-Zy)
ay (X =X,) +b,(Y-Y,) +e,(Z-Zy)
ay (X =Xg) +b,(Y=Y,) +¢,(Z-Zy)
a (X =X,) +b,(Y=Y,) +¢s(Z-Zy)
(2)
K, Cagyb,e) (i=1,2,3) 2 HIEELEEM (¢, 0,
w) B 1 7 1) A 5% 22k 25 BL e % R B BL IR KR

|
S

0=_f

0 0 [qgosk -—sink 0[]
cosw —sinw ink COSK 0 él—-
sinw cosw LI10 0 10

— singpcosw []

= (3)
cospcosw L

B BRI 5 Bir DA it — il 7 58 S )
BRI MR S O o AN DS IR S S I B P Y
FUUHE I IR A BT T — bl R A O 3
AT L A A 18] 2 i 78, K ST HE WL %
24 S DX AR BE M A 0

- sinw

PE—HP,
'D
P, 1 WP, L
i i
Y i
] |i‘i[
PI [Q 7 1”" [ Pb 3 P:

B2 DA A b L s 2 A
Fig.2 Schematic diagram of observation sample

with strip method

T P =R (X, Y., Z) %
IS RGO WL 5 P A AR R (XL, YT, Z0) , 3 S AE P
P! AR E AL I 3 S RO AT A1 R 3R
FEMARA B L ARG X o ALARAE Bk i Py I i T 1
FEH TR AL S BEuki a5 P, LA e P, BIRE 3 5 )5 K
“ST R IR I, DL S A, B S8 U A I



5 113

X G a4 BT CCD B b Ay AR AORE bt 57 55 R5 D 5 3 0t 52 319

AL

PO AT CCD i ot 450 5 4 1F A 5 o 2 1%
X LI s N RE A 9 = 4E AR AR e, din T A [0 A7 )
P i 58 ) R X A R 2R 2 AN [ B, 3K 0 7 2K E 2
S0 A A GO XL 3l PR A 114 = 4 A8 o e 4 31 [
— AR AR, — B R S A LI AR B AL bR &R AR
HEZR

A 'O fgeosAe sinAe O [

LLr PEL Ll Gnae  sinAe 0HEH (6)
g@ =H=H=R ¢ =
z0 oZod o | [z’ O

L, (X1,Y,20) R e e Z R ) = 4 A6 b, A FRR
TR 7 1] 55 bR Uk R BT 1) 7K OF F e 25 . R
Al bR 28 K 5 ) [|) — AR bR RS FE b A AROR 22 T 4 A
XtV O FR B AT A

2.4 HAMEZEHRE

3 S UL AR BB A R 1 ST AR R IS R CCD
TR S S 2 2P T L A Ak B, 43 S HE TR 1T AR 1R
XF 02 e R B E TR — R A3 ) A 2 i R AR
Hh AR B ) 4 A G R 2 A B BRABUE 1%
R AR = Z, = 0588 )5 A Sh7E i B Al b 43 i A
P (Z, + 1.3 m) 5 5E 2 i B b i B K I 422 0
3 ) a5 B 2 R G B AR e A TR R T 44 s AR EBORE
PR FABAR (uy o) (uyy0,) BT 201 5 = 4
A iff SR DL A G L AR X IO B R X = A Ak B
(X,,Y,,2,) (X,,Y,,Z,) .

e A% AN 7 AV i st 1 R X = A A AR R S
FFH M AR A, WERE B 2 5 0 FE b o H AR A
AR Mg A%

doy= (X, =X)"+ (Y, -Y,)) +(Z, -2,)°
(7)

Arp d,— Ntz
2.5 HFMEmEI

AIZ DT S S0 W AR AR B 2 RE LR T R 7 2
PR, AT L RLULI ] 1) By A7 PR AR S 8] 5 B 3

AL AT AR H05 [E G A s 0 ST SR R AR ST L ) PR AR X
07 B 5% AR A S B R S Bl | S S AT A RN B M 6
T [ s o M A ST A JE IR — i 1 D5 JE sl
B, 8E AR A b 2 AL e A S BRI OO 2 Y 230
|2

H A J5 58 AT R 3 0000 IR R 1 D 0 A AR
AR A I B A F CCD R Sk 48 52 W 3 A BR Al
AR 14 388 25 5] L, AN T 5 S i A7 7 ke 00 Jhs 00 )
0L T SEAF HPREE | T E O 3t SRR AR TR E
R, G e 0 % B8 ol P OULI B AR i sk 0
A B0, N 20 I 90 SR LR Bl AR | A X
— AR A 1) J5 A AR 5 K B, M AT S8 3 L
7 58 1 R

— NS DL, ARAR I S R R B R A
FEAR Z 18] A AR 07 5 5 28 B Al fEL7E dy 24>/
Y PR R AR M 3 ST I ol R R A% D S/
i PAY B AR B R B8 B R K RRE M AR AR R v R ST
HEAS ARROCRE M PN R A AR B9 AN L R R

3 GRESW

T RS CCD i i AR AT [ 5 A M 2
0 A 0 ) R AT P 0B R A G A A L AT 1A
SR
3.1 BHAREXNLERT

PR DAy et L % P A S B o T A B AR R R
U et AR IS PR (] 4 i 35 DA AR A S AR A7 1 199 e A
P, B E S ME A M 3% 78 R 3t rP R R 22 ) A A X
(DACE S8

AN S B0 AR A S AR IR T 4 A SR L
I BROOLI 7 58, A8 Bl i Py LI R, AR
FRixE Sk (100. 005,100. 000,49. 893 ) , {75 15 U 45 47
Wy Py PP, Py Py PLP P EREA B B
faava £ A URE D DYIRIITINE /R S RIIE S N RV N B ]
XL B ML R AR BN 1 TR o

F1 CCD B UMMM lid RER

Tab.1 Field record information of sample observation with CCD super station instrument
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Tab.2 Error analysis of calculating accuracy of DBH
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