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et T AL & 39754207, K4 116°25' 29", & i Bl
16 410. 54 km*, b #e b FJECAEHE . Mo 55 Pa It w &, AR AR
G, Jm M AL IR F R R R M ZE K X, M B R
BoE A BB . BRI XA b 5t T R ARR) 24 F 5T B
B A I b 5 E— 1 T G bk A AT Ml 2 55 A B OF B T
[ B 2 At T Rkt B R B b o b O b A g v 3
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ERE KR RIF . GRS AME Y 5 4,
A A R MY LA (Ginkgo biloba) . % Wk (Lirioden-
dron chinense) . [ (Fraxinus chinensis) . T 14 (Populus
tomentosa) v FEM) (Salix babylonica) . FE g (Sophora japoni-
ca) . B AR (Platanus acerifolia) ], 2 Z M ¥ [ 70 F W
(Acer truncatum) . 3 J\Hk (Acer palmatum) . ¥ (Cotinus
coggygria) ., £LEi AR (Cornus alba) . .M Hi 57 (Parthenocissus
quinque folia) ], 2510 Z M ) [ 25 /N BE (Berberis thunbergii
var. atropurpurea) . M 2= (Prunus cerasifera . atropur-
purea) . BBk (Prunus persica {. atropurpurea) | =4,
RS MRy . FE, EBRCE G EREY KT HG
(Euonymus japonicus )JE R Xf BEAF5E .
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HE AR A RS IE WL I 2 B R R R B O, M i
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Wt s RQO AWK A bWy JEI6 Y618 I 5 3R .

5 TR B 1 I B A2 KA KR sE . B G FE o
BCHE B I3 BR T 2K PR 7 Y B 1 350~1 416, 1 796~
1970 12 470~2 500 nm, 54 a6 = 41 2% . oy %
PRI T mOG I AL B AR AE SR FEAEE 4 ORI
FRIESHOM 9 A3 = 4R E S 5 (& 1. IR SAS
9. 2 G AR 25 A FRAE S B AT 7 28 B 2E R B 4 AT
Z # IR ] Duncan ¥ (p<<0. 05) ,

R/(A;) =

F1 XiLHFUESHE
Table 1 Spectral characteristic parameter
Fea R E X i ik
Ag LRI A 510~560 nm 3 [ P4 5 RS2 4 il % 17 1) 98 4
. e Ry LU SR 510~560 nm 3t [ P d5c K BT A0
RIS SR 650~ 690 nm 85 51 P 5 /NI S5 4 et 1 0 ¢ I
R, ARSIE 650~690 nm 3 [ P fc /) S AH
Ar EAR IR VA S 680~760 nm P — i 5 B e K AR R 7 3 K
D, 2130 g {E 680~760 nm P — i 5 BOE I i KAH
SD, EARURIE: 680~760 nm P — B i 3 1) LA
Ay I E 560~640 nm N — [ 3 B0 AR I 1 9 4
i =R IE S 8L D, B {E 560~640 nm P — B FHOGIE R
SD, puliE 560~640 nm P — i i 43 19 B A
b LR URIALS 490~530 nm P — B 5 55 o % 7 A i K
Dy W 7 W E 490~530 nm P — B S HO6IE i K
SDj, W 1 R 490~530 nm P — B i 53 19 L
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PR 1 oAy ft B o € A K A 1 8 T R ST R, R
2 WY 25 €0 AT ol Y il R AR AE L B G ORI AT AY R AE AR
b ZAPT Ak g R0, e 0f W% 552 nm 4b Y BL 4%
W7 (3 D, iSRG R 0. 142, EWBE 671 nm(£05%)
TUWA, BRRULART ., Bh R S (A B B Y S R O . 3=
B H TR Y R R 2GR IR ISR . #E 680~760
nm P B SOSOG T B TR Bl R BE SRR AE B R
ek B, AT F R 0.07 T 0.5, FROMAH AL
N7 OREIRE LI E L mEERRER S AR R R A
LW G R AE 2 — . IFZT AN 760~1 300 nm B AL
TARRCE RS & . RE A RE R ST, T rdh 1 300~
2 500 nm Y B2 S EAEY) &K BRI, IR K,

REHEE, BREBBEAL.
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Spectral reflectance curves of Euonymus japonicas

Fig. 1

leaves in autumn
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STy PR N LW NG R - B I Wl i
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V1A £ W 7 5 6F 7 1) T BEAS TR) o (H 22 AR N 5 20 04 S %6 DL
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(£2),
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Fig. 2 Spectral reflectance curves of

purple leave plants in autumn
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Table 2 Spectral absorption characteristic parameters and

variance analysis of different colorful plants

g/ 2/ a4

am mess o o o gEo O
L8 /nm R /nm

G Z KnEAs 552 ¢ 0.142 ¢ 671 b 0.063 b

Lt /| B 635 0.188 676 0. 092

wox UL 636 0.173 673 0.148

ot 2= 633 0. 094 671 0.072

A 635 ab 0.152 ¢ 673 ab 0.104 b

LR 642 0.436 676 0.335

IE 5 655 0. 237 674 0. 207

SER x@ﬂ\w 654 0.395 674 0. 350
B - - — —
EAETTF N — — — —

T E 650 a 0.356 b 675 a 0.297 a

MR 636 0.717 674 0. 659

33 638 0. 644 674 0.613

SE 635 0. 489 676 0. 340

SER £ ?66 0.515 675 0. 222

T 567 0.529 674 0. 344

ek 636 0.573 676 0.478

BAK 632 0. 609 673 0.473

S (E 616 b 0.581 a 675 a 0. 447 a

0 PHHEEMFEFRREERARE, ARTFRRAEEFEE

<20. 05)
Note: After the average value, the same letter represents no signifi-
cant difference, while different letter represents significant

difference (p<<0. 05)

YT LT AN B 760~1 000 nm, 2868 2 K 14 % 5T %A
0.6 Lh b, AHLLGEE ZAM Y 0.5 A2 A7 10 S 5T 28 A % Al B 42
1o AH 3 RS (0 R AR I AT R 25 R R, o gt N B
SUET AT 1, BN EMETE 0.8 i, B AR 0.6 &
Ao R IR R PN 2 R I A [R] O v R 20 A0 ik B ok i
BRI E EF N A T 4L AN BE 1 400~1 700 Al
1.970~2 400 nm, 260 RZA YA AT R L0 R YR .
3 b R o F A ) A B 4T A B S B /NI R B Sy 2
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5, Al AR R X e B AR €0 A ) 11 E B AR
S 3SMECREYEARREEBRBERALZS, AR
AR B,

ZL 8 R AH Y M R o6 3 S il 2 AE 620 ~ 680, 720 ~
1300, 1400~1 700 F1 1 970~2 400 nm B 556 R MY
ZRURE D, SRE[EWHEMIL, 26 R YAk
PLE ARG W E . LU0 55 404 TR 25 5 AR X 1 3
(p<<0.05), HAEBREERS(F 2D, MBFERBEMHBEK, a
W RFEYIAE 675 nm LIRS, X 5& 6 REY L 671
nm Bt AL A I REAE S O AH Bl HAL & R MY 48 )
SEREBEB R, N 0.297, BER TEERMY (p<0.05),
H UL B . 7E 620~680 nm i B 21 (0 RAE Y I L1005 5 414
WHOBIRG , XRL RS gkt R Y3 W E . 7
5 FHAT (6 RAHY . FHRL 3 K #E 620~ 680 nm I B oK H
LW RIS, Mt BRI E IR LN 6 (& 3,

HHEL SR (5 R A Y . 21068 R YR IE 204N B 720~1 300
nm [X 8] 55 3635 5 (A 3) » EAS TR 21 8 R AR 9 =22 18] 09 ) 5 36
2R, R G I /N TR IR L5 AR > # A > O A >
X T > 0 M . T A6 36 21 7P I B 1 400~1 700 Fl 1 970~
2 400 nm, ZLERMY M EH @ TROFEY (& 3); A&
[Fi) 1 0, 2 40 i) A P A £ A B 1 400~1 700 1 1 970~
2 400 nm ¥ f 4 EEF B — B ARt e, RILL G A > B A
X TR > L0 L H > TT E . LEA T, AR AEYTE
620~680 #1720~ 1 200 nm i [l P4 9 52 58 5 335 4 AE 2 L S i
W IE S B S 56 R YA FER K E R AIER X+
fERFEOMYNELESH.
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Fig. 3 Spectral reflectance curves of red leave plants in autumn
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Fig. 4 Spectral reflectance curves of yellow leave plants in autumn

AT R R A6 R R AE 2 By R 4R 68 R A
WL B DG T S S T LR AR AE . 20 (0 R AR S B R A G
SSTREERIML, 3 PR AR R B 8 BHEHG 0I5 R
fiE o NZRVEE R L2318 £ B2 43 A0 A0, S ) €5 3% A ) 4 0 A7
RIUNTORZEY > K ORMY > HEORZMHY > G0 F7H
Yy, ISR AT AR LT A B LAY I R R B O R
> L ORI >R ORMEY >R EOREY
2.3 AAXRBREYMTRXE=ZSHTESHERESW

T R A R 15 FOR € R AR MR T 0 R AR O %
B WOTGIS T, BRIUE w6 0 i SR IE S
BOFRMEAT I 225007, 8503 3 izs . xF &k R AP Kot
LIS E T A, R GREY DM BEEEANGCQ
FHY>LORMY SO ORZEY=HORHY . B HEY
ML B B X B T aEREY (p<<0.05), A¥AH“H§
B M4, BILLi i B mE T m 8 T 5~16 nm; 2034
WEAE AL TE AR DL 0 R i K, M LSR8 R A
HWORMY SO GRMEY, AHREMES MG T 112.9%.,
74.8%5 23. 1%, LA AN T 42.5% . 115.7 % A0
180. 9% . 15t W 25 {0 2% Wl W) WO 20 0 07 . 40 o W R 0 40 i i
RERIEFES B S Kb e R EM B AR RER.

EHALE ., EINEMAES RN a6 R YRR,
H L T Al R A (p<<0. 05), For 41 8 R AW 1 1 50
PLE WA 617 nm, RO RMEY . RO FHY 5HORM
Yoy WL H T 8, 48 55 54 nm, £L€4 RAEY 0 FE L IR(E 5 Tl
TR ARV b JE At €00 28 A9 e A S 25 8 o, B vl 8 30 o 2 £
Y. BORMY S HORMEWN 3. 62, 3.27 A 4. 38 f%,
TE AN 5 G R Y. EOREY S EOREY
[ 5. 08, 4. 92 5 3.85 £, 14 HH 2 01 Wi (i 5 2 1 AR AT DA Sy
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L1 R Y DX T H A (0 5 AR ) B BRI R S R BRHIES R
N Te) 0, 2% AL Y R 30 0 T TC A W 2% . LR 0 R R ZER TR, AW @ REY T ROEE AR LS R

T B AR R A O e . HLE X T AL (A R Y
(p<C0.05) o Hioh B (8 25 A8 10 19 6 120 W8 0 A0 60 0 T AR 531
LREARAEYI Y 3.95 M4 14 A, RO RMY M 28.01 A
28. 11 4%, DIRAT G R YR 58. 71 A1 63. 11 f% . b4,
A 00 W 0 0 T U € R AL X ) T A A AR W Y

*x3

A —E WAL, =SR] LME R X5 AN R % i 4 e
HESOMYKNFESE. HPhahmE 5aimm, wi
R ERSR SN TR AN R Ul X R SN A K (B S |
Yy LLE MY S B R AR Y X0 T H A 4 R AR ) 1 T 2D
THRHE SR

TEEEHEYRE=ZDHFAESHRAESN

Table 3 Spectral triangulation characteristic parameters and variance analysis of different color-leaved plants

o wewas TEUE gy SUIERRRIE g SOUIMR TR SRR
R o # A 704 a 0.989 b 46.743 ab 569 b 0.192 b 6.190 b 521 a 0. 288b 6.435 b
NN 695 3.019 82. 658 602 0.337 12. 670 491 0.012 0.157
- £ - 24k 701 1.725 60. 903 628 0.093 4. 468 520 0.058 1. 617
28 701 1.575 56. 287 597 0. 045 2.032 522 0. 052 1. 258
S 699 b 2.107a  66.616 a 609 a 0.159 b 6.390 b 511 a 0.041 ¢ 1.011 ¢
T 4 688 1.998 31. 815 605 0. 851 38.005 501 0.017 0. 399
ITEEM 688 1.414 32.110 628 0. 315 16. 244 517 0.024 0.513
SR 8 JTHE 688 1. 258 20. 446 606 0.693 32.595 499 0.014 0.227
H R 688 0.532 10. 830 607 0.773 42. 549 512 0. 027 0. 814
AHA 688 0.823 23.376 637 0. 842 27.670 500 0.016 0.299
XA 688 ¢ 1.205 ab  23.715 ¢ 617 a 0.695 a 31.412 a 506 a 0.019 ¢ 0. 450 ¢
WA 688 1. 305 20. 396 564 0. 320 12. 692 518 1. 364 32.765
R A ik 688 0. 547 8. 194 565 0. 301 9.108 518 1. 456 33. 386
1 i 688 1. 964 36. 447 564 0.188 6.165 518 0. 732 20. 978
- EAH 688 2. 750 58.536 560 0. 096 10. 150 518 1. 350 30. 833
- 1 688 2. 086 43.273 560 0.076 5.938 518 0.958 25. 547
SR 688 1. 497 22.553 565 0.211 5. 062 518 0. 919 25. 869
BBAR 687 1. 831 26. 778 562 0. 297 8.013 518 1. 201 29. 455
S (E 688 ¢ 1.711 ab  30. 882 bc 563 b 0.213 b 8.161 b 518 a 1. 140 a 28.405 a

T FRMEE MR FRARZER A LFE, AR T RRE R B (p<<0.05)

Note: After the average value, the same letter represents no significant difference, while different letter represents siginificant difference (p<Z0. 05)
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Study on Hyperspectral Characteristics and Difference of Urban
Colorful Plants in Beijing in Autumn

DUAN Min-jie, LI Yan-ming, LI Xin-yu” , XIE Jun-fei, WANG Qian, ZHAO Song-ting. XU Rui, WANG Yue-rong
Beijing Institute of Landscape Architecture, Beijing Key Laboratory of Ecological Function Assessment and Regulation Technol-

ogy of Green Space, Beijing 100102, China

Abstract Along with promoting the color extension green technology demonstration project in Beijing, color-leaf plants play an
increasingly prominent role in urban landscape construction and improvement of the living environment, especially in recent
years. If the regional distribution and growth characteristics of urban colorful leaf plants can be observed quickly and lossless by
using hyperspectral technology, important theoretical basis and data support can be provided for further optimizing the layout of
urban colorful leaf plants and accelerating the construction of urban color-leaf plants system. In recent years, the rapid
development of hyperspectral remote sensing technology provides a lot of ground cover plant spectral information and improves
the spectral resolution and response range. Plant spectrum has a series of characteristic absorption bands, which can indicate the
differences between different tree species, and is the basis of hyperspectral tree species identification. This paper selected 15
species of colorful leaf plants with different color systems in Beijing as the research object. Moreover, the SR-3501 portable
surface feature spectrometer was used to analyze the characteristics of the hyperspectral reflection curve of leaves of plants of
different color families in autumn. The difference and variation of the characteristic bands and characteristic parameters of plants
of different color families were further studied through the differential transformation and feature parameter extraction. The
results showed that Euonymus japonzcus had the characteristics of typical green vegetation spectral curve, which were the
changes of “peak” and “valley”; the spectral reflection characteristic of purple leaf plants was similar to that of green plants; the
spectral reflection characteristic of red leaf plants was similar to that of yellow leaf plants. Based on spectral absorption
characteristic parameters, the green/red peak position of different color plants showed a trend of red leaf plants™ purple leaf
plants™yellow leaf plants™green leaf plants, and green/red peak reflectivity, red valley location and red valley reflectivity were
all represented by the yellow leaf plants™ red leal plants> purple leaf plants™ green leaf plants. The characteristic spectrum
parameters of the three sides of different color plants had certain regularity and can be used as the characteristic parameters to
distinguish the different colored plants with green plants. In comparison, the red amplitude and red edge area, yellow amplitude
and yellow edge area, blue amplitude and blue edge area could be used as the important spectral characteristic parameters to
distinguish the purple leaf plants, the red leaf plants and the yellow leaf plants from green plants. This study provides a

theoretical basis for applying the hyperspectral technique in the future observation of urban color leaf plant system construction.

Keywords  Colorful plants; Hyperspectral characteristic; First derivative; Absorption characteristic parameters; Trilateral

characteristic parameters
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