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Abstract; This paper introduces the background, research objectives and contents of a kicked-off project titled “Innovative
development of equipments and internet-of-things techniques for ecosystem monitoring and its demonstration”. The project is
funded by the Key Special Projects entitled “Rehabilitation and Protection of Typical Fragile Ecosystems in China” in the
framework of National Key Research and Development Plan. To meet the requirements of national ecosystem monitoring and

parallel the international science and technology frontiers of ecosystem monitoring, this project aims at developing some
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innovative equipments and internet-of-things technologies for ecosystem monitoring. These equipments and internet-of-things

technologies will be demonstrated in selected fragile ecosystems across China to verify their usefulness in constructing a real-

time, stereo, automatic and intelligent ecosystem observing system. The eventual purpose is to enhance observation ability of

ecosystems and therefore serve the national priorities in fragile ecosystem protection and rehabilitation.

Key Words: Ecosystem monitoring equipment; Internet-of-Things for ecosystem monitoring; Fragile ecosystem

1 3|8

HERET [ AR A SO B S B s A A B A
PRAP A A [ A 2 M R 2 R 2 8 i s Dl e
T LM A EAH ST A, 3 SRS PR I M)
BT S (2015 4F) Y ER 2 s Al mpTRoR Sk
A RGBT, P e A AR R I S AL L A 3
b B REALAKE” o SR, T ] AR 2 M S A A
FARRTE D UL [ S E R REAL | 2R AR AN
SRR A, H AT, 3R 2 R oL g s AL E R B
HH 5 T B ol AR 1 BB > 22 e ) B o
(3 TR 708 o a2 (AP B A I B R VT
AN SR IS [ N S 3 2 A 250000 0 26 Bk~ JL
R 10 PR AT T AR U H SR Y K
AR = U R S AR S SRS i, TR
FRAIT A IR R 7R AL

ARSI F A — R 50 M AR 2 R G K-
KBS (R e o, Al T W 0BG I ) SR — 1A
SR GIEIIRR TR SR 22 W, 52 B F [ A
ASRMEOAR R A E 0T IR S B H 2 A S ) hE
DA ORI P | 4 KA | Sz M A s I, o e ik e el A 2
SCHT B B BRSO

2 MIRANBMEBRHAFTE

21 FEMTAE

AT H Y BT N AL

1 AEAS R GRS & W 45 kol

BIXF 2R R MW 6 A K i = A e S
ORI DU < AR R - S R G -RO 2 RE I
ML

XU B DN RS - B BOBLIR: B H il AL B AR A5
S RI A R B R B SRR B A A SR AR EOR
TR BLIHE BE DN RS AR B A 2R 8 (S 2180 ARl I8 B 1Y
RGN T) SRR T R G RES

PEREIRN FE 2 MRS TR 2R R, JT R BF A
I IFXS R GRS A A T Lt

FEPPBRANL B XS AN [RI R ) 2 Y | St PR bR 25 1
S BARD 5 BIF ST A T R) B R 0T Y RO O
WA A , 4 0 PR B v (R W A E AR s F5E 5 4
PR AR A ] A2 AL R, I — 4 22 7 2R X
I 5 73 AT BROT A R, Bt o) 40 2 A IR A 5 R A T
B AN, Fc 2 S NS Z2 TR ) (AN TR A 1R A (E R
SN ) BRI B gl &

AEAef A4 2 3K 230 5 AN T R AR
BOR W] 0—40cm FR B BN RO 4R A AE
#5204 K 2 M %2 AL, BF & FE T FDR ( Frequency
Domain Reflectometry ) fit) 4 3 K 3% J8 2% | 42 il [
B e A L ok B i i >R 5 5 A7 4% 4% L GPS ((Global
Positioning System ) % il & 4t , 7] ] 20 £ A A o4 1%
i SRS T K IR A B R | R G ARSI
b AE Ty R RSE G IE TS N

RS H ORI E A . BT He’ T b ¥
FHRHA W] 700m B ARG RUEE 387K 53D 5
ASC, A TS P A1 v G R 0 45 T v G R Tl R 4 R
R S IO RARIIFE R R A R G i AL
Pk 5 i R 58

2 AR A AR AR A R 2R 2
ARG

FR A - 8 A Py Al 2 AR = AR (CO, R 87 C)
J A R 1K A R B T RRE [ R ZLAM G HR
FEBTEES &1 s A7 3 S WL 11 2 A AU 2 o) LI 1¢) 5 WL
i 2, F A B AE L - CO, A 87 C A
(1% Z2 308 18 UG 0 L HERT I 8 C I R 45 | B 40
THEFIRR CO, M 87 C 3 Bz gl B ) HIEATR S
8" C R bR WL 2 4 | = B iR SRR T 4
W5E + A WU B CO, M 87 C 1 R
I 8 C 4 A Z AR IR 5 E Rt 3 ME

R AT AR B e v IR & AR (Co, st

http ; //www.ecologica.cn



22 4 B AESRGOCHES R W R IR 5 A S PN R T 3

C) FHE Y B Hh 5 5 AR AR LAk 1y 1 7E Zebr o £
BeERA | 258 1S Y SUIEFR 1Y CO, I 87 C 3k
TEPRAY BB AR A5 B A A2 YU R A A
CO, 1 8" C e K2 TR AR ) S B U AR A | ] LU R
Al PR 4 H SRR ARG, BT IR OCHER
W& P = E R 5B T SR RS
SRS L S S = 1 v

3 MROCHES B 2 W5 A

FEXTAE A A A A 7 ) S5 R AE AR S R G R
O T BEZH B R F S 2 RO IS (245 .

T J2 A A ST AR 5 ) = 24 L AL . 5 T At ST A4
SEF YRR 3 PR = AR R 5 LA S R R IE RO 1Y
P | SR AN RIS 1] [a) 20 47 i | V] {5 o Ak 3R 45
R | S 2 T A A5 F 1Y = 4R

A 2 AR 2508 2 LA . e A B 2
AR I TR 8000 A ORI 5 1 5 BOR IR R e
F (] S JoT 1 4% 1 1 2 ST e T R R S I B T
1, B I 5 22 R 4 SIS 1R 1) I T RS B8 A1 X0
HUES

AL ] AR B SIS . 38 3 = K5 B 6 %
AL IRAF W A, 455 R AME T R TC & A5
RS BUAR A% ) A A Rt L 3l 2H UL

T ST A FE WL ASL - ST B B AR 5 R IR 5 B R
B PE AR B NG A5 T R Bl e AL M T
LALHR I REAT | BIF G 7 A2 B b TR £ 15 5

TPt F Sl LI AN : B T R A SR 5 DG
T AR 1 A A0 O B ) A SO0 1 NS A0 B B s,
R 2 CTEAE W e WL AL, S BRX AF ) G B ) M 1
SN B Bl | R R U JC LA i

4 |ty £ HE S 4 M 5 5 A

FEXT AT 3 I AR G b oA A )RR R
DB — E DA A0 SRS, 1 SURIE ] AR 4

A CMOS Metal  Oxide
Semiconductor ) ZLAMEA ST AR AL . AFF 78 3 T X H 57
TRVERC A ET A S ) RO IO 5 12 B 245 5t AUH
SEARRILGE 1 B8 DR TC B TE B A 1) 4l 1 B K
EURHEGSREA | BB M5 B AL B AR (205 i
KR Pl A SCA CMOS AL

ANEVEHE B ) T 2R G D% i B AL SR A L ST A%
SRR MRS 1 7 LA R B AR AR | 2 BAE B A
b FRHEL A, S BN B A S W A0T I R gE M fih  A%

(' Complementary

RS

Wi £ A A 2 4 K g M KA gl o B i
WFITIE T W AL AR LT AP ST AR B 22 4% JE )
ol e e A AR 2 AR UL | T A A A R B
JE SN W 5 A7 ) 2 AL R AR 1l 3 O AN [
W) 25 ALty S 14 22 28 BUHUHR 23 J2 A4 0 B R Bn
JRERAL E Bt O, SR 5 B A B 10 SR A%
SO | S BUEICHE i) O 21 A5 R AR 45
PRI RE R I A

5 A 75 s D Ay 6 I O B R AR AT

X8 A 285 M DN A B o o7 AR 28 b ) JLA A0 2R
TP RN & A4 -

A 25 I P R OO s T A R - A e A S A T
RERANE N S 6/IPIE S €1 TR B €1 e
Pt AR O A S HEEOR bR e P i — B2 M
TOAL A 25 M DT EBR 0 28 G2 AR A L R B

BC AR Bt B EREEA R A T
RARAAAL BEAS BT T 4% F1 L H 6 1 5K 5y
PP B i AR e, DAk R 3, BF i 2230 3 | e
JIE AR B ] 7 FH A A 28 I e i SR AR

IEFETCLZH W 5 15 5 B« AIF IR D) FE 4K B
TCLZH W% A s A7 R b AR T A2 i I8 TIC ik it B
BE T A 25 WD A0k ) 2R G 2H 5 K

A S MEIIAE BALEOR  F 98 S R A AR 1
R RO il B Sh AL By % KOs fE 2k
FTRRALAE B A 2%, 9F S LA A 285 A 00 4 1k TR s
A S IIIE R RET 6.

6 A= 25 I IR 25 7 Ml A 5 Ik I MR 2R 5 7

TE 4 ZEAARIT AR AR 25 i 0 9y 36 1) S S AR F
RS 5E L I LAl | 20 SO Rk iF X
g bt T A 25 R T2 K
1& PRk A5 7 T R 3G AIE , IEPEAG WF (AR 1) 1T E
PE ELLPE AR E PR R E R A 2R, A A 25 )
Py 9 BB 9 i

MRFE H [ A= 25 R G 58 ) 4% ( CERN ; Chinese
Ecosystem Research Network ) FIH &R} g 12 J8R A 56
55 b 1 00 ) 28 ( RSON ; Remote Sensing Experimental
Research and Ground-based Observation Network of
Chinese Academy of Sciences) , 7F PG Jb 3¢ B 2R Y 38 12
A ASHESS X PH e I Ll A B AR S I 55 X AR AL
PG B A A S B DX = M R

http ; //www.ecologica.cn



36 &

Y, W B T ) AR 25 e B R T AR AR S R
G5 e G HE Bl ) W 7S Y [ IR T R 5 ) 28 Y gk
1 ASCE 8 X LRSI, R 7R 38 DX PR S A il 3 2 A
1S 0 L0 5 i A0 B, B X A [R5 A A5 X
AR IR AT JR A IV

PSR AR 25 K S ER A iR 7 R AT, F 8
BF R LR 25 M I A B ) 5 5wl A UL 3R G A HIL A
IR — R 2 A WD R S, T i 2 JE-
TE [ A WL X 6, 0 £ 28 i 00 Ay 1 o R 2 A 0L 0
R EE ), LA (BT M aF LA .
22 FREEL

Wl 1 RS I H R A R SR — AR 2 15 A

A I G B 2 S I e A 0 A, S AR R AR S
Pk W SCHEH AR ¢, B = 8 A3 s U T 2R A
WA R A T R I A BB, LR
TR A 285 W M R s B o) B, K I O 8 17 3, 7R
TR T B, kA T A A i A
VB SERI RO TE A2, 55— 10 70 Y Akt 0 382 3
AN AE R RS, =, —J7
TET g M 035 A P 9 190 B A3 v o | DA B A 5%
VA BN Ak 5 55 — D T 3 5 A S K — A
A SR GRS IR R SIS AR S RS
AYSEIT Zi45 Ml

> eS8 A s R - - A -~
A A A A g
iﬁ#ﬁﬂ& i%%ﬁﬁ% ﬁ%%m\%ﬁﬁﬂ%ﬁ %%f#ﬁ LA
Fl-___:-_-___ - TTTTT T T P g _l:::::::: puniyenppusspnus i _.__:.-_-___-_T 1
MR | SRR L T L L L
1! [ ! T "
! LV BEE | | VR 1 CM | h
ey i o oo || {RREEE GRS |1 oSO | e |1
VAR [ AR 13 L I 1 7 s S |
‘" || MERSTC R | | i | A [ RO (R R |
e had e EET M hag — % L | Rt | s
[} SR 1]
| bk | bk e || AR IREA | g |1 (e ex] R
b AWE | | R AR | -ﬁuﬁ‘mﬁﬂmm b | B F SR
H S O ERG I el 1!
] 1 | | | | "
I ______________ L g g g g U g —— g g g I
Rt WS 2 5 R e M 4 (15 5 i
D [T )
Wik R s e
= 4
Sttt | Attt bttty it
! ]
[ Sl LSNEELFARAR | 5
! Y > 23 / N
P IR R, : R L7135 *%ﬁi@fﬁ E_Eﬁtait.> g
IR aTe TN 7 } e ™ |
EFPRER, R | - — ! e
B RS R V| SRR AT | %?é%nﬁﬁlﬂ < RS IS A | )
: < EER% |
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e '
/Y A
g I s ik R ¢ﬁ‘ﬁ?§%%ﬂ
Y L A
| phheed e ]
1 ]
1 . )
U ammrmssas e S WL RS A RIS | | s
, W RS Mk i -
[} v P
]
i S M P S S R G !

1 TiEBERARELE

Fig.1 Overall technical route

3 BB

T A F bR o IF A A 2 M i o 0 K R
KRR BT AL S R B £ 608, # 5k 4

AWM SR A B R BRI W55 [ 5 e 55
BB E G ORI, B A AR ] 5 S AR 2 I Y
(1) WA K- - T A B OGS B I B, b

http ; //www.ecologica.cn



22 4 B AESRGOCHES R W R IR 5 A S PN R T 5

FEAR T B [ 2 A A%, S0 B0 0/ Bk /AR 21 B
T&-HERRGE-HOWZ RS ARAL A S AL ;

(2) il 5 A= AR s v, B ) S A R 1K ) 3
PR IC AR AL TCLAL fn e S rh dk e as, T &
Bln 4 A SR SEm e EE WA 2R N A A A A
FERS, R Re LA S I 5

(3) 4 m AR A W 25 1 [ PR P T I AR
AW A T 5w 4 0, FT R AH O 15 £ ™ O A
1Y) JR) 18

(4) TEMESS A S XOR N S R G L 5
T SR U R — R A B V- S R G- 2 R
A SR WD R 5

(5) 7= — RSN AV HR =R G L A1) 1830,
A2 VR R AR I
4 ZiE

AT B K % B S E R BB =l AR B

B I (R B 5 oK, TR AR S S R ML E K
AT AR, 0B 2 2R G0 A W DU u%%ﬂ"*{ﬁ“
Jr W H E QNS T At ﬁfa‘k‘lﬂf‘%’%‘i
FERE RV, 4 4R TR [ AR S PR 2 ﬁ/\
QRS2 % 3 A e € R i EI’M)(%%UL%TLFH
T AR FEH R TR AR R T A AR S
AR 1 Bl D L *HXG‘?I?I\H%FKM,EZ
ANG IR BEAR, 710 [ A0 28 Wi 4 R K™= i ™ 2 1 24
TR A OC 2B Bl 55 & R AN Jsy T

3 X A 2 U D A K D) A 1 182 T TR
EAESWI A (E BT, RAEEMHSE X, &
Tt H A A9 A S R GO S W5 A% UL B i
SRR AL B A A W I A D 46 R A

B A S R G T M 2% | 5 A 25 R G LT 5
W28 LR AR SR T 2L 00 B A1 5 3l R A B T

DR BT [ o A 25 s U0 55 DA O BB E 2 fiE
KPR B 200 F7 , Oy T 50 2R 25 S TR AR 25 2 42 7
PERRAEROR S A RO e 2R B LA S 25
Mol 8k R

2% ik ( References) :

(1] Az, XI5, EERES RGBT R SJG 7R, B R
HERE, 2014, 33(7) :893-902.

[2] LiX, Cheng GD, Liu SM, Xiao Q, Ma M G, Jin R, Che T,
Liu Q H, Wang W Z, Qi Y, WenJ G, LiHY, Zhu G F, GuoJ
W, Ran Y H, Wang S G, Zhu Z L., Zhou J, Hu X L, Xu Z W.
Heihe Watershed Allied Telemetry Experimental Research
( HIWATER ) : scientific objectives and experimental design.
Bulletin of American Meteorological Society, 2013, 94 (8):
1145-1160.

[3] LiuSM, XuZ W, WangW Z, JiaZ Z, Zha M J, Bai J, Wang J
M. A comparison of eddy-covariance and large aperture
scintillometer measurements with respect to the energy balance
closure problem. Hydrology and Earth System Sciences, 2011, 15
(4) :1291-1306.

[ 4] Dassot M, Constant T, Fournier M. The use of terrestrial LIDAR
technology in forest science: application fields, benefits and
challenges. Annals of Forest Science, 2011, 68(5) :959-974.

[5] Keenan T F, Darby B, Felts E, Sonnentag O, Friedl M A,
Hufkens K, O'Keefe J, Klosterman S, Munger ] W, Toomey M,
Richardson A D. Tracking forest phenology and seasonal
physiology using digital repeat photography: a critical assessment.
Ecological Applications, 2014, 24(6), 1478-1489.

[ 6] Rowcliffe ] M, Carbone C. Surveys using camera traps: are we
looking to a brighter future? Animal Conservation, 2008, 11(3) .
185-186.

http ; //www.ecologica.cn



