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Abstract: [Objectives] Plateau Pika (Ochotona curzoniae) is an endemic and key species in the alpine
meadow ecosystem, and its behaviors of digging, foraging, and moving directly affect the health and stability
of the alpine meadow. However, it is difficult to achieve continuous behavioral observation for several days to

obtain all the data required for the biological rhythm observation of Plateau Pika. Due to the shortcoming of
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the traditional method, a Plateau Pika monitoring system is constructed by integrating image automatic
acquisition, optimizing digital image and processing algorithm, and intelligent recognition technology, which
realize non-contact, continuous, and digital monitoring of Plateau Pika. [M ethods] According to the need for
Plateau Pika activity rhythm monitoring, the experimental layout was designed with an area of 25 m x 30 m in
Henan Mongolian Autonomous County, Qinghai Province. The Plateau Pika monitoring system is designed,
and the optimized and improved frame difference method is proposed. [Results] Through the monitoring of
the experimental area, the video image data of the recorded Plateau Pika is obtained. The Plateau Pika
monitoring system meets the basic application requirements of observing Plateau Pika activities in the natural
environment. The improved frame difference method is used to realize the detection of moving targets based
on the complex image. The average accuracy rate, recall rate, and weighted average were 87.20%, 83.37%,
and 0.85 (Table 2). The peak of ground activity of Plateau Pika appeared at 10:00 and 16:00, and it was
inactive at night (Fig. 6), so it belonged to diurnal animals. [Conclusion] These results can meet the target
detection requirements of Plateau Pika’s monitoring system, recording the activity rhythm and frequency,
which provides new research ideas and effective technical means for Plateau Pika behavior research.

Key words: Plateau Pika; Alpine meadow; Monitoring system; Activity rhythm

M = IR ) R R R (Ochotona  HEIERY, O 2R TR AN, HE
curzoniae) 7& R AETAT N (FEE 2020) & A5 A 90 55 S W AR 25 2 A () B pp 45
A IE GRIESE 2016) « WFPIEIMI EOC R 2019, Z{REZ 2021 .

HESE /) CREERZE 2020, 5KEFEZ 2021) WG TSI BE AR ANE A W I 23 B A
LAEYPERAES G B, EHEAH  MEE, WESRIRE S 8 RS E
Bz sims (GRS 2015, SKEEZE 2019) 19 br, AU EWRSI. W50 B AT NIE 807
A BEIIFELTE. WPESENTIL® 752 — (Risseetal. 2017, Valletta et al. 2017,
TAMNER TROME., BHEFHREL, L Haalck et al. 2020, Lopez-Marcano et al. 2021) .
PRSI ) AR R ARSI S R . BN BTN B B IS ARG
F—Ji M, BAESIE NG TN A FIERYE (Vander Zande et al. 2021) . FHTHFR
PEi#E4T A (Stankowich 2008, J5/Nik%E 2017) , PHE N 2% B FRTE D A TS AT 1R SR e 22
IR AT I (Belotti etal. 2012) o Kl W34 98.25%, Ifi HlEEEFER X 0.26 s, 5K
B, WK B e B Ak i SR ARG sh BE R . BT AR IR AT R sEi )] (XILEREE 2019)
5 S AL B 7 VT T S B T R R Bl PAESFFOTEE T T =08, RES &

KEE . VAN TR RS ANYE SFEIEARR SR, RS B 7 1)
R, T BN RS EPAT AR BT R LR H bR sh ik 2R
HIIN . SRS ML, Bt A58 SRS RS PR KU RHE .

I 225 AT B ARG -0 55 W) [X 45 1 H F e JER R G A T B 5 UL R R i AN B AR
FFIW ST RIE S T (LTSS 2021, B BT AR AT, & T BB 444 T Hdx
EAREE 2022) , B T EFAESMIEXTIEMRN,  REAEF . TERE i A s I NS
WU BLIE AT RGN AR 2 . B A BRI, SR S (=38 o A 8 4 1 F AR
WERGEEL T K5 KEWESE AN E R B, 5 m R Sas s i F
WEERS, AR A EENRE G T4 WP bt RPN R (EWL 2018)



* 632 B2 E Chinese Journal of Zoology 58 &

B TR0 UE U 1) = BRSBTS
I R RIS A e B IR i, 12
T REARER A YE (R 2019) o EFXS
8] 224312 3 B ARSI 7724k 2 R BLRIiE 30 H b
Hu s DL GRS T SR, FR T T oG 2
SHEIE B B bR 5 BT iR (BRI
2017) o LA bJ7 8 mr 4 e v i AR A Vi s A
(HERRSE, (HAFTERFSLME N A1k, HARMEE
T ARl X8 s S 1 A

R R AR RN 5 SR E LA,
SEIA FIIMEE . AR b HE 7 v T
HEN T &R R RAT AT TEEE b
HAEF, & iR SEGFH XN, &
PR &R, W T ARA I B
HiE. B—0m, mERasE 2R o,
WEHESY G, BAHREHL
L JEARRFIE, PRIRE R — i AR H
RSSO AR, KT B EE. 5
UEIERS, SR R AT RS R E R M
WAFIEA R . HERPRHRAMERE R, KPS
P EEMTURE G, FEOR A RN
M R IE S Hos HACRAR. &R R TS 3)
TELEREALYE, HAENIA B bRRFIESE = 1 R R
KCEM 2018) o A EHE A & i 5 S bk il
Wligsh, %% (Em. Jm. Wi fiTa
WE RE. K& B, FH% THE,
i H BARER . BARHISHERETIRIEA
W7, 3 e i R AR AR AR AT R IR RSE A
FERBEIZ S A A . Ban: =5 B 5 A
KRS Z MR, WA FEI G
Py IR, BB . DA AR VT AL ik 55

B BRER RN Fy A i L BR S E bR X AR T
FEEE  ARUAR AN DG A PR R 2R MO )

T I XSRS, mER KR ZE

TR R G AT E RIS EAEFE RN . SRAEMIN
ﬁ@%zﬂﬁ+ B, WEH. ERN%ELAY,
5, T R A DU 5 ) L 2 A0 S AR, P €1 A
IKFEAR, XL R A Ol — 21 1 H
PRURAIMERE . S . 5B REE RS R 5] AL
RERSEHR, KEEG Tk A S T
P SIURIEAENITEAS T T2 30 H bk, 1R
A ROR B FEREE H bR 55— 7, MRS
ViRV N € R L e el TS B e A€
Wi BRI ME. gLl A, AR
PR T —FE A R R e 1 I R g ) st
i 2225 v D B B H AR IR A S, AR R R
S R RAEE, B3ERERE R T
SR R A3 B AR iR, 4R sy ﬁo

1 RERARENRS R

ALV R R R R R M RS (D,
H 37 RAE A A I o A5 PR 46 L M A%
HOH G, SCRFZ RN AEAN, R
AR . R G8AAE H m ALH
PE R AR M2 B AL B L
MU M Ak PR R 55 55 55 s 28« 00 A Ak
B A > AL e B Pt 5 N A A
) FH AW A0 P A5 R B 8 3 TR vt 54 ) 00 [XC

SRARATT, X WA A I A8 BT Ak B D T 458 1 1
B RATEHALE E & BEE, R

A DN LA AR 51 o B B S E AR, AR 2
S AT R (K A7

‘ 5 R B4 Wi 22 48 Monitoring system of Plateau Pika |

A 3
PR Video sources —>| fE¥i1 £ Transmission equipment > M55 %% Server Data terminal
AL Switches BHESIHT Data analysis
Datab.
Ifa@e%ﬁl 1.0 #% Core router {45 Event discrimination gﬁﬁ Cﬁ;ﬁase
g A45#% Server H{HRAF Event preservation

1 RERAENRS
Fig. 1 Monitoring system of Plateau Pika



4 34 SRR A T e e e A B i Sl R I VA T <633+

2 RERRENRGWE

21 MAEGRE

e i BR G M ) R 40K FH 41 MRS N LR ER A
AR, e X 2 AT A A L S L
FEACR A A S A% O B BRI, K E 8L
(RS AL 16 A R IR S5 35 RS54 SR
BB 5 S IR A B S o, 4 BF A R
C TR R U2l N W 1 i P G - 2 U 1B 7 e
Eaun BN ST /YT SR € R M N N ST i P
759, HHEfEAF T MicroSD/Micro SDHC/Micro
SDXC F-
22 HiEsbE

TR AT ACER R CRAT RIS U
J& R AR AT M 37 S AT TR o A 55 o P R A P 15
T AR B AT AR AL FE, WA i i B
EUE P51, Rz 3l H b s DR A 45
B rE R R, AR RS R . Bl
AL FEANE 2 P .

PiR
HAprgs
- Objective modeling
W AL
Input video streaming Background modeling
Vil Access B
l Image data processing
BGRFAE SR IR
A Image feature extraction
Decoding information L
i VISR
S 3R Output data Recogm'ti(in detection
¥ __ B 7
EEy Rl Data integrationand storage
Object detection
B2 HiEaiEdE

Fig. 2 Data processing process

EHEBF ARG IEs Hbr, 48R
Wiy 5 2 18 = L, S8 I Al PR
PG RA BB R RKEEENBR, KRG
KGR BAR R Z AR RE, FIWT R &

RTH—BE,  HET 2T A G T 51 B4 s
BEEE, LAREUZZ) HARfeRE. 220k se
rf% 2 A F T R A T

Ve TR 22 43 15 — A8 A I 328 B 1) B
¥ e G- D BZIMEB iR i - Dz
AR ZEME: Ai=i(t) - i(t-1) . HFERE EA]
"JELHMEGENE>E K

1 Ai=T
D(x,y)=

0 Ai<T’ D(x, y) = 1 K I 5,
D(x, y) = 0 FoR 5, D(x, y) N3 EE w45 a]
25 .

iR B AR K R AE S ol R L%
BT #EEEERA) kAR, 5
B AR B, BRIt B R T4
SRS BN 4%, 8 5 ot F 3T B
(REME, AL R A B SRS B2, AR
RESE e 55 SR e, FLP /MRS 2 AT i —
ANIREE S B AT 55 8, RGN R
B S BREL 7 E5E, 45 B (E B A
AT R T 5 LA, S PB4 1
m@ﬁﬁ%ﬁmT,rzﬂ%gﬁ,nﬁzﬁﬁu

e AH 4B T i 22 43 R AE 0 B A .
221 MAEG AT K B0 E R &S
(bilateral filter) XL EUE FEAT 18 Ik 3 SR T
ARFR o U8 28 B it 45 A A S AE BRI K FE A
UM, ORI MG D S Je e 7, 38 1]
BT, BAMR, JEER. R .
UL 2 Z A R LA 23 [ G e 2 e
X BT B A i i B G E G, ), 1K
T 0T ARG A AL, R
> fk,Dw(, j, kD)

g(i,j)="1
’ > wli, j. k1)
k.l

R + G- |fG@))+ S
20} 207 ’

BUE R w(, j)BR T 2 AE IR )
Fetlo Forp, AR AR A A] AR ) i

o (i, ),k :exp{



* 634 - B2 E Chinese Journal of Zoology 58 &

AT I35, A 22 56 A 2 (1) 184 i 932 o
(B30 00 25 DU R 2R A AR AT 1) AT I
1, IR ER B A A 2 B R ek o XUd gE
WA AL FE S GO B RN A T A B A R 0,
HEAHFT 5 IE 5 H bRkl .
222 Hiefll  EREHACEASE , B
BRSO FERHATT A T A B B R S 7 51 o
KPR SE R A R I A S, SR F A I
T S ek 7 St U vy 2 1) R A A s M B,
RALE, ZHES TS e, BAZAH
AR UG B bR E R R E A IR . SRS
siER: Gy(x,y,0)= ZZG(x,y,t) —(mn-1)Gy
(X, ¥,80) » m~ n 5 BN PIEEEL S SR A 1 B 5
MR B8 FEAN R, Ga(x, v, A ¢ N ZIEHEHY
BRWIAE, G, y, ONUFTMIAE, G, y, to)
NG S g ARSI R R AR AL
XA 25 SRR, K S HTi ) S S R
72, S UGG R ME R B A6 T ol
Brb . D(x,y,0) = f(x,3,0) = fy(x,3,8) » 4TI
B fx, y, L SRR fax, v, )5, 3K
BESEE D, y, 0, TEESEGT, HTFH
R H bR 58 55 BARE, WA FRFTeE
frEAL, ZaEGERAER KR, SR8 |
EI& D(x, y, OfE N Hbstil A . T Bse A7
T B DX 5 P B 12 A 2K P A LA T 5 e Ah AR S
HE IR, FEHE D(x, y, 0 > T HIXILE
N E AR X3, A B 5 H AR X S8R A 20
HRERBIE T 06 R AR R 2= AR &
RitE, TR an Oy AT E . B
S sRERE Y RGNS RSB R T 2, fE L SER
ERRMEET RBUZESH I BHENNTT .
p=Y> D(x,y,1)

x=0y=0

J 3 Di(x,y.t) —ul
S=

x=0y=0

mn
T=u+no,
Hor, p 250 B D, y, 0B ER s ME,
0 RZEEUR(x, y, 0B R REIARHER , n LA

28, MWL E SR LR A A R 2
e, DAYE S B S s an s i g RE g A
YRR H AR 0 RS K T NARXIREH
bR X34

FESLBRE LT, HT HAMEE 8 HAT
7, BGFIIh RS SRR, —Eik
JEWZES BB BE SMiNs), FEZ N AEE
WIS HbR X, RIS I H LY
SPB AR, A ELHRXIER, 1A
“(HEME. g(x,y)=EH[f(x,y)], {THHAEEH
Fr X3P (e, VEA BFR AL ARG R, 5
AR (x, )

Z Z xB'(x,,t)

_ x=ly=1

m n

DD B'(x, 1)

x=1y=1

DD yB(x,,1)

_ x=ly=1

m n

> > B'(x, 1)

x=1y=1

AR H A R AL, B TR e
GERHE—D AR, o A BB AT I
Bk SR E H AR DA o

e SRR SR AT I B AR R, Al H AR
RN, LR BGR B TS BN R 23 X3 T
H S I AR, HERRSRESEN 7
HKFERMIIEAC R TH S B ATUREE . Rk, RHA
K-means 55X 7 H B G R 0 5, R
& ETWUEE Ax, y, o BARIX A B, BI{EAL

Z_ +

N Z 1 v
}E%‘Eﬁj\élﬂj%o T0:w7 %Hﬂrpﬁlg{%ﬁ\

Flrebe, BEUT —miEIE, hSEM LR,
AT B 7 B BUR RO R AT,
e JE BRI kR, A AL R A i
AbFRTEEE,  HAbR I AR R

223 HEBEVEMER ARSI UK MR
(precision) . A% (recall) FIEATHIINAFL
FEME (FD RIEFRRIFMETRIACR, 0K
IEFIFRIRA positive, 43R4 negative, N



I
I

T 98 e e i B

G s I AT T . 635 -

PR 1.
K1 iHMrER

Tablel Evaluation indicators

FCSAEN TR AR
True value \
Predicted value

1Ef (1) Positive  ¥LIEf True positive 7, {5147 False negative Fy
545 (0) Negative fBIEH False positive 7, 354 True negative Tt

1EB (1)

Positive

4 (0)
Negative

(D) R P S TERBUN 0 I FEA 50 5 7
F R AR P =
TP+ p

(2) FE R & 25N E MR iy

T

ERREAR LA R =0

Tp+ t

(3) Fy (L HETAS HE% 15 74 ] 2 T,

T, BRI R R S R

VeRE, By EROBUETEEE 0 ~ 1 20, F =
2PR
P+R

224 WIERABEITENE 202163 4
220222 H, T HIEFEEY TWNE AT
WLEE R RIE RS 3 d, 24 h 22561 i R
FIESNA . R AL, UG 75 rh AR AE & R
AR, BIRE A S EUR, BRI B
BAEAE B . RN A X £ 8 R

(time-period relative abundance index, T;) Z3HT

. T T
%Eﬂ%ﬁmmé,ﬁﬁﬁﬁ=nmzﬁmmm

T, T Ron I AR 325 FEAR AL, T oumJA
SARAEREN I B BT 518, N ORI
LJSS @8

3 RZMA

31 LI SERE

R T B SRR N T A
FhEEBE A M (34°41'07" N, RE
101°46'02" E, ¥k 3743 m) , &R FH,
BERE 3o b BER B M (E NI EIX . W E 3 A
TN 30 m x 25 m SEEG/NXAE MR A, s R

RAZEEHIX, 7 AmERe, 3 JMEER 4
FUMERE , SR 5 1 8 22 R 1 ) B8 (Maron
etal. 2011) , AFEME 2 m K 1.4 m §)F2k[H
EEFL, HELLT 0.5 m 2307 RN (N
FL0.8 cm) , HuMILL | 0.6 m 2238 57 SR AEE R
(RS 35) , W MIAIEEEEER % B 0.1 m
FHONET e, B0ET %5 5 75 ORAE BR S o2 NN 2D
IR FH A Ak B B IR R 27 it
32 MIEGRER KL

ZR 5 A AT e R S R R e e
ZHT, TRERGK IR M. T
PSR TRIEME. AR, HIESE
28 R RS SR &S Hf e g Tr
% . F TISTONG KFHAE 25 (TST- Q1R-4G,
Bl 3) [EEAE 2 m =3 28 Baad. e,
FAPERAR = i BR R vE SAEE 2 47 I,
IR RE TR & N ISR o 75 R 30 IR 25 1
(RGP AR S FH 22 S 178 2 s 0 e ]

B3 MHEGRRERE

Fig. 3 Videoimage acquisition equipment

33 HHERE

S HH B SR P S T AT v o B S M
REBIEE, 87T 864 B AR RIGsh (F
b, IBENERAAT D W B, BRI
IR 1920 x 1080, Forp#f gy i R SR G
FEEm R~ 4 fs.

4 RGERGFEMA
ML AT A B e e 2 v i R G M



© 636 ¢ B2 E Chinese Journal of Zoology 58 &

2021-04-15 12:08:53

w1503 28 BH— 11:22:32

B4 AR A B R M R A 2 8 A 900 i

Fig. 4 Monitoring pictures of Plateau Pika system in different time periods
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The monitoring screen time of Plateau Pika system is: a. At 12: 08: 53 on April 15,2021; b. 28 July, 2021, at 16: 22: 26; c. 20: 30: 28 on February

28,2021; d. At 11: 27: 32 on March 22, 2021.
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Fig.5 Testsusing actual video scene
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The actual scene screen time of the video of the Plateau Pika monitoring system is: a. 10:56:07 on April 23, 2020; b. 10:56:18 on April 23, 2020; c.
10:57:13 on April 23, 2020; d. 14:25:19 on 19 May, 2021; e. 16:25:47 on 19 May, 2021; f. 16:26:32 on May 19, 2021; g. 18:56:16 on 25 May,
2021; h. 18:56:35 on 25 May, 2021; i. 18:56: 40 on May 25, 2021.
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