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Abstract: To solve the problems such as high cost of high-density pest control for stored grains and the lack of real-time and portable
monitoring systems, web technology combined with self-designed grain pest traps was used to develop real-time monitoring system for
low-density insect infection. The Raspberry Pi control trap collected images of insects and processed images to obtain the number of insects in
each image. Then the data were transmitted to the cloud server. Users could obtain the history and real-time insect images and numbers through
the web app. In the laboratory, the system was used to monitor the density of the red flour beetle in rice as 0.5, 1, 2, 3, 4 and 5 heads/kg. The
sensitivity and feasibility of the system were evaluated based on the time required for capturing the first red flour beetle and the capture rate of
the insects within 24 h, respectively, while the accuracy of the counting system was calculated based on the results obtained by direct manual
counting as the reference. The results showed that the sensitivity of the system was high, with the capture rate higher than 61.98% under
low-density pest conditions. The number of the insects captured by was the trap highly correlated with the total number of insects in grains. The
counting accuracy of the system was 90%. Therefore, the system can be used for real-time monitoring of low-density pests during grain storage.

Key words: grain storage; insect; images processing; real-time monitoring; web technology

Bk EREEAECOEET 6 12 t, EERE
REHIRLIN 0.2%, RERGERIARAEERN R —
U, mESIIORAMRE, MR aER, W%
A JEMCEEHAAERR I AL 58 N\ A 2 R o
Yris HEA: 2019-01-08
EHEWA: ITHARKRL I ARERERITE (JATS[2018]319)
&N TE (1993-), &, MIMRE, HARAEARBYEEMITHEAR
BIMEE: 8% (1963-), B, #1, Hi%, WRAERARDYERMIH
&

268

MR RRRARIREE R ED, AL RS . B
RIS AR 7 LR AT S M7 22 TR
REFEFOR R SEIS HE Iy e T-20A0t R AR R S il
FIHETF AR B AR sz W™l A 2T 42t
AT REORR T S I ) R A BUN A, Nancy 55
BT ) 1 S HL T S RO IE R SR T IA 93%,
Shuman 25 PVEA IEAZ (RIXULT A A T I i i 25
i S il Sl iibg R R S i S 2 T
R, AREAEAE — L85 T 5 B e R e o



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.10

ERTE AT 1 3T L AL (R S U B
Rl 2248, 8 FH T AR R 8 R AR B R, X
N BB UHE AT LR S T Se s, R
EG IR BRI ARG B R 55 . 1%
KB ARG N TR AL, BRGERER, &
TR B ST (3 3 R G A b B
FARMEANE RSN TFB, KA i3k 5 b
W B A E R R S5 2 B AR, B S IR A5
s R FPS. W R R R A 2 TR R AR
4, STIMEMLER, HMgE RAEmmEte. 5N
A SO 7 R USRI AR LR WS R 48,
F CCD FIHUGH 8817 & AT IR, R TEZ M 4%
RGBT RGN, B3+
TR . 1% RGURE SR S U,
{BAEH P R s A R A R . AR e
RO T H PR JFRR KN o AT R . —
HURURT™ 5 dop =AM, e doi (3 U E>30
h/kg) VRHERA S MERER, BT AR RRAC S B s
(FHRFEES Kikeg) HATIMA-5r0E, 11 H AT
it f T U B BN T8, SRZ AT 45 L,
35T B A 2R PR H M B AR A AE R 1 3
BYEFER, RGBEIMARE, WINTELER fE MR
Z PR A R

EEXTHATIOE TR, ASCRA Web 5K, #54
iR S A, Wit Web 2 i, BT T RIGAL R
i B 2 R U SR IR R GE. MBS &
fRi AL RN 5 APOMIRE B BT IR, 14
Briva A FIF Web HA B R G HIREFLLAL, 5
RAMB .

1 RGHNRIT S

L1 R4y BAREt

=%
—-‘ Amazon S3 |

B Wi .

MongoDB

E1 ARG MIER
Fig.1 System overall structure
RGELREZRE 1 PR, ISR . w
FRIRAE I Al I SR AR T L R IR AT R R AL P,
e UGN s AL 2 B iR S5 a APt . P s )
WASHEN Web %5 P i, 55 AT BE AN SO E S ]

| Web%F

PAREAT 0 PG R AR I [7] | 8 Tt B A
BRI G AE AR E, AT AT EE
BEE N 2RI BB -5 78 A DU RIC i 3 LR
[ ESECR

1.2 ZAGHRE A4 R

1.2.1 #FHm%E
a - >

& 2 iFHR% () HEM (b) SHnEE

Fig.2 Trap (a) trap physical map and (b) trap assembly
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Fig.3 Flow chart of images processing and recognition
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Fig.6 Capture rate at different density of red flour beetle
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flour beetle and total number of red flour beetle
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AERERN/M ARtk ATiHUL EHE/%

0.25 5 5 100.00
1.25 6 7 85.71

2.25 8 8 100.00
3.25 8 7 85.71

4.25 9 10 90.00

5.25 10 10 100.00
6.25 10 9 88.89

7.25 11 11 100.00
8.25 12 11 90.91

9.25 13 11 81.82

10.25 14 14 100.00
11.25 16 14 85.71

12.25 17 15 86.67

13.25 17 16 93.75

14.25 18 16 87.50
15.25 18 17 94.12

16.25 18 16 87.50
17.25 20 17 82.35

18.25 20 17 82.35

19.25 22 20 90.00
20.25 23 20 85.00
21.25 23 21 90.48
22.25 25 23 91.30
23.25 25 22 86.36
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