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Abstract

With the development of 5G technology, the short delay requirements of commercialization and large amounts of data change our
lifestyle day-to-day. In this background, this paper proposes a fast blind deblurring algorithm for QR code images, which mainly
achieves the effect of adaptive scale control by introducing an evaluation mechanism. Its main purpose is to solve the out-of-focus
caused by lens shake, inaccurate focus, and optical noise by speeding up the latent image estimation in the process of multi-scale
division iterative deblurring. The algorithm optimizes productivity under the guidance of collaborative computing, based on the
characteristics of the QR codes, such as the features of gradient and strength. In the evaluation step, the Tenengrad method is used
to evaluate the image quality, and the evaluation value is compared with the empirical value obtained from the experimental data.
Combining with the error correction capability, the recognizable QR codes will be output. In addition, we introduced a scale
control parameter to study the relationship between the recognition rate and restoration time. Theoretical analysis and experi-
mental results show that the proposed algorithm has high recovery efficiency and well recovery effect, can be effectively applied

in industrial applications.

Keywords QR code - Blind deblurring - Tenengrad method - Adaptive scale control

1 Introduction

As collaborative computing and general technology such as
the Internet of Things (IoT) and information technology
evolved, it provides an environment where people can share
information without being restricted by space and time.
Through the Internet, it is possible to collaborate effectively
with anyone, anytime, and anywhere [1]. As the main entrance
of the mobile Internet, two-dimensional barcodes are widely
used in commodity payment, public security, financial insur-
ance, and other fields due to their large storage capacity, wide
application range, and strong sharing capabilities. Quick
Response (QR) code, as the most common two-dimensional
bar codes, has the advantages of low cost, easy production,
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University, Guangzhou, China
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durability, and so on [2—4]. However, in real life, out-of-focus
blurred QR code images are often collected due to imaging
problems such as lens shake, inaccurate focus, and optical
noise. The ubiquitous image degradation usually leads to dif-
ficulties in QR code extraction and identification. In the era of
commercialization, especially driven by 5G technology, peo-
ple have higher requirements for the speed of information
acquisition. This is why the fast deblurring of QR code images
has become a research focus at this stage, especially in indus-
trial applications [5], such as the traceability of salt, food, and
medicine in Fig. 1. When an out-of-focus blurred QR code
image is acquired, the deblurring algorithm will be used. Its
main purpose is to restore the damaged image to the greatest
extent by improving the signal-to-noise ratio after a series of
processing on the damaged or degraded image. Traditional
image restoration assumes that the image degradation function
has been given, that is, the blur kernel is known. But in real
life, the blur kernel is usually unknown, and the image can
only be restored by obtaining the prior image, so as to achieve
the effect of blind deblurring.

In recent years, a series of studies have been carried out in
the field of blind deblurring at home and abroad. Aiming at the
blind deblurring of the binary images, which are similar to the
QR code images, Zoran et al. [7] presented a general

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11036-021-01780-y&domain=pdf
mailto:zhaohuimin@gpnu.edu.cn
mailto:jinchang.ren@ieee.org

IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 14, 2021

2971

Fusion of Infrared and Visible Images for Remote
Detection of Low-Altitude Slow-Speed Small Targets

Haijiang Sun, Qiaoyuan Liu, Jiacheng Wang, Jinchang Ren

Abstract—Detection of the low-altitude and slow-speed small
(LSS) targets is one of the most popular research topics in re-
mote sensing. Despite of a few existing approaches, there is still
an accuracy gap for satisfying the practical needs. As the LSS
targets are too small to extract useful features, deep learning based
algorithms can hardly be used. To this end, we propose in this
article an effective strategy for determining the region of interest,
using a multiscale layered image fusion method to extract the most
representative information for LSS-target detection. In addition,
an improved self-balanced sensitivity segment model is proposed
to detect the fused LSS target, which can further improve both the
detection accuracy and the computational efficiency. We conduct
extensive ablation studies to validate the efficacy of the proposed
LSS-target detection method on three public datasets and three
self-collected datasets. The superior performance over the state
of the arts has fully demonstrated the efficacy of the proposed
approach.

Index Terms—Background subtraction, image fusion, low-
altitude and slow-speed small (LSS) target detection, saliency
detection.

1. INTRODUCTION

HE “low-altitude and slow-speed small” target (LSS tar-
get), such as unmanned aerial vehicles (UAVs), is a general
term for small aviation device/equipment with a flight altitude
less than 2 km and a flight speed less than 50 km/h. Detection
of the LSS targets is a key technology for precision navigation,
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Fig. 1. LSS targets in different aviation scenarios.

infrared search, tracking and reconnaissance warning system,
which has been widely applied in many practical applications
such as air transportation [ 1], aerial mapping [2], and many tasks
in military confrontation [3]. As a result, the LSS-target detec-
tion indeed has important research significance in the field of
ground air defense. This approach could directly determine the
operating distance and detection sensitivity of the corresponding
systems. Although great breakthroughs have been made in recent
years [4]-[7], [40], [41], including the background subtraction
algorithm based on the visible light image [6], detecting the
LSS target with the combination of visible light image, infrared
image and even hyperspectral image [8], but there are still great
challenges for putting this approach into practical applications.

As the LSS targets usually appear like a spot (see Fig. 1),
the detection can be easily affected by the background objects.
In this article, we summarize the difficulties of the LSS-target
detection into three aspects. The first is the complex background,
and how to accurately detect the LSS targets while overcoming
the effects of complex scenes is always a challenge in this
context. The second is the weak target, as it is very hard to
determine the specific trajectories for LSS targets under low
speeds. Due to their small sizes in the field of view, it is difficult
to build accurate templates for target detection. The third is the
high false alarm rate: considering that there always exist faked
objects with similar features to the LSS targets, how to accurately
differ the LSS targets from complex scenes to reduce the false
alarms is another major issue.

To tackle the aforementioned challenging problems, various
methods have been proposed for LSS-target detection. Accord-
ing to the image sources used, these approaches can be divided
into two categories, i.e., LSS-target detection in the visible light
image and infrared images, respectively. Lou et al. [9] intro-
duced the saliency and regional stability for feature extraction
in visible-light images. A segmentation threshold was used to
distinguish the target for accurate detection, but it was unsuitable
for complex scenes. Xie et al. [10] proposed the peer group filter
to improve the signal-to-noise ratio of the infrared image in
LSS-target detection. Although small targets could be extracted

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/


https://orcid.org/0000-0001-6116-3194
https://orcid.org/0000-0002-6877-2002
mailto:sunhaijiang@126.com
mailto:liuqy@ciomp.ac.cn
mailto:wjcforward@126.com
mailto:jinchang.ren@ieee.org
mailto:wuyfciomp@yahoo.com
mailto:zhaohuimin@gpnu.edu.cn
mailto:865020993@qq.com

a*+

P RMRERE

B H:
510620 -
AT M R E R 191 5 B B 4416
P e R b TR T B A w] R E(020-32502926) Eﬂﬂ Emﬂ m H

I A e 202110807806,1 RS 2021071602397720

TR BFTHEBEDNS

AR A 28 e 2 FE R 58 g 3 09 SRETOE . PR B i Ol [E SRR
3 LI TE TP (U U= S I S PN L i B T B T

Hiiff 'y 2021 10807806, 1

e 2021 FF 0T H 16 H

A TR AR

SO R, — AR TR T LT Ay R — I PR e 2 D R i

EppE, RN U B R

R TR S SR BT BT SofRal b

AFE S S STES 0T OB A dr BREDRIE 1000
WEAASHT B A DT RGBT SR 4

LHRMCEEAE T Sy iide2 07 Sofbir e &

LA SRS 4 DR BT oo 4

WS R B0 Sober e

A2 ARk S S TS O SRy E 6

.

L AR A SR R R T DO S R A BT R PP T B BT L R R
W I

2. AR A AT E AT R SR B R A R P, RS ERR . AS  E

3. (R P R ) S ) O R W Rl b W 0 T .

u&iﬂﬁ

B =
D
FHTELSE

T

200100 GBI, EENE. 100088 LENEREHFELAR S EamAEEETh
WIS IR, E AT S H AT AL AT ARSI RARME. LS R

§ O R AZhER HEA -




W EREMAERE

R
510620
PR R I PR 191 5 B I 4416
B R AT R A ] P R (020-32502925) MENRIR

TR e VTR

P A G 2020110727978 LIS 2020101000251580

TR BEZTEEDS

FRAE - RTES 28 2 MOUSCHEAINIA 38 4. o5 39 RATHE, il AR HUA R i O o E SRR BUR
AR, JAGHERE RTINS . L R R R s 42 B A

B 202011072797, 8

i H: 2020 410 H 09 H

il ks TTRBEARIGE Y

RO SR, R T Gy A A B (R 8 R i

sz, ESENRTRUR R U] i R

RS A ol %) 5T R A B

RO EHIERAS 86 0T%CS 0T SCfkor s 4

PORIZRS S U803 01 SCfE (3] 4 BURISRIGE: 1000
LRCEEC S0 082 00 ki 8o &

LA SR U %C8 BT A 6y

O P A6 ST BT SCfE A 4

SR RRAS Bphr sUHC BT SCPERY S 6

o

L AR A B .2 5. H IO A T G AT AR A T AN S AT LR S R
RE E.

2. PR ANCEC A P BRI Z . AR SRR BRI A R R, BRSBTS RS S,

3. (RIS R0 Sh 1 A i R IR AR 0, IR RAS N 0 Ll .

R T T ) o
GRS
200001 EEEIN. DENE. 100088 LETERESFELARC S BRI

2018, 1 EFHRN, BUEIRTFEHRFRECRTIHERRINLE. BIEREN UEABEHEERRZY
AR RBE.



s % REmRERE

ExH:
510620 e
JUERAT M RN K AR A R 191 5 B 3 4416
IR SR R bR U AT R 2 6] X0{6(020-32502925) 2021 $ 06 H ] 8 E

S E A 2021213573632 KT 2021061801778480

TR EZTEAEADS

FUE R 28 4 NOUSC RN 38 4. % 39 RAuidie, il ASRHAY R B D E S RN RS
A2H, IGEEAHEE . BiIgH . v IR S 2 il s .

il S 202121357363, 2

HigH: 2021406 H17TH

BN RN K

o IR R PR b (R e o 7158 7 M (181 2 VR

Episc, [ESENA PR RS X R

RO S %2 0T ScffrEe) 4
LHFRIEFR S S0 00804 00 ScpEerEe 7

SR B UM B0 0fHR A 6

BRIZCRAS R 082 01 Sofb a4 BORISERIGE: 1000
PERA IS SR DT 5T ik fra &

TR S0 T8 U SR 7

RIRH LR 2 DTE /G TR & £ 517/ s

e

L ACGENE R il RSS2 05, WA ISR A T b A BT R RO I A3, AT L] [ SR BUR)
WREE.

2. i ACE G AP IR B2 0. S RIERHEA R E S FRt, BN . RS R B

3. (BRI B R W) o i R R AR ASHE . R RDA R DA 0 L Full .

@vm*ﬁm
IS 020-BT681948 ?)ﬂﬁﬁ-‘&%ﬁ

200101 Eepif, BN 100088 EFHEERHHALMEES B Lallig
2018, 11 ;mf’l’;ﬁgéﬁﬂFﬁ.?f!‘lﬂﬁlﬁﬁﬁl@.*!ﬁ%ﬁﬂifﬂ%!ﬁ< BABAEREN UREFRBEARZY

B B ReEY HETR:




i YGES2163184H244
B BREQERE

510620 -tk

NEKR18H

P S LA 202121356994.2 K-S 2021061801701720

T RBEXEEMNB

BHE LR 28 4 Z LS B4 38 &, @ 39 RATALE, Pl ASRHIAY R i O i RS IR RUE
i HEHENMRS . PiFE. Py B LA T

i 202121356994, 2

frigH: 2021 4E06 H 1ITH

g T ERHERIFRE KA

R G2 ER: — R TANBCRI AR 9 fR L A 2R F 45

Sl FIIR UG U R

S RO IIECs B iR 6

RO THEA SR ITH2 TSRO B

WM G ol U SCiE gL

UEH M a2 WPk

POREERTS SRR iHe2 0 PR el 6 BURESRIEE: 10 00
SHFRLEHERT S0 aded 0 A6 7

SEEPNE SR IHC TOCPEE T 6

#ors

LS A A RSB 5, W SR e A BT AR A A2, W LA [ S B
R E.

2. AR A i Rl 2 G . R E ST RS R A BTN, X0 AR GRS R i

3. [ F R AA R A0 [ 4 R R AR BUS, WSS RE M I 0 & TLASH .

HOf e Shkar WA SRR AR R 08

RS 020-87681948

200101 LLPFRiR, ElEIN: 100088 LFRHEREM TR LGNS BRMR~RBEMRIL
2019, 11 ;;;g;ﬁggﬁiﬂﬁ?i#l*ﬂﬁﬁu%*t#ﬁﬁﬂﬁmitﬁ- BBFEREN REFRIERIURZ




s % RmRERE

KwH:
510620 o
JUERATT MR K AR T RS 191 5 B KiE 4416
I R R AT PR 2 5] 0452(020-32502925) 2021 $06 H 25 H

PSR S 202110706613.7 RIS 2021062500531600

TEMNHREBEZTEEDS

BUR S FGER 28 & M IUSCEAnay 58 & 5 39 FOUH0E, thi AR AT SR i O i E SRR RS
AR, SRR, B, R R ) 4 R fn

Bl 202110706613, 7

i H: 2021 4506 A 24 H

BRI TTRBERIFIE K

RUIGIEBHR: —EAWNN ., W, e LT R

fpfss, SRR E U R

BORIZERAS S Oi8e2 31 (e 6y PORISRES: 10 30
WEEAS 1347 GL8C6 5T R EL 6y

VORI P S D2 T ik fr a6

LRCEECY S0 0082 0 ok Ee 4

RS A D 9T SofRfra &

RUEFERTS B4 0TS BT SCiE S 4

SRR AR AS S0 ¥ 0L SCfir Ee

"gﬂi;i
L N ACEN R Sl S 2 0, Oh QS A B b SO A ST R RT T A B, af L] (5] SRR B
2. P ACGEE R A2 E HS 28T AR SRS BRI & F R, SRR . WM SR ik S .
3. (BRI RCE ) 2 Pl % AR SRS, W CAIA R A D38 0 T Ll .

mm*m@l

fHiELS

200001 PR, EEMA. 100088 LENEREMFELMEES DRI
2019, 11 izz;*giama;fmﬁmﬁmua?xﬁmmunm*zﬁ_n%am@».uﬂ#sxmmxm&m

WO R BERH HEEA):




2)

iE B S 58926166 5 "

S FH 3 26 R AE 5

LM ZT: — R TP ER AT e 1SS B RS

OB A BREE R BRERE B KT . BER EHE
B

% |  B. ZL 2018 2 1359345.6

LR BiEH: 20184608 201

LR B A TTREARITE S B

i it 510000 R4 T TR X 5l KIS 293 5
B AHH: 2009406 H07TH W AES: ON 208954164 U

BEHRFREBBY FARLPESMELENTFE, AIRTFHR, RELEA
HREEFFEHFEFABRELTURR, FHARARMNEZ aREN, FARLRY+
%, aPiFaRl.

FAEE RN ARR R e R AR, FAMGHS. KT, . HE, HEF
PIRAMG R L S LA, B, AT EFFRLRLFASREL,

. Py

/1R EE2

FuFALLTE




N 109448013 A

(19)PEARXMFERIA=RG

(12) KRR E FIERIF

(10)ERIRA TS (N 109448013 A
(43)EIRAHA 2019.03.08

(21)ERIKNS 201811011467.0
(22)ERif{H 2018.08.31

(TORIRA 1 HILANE EFPe
etk 510000 7 AHRAEY MR FR Al K
P 2935

(T)EMA BAE #ME BER /M8
BE® IHF BNz

(TA)EFRBINE IHSSSREHFCEAR
2] 44102
KREBA S
(51)Int.Cl.

GO6T 7/1342017.01)
GO6T 3/40(2006.01)

RHERAIT REHIT FEaN

(54) ZPR£HF

— i 58 6 LA EJQRAY B (R — ({0
ik
(5T

ARG AT T — R RS RA QR PR
A R Uy AR ARG (R : 38
B EER B 1 A/ AR 2 s 9QRAG I R 5 %
BT B R o6 AR R BU 78 SR 1L
R AR IR S Y P QB AR e B O RAT
AR P AR A B AT RO QRAS A fE S I
R RAE. R ER G W T — R 76w 9 77
TE "B () Ja A8 o L AS X QREY JE 32 ¥ 150 )
IR, 4485 T QRAGAY R 5 M fik .

Fit MQRIMIR

v
138 PR AU 1A

\ /

LS 5 LR A QRF IR 71 SR -1 1R (R 3R

v
A3 0T R IR IR 1 8009 LAt AR

v
# UL R Y A SR S SR AT ILORAY B R



*+

VGES2OTARGARO2Z

% BERAN~ NS
EixH:
510620 i
IR R R M TR 191 5 B K 4416
P o SR U TR A o S iR020-32502923) zﬂzn E Ug H 03 H

S E R S 202021898467.X TS 2020090301 394410

EFBREBEZTEANS

AR R 28 A AL EENIES 38 . 85 09 AR il AR ARl R 2 EE et e
AR MR S . BT E L R I i R s

Heif ', 20202 18598467, X

HeiffH. 2020 08 Hoz H

it A TR AR S

SR, ARSI R

Epfac, SRR RRE U S R

RN P S DR 0T S alo iy

g E R RIS e ST I R

N dp e DTS B0 SofE iy

[EAUREE R 3T TR St

PR As Bp TR 0T Sofraho 4y BORIEOEE, 10 00
AP B Aty TR 00 SCfbar ¥l i

LR CEEFES By UH02 00 SCfberd) &

LT

L AME S Rl R R S R SR A T e AT A e T R B L R R R EUE
R

2, AMCECE PR RS AT A EERAA RS SRR, KRR . TS e i

3, [E S RAHFREMCEF S Bl R R R R M 0 TR

AN

&
ey o Tt
B F: 020-BTAS1948 T‘Fmiﬁ‘w%?;’

200101 ELfFlif, EEiME. 100080 EFETEEENE AR LNEEE S EE SE
2019, 11 %ﬁﬂ'*ggﬂﬂ@?i’ﬂﬂilﬁﬂfﬁum?xﬁﬁﬁﬂﬁﬁixﬁu BRBEMRES, BURHR R IR

WOE R L FEW:

y 5,60 4



®  mxmeras

H 30 Hs
510620 )
PARAET MR H R 191 5 B 1 4416
B i AR AR 4 ) 9K Ar(020-32502926) N E 0% F08R

Hf S SR S 20090735432.X B F S 20198029920

TN HRBFEEEMS

IS RAEE 28 4 RoLs bR WUSE 38 O, O 30 SRIHLE, EEiE AR 0 E R i O d E SRR
EH. BAFIGEM SRS PiFE . PEEA MR Gl S il .

AUl S, 201910735432, X

Bl H. 2019 4E 08 H o9 H

R TREEAR RS

B R FR. — AR R OR B B T i

g, [ E0ER RO RN T

WM iR S WS £

UL R T W oA

GRS 00362 5 Sofhir ) £

(FERIE-SE e - R o K ) I B P
SRR B HH DTG B SCThH )

RS R R aCRe B0 SCTh R e 6

AR R TS T SRR £

fit 7

L S A B R B R A 2 S, A Y S A R O R R e, TR B R R
MR E.

2. EF AR f R Rl s G 0 R LR A AR R A, BRGNS e

3. Bl SR = L RpBr B b o P R TR RS R R M 5 0 R T L .

WO R BEVEEE WEMT H RS R

200101 thEenil. C@EWE, 00e EFEHHEEWIHELEE ¢ § IRDD~AUETEILY
2018.10 %i;giggmﬂm$ﬁﬂ$m§&um*tﬁﬂﬂﬂﬁmi1#¢ﬁ%ﬁﬂﬁ%.Hﬂ#ﬁﬁmﬁiﬂﬁm



e R BUESEH L R

w

ﬂP ERARERE

ESWER
510620 -
FTHRET MR PG 191 5 B i 4416
IO SR BRI R A S R 020-32502926) 2mg Eﬂg H 25 E

Hf SR S 200921612730.0 FE S 2000092601030360

TR BEETERBEDS

HUE LS o8 SRR R a8 4, 3 00 SRIHLE, il AR H N R il O R SRR
T IAEMRIS . POTE . AT R U M

IS, 201921612730, 1

i H,: 20194F 0w A 25 H

HUl A RGN

e Rl B P 1 P R 15 9 E S B ] O

Epfsn, [RSCRNRABUR A B SO R

BOREERE e W oGrrRe e 6 BORIERIGE.  TW
UATRE EEE- Wie A i AR

GRCHZAEAS S 2 BT 2o 8 6

SR URYR= N S LA A L e TR LS R e

IR SR BIRC) U SCRR D 1y

LA B GRS B o f

LA AR P Sy WO WU iRl 4

e
L. BT AR T il R 2 S A AT Py e e AR O e R — T AT [ R

REE.
2. R AR RS I e . 0 E S EUR S AR, e, A S e .
3. [EF S B 16 Sh R R R PR, R R e N 2 0 T L

WO M. 2L W R R €T R A R A0

200101 R4, DEEE, 100088 ANTHEEEW MFELHE 6 S ERDO~ANETFRLE
20810 E;;g;ﬁg;mﬂmﬂh‘iﬂﬂamXt&bﬂ@.?iﬁiﬁiﬁﬂﬂiﬂik#n BRAMESN. LSRETEmpERRTENn



YGI9108062AH102

4P BRARERE
e
510620 :
IHAT MR K6 H 98 191 5 B K 4416
IS SR B bR AT R 2 E) ka2 46 (020-32502926) 20‘9 Eos H 09 H

HUE SR 5 2019107354283 K SCH%5: 2019080901528720

TR FEZTEEDSE

HUE L RTES 28 & B SChBA WIE 38 J. 8 39 ROUHGE, il AR HAAY %A Bl O B R SR H0R
. IEHCENTPIN S PIEE . AR R B G 4 Bl

H1i%5: 201910735428, 3

HHiEH: 2009408 Ho09 H

HUl G T HRBEAR NGRS

S G HE A ER: RS T SN R PRI QR % PR % P 2R ik

b, [FEEE R U SN R

LRI RITY W02 W rrer e

BORERPS oy a2 o 0 ORERIG . 70
R GRGGRAS 0 0TaS T X e

WS My o B Ot R

S EEEWCRP e aide I oA ¥ &

WA P AR ol Es 91 ofb i ¥c

WA G 8 T iR

7

1 AR 2RI Z 15, A% A EAT AN BT AT MR R B R T, AT R s e U
WREE.

2. AN S A e B 2R . SRS BRI S FFR, B0 AET. NS

3. [E U BB S R R SRR S, R C R R 0 LA

# O G AR FEMI]: LR RS R

200101 RN, DEFES, 100088 RETHRAEMIME LR S EASMRABERILY
2018.10 ;zgg.ﬁgﬁmmﬂiﬂ@m&mue*z#mmxm;ez#, BRAMEN USRS REEARTEN



“P BERARENB

510620
PR MR S HI9H 191 5 B 4416 1B E R bR

o sz WY& AR

HE S E G S 2009110177424 WS 2019122501513760

HUF A B AR AR

LW R E R, R TR R A b Bl R R

AMEANBRBFPVSEFEARAEDS

Bif @i, @i, fS SRk liamn e 49 £ 1085E.
AT 2019 SF 10 A 24 HERIMIEAT A A P00, S e, 370 WRlikse i N 46 StlE, TR
BT AR T 2 R S o

ol S B b 5 B ) e AL L
2009 5 10 5 24 FIHR7E 093 0 48 =,
2009 4 10 7 29 5875 M8 B 4,
2009 5= 10 F 24 HAR2E iR 8145,

2019 5F 10 H 24 B 4875 0 8 0 5 b B
AR .

fit -
L. S EH ) B AT LLE H o L S PR e S S e R i A M R T S e
M o i e Aol S R Y, P RO AL
LG R WA T CLUE L M AR . RS BRI R T L3 [ R e R
[ W%, TR AR E O ETERRE http:/cponline, endpa. gov. on, S IR IR (0 T S AT Rk,
RO daic AdEd. FEERESE RS ARG WL, SP%EP S 110000860,
IO E: AP AT ST, P8 BEaEr-wReaiE. BS.  THITI0182600166032,
LM A B . R (D ST . ARSI A B (SRR fuh ARSI R,
T AU EVEHR(S B, TSR hotp:/Swww. ondpa. gov. on Bl

- e | PR, R R P LR A

R 010-53960306

210304 HE{FEE. . 100088 RFETGEEWHELHE 6§ EEEEcn TRk
2019, 4 ;Zggkﬁéiﬁﬂmﬂ‘iﬂﬁﬁmﬁﬂﬂE?Eﬁ?ﬁ!ﬁﬂ*ﬂ*ﬂﬂ< BRAEMESN, RS BRLRTm



2P ExmRAERE

510620 AaHe

NIEWABH

NTCPIRTAACRSOSEMEM O

HU S o R 2021213569942 RS 2021061801701720

TN REFZEEADSD

BUE S FRGED 28 4 BT AW 38 . o 39 KNUREE, iy A4 005 F] il 2 b B F R B
S, MAEEEGEM SIS . BiFE. G ARRI e L FIRMN T

oS 202121356994, 2

i H: 2021406 H 17 H

A TR AR

RG24 IR s AR R

SR, EEEIR R AT O F

OIS SO aids 0T SCfRer g

GRCZAT Y W0 0082 3T SCRFErEC 6

MLV 08 O A A 7

SLENSPH P f 0y STHC2 BT SCPEG ) B

PRZERE by iidie2 00 SCPRer 8ol 4y BURIESO#: 109
SF R ERNRAS St oi8ed 00 SCPF e B2

VRS R O ITEC] B SCPREr S 4y

{75

Lo A SR R R B2 A, WAL A E S ABTIRZ O SN FA 2], oTe) e[ S - il
WREIE.

2. P AR SR B2 AR ARG, HRESEIN NS RTA, BACNER, WEEE Y.

3, [EF R B R A0 i S R IR AR S, HR A i W 5 9 T A

O M. kL WA SR Rm A A 08

BEFEME: 020-87681M48

200101 HEAERIN, @K 100088 LHHEAEHIME LEE 6 S ERMIASIUST by
2019. 11 ;i;iﬁl.’tggﬂn!?-ﬁﬂ!!!iﬂﬁﬁuﬁ:f-t#ﬁitﬂﬁfﬂit#. BREFREN, LHGFRMEARTE




YGZS2007 S0AH0G4

AP BRMRENB
#3CH:
510620 X
FHRAT MR AR A 191 5 B i 4416
SN A R bR CEE A R A v] K& HE(020-32502925) 2020 E ]OH 10 B

HE S R 202011072797.8 RIS 2020101000251580

T HEFZHEEDS

BB L R0IE 28 2 B0 il AR 0 538 38 Z . o 39 Z&0URE, Waf AJEH SR Al O b E SRR R
ZE. MGHSERBIES . g H . guf AR e)E 25 R T

il 202011072797, 8

HgH: 2020 4 10 H 08 H

HO A T RBEARIPIE K

R G 2FR: AT S AR G R W RO i

SEst, R RRI A aF

LR R e QR tf‘Hﬁ)& 163

R ERGERS S0y IS 0T SCRFE S )

PUORIEORAS 863 0803 3T SC{F0 8] 4 BURISERIEE: 10 10
CRCPEEATH N6 0802 3T SCrerEe

NS Apty oiHes o PR 6

LA T R /& N % 8 R

SRR SO I 0T SCRRE T B

-

Lo N R Ml B2 5, WO SG2AREY A A il AT IS B A A R, BT U ) [ SN U
WREIE.

2, P AR S B2 RSB E, HREFQES RIS RT, BNEE. WHIREHINY.

3, 131850 R ) S0 U] = i R IR o AR AT (IR 4 A0 A )3 9 e T Ld i

W Of . HEpEH HAEA )

'ﬂ¢ﬁw%$

200101 HEASIN, ElaiEE: 100088 ERTHEAEHIHE LRSS Iﬁ ab 1
2019. 11 gz;;*ggﬂi‘l!—'ﬁ’-ﬁi‘lﬂﬂﬁﬁut?—xﬁ%iﬂﬁfﬁiiﬁ RRFREN. LURGFAMEARTS




dp R MR~ KB .

% 5H:
510620 )
AT HTERF A F #8191 55 B KT 4416
R (AT AL A ] X0442(020-32502925) ME06R 18R

AICRUERRCRTRUARRIE A

HO o R Y 202121357363.2 KIS 2021061801778480

TN HBEZTEEDS

HUE L REED 28 4 R 30 Am e 38 4. o 39 00005, Wil A0 R il 2 b E SRR PR
R ERERDINS . BuFa . Grd A R R G5 LI T

Hiiff 5 202121357363, 2

FiH: 2021 £ 06 H 17 H

A TR AR N S

R 2H: R AN R, ek R T

Rk, SR RS AR P F

CRERITH Srtriidic2 o ek Ee 6

GBI AR Y S0 ST 84 BT SCRFEREGT )

S W BTECT 5T SO b

PORIZERAS 6y 90802 0T SCPEr 8 4 BURIBERIE: 100
LN E Ay siH B0 SCPE S Gy

W BT T CtER Ee

LR I A0y U3 T SCRE S 6

{75

Lo AR R R R B2 G, WA IGZARR A E S i A ST IRAE O R AR, 6T ) [ SRR U
WRE .

2, A RIS Z AR 2, PR SR R A T ke, SRR, RS S RN S

3. (RIS R B R ) 2 B i R (R o AR AT . R R0 B )3 0 e TR Ay

K.
HHRELSE

g

LI = S P [ A

HEAMIG: 020-87681948

200000 HRAEN, EEEE: 100008 LRFEREHINELEHCE EIMEAN
001 ERE EMRTATCHRRRALI T REARTIIIS. BERAEA.

b4y
AR R AR TR



A R 50 E E R IR ALUR
G RR QU (AT

EHE BRREWET20288

K £ & ETORRERAOESRADRESR
[#F: HiERAHHELR)
V1.0

FAE B A DRERFERYE: RS, SER B SRR %
FH;BEM

FREREM: 2020208 520H

HWEEHL: 202045095050

BATBHR:  EHRE

WA B 28R

B 2 H: 2020SR1918909

EER

RE GHENBAERP &S R GHENKAERERBEHE) &
RE, BPRMREFFOFE, WL ERFHF AR,

NEEED (IR
58 Pk e

HENSREER
.. No. 07148528




% AR A R S F E B R AR
ST DLEK 1 4 6 B8 C UE 13

ERT: WHRTW66505269

® & K ETVHEANERREXITE
sfHﬂh ELERBFEITA)
1.0

#AF R A TRURTHEAE T B SR R %
R BER

’ FRERAM: 20204055250
HWWREAM: 20204£09501H
ARSI R: RENES
B CGHENKEERFEY B GHEFSRARERS T B

B A O OB amERE
B 2 ®; 20208R1847524
M, SPERERPSOFE, Mol LT SR,

.. No; 07080100
G




e N R LM EERRND
VST TF E e B L OE 13
EHS KREFN6522550%
) 4 £ W vxiﬂmm&*mmam\m
15
FE B A PREAMERY R EET, DR SRR
£ . FEF
FRERAM: 20206048138
HHAERAM: 20204087308
ARG R EHNE
B OA OB AEER
B & #: 2020SR1721558

Bl GEEHLRA R R R GHERSAEFERBE Y 1
HE, SFRRRAPHOTE, MU ERRTURE.

RN EER
Biith




SR e Rl e el el el el e Rl el Rl el el el el e Rl Rl el e R e R R R R e e el e e e e e R T e )

e 7 Fm = = —
< ~

e N RS E E R AR
VST LS A 35 1 B8 I F 13

X # £ #

£ B A

FFRSERH #:
HRRRHEH:
BAARTT R
W F W E:
g &2 5

ERE: KEGFHE65778845

ETFVebBERKABREHERS

[ffR: AETHERS]

V1.0

IHRBARMEKE BEE PR, =45, WEe,
HE BEg

202045206 5 20H

20204E08 H31H

oy g

EFHF

2020SR1774882

WE CGHENRAERPZH) B GHESRESERBEHE) B
AE, EFEBRREFPOFE, WU EERFURRE.

NEEED O REG
EE & =
it = b

e

_ No. 06945688

HENREZER

BiLERE

e e e (el e i et ettt ol i ] et i 2 ol et e e el Rl el e el

LJE'JL-.‘JEJE-HEJEJEJ[—HEJEIHEIEJII-.’IHHHH‘HEJE![-!IEJHEIEIEIEJHE‘JEIE)EIEIEIEIHE‘JEJHE’JEJE’JHE!HEIEIHEJEIEJHEIEIEIEIHEJ[JJHHEIEIEJHHEJ—-‘

< ~ S

N

A S

e




& BEIHEHHE!EJHEIHHEHHE!BEIBE]C—HE!EJHEIBEIEIEIHHE![:'JEIEIEIE]BEJHEJ[—.’!U

kfhxim
£ 1R As

2 50 s
WRREE W,
BARAR:
WA
2 2 =

e \ R S0 B B K AUR
HEEDU S TR R Tk

EHS: KHBFH5888032F

QREY P 8 PR T BB R 4
V1.0

I HRBARMEKRE  BRRE, BER, TAX EHE A

=5 328 {4

20204£05H05H
2020420706 H
R EAR
B
2020SR1009336

%’EJEFE‘IE’EIE’IHEFUEIE‘I@JEH@EEIEE@EIEWB &

BE GHENKAFREH) A
e, SFEBERAFFLEE, MU EWHFLERL.

GHEAB RS fERUE S ME) 1Y

RS EEER
kﬂ?ﬁﬁ

2020%

mum@mmnuamnuam@m@a@?mua@mamapmuamaﬂuanﬂmn

m@mmmnm@m@w@wwmwmwuawmm

o




—
\
w2

e R SR E B R RALUR
P SEDLER A 3 BUXE G OE B

EHSS: KEBTWr09T

W 8 ¥: ETFBootstrapfI Bl HERANY

[ FR: fEERA]
V1.0

FE R A MRBEARMTEFER

FFR5ERHN: 20174128200
HRREHRE: 2017412H21H
PRBATA: FRAERAE
W H e E: 2

B & $: 20185R464234

|
} RE CHEPRARPED A GHEVRAE RS0 &
WE, S9EEPRFPOEE, MU EFmT R,

ERERREREREEEEREE R R R R R e e e e

deRRRERERERRE




LJEIE@E[EJEIE@EPLI’ LIE‘J"LI"LIEEPLIEPLIEF‘:JEJEPLIEFLIEIEEF

®x # £ &

HFHEBR A

It K52 R H
HRRREN:
BB A
® A E A
2 €8 8

- o

R RS L R (R T

BRI\ CGHERAE RS %D R
Mz, S8FEBRBERFHONE, MU EERTFUER.,

§J w i ARAMEERRAR
%
|
%

—— ———

%ilebﬁ*ﬂgﬁ#ﬁ&ﬁ#ﬁ BEHERS

JUREARME AR BR3EE , 60 8T R %
B MR

20204£03 5 28H
20204£08 H07H
Riama
£l
2020SR1016097

GHAEPLB A F R R ML) B

ﬂ@@g

Qu

h gﬁ‘ ‘t&%l’ﬁf’

—————

}/~ {
~ N

i ¥ 3

S e~ - ) 4

W@@WM@@W@WM@W@@M@FQ&




A N R 4670 B B R iR UR
ﬂﬁﬂﬁ#%ﬁﬂ%ﬂﬂ%

ERS: EEBFHNG123F

ﬁ # B W BT Web BAR BV R LI LI RGEHAF
(TR HER Pl SEe SEI Bk A
V1.0

#FOE B A T RBRNMIERE  BRRE  FEH B TACHLER
FIRER

FrREREH: 2018412H02H
HWREHM: 20194037208
BB A FRIARAT
BLA W B 2R

B w  5: 20195R0524366

BE GHESIIRI AR A GHEN S ERE )
sise, SRERRRAELEE, MU EEATUER.




4 A R B ERBRAUR
SR I B AR O

EHG: ERETW119605

L/ # B W BETLigBeeHRMBRKERBRLE
[ﬁdﬂ{ ZigBee HAERE]
V1

M BA: ;éﬁ*ﬁﬁﬁk#:ﬁﬁﬁ:%ﬁ%:%iﬂﬁ:?ﬂ(%;ﬂ

FRSERAN: 20195044 05H
BWERAN: 20199054 02H
BABANR: FHERE
A JE B 2NRE
- 5: 2019330690763

WRE CHSTHRAHRY 261D H CHENRAEER R SR B
B &P ERR R PO EE, U EERTURIK.

. No: 04195538




A REMEERBTR
T STOLER A 38 e BU% i Ot 6

ERS: wERFHI6T

% B RFoSERRNEAOHSHNTERERY
gm:, RS e#EHEEERE) '
1.0

£ WA REAMEESR

FR5RAY: 2017412A208 ‘
BXRREBR: 2017412H21H
PREALR: RHERE
B F E B 28EEA

EEER

¥ i 5: 2018SR462568

é RIE GHEAKARPRED B GHINREE R R 0
% e, SPERRREPLFER WL EERT R,
%
]
&
:
&
i

o

EERE mmmmm@mummmmmnmmm&é




% CEYNE S SISE SR
5 ﬂ‘ﬁ’ﬂlﬁﬁ%ﬁ?ﬂﬁtﬂlﬂiﬁ
% ERT: REBFM5888045%
% % ﬁ & M ETRREHANA T RIRS
. : -
'E;:',I EFE B A THRERFRKE,; BRFEE; PRI B ki, B
% B BB
% FREREM: 20204:05520H
% HRREEY: 2020407H05H
MRRBTR: RHREG
WA W B 23R
% B 42 B: 2020SR1009349
l% BE GHENRAERFEM) B GHENR4EERBEHE) B
% e, EFEBEREFPLELE, Mol EBHTF LIRS,
:
%

E@"LJ"-’LF'LIEF’LJEIEPLJEIEPLJEFLF'LIFJEJEPUEEIEIEPLFLPUEFUEPLE@IEIEJEIEIEJWUEPUEPL@IE@EEIEE?

gﬁmmmmmm@mmmm@mmmmmmmmmuaﬂmuwﬂuw@mmmmmmmmmmmmﬁﬂmuaﬂmm

Ll e e e e e el e el 2l e e el e e R A R R e R R (R e P AR T e e 2 (e

[




Hide N R 20 E B R RAUD
ﬁﬁ*ﬂﬁ#%‘ﬂiﬂﬁtﬂﬁ-ﬁ

ERT: KFBFH5887655F

® #_,z #: ETRXRBEANERECHERS
S V1.0

:
%
%
¥ FE B A JEHEBRMEASE, RRE, ik, RHE . SRE; £
HE . BRE %
FREREM: 2020402H02H
BHREHM: 20204£05H30H
BRARAER: RS | o
WA W HE A% %
¥ & B: 2020SR1008959 g
%
%
%
%
5
;

R#E GHENKART ) B GHENKESERBEHE) 1

Mg, EfEBRRFPOFE, MU EERTFUERE.

WMM@W@WM@M@W@W@WW@W@WW@W

LFLJEIEIEPLI'EF‘r_FLIEI’JLFLFLFLPLJ’JLIEIEPUEPLFLFUE‘IEIHEIHEIEPUEE@EE?UEEEE@E@EPUEIEEPU?




TGUEWUW@@W@WW@@W

AR N R SR E B AR AR
ﬁﬁﬁlﬁﬁ‘%ﬂfﬂﬁlﬁlﬂizﬁ

E65: KB TEM000NT

% : ETORMRATEEUROENIHABREAN
g_( fF B o wmriRes s
=== vi.0

EF # B A T EBRBERE BRE: TAN, Faf . fRE. £
HE BBR

BRERBE: 20194038208
RARATA: FHRE
BOH % E: SWERA
=1 % 20195R0527272

ﬁﬁ(#ﬁﬂ%@ﬁ#&ﬁbﬂ(ﬁﬁﬂﬁ#ﬁ#ﬂ&ﬁﬂ&)m
mz,§¢aﬁuﬁ#¢uaa mu:$m$u§ﬂ =

é
% FrESERBE: 2018%F12802H




E&ﬁ:ﬁﬂ?ﬁ
ﬁlﬂmﬁﬁiﬁ
& %'J &
ﬁ 1& %

= F B A:

ﬁﬁi"ﬁﬁiﬂ B

B4 N R 3R E B R RAUS
1’r§ﬁlﬁﬁi%ﬂiﬂﬁtﬂu{:ﬁ

V1.0

I HHEARMEAE  RRE MR RER: TA: B

B 2RR

201s¢12)aoza
2019&03}% 24H
FmeE
émﬂiﬁ]

20198R0690365

EBS: EFEFRaNS

ﬁt # BB ETYBREANTEETRE

LﬁyEﬁyEﬁyEﬁyEﬁyEﬁﬂEﬁﬂERyEﬁﬂEﬁyEﬁyEﬂyEﬁyEﬁiﬁiﬁa
e T e

EEERENERREREE

ﬁﬁ mﬁm:#ewasm A wmmmmmm &
ﬁi. mmmﬁv%m x«fuxwﬁu&‘a =




e N R LA E B R RAUR
ﬁﬁﬂl’i’x#%f'ﬁﬁlﬁtﬂﬁ#

ERT: KEFTWM463055

K AE B W ETYURKNERNEEENGHE WG
== ‘[Iﬁz& BEREHHBENE MR
1.

= B AN RERTEKE BRE 5. X8R . EFER: 5
B IEE . BER

%

‘ﬁ&ﬁiﬂm: 72919@095 158 : — g
RARANR: KR | e o %
R RS U %
5

B

%

2

g

a0

B u':'. % 2019sn102554s

ﬁ% (#MK#E‘:#’%M) i (vfﬁﬂﬁtﬁﬁf’ﬁﬂ_&ﬂb&) )
ﬂ% %qﬂﬁﬁﬂﬁ‘é?%bﬁﬁ Xﬂuiglﬁ%uﬁﬂ

%
§
% Fﬁi"ﬁ)&ﬁ% 2019407 H10H
%
g
:
%

e VT T




Ll'j

A N\ R SEFIE B R RAUR
ﬁﬁﬂlﬁ#%ﬁfﬂﬁlﬂﬂfﬂ

EFES: REBLHER06T

ETURES ATERERGEYERREIRF RS
K ﬁ: g #: %ﬂﬂt FYER R MEFEN]
o =

E B A T ERERMERE BRRE  FH5, ki 2R D
B RER

#ﬁ?ﬁ&lﬂm 2619@07)51138
HUREAR: 2019$OQE158
BRRANR: TS
B A W E: émxmj
B u?. g: 20198R1025749

ﬁﬁ (#Mk#ﬁ’c#’%ﬂ) Gt (ﬁﬁﬂlﬁ#i‘f‘ﬁﬁ&ﬁi}&) B9
ﬁ% %‘#‘Ilﬁﬂlﬁ#“?‘ L?& Nutgm%uﬁia

_— No. 04624305 =

uwwmm@wwmmmuwua@wa@mmm




’ (
N

=
=
==
b—1
=
——

(N

W\

s S
| Witsii /’/’/? ¥ e

RSFI
DHEIUNEE (T 30 e e TR B PN S U
w55 O, BIRE R EDIE” BRERTE A REIX

b ‘—.%%ugz

PR MEAE, DLV Sk

L THREBAEXE

: BIME  TTIHRIRAIEAS
& HE THRRAMEASE

ENR THREAMEXFE

BEHE T REAIMBEAF

BOH THREAMERS

BSEM: BRFE JHREARESE

BBE IREAWEAE
F5 BEEHA
FRE WHETRE (L) BIRAR

fh’/  '

ﬁ&mmwaim

BB Sl 2727,
n'a'l' l'..l't'o O'O'l’i'i’l'l'ln‘ ... I'A' 'l//l

> .;,:..;'- T
O

.'

$
M

V
)

AN
RN

T2/ |1
2NN

3
KA




A HY O }:j'é}ENTIAL

C IS
it I _\ il
i PO P

WA4—wA¥2AHE TAE:

SRR 2021 PA5-LIR BB R GIRT RO ALK Rk B .
HEMUEIE, DASLEE o '
FimbeRe: J- R BAITE K ¥

BHRR: THR BERR BEA BRE RKeEE F8EK ok
REHT: HRRF ARER F oA

b

PO 2 W—

T




2020
Mathematical Contest In Modeling*
Certificate of Achievement

Be It Known That The Team Of

Chen Linting
Li Yingqi
Wu Longkai
With Faculty Advisor

Sun Zhongju

of
Guangdong Polytechnic Normal University

Was Designated As
Honorable Mention

Adrniees by
'-:' EINES Robert Burks. Head Judge

{Ams ASAw i @ MAA siam.

Patrick Driscoll, Contest Director

2020
Mathematical Contest In Modeling®
Certificate of Achievement

Be It Known That The Team Of
Junyong Han
Miaoyu Wang
Jianxin Liu

With Faculty Advisor
Hui Fu

of
Guangdong Polytechnic Normal University

Was Designated As
Successful Participant

Fp Lo

Patrick Driscoll, Contest Director - 1 David H. Olwell, Head Judge

'AMS ASAY, infITY @ MAA siam.




2020
Mathematical Contest In Modeling®
Certificate of Achievement

Be It Known That The Team Of
Junyong Han
Miaoyu Wang
Jianxin Liu
With Faculty Advisor
Hui Fu

of
Guangdong Polytechnic Normal University

Was Designated As
Successful Participant

Fp Lo

Patrick Driscoll, Contest Director - 1 David H. Olwell, Head Judge

{AMS ASAl i’ @ MAA siam.

2020
Mathematical Contest In Modeling®
Certificate of Achievement

Be It Known That The Team Of
Junyong Han
Miaoyu Wang
Jianxin Liu
With Faculty Advisor
Hui Fu

of
Guangdong Polytechnic Normal University

Was Designated As
Successful Participant

Fp Lo

Patrick Driscoll, Contest Director - 1 David H. Olwell, Head Judge

{AMS ASAl i’ @ MAA siam.



2020
Interdisciplinary Contest In Modeling*
Certificate of Achievement

Be It Known That The Team Of
Sugin Lan
Danmei Feng
Xiaoting Fang
With Faculty Advisor

Maojie Pan
of
Guangdong Polytechnic Normal University

‘Was Designated As
Successful Participant

Administerad by z
Beecher, st Director M Jessaca Labertind, Head Judge

With sispport fram

{AMS ASAl infTTTY € MAA siam.

2020
Interdisciplinary Contest In Modeling*
Certificate of Achievement

Be It Known That The Team Of
Sugin Lan
Danmei Feng
Xiaoting Fang
With Faculty Advisor

Maojie Pan
of
Guangdong Polytechnic Normal University

‘Was Designated As
Successful Participant

Administerad by z
Beecher, st Director M Jessaca Labertind, Head Judge

With sispport fram

AMS ASAl infTETY @ MAA siam.




2020
Interdisciplinary Contest In Modeling’
Certificate of Achievement

Be It Known That The Team Of
Senpeng Huang
Weidian Chen
Guolingfeng Jiang
With Faculty Advisor
Jinghua Jiang
of
Guangdong Polytechnic Normal University

Was Designated As
Honorable Mention

Adevasteed by
Amanda Beecher, ffntest Direcior M 5«- ﬁ%uw

With suppont trom

{AMS ASAw i € MAA siam.

2020
Interdisciplinary Contest In Modeling’
Certificate of Achievement

Be It Known That The Team Of
Senpeng Huang
Weidian Chen
Guolingfeng Jiang
With Faculty Advisor
Jinghua Jiang
of
Guangdong Polytechnic Normal University

Was Designated As
Honorable Mention

Adevasteed by
Amanda Beecher, ffntest Direcior M 5«- ﬁ%uw

With suppont trom

{AMS ASAw i) € MAA siam.



2021

Mathematical Contest In Modeling*
Certificate of Achievement

Be It Known That The Team Of
Cai Weibin
Huang Yinfeng
Chao Lumeng

With Faculty Advisor
Pan Maojie

Of
Guangdong Polytechnic Normal University

Was Designated As
Successful Participant
; Adminstered by
Steven B. Horton, Contest Director w Kelly Black, Head Judge

With support from

{AMs ASA\ i & MAA siam.
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