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B4 34 Yolo (you only look once) Fl1 SSD ( single
shot multibox detector) , 2016 4F, Liu 2% B k4E il T
SSD B 75 VGG-16 ZJ5 B AEHEZ RN 2%
FUZER AT 2 RE B FRAEZ | B0 AN (6] RUBE () Rk
PET s BN [] () 9 L ) S S A i 8 IX S H A
BB RIS E . 2017 4F | Jeong %617 #2 H1 RSSD
(rainbow single shot detector) -7 | il 1 T RAEA 2K
FEARGE G R RIRHIE R A T 5 R RG9S Rk 1R 1Y
B, A RUE DL T SSD AETE M [ 8, Yolo Hi Redmon
SFUTE 2015 AR RS ATREE 2 T R I B BR
M. 2016 4, Redmon 25 35 1Y Yolov2 , 7F 3x3 1Y
BRI ER] 1x1 BRGHEATRAEESE , I8 42 )R 7
By Al ok W, e B — > BRI A & 7 — 10 )2
(batch normalization, BN) , M Tfij fiff #e T 2 ) 1% 4 3o 7
o R0 B 2 AR AT A, 2018 4F, Redmon 551 4
H Yolov3, R B AY DarkNet-53 $2 U 4167 A9 SR 1iE
G R FPN S5 S8l 7 2 R, i 1x1 &
FRAN Logistic #3% PREUCES X Softmax 4328 )2 , A U
HEAT B HE 0 A . 2020 4, Bochkovskiy % 2
Yolov4 , >R e it 19 CSPDarknet53 3 47 45 iE 42 B, H
SPP+PaNet #f — 2L W3 FRIE A F IR RE 7, [R] RhHE BT 42
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Stage, One-Stage H75—> Stage ;=4 PRSI LR
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AP 7 A A 1 DCISORT ) s R A 7 A 25 8 2B X e
VEIXSRFEAT 4 2 FE AR B . B RGN Y - v S
2 A B RN B ) Two-Stage 7F ME 8 5% [ A 1 #,
One-Stage TEHE F AT R AGPL Y, WA ST A
ZRATAR S0 H AR EAT A, B LA B R H S B, One-
Stage Fe ML TL 82 SSD HT Yolovs , T LAAR IR 2 55
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2.1 SSD JRIZ
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B AN RS2 B EA TR , ol s e S ] A RS AR K 5
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MH, XA R I DL R L, FE R IA
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[ Input Image

VGG16

| Convd_3 |

[ Conv7 |

| Conv8_2 |

Conv9_2
Convl10_2

[ Prediction layer
B3 SSD HikHERLME

SSD MR =+ M 25 R T 9 /2 VGG-16, UK VGG16
AR NERZE DB 2E 2
B 4 AERUZ, Hi A 300x300 A9 & A, resize ( BAE
KANASEAS N ZSE) 3] 3 3838 1Y) shape ; P IR 2 B R 265 A
R Ky 25 =R M 48 b Rt A 28 Ky
2 R — WA 1, TG 2 %12,
ST IR B RRE R 3 R 1 A BRI 4% 5 LTI A R
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POMZER B NE 2 AT PIRCEBERAE . — 1K num_
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HE, £ FRICHRA 22 TRIIAE , 41> FH0IHE AR 41 0 i A
JrPe(BoT) A5 al LIRSS IAE YO0 B AR/ ME B
(R — 2 W R R A 9 2% ) A num_anchors x4
ARG R PR IOAE 4 RAYIE ¢, e, b, w ROTRE
Tl Hb e, o, RRSCIHE S HLIHEPUO Y & 1y Bl
TFTE DL, h A w AR FLSAE 5 SR B0 AE i 98 1Y 22 AL 1
Ol TUMHERY HhCoglt th BT 1 PG S0 b e, Fl e, 5
FGEIE b Fl w PARESCIOAEAT 3 1Y, 45 30 ot sUFN 58 5 Al
FTRLZEHITRINAE 1, s e ZERIaE 5 s,

1 MESH

Name Out-size Prior_box_num Total_num
Input_image 300x300
Convl 300x300
Conv2 150150
Conv3 75x75
Conv4_3 38x38 4 5776
Conv7 19x19 [§ 2166
Conv8 10x10 6 600
Conv9 5x5 6 150
Convl10 3x3 4 36
Convl1 1x1 4 4
i HEEEIE
il S
A, Y s
T —Hacand
b ¥ TorckAly kyw,
gk | conff(ey,cofe,)] |
(a)Image with GT boxes (b)8 x 8 feature map (c)4 x 4 feature map
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Yolovs FF 944 M Focus [R5 45Ky, H 18
O AP L A — A9 R — V(L 37 4 A
TSR 2, S84 4 IS A e, W)
AR R 9518 5 S LB S, i A
T 45, BRI 3 SEIAE AL 12 3835, 7 Yolo 1, 3
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CSPDarknet
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3
Conv2D_BN_SiLU |

[Conv2D_BN_SiLU(160,160,128)| |

[ CspLayer(160,160,128) |

‘

[ConvaD_BN_SILU(B0,80,256)]] looncat+(SPLayer [Yolollead|
[ Csplayer(80,80,256) M [UpSampling2D]| [ Downsample |

[Conv2D_BN_SiLU(40,40,512)] [ Conv2D __ }-+[Concat+CSPLayer}+[Yolollead|

Concat+CSPLayer|

| CsplLayer(40,40,512) |—

[Conv2D_BN_SiLU(20,20,1024)]

[UpSampling2D] [ Downsample |
T 20.20.10:
[SPPBottleleneck(20,20,1021)] [ Conv2D |+[Concat+CSPLayer}+YoloHead|

[ CspLayer(20,20,1024) H

&6 Yolovs H i fEE

EF MR Y JE CSPDarknet, 4 A B 438 i £
T, 155 3 NEREE)Z . CSPDarknet [’ 2% i 5%
ZERR R, T T 5% 22 M 4% Residual . 1M 2 A
PN 22 B AR 48, — BB o0 & BT &%, — I (1,1) 11
BIAN(3,3) BT 5 — e ik 22 i o, AT
b B, 4R 32 R4 0 s A R 2 AR 2E M
25 HA Yy Tk REXG TR LA ok 0 P A A i
PN BB 0 B 22 Hefeli Bk BR % 2, A &b gk ok 1 | TR
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R AN 7 Fis
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Partial
Transition
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I 6 AT LA H, Yolo [ #4iE R SiLU ( Sig-
moid Al ReLU Wy Rt L) , AT JC B A4 F 5 P
R PR AL P FEME . 5 ReLU AHEL 120716 HA B 4T
TR EE A 28 I 25 MR8, DXL I AT LUK B R ~F- 18 1Y ReLU
P PR

SPP( spatial pyramid pooling ) 5 #4) , 12 45 #4) fic . &
Yolov3 (IS 1Y) 3 3k AN ] b AR A /)N 1) e R it
PR IEATRAAEFE I, 45 1 X 4% 1 R 32 W7 R Az B 45 1)
RTERAEZE L B EZ R R s e 2 T,

W FY I FPN RFIE G A3 AT s AR IR 2 L, 4n
Kl 8 7, Yolovs M 3 N RCRHIEJZ SO TR 9
ARAFEZ X LRI AT R JIRJE ) CspLayer,
P 8 ml A, B s A (300,300) ,3 AR Y
shape +& featl = (80,80,256) , feat2 = (40,40,512),
fea3 = (20,20,1024) .

CSPDarknet

[ Tmage(610,640,3) |

| Focus(320,320,12) |

[ Conv2D_BN_SIiLU(320,320,64) |

P3_oul

Concat+CSPLayer)

|(‘0nv2D7BN7$iLU(1GO,160,128)'

[ UpSampling2D | [ Downsample |
[ CspLayer(160,160,128) |ty T m
[ Conv2D |—>| Concal+CSPLayer | »{yoloHead

[ ConvaD_BN_SiLU(80,80,256) |

P5_sample

| CspLayer(80,80,256) |_ Concat+CSPLayer| 4 ont
_ou

eat2

[ ConvZD_BN_SiLU(40,40,512) |

UpSamplingZD ,
[ Coplayer(040313) | [(UpSampling2D | [ Downsample ]

PS5 P5_out
| Concat+CSPLayer [ YoloHead]

[ Conv2D_BN_SiLU(20,20,1024)]1 [ Conv2D

[ SPPBottleleneck(20,20,1021) |

[ Csplayer(2020,1024) a3

&8  FPN HEMiF 4 “FHE MR ARFAE $

FPN 2Ry .

(1) Feat3 BRHEZHAT W (1,1) BT, M
FAEE BRSPS, PS AT LoRER S, B H S Feat2
(RRE 24 31, BRI CSPLayer HEAT 457 1F 42 i, 3575
P5_upsample , JEHREAEJZ 4 (40,40,512)

(2)P5_upsample FYFEIEZ AT —IK(1,1) &
PR HGE TE BRSP4, P4 UEAT LR A BEJS 5 Featl
FERIE 24, FEH ] CSPLayer A7 HR1E 32 5, $515
P3_out, I HFE)Z 4 (80,80,256)

(3) P3_out WYHFIE)JZ AT —IK (3,3) BRI
KFE, T REEZ G P4 &, BRI CSPLayer #E474F
HEHREL, 3545 P4_out, BLIHERE 2 4 (40,40 ,512)

(4)P4_out MHFHIEJZHEIT—R (3,3) B RFIT
KAE, ToRFESG S PS &, 158 F CSPLayer #E47RF1E
PEH, 345 P5_out, WL HEIE)Z R (20,20,1024)

1H3d Yolo Head AYT15, 53] T Wil o 25 5. %
FPN FHIE 4 3345 3 A Inss ARk )2 (20,20,1024) ,

(40,40,512) , (80,80,256) f& A YoloHead 7 | i il
g NPT RE—ANRAE R AT AR — A S R
TR, B 2 1 3 T RS T XA I AP AR O
FEAMERIE )2 LA RRAE S0 3 AN eAE, DA SO
M), BNy 2 Bl B e B 4 BE V%R 21 =3%7 ,3X 3
AR B shape 4 (20,20,21), (40,40,21), (80,
80,21), fJahy 21 ¥r4r a3 A 7, X0 3 AN SE g HE 1)
TASET ASETUSR R 4+1+2, 1T 4 DNSH0H
TR AR — N REAE L G A S50, [l S 500 2 )5 r]
DIARASFFINAE ; 565 5 S H0H T R Wi B — A FRAE 2
TEEYR; G 2 DS HOH T IR B — AR ST
5 IR RISE . L) (20,20,3,7) 3 MEHEE R ],
AH 24 T4 SR 23R 2020 ARF A, 24 BEA R &
TEAEP R XS N AE Y, Bt T S0 i, i
Lo nE 9 s, K9, i s AR 2020 4
fERL, XTI 9 (a) 2B 3 A JCIRHESES TARAD .

(1) W He T, R Regression Fiil il 4
TP A 35 10 P 2 X SRR I AE 1m0 A AR R A 7 I S,
BZIEE 9(b) 19 3 ML,

(2) THMIAE vE =5 9T, A Regression Filiil] 4%
B JE PN B PN 25 R 48 BUR AR AR TROAE 19 58 =5

(3) Bt 5k T LOREARAS A0 T AE 22 il 22 18 A L

0] pETTrT R R e
.....................
....................
....................
....................

5 |eselde s aisecaneseneseaes
....................
....................
....................
....................

210 Las s ssssssssheossnssss
....................
....................
....................
....................

15] e ssesssssmanesssese
....................
....................
.....................
....................

20
0 5 10 15 20

dpi
s
(a) TN A

0 ssdsssesnssssssssese
....................
....................
el [ e e
R e [ SO e

Bl oo e sl IR
llllll -Ioos.ntlll.lol

o= =l I T T I I I R I I R
....................

| eeemamaee e aieoe wca e

210 sseesssessssessssasss

'J UUUUUUUUUUUUUUUUUUUU
....................
....................
....................

15/ sssssnsssansssesssss
....................
....................
.....................
....................

20
0 5 10 15 20

dpi
(b) T J&

[ K Y



%2

AN R T AR A 69 L F N % & B RFR 133

Sy it B R ) 2 Y 8 FROIIARE | BR22 FHAS 70 i i | 45
1 /& confidence 15 B 14 T INAE , 122 FH 3F H A H0 Hil
AR O et B — DX B[R] AP A5 0 B RO AE 7K
FBerb 4t L B s A 38 e A5 4 O 228 R el 2D HE 1Y
Ko, XA RS AT I, B DR A D RS ER RE
ARSI, $2 3 BN KRB N — R HEF , 2545 734
F R BIHE SR 5 ARGE A A RE HEA T LU, LAHRRR B 5 7%
JERRHIHE

3 ZWER

e

3.1 HUEERRIS

BRI 10 28, A 7429 5K I8 Fr, 43 %I T SSD
1 Yolovs XERAEIAT NG, KR HIL IR + 189 L]
kK1) 43, trainval _percent #{ FH T48 & (I 2R+ 0 L4 )
S AE i He 5] ,train_percent B T8 € ( YR + 56
UEER) il AR S5 RAIE AR He i, #5459 < 1K1

3.2 WKINGERMERESHT

FRUNGRAE A A ) 9 8 2 b BA 8l e DRy
FRAFE 238 A, SSD BLAE A IE R resize A (300,
300) %) shape , >k JH ssd_weights B T AL E |, Jo g HE
K/NBEE M (30,60,111,162,216,264,315) , 4R
200 ¥ ; Yolovs #5755 A IE] A resize i (640,640) HY
shape , i FHH Yolo5_s BRI AN , JCI0ME R/ B R
(10,13,16,30,33,23,30,61,62,45,59,119,116,90,
156,198,373 ,326) , EAR UKL 200 Y, IZRFPZEN 10
i ,@?ﬁ ec( H ij]%{ﬂ']ﬁ.‘i) VACbox ( EE,/E%’E‘) \FS(iﬁﬁf[
1) (VA (vaisala) . SQ ( ZKZMEI 35 )  ZHje ( 256 5 hL
%) .SY (B2 W LAY ) JYge (FER A s W4 ) (BY
(AMFE) person(1TN) o

TR RN T8 85 4 1, Precision ( HEBAFE) . 7EHT
A PN AR Ry A AG B LT, T I A Y LA 5 Recall
(A EIE) L A IE ) Pl (A B0 i B ] AP (P 350KG
BE) BE— AR B RIERG . F, : Precision 1 Re-
call FIASCIE FNSF- 35, X F 8 — S0, 43 9 42 iF TP
(TR IE B2 A 1) |, FP (5 1 bR A 2 T Sy A
Z5) TN (T S 2 EAf ) FN G0 1 bR e 2 2L
R PRIC) TRVBHFEILER 2,

%2 W

T 45 5 Positive (FIMAYIER])  Negative (T S 1))
True( &) TP TN
False (%) FP FN

T oA AR LA SR AR BTy, o A T
Mo E R R LB, THRARCY
TP
TP+FP

THEIN Ay A L S R AR AT, o T IE
IRy LB, HRARY

Precision =

recall = TP
~ TP+FN
WERR R A [ R AR R4, TR AR
_ 2xprecisionXrecall

""" precision+recall

_27P
“2TP+FN+FP

SRR R A — A L A VAR R 0[] R

HITBGEFT BB R AR N
AP=3p(1) Ar(h)

Horbrap (k) AR B BOHERR 2, Ar (k) S TR B (R A
A,

I MR P P8 BR Precision (HESf ) | AP
CFEIREE)  Recall (43 19155) | F, A WA 0 A5 751 ) 1
fig, SSD Fl Yolovs YIIZk4E 5 WFAEAR I ANIE 10 Fi7R,

——train loss
valloss
5. — = smooth train loss
== smooth val loss

0 25 B0 75 100 125 150 176 200

Epoch
(a) SSD
—train loss
0.5 valloss
== smooth train loss
— —smooth val loss
0.4
0.3
<
=
0.2

0 25 50 75 100 125 150 175 200
Epoch

(b) Yolovs
10 SSD il Yolovs Il 4kdE 5 ¥6iE 451 2

3.3 iIZFIBAER
SSD AT I 25 X 285 Fir 7= A AR AR AR Sk 0300 19X 2% i)
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BUESCHE ARIRE VGG R ET ML HAHouiah
4 ATEHE , — 5k B R B oA AR A TRAE | % & 8 A5
JERO. 5, HA KT BEE N THEA o /. AR
B KPP HIHE NMS e i 158 $5AK F-0. 45 (4 FUAE , an-
chors_size ANAE i 145 43 e o 1) TROIAE 223 1l 76 ]
Iy Yolovs FNJE A FPN SRAFE 4 7 3E 4R A5 19 3 4~
SRR A T IE A YoloHead , XSO HE HEAT A , i1
SRR r o s RN TROIRE () 58 55, 2 A543 i IR AR
AW, WA PP TOGIR , T ) — 2 DX Ik i [ o
AR5y T K AAE | 55 Ho A TN AE A7 8 5 B 15, S0
FREE G RE R R AOHE . 38 AR SR AR5 i & F, 7
FERH IR ANE 11 12 Fis, AT LA H Yolovs %f
T AR R B HERR R Z 5 T SSD, I HAiR i |
WA B, TN () 38R A

10 2585419 SSD il Yolovs PEUH S bR L W 3,

B 12 Yolovs N4k

23 Yolovs 1 SSD PEMrHE#RXT EL

Precision/ % Recall/ % AP/ % F,
B AR

Yolov5 SSD Yolov5 SSD Yolov5 SSD Yolov5 SSD

gc 97.50 95.50 99.62 94.42 99.84 97.84 0.97 0.94
ACbox 90. 86 84.76 98.92 86.02 98.92 93.42 0.99 0.98
FS 99.50 96.90 99.60 96.50 99.40 94.60 0.99 0.97
VA 96.22 91.72 92.44 88.04 99.42 93.92 0.95 0.92
SQ 96.19 92.19 98.67 87.47 98.36 94.76 0.96 0.93
ZHje 97.33 90.53 98.65 92.65 99.93 97.93 0.98 0.97
SY 98.50 92.20 99.00 88.50 99.06 97.26 0.97 0.95
JYge 98.90 95.90 97.83 89.73 99.91 98.41 0.99 0.97
BY 92.75 84.70 85.77 76.17 92.04 87.54 0.87 0.85
person 95.49 92.19 74.81 66.51 85.56 83.16 0.84 0.82

ATLLE Y, Yolovs A4 2k R TEAIG , - H R SIGH B T
R, FET SSD, YolovS i Precision H SSD 1) 73. 73,
Recall . SSD [#J757.18, AP . SSD ) 3.46, F,
SSD 752, 02 ,{H Yolovs HYIZRiH FE Lk SSD 1918 JL+
/I~ epoch

4 LERIE

BT T SSD Al Yolovs Miff H bRl 53k, 734 T
BEAULERG | LA 288 0], TF e 1 SEge 0t L, S g 4k
SR A Yolovs REAS 214 iy B A 56 A AL AR 1y 4
SR B, H WS B, AH% T SSD, Yolovs B Precision
He SSD =53, 73, HEA A = Ul B AR A R 4| Recall Hb

SSD 7. 18, AP [t SSD (X 13.46, F, H SSD WY
2.02 ,{H Yolov5 TEREAIYI LRI AE A9 1] K F SSD A5
RUAGETE], AL, T — 2D X TR R A T ad

SEH .
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Research on Equipment Monitoring Technology of Meteorological
Observation Field based on Video Recognition

WEI Chunmei, MA Shangchang, LU Huiguo, HUANG Weijian
(College of Electronic Engineering , Chengdu University of Information Technology , Chengdu 610225 , China)

Abstract : In view of the long-term unsupervised observation field, the equipment is damaged and stolen, and there is no
effective algorithm and system for real-time monitoring of observation field equipment,the current typical target detection
algorithms are compared and applied to the detection and identification of observation field equipment. The data acquisi-
tion platform is built according to the research objectives,the data preprocessing algorithm is studied, and the effects of
two classical target detection algorithms SSD and YolovS model in the recognition of meteorological observation equipment
are compared. The experimental results show that the detection speed of SSD is faster, but the accuracy is only 92.09% |,
the accuracy of Yolov5 is 95.82% and the convergence is fast.

Keywords : target detection ; SSD; YolovS ;data enhancement ;video recognition



