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TR R . Hu 2 A™ FIH YOLOvA SOt T /1 50 B AL B AR 78 R R 5] o i
TG, (BRI /e R BN SO 5 448 SR PR . Tewari 2 A" £F Mask R-CNN K
2% TF 2 00 7 R BT A TS R B R 0 B o b R BT BT T, B U B A 24 5 By
MRS . LLb SRR R BE . kG AN 43 RN e T T AR TE A S, M LA 2 IR A5
WA 25 i o B5UF o S A 0 5 43R R, DR 8 BT s SRR Fr 5 70 S 4 2 B
SHBAREE S EE,

(b) ASCHEH M BUA BRI (31 ANBUA BT,
A YT 19 /> (8%), B4t 12 4> (4))

1 LunaNet #REFIAI R HHIBR AL MR B A RIERERANRA G RXTEE

(a)LunaNet #% (22 NMAYL)

ARSI DR RNDE AR AR T A GTRA 5 0 AR, SEl 7 Ah et i
YOLOv5 HARKMIRER . iZ A s 2 RO EEAT 1 okt S 1R AN ] ROBE R A 3t
RS e AR R, HAH L AR B B A IR P, O R R T B ST R R
WS FRPEME THIMRRTT S 5 2 BRI TR S W U Tk B 3 MR T
B MR BRVERE R AR R SRIR L R T 28 4 TR THIFUM R BRI, xR
KIAFREAT TR

2 ik

2.1 YOLOv5 HIMELE SERIES
YOLOvV5T& YOLO RAIHH AR H T 72 M5 %, H Glenn-Jocher F 2020 442
Ho ZEER AR RS FRFIE & MG TR E S I S b A, BE08 SCBil s 2 H AR iR 1

®https://github.com/ultralytics/yolovs
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4 RX % HER 32 %

A2k, BATIERENR. WERIRERIIORE A, CMZ AT EEN. TSR, % T
YOLOVS 7SR Hll 7 1 1 8 5 038, JRA e L0 A BEREIM %8, T ORI iR 5 15 40
{E%.

YOLOvS MMt @PRpT R, 3 =AM AR £ T % (Backbone). HHH
% (Neck) MISkHF% (Head). 1K= #4505 BURKIRARFMITHAE, LA F X #8410 Th AL 4T 1
4R .

[1, 3, 640, 640]

3, 640, 640]

32, 320, 320]

64, 160, 160]

64, 160, 160]

[128, 80, 80]—> 16 256, 80, 80]—> 17 [128, 80, 80}

[128, 80, 80]
[128, 80, 80]
18
[128, 40, 40] [128, 40, 40]

[128, 40, 40}—> 19

[256, 40, 40] [256, 40, 40]

20

256, 40, 40]
1256, 40, 40]—> 24 -1 X 25200 x 85— output

[256, 40, 40— 12 21

[512, 20, 20] [256, 40, 40]

11 256, 20, 20—>» 22

[512, 20, 20] [256, 20, 20]

512, 20, 20— 10 23

B2 YOLOvS Mgty rn=EE"

ML EF MM TTRFEFRE. FA BUE 1 Sl B & N EAR 480 5 640%640
B, MELE 2 NER—MET—H—80E MBI (Conv-BN-Silu, CBS) #1T FRFE, £
B =R (HRAE B (80x 80+ 40%40 1 20%20 4 %K), ATz X C3. C4 Al C5. EF
90 24 F) i L el 2 T g B DU AR B ER (Spatial Pyramid Pooling-Fast, SPPF), i £ R
FEMALIRAERL G AN R 20 HE RO RRAE, 1 — P S SRR e SR I B

FPER 45 200 IR 28 K FH B A i 5 I 28— P IR S5 P 4% (Path Aggregation Network-
Feature Pyramid Network, PAN-FPN) 2544, %f£F M4 mr) C3. C4 Fl C5 RHiE(E Bt
TR, Ao R AR (80% 80+ 40x40 AT 20%x20 {3 K), AW E XN P3. P4 M
P5. Gl R A A FFERRHE RS S, 0 M4 e 72 /0 A B — EHEEEIME R, AmsErt
For A B o

L2 s Sk 26 B AR R RN 2 RBERHESK B Moy B S RAEN B . HARERE

Phttps://start.oneflow.org/oneflow-yolo-doc/tutorials/01__chapter/yolov5_ network_ structure_analysis.html
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FERIZE RIS B R, BT U R, B ERR I FHE . SRR LA I B (3 3
.

YOLOVS #48: 7 % Pl B LUE B A AR 4 RT3k (B ny sv ma 1A x kiR
FRMANB K AT 000 ) 3ok T LIRS 5o U R R 46 0 2 2 Y XX 44 55 138 8 0K J2 1 A %
B MERRT R, BRI, P4 IREE RBOJOE T BRSO, B T M4 (VRS %%
BEJE RMRE TR B A, B T IR . B YOLOvSn & 580 B 5/ [
B, UK 1.9M SR, &4 WIEZRNEE, M YOLOvEx RSN FoRmsA, By
86.7M HIZ ¥k, & A bl B R O 5 o 36 FRILE & F S SR LR A O % 18, TRA1]
B YOLOVSs {E N BERAEMHEATSEH . YOLOVSs 5 S0 T3 ARS [ 2 (RIS T %
PR, S SRR R
2.2 R

ERZ 55T, YOLOVS AU B BT MORINEE SR, JCHE T+ AR ARk, 4
i, fERAREBRGTIIES T, BT A RBRATUR BN, BIKERZ £ kSRS
VEJG B4 BT AR B o 8 P X A S — /MR, 00 00 0 LA 2 = s
fiEfS B, EHAER] YOLOVS HEATHI 2 SEORK SRR T i . BRIk, £F%4 2 R H bR
FRRBIRIEE, AFTS00 YOLOVS T 7 i, AR RIRIT i SRS .

YOLOvS Mg ttnief(a) . &% % R B AR, Feaisot 7 mEbo)
. B4, 83T I4s N s DUAS R (R AE SR (C2 HFAEIE, 160x160 125), L
(REIE /N FARIOLITTE B JEUK, 7RSI 4 o 7R 55 DU AN LB (R R AE R & (P2 A AE
160x 160 23), JH ik 8 /N L (RO BHAE HEAT R0, LA BB M DC NS B R~ o SRk
E T LA AR R AR [F R B B IR BB T, 4R T BUA ORI A R AR R . O S fr
I % N YOLOv5-crater.

(a)YOLOV5 (b)YOLOv5-crater

WE: (a)YOLOVS RHE& 745, (b) LL YOLOvS NERE L7 T C2 R ML I S R ARl &

3 YOLOv5 ME&E 5432 REIRFIRAIE#H AR YOLOvS-crater f4& 45+
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(e)SF-3.1 (f)SF-3.2
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&

(8)SF-3.3 (h)SF-3.4
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AT PR E ST BRA BTN ARG B, 2ETF YOLOvS-crater FMIZR 254, AW F0IE
IR AR A A Uy B T NSRS, il Ay 4408 SF-2.1. SF-2.2, SF-2.3. SF-2.4. SF-3.1,
SF-3.2. SF-3.3 Fl SF-3.4, fnfEHFTc. DU U4 94540 5 0 1) L st 7 v AR U 24
B,

S8 SF-2.1 & SF-2.4 Ml & T W2 hAN R EERHE (C2-C4) Bl 5 SRR B,
DAY 5 ) 265 (R RRAE 2% ST BB T o X PRSI RE G OR BE B8 2 /N H AR AE (5 6., A 45 & i 2R AE
(IE SUAE R, AT A DU

SCB SF-3.1 % SF-3.4 7€ SF-2.1 & SF-2.4 [FERE F, THFE B4 H A N 25 18] 4 725
Pgi ik SPPF. SPPF #HUEM 2 R EAE, #t—PRARFEE R, WomBiR K
RSB RE R A RE . X PG B TRl 2 R ERHERL S, 3B R m B BRI )
K RIS FEE

3 PHEE S AR

3.1 BUBEHME

B R IR f P B 5 I i 4 R R B AR G o o R PO B 42 R g (5 S S A
Y IRIIE RS, RSO SR A E7E AR AT b 548 AT . YOLOVS B3R i SR bR 25 4%
KA txt O, HP PO T BRI S (W0 0. 1. 2-). JH—ALiid FHE
s x ABBRAT y MbR (MAREUETE 0-1 Z08)) BLEIA Uil RS w Rl h(Mehrsy
75 0-1 2 1)), AHFFMEH Labelme BT B & b IBUA TUHEATRRIE, 442G json K
RARZ SN YOLOVS BT txt #3%.

3T Melosh $2 HH AT B HUR 2 ABUB OB A BT/ 2506 R, B b IR K
KA Y: BB bR 2B ™ (AT R A Y2 B bR, mEER. @
Y EAA—RAE 4 TRUAA, FOBEBENY, il m— Mo s M B 454, TUR
LA BRI R o 4 A BT O 2B R P o R AE 3 R AT XA K
By, ELYURS IR A Se B ] WL, X R B AR TR % . HABA ST
TEPRRUEE LA LA PR AT AR, BERIAT BLAE] 50-70 T2k, BuBkiik, —MREphmLs
W, SIS BRI EERE, SR B S S AN b, JUR T R PR ™ .
ARG 0 R 5 AR S o S 0 R S FT LA 5 s B B — B AT 40 28, EERT B O AEE
el (R G AT 50T A4 2 T el ZR R b, o T O AEFE BRI L 0 R BT BL 4y 2y v
SR AR . AR UL U P O A L B K I 9 L ek,
XI5/, ELRER 18] A HD SRR O B, I T SR B A B A B

BRI B RIE T NASA ATFHIIEREIRD, F 558 5 (5% (Messenger). K
EMENIE A (MRO) HEREHE 28E 5 (LRO) LA S(ESS (Dawn) B3kl

“https://www.labelme.io/

®https://photojournal.jpl.nasa.gov/
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(a) B (b) HABAEb

B 5 MEMRARSEHEN

IR . KB HERVL R B R e i G . AR TR T A& KR BUA ST
PG AT hRVE, BdRERKERGM DB ORGAER, Hs T ARPEREMS, SdhsEy
G HE 23 18] 2 P AN 100 K /MR R F) 500 K/ RS, VIdhEEEE S 227 kEE,
% 9:1 MBI NG EERMIGIESE . Nt — D8 nEdESE, RATLRAN SRS & AN L&
ER T R 227 5R/NRUB RO 2 B AL HEAT TR SR, JF00 FH I 2 R A B0 34 A%
HH I BEA LA T AR, B R0 A B IR 38 SOV E bR S o IX AL AR b vE 732 0] LLIR
BFEAHEE R Z BURFE B R IB AL, (B FIER 2R (CRbn B I BA ST A A
(RS WUHE A ) At 15 BT DU AE (S B 5% ) o 22 I WL 28 A T I 1) RS 5 T b SR A A AR A [ b
A PURFAE AR A SR B0 1 5 SORBIAT N TABIE, KRR B A TT N ThRiE R, B %
AR RS U AE AR A P AT SU S PR 3 R AT AR BB TE TR B4 HY AR AT B PRI R AE S AT
FIBIER LR A YN B . IXFHLERELS & N T IEARE A A i T IR
AR EMPRESCE, WA T @M TR, MR 227 KB A b SRS, F—kKERIAE
MU PR BN TARVERI 77 NG T B2 MBATUREA, SEIL T Hak BUR IR 78, W
R

&, BHRSEY 7R E 640 5kEIME, A 540 dkoNIIZREE, 100 FKAIRIFSE . BdEHEIhR
1 40528 MR TTREA, P BGARE 63 MR TIREA . Hh AR SRR R A
27472 >, HEMAYURERRE N 13056 4. AR SCHFUIEI R A2 B AR S, idxE—E
(13 SFAE e A BT 9 7 DA R R O B R R T SR e — oK R R R
B bR~ Bt Fo i B A A ST BAR - B B RS B GOk TE S
PRI ZS 004 S AR LT 88 7K B2 3R T AN 23 s T I K ER /e B AR b~ 2RI B R, 1) 3 ke
400 K /B, BKE R EBRRER 410 TK, SHNSm8Em AN 15900 ToK, A&t Ak
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(a) DUANTARE L (25 MHAT) (b) HLEFRIESS & N TARETTE (63 AMBiAHT)
TE: BEBORIE T 005 3RILA KR R 1) — OB IR IR, IR HEE Ny 125 K /B H . A TARINELAT b

Pt D BBAYUREA, W B NGRSO LR BRIRG], B (a) SURLEH 25 ABURSUREA. B (b) FENLE
PRI T AT A TAREASIE, S0 TARIERCE, BN T —ERAS SR 63 AMBURHUREAR . I tHERR
ARG, SRR i BT

6 £ ATIRELGRFVFHEA LIRESERITEL
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66.05
60
g
]
ES
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(b) B TTEAR DA -H0R [ L geit

(a) FREER T

E: BE (a) RIFEMSHEAIK 2RI B RER, ZH5 30 400 K/MFGHK. dridd B AR 5
AGUEATHERE , AONEROR BT, SOMERORRRBAT, bRt 162 MBiaT, Hrb 122 ANMERYTR 40
MEARYL. (b) R (a) BBV ASTEARA A & A B0 TS B T g E

B 7 KERMEREGRAIREIRMIERANERSH-HEBILLEITHER
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2009 £ 9 H 29 Ho 70 nIfE M ex ORERZLEMERSE f T R 28T, JohRiE 162 AT,
SR 38 AR 4R 1 22 REME RS RL 2 AR 71, YOLOVS fE I 2R ik F2 vt UG AT BE AL 46
T TR R B S B G R R A . XS A T B AR, BT iR e TR A BT
e IR FE
3.2 WkiEtR
o PR P A el 5 3 2 70 2P IHE B (mean Average Precision, mAP) R#EAT
E RV, mAP T2 (Intersection over Union, IoU) FIME& 2 X o ToU 15 &A= 7Y Tl
S FAHEM SRR, HlEAAA:

OV = 5 )
Heh, AR B 4 IZ R TOUAERESHE . 24 ToU 4 1 K, FRHMEZSES; 2 ToU
0 W, FREHAMELES. B HRRNATHR 2 64 1 PASCAL VOC %3 484 ToU
B N 0.5 K58 SUFFI, X —Frbl J5 S0 S0 i, RS AR SR T 5 (0 BRI\ 5L
st | AR e AR YOLOVS BB BT T ToU BIEN 0.5 1)
W, MBI R, V% A B RS A R 280 i oA I, B AT A o B
T TR f 57 8 VA P T 2200 43 SR O M FEE . T G S BRI, & R 1R o A A 55
SRS B R ZES K. ToU BIMEA 0.5 HIBEE R T4 T R IRE 67 B 5 49 A0 S TE R,
K]tk A B 42 I S A i R ToU BIE 5 0.5,
BT IoU MitEas R, i — PP ERR  EHESR (Precision, P) A& 2% (Recall,
R). ErAERFIA 4R LW

TP

P=_—" 2

TP +FP ’ (2)
TP

R_TP+FN ’ (3)

Hr, TP(True Positive) 7~ ToU KT 0.5 FIIHER 4L, FP(False Positive) 7R
IoU /NF 0.5 ITHIAERIAN 4L, FN(False Negative) FR7n A I F 1) HIAE RN, A HER
P AR TS R AR PE, A4 R B B SE H bR kil 4 i .

BEIEE (Confidence) & HARfrl (1) 55— B 2484, F T BB A0 ko il 2 1) H AR ArAE
R Aff o 1k DA B SRUIIHE 5 7 A HERR It o AT B2 |h 24 AT FHE N A7 AE B ARIORESS P,y AITITIIAE
HRIHEZ ARSI Tt S

Confidence = Pp; X IoUEEéZh ’ (4)

PR AR A A5 B B ELTRE TAME, KR RAER )TN TP B FP, /N BIEAIHER

N FN. Gl RBEE R, TSRS AR P A R ME, 3] P-R #HZk. PR
(Average Precision, AP) & XA P-R I T (THIAR :
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AP:/OIP(R)dR , (5)

AP SrE R ) B AR IR IR B2 . 0 2 2800 BARKIAESS, %280 AP 113
ERIFI1H 3] mAP. mAP J& B ARk il S oE Al A B AR 1 BE 1 € B i debs, FUEBs, 3%
WS £ A 2 A7 B AR RN, Bef8 AT e 6 A H Sk B bR 7E HARRiE S5, mAP 45
i AT A4 T f BB TR 7 5 RS B8 AN 2 SR e 1t B 28 G Ve RE T d i 22 28001 7 39 2 250 A
Bt . HEET P-R MG THE Sl 1S FEAS [F) AT B2 B A R B, DR AT 5 5
XA RVE RE B2 B T LA mAP AR PPt bR .

3.3 LHER

SEUG BTl F A 44 :  CPU: 11th GEN Intel(R) Core(TM) i7-11700, GPU: NVIDIA
GeForce RTX3080, Windowsl1,

3.3.1 f#EasiEars 7 Neg bR I B A 45

MRIEHIVERT 640 KB BIEFEESXT YOLOvSs K Budk AR AL BEAT I Sk, BRI 255 Bkt
BWF: IZRFEIR epochs ¥JWE N 500 % (KB BIEEE GG —A K, —3l
25 500 ¥, Hi)E 100 RN ZREs BORA BB IR THRIRE LT AT DLRATZ 1L IIZE): batchsize
N ACRHEIR AR EE 4 5K F); IIZEY) dataloader workers A 8 A~ (BifafEAbH 28 4, FUEBK
A GPU 2K ) o

Precision

Precision-Recall Curve

0.8

0.6

0.4

0.2

0.0

e

-

—— simple 0.796
complex 0.789
3l classes 0.792 mMAP@0.5

0.0

0.2 0.4 0.6
Recall

(a)YOLOv5s

Precision

Precision-Recall Curve

0.8

0.6

0.4

0.2

0.0

—— simple 0.822
complex 0.802
m— 3| classes 0.812 MAP@0.5

0.0

0.2 0.4 0.6
Recall

(b)SF-3.1

e R AR BUA YU IR L, B ORRZRB AU R L, RE AR E 29T
KSR 25 .

8  YOLOv5s S¥itERERR SF-3.1 AMRANBIEEMNISGERIFINN P-R ik

ARG YOLOvSs P4 AR AT ST R SR I 25 Jm 3R 10 22 70 2 P EIFE . (mAP@50)
79.2% (@50 Ko~ ToU BIEBEN 0.5), AR KN 1.324 /M. FF YOLOvS-crater W
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28 D ) )\ AR AE B ST B BRI 2R R SRAS 1 2 40 P IME BE (mAP@B0) 737318 80.4%
80.6%-+ 80.9%- 80.4%-. 81.2%- 81%- 81% M 80.7%, IZIH4r 5] M 2.102 /ML 2.051 /)
i, 2.237 /NIFL 2.385 /N 2.088 /NFL 2.493 /NI 2.514 NPT 2,577 /NI . SEEG 45
FKH, MEEARSGERFS YOLOvSs #iAY, SF-3.1 i@ 5| APt a/NREEEE C2, T
HZ/NRATINATEELR, 187 7T 20N, BAE) mAPQ50 M 79.2% & 2
T 81.2%, UEW] TSI RHERL G 81T C2-P2 HA Rl .

WA

(2a)YOLOV5s (2b)SF-3.1

e B (la)s B (1b) SRIFEE S FHnER KRR =R EIR, PR 295 K/ %K, B (2a). Bl (2b)
SRIFAZ -5 AT I K R R DGR R ER, 2R PER N 245 K /MG F . GHEOMEA T RBA TR, LR
HRBAYIRA. B (1a) H YOLOvSs IRBIHFE BT 61 4, Z4t 12 4, 3L 73 AFeadT, Rl Eh 29
ZF; B (1b) H SF-3.1 BN RI#GT 88 4, E bt 11 4>, 3£ 99 MHAYT, KMEE N 54 ZF. K& (2a)
YOLOv5s WA fEI#YT 85 4y, AUt 25 4, & 110 N YL, REE N 34 ZF; B (2b) & SF-3.1 i1J)
HFRI YT 119 4, J25t 26 4, 3t 145 MR, KD N 35 =,

9 SF-3.1 5 YOLOv5s RERBRALTIR BRI L &5 R 3T tE
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Bl e T BGHERT I YOLOVSs BRI 5 105 R SF-3.1 75 ] 20 i b5 42 2
B GRS R TR 45 SERT L, 225028 YOLOvEs HIiRRIEE 5, #5108 SF-3.1 iR 51455,
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Automatic Crater Detection and Classification on Terrestrial
Planets Using YOLOv5

YUAN Xutong'?, LI Xizhit

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2.
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In deep space exploration landing missions, the probe selects landing sites based
on real-time images of celestial surfaces acquired by sensors. These images contain complex
terrain features of terrestrial planet surfaces. As one of the prominent terrain characteristics,
craters can serve as navigation landmarks while requiring avoidance during descent. How-
ever, the diversity of craters in scale, illumination, and quantity poses significant challenges
for real-time detection and identification. Traditional image processing techniques are time-
consuming and prone to missed or false detections, failing to meet real-time rapid detection
requirements. In recent years, artificial intelligence has achieved remarkable progress in ob-

ject detection, with various efficient algorithms emerging. This study proposes an improved
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intelligent crater detection model based on YOLOvV5, along with constructing a dedicated
crater dataset for training. To adapt to detection requirements for craters of different scales,
the research enhances the model’s network architecture by adding small-scale feature extrac-
tion modules and optimizing feature fusion methods. Experimental results demonstrate that
the improved model increases mean average precision (mAP@50) on the crater dataset from
79.2% to 81.2%, equivalent to approximately 2% improvement from adding about 100 train-
ing images. It enhances recognition rates for small-target craters while incorporating crater
classification capabilities. The model shows significant application value in few-shot detec-
tion tasks with limited training data. Compared with current mainstream open-world object
detection general models like DINO-X, the improved model exhibits distinct advantages in
crater recognition accuracy and demonstrates better robustness under varying illumination
conditions. This research provides important references for real-time crater detection and
related tasks, demonstrating its potential application value in deep space exploration mis-

sions.

Key words: Deep space exploration; Terrestrial planets; Crater; Object detection; YOLOv5



	1 引 言
	2 方法
	2.1 YOLOv5的网络结构与模型框架
	2.2 模型改进方法

	3 评估方法与实验结果
	3.1 数据集制作
	3.2 评估指标
	3.3 实验结果
	3.3.1 修改特征融合方式的对比实验及其结果
	3.3.2 与主流目标检测模型的识别结果对比
	3.3.3 数据集数量变化与模型改进对平均精度的影响


	4 总结与展望
	5 致谢

