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& SR IE IS 58 5 (adaptive feature enhancement, AFE) A1 2 R & AF & 711 (multi-scale convolutional

attention mechanism, MSCAM), $& FH 5 75 5 475 5 107N B Fac 005 4G A 152 AR SR, ) 78 v R ) R 3

T YOLO11-AM [ 2% i v BRUCRE A5 21 R R & 0k, A8 IR S RAK A O PR 58 2 80T BEAT Vb s 36, 45 SRR W]

YOLO11-AM #E Y~ 2R FEIE ] 97.8%. RN, HEFLH B AR A S Tt 1 24.6%, 1A F) 2.16 ms/5K. #E— 1) T

VB R, SR RO AR 45 o R ) R ZE AR R AE£5% LA, W A O R 2R M AR G 0 1 B SR . AR ST AT
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Small-object Tobacco Tar Residue Detection and Online Monitoring Based on YOLO11-AM

GAO Chun-Fang, WEI Gan-Fu, HAO Jin-Fei, LU You-Chao
(Nanning Cigarette Factory, China Tobacco Guangxi Industry Co. Ltd., Nanning 530001, China)

Abstract: The perception of mixed material conditions on cigarette production lines directly affects product quality and
operational efficiency. However, current monitoring methods mainly focus on raw material attributes and are difficult to
comprehensively reflect production line status. To address this limitation, a novel anomaly detection method using
tobacco tar residue as a key indicator is proposed. By integrating an adaptive feature enhancement (AFE) module and a
multi-scale convolutional attention mechanism (MSCAM), detection precision and real-time performance for small
tobacco tar residues in complex backgrounds are improved, resulting in the development of an efficient YOLO11-AM
detection network. Ablation experiments conducted on standard-sampled tobacco mixtures under orthogonally optimized
environmental parameters show that the proposed YOLO11-AM model achieves a mean average precision (mAP) of
97.8%, while the inference speed is improved by 24.6% compared to the baseline model, reaching 2.16 ms per image.
Further industrial deployment demonstrates that the prediction error for tobacco tar residue mass is controlled within 5%,
meeting the performance requirements of online monitoring systems in cigarette factories. This study provides efficient
technical support for intelligent quality control in the tobacco industry and holds significant theoretical and practical
value.
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FEMRELAT b A, 6 M0N0 AR = 1R %
OB IRZ —, H B R A6 M JFURE 0 M 22 R 4y 55
) S S it 5 O AR OB 2 TR D 53 B P i AR
77 il JOE B AN AR 7 AR I OB, Aar i I e 45 A M S AL
OB 22 0 R P L A5 T 5 e A 7 2 R 4 R0 R m T
¥, AR, JERE o B AT SATUAN A I TR X 2
JRRE 45 JEURE K= i (A AT 55 Hh B R B E . — T
THI, 't T 0 5 A DR G AR A R P 0 v 2 R AR 2 T2
IS Y, ) 5 R 1 R 24 ' A WU 22 5 i EL 1
I IAE LI 92.27%; MR s PR L SR T ok
T UGB 73 79) S I 22,45 10 ELAG] 18 Rk Aar 0] A 5
VIE S ORI 53— D7 T, VR FE 5 SIS AL A
TR DR, KITERIZ M4 (convolutional neural
network, CNN)IR Al &% 43 50 H AR I, #%E
YOLO (you only look once) Z 511", %2 /%% (residual
network, ResNet) R i [X 15 35 F 4 22 9 2% (mask
region-based convolutional neural network, Mask R-
CNN) 75 40 5 0 T AT 3R 0 5t A A B 9t
SAEEBIRI ] YOLOV3 BERSFF e Hy R BoRe il R 4, s
B TEAG JEE () AR X A 0 @ i g YOLOv4
AT 8 T ABE RY HE F S S, S I 22 B SE ARSI 5 AR
Hg VOB F O3k ) YOLOvSs BERUAR Ak 57 3 0 22 1) MR
SEAT I, T B A R IA B 96.4%; Xue 2B
YOLOvV7 Wb EA S 3] 5 ik A/ B AV BE, SE
LR Fr 2 R T ORI 5 9 UM AR o O
ResNet 2% [ 22 3 ik 7is 37 1 FE 70 R AR, 5] N1 iE
17 JIWLH (squeeze-and-excitation, SE)! A1 B
= JI#iH (convolutional block attention module,
CBAM)!" 12 H2 T x5t 8 315 25 40 A PR 4 4 B0 0
Bk R R 1 Mask R-CNINFRUHE 8 22 3000 5 2%,
GGG T R E IV RE Rl &, 52 m i 22 5y
ENRIRER ;. /NSRS SR TS (adap-
tive boosting, AdaBoost), 14 & JH 22 1 73 R AIAESE, FokS
Bk 95%; F#IZE T H03 MobileNetV2 SZIAH 22 Fh2&
RNk, W22 B HER 30N 95.37%. AR, X877 1%
FE B TR AT VR M 22 A0 X S JEORHE S, AN RE
T SR AR PR RS

M35 2 MR e o T e b R e AR L R TR T
T8 BRI R =4, AR Rl A0 A3 AT R PR S 1A T3 v
FEFNIZAT A E YA O, HAEG M E R b B A A A2
SE [ EL . DR, 38 3k 0 385 1 5 s A, AT DA A IR

2

W A 7 A RPIR A, B OR 7 il S5 R AE 7 RO I R E 1
I, B — il LB YE D9 U\ RO AR 77 2 e A
. AR IR A I 2T S N B AR U R
R B FPE AL, 32— M) YOLO11-AM R %,
%26 5] N H & R R 3G SR LR (adaptive feature
enhancement, AFE) F12 RFEEHFEE JIHLH] (multi-
scale convolutional attention mechanism, MSCAM), 5&
2 B Bt G 73 18] BN SCRURHEARS R M5 2, DA e
3 EN BT B 2803 6 I T 2 P A SAE AR  AS HE B

1 AR Pt
L1 Bi& MAF SRR

G LE A M0 A P2 4 UG b R IR/ B s B
SR, B G HARRL I T8 A SVE AR [ R AE $2 I RE
JIASJ2 VAT 2 ks BEAST DN =5 5K ik, 51N H 1& RARFAE
HomisH AFE DU THIRSRERHIE L IE e 7). AFE B 4544
(B 1) B4 4 Mz O A BFHERA (convolutional
embedding, CE). #¥[i] I F SCAEHR (spatial context mo-
dule, SCM). HFEFEHRAE R (feature refinement module,
FRM) FI5:#1 £ 285145 (convolutional multi-layer per-
ceptron, ConvMLP).

TX e 2 3 1 22 RS AR A R R R AL i )
Petl, oI YE 72 2 %1 = N HRFIERIABE ). AFE B
P b E R AR R

(1) BRURN (CE): FARHE F R4 (la-
yer normalization, LayerNorm) FIEFHR N JZALEE, A2 o
WIGERFHIE:

Fcg = Convsxs(LayerNorm(F), stride = 4) @)

Serfn, BRI 55, W 4, LayerNorm K i

NRFAE ) 7341, SR 2R R v (A B 2% 1n) L. B,

T 1< B EE SRS 2, AT E T I
PRRHIE VR &

Fsqueeze = Convixi(Fcg) 2

(2) Z ) _E T SehEs (SCM): K/ B0 (oK
AN TXT) FRIRSZ BT, 3R 2 RO A) B s B

Fsem = GroupConvyyq(Fsqueeze) 3)

(3) BREFS R EL (FRM): 3 iR FE B BUR KR
BAE, 20 $E B E AR A, B D IR

o, NS Fogueere JEILVRE 751 (depthwise


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

http://www.c-s-a.org.cn

i H AR G N A

convolution, DWConv) 4 il F REEFRFE R P:

P = DWConvs«3(Fsqueeze, Stride =2) (4)
Fok, B P LR R RIG0 R, 13 2L O
Q = Upsample(P) (%)
Fe A, T I RFAE 25 58 H 0I5 1 1 25 405
R = Fiqueeze = Q (6)

SRIG, I 0 &R Ry s R A X 4, 2% AR IR 1
PEH X 5

S = Fsqueeze * O (7)
5, ¥ e SRR AR I 88 3o 7R P 45 B AT RRAIE
R, Il B 2 A i AR AL
Frrm = DWConvs3(R+S) ®)
(4) B L 2 AN 2% (ConvMLP): ¥ SCM 1 FRM
g T 1x1 BRELE, i ConvMLP i — 214
SHRFAE:

Fout = Fconvmrp(Convixi (Fscm + Frrm)) Q)

~

A
/'\

,/LayerNorm »( Conv ;DWC(mv)é{ Conv }»Eé—»

™

FRM

,{7 —{sem )
J—@ayerNorm DWszv)—»éé—»( Conv ) (Concat)( Conv
I_.<_>_1‘

Adaptive feature enhancement (AFE) block

.
—@nv Concat

A

Spatial context module (SCM)

Conv

Feature refinement module (FRM)

BT G RRIE S S

12 ZREEFEENNE
R TR0 AN [R] RO SJ M G 4 18 N e ) A AR
R, %l)\%ﬁiﬁ%ﬁfrﬁﬁz%ﬁm%d (MSCAM). MSCAM
(& 2) @ T8 VE B J7#E L (channel attention block,
CAB). & IEU VE B JIHE B (spatial attention block,
SAB) Al £ R & & fAMH (multi-scale convolution
block, MSCB) L3 i RS AL 52 L. MSCAM [ 4L B it
FRunF.
(1) JEIEVEZ B (CAB). &6, MINFHE F, @
I H & M KAk (adaptive max pooling, P,,) Al H i&
P-4k (adaptive average pooling, P,) FRIIE & KF
fiE. HIR, A IZ B
1 ReLU (rectified linear unit) ¥E bR B4R B = 8L
H, Il Z o R AN Rk
F,=PWCy(ReLU(PWC(P,(F))))
F,, = PWCy(ReLU(PWC(P,,,(F)))) (10)
Feap=0(Fg+Fp)OF

(pointwise convolution, PWC)

(2) ZFEER S (SAB). ¥ NFFIE Feap, I
A% 16 18 4E B 1 B K4k (channel-wise max pooling,
Chppay) F1-F3534E (channel-wise average pooling,
Chyyy) PEHUR FRAFAE, FHE I KB R (large kernel
convolution, LKC) #45# I F 3K R FF@ 1T Sigmoid ¥
T A R R R
FsaB = O'(LKC([Chmax(FCAB),Chavg(FCAB)]))QFC/ZIBI)
(3) Z RN EH L (MSCB). LA NFFIE Foup N
FEAlh, LR B (P C) ¥R IEE S, B S A
2 REREER (multi-scale depthwise convolution,
MSDC) i3k 2 o HrE b T X, A @ E 5
(PWC,) WK B IIEHL, HAE & BRERAIE R I AL H— 10
(batch normalization, BN) & FH i i) £2 52 1 5 e 2kt
Kikhe
{FMSDC =MSDC(ReLU(BN(PWC(FsaB))))

(12)
Fout = BN(PWC,(Fmspc))
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MSCAM

( caB )
/

—

Channel shuffle

2 ZREBHIEEINLH

1.3 YOLO11-AM M4&

B RLLE A 1S SN I U R A, KR
T YOLO11 A I AFE 1 MSCAM i,
X B TP 2% (Backbone) FIAFAE il & #5452 (Neck) #E47
PAUR W o, #8222 w80 3 kil YOLO11-AM
M4 (K 3).

Bk A 1 B3 c3k=True I, % C3k2 fie
(1) C3k B AT 18 4, B AR N AE C3k W 4% | T 4L
Bottleneck 4 P Ji5 ¥ il AFE Ab B AR B & il & 24 15
FF B IE R, 24 c3k=False i, B # %} C3k2
BEATAE O, BAR N B #5278 C3k2 #1348 Bottleneck Ab
TS RN AFE &b P AR S, 38 98 5 2% 8 50T I MR
P

U A 2: % YOLOT 1 |73 [8] 4 7 85 1AL (spatial
pyramid pooling, SPPF) it & iy MSCAM #ith, 42
FERFAS [ R 35 A e

KF YOLO11-AM L85 i b B R A2

(1) SN FIRSE EG F s vIaE (3x3, D 2,
64 JHIE) 4B P1/2 RFAE.

(2) JG 8B (3%3, IR 2, 128 1@IH) A4 k% P2/4
FHE.

(3) #FAEiE T C3k2 AFE fH (256 i, c3k=

False, & 2 ¥X; 512 i#ii&, c3k=False, B & 2 {X; 512 il
&, c3k=True, EHE 2 ¥X; 1 024 j#i#, c3k=True, EE
2K), B T RFEER (3x3, DR 2), A% RIERE
P3/8. P4/16. P5/32.

(4) P5/32 FHEIE T MSCAM (1024 iEi&) A1 C2-
PSA #iH (1024 i3, HE 2 &) k158, £ S4.

(5) IR ZHFAE S4 (P5/32, 1024 i#iE) it _F Kkt
2 1%, BT ARIE{E) 5 P4/16 (512 JBIE) Hiz, i C3k2
AFE (512 ii#, c3k=False, F & 2 k) 45 F3.

(6) F3 L RFEG 5 P3/8 (256 Jlif) Hf, il C3k2_
AFE (256 ifii#, c3k=False, & 2 X) 4k F2 (P3/8-
small).

(7) F2 il B (3%3, i 2, 256 iHi) 5 FAFE3
PE#E, ik C3k2 AFE (512 @i, c3k=False, HE
2 R) 4B F3 (P4/16-medium).

(8) F3 i@t &AL (3x3, il 2, 512 JliH) 5 S4 B
¥, @it C3k2_AFE (1024 i#i#, c3k=True, EHE 2 IX)
Al F4 (P5/32-1arge).

(9) Segment kil Sk il & 2 RBERFAE {F2, F3, F4},
AR 3 B> EIHERY (P3/8-small. P4/16-medium. P5/32-
large), 3 FC AN [F) RS (R R S A
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C3k2_AFE
c3k=False

C3k2_AFE >
c3k=False -

C3k2 AFE
C c3k=True }( Concat

A

C3k2_AFE
c3k=False

C3k2_AFE

™~

> Detect

c3k=False

Conv

C3k2 AFE
c3k=False /

»( Detect )

4 C3k2_AFE
> Concat o3k=True Detect
\_ Backbone Neck Head Y,
(a) TEARARHL
4 @ )
C3k2_AFE
c3k=False
y
{Bonleneck)—»CBottleneck)—»CAFE block)—»( Concat )—»C Conv )—»
G J
4 (i) )
C3k2_AFE
c3k=True
& J
) N[ @ ) ) | )
C2PSA PSAblock C3k2_AFE N=2 Bottleneck
4
/ | /
Shortcut=True Attention / { 1
| Conv |
/
I v 3
- *69 ( Conv ) Shortcut=True
—_ — — v |
| 4 Conv
| Conv \ |
Shortcut=True \ |
\ | Conv \ -_—
\
| v9
v
\ J \o J \ _J

(b) 64T
3 YOLOI11-AM W%
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2 I 525 R

NATHIIRIE YOLO11-AM 768 24 Tk 5 K Kk
DUDKS FE 2 8 T FLS M, Wik T — R AR Sk
56y, AL HE R IG5 A S AT S S 6 R S
B.OH S, AL AT T G AR R AR R
W T EIE R R E . B, RS T
HHAT YOLO11-AM W45 (1138 Bl SE48, fJa, TR0 SEhx
BINA LR BT TR
2.1 SRERE

SEFa (B 4) HEBRERS . BUESH RS
IS B R GU Lk, B PRSI 0N T A 7= 2 1)
SCTAEMEE. FEECR A R Gk H MV-CB060-10GM-C
TALARRL, 23 #E% N 3072x2048 (600 14 %K), iK%
MVL-LF3528M-F &£ FA 453k (£ 35 mm, 4B H
12 43.2 mm), B DR PRI i b RE A L AT OR B T B
5K ZM-R18000-RGB = (3R ¥, it IR 3
AR N 0-1000 lux, AESIE N 2 FlOGIE 1. 1230
TR R S0 308 1o R 2 4 1) 1) A 3k e SE I KL B A ik,
367 9 B T (0.1-1 m/s), AS R0 A P 2 E i
EHEZNIRE.

FHHL
Bk

1 .' RGBIF LG

B4 HEr-gstita

fifi {1 i B 0. 55 NVIDIA RTX3090 GPU (24 GB &
17)~ Intel Xeon Silver 4210 CPU (10 #%, 2.2 GHz). 64 GB
PIAEAT 1 TB NVMe SSD, fiff {25 (A 74 1| 5 5 4 2.
BAF 3R FE T PyTorch 2.0. Python 3.8, CUDA 11.8.
CuDNN 8.6 fll Ubuntu 20.04 1 & 45, 4R E I
REMAF5.
2.2 MR BAIE S4F MR

S 2 ] 22 3 AR PR i o R4 R S AR 2R A A A

e T R A AR - 4 - AN P TS RS ] A 74,
WA TR R BR A TR 2. R EE RS
TR SRR AW FERAT AN MR SR
B, BAR R HEVERL, 0 5 R A AR 22, (AT
53 U R DB 5 5 7AW L IR A AR AR,
MY & B XA, F AR R 2 (R 23 A 52 B T T
BE\ AT RCR R T %A (R SKER, fikd
FE. RIS S ) RS,

NIRRT, M4 AR D)5 A S 2256 1) -
LT DX 1 v A 5 R IR T, AR/ A vk S
0y B JRAET] VAT AR R SR 4R, WS BEMIRHALE T
221 _BIEM S KB BEAT IS AT IR TR I 0, P AR
BIIK ATFRRAL, AL SR ST IRTTRY. it
Bk B2 B JR, 28IV S5 IREE I 5 & 7y BUei
PRBEE, TRAMRLL, ST AL 5T &7 A AR

FEVG AL b, MG (18] 5) Rl 2 R R R G,
5SRO O K R S DRHE B 2 SR RS R B,
TN SE B/ BRI S 04 1 75 B £ 40 03 2
AT, ARSOR I T R B BRI A 4
SR S RE R YR, S I L e A T RAL I A
SR — 05 AT A P B AT IR 5 R
FRRE, 53— 07 T R YRS S 5 o B s i SR Ak 4, AT
SCHEAE S I 5 8 RE A2 7™ A S

Ly s
v :

K5 bRAERUREAS 2SR
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23 REMNEXWSERSH

NE BB AR P 2 BRI A AR L S
WARABATIRE SRR, ARSIt 1 RS0 b & W &
WFE, BIEN YOLOT1-AM A5 7S a6 i 2 1 £ b =7+,
8 E I Y5 A ) Mk S P AN B S 58 38 i 7R /e T
TR B0 A 7 e B e BIDORE . N T ok AORS AR
ARIDURR I (0 Jo 6 3 A Bdfs, DA Je SR AR A v i X3
Kl 73 NS00 S s AT A B (AL A A

SRR T

(1) BUFE T £/ T S50 & B IR S
AP, BERE 30 min AR EREHLA0EL 30 g MH 2
TRAYIRIREA, JER 4 280 4IREA. N {RREAA LM,
HURE RO 5 A2 7= AN A X 38 (A& bRl 1 i B
HORLED), IRAEAEEAT I () By (BLBE. Bt BR3E) 1
TR, DUR WG 74 7= i AR T B S 7 ARt

(2) F & W& S RS B R (RS 28 0.001
g) K43 B8 H IR 35 B AR 3R AT AR L, 1l S A AR A 1
ORI B 1064 YRR, TR E DY 0.022-
0.27 g. M EIREE I EE R4 T (RJE 24 °C,
TREE 12%), LA G0 24 58 PR 22 0 A 2 45 SR T4

(3) HHE A Hr: X 1064 MR G FE A 1) o7 2 £ 0k
TG o0 b, TP R R o A RE v (B 6). 45 R
7, YT R N 0.079 g, 95% 43 A X 18] 9 0.03—
0.18 g; 7 XIS it Woax, I LB H L 41.2%, #EK O
33.5%, HREH O 25.3%. 85 YL IR G vF B 448 Uk Bh 7E
+0.010-+0.012 g 2 [A] (F-¥E 0.078+0.011 g, 1 ¥E 0.079+
0.010 g, Bi¥E 0.080+0.012 g), ik fifase, #k—H 1
WE T YR A A RS I DR bR 1 v AT M S A e k.

0.25 + 325%-75% :
1 1.5 IQRA HITE [l

0.20 | — FRfk -
= o ¥IE —
= 015} o FHEHE
ﬂﬂmﬂ
el
= 010}

a
0.05 |
0

e
Bl 6 IG5
24 HHIFEZBEZFH TSRS
NP TR E AR EDC AR B RERES
THHE R TRz AR J1, BT RET & (K 7).
K HH E/AL/2H3X 4 FIERTEOGIE, IR 3 200/500/800

Tux 35X 3 A%, FRAE AR v 2 T A2 A5 1 o0 S
R bl e . £RIn S AP e 2R BUE — 5L
PAHERR AR 6 R R 0. AR el IR 2% TR
4 400 5K MR, 7 55 B IR . IR AETYEREE . R
OGS R S W WARE. & AR EEAT 3 YOI AL
AR, 15 mAP@O.5 FIE+brHEZE, BIE S 5 b3
SHgs— 8 E LLRAIE AT e

e | IDERAES

(o) et |l (d) B EUE (e) U EHAHRE
K7 SEERIESET G
ZERBW (R 1), LA el A & A

YIRFF mAP@0.5296.3% M=K F, fAILH RIFH&
e, SR REHEFE M B> A E>aEs i, Hdha
4 500 lux 3R1F 4R (98.7%). HIRKE T 466
B R €0 M 5 55 T €0 R TR 2 T ) S PR X L, TRk
BT =G TEANRUR; FBAE 500 Tux AR HE &5 UF
BRI JFEE; SREBARART Ak it Ry
e BRI 5 B 5. BERE A 200 $2 T E 500 lux W
B AR S L 5 A B VG, mAP@O.5 F e
FTb; BT A 800 lux I, t T /& EEL A S
GRS, mAP@O.5 H BBl R 7E (LAY IR i <0.5—
0.7 AN 4 ). L5 2% ENS B 5 W] St vk, A IAE 230
FRHAAITEI 500 lux 1ENBRINSEL, Ua 2R
IS, TR SEIE B 1 500 lux fF A&k, IEAEIB 4T %
R R B E (R 500 Tux EBIT+10% filt & H A
HEHE), AT FEA AR e M.
2.5 HRLI SRS

NIHIE AT BRI A R SRR A AR B 1 B, AT 5
ERARATESE (AT 25 em FHFLE . 500 lux
o) T REAT RGUIETE B SLES. 1, A EA Hb E E
EEE (3L 5000 5k MG, EiIlZR4E 3500 5k, BEIESE 1000
k. MRAE 500 7K). B INZGSH: E KN 16, W
2213 0.001 (Adam 1L 4%), 200 epoch VIl 2k 1A, &

7
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T YOLO11n TRIZAERL, 456 R%I8 K5 2] 0
H10.000 5 L L. I8 X LA R B 4L 1 R 3R
I (BRI mAP@O.5 5 M HLE ), & =i &
B TTHR.

%1 AREZ%MHT YOLO11-AM & FEMEL R

i, mAP@0.5 &7t 0.8% % 0.9856, Wik 2 N EiEE 1
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