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Class-wise distribution-aware semi-supervised student behavior
detection in crowded classrooms

ZHANG Rui', ZHANG Yanchun', ZHANG Jiaqi', BAI Qiaofeng?, FAN Guangrui', KOU Xupeng'
(1. College of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China; 2. School

of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: A semi-supervised student behavior detection model for dense classroom environments is proposed to ad-
dress missed and false detections caused by high seat density, low individual pixel proportion, large intra-class variation,
imbalanced class distribution, and limited availability of high-quality labeled data. The proposed model integrates a
dual-stream interactive fusion module and a granular multi-level perception module to extract individual and interactive
behavioral features and mitigate the suppression of behavioral interaction information. A dynamic interclass distribution
loss and detection head are introduced to reduce the bias of the network’s bias toward frequent categories. To address in-
consistencies in pseudo-label confidence distributions, a class-wise distribution-aware semi-supervised learning strategy
is employed, using dynamic thresholding for pseudolabel selection to suppress noisy samples. Experiments on a self-
constructed classroom dataset demonstrated that, under 10% labeled data conditions, the proposed model improves
mAP50 by 3.2% over YOLOvVI 1m, and the semi-supervised strategy further increases performance by 5.0%. Validation
on public datasets confirms the effectiveness and generalization capability of the model. These findings provide robust
technical support for student behavior recognition and intelligent classroom learning status analysis in smart classroom
scenarios.

Keywords: deep learning; computer vision; semisupervised learning; object detection; neural networks; feature extrac-

tion; pseudolabel; dynamic threshold
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F, = ReLU(BatchNorm2d(Conv2d(y,)))
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yS AGFCompressor(FZ) J’zs
e, HJ?iZAfPﬁE‘ﬁ 33 2 2 W BRLAL R
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yout = Conlel(concat(.YI’yS!yS))
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FEAG DU Sk 38 43, BERVTE 5 AT 43 32 Z AN G I 5%
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A5 30 B0 28 F AL, A5 A AU T4 R 4
I, HRERE RN A S LR CRTE R, 5t
IF, A0 2% pRBGRS 73 5 ) A48 850 1°F- 34 (exponen-
tial moving average, EMA ) 8 X} 28 51 43 A5 £ 17 80 25
BB, LIk ] /Y ik 3l 0T 3845 B AR E 1Y 28 5]
GAHFE R o TEULIEAE I, SR FH 28 0 0 (31 50k
BCH PRALE, BIXT T e 450 2 0 3 B ARAL ., i
Xof AP ATT A 31 K 3 ¢ v AR, DA T 42 T A 2K 31 7
4 2 TR v AR X i, R e L AR I SR AR
W2 RCE T . BJa, PR Y )7 R 22 (mean
squared error, MSE) X} S5 #1 k 29 R fil 45 2L 5 H

GHPBIlock
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Fig. 5 ACRDetect structure diagram
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2 B3> TUIAE 945 25 F- 7 AL predicted[i], IR

I 52 B 2 R AR A5 3 B AR P AL E target[d],

FHT B REAE YN R0k AN TR 28 531 B9 AN A1 G
predicted[i] = cv4[i](x[i])

. 1
wlil = class_frequency[c;]+ &

wli]

Zw[i]

Kr: ovd y—FP G B, Hh RISk 3 4 in
1 Balance 43 32 {di FH 5 x[i] M50 i 32451 14 1000 2
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o, R AT 30 04 B A P00 AE 9 A 28 1 i AL
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133 SR RN
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o Loy o Lo L 23518 5 YOLOv1 1 i I 35
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FOJE HUED)
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PRERILR T LA 202 A 2 1) o A AN S i ) A,
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A5 TR AR TH B P A X EOB2I il 9 O 0 5 =, ALER

PR /N FAR DA RG34 2 52 2% BB SC, B TR —
M TEA [F) M PE s 25 T AT e — Ab i H =,
MSE I 5% 24 SRORE B I A 32 o 51 5 2205 45 R
i, WS S T AR 0] A R R, SN B
P 249 R I R S X i A ) ) el JRE AT, DT PR 45
R SN GRARE

2z I TR, ACRDetect 5 ACRLoss REf% 1Y %
BREAT N KRB N, S5 vh g A 47

SR 2 18] 3 AT AN 189 A B B A RS JBE ) AL, A5 Ak
TH I 268 36 2 A2 AT A AR JE

3 RN oA AR R S oy o IR

Bt X IR 4 37 5 T 2 A AT S S TR) R AE AH 0L BE
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Ui AR TR0 ) FH T bR T 54, 3 e 559 Pl A4 0 e A i BR
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Fig. 6 ICSB-YOLO structure diagram
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SRy B8 UE T B 05 3k 1 A Ak, S SR FH Y B A
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B RFHENLRNE R B SFRB LR
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Fig. 7 Partial image samples from the SCAD
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Table 1 Dataset distribution

PRIETEDL A% % IR DA
1% EpriE 28 2166 273 273
2% BEAREE 55 2139 273 273
5% EARTE 137 2057 273 273
10% CARTE 274 1920 273 273

42 LIINE

SZEY V-5 75 4k NVIDIA GeForce RTX 4070Ti
SUPER, & 77 32 GB, IR & %4 > fE4L N Pytroch
2.4.1+cul24, 41 7 0 Python3.8.10, fE{L#F R
FH AdamW, i A B 25 1) R RSy 640, B4tk
A PRECE R 2, SEER IR E I ZR SR R 300, PR
FE bR B S 50 & (parameters ) Fl1F- Y5 4% B 21
(mean average precision, mAP) .
43 M IERR

1E AR IAT 55, mAP 2w H H i 2T
RV PERETE N 845 o mAP (915 i & 18
X} B — 2 1) 15 21 o 240K BE (average precision,
AP), BIViE 3o A B — 13 [l i 2l B R AE 2 2 51
ARG A5 R, P BT 2 S AP BEA T34, AT
15 B R AR R M PERE . 5 — R RN [
mAP [F] 5 5 TR DU AE (9 457 B RS BE RN 43 28 1F
P, BEA% T 4> [0 b S BB AN P G 0 o £ AR
J7 =l

Ap = flP(R)dR

1 &
Mpp = E;AR

Ao R A R, REIERA R 26 H A 5 A A
SCH B L P(R) ATEARF A IR R T A
FE; C RN SEL

FE S BRIPAL T, B mAPSO 5 mAPS50:95 7
ANFEFR o mAPSO Fon 7E 38 IT b (intersection over
union, IoU) [R{EH A 0.5 B 115545 2 A9 mAP, A & A5
T 3 8 P 2 A BESK TR W PERE 5 1T mAP50:95 )
S ToU BI{E M 0.50 5] 0.95(2 K 0.05) 4t 10 4>
BT 2003 H 58 mAP J5 BECE, B 42
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TRATAT R BRI 35 . mAP X B 24T M43 HIE
A J5 WOV, REAS 72 0 S5 WLASE 7R X o A 28 1) 1 1)
PERE . 3 — 7 T, PR AELAT A I [R] B ) AT
K5 E N HARD E, mAP 45585 8 5 13 A %,
REE ST b AT R AALTE 2 HAn . 285 R T
LRARM, I, SCER A mAP MR R TEI 845 .
44 £BEHS
441 FKFHARASBIL

SRy G 36 A 2 A 28 S A A R AR, il
10% Hr i £ TN 25, 76 DR AR I 458 2 35 40 AN A2
() Al b, RO SRR, o i E
1.0, 2.0, 3.0, 4.0 F1 5.0, SLE 25 L an & 8 fro ., 5K
0 48 S SR, ARG DIDKG B TE S W) BB WS B A A 1)
WK TR TE, (BAE T 4.0 /5 B R R, A
LR T SRR, B E AR B AR BUE M 4.0,

75 ¢ 70.8 A
698 717 ~ mAPS0 1
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Fig. 8 Evaluation of loss balance settings

4.42 CSB-YOLO 7K &k 5% B

hy 56 IR A% AL R R Ok ek B A RO, T A
HERAEAE SCAD 1 10% b5 11 B0 I J)e 5258, &5
k2 fiis o

T il S 56 28 98 b B0 E 1 2% A5 B X A2 1 R 1Y
Bk, JRARBRAE mAPSO Al mAP50:95 |43 51H

65.2% F1 51.5%; 4% 5] A DSIFBlock 5 GHPB-
lock B, 1S B LLPE I, T4 ik 2] 70.2%
1 55.3%; 7EIL LR i —2545 4 ACLoss Jii, mAP50
BT E 71.7%, mAP50:95 $2TF = 55.7%, Hik4h
RARW, B B Ym0 S0, KRS B 2 B
IR G, AR T R B, e B0 B 7E mAPS0
Fl mAP50:95 43542 T 6.5 % Fl 4.2%, UEH] T
P4 O VA AR PR A 2 AR AT R R 55 T A R

x2 OHREXEER
Table 2 ablation study results

BDliIci }gfj( ACLoss Param/10° mAP50/% mAP50:95/%
- — 9.43 65.2 51.5

N — — 8.71 67.6 529

N N — 11.89 70.2 55.3

N N N 12.72 71.7 55.7

s ORI FZRIR, < SR SRR TR

443 CSB-YOLO % kb 52 5

R EUE CSB-YOLO Y 4= W5 BHERE, 16 10% Fr
HEHHE 41T, 5 YOLOvV11, YOLOVI2 % i I
ARPEATXSHE, 25 HUNEE 3 i, FEARG RS B ini,
CSB-YOLO /) mAP50 ik % 71.7%, £t F Fr A Xt e
B, 5 YOLOvI1m AHIt, mAP50 $2F+ 3.2 M H
43 55, mAP50:95 #£ 7+ 0.9 4~ H 43 1 5 YOLOvIIL
A EE, mAPS0 27t 1.7 4~ H 43 s5., mAP50:95 4 7t
0.1 M5 ; 5 YOLOvI2L #H I, mAP50 #2 FF
6.1 ™A 435, mAP50:95 $£ T+ 1.6 A 43 skl TR
RIZLR Ty T, CSB-YOLO M S %l 12.72x10°, 48
YOLOvI1m Ji# /> 36.7%, % YOLOVIIL Ji# /> 51.3%;
A 2 R 90.8x10°, 5 A4 BE 4% YOLOvIIL
FEAKR S T BE Oy 25.39 fs, BT YOLOv11m,
L i R A S A A ) RIS oK A (=25 f7s ) B,
ZEAM &, CSB-YOLO £ F5 52 4b B GE 1 A9 AT
$E T, DA AIR AR A 5 e B S L TR DK BE 1
BARTE, e m AR R TR RIS S
LE S

R3 WEHEILEFBER

Table 3 Results of Comparison Experiments

Model FLOPs/10° Param/10° mAP50/% mAP50:95/% A(mAP50) FPS/(f/s)
YOLOvV8m 79.1 25.86 67.5 54.4 4.21 67.96
YOLOVSL 165.3 43.63 68.6 55.1 3.11 44.13
YOLOVIm 77.6 20.16 69.7 54.4 2.01 51.59
YOLOV9c 103.7 25.53 67.0 54.6 4.71 53.48
YOLOV9e 192.5 58.20 67.1 54.8 4.61 24.79

YOLOv10m 64.0 16.49 67.7 54.3 4.01 50.27
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Model FLOPs/10° Param/10° mAP50/% mAP50:95/% A(mAP50) FPS/(fls)
YOLOV10b 98.7 20.46 69.9 55.1 1.81 43.80
YOLOVIOL 1272 25.78 67.8 55.2 3.91 37.43
YOLOv11m 68.2 20.10 68.5 54.8 3.21 69.17
YOLOvIIL 90.2 26.10 70.0 55.6 1.71 56.12
YOLOvI2m 67.8 20.10 66.4 53.5 5.31 57.49
YOLOVI2L 89.4 26.40 65.6 54.1 6.11 39.03
CSB-YOLO 90.8 12.72 7.7 55.7 — 25.39

e “A”FIR“CSB-YOLO A HLHA B 2% AR fh ik, 1 Fn it i, LR R fe 3R

4.5 IDSM REEBIEXE
1) {i i IDSM 5 s ij J5 £ fig 6k HE o o A £l
JH IDSM 1% 1) CSB-YOLO 5 {ii ] IDSM 5 % %)
ICSB-YOLO %3 HI7E 1% 2% 5% F11 10% #5153
LA HREL, LR R AN 9 FroR . SEE A5 R
LKW, TR IDSM SR lg 5, BERIAE 1%, 2% .
5% F110% 7 b B bm v 2 s I 25, mAPS0 43 51
BIFT 12.6%. 11.6%. 12.8% 1 5.0%, X i} B A
RIGEAE A H L iy 25 57 18 1 FH TG A v 250t 2R 17l
Y, PE— A UE I TR WS A v o
= A TR K W] e mAP50:95
= (i AR BB mAP50:95
_ = AT AR % B SR mAPS0

i A 2 SR B mAPS0
66.0

e}
(=]

76.7

60.9

533

mAP/%

5
E AR 5 /%
IE: 20024 mAP50:95 $84%, 471l mAPS0 547 .
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Fig. 9 Histogram of ablation study for ICSB-YOLO
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FH IDSM - Wi 5 W A B AR LE, fiff FH IDSM 3R
& YOLOvVS 1Y) mAP50 Y48 T+ 24 8 ' 43 .,
mAP50:95 #7445 6 H 43 5. ; YOLOvI10 [ mAP50
I PR TR 10 H 53 8L, mAPSO:9S R FL T H
43 55 YOLOVI2 B mAPS0 $27H45 10 1 43 24,
mAP50:95 #7+45 8 B i, W LLE I, IDSM 3K
s 7E AN ) BRUAS 1) YOLO A58 | ¥ e A7 ok — & 72
FE B3 35, UEIH T R w4 M
4.6 ICSB-YOLO XLt S236

g it — KA ICSB-YOLO Ay 1 fig, 1E
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IRHEATX b o 4% 5 vk 4 R R 18 SCHE R ) B T
W 2% 551 ZR il B 2 B, EfficientTeacher 3& T
YOLOv5, Hi4x 3T Faster R-CNN, 75 Z Ui HH (1)
0=, RN R S S T NS — B,
A G5 — s 0] e LR R RE I Z AR
I, AR SCCR 4538 P X EE A 5T B H DL AR, R
A TR N PR S TR T e, SCIe g
WINE 4 i,
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Fig. 10 IDSM Performance
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Table4 Semi-Supervised Comparison Results %

TR TR 5 L

Y mAP
1 2 5 10
Efficient mAP50 358 451 543 58.1
Teacher mAP50:95 227 286 375 417
Active mAP50 385 41.1 389 65.1
Teacher mAP50:95  18.6 207 267 472
Unbiased mAP50 398 418 419 652
Teacher mAP50:95 204 229 285 474
Unbiased mAP50 389 412 410 649
Teacher-v2 ~ mAP50:95 209 239 286 479
CSBYOLO mAP50 533 574 660 76.7

mAP50:95 357 415 500 60.9
T LR R iR

M 4 v LI, FEA R BRTE )T, ICSB-
YOLO (4G kS BE S0 T X% le oy ik o A 10% A
FE R il, ICSB-YOLO /¥ mAP50 ik 76.7%, % Effi-
cientTeacher(58.1% )& F 18.6%., X —ZH7E—
EFEEE BT ICSB-YOLO £ .0 3K % (intra-class
distribution-aware semi-supervised method, IDSM ) 7£
H T o EE O T TR R LB . b, BEAE AR
FE I 1% 38 2= 10%, ICSB-YOLO (41 fE 42 7+
i 32 0 5 Ry AR, 3R D HCO s v A ) R e A
MFEAR, 7e2F W B 5 N B B RIS I . TR
I, Sy PPAL & 5 v 0 SE bR iR B ROR, bR A T
W 2& 1) 11 % 4 ( floating-point operations per second,
FLOPs) 5 # # 3% Jif ( frames per second, FPS){§

Fro STECYEUN R : EfficientTeacher & T 1Y
YOLOVS, FLOPs 24 102.73x10°, FPS “} 36.8; Active
Teacher. Unbiased Teacher M Unbiased Teacher-
v2 B 3 T Y Faster R-CNN, FLOPs & 145.43x10°,
FPS o4 20.1, 5 22 U6 A2, 2 W B SR s AU AE
TN By B, AS ol AR #5700 5 4 B A0 4, (X o 13k
FLOPs 5 FPS By £ J7 1k 3 38 s %) S B 20 % 45
Fro L8R, ICSB-YOLO 75 HUiS w5 46 0 kS B 1y
[e] B, JH 3 90 R (25,39 f/s) il JE 1 it S5 s 1 )
MY oK, BT 24 B (90.8x10°) Ik T4 T
Faster R-CNN 1773, AAUIR$F T YOLO R4 11
T AR
4.7 ZHMERIE

Sk BB G b B AR SO VR Bz AR RE T, R
K H5 A SCB-Dataset3-UP?! HEFT 525, 45 5 1
K 11 fin, TLLEF], CSB-YOLO AMUAE [ 2%k
7 S SRR S SR I /N €7 S i i =
R RAFmy St S . NG RE, K
TEAUA 12.72x10° S50 1R OL T BTS2 8 95.2%
1 mAP50, #H Fb S $= M 25.86x10° 1) YOLOvV8m,
K B PR o8 & — B AR A AR /D — 2, i — 2
X YOLOVSI, AR IZAR R ) S i ik ) 43.63%
106, 1B HKS BE AU N 94.4%, K T CSB-YOLO,
M5 4 0 2 BORBAL R A4 1 20% Aoty . dkSE
WL HAB AR AT, W YOLOvV9e #1 YOLOv101, — 3%
HIZ KR 5 5 58.20x10° il 25.78x 106, {H Hoks
JE K5 CSB-YOLO JEAR 4 F [F] — {5 Bl . x4t
25 354> 2 W, CSB-YOLO 7 [ AR 8 & 2= i 1Y
] 5], ATh AE DR 7 28 W OE A0 A TDRG JB2, o g o O
R AL | R ACE S SRR E A B
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