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1. Strengthening learning ability of a CNN

2. Removing computational bottlenecks
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mAP on VisDrone2018-Det

Models (832x832) mAP BFLOPs Time(ms)
YOLOv3-tiny 11.0 21.82 19.4
YOLOv3-SPP1 255 262.84 62.5
YOLOv3-SPP3 264 284.10 72.1
SlimYOLOv3-SPP3-50 258 122.00 44.1
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® spatial-wise attention

Spatial Attention Module
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* yolov4fE FHAISAM

Max-Pooling C N
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(a) SAM |85
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(b) Our modified SAM
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--"We modify SAM from spatial-wise attention to point-wise attention"
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2.1 Mosaic data augmentation
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2.2 Self-Adversarial Training, SAT

u -

sign(V,J(0.2,y))

“panda” “nematode” “gibbon™
57.7% confidence 8.2% confidence 99.3 Erroafidence.

esign( T I(B x,y))

—MERERAFGSMARRERESIAIRE - BIBRKE - AEABUENERRETIIZLG - BRHEILENER
BRI LERBIRIANNRE

def FGSM_ATTACK(img, epslion, grad):
grad_sign = grad.sign()
noise_fgsm = epslion * grad_sign
adv_fgsm = noise_fgsm + img
adv_fgsm = torch.clamp(adv_fgsm, 0, 1)
return adv_fgsm, noise_fgsm

T RE (BR) B RE A ERE (RAINEEE )
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2.3 Dropblock

® DropOut

a) Standard Neural Net (b) Afier applying dropout.
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2.4 Label Smoothing
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8] : Hground truth(GT)Mpredictioni: XM ~bbox&E & IY /A E #loss

Lrop = 015 Lrovr =0.76 Liovr =0.7T5
Lgrov =075 Lgrov =07 Lgrov =0.75

Inaccurate Regression
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Loy = 0.75 Liou = 0.75 Liou =0.75
Larov =070 Larouv =0.75  Larov =0.75
Lot =081 Lprer =077 Lprou =0.75

BB AR 7 USSR E

oo [ = O

+ A B
40th 100th 400th
| | [

]

+ Bl e

20th 40th 120th
e ClOU

"a good loss for bounding box regression should consider three important geometric factors, i.e.,
overlap area, central point distance and aspect ratio"

2(p, bt
CIoU = IoU — (# + av)
c
4 w9t W,
v= — (arctan— — arctan—)
2 hdt
v

“= (1—1IoU)+w

Leroy =1 — 10U + p2(b,bgt)c2 + av

12/16



yolov4_notes_Jackson.md 2025-07-08

AP AP75

IoU GloU IoU GloU
Lrotr 46.57 45.82 49 82 48.76

Larou 47.73 46.88 52.20  51.05
Relative improv. %  2.49%  231% 4.78%  4.70%
Lprou 48.10  47.38 52.82  51.88
Relative improv. %  3.29%  3.40% 6.02%  6.40%
Lcrou 49.21 48.42 54.28  52.87
Relative improv. %  5.67%  5.67% 8.95% 8.43%
Lcrou (D) 49.32 48.54 5474  53.30
Relative improv. % 5.91%  5.94% 9.88% 9.31%

Loss / Evaluation

Larou Lcrou Lcrou Lcrou
o /J\é:ut
o loU_Loss : EEGMEFNBrEEEEA -
o GloU_Loss : FEIOUEM F - SR FRIEALESRVDIM -
o DloU_Loss : EIOUMIGIOURIEA F - EEVWFREDLLREENER -
o CloU_Loss : ZEDIOURYETM - EERUFEKFEILWREEE

2.6 Eliminate grid sensitivity

Direct location prediction

* For example, we can create 5 anchor boxes with the following shapes.

« Rather than predicting 5 arbitrary boundary boxes, we predict offsets relative to each anchor box.

* The network predicts 5 coordinates for each predicted box

<, E .............. .E tr tys tus ths and ¢,.

Cexdey) : If the cell is offset from the top left corner of the image by

: + b =o(t)+c
Pui| b, ]0(;,) bz=cgt:):c; (cx,cy) and the bounding box prior has width and height

o(t) : Efpwe“ Pw» Pn, then the predictions correspond to
: b=pe*

b.=o(t)+ec.
b,=o(t,)+e,

b, = pre” 5% mAP
Pr(object)*IoU(b, object) =o(t,)= c Improvement

by = o(tz) + ¢z
by = o(ty) +cy

Hep ¢, EMETNRIBARP OxBIMMREE (N TMENELS) t,Z2NETNB R OySirfREEE

(X TEHELRE ) cp @X N MAEZL EAERIXBIR ¢ X NS L EARyM4IR (EEYOLOVARIIEX F1FEE

IWRHREHMALXSE - (ENHELERPLORIFEROMBRAFRN - MENTNEFTEALIHT N EELSH
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ZRERRR - MXFPRIVIGHIEMLE —RTELRE - N 7BRZXNEA - FESIA Y — P ATINERRAE

scalegy

scaleg, — 1

b, = (o(t;) * scale, — 5 )+ ¢
scaleg, — 1
b, = (o(t,) * scaley, — Ty) +cy

yolov5® ¥ scale,, IREAN2, sigmallHEGBER AN NE - BAS|IAZEM ZHscalellfd - xERFRIXEIA -
yREVESEEE X - BIREER(0,1)EEE] 7 (-0.5,1.5) - ByEASEZEI0M1,

150 1 — sigma
scale
1.25 1
1.00 1

0.75 1

> 0504
0.00 1

—0.25 1

)

—0.50 4

T T T T
-10.0 -75 50 -25 0.0 2.5 5.0 7.5 10.0
X 50 s il

2.7 Match Positive Samples
FEYOLOV3F E# W B — 1N GTERULES ¥ —MAnchor, {BfEYOLOv4T — N GT o] LAEI R VEAC 2 Anchor &l

1. B GT BoxesSEMAnchorfEMHFTULE ( XEEZERNGTHAnchortEiR A EANITT - AE1HEIoU)
2. MRGTSEMAnchoriERAIIoUAR T A ERNEIE - NIFFGTABCLA1ZANchorElR - ANEIFRIAT 2

3. FMGTHRERN NFUNFIEE £ - RIBGTH RO SREAMRIN Ngrid cell ( PR BMI xR Rcell 9L LA )
4. Mizgrid cell X N FIAT2 9 IEFEZR
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GT Anchor Template

AT 1 loU>0.3

loU =0.25 - GTHIORTENIXCell
< WhzcellRRIAT 28IEHAR
AT 2 /

GTIRESTEGrid Mg

|

AT 3
S Grid#g

loU =0.2
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W

BEEYOLOVA R R T ILEC (E AWM AN B LT AR - EZJRETET2.6 Eliminate grid sensitivity P22 4810
EF scaleyy, B3I 48 fa M TN /O R RESEE 24 MRER0,1) 18221 7 (-0.5,1.5) » PN TE—1GT
BoxesA U A BCLAE ZHIANnchor - BIIEHAMNHEEZ T -

GT Anchor Template
AT 1 loU>0.3
- Elch =/ CellRFRIATAT 2B
loU=0.25 MH}:—? SHIEREA
| 7
AT 2
.
Y GTBREITEGridPIfg_E
AT 3
< Grid1g

loU=0.2

.r:;g_.—,—-".‘|':-'/:.-'_ i
= A TUH )T ) Al

Whwl

1. JEMGT BoxesS5EMAnchortE i TULAD ( XE B BN GTMAnchoriE iR 2 EANI ST - #AF1TEloU)

2. MRGTSENAnchortElRHIoUK T A ERBIE - MINFGTHBLLa1ZANchor il - WNEISPAIAT 2 ( HISRAT
1R E - MEIRN S BCLEAT 170 AT 2)

3. FGTIREEIN NMITNFREE £ - RIBGTH DO R EMRIXS Rigrid cell, HFARBGT /0 s Ecell P I E 1L
BEEEY BIEER  DIRY EBMgrid cellfiIE

4. ¥R - MX="grid cellX R RIAT219 R IEHE A
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GT Boxes
e Center of GT Boxes
[ ] erid cell
.4
J ‘ | X Upper Left Corner of Grid
I |
% R, _C?}? er Y8 V.. /T Y cenier / s

GT™ %1<0.5 G %1>0.5 /ﬂ In Cell, Anchor as Positive Sample
GTfW %1<0.5 GTfW %1>0.5 Meet‘(ﬁtio < Anchor _t)
Gir;ce}?fe}' %1 - 0-5 Gir;ce}?fe}' %1 < 0-5 Gir;ce}?]e}' % 1: 0-5
Gi’ff‘?’”” %1<0.5 Gi’ff”m %1=0.5 Gi’ff‘?’”” % 1= (SDN @ [HEH)/)¢vFa

MM 7 M4 3N O RV RS SEE 24 E R 1(-0.5,1.5) - FRLURIBIR R EGrid Cellf EARIEBEGTHR/OR
#(-0.5,1.5BEAN BN N AIAnchor#lBEZR BIGTIMI B - RN LEBNIN EEHBIF - GTeene,
GTmer B 1R EE ARGrid CellZZ EAEEEE/NTF0.5 - FrIZGrid Cell £ MICellU R A MIAICell 25 2 &
- BlCell Z EBREBGTRMOE(-0.515EEA - IEZIEFANHETIAENT 7t - BZ - YOLOVSIR
B RBCellRaELE A - BAUMHET R - AZFEELE-BAE-EF -AMNIETE -
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