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rectangular: [#]-7~batch Effi{rectangle % 5 3¢ L AR He, i)l 25

hsv_h: 0.015 #image HSV-Hue augmentation (fraction), {71
hsv_s: 0.7 # image HSV-Saturation augmentation (fraction), 1E#1E
hsv_v: 0.4 #image HSV-Value augmentation (fraction), &G
degrees: 0.0 # image rotation (+/- deg), JiE¥%

translate: 0.1 # image translation (+/- fraction), %%

scale: 0.5 # image scale (+/- gain), gL

shear: 0.0 #image shear (+/- deg), 45VJ/AEEE K&

perspective: 0.0 # image perspective (+/- fraction), range 0-0.001, FMA 1
flipud: 0.0 # image flip up-down (probability), I F&i%%

fliplr: 0.5 # image flip left-right (probability), 245 #i%%

mosaic: 1.0 # image mosaic (probability), 4&#¢#%

mixup: 0.0 # image mixup (probability), 1% HAHEI&

copy_paste: 0.0 # segment copy-paste (probability), 43#[E 4}

e Jbox AL bRiL i, segmentAEhRiE
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rectangular: [i]/{~batch Hfirectangle 5% & 5 AR e, il 25

JR A (375 x 500) Y resize: (640 x 640) rectangular resize:
(520 x 640)

yolov5 Hrect A Truelsf, %f4F-batch#f/2 Hjli—~input shape,
it ARE-batch#i xR iy bpadiy i, it A
27 yolov5/utils/datasets.py/#L462-L.484
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rectangular: [7]}~batch H fi{rectangle 7 & & L AR, i)l 25

.rect:

.shapes

1N/ Bsi:

irect = ar.argsort()
.img_files = [ .img_files[i] f i irect]
.label_files = [ .label_files[i] i in irect]
.labels = [ .labels[i] f i in irect]
.shapes = s[irect]

ar = ar[irect]

shapes = [[1, 111 * nb
i range(nb) :

ari = ar[bi == i]
mini, maxi = ari.min(), ari.max()
F maxi <

shapes[i] [maxi
mini > 1:

shapes[i] [1, 1 / mini]
.batch_shapes = np.ceil(np.array(shapes) * img_size / stride + pad).astype(np.int) * stride
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hsv_h: 0.015 #image HSV-Hue augmentation (fraction), i
hsv_s: 0.7 #image HSV-Saturation augmentation (fraction), 1fifiE
hsv_v: 0.4 #image HSV-Value augmentation (fraction), B¢

i R ORI L a P

yolov5 opencv, hsvZi:

r = np.random.uniform(-1, 1, 3) * [hgain, sgain, vgain] + 1

hue, sat, val = cv2.split(cv2.cvtColor(im, cv2.COLOR_BGR2HSV))

dtype = im.dtype

X = np.arange(0, 256, dtype=r.dtype)

lut_hue = ((x * r[0]) % 180).astype(dtype)

lut_sat = np.clip(x * r[1], O, 255).astype(dtype)

lut_val = np.clip(x * r[2], O, 255).astype(dtype)

im_hsv = cv2.merge((cv2.LUT(hue, lut_hue), cv2.LUT(sat, lut_sat), cv2.LUT(val, lut_val)))
cv2.cvtColor(im_hsv, cv2.COLOR_HSV2BGR, dst=im)
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degrees: 0.0 # image rotation (+/- deg), Ji¢h%
scale: 0.5 # image scale (+/- gain), #gjik

0.31456676  0.99640066 0.
0. 0. 1.

0.99640066 —0.31456676 O.
®

a5k ( Mz + Misy + Myzs Moz + Masy + Mo

- = src(z,

M3z + Mszoy + Ms3 ™ Mzix + Msay + Mss ) (@)

HE A

1. sre N 25 Jr, dsty A e e 4a i A8 e e W I e, xy AR AR, MR TEsE 4 iR
2. e ZEFEEM[0,1], M[1, OIEFEA], HM[O,1], M[1, O] 5.5 4H fe %k

3. HEIHSH A 22 M[0,0], M[1, 1121

1 0L: yolovb/utils/argumentations.py/#L143-L149
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degrees: 0.0 # image rotation (+/- deg), Jiek%
scale: 0.5 # image scale (+/- gain), #gjik

degrees, scale):

im_copy = im.copy()
_ = im.shape

angle = random.uniform(-degrees, degrees)
random_scale = random.uniform(l - scale, 1 + scale)
RS[:2] cv2.getRotationMatrix2D( =angle ), 0 =random_scale)

new_im = cv2.warpPerspective(im_copy, RS, . : =(114, 114, 114))

“‘n new_im

yolov5H1OpenCV sE HL e 4i i
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translate: 0.1 # image translation (+/- fraction), “F-#%

1 95.
0. 1. 127.| £E=
0. 1. |

- ( Mz + Mgy + Mys Moz + Moy + Mos
M1z + Moy + Mz’ ™ Mz + Mssy + Mss

) < erces

1. sy el iy, dsthy A e g i e i 1 e, xy WREGAARAR, MOR~F- RS R R
2. X T S8 - 22 M0, 212 1F

3. Yl 5 3 2 RRM1, 2

1 0L: yolovb/utils/argumentations.py/#L156-L159
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translate: 0.1 # image translation (+/- fraction), “F-#%

im_copy = im.copy()
_ = 1im.shape

[ = np.eye(3)
0, 2] = random.uniform(0.5 - t, 0.5 + t) * w * 0.5

random.uniform(0.5 - t, 0.5 + t) * h * 0.5
cv2.warpPerspective(im_copy, T, , hl,
new_t

yolov5 /1 OpenCV L B-F-
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shear: 0.0 # image shear (+/- deg), EU)/AEEE#Y

1. 0.12266402 0.
8 |-0.76603159 1. 0. =
0. 0. 1.

R — SIC\T,
Msix + Msoy + Mss ™ Msix + Msay + Mss ) ()

- ( Mz + Mgy + Mis Moz + Maoy + Mo
TR
1. BEUIR LT B B —i, X M PAT—3 e i — 4 8 B A2 2
2. sre N i B Fr, dst il g YA IS I B, xy IEEGNARAR, MR e U B
3. tE VIS F Z2MI[0,1], M[1, O /EH
1 0L: yolovb/utils/argumentations.py/#L152-L154
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shear: 0.0 # image shear (+/- deg), 4&V)/AEHE HI%E

im_copy = im.copy()
h,w,_ = im.shape

S = np.eye(3)

S[o, 1] math.tan(random.uniform(-degree, degree) * math.pi / 180)
S[1, 6] math.tan(random.uniform(-degree, degree) * math.pi / 180)
new_im = cv2.warpPerspective(im_copy, S =(w, h)

1 new_im
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perspective: 0.0 # image perspective (+/- fraction), range 0-0.001, FEAS

0.000752396836 0.0000695 1.

1. 0. 0.
p ¢ [ 0. 1. 0.] |

(Mnfv + Moy + Mz Moz + Moy + Mo ) B

dst - = src(z,y)
Mz + Msy + M3~ Msziz + M3oy + Mss

TR

1. sre N2, dsth A B AR IS IE Fe, Xy BRI AR TR, MR ZZ 4k [

2. BB F BEM[2,0], M[2, 112 1E
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perspective: 0.0 # image perspective (+/- fraction), range 0-0.001,

perspective(im, p=0.001

h, w, ¢ im.shape
im_copy = im.copy()
P = np.eye(3)
P[2, 0] = random.uniform(-p, p)
P[2, 1] random.uniform(-p, p)
im_copy cv2.warpPerspective(im_copy, P,

' im_copy

yolov5H1OpenCV 5L HL i 25

perspective(im, p=C€

h, w, ¢ = im.shape
P = np.eye(3)
PI: = random.uniform(-p, p)

1]
P[2, 11 = random.uniform(-p, p)

new_im = np.zeros_like(im) + 114.
row ange (h) :
col in range(w):
col_new = (P[8, B8] * col + P[B, 1] * row + P[0, 2]) / (P[2, B8] * col + P[2, 1] * row + P[2
row_new = (P[1, 0] * col + P[1, 1] * row + P[1, 2]) / (P[2, B8] * col + P[2, 1] * row + P[2
new_im[int(row_new), int(col_new), :] = im[row, col, :]

new_im = np.array(new_im =np.uint8)

AR AL 22 LB
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flipud: 0.0 # image flip up-down (probability), b~ &%
fliplr: 0.5 # image flip left-right (probability), 77 &%

R Fit s
lovs B THe
yorov = # ETEIR # EEEE
im_up = np.flipud(im) im_right = np.fliplr(im)
# box ARy Bl EE # box 2 FrxEH %

labels[:, 2] = 1 - labels[:, 2] labels[:, 1] =1 - labels[:, 1]
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- JURM I 9 0T IR

mosaic: 1.0 # image mosaic (probability), 4 #f#%

-

PHEERAE:

1. WA =, K/ R (2%image_size, 2*image_size, 3)

2. FEVLE— 0 A

3. BT O S AR A B A b A BT AR, e nlRe s i T D N T A K IR Y
Jir A2 B S ] B > A T35

4. R TR E ) s 2T A L

1 0L: yolov5/utils/datasets.py/#L681-L711

ﬁ
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mosaic: 1.0 # image mosaic (probability), 4 #f#%

PATR R B2 i a0 il (CF L0 ) BEP LIS R [, W] RE & H B RY RO 1R O

oA T ti ELI
AT T
. L oL 2K A

e N THEAR AN 5
AP R A TR JENVE R AT
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(—) . JURhEdagsn ik

mixup: 0.0 # image mixup (probability), 1% H ARG

mixup A SR SRt B Bk 0 K P B 2 —ike, AN Rl R sE B EE X

T 2 yolovs i SE AL

def mixup(im, labels, im2, labels2):
# Applies MixUp augmentation https://arxiv.org/pdf/1710.09412.pdf
r = np.random.beta(32.0, 32.0) # mixup ratio, alpha=beta=32.0
im=(im*r+im2* (1 -r)).astype(np.uint8)
labels = np.concatenate((labels, labels2), 0)
return im, labels
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copy_paste: 0.0 # segment copy-paste (probability), 4-EIEA

o FIEAME R
1. I EBRRE b, FF2TE% B AR e SEANE R B B B AR AEIOU<0.3(SE B S4R)
2. il yolov5/utils/argumentations.py/#L.213-L234
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UM BERE RS 5E T

R box AR BREEHE, segmentA bR’
X#4r22%: yolovb/utils/argumentations.py/#L175-L208

1. KA A B IR G B R AN AR M=T@S@QR@P@C

2. JFARAT A (Y VPR (x,y, 1), e Hsegment.shape=[n, 2], FERIIIKEE BEA A ARATR 5 :

xy = np.ones((len(segment), 3))

xy[:, :2] = segment

W Zbox Ak, X Htargets BT 0 [x1,y1,x2,y2],nA4T4, 2 H AR HEA 2L
Xy = np.ones((n * 4, 3))

xy[:, :2] = targets[:, [1, 2, 3,4, 1, 4, 3, 2]]l.reshape(n * 4, 2)

3. W B xy = xy @ M.T

4. rescaleffE, X HANR B A S $ perspective N A0, s Zifirescale:
Xy = xy[:, :2] / xy[:, 2:3]

E%Ju*?ﬁ%f‘%ﬁjﬂo N o FHffrescale:

Xy = xyl[:, :2]

R4 perspectiveix H 75 Zifiirescale?
< Mz + Mgy + Mys Moz + Mooy + Mo ) _
dst 3 = src(z,y)
Mz + Mspy + Mss ™ M1z + Msay + Mss

W12k )2 perspective, rescalegiiR KIMGAZH—1F, i 752k DALk B

5. 4%‘£ﬁclip§lj [0, width],[0,height] X&)
6. #t— 1k, B N AR Ew,h>2, 555 <20, 28 e 5 T AR b 2 B b >0. 135 Lexy

CILLI ErEma
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(—) . backbone 2% S E/{AFH

> > X

Small

YOLOv5s

tf2. x5 IS =

SR 7202491
float16: = 13.5M

Medium

YOLOvSm

41 MB

FP16
2.7 8,0

44.5 mAP

COCO

SR 21025275 S % 46354491

float16: = 40M

Large
YOLOVSI

float16: = 88.4M

LI gxmma

XLarge

YOLOv5x

168 MB

FP16
6.1 S s

50.4 mAP

COCO

2R 86501755
float16: = 165M

SR AN S8 211024 /1024 (—Mfloat16 52401, 102440571 /1K)
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Conv
12 (i=3,0=64,k=6,s=2)

Conv

LAl (i=64,0-128 k=3 5=2)
Y/

C3

l  (-1280-128n=3)

1/8 Conv
(i=128,0=256 k=3,5=2)

C3

Conv 1/32

(i=1024,0=512,k=1,s=1)

Concat

s e
(i=512,0=512,n=9)

C3
(i=1024,0=512,n=3)

Conv
(i=512,0=256,k=1s=1)

1/8

Concat

ECN  (i=256,0=256,n=6)
Conv

Bl (i=256,0=512,k=3,5=2)

C3

1/16 (i=512,0=512,n=9)

Conv
1/32 (i=512,0=1024,k=3,5=2)

C3

1/32 (i=1024’0=1024,n=3)

SPPF

1/32 (|=1024’0=1024,k=5)

1/16

& - Cosetsh
(i=256,0=256,n=6)

1/16

1/8

Conv

EILILG Erzaar

7~ 15 -kyolovsl :6.0
i ' A Bchannel
o: & i B channel
k: kernel size

s: stride

n: block 4%

C3
Bl (i=512,0-256,n=3)

Conv
(i=256,0=256,k=3,5=2)
Concat

(07]41% Conv
(i=512,0=256,k=1s=1) (i=256,0=256,k=3,5=2)

1/16

Conv

C3
1/16 (i=512,0=512,n=3)

Conv
(i=512,0=512,k=3,s=2)

Concat
Conv Conyv.

(i=1024,0=512,k=1,s (i=512,0=512,k=3,s
:1) :2)

C3

1/32

Conv

output
(batch,h/8,w/8,3,85)

(i=1024,0=1024,n=3)

output
(batch,h/16,w/16,3,85)
,3,85)

output
(batch,h/32,w/32,3,85
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class Conv(nn.Module):
# Standard convolution
def __init_ (self, c1, c2, k=1, s=1, p=None, g=1, act=True): # ch_in, ch_out, kernel, stride, padding, groups
super().__init_ ()
self.conv = nn.Conv2d(c1, c2, k, s, autopad(k, p), groups=g, bias=False)
self.bn = nn.BatchNorm2d(c2)
self.act = nn.SiLU() if act is True else (act if isinstance(act, nn.Module) else nn.ldentity())

def forward(self, x):
return self.act(self.bn(self.conv(x)))

def forward_fuse(self, x):
return self.act(self.conv(x))

N N . o Input Output Input Output
1. ?éﬂ:ﬁj\?ﬂﬁ /E{, IE%{)@&Q’\@;‘&{E@{E&T%E% Features Features Features Features
2. ot m# s KN
mAE, ik Achannel’h12, #jHichannel 6,

kernel_size=3, /3r4igroups=3, bias=False

- 2L BN BRI A3X3X12, RS
= H6Xx3x3x12

- 434 J5 45 groupl ki A channel=12/3=4, 4§/~group
i Hichannel=6/3=2, 4j-{~group HLTH 14 FUZ /N
=3x3x4, EHISHE H6x3x3x4

! uonmtmub:j _

LA R AR SRR N GBI 1/groups.

‘ srHAE
ik, fEEcHryolovs 6.048 R B A 4434

1. https://www.researchgate.net/figure/The-transformations-within-a-layer-in-DenseNets-left-and-CondenseNets-at-training-time_fig2_321325862
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class Conv(nn.Module):
# Standard convolution

Ikl EaEma

def __init_ (self, c1, c2, k=1, s=1, p=None, g=1, act=True): # ch_in, ch_out, kernel, stride, padding, groups

super().__init_ ()

self.conv = nn.Conv2d(c1, c2, k, s, autopad(k, p), groups=g, bias=False)

self.bn = nn.BatchNorm2d(c2)

self.act = nn.SiLU() if act is True else (act if isinstance(act, nn.Module) else nn.ldentity())

def forward(self, x):
return self.act(self.bn(self.conv(x)))

def forward_fuse(self, x):
return self.act(self.conv(x))

1. SiLU, HFERA AR R a0 f K L.

2. SiLUM R FUE U ERReLU 20 #H1EL, X BIHET
SILUTE<OAbA fifl, BEEf AR LR HEROR, H
IRReLUsft#k A, FI i ReLUAEZRMERR S, DA
R RS Ah FERHON 22, TR B EL A — 2 AR IE K
3,
3.SiLUfH 2 BB TR 1,
YEHFERISILURA AR e tE, HH IS5 ] DAYE
XA 2FR), [FRFSILULE AR FEX=-
1. 28FFTE R B/ IME,  YEETE R SC iR 21X Fp
TFAE T — 5 W B 1 AR,

i A2 yolovb R I SiLU, S H 2 i 2 S )
g USHT AR BIMEE S28 T 115

WERARA Friact, A PAMEIX A issue BRAE 1+
.

1. https://arxiv.org/pdf/1702.03118.pdf

N

«2.5

25

xZ
SiLU=————
e

+ 1

/ Toggle graphs:
f(=z)

s @S (z)

( Table of values:
z=[-1.28 )

f(z)=[-0.27846 |

4| | f'(x)=(-0.00033 |

i Zoom mode:
@XY OXOY F1|

re=F

e 41 ki

(e== +1)?

“2.5

25

2.5

2. https://www.researchgate.net/publication/266205382_Expected_energy-based_restricted_Boltzmann_machine_for_classification
3. https://github.com/ultralytics/yolov5/blob/c9c95fb282322bc2928f44488f2467c5f4104f09/models/common.py#L.34-L55
4. https://github.com/ultralytics/yolov5/issues/2891#issuecomment-826658992
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BottleneckCSP 5 C3
1. CSPE5tl @i i R Y, AT B k-

; Partial Dense Block

Dense Layer 1 | Dense Layer 2 Dense Layer k
E 1
E
|
,f 1 | ,f ‘\‘ I:‘ s,
1 conv / \ conv i \conv/ "
' I
P Xgn c011cat| i/ concat % / concat s
fin.. T A L] T kY
: 1 I g i [ J § i 4 3 i
i 7 "7 ’
[ / " [
£ ! 4 7
E | B L b o
{ . copy icopy copy
t
h

______________________________________________________________—

..................................................................................................................................

2 CSPNeti 3 Hr G2 ELE X HdenseNet i) Rk il A, EE’JXEj‘:’T;C %@%ﬁﬁﬁ R, [RGB,
denseNetfjconcatZE 4 41~ & -

:‘ __________________________ Dense Block
Dense Layer 1 i Dense Layer 2 Dense Layer k
X, ! X, X3 X4
i
AN : 7" . -~
Vi \ i 7 \ / ~ 7 5
conv f \oconv s b9 conv f N conv / Mo e e
| \ ~ t S
/ concaty | / concat®, / concafs, / concat S~ i Transition Layer
/ “ ' 3 / Y / N
! v ! 4 [
/ H / /
[ 1 [ f
Rt Lomm [T s P ————
copy copy copy copy conv
oy et e o ORI SR S el S IS SRy ISR i Xfp=mgsan

3. W] DAE tH CSPEs Myt 4 BjliA )=, *
H—flﬁaﬁlﬁﬁra

s
i
\
Vi
—H

B‘%ﬁﬁ%i\, Ficoncat, DAL/ itE &

. Liibli gemma

7]

1.https://openaccess.thecvf.com/content CVPRW_2020/papers/w28/Wang CSPNet_ A New_ Backbone That Can_Enhance_Learning_Capability of C

VPRW_2020_paper.pdf
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— . yolo v5f#iE
(—) . backbone %% C3)2

Conv

W (64x128x1x1)
B (64)
‘“(Md
Mul

TEFH i yolovsHi(release-v6.0), bottleneckCSPEE &k T JF18 3L % T-CSP (
FISCEl, ARMEESE, MeEEeHs 56/

class BottleneckCSP(nn.Module):
# CSP Bottleneck https://github.com/WongKinYiu/CrossStagePartialNetworks
def __init_ (self, c1, c2, n=1, shortcut=True, g=1, €=0.5):
super().__init_ ()
c_=int(c2 * e) # hidden channels
self.cv1 = Conv(c1,c_, 1, 1)
self.cv2 = nn.Conv2d(c1, c_, 1, 1, bias=False)
self.cv3 = nn.Conv2d(c_, c_, 1, 1, bias=False)
self.cv4 = Conv(2 *c_, c2,1,1)
self.bn = nn.BatchNorm2d(2 * ¢_) # applied to cat(cv2, cv3) :
self.act = nn.SiLU() i ~—
self.m = nn.Sequential(*(Bottleneck(c_, c_, shortcut, g, e=1.0) for _ in range(n)))

BottleneckCSP 5 C3

Col

nv
W (64x64x1x1)
B (64)

eﬁmd
Mul

Conv

W (64x64x3x3)
B {64)

1x128x80x80

BatchNormalization

scale (128)
B (128)

mean {128)
var {(128)

def forward(self, x):
y1 = self.cv3(self.m(self.cv1(x)))
y2 = self.cv2(x)
return self.cv4(self.act(self.bn(torch.cat((y1, y2), dim=1))))




1x128x80x80

— . yolo v5f#iE
(—) . backbone %% C3)2

Conv

W (64x128x1x1)
B (64)

Mul

TEgHTyolovsHi(release-v6.0), 2% HRIC3HISEHE, 1 C34FRIV K,
yisebottleneckCSPH44~convEiH)Z, A T1)Z2, FT3/E, FrLAFRACS,
HAREHA— 26, i E—PhCSPLE ) v 21 BBl 77

class C3(nn.Module):

# CSP Bottleneck with 3 convolutions

def __init_ (self, c1, c2, n=1, shortcut=True, g=1, €=0.5):
super().__init_ ()
c_=int(c2 * e) # hidden channels
self.cv1 = Conv(c1,c_, 1, 1)
self.cv2 = Conv(c1,c_, 1, 1)
self.cv3 = Conv(2 *c_, c2, 1) # act=FReLU(c2)
self.m = nn.Sequential(*(Bottleneck(c_, c_, shortcut, g, e=1.0) for _ in range(n)))

Conv

W (64x64x1x1)
B (64)

nﬂmd

Mul

Conv

W (64x64x3x3)
B (64)

'll Sigmoid

Mul

def forward(self, x):
return self.cv3(torch.cat((self.m(self.cv1(x)), self.cv2(x)), dim=1))

BT DAB G R FH C3X Fpatitty, [RlRR I SLIn Ay 4h R, bottleneck CSPFIC34:fE 1)
X EL AR K (LT 2 bottleneckCSP, RTHIZEC3), MBI HITHE., SIERE R,
C3#hLtbottleneck CSP .

GFLOPs GPU_mem (GB) forward (ms) backward (ms)
(0] 2.166 48.01 87.05
(0] 2.020 30.66 58.69

-

Concat
Params

7611392

input
(6, 1024, 64, 64)
(6, 1024, 64, 64)

output
(6, 1024, 64, 64)
(6, 1024, 64, 64)

Conv

7348224

W (128x128x1x1)
B (128)

'll Sigmoid

Mul

SN A ER

csp = BottleneckCSP(1024,1024,2)

c3 =C3(1024,1024,2)

result = profile(input=torch.randn(6,1024,64,64), ops=[csp, ¢3],n=50)

W (64x128x1x1)
B (64)

Bl EEiEnal

1x128%80

Conv

. Sigmoid

Mu

1x128x80x80
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(Z) . backbone[¥%% SPPF)Z

SPP 5 SPPF
1. SPPI2 1S4 A L AT EE S i HE i — b s i) 4 B v AL 45
LUNNEE
fully-connected layers (fce, fc7)
fixed-length representation
—— ";"167255 4 4x256-d '725641
il spatial pyramid pooling layer

feature maps of convs
(arbitrary size)

i" convolutional layers
input image

Ag ERR T EPERCNN H ARk H oA W] proposal i HE & 5 &R e _EFC
2, GEXEEEUZ RN B G AR NI AL EAE, BSR4 SR

flatten®I| [&] 2 ) RV/)N, SEAT PAGE—Hefc, k] DA SR 24 By ROIwrap)Z 17
# i +reisze £ RAG .

2. AR R yolovs sppsiil, yolovsi&ik T sppr iyt ikpadding,stride,

S HTA =R R R LE S A [Akernel _sizeRyitlib 5, #PBEH)
F—HI K.

1. https://arxiv.org/pdf/1406.4729.pdf

EILLN EriEma

1x128x80x80

Conv

W (64x128x1x1)
B (64}

' Sigmoid

Mul

MaxPool I MaxPool

Concat

W {128x256x1x1)
B (128)

Sigmoid

1x128x80x80

yolov5 spp/z=
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(Z) . backbone[¥%% SPPF)Z

1%x128x80x80

TEHGH i yolovs Hi(release-v6.0)

Conv

W (64x128x1x1)
B (64)

' Sigmoid

Mul

1. VEE - E IR SPPE: 0 SPPF, 1] DATEIX Nissuel B/, BikngHh )y
?@?‘#ﬁﬁ@ma&poolﬁ?ﬁéﬂﬂ%ﬁ 7 Hkernel_size & &l &—H4E, Al
FIRT7R .

2. X2 B IS RA —A, Bl sL BAS 5| 5217 max_pool [ £ BB
Fl|sppry g, [FIBTREHT R E 2 PERE LRI, BFERTIATHE, St
;%‘E,AX;{ LA SRATDAE FakE, L2 SPPRYSLIGRUE, T ESPPF)
SESAIAR:

MaxPool

MaxPool

from models.common import SPPF,SPP

from utils.torch_utils import profile

m1 = SPP(1024, 1024)

m2 = SPPF(1024, 1024)

results = profile(input=torch.randn(16, 1024, 64, 64), ops=[m1, m2], n=100)

Concat

Conv

W (128x256x1x1)
B (128)

' Sigmoid

Mul

Params GFLOPs GPU_mem (GB) forward (ms) backward (ms) input output
2624512 0 4.586 80.9 171.2 (16, 1024, 64, 64) (16, 1024, 64, 64)

2624512 0 4.452 55,23 114.7 (16, 1024, 64, 64) (16, 1824, 64, 64)

1x128x80x80

1. https://github.com/ultralytics/yolov5/pull/4420
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(=) . R4

b = (20(tz) — 0.5 4+ ) * stride
b, = (20(ty) — 0.5 + ¢y) * stride
by = (20(ty))? * anchor_grid
by = (20(15;1))2 x anchor_grid

IL/I\}EE%:J\\\:
 Hirptx, ty, tw, th A 0 &
bx,by,bw,bh A F A F H AR HE 0 &, i m

2. cx, cy A X4 Hi A i) Tensorkt i 1 grid Ak A%, {EIECA[O, grid_size),
stride’4[8, 16, 32], =A% A[416, 416, 3], T4 i #tensorg
[batch, 52, 52, 3, 5+num_class], NcxZ7E[0, 52)X[f], stride k8

3. anchor_grid[A] ¥, {H3H #[0, image_size], ,JZIK*EJQ%anChor stride,
Hrhanchor& g A2 [0, grid_size)X[H], F# i * stridefoR 21 7 El 4
AKR/NO, image_size)



— . yolo v5f#iE CILIL grEma
(=) . PAEFRI AT

z_of fset = o(t,) xof fset =20(t;) — 0.5
yoffset=0(t,) | y_offset=20(t y) — 0.5

yolov3 H.0 i xy F% & T yolov5 H.0» 5 xy s % = Tl
(A0 X R grid AR AR ) (A0 X R grid AL A )
s

1. yolovb MLt v3, fifs =7 & it sigmoid g £0H—4L 2[0, 115, LA T2
0.5, x5S H[-0.5, 1.5]

2. % (e s 18] [0, 1146 14[-0.5, 1.5], T EL@VSIERAFE AR, B4
ground true grid cell _I:‘FZE7(54/\1_LE%I3¢% S5ERFEZE, AAMEL
KEHFEMO.5, FAMETHRESFEM.S, HAREHTTEH(4)5)
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(=) . PAEFRI AT

2
w = e 5 w = (20 (ty)
i . 2
h = e | h = (20(th))
yolov3 i1 HE FE = w, h i il yolov5 i1 HE 5 =5 w,h it il
(A Fe_I %t Wanchor i &) (AT X} anchor i &)

YNV SSIN R
1. yolov5 #H [t v3, s mAE L i sigmoid g H—4b 2[0,1])5, Felh T2
FCET7, S E{ai S EA[0, 4], v3 M effida 85 2] % w,h

2. iR BN E RS R0, 4], 33 VB AL f#i %2 45, 4§-1-ground
true BARAERR SSHIRE THanchorfEF T H ILE, HEREL
{E7E[0.25, 4] 2 [H), F AT & vo Uiy
utils/loss.py/ComputelLoss/build_targets/ riRjpi 48 &



) FLIL B
. y0|0 V5ﬁ]§§ CILibl grEna
. IEREASSRAEGH Y

1&1&3 h;u/\S/\E*T )H:, /ﬁ\:
AL RO IARE G, WA

d HS 2 %65 A targetZHE A :
b [a(image_id, class_id, %, y, w, h),
b(image_id, class_id, x, y, w, h),
c(image_id, class_id, x, y, w, h),
d(image_id, class_id, x, y, w, h),
e(image_id, class_id, x, y, w, h),
* f(image_id, class_id, x, y, w, h),
(image_id, class_id, x, y, w, h),
(image_id, class_id, %, y, w, h)]

g
? b
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(M) | IEFEASRAEG

Y
(]
. D(3.2, 5.8)
B(1.1, 5.3)
[ )
C(2.9, 2.8)
(]
E(4.3,1.7)
(]
A(0.7, 0.7)

[ ]
H(7.4, 7.4)
(]
F(5.6, 4.2)
{ ]
G(6.8, 2.2)

Bkl grEmar

AR 2a-h 8T HERT W 18 w1,
MAFRA-HANE:

B2 % A\ W target B A -
[a(image_id, class_id, 0.7, 0.7, w, h),
b(image_id, class_id, 1.1, 5.3, w, h),
c(image_id, class_id, 2.9, 2.8, w, h),
d(image_id, class_id, 3.2, 5.8, w, h),
e(image_id, class_id, 4.3, 1.7, w, h),
f(image_id, class_id, 5.6, 4.2, w, h),
g(image_id, class_id, 6.8, 2.2, w, h),
h(image_id, class_id, 7.4, 7.4, w, h)]
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P0) . IEREARARAN Y

Y/

Y

- m
X X

(gxy > 1) (gxi > 1), Hrgxi = (w,h) - gxy = (8,8) - gxy



CILILI ErEna

. yolo v5f#iE

—

o IEFEARRFEGNTY

(1)

—
~
w

—_—

S -

a RN
i

gxy X% 1<0.5



CILILI ErEna
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—

o IEFEARRFEGNTY

(1)

2
IHIIIIIIIIEIII
IIIIIIIISIIIIIII
IIIIIIIIIIIIIIII

(

gxi X% 1<0.5
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(P9) . IEREARRERANTY

Y

gxy_y % 1<0.5

CILILI ErEna
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(P9) . IEREARRERANTY

Y

T T T A
1
T D A
HiliaEEEEEEEEEEEE
.
1 i O O O
T A A
N e
N A

ogXi_ y% 1<0.5

CILILI ErEna



CILILI ErEna

Y Y
HEE EEEEENEN H E EEENENHN
EEEEEEBRE EEEEEE N
H e N EE NN ® H e mEEENN
HEEEEENBNHS EENEEEEN
BN E-i-E NSNS y = i EE NN
EEEEESEE FEEEEREE
[ ]
TR B R RS AR B R AR
H W pm N m N B e m N NN &
L ]
R N8 e N
EEEEQNN HEEBNEN m
HEHEB H EH B HEEHEEEIEENR
H-H BB EEEN B EEEEREER
X

gxy x%1<0.5 gxi_x % 1<0.5

O I A
T T B Y :
o v o
T I I
- I A
I T N - i
P o
IR :
I i
I
' O
T T = :
: O P e i

| X

gxy_y % 1<0.5 gxi_y % 1<0.5



y )Ll BrEma
— . yolo v5f#iE

IEREASRARAN Y

~ AT, Hr:
H(7.4, 7.4) B, D, Hx%1<0.5 Hx>1
B Ny%1<0.5, Hy>1

o A

. D(3.2, 5.8) J, k=(gxy % 1 <0.5)& (gxy > 1)

B(1.1, 5.3)
ifPx % 1 < 0.5, Hx>1

° kBly % 1< 0.5, Hy>1
F(5.6, 4.2)
j = [False, True, False, True, True,
False, False, True]
o k = [False, True, False, False, False,

Sl ° True, True, True]
G(6.8, 2.2)
(]
E(4.3,1.7)

(]
A(0.7, 0.7)

(gxy >1) & (gxy % 1 < 0.5)
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» ‘-“‘ » '—I—I—‘
TEREA R AR
Y
[}
H(7.4, 7.4)
( ]
. D(3.2, 5.8)
B(1.1, 5.3)
( )
F(5.6, 4.2)
[ ]
C(2.9, 2.8) .
G(6.8, 2.2)
( }
E(4.3,1.7)
( }
A(0.7, 0.7)

Bkl grEmar

AR, H.
ACF GHRHNx%1<0.5 Hx>1
AC,D,ENY%1<0.5, Hy>1

1Hlx % 1 < 0.5, Hx>1
mBfly % 1 < 0.5, Hy>1

| =[True, False, True, False, False,
True, True, False]

= [True, False, True, True, True,
False, False, False]

(gxi>1) & (gxi % 1 <0.5)
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(P9) . IEREARRERANTY

bl

[ )
B(1.1, 5.3)

(]
D(3.2, 5.8)

hl
[ ]
H(7.4, 7.4)

(]
E(4.3,1.7)

CILLI ErEma

X offset b P

% j=[False, True, False, True, True,
False, False, True]

STV IS, B, D, E,H, BEXN
) offset[0.5, O]

133

[b'(image_id, class_id, 0.6, 5.3, w, h),
d'(image_id, class_id, 2.7, 5.8, w, h),
e'(image_id, class_id, 3.8, 1.7, w, h),
h'(image_id, class_id, 6.9, 7.4, w, h)]

B2 b d e h' PR [A] D el v B
JER GRSy, WAk B iR E,
W2 E R ground truthZedi H Tt
RGPS
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(M) | IEFEASRAEG

[ )
B(1.1, 5.3)

bl

(]
F(5.6, 4.2)

f

H(7.4, 7.4)

G(6.8, 2.2)

g

hl

CILLI ErEma

[ Bk i offset AL FH -

& k= [False, True, False, False,
False, True, True, True]

SRS, B, F, G H, &N
HJoffset[0, 0.5]

133

[b'(image_id, class_id, 1.1, 4.8, w, h),
f'(image_id, class_id, 5.6, 3.7, w, h),

g'(image_id, class_id, 6.8, 1.7, w, h),

h'(image_id, class_id, 7.4, 6.9, w, h)]

B2 b d e h' PR [R] D el v B
TSR i R LN e L A W
W2 E R ground truthZedii H Tt
ERK.
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(P9) . IEAEASCRAEAN Y

[
C(2.9, 2.8)

° a'
A(0.7, 0.7)

([ J
F(5.6, 4.2)

([ J
G(6.8, 2.2)

CILLI ErEma

A BRI offset AL P

% 1=[True, False, True, False, False,
True, True, False]
SIS, A, C,F, G, Xt
HJoffset[0.5, 0]

133

[a'(image_id, class_id, 1.2, 0.7, w, h),
c'(image_id, class_id, 3.4, 2.8, w, h),
f'(image_id, class_id, 6.1, 4.2, w, h),

g'(image_id, class_id, 7.3, 2.2, w, h)]

4 a' ¢ f g X Bl R R B AE
SRS LR S R N s 3= VA=
W2 E R ground truthZedii H Tt
ERK.
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(P9) . IEREARRERANTY

{ ]
A(0.7, 0.7)

dl

(]
D(3.2, 5.8)

[ ]
C(2.9, 2.8)

e

(]
E(4.3,1.7)

CILLI ErEma

[F] FEm i offset b FH:

2 m= [True, False, True, True, True,
False, False, False]
SIS, A, C,D,E, Sl Xt
Hoffset[0, 0.5]

133

[a'(image_id, class_id, 0.7, 1.2, w, h),
c'(image_id, class_id, 2.9, 3.3, w, h),
d'(image_id, class_id, 3.2, 6.3, w, h),
e'(image_id, class_id, 4.3, 2.2, w, h)]

2 oa' o' d' e XA Bl R A A
TSR i R LN e L A W
W2 E R ground truthZedii H Tt
ERK.
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(M) | IEAEASRERA

(]
. D(3.2, 5.8)
B(1.1, 5.3)
[ ]
C(2.9, 2.8)
(]
E(4.3,1.7)

o
A(0.7, 0.7)

[ ]
H(7.4, 7.4)
(]
F(5.6, 4.2)
{ ]
G(6.8,2.2)

CILLI ErEma

mAGI, K, 1, m:

j = [False, True, False, True, True,
False, False, True]

k = [False, True, False, False, False,
True, True, True]

1 = [True, False, True, False, False,
True, True, False]

m = [True, False, True, True, True,
False, False, False]

H AR KA B FH ground truth %)
NIAERE, SR NANEIE
FEAS T HER P
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IEFEA RGN
(]
. D(3.2, 5.8)
B(1.1, 5.3)
[ )
C(2.9, 2.8)
(]
E(4.3,1.7)
[ J
A(0.7, 0.7)

(]
F(5.6, 4.2)

[ ]
H(7.4, 7.4)

[ ]
G(6.8, 2.2)

%ET@?U: EILILE ExEma
s => JUEEAS R grid Ak bR => AH A2 1%
grid i i HEXy i F% =

A =>grid(0,0) => (0.7,0.7) - (0,0) = (0.7, 0.7)
Avw =>grid(0,1) => (0.7, 0.7) - (0,1) = (0.7, -0.3)
Arieht => grid(1,0) => (0.7, 0.7) - (1,0) = (-0.3, 0.7)

B =>grid(1,5) => (1.1, 5.3) - (1,5) = (0.1, 0.3)
Bleft => grid(0, 5) => (1.1, 5.3) - (0, 5) = (1.1, 0.3)
Bdown => gird(1, 4) => (1.1, 5.3) - (1, 4) = (0.1, 1.3)

C=>grid(2,2) => (2.9,2.8) - (2,2) = (0.9,0.8)
Cw => grid(2,3) => (2.9,2.8) - (2,3) = (0.9,-0.2)
Crieht => grid(3,2) => (2.9,2.8) - (3,2) = (-0.1,0.8)

D => grid(3,5) => (3.2, 5.8) - (3,5) = (0.2,0.8)
Dw => grid(3,6) => (3.2, 5.8) - (3,6) = (0.2,-0.2)
Dleft => grid(2,5) => (3.2, 5.8) - (2,5) = (1.2,0.8)

E =>grid(4,1) => (4.3, 1.7) - (4,1) =(0.3,0.7)
Ew => grid(4,2) => (4.3, 1.7) - (4,2) = (0.3,-0.3)
Eleft => grid(3,1) => (4.3, 1.7) - (3,1) = (1.3,0.7)

[ => grid(5,4) => (5.6, 4.2) - (5,4) = (0.6,0.2)
Eright => grid(6,4) => (5.6, 4.2) - (6,4) = (-0.4,0.2)
Edovn => grid(5,3) => (5.6, 4.2) - (5,3) = (0.6,1.2)

G => grid(6,2) => (6.8, 2.2) - (6,2) = (0.8,0.2)
Grieht => grid(7,2) => (6.8, 2.2) - (7,2) = (-0.2,0.2)
Gdown => grid(6,1) => (6.8, 2.2) - (6,1) = (0.8,1.2)

H => grid(7,7) => (7.4, 7.4) - (7,7) = (0.4,0.4)
Hieft => grid(6,7) => (7.4, 7.4) - (6,7) = (1.4,0.4)
Hdown => grid(7,6) => (7.4, 7.4) - (7,6) = (0.4,1.4)
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. FRTTEZH AT box loss

GloU:. { Generalized Intersection over Union: A Metric and A Loss for Boundinq Box Regression )

5% anchors IoU — |A r] Bl GIOU = IOU _|_CE’_\_(:%_LH_?_)1J

ol rue red 2 : T :
(_oord Z Z 1 bj Z lt = lij d) : |A U Bl : |O|

le[z,y,w,h] ﬁIoU =1—1IoU EGIOU =1-—GIoU

Zeifigyolov3 L L2455, ] E%Qfﬁﬁﬁlou&,ﬁh_ﬁﬂ KRk, 75
GloUMHER 4k [

1. GloUFEIOUREA F2% &2 1 AR A S L Bl A R 21 (5 iR SR A st /2 A B
AER R/ M EIE, KRR 5 HE A2 HE T A gl AR A SRR o L

2. XFHL24 5%, 1oUFIGIOUE A REAASYE, B 24 H bR HESE i K i,
B BRI E RS I RE I B, TSR nul:/\“uw@ AN

3. XfHloUHi 2k, L2FIGIoUH A Zka ¥ E mhe J), WNE2, 1£4:loU=0HY,
HAHERE B RIS O X 24 RN e, (H 2 GloUREE /™1 HE B 25 e,
TIPSR, W RO, A FEGloU L IR AL T 4 A 437 T
BESCIHERY B A Ta], xR T T 25 SR s R g, AR 3. .

o

K1

A |
A loU=0 i A loU=0 i
GloU =-0.5 GloU =-0.85
o l A B

| | | | B
1 1 ! (.
: B : B loU =~ 0.333 loU = 0.333
:_ :_ GloU=0 GloU = 0.242

T A0.0),(11)] " AL0.0),(05.0.5)] A[(0,0),(1,1)] AI(0,0),(1,1)]

BI(1.1).(2.2)] BI(1.5,1.5),(2.2)] B[(0.5,0),(1.5,1)] B[(0.2,0.375),(1.2,1.375)]

€12 13
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(F) . #RITEGHTT box loss

DloU: (Distance-loU Loss: Faster and Better Learning for Bounding Box Regression )

2(b, b9t
EDIOUZI—IOU-FP(C’Q )

DloU#ti 541 -loURYSLA L, 800 1 w0 s 2 5 U ARSI 0T, A AR 0012 e o0 5 S
HCOAE O R RS, BRI OAE 5 B SRR S MU BIEXT 2 ik, ik [EldAtle:

1. XFLEGloUdii gk, DIoURE B b B2 Pl s AR AN EL S A Y Lo B M 1), BN B R,
SOESGHIE, ORI, SPTNHES BSXAET A, s EMEER, KPR,
GloUZiBL N0V, MM SRK AR S ERYAETT I, 1T DIoUMKIH B8 A5 24 e (L B e A B B 5 1) :

Lrou =0.75 Lrov =0.75 Liov =0.75
Larou =075  Lgrov =0.75  Lgrov =0.75
Lprov =081 Lprov =0.77 Lprov =0.75

2. 5GloUik—#f, DloUHA RJEANEN:, HEWRE Y HARIESE LUK, R BEIKIB AR
FER B,  ToRq X RN [ I HE 4 AL FE

3. '—ﬁSIoUﬁﬁi~ﬁ?, DloU#i J{E 2316 /[0,2], M5 EHIR0, M4iH 5 TR HANRE X,
R IE2,
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. PRITELHAY box loss

CloU. { Distance-loU Loss: Faster and Better Learning for Bounding Box Regression )
{ Enhancing Geometric Factors in Model Learning and Inference for Object Detection and Instance

Segmentation) 2 gt
Lot =1-ToU + 28 4 oy
4 w9t w
V= (arctanF - cmr'ctcm,z)2
_ v
= (1—1IoU)+ v

CloUHii R AEDIoURELA I, 38y v L AR 00, Hohv oy FSC S F R Y SE e Ui 2%, a
N TE TR EEAR R R AL

1. XFEEDloUi R, S HE A H L e oD i B, ClOURAY AT Ta s U 0R, A I
P, B S BSSHHE O i E A, DloUb KR L R B AGT =0, DIloU#5i 2R iB 1 Ik
ot %, {2 B CIOU 3 Fi75 H A5 5k 18 i, BERE— R EETE R LA
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. PRITELHAY box loss

CloU. { Distance-loU Loss: Faster and Better Learning for Bounding Box Regression )
{ Enhancing Geometric Factors in Model Learning and Inference for Object Detection and Instance

Segmentation) gt
Loty =1—ToU + p—(m’—)+ aV
c?
— 4 ( t ,w_gt t E)f&
V= 7-;-2 arctan Rt arcian h
o = (%
- (1=1IoU)+w

J50E SCClOUR RAESE I B 1 — /MR, AR Ial N HAOA S SRR, v L wATh 7 51
K, =2AGEIAR:

ov _ 8 (a‘rctanwgt a'f'ctan—w) X —
ow 72 hat h w? + h?’
7= —F(arcmn—h . —arcttmh) E o he

1. Forpw2+h2ii 5 2 T WEE h /I 8 R A& & W Bt B e, BT AR AR e A R SE BN -
with torch.no grad():
arctan = torch.atan(w2 / h2) - torch.atan(w1 / h1)
= (4 / (math.pi ** 2)) * torch.pow((torch.atan(w2 / h2) - torch.atan(w1 / h1)), 2)
S=1-iou
alpha=v/(S+v)
w temp =2 * w1
ar = (8 / (math.pi ** 2)) * arctan * (w1 -w temp) * h1)
cious = iou - (u + alpha * ar)

Hrhalphativi AZ SHEEER, RfFarlb BEIESM 7RFENX, HexiwhkS RS Fh-w, 5H w?+h?

1.https://github.com/Zzh-tju/DIoU-SSD-pytorch/commit/36bb49bda7b7e818f7208e1fa918bd204531d0dd
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(F1) . FARITEYHTT box loss

CloU. { Distance-loU Loss: Faster and Better Learning for Bounding Box Regression )
{ Enhancing Geometric Factors in Model Learning and Inference for Object Detection and Instance

Segmentation) 2 gt
Loty =1 — ToU + m’—f—) +aV
c
4 . w9t ran V)2
v = F(ar an- o —arc anz)
o v
- (1=1IoU)+w

TELofCloU!, S23il ERCHANTR:

v = (4 / (math.pi ** 2)) * torch.pow((torch.atan(w2 / h2) - torch.atan(w1 / h1)), 2)
with torch.no grad():
S=1-iou
alpha=v/(S+v)
cious = iou - (u + alpha * v)
cious = torch.clamp(cious,min=-1.0,max = 1.0)

HrplEFERalpha S5 2RI R, HElEh— MR, ERviiBi 280N T A w2+h? )R
SMEPE, B RCAS BRI T w20 s ZAR MY sE I, S sl e i, (BRI Mk v
AZT, yolovSHiFxiwh A ult—2E ik,  Fir DARESR 1 w2 +h2id /NGB EE Y s

1. https://github.com/Zzh-tju/DIoU-SSD-pytorch/blob/master/utils/box/box_utils.py#L85-L90
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() . #WRITEGNHT object loss

yolov5f¥jobject lossERIA 101 43238 A :

# X B EH 2 CloUYE N il it H Fr
score iou = iou.detach().clamp(0).type(tobj.dtype)

# X HLH Sself. grig ST IA VR (AR 2 45 Aryolov2 v3 VAR, 78 H bR 1F1CloU 2 [l — AN A1y
# JE 4 I CloU 1

tobj[b, a, gj, gi]l = (1.0 - self.gr) + self.gr * score iou

# self. BCEobj &nn.BCEWithLogitsLoss

obji = self.BCEobj(pil..., 4], tobj)
—>
# T yolovSi ZTiiNI3)Z, &2 objecttiik 5%k 5 4:[4.0, 1.0, 0.4]
lobj += obiji * self.balance]i]

ficliobject lossZ#fl_gamma>0,2:7Eobject lossi 3 filli I fii—)Zfocal loss, T iE ke A1 26 22 5+
— pred prob = torch.sigmoid(pred)
p t=true * pred prob + (1 - true) * (1 - pred prob)

# iX Hlalpha=0.25,gamma=1.25, X TR IEff KIFEAR, 24T mmALE
alpha factor = true * self.alpha + (1 - true) * (1 - self.alpha)

modulating factor = (1.0 - p t) ** self.gamma

loss *= alpha factor * modulating factor




. EILILE EreEna
— . yolo v5f#iE i

(F1) . FRITEYHTT class loss

yolov5f¥jclass lossERIA 101 43238 A

# X H1%cn=0.05, cp=0.952 1 274 X i 16 UM 280 I AL 2,

# R 2 £42, cp=1.0 - label_smoothing, cn = label_smoothing / num_classes
# 2014325, cp = (1.0 - label_smoothing), cn = 0.5 * label_smoothing

# 10 SR H AP R0 AR R, FTARR T

t = torch.full like(ps[:, 5:], self.cn, device=device)

tfrange(n), tcls[i]] = self.cp

Icls += self.BCEcls(ps[:, 5:], t)

# i tlobject loss&%%fl_gamma>0,27Eobject lossi & fit_tfin—)Zfocal loss, TV 1E fAFEA i K 2= 7
pred prob = torch.sigmoid(pred)
p t=true * pred prob + (1 - true) * (1 - pred prob)

# X Hlalpha=0.25,gamma=1.25, X TR IEH- RIUHEAR, 46T mAE
alpha factor = true * self.alpha + (1 - true) * (1 - self.alpha)

modulating factor = (1.0 - p t) ** self.gamma

loss *= alpha factor * modulating factor
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