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LightCNN

e A Light CNN for Deep Face Representation With Noisy Labels, 2018FEHam{tFTfE
FEEMEBA &R 1EIEEE Transactions on Information Forensics and Security,

e achieves state-of-the-art results on various face benchmarks without fine-tuning,
e LightCNNBEY#Z /DM ME(EREMax-Feature-Map (MFM)
o R TMFM%}, LightCNNRIMZRiIZ1TIARLS 7 Network in Network, /NGFRIEIKaHIEE

o ITillZxH IR EIT—FIEX BHZE (semantic bootstrapping) BI/Z/ZEIFUZHIME T IEAE
Frinc&EE, WmikiiricuigE,

A light CNN for deep face representation with noisy labels 1095 2018

X Wu, RHe, ZSun, T Tan
IEEE Transactions on Information Forensics and Security 13 (11), 2884-2896



MFM(Max-Feature-Map)

e MFM B NMFIEMEHZERBEHEXRE. W TEMR, B—1THEABEMNBEINE N
B (£8) MEZNEIEE (28) . KIMFME, BR— 1SEEENEITE.

o out[0], out[1IM\xPIREBE"HEE S EBEI, LWxZIN, 96, 32, 32] (NFRH#LK/N, NIKE
k) , BBZout[0], out[1]HNEEMZIN, 48, 32, 32], WEZEHITEITENImaxB2IrY%HH
gﬁg?ﬁ%[N’ 48’ 32’ 32]° class mfm(nn.Module):

def forward(self, x):

X = self.filter(x)
out = torch.split(x, self.out channels, 1)
return torch.max(out[@], out[1])

Conv2d-1 [-1, 96, 32, 32] 7,296
mfm-2 [-1, 48, 32, 32] %)
MaxPool2d-3 [-1, 48, 16, 16] )
h(x) Conv2d-4 [-1, 96, 16, 16] 4,704
mfm-5 [-1, 48, 16, 16] 2}
Conv2d-6 [-1, 192, 16, 16] 83,136
mfm-7 -1, 96, 16, 16 e
h(x)=max( :c?.,az?.) [-1, 96, 16, 16]
1] ] group-8 [-1, 96, 16, 16] 0



On-Device Face Recognition

e Towards On-Device Face Recognition in Body-worn Cameras, |EEE International
Workshop on Biometrics and Forensics (IWBF) 2021

e SRHWichita State UniversityBI{EE(ILLR T FMHEEWIEE. (MobileNet-V2,
EfficientNetB0O, LightCNN-9 [ LightCNN-29) F1%&E VGG-16 . ResNet-507EBWCface£l

EE (BAZFEVEGLHTES) AR ERMEFSR 4,
e BWCface: FH Boblov 1296P WiFi Body Mounted CameraXJ132P™ AEZERFIEYE N HI1TIH

A8, 183 KEZRE
AR, 1BR178KKMEEE . . BOBLOV KJ21 Body Camera, 1296P Body

Wearable Camera Support Memory Expand
Max 128G 8-10Hours Recording Police Body
Camera Lightweight and Portable Easy to
Operate Clear NightVision (KJ21 Only)

Visit the BOBLOV Store
4.4 Yrdrfededr v 1,602 ratings | 180 answered questions

6% $8999
List Price: $95:99 @

Join Prime to buy this item at $80.99
No Import Fees Deposit & FREE Shipping to Hong Kong Details v

Sign in to redeem. | Save 5% on 5 select item(s) promo code: YYH8MHYX Shop
items



TABLE (IlI) Face identification accuracy of deep CNN

~w | Y - . * models on BWCFace dataset [20] in same and cross-lighting
* g\e 1& E ° E ? *; *ﬁ Hg 1u nIJ conditions at rank-1, rank-5 and rank-10.
gL . 773

Light Condition | Rank-1 [%] | Rank-5 [%] | Rank-10 [%]
o FEIFfh: MAENBRESEMSIMV2 (85, 742D AR Office vs. Office T 9856
5.8M EEBER) LTI%IFE, EBWClace#t{TFFE&EIT(M, DO 224 | 356 o065
Bk, BWClace# HIZIRERIRNSE, BIREESIA  [Ohents | na | mw | un
H125kEB HAE, IRMNERSN ARBEEER1005KE A Office vs. Office | 94.48 9827 99.17
WA, FARBIN L RERERNE LORBE (K8 Do BE | % | 23
EIREREATIERIE) | Office vs. Day zzﬁshl I V;mz 47.18

obileNet-
. . R , . Office vs. Office 8550 97.38 98.99
o ETRIRAVRA: ERMEEFFIENSNT ANEIREER Ba:. vs. Day 72.43 93.98 97.72
FERAEERALE, BXMANERRFEENANEREE e i 4
RO AR S (e TR A ARIEE, E— L —
, . \ ‘ Day. vs. Day 68.24 91.18 96.13
o E|F1FIERYIREL: BEIRMARIHENLE, IBHENEE— Day}rw. Office 27.23 4223 56.08
SHEREEA0. A/NR51200% A {EX A E A HSE.
" . o , Office vs. Office 81.65 9532 9771
o HIRFIIFNELTFHBEFIA R KAELIE : GEFOffice VS. Day. vs. Day 69.49 §8.73 94.53
Day REREREZAKEM, RUEREZIKIGH. Ofcews Dy | 72 | saas | sssd
ResNet-50 [20]

Office vs. Office 96.33 9847 99.00
Day. vs. Day 99.36 99.81 99.85
Day vs. Othce 84.25 95.61 98.06
Ofice vs. Day 94.45 98.99 99.63
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Y BERRAPLIght CNNERILMA T
MobileNet-V2, EfficientNetB0; ERHREFIRME
HEEZHWHIEZMET, Rank-1388rTF, LightCNN-29
2L RestNet-501K1.85%, (EESHERKT
—,

Wizt RERREENEZE (Rank-11815F, &
HatE20%R30%AE) . VGG-16tER/1T, RB
RestNet-50/EM4REEBEAS.

SCATME : #Eiphone 6_E, LightCNN-2989#EIEAY A
ERestNet-5009—3,
SLIRZ518 . LightCNNTE/ERMEFISCE S (B8E)
EEIM T HFH S

TABLE (III) Face identification accuracy of deep CNN
models on BWCFace dataset [20] in same and cross-lighting
conditions at rank-1, rank-5 and rank-10.

Light Condition | Rank-1[%] | Rank-5 [%] | Rank-10 [%]
LightCNN-9
Whes ve Offea | a3 38 [ Q7 TR [ a8 Sk

TABLE (II) Real-time Inference: Deep feature extraction
time per sample measured in milliseconds (ms) on three real
mobile devices for each CNN model.

CNN Model Num. of Params (M) Device Extraction Time (ms)
ResNet-50 23.5 iPhone 6 2386
iPhone X 941
iPhone XR 834
VGG-16 138 iPhone 6 memory constraints
iPhone X 4138
iPhone XR 3747
MobileNetV?2 34 iPhone 6 1022
1Phone X 357
iPhone XE 240
EfficientNet-B0 53 iPhone 6 1321
iPhone X 450
iPhone XR 329
LightCNN-29 12.6 iPhone 6 1426
iPhone X 604
iPhone XR 430
LightCNN-9 55 iPhone 6 562
iPhone X 248

iPhone XR 171




& AlfredXiangWu / LightCNN  Public

<> Code

¥ master =

[ I D I Rl R i R B B P

@ Issues

AlfredXiangWu update

.gitignore

LICENSE
README.md
extract_features.py
light_cnn.py
light_cnn_v4.py
load_imglist.py

train.py

19 Pull requests

P 1branch © 0tags

@ Actions Bﬂ Projects

Initial commit

Initial commit

update

release LightCNN-29v2
fix bug

update

first version

release LightCNN-29v2

[ weiaicunzai/ pytorch-cifar100  Public

<> Code

¥ master ~

OO0 DD OoOoNRDR

@ Issues 47

weiaicunzai docs: fix table format

conf

models
.gitignore
README.md
dataset.py
Ir_finder.py
test.py
train.py

utils.py

19 Pullrequests 2

¥ 5 branches

@ Actions ﬂa Projects

feat: add resume training

fix: google large gpu memory usage

@ Security

[~ Insights
Go to file

Add file ~

7b3s8a6f on Feb 9, 2022

© Security | Insights
Go to file

Add file »

11d8418 on Mar 27, 2022

refactor: add runs and checkpoints folders to .gitignore file

docs: fix table format

Remove trailing whitespaces

feat: remove argument 'w' and set num_works to 4

feat: change argument gpu to store_true
feat: print epoch during testing

feat: add stochastic depth network

& Watch 26 ~

<> Code ~

918 commits

6 years ago
6 years ago

last year
6 years ago
6 years ago

last year
6 years ago

6 years ago

@® Watch 32 ~

O 243 commits

3 years ago
3 years ago
3 years ago

last year
3 years ago
3 years ago
3 years ago
3 years ago

3 years ago

% Fork 11k -

% Fork 167 - Starred 686

About

A Light CNN for Deep Face

Representation with Noisy Labels, TIFS

2018
& arxiv.org/abs/1511.02683

pytorch face-recognition lightcnn

Readme
MIT license
Activity
686 stars

26 watching

< 0 % ¢ 2 B

167 forks

Report repository

Starred 3.4k

About

Practice on cifar100(ResNet, DenseNet,

VGG, GoogleNet, InceptionV3,
InceptionV4, Inception-ResNetv2,
Xception, Resnet In Resnet,
ResNext,ShuffleNet, ShuffleNetv2,
MobileNet, MobileNetv2, SqueezeNet,
NasNet, Residual Attention Network,
SENet, WideResNet)

deep-learning pytorch
image-classification densenet resnet

squeezenet inceptionv3 googlenet

resnext wideresnet cifar100
shufflenet

mobilenet inceptionv4

xception nasnet inception-resnet-v2

M Readme

-

dataset

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

cifar100

Code

network

mobilenet
mobilenetv2
squeezenet
shufflenet
shufflenetv2
vgg11_bn
vgg13_bn
vgg16_bn
vgg19_bn
resnet18
resnet34
resnet50

resnet101

params

3.3M
2.36M
0.78M

1.0M

1.3M
28.5M
28.7TM
34.0M
39.0M
11.2M
21.3M
23.7M

42.7M

top1
err
34.02
31.92
30.59
29.94
3049
31.36
28.00
27.07
27.77
24.39
23.24
22.61

22.22

top5
err
10.56
09.02
8.36
8.35
8.49
11.85
9.71
8.84
8.84
6.95
6.63
6.04

5.61
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1. BMaxZF R AMInF 152
ed=t2

2. BMaxBF i AEC BRI
logsumexp NS EISHUERE,
ReeiE B GIREFHEERE.

3. BB REXRMAIBUHAYE

B AE MEwrE W IE TR (A
Light CNN9(mfm): 1,579,204 0.6372 2.85s
min 0.6208 -
mean 0.5487 -
softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
logsumexp(K=100) 0.6371 1.53s
topk 0.0100 -
Feature map with large response

Feature map stack with large response 0.5338 -
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Min B fk

WETPE R IE AT B A
— 1‘:}3 A v N LightCNN9(mfm): 1,579,204 0.6372 2.85s
LML E ER e AR iF 1th .
+ min 0.6208 -
TIEHX FALE -
mean : -
MHEREIRKRA K,
softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
class Yl hn podiley: logsumexp(K=100) 0.6371 1.53s
def forward(self, x): topk 0.0100 -
X = self.filter(x) ‘
out = torch.split(x, self.out_channels, 1) Feature map with large response ) )
return torch.min(out[@], out[1]) Feature map stack with large response 0.5338 -
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Mean B 1k

MR BT A
ey — . LightCNN9(mfm): 1,579,204 0.6372 2.85s
. N EEERNE N Y .
min 0.6208 -
MRE—EREERIRK,
mean 0.5487 -
softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
def forward(self, x): logsumexp(K=100) 0.6371 1.53s
X = self.rilter(x) T e
. 0 ! -
out = torch.split(x, self.out_channels, 1) P
return (out[@]+out[1])/2 Feature map with large response - -
Feature map stack with large response 0.5338 -
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Softmax
LET £

(0.9,0. 9) & ﬂ_”SoftmaxJ

R
1%

++#B2(0.5,0.5)

BEE AT,

def forward(self, x):

salf.filter(x)
out =
output _shape = out[@].shape
a= out[@].reshape(output_shape[@], -1)
b= out[1].reshape(output_shape[@], -1)

a
a
a
out

torch.split(x, self.out channels, 1)

= torch.stack((a,b), dim=1)
E.

softmax(a, dim=1)

torch.max(a, dim=1)[0]

a.reshape(output_shape)

return out

%%M, (0.1,0.1),

a5

j=1 €7

B AE MEwtE W EE TR
Light CNN9(mfm): 1,579,204 0.6372 2.85s
min 0.6208 -
mean 0.5487 -
softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
logsumexp(K=100) 0.6371 1.53s
topk 0.0100 -
Feature map with large response - -
Feature map stack with large response 0.5338 -
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Logsumexp
XImaxBIFEiB T

2 MEEEAZ/IBEATAL

max #
EERENARSAE, Bl EmaxdBEIGEIREL, BTG
SHUe( 8y g, o i) = KEIEM flog (Z K:m) (1)
FRLUEEEHK , BATFEIRLL:
ma'x(xlij?"- ;37??, 2 (Z Km?') (2)
mEdEg, REMMEIRK = 1, XENTBKRAEEEES G, RIS EEE:
max(z1, Z2,...,%n) ~log Ze”
=1 (3)
£ logsumexp(z1, 2, ..., &n)

XEHI T logsumexp, XE—MEEINE T, MXEBEEEmaxREHIEEBILEL. 1258, maxiRii]
AYEBITESL Rlogsumexp, M/ANEFHE FRE&ERsoftmax, HHXIESIERIIIZERKZEISH (F
Ik—EBHNEAERED .

B AE MEwtE W EE TR
Light CNN9(mfm): 1,579,204 0.6372 2.85s
min 0.6208 -
mean 0.5487 -
softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
logsumexp(K=100) 0.6371 1.53s
topk 0.0100 -
Feature map with large response - -
Feature map stack with large response 0.5338 -
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Topk

EINERANERSTEE EES
BRI Aout channel Nt
2= BT 2H P AFIEE,
e EA1T.

def forward(self, x):
X = Self.rilterdx)

out = torch.topk(x, self.out channels, dim=1, largest=True, sorted=True)

return out.values

BlE HEFE KRB AT I ()
LightCNN9(mfm): 1,579,204 0.6372 2.85s

min 0.6208 -

mean 0.5487 -

softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
logsumexp(K=100) 0.6371 1.53s

topk 0.0100 -



Feature map with large response

xtﬁ{%h SAEEREME, W
FALE B Hh g 13 0w iz ARV AR
2. "ﬁzj(ﬁEmé_EE@,T Rk, 1/)
Y 221%E 11 epoch#R; E@;—E,
R B E AT AR ERSE I X
M EERICRD,

def forward(self, x):
x = self.filter(x)
maxfeaturemap2 = x[:,:self.out_channels]
size half = int(maxfeaturemap2[@].numel()/2)
for index in range(x.shape[@]):
for i in range(self.out_channels):
a = x[index][i]
b = x[index][i+self.out_channels]
counts = int(torch.sum(a > b))
maxfeaturemap2[index][i] = a if counts > size_half else b
return maxfeaturemap2

B1E MmN AT
LightCNN9(mfm): 1,579,204 0.6372 2.85s
min 0.6208 -
mean 0.5487 -
softmax 0.0100 -
logsumexp(K=1) 0.0100 -
logsumexp(K=10) 0.6229 1.60s
logsumexp(K=30) 0.6180 1.32s
logsumexp(K=100) 0.6371 1.53s
topk 0.0100 -
Feature map with large response -
Feature map stack with large response 0.5338 -
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Feature map stack with large response

1. RIBEEFEXRTEINEN, 15

out[0]iAZEout[1],

2. ERE—EREERMK. R —
KAK.

def forward(self, x):

x = self.filter(x)

out = torch.split(x, self.out_channels, 1)

size half = int(out[©].numel()/2)
return out[@] if int(torch.sum(out[©®] > out[1])) > size half else out|[1]

#R1E e MR EIE TR [
LightCNN9(mfm): 1,579,204 0.6372 2.85s
min 0.6208

0.5487
softmax 0.0100
logsumexp(K=1) 0.0100

0.6229 1.60s

0.6180 1.32s

0.6371 1.53s

0.0100
Feature map stack with large response 0.5338
mobilenetv2: 2,369,380 0.6778 8.30s
LightCNN29: 8,671,620 0.6612 5.01s



Take Home Message

1.

N OO o b~ W

AT BANKBTEEER. APTAINAENMEERS. BARESNNEMRIPEXRNER
I gnEnR i H BN ECRIHRE M X R BN ESEHE 2R E LHRELEE 15 57EE
S04, RiEM, NitiZmESE T RNARE —BIEXNBTR.

LightCNN7EAIFISSEE (S58) LN TRIFOTE. NRERRUNEEHT
TR, FLIBBLIGhtCNNELEMFMIRLE, HE

. Max-Feature-Mapfy&RIE, m}j\ %

. https://github.com/weiaicunzai/pytorch-cifar100 1R&FFH. ?

. FMaxBZB R AMInGERIEKUMERE. h()@

ij’

. BMaxB R AECEE U logsumexp MRISBIEUIERE, EREIRBIIIZREENHEEIRE,
 WEISEIEE#ITRES, RERZES=LINGR, ERREHAGTH—ZEHA.



