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» Motivation
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1. RGB-D Camera ( Realsense D435)
2. Object Detection

3. Multiple Object Tracking
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» YOLOv4

Framework

lnput YOLOv4 Result

Head
(YOLOV3)

A

Neck
(SPP + PAN )

A

KB R

am H. GatesiEE#%

Backbone
( CSPDarknet53 )




» YOLOv4
Model Architecture

« Backbone : CSPDarknet53

 Neck : SPP + PAN
« Head : YOLOV3
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» YOLOv4
Backbone : CSPDarknet53

BiR

ZHVSFE
Da rknet53

#a4t 532 Convolutional (82& Conv2D - Batch
Normalization * Activation) -

HEET ResNet 89 Residual block - F##Z4EBEF - 8x
R~IEX -

Ex € =IZ: Avgpool
% ImageNet BRSSP EEIRER -
£ Yolov4dr (£ MishiUiBUE R E - 4

1x

2%

Connected * Softmax Layer 8x

X

Y

weight layer
F(x) ! relu «
weight layer identity

Residual block

Type Filters Size Output
Convolutional 32 3x3 256 x 256
Convolutional 64 3x3/2 128 x 128
Convolutional 32 1x1
Convolutional 64 3x3
Residual 128 x 128
Convolutional 128 3x3/2 64x64
Convolutional 64 1 x1
Convolutional 128 3 x3
Residual 64 x 64
Convolutional 256 3x3/2 32x32
Convolutional 128 1 x1
Convolutional 256 3 x3
Residual 32 x 32
Convolutional 512 3x3/2 16x 16
Convolutional 256 1 x1
Convolutional 512 3x3
Residual 16 x 16
Convolutional 1024 3 x3/2 8x8
Convolutional 512 1 x1
Convolutional 1024 3 x3
Residual 8x8
Avgpool Global
Connected 1000
Softmax

Darknet-53




» YOLOv4
Backbone : CSPDarknet53

B1R

« CSPNet( Cross Stage Partial Network)
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(a) DenseNet (b) CSPDenseNet
Type Filters Size Dutput
Conmvolutional 32 3 x3 256 » P56
Comvolutional 684 3 =372 12Bx 128
H + Convolutional 32 1 x1
—_— 3 1%| Comvolutional 64 3 =3
"EFI 193,’?‘:1* Residual 128 x 128
Convolutional 128 3 x3/2 64 x64
. . Convolutional 64 1 x1
X transition ° 2x guml;ulutinnal 128 3x3 I
esidua s
Convolutional 256 3I=x3/2 32x32
Conmvolutional 128 1 =1
Bx| Convolutional 256 3 x3
Residual 32 = 32
Cormvolutional 512 3=3/2 16x 16
Convolutional 2568 1 x1
Conmvolutional 512 3x3
Residual 16 = 16
Coanvalitinnsl 1094 3 .3/2 8.8
Comvolutional 512 1 x1
dx|iConvolutional 1024 3 x 3
Residual A=A
Avgpool Global
Connected 1000 Resbloci

Softrmax



» YOLOv4
Neck : SPP + PAN
BiF: BRI S 5=
« SPP( Spatial Pyramid Pooling)
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} YOLOvV4
Neck : SPP + PAN
HiR: BEFRIRES 5

« PANet(Path Aggregation Network)

- B FPN(Feature Pyramid Network) - #rig
bottom-up path augmentation
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Figure 1. Hlustration of our framework. (a) FPN backbone (b) Bottom up path augmentatlon (c) Adaptive feature poolmg (d) Box
branch. (e) Fully-connected fusion. Note that we omit channel dimension of feature maps in (a) and (b) for brevity.
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Figure 6: Modified PAN.
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' Tracking using
DeepSORT
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» DeepSORT

Framework

Input Video Streaming

Multi-Objects Tracking
e
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Object Detection



» DeepSORT
HL SORT i#&& A EBE
« SORT EEEARBEN:
- XA Kalman Filter BRI BEME

- FBHIZEMELURESEEREE Optimal Siflte estimate
* %-Em beXpI’EdiCtiOI‘\ & bboxdectection AE--l-:v--lli:ll:l:ll beXoptlmal :II;A
- X=[uvr hiyt h]T ( DeepSORT k&) ‘ :/ :
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» DeepSORT

Cost matrix ( Hungarian algorithm )
B1R: #c 2B 4F YU AC A A

« Motion information
« Mahalanobis distance d ( Kalman & 8l & E2 48 8 4E )

. d(l) (l,]) — (d] — yi)TSi_l(d]. — yl) Name Patch Size/Stride  Output Size
. : i _ Conv 1 3 % 3/1 32 x 128 x 64
X detection d;, track y;, d M y B9 5 =46k 5,71 o b 79 198 « 64
. . Max Pool 3 3 % 3/2 32 x 64 x 32
« Appearance information Residual 4 3x 3 3264 x32
- o . Residual 5 3 x 3/1 32 x 64 x 32
 Re-ldentification (RelD) Residual 6 3 % 3/2 64 x 32 x 16
) : : idual 4 % 32
+ cosine distance d® between track and detection R o O It
. AV R . R i i ] Residual 9 3 x 3/1 128 x 16 x 8
d( )(l,]) = mln{ (1 7']' rk( )) | rk( ) € Rl } Dense 10 128
X appearance descriptor r Batch and ¢ normalization 128

+ Cost(i,j) = AdD(,j) + (1 — DA (i, )

RelD CNN architecture

- RIFFERRIEAR - ABERAAERL - BRRAI ELd,BE (Appearance Information)



DeepSORT
Matching Cascade

Mahalanobis distance: 2d; ——

Cosine distance: (1 — )d, ——

~ Confirmed Tracks |
(missing age = 0)

Unmatched
Tracks

missing age +=1

— Cost Matrix

Hungarian
algorithm

Gate Matrix
(threshold)

Listing 1 Matching Cascade

Until max_age

rREAKEE LR - EYEH—EKEA
#RBEHER - BEiETracks P #HIBER

Input: Track indices 7 = {1,..., N}, Detection indices D =
{1,..., M}, Maximum age Amax
Compute cost matrix C = [¢;,;] using Eq. 5
Compute gate matrix B = [b; ;] using Eq. 6
Initialize set of matches M < ()
Initialize set of unmatched detections U < D
forn € {1,..., Amax} do
Select tracks by age 7, < {i € T | a;, = n}
[:,;] ¢ min_cost_-matching(C, Tn,U)
M — MU{(i,7) | b, - xi; >0}
U UN (G| S, bas - iy > 0)
: end for
: return M, U
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» Distance Calculate

RGD-D Camera
Distance Calculate

 Intrinsic Camera Parameters
 Distortion Models
* Depth Image
o 1% El{% FEIE i 5 pY 3D BY EL FEAZ T 51 & EE B
cx=U—-cy) Xd=f,
cy=(v-c¢,)xd=+f,
e z=d
» distance =/ (x;—x2)%+ (y1—y2)? + (21—2;)?

X Pixel Coordinates (u,v), Depth d
X Point Coordinates (x,y, z), Principal Point (c,, ¢,), Focal Length (f,, f,)
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» Results of Work
Face Mask Detection using YOLOv4




} Results of Work
Social Distance Tracking using DeepSORT
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