4535 H ks kIl

— LUK s H ARSI A 2 T LA 5 R A 1 HLRAT Pk SR Y 1) L 32 B T RS A
T2 R B 5 MR 40 2 DA B BB 53 FIAE 55 — A8 1 T 1 B AL A 9 45 48 ) 44 8 M F 5% 1)
B, R O3 S B R B AN R AT 28 00 04 0 i, B O 1 R e iR e ik iy & S, i B A A T
D)2 1R G b mT BB A AE IO T S H AR S, &l 3-0-1 i, A R 4y 25 v, U X 3%
A G 25 w45 58, BERU00 ER “ Txs T B s A DR L TR S T AR AR B T E X
(9 5 bR SE 0 OO A RS 55D L 0F 45 B SE B A A0 B /NI 1) B3 e 3R TR OA [m] 200 B
SR A A 2 R b B A (W) 52 431 38 I T X TR A E A S 1) A T AE A s A5 A
PRANK B8 (2 sy sw DB B A N AMAETR (2, y, 2, ,5,) RN,

3-0-1 BE& o B RGN

I JLAE R 2 3 0 FL R R B TR 0 % L N 3-0-2 B L T LA
I 0 0655 5K 0 25 1 5 ) 0 355 46 06 2 3914 2 78k S8 004 5 MO 46669 A
W7 ST T 0 LU S A 2 58 o A LB 45 BT A R 9 % 3
AR 9 L B 1 S L BT PR 53T S5 0 S A
15

H VR % 30 42 ML T B0 2 B 06 T e 65 0 FL A B ik, 165206
0073 A IR 00— BB 0 T 400 =B B e 57— 9 B 4 205 10 P 1 3
EPIRHEBCHR s 55 B B LI 45 B b (5 B 5 4 G 0 0 5 = e
o TR IO 534 25 o L L 200 R AT 202, HE o Dk A2 2 A 7D R )
B 1A 0G0 3010 3 1 05 90 56— B0 5 0 6 5 0 0 9 0 RO A i
DAY A T I LS A (L T AT A5 (SR B AR TR AR B 5 S0 3 45 1R 2
B0 FUA R B0 6P . PRI Sh T R R 0 B 2 808 T B 5 o 6 K
WKL 555 o G0 Flaar BEE A7 ARG I 95 5546 0 HOG 5. 4 S0 28 U M50
(0 LA 4500 532425 o 2 ) 119006 0 P LR S0 — 38 B T 226 1 ELAS H P
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DFr‘H\Pers nPt’ perperso ) [:I‘ ;erson
r'notorcr :u’%> (i o org vl nicycle
p_

handbag

.y I person .
g l ;i _Jpwurfb(per‘s

boﬁ' | s BRTGEaLd
kmf‘ L ,ﬁ;
coke'k_;ﬂ =)

> ux‘_ = )

3-0-2 ZMiFE TR EHREN

UF BORFAE S LEROHERY . 25 b AT DU AR 58 H AR S 05 vk BAT PN Bl s — o DI 5 9R
W s TR N TBTHRRAE Y R PR

TG G AR 5 T TR BURAE 58 B 4% 2R AT 45 B9 7 ok — B AT, — E 3 2012 4F, Krizhevsky
GNP T —Fh 448 AlexNet I BE 45 B2 W 25 (DCNND , B 76 K AL 58 171 Bk ik 2
(ILSRVO) Hr & 1 EMR A/ R ME R 28 5% . DI , 3+ S HLAL 9 4508l 144 BF 92 1 o T B
B BRI ST W71 . R-CNN J5 gk 1T DLt S 4 RPN 28 10 28 78 A A 0 400 3l 1y B % 4t = )
Tk ETFIR T B b A I TR Rt B bR I S A T R R SR B TR
JFE 27 2 1 B AR A 75 2 AR AR S A LA AN [ ) 43 O 2 R T 4 i g R 4 O R AR
S AGE Y0 198 30 AR 3 S — B BB s A D B 1 R R B B A T B

(1) PIRY B H ARk I 5 3, O AR BGS 72 £ 200 A B 25— B B 77 A ik
1 X 3§ (region proposals) , 132 A fE f7 78 H bR 09 X 3805 55 AN By B2 48 1E ik X3 i B
PR E IT R B AR ZE ) . XS0 Ay AR 3R R 3 T X 38 (region-based) f) R-CNN £ 5| &
2,47 R-CNN,Fast R-CNN fil Faster R-CNN £,

(2) — B B B AR 3 R B 1 7 A A 1o DX I8 ) B B L 4 o PR T E e 1) o2
BRI X R A ARRAT . SSDLYOLO 4§,

A 300 Y E ARG I 55125 340 m] LA 4 Hoo 75 s 2 e B fge B HE ) 73 4 3 T Anchor LA
H£TF Anchor 1 HFRFI 76 . Anchor A B2 Se 40 HE  7E B3 1 A ) ROEE A HE 491 19 e 4
HE S o 00 28 23 2 o Qe X 5 FME IR X SESE IO HE . 2 R AL object & f4ZE A object. LA
FAEIE SRS E ML # . (HJZ . T Anchor B Je 50 i A S B B M4 H AR 80K 2 B

SRS DU B R R OR . B TR R R AL AR 2 AT G $E T Anchor Free 1975 1,
4, CornerNet, CenterNet,ExtremeNet 2 A K# Anchor S BL H bR A8 00 10 5 . Btk =2
Hb I JLAEEET Transformer BY HARK I J7 2 KGR H AR 1A JLIY RLSE
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3.1 SEEE—. E-TF Faster RCNN 22U 1932 58 I e 40 (7 By B2 B dnta )

FEAAT I ATH ff FH PaddleDetection % 5% B Faster RCNN [ 4% ik 17 % % 2 1] B0 3
i 3

Faster RCNN J& W B Bt H A5 K0 7 325 19 AR R Z /E . Faster RCNN % 57 T 55 28 1) i i i

E T Faster
HE B HE B0 2 8 B ARSI 28 B — A4 o 21 s 9 0 A, AT R T 48 T BR8] L I HL A8 F5 4 renn #ﬁtﬂ
AT 55 A SIS 5 . & 3-1-1 77K . Faster RCNN B 57 BT 43K 4 AN LB ;‘2?;"%*5’“5

oumrD poohnq. MuD lullcmcuon.

Faster RCNNJi &%

PxQ T Stepl : SRHURIR I QFFIE
=== e UL L L L L |
Step3 : jlid ROI Pooling{%proposals
A REHIE PR SE— B RS

T | Feature Map

. x.—" (bbox._pred Stepd - i 147

T 7 ESTIE L HOES:

-] 'L,% ®amE Y “a._....... e B Ak
] Proposalsft] 25l .

A IERL

o
im_info

Y
Step2 : jilijF RPN 62K f2 Y proposals | Hacpeob

3-1-1 Faster RCNN W 4& 45 14

TG R R K R A S A 36 ) A AR 28 0 2% b E AT R AE SR IR, A5 B RRAE I U
5 BURE T Pl i A 3146 28 HE 7 L 99 45 (Region Proposal Network, RPN H i £ {6 35 A2 19 HT
CRT REAFAE H AR Y DX 800, 10 A~ T 42 35 P 08 20 5 — ¥ 2 S o it i 14 R A E 6 A7 — 1> 7 5% Rl
B 3 SN 55— o3 S X PR 0 BRI HE AT — Uk rp o 07 Al A% 5 R A L, AT
5 2 — L L A i e ME 5 PR, R A5 B A9 ik 28 ME T X L A R AT AT b Y R AR X o — A
ROT AL 38 % 2 [ € RF s el il il A 2R 0 T n+1 286G A AL+ R
ESNOE) ¥ I SN WATR T EE 214 PPN E S i ey LIS B

LU 1. iR A A S Ak A

Bt AN RN T 2A RG24 B A3 5 L RA R i . A
TR REHOR B & JE  IRBE 18R B 2 AL el ol . 78 BT R R, 3 o R Rk T B U A
AR, AT DA KRS 2 B ) AN T A, I RS 0 J5 1 e A5 B4 T

AR YR B At HOE A W0 1 B B e fn B 5388 SRR . WAL 3-1-2 T i BOH 4 40 435 i i
Vo E T AR AE 6 28I, AR YR S I AT 55t gl S A W0 S PR v A A T BRI A6 T DX BRCE 1Y
ik,

B AE 43 hy RS FVER T AN 384 . &l 3-1-3 FF7R , train_imgs H 3% T AE68 % 1 T 4%
FNEGUE Y 144 5 train_annos. json T WA & BT A GO B B AR TE
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3-1-2

& T R

Hobrde A P 2 28 i i 5 7 A% XL 43 12 LU PASCAL
VOC %dla 5 AR B XML #% 8 R LL COCO $ii4£
R JSON A 2B 42 . A5 Uk S 3 v 25040 4 19 4 2R []
T R WA RS M L & 3-1-4 R BANE RN R R —H
PR3z, b name.image_height #l image_width W 7351 375 H A5 52 61 Bir 7 /9 1845 S 44
VLK ER B N FE 5 category 3R 1Y & H A5 55 41 BT A X 1 049 28 51 (1~ 6 43 1) R 7R A [m] i) s
Tl LSS ) 5 bbox F/R A 2 H AR SC 0 9 AR TR AE , Horfr 0.1 7R AT AE (1 22 1 A A5 A
B2 2.3 FoRHIEAE B A7 N A A AL FR

B train_imgs

{.-} train_annos,json

3-1-3 HEEEAXTIER

15230 ir

0

1
2
3

name”

“image_height” :
“image_width”
“category”

¥ "bbox” : [ 4 frems

: string "223_89_t20201125085855802_CAM3. jpg”
int 3500
: int 4006

tint 4

I fleat 1702. 79
: float 2826. 53
: fleat 1730. 79
: fleat 2844, 53

YL 5 items
“pame” : string "235_2_t20201127123021723_CAM2. jpg”
“image_height” :
“cat egol'}"
¥ “bbox” : [ 4 frems

0:

1
2:
3

int 6000

“image_width”™ : int 8192

tintd

float 1876. 06
: float 998.04

float 1883. 06
: fleat 1004. 04
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FATAE ] PaddleDetection #E47 H AR AG I 2 A7 » 75 B2 K bk T8 SCF 55 3 COCO B9 5 7
B IR 9 ¢ 1 Y LRI A3 I R S RN . AR X LR ATTH 3T Fabric2COCO 2k 52 Bl
T b T A XA B A BN S 10 K0 4

= IR 5E, %14 90 & 15 H o iiF 4

fabric2coco = Fabric2COCO()
train_ instance = fabric2coco.to _coco(anno dir, img dir)
fabric2coco. save_coco_json(train_instance, "/home/aistudio/work/PaddleDetection — release —

2.2/dataset/coco/annotations/" + 'instances {}.json'.

format("train"))

= WUESE, K47 10 % ME IR

fabric2coco val = Fabric2COCO(is mode = "val")

val instance = fabric2coco val.to coco(anno dir, img dir)

fabric2coco val. save coco json (train instance, "/home/aistudio/work/PaddleDetection —

release — 2. 2/dataset/coco/annotations/" + 'instances {}.json'
. format("val"))

AT R )G . 23R B ANl 3-1-5 FroR i H sk Hod train 50,
M oval H 5 T A% 8952 20 00 T 00 25O 5 E B R | e
annotations H 3 T 77 fifi i ] 2 instances _ train. json Al B annotations
instances_val. json B /> SCAF 23 5 %5 R &% 4 5 19 I 25 4 TR
UEAR & B AR T ST

Ll instances_train. json A, 5% 3 5 15 B B9 BCHE b5 E 20 R 3-1-6 BT 22 HE Py e R I
SR T UINZR 0 R 48 FR L TD ARG I i RS . A 0 HE PR 3878 19 T 2 B3> B g 5

3-1-5 £RBEH

images” : annotations :
- I
- { Yo:d{
wiill
: [
23_89_t20201125085855802_CAM3. jpg”
)
—_
28
t 18
3
0! 271230 M Tis
)
-
}
-
129_t20201130154420465_CAM). jpg”
5
)
23
-
.06
198, 04
“253_201_t20201130134329446_CAM1. jpg” :int 6
]

3-1-6 A RARERDG
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R MR R B (F2D

{7, Ferh image_id 78 02 H AR S 01 BT A7 78 19 -5 (5 A BB TD AT D | categoory_id
7R B U2 R S 451 B Xk 7 9 286 531 (1~ 6 23 331l e 7 AN [a] 9 88 4 JBOE 2 531)D o bbox HR A7 il 1Y
JEUR B T AE A3 o A A 5 38 B o i AR B RV T AE PR 58 3 area 78 192 AR AE 114 1 L

% 2. PaddleDection g MR 15234

PaddleDetection b 3&F &3 PaddlePaddle ¥ £ i H An k& 14, N & 30 24 BRI
2 K 250 Z2A TN GRia B 7 55 H Bm A | 52 491) 23 361 B B QB A I 45 77 1w JHG o A0 455 IR
5 i ity 1B sl oty = A B R M S SOTA MR 6 42 7 8 R 24 AR RV 300, JF S ik i
A1 P00 28 A5 B 2 A A b R5CHE 498 2 R i AR 2 BSOS v B D A S N 2 D R 2B O R AT
I HSCHE A P BRI A IR R A S A R B A b SR T 0 2 SRR R ik
7l 7% b

Ze g B A B 72l S R AT BE L PaddleDetection T 40 4 g | 55 8 ) 8 FHAA B8, % T oMb
Kor 2 PRI A Te NS T LI R RIS 2 AT T A L AR 3-1-7 B,

= — TN I

KL v »

e

Feil e 7ol sl ] B2 -0 FEE PNASE 2 ai ]

[ g

T A ER . PN AR
B 3-1-7 PaddleDetection 7 f3 7= ffl

PaddleDetection B A DA T 474 .

BRI A= . AL H ARSI | S 491 43 80 AR AG ) G B SR L 22 H bR B BR A 250 24T
U ER SR A LIRS §F ST

A RIS - BERAL BT, A HE 25 A 28 AL, T 38 R A 4 At L 3 ] 5% b A 00 A6 25 R A
PR o Pd S 2w E AE L E WAL S

Ui 3 9 41300 - DNERCHE 3G 5 L A 0 I S A B i ) v T3 L O 58 4% SCRE 2 v/ 0 4 i
EZ I AE - SHIE N

FPERE : TR PR RE A BT SR B N WA S LR B . SRR FPL6
&S E A INI[E

TE4# ] PaddleDetection B F AT 7] LIARHE AT 55 1935 28 7E 18] 3-1-8 Hh e A [R] A B2 e
ARSI 4 20 4 A0 B0 1 5 07 =0, Lo, AT AR SR AT B AR A I AT L3k 5 P [ BE A9 Faster
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Architectures Backbones Components Data Augmentation
* Object Detection ResNet(8uwvd) Common * Resize
© Faster RCNN ResNeXt(&uvd) ¢ Sync-BN * Lighting
o FPN SENet o Group Norm * Flipping
© (Cascade-RCNN Res2Net © DCNv2 * Expand
o Libra RCNN HRNet © Non-local * Crop
© Hybrid Task RCNN Hourglass KeyPoint  Color Distort
© PS5-Det CBNet o DarkPose * Random Erasing
o RetinaNet GCNet . Mixup
o YOLOv3 DarkNet FZNBiFPN *  AugmentHSV
© YOLOv4 CSPDarkNet S A * Mosaic
° PP-VOLOVWZ VGG i s Cutmix
© PP-YOLO-Tiny MobileNetv1/v3 * Grid Mask
© ACFPN
o PP-YOLOE GhostNet * Auto Augment
© YOLOX Efficientnet Loss e Random
o SSD BlazeNet @ Smooth-L1 Perspective
o CornerNet- © GloU/DloU/CloU
Squeeze o |oUAware
S Post-processing
© TTFNet o SoftNMS
© PP-PicoDet o MatrixNMS
o DETR
o Deformable DETR Speed o
© Swin Transformer . FPls_tramm_g
o Sparse RCNN ° ?:a“i:i';‘:acm"e
* Instance
Segmentation
o Mask RCNN
o SOLOvZ2
* Face Detection
© FaceBoxes
o BlazeFace
o BlazeFace-NAS
* Multi-Object-Tracking
© JDE
© FairMOT
o DeepSORT
= KeyPoint-Detection
© HRNet
o HigherHRNet

3-1-8 PaddleDetection 28 4
RCNN.— M B YOLO %3 DL M 5T Transformer B H KM A DETR, Swin Transformer
S5 [) IS ] AR 0 T AT XSS R R R T R 14 2 R 3 B AN [) A R I i I 2% R 2 4 O /N H bR 2
SR 45 v B ) HRN et , X 1 5 555K 458 25 B 5 B MobileNet 45) . B b =2 4, 18 7] AR 4 52 B
1) 5 2R BEBF A [R] B B 18 5 Oy 4
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T2 ffi ] PaddleDetection #F47 H 45 &  2Z Rif , F A1 7 6 2 F 3% PaddleDetection 7 IR 5
(AT LAGE 2o git F 28, W] DU R R 8005 0 R 46 60) L SR 5 %2 3% PaddleDetection T 75 25 (1 4
IF 9 P4 paddledet,

= Tk

git clone https://github. com/PaddlePaddle/PaddleDetection. git

it

lunzip — o /home/aistudio/data/datal13827/PaddleDetection — release— 2.2_tile.zip — d /home/

aistudio/work/

!pip install — r requirements. txt
! python setup. py install

U 3. BRI B WS IE

TEAL BRGS0 FER 2 e PR e FA TR AT LGB AL train, py TFIRUIZRM 4% . FEMIH] train, py O
BRRSCIN 2 00 265 14 A, AT 08 75 2 3 5 A A SR T AT AU Zrad A . i 3-1-9 B
I s TETC B SO T D kAR A S A R T SR A AN LR O 25 GBSO A B A L P AL 2 L
L Faster RCNN [ 26 H (14 2% 7 2 B0C B CREAE $2 BUR 26 L 190 28 R B2 FPN 9 2% 280 . RPN ]
WBRBCE ) LA  n] DU i - -eval SRR AU 2ol 72 e Bk 4 E R A

! python tools/train. py \
- ¢ /home/aistudio/work/faster rcnn_r50 fpn 2x.yml — eval

architecture: FasterRCNm # RPNHead # BBoxAssigner
::‘ :::‘:"tn’.‘:"’“ RPNHead: BBoxAssigner:
snapshot_iter: 2000 :;::“_’;;::::::"" # batch_size_per_im

log_iter: 10 batch_size_per_im: 512

sive_ dirs cutput aspect_ratios: [0.5, 1.9, 2.9] ¢ HEEE
pretrain weights: https://paddledet.b].beebos.com/model anchor_sizes: [[32], [64], [128], [256], [512]]
metric: €OCO strides: [4, 8, 16, 32, 64] bg_thresh: 8.5
® If set “true’, for traffic output json # rpn_target_assign ¢ mRAN
®save_prediction_only: true rpn_target_assign: fg_thresh: 8.5
save_prediction_only: false batch_size per_im: 256 o WML
weights: output/faster_rcnn_r5@_fpn_2x/model_final fg_fraction: 8.5 P
pum classes: 7 fg_fraction: 8.25
. " negative_overlap: 0.3 BEMIEE
snapshot_epoch: 1 positive_overlap: 0.7 L =
norm_type: sync_bn use_random: True use_random: True
1154 T3
PR # U Mproposal 80
train_proposal: # TwoF(CHead
worker_num: @ s ize: 0.9 TwoFCHead:
TrainDataset: N # TwoFCHead$§ {4 /2
lCoCoDataset pre_nms_top_n: 2000
image dir: train post_nms_top_n: 1008 out_channel: 1024
anno_path: annotations/instances_train.json topk_after_collect: True
dataset_dir: /home/aistudio/work/PaddleDetection-re # FAF T Mproposal I8N
data_fields: ['image’, 'gt bbox', 'gt_class’, "is ¢ test_proposal: # BBoxPostProcess
min_size: 0.0 -
FasterRCN: - 7 BBoxPostProcess:
nms_thresh: 8.7
backbone: Reset e e & RB
neck: FPN pre.yms._top.n decode: RCNNBox

oot heed ad post_nms_top_n: 1808

& nms
bbox_head: BBoxMead
# post process # BBoxHead s
bbox_post_process: BBoxPostProcess BBoxtiead: ¢ 18 FAMultiClasshNMs
# TuwoFCHead as BBoxHead name: MultiClassNMS
Ha;:;fr . :nd; T\:ﬁ(!‘kn keep_top_k: 180
th: 5 roi align 1
norm_type: bn rol_extractor: score_threshold: ©.05

freere_at: 2 resolution: 7 nms_threshold: 8.5
return_idx: [e,1,2,3] sampling ratio: @

num_stages: 4 aligneﬂ:—‘rru!

# bbox_assigner

bbox_assigner: BBoxAssigner

FPN:
out_channel: 256

3-1-9 EBEXH

YNGR TT i 5 23 Bt VI 2R 9 HEAT L i i 2 AR 48 80 bateh ALY L % 2] % Faster RCNN
P2 o RPN 28 0TI 190 2% #1973 26 | [l 01463 2% o DL R A 2k 25 ] 3-1-10 i
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[06/06 22:16:31] ppdet.engine INFO: Epoch: [0] [ 10/2389) learning_rate: 0.000347 loss_rpn_cls: 0.68%84% loss_rpn_reg: 0.113589 loss bbox c
1s: 0.264905 loss_bbox_reg: 0.000366 loss: 1.077134 eta: 3 days, 1:12:20 batch_cost: 5.7971 data_cost: 4.3453 ips: 0.3450 images/s
[06/06 22:17:25] ppdet.engine INFO: Epoch: [0] [ 20/2389] learning_rate: 0.000360 loss_rpn_cls: 0.584538 loss_rpn_reg: 0.095285 loss_bbox_c

ls: 0.084861 loss bbox_reg: 0.00055% loss: 0.764139 eta: 3 days, 0:06:37 barch cost: 5.3459 data cost: 3.8599% ips: 0.3741 images/s

B 3-1-10 i REPHEABIsmEER

N ZR5E R T LAE S AT eval. py JTJR SRR AL, 55 11 2RI AH DL, 0 75 22 45 2 A1 A0 1 7
BESCPE BRI Z A 7 245 5 U Gk B B AT B A SO

! python tools/eval. py \
— ¢ /home/aistudio/work/faster rcnn r50 fpn 2x.yml — o weights =
output/faster rcnn r50 fpn 2x/best model.pdparams

AT LU 3 AT infer. py FIUIZR G (BB HEAT BN . £k B L 7 B2 45 58 MY A I 5
I 25 B ASUER 0T T 000 ) PR e A

! python — u tools/infer. py \
- ¢ /home/aistudio/work/faster rcnn r50 fpn 2x.yml \
—— output_dir = infer_ output/ \
—— save_txt = True \
— o weights =
output/faster rcnn r50 fpn 2x/best model.pdparams \
—— infer img= /home/aistudio/work/235 7 t20201127123214965 CAM2. jpg

K UM 5 1) 11 R Jm A T RS AT LA B 18] 3-1-11 ARG 45 2R

B 3-1-11 &g R =6

3.2 SEEZ. EF YOLOV3/PP-YOLO #HEIE RN
(—KrEz B st

AT YOLOVS F1 PP-YOLO kS8 B iR i),

R-CNN Z 51 803 75 B 0 777 A i 1 [X sk P 0 4 ke X sl e £ 43 28 R A7 B 1) T30 5k 2K 5
AR AP B B HARK B . 3 JLAR AR 200090 N L AHARH 1 — 2R 91 — B B iy e 0 355 7%
B DN EIG R T5000 A, DT P B A6 1 DB I A o AR
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Joseph Redmon 85 ATE 2015 4E$2 4 YOLO(You Only Look Once) 83k, iZ 5 1 %
BEFR YOLOVL; 2016 4F A Ai T3 B ik s A7 eloik . L8 YOLOV2 WA s 2018 4F AL &
JEi YOLOV3 A, YOLO3 %M T Darknet-53 (450 (54 53 MERE) , Tk %
TER 2 WL I A T — S0 R 2 (IR B T B R 4, R TE = A AN TR RUEE B HEAT TR,

PP-YOLO & PaddleDetecion H13£F YOLOV3 # B i BF A4k 19 92 Sz 2% L 3 i L A
T A A A A s B R AT RE MR B YOLOVS #5580 1) RS B L B & fE COCO test-
dev2017 95 4 F K5 A B 45, 9%, B K V100 T 5 B ok 72, 9FPS, [ 3-2-1 J& PP-
YOLO #ERFNY B SOTA B HARKE M B EAE COCO test-dev K 5 945 FE I V100 - i

' 4

YOLOvV3+ASFF*

\ 1
.\ RFB
|

1020 30 40 50 60 70 80 90 160 110 120 130 140
FPS(V100)

3-2-1 MKMEITLE

R B XT
50
sl PP-YOLO{0urs)
48 b YOLOVS
| - il [:flicientDet
46+ Efﬁcmr}tDct ' I PP-YOLO(ours) ___ == YOLOV3*ASFF*
S I-..\K o RFB
o .
‘é 44 \ = - == RctinaMNet
=~
5 42 +—RetinaNet N
¥
i NYOLOVAN
o il
=]
[ @]
»
=

ld
(=}

el
-

e
[S¥]

3.2.1 EF YOLOV3 #HEIWEREN

CazEhts

st voon Y TR 1 AU AL Bl B 4 55 8ol B &

R RS BOR A T LSORL K A F S 09 ARl 0 35T H FRE ) AT s
I PR 3-2-2 s B R A AN TR Rl S B L, AR
TR S A AR A0 2 A DU Y P15 p B R R AL O X O
ITR9ZE 5], B % 7] LL7E Alstudio ¥ F #: https://

aistudio. baidu. com/aistudio/datasetdetail /19638,
. e OB A 0 T 2183 KT 1% JEoh 1 4 8 1693
‘ & gk e R4 245 5K, WK 4R 245 5K, 40 Boerner,
& Leconte, Linnaeus, acuminatus, armandi, coleoptera
GMEA, BREMXWE 3-2-3 i, /0284 train,
val Fl test =ANSCAEIE, B SO AR AR T S

L Oy AEREAE annotations Al images T .

3-2-2  HIEEEGRE BB EE R TS5 PASCAL VOC Bl 4 M H
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insects

|---train

| | ---annotations

| | |-=-xmls

| | | ===100.xm1

| | |===101.xm1

| | === v

| |

| | ---images

| |=--100. jpeg

| |---101.jpeg

| ==

|

|===val

| | ---annotations

| | |===xmls

| | | ===1221.xm1

| | | ===1277 . xm1

| | ==

| |

| | ---images

| |=--1221.3peg

| |===1277.3peg

| J===..

|

|===tast

| ---images

|=---1833.3peg
|=--1838.jpeg

3-2-3 HIE&ESEW

EIE

B trie

B XML bRyEAZ L WA 3-2-4 iR, filename B2 % R0 0 E EUR B PR s size fp Xt Fid
S RS T8 L RN S Y38 T 5L A object ARZE X I0 S 09 & B T B B RS2 )

1 <annotation»
2 <folder>T & ¥ </ folder>
3 <filename>581. jpege/filename>
4 <path>/home/ sxy/ CHIEE R /B T/ 08 7/ 6 B F/581. jpeg</path>
5 <SOUrce?
6 <database>Unknown</database>
7 </ sources
8 <sizer
9 <width>1274</width>
18 <height>1274¢/height>
11 <depth>3</depth>
12 </size»
13 <segmented>@</segmented>
14 <object»
15 <name>Boernerd/names
16 <poseruUnspecified</pose>
17 <truncated>@</truncated>
18 <difficult>@c/difficult>
19 <bndbox>
20 <xmin>812</xmin>
21 <ymin>S66</ymin>
22 <XMAX>B66< [ xmax>
23 <ymax>694<[ymax>
24 </bndbox>
25 <fobject>
26 <object»
27 <name>Leconte</name>
28 <poserUnspecified</pose>
29 <truncated>e</truncated>
38 <difficultsac/difficults>
31 <bndbox:>
32 <xmin>632</xmin>
33 <ymin>a15</ymin>
34 <XmMax>753<, xmax>
35 <ymax>523¢[ymax>
36 </bndbox>
37 <fobject>
| 38 </annotation>

3-2-4 FRiEXH
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M5B . P name $RAEXTF R HARSE B9 5] . bndbox 528 X ]I 10 5% (19 H AR 52 Bl 4 T2
HERY 75 LA R T fA AR A

U 2. BodnmEk

(1) s e,

FEA YR SZ B FRATT 75 B3 5 4 5 AR RS N xml SO 4R BRObR VM5 B, B G, WAt get
annotations BB xml HFIFR (S B, I 3R 8] — A B4 b B H bR S 061 00 28 0 R B (e y s
wah) L FEX B ATT 2 Element Tree K A#AT xml #5289 SCHE R ICENZ I 45 B L 56 L = L

SRR 8

def get_annotations(cname2cid, datadir):
filenames = os.listdir(os.path. join(datadir, 'annotations', 'xmls'))
records = []
ct =0
for fname in filenames:
fid = fname.split('.')[0]
fpath = os.path. join(datadir, 'annotations', 'xmls', fname)
img file = os.path. join(datadir, 'images', fid + '.jpeg')
tree = ET.parse(fpath)
if tree.find('id') is None:
im id = np.array([ct])
else:
im id = np.array([int(tree. find('id').text)])
objs = tree.findall('object')
im w = float(tree.find('size').find('width'). text)
im h = float(tree.find('size').find( 'height'). text)
gt_bbox = np. zeros((len(objs), 4), dtype = np. float32)
gt _class = np.zeros((len(objs), ), dtype = np. int32)
is _crowd = np.zeros((len(objs), ), dtype = np. int32)
difficult = np.zeros((len(objs), ), dtype = np. int32)

i 1ok 3 D5 BT A Y object ARZE X MU B R b A5 B AR IS0 B AR T I B0 454> 52 1
e — A R T R R A ) E AR S IR [ — S S 81 5%

for i, obj in enumerate(objs):
cname = obj.find( 'name').text
gt _class[i] = cname2cid[cname]
_difficult = int(obj.find('difficult'). text)
x1 = float(obj.find( 'bndbox"). find( 'xmin') text

( )
yl = float(obj.find( 'bndbox'). find('ymin'). text)
x2 = float(obj.find( 'bndbox"). flnd( xmax) text)
y2 = float(obj.find( 'bndbox'). find( 'ymax').text)
x1 = max(0, x1)
yl = max(0, yl)
x2 = min(im w — 1, x2)
y2 = min(im h - 1, y2)

£ X A xywh #8 2k F R HAR Y IR 5 IE

gt bbox[i] = [(x1+x2)/2.0, (yl1+y2)/2.0, x2—x1+1., y2—-yl+1.]
is crowd[i] = 0

difficult[i] = difficult
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voc_rec = {
'im_file': img_file,
'im_id': im_id,
'h': im_h,

Voot

w': im w,
'is_crowd': is_crowd,

'gt class': gt _class,
'gt_bbox': gt_bbox,
'gt_poly': [],
'difficult': difficult
}

if len(objs) !'= 0:

records. append(voc_rec)

G 1) 28 I e ) ok B e, e (] B o A TR L B B R T AE A0 AR 2 51 PR 5 5 5 get
img_data_from_fileO) PREL, i FH cv2. imread O bR B0 2% K14, 385 B R 5261 1Y A bR 1k
ARRTEL 5 2630 0] AR [ L AR 0 DR/ A K PRI b BT A E A 552 49107 1 /0 28001

def get img data from file(record) :

im file = record['im file']
h = record[ 'h']

w = record[ 'w']

is crowd = record['is crowd']

gt_class = record[ 'gt_class']

gt _bbox = record[ 'gt bbox']

difficult = record['difficult']

img = cv2. imread(im_file)

img = cv2.cvtColor(img, cv2.COLOR BGR2RGB)

# check if h and w in record equals that read from img

assert img. shape[0] == int(h)

assert img. shape[1] == int(w)

gt _boxes, gt labels = get bbox(gt bbox, gt class)

# gt_bbox HAHXI A

gt_boxes[:, 0] = gt _boxes[:, 0] / float(w)

gt _boxes[:, 1] = gt boxes[:, 1] / float(h)
[:, 2] / float(w)

3] / float(h)
return img, gt boxes, gt labels, (h, w)

X T — B AR A 55 R B — B IR B AETE A 2 B AR I Gl i KR B i B AR B H
FEAN N RE ) o IR T ik (W 5 PR 10 A 556 491 90 3 B 88 (L A o o7 8 D 401, I JE D 4 X
FIRBCHD o DRI A i A 4% 2 i o 28 48— P A AR A B T B 38 i get_bbox K H Fr 4
FEHE AR A B E R 50, % T 2 G BER B E 7 0 #h5F .

def get_bbox(gt_bbox, gt class):
MAX_NUM = 50
gt _bbox2 = np.zeros((MAX NUM, 4))
gt_class2 = np. zeros((MAX_NUV, ))
for i in range(len(gt_bbox)) :
gt_bbox2[1i, :] = gt_bbox[i, :]
gt class2[i] = gt class[i]
if i>= MAX_NUM:

’

gt _boxes[:, 2] = gt boxes
gt _boxes[:, 3] = gt boxes|[:,
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break
return gt bbox2, gt class2

(2) Hdfa wikk B

TEIN R Z 11 o 38 5 23008 UG A — Se BE LB 22 4L 7 A AR UE U S8 A TRl i AR AR . 2
FAE R RN G B 45, il i 40045, 42 TH B 2 1 2 AL BE g 7 A DA 55 vh o TG O 0k &2
A LUT LR,

WAL R A 5 S GF B R . O 280 KR 0 i A — Y P BB ek A PR Y 5
Xof L BE FI € B 1

def random_distort(img) :
& BEHL Y AL
def random_brlghtness( img, lower =0.5, upper =1.5):
e = np.randon. uniform(lower, upper)
return ImageEnhance. Brightness(ing). enhance(e)
# FEALCE XS LB
def random contrast(img, lower =0.5, upper =1.5):
e = np.randon. uniform(lower, upper)
return ImageEnhance. Contrast(img). enhance(e)
£ BEALEBCE B
def random color(img, lower =0.5, upper =1.5):
e = np.randon. uniform(lower, upper)
return ImageEnhance. Color(img). enhance(e)
ops = [random_brightness, random contrast, random_color]
np. random. shuffle(ops)
img = Image.fromarray(img)
img = ops[O] (img)
ing = ops 1](img)
img = ops[2](img)
img = np. asarray( img)

return img

BEALICTE Bk U BRI s LA — % 9 E 3 A P 5 5 A 8 i — % 31 L 1A 1 B AL i A
B 5 T A 2 s BTS2 B R A /DN o R M s R 7 i R (] 3-2-5 Fras) .

def random_expand(img, gtboxes, max ratio=4.,fill = None, keep ratio = True, thresh=0.5):
if random. random() > thresh:
return img, gtboxes
if max ratio < 1.0:
return img, gtboxes
h, w, ¢ = img. shape
ratio x = random.uniform(l, max_ratio)
if keep_ratio:

ratio y = ratio x
else:
ratio y = random.uniform(1l, max ratio)

oh = int(h * ratio y)

ow = int(w * ratio x)

off x = random.randint(0, ow — w)
off y = random.randint(0, oh — h)
out_img = np.zeros((oh, ow, c))
if fill and len(fill) == c:
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for i in range(c):
out J.mg[ :, 1] = fill[4i] % 255.0

out_img[off y:off y + h, off x:0ff x + w, :] = img
gtboxes| :, 0] = ((gtboxes[:, 0] * w) + off x) / float(ow)
gtboxes[:, 1] = ((gtboxes[:, 1] * h) + off y) / float(oh)
gtboxes[:, 2] = gtboxes[:, 2] / ratio_x

gtboxes[:, 3] = gtboxes[:, 3] / ratio_y

return out_img. astype('uint8'), gtboxes

Enhance Image

Src Image

3-2-5 MEHEFRDR

BEALER B« xf BRHEAT BEHIL A 05T, (H 55 B0 B A0 2 , 3007 2 BUR MR 9 RN, I e bs
A A

def box_crop(boxes, labels, crop, img shape):
x, y, w, h = map(float, crop)
im w, im_h = map(float, img_shape)
boxes = boxes. copy()

boxes[:, 0], boxes[:, 2] = (boxes[:, 0] — boxes[ 1/2) % im w, (boxes[:, 0] + boxes[:, 2] /
2) * im_wboxes[:, 1], boxes[:, 3] = (boxes|:, l] — boxes| ]1/2) % im_h, (boxes[:, 1] +
boxes[:, 3] / 2) * im_hcrop box = np.array([x, y, x + w, v + h])
centers = (boxes[:, :2] + boxes[:, 2:]) /2.0
mask = np. logicaliand(cropibox[ :2] <= centers, centers <= crop box[2:]).all(axis=1)
boxes 2] = np.maximum(boxes[:, :2], crop box[:2])
boxes[ 2:] = np.minimum(boxes[:, 2:], crop box[2:])
boxes[:, :2] —= crop_box[ :2]
boxes[:, 2:] —= crop_box[ :2]

mask = np.logical and(mask, (boxes[:, :2] < boxes[:, 2:]).all(axis=1))

boxes = boxes * np.expand dims(mask.astype('float32'), axis=1)

labels = labels * mask.astype('float32')

boxes[:, 0], boxes[:, 2] = (boxes[:, 0] + boxes|:, ]) / 2/ w, ( boxes[:, 2] — boxes[:, 0]) /

w boxes[ :, 1], boxes[:, 3] = (boxes[:, 1] + boxes[ y/2/h, (boxes[:, 3] — boxes[:, 1]) /
h return boxes, labels, mask. sum()

BEALA . X BB RN BE AT IR B o DR O s 3 2 5 480 TR0 A5 v AR 0T A2 s o7 B A9 5
PRI 457 TR 2 ) A T 3 SR T

def random interp(img, size, interp = None):
interp method = [
cv2. INTER NEAREST,
cv2. INTER LINEAR,
cv2. INTER_AREA,
cv2. INTER CUBIC,
cv2. INTER_LANCZ0S4,
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if not interp or interp not in interp method:

interp = interp method[random. randint(0, len(interp method) - 1)]
h, w, _ = img. shape
im_scale x = size / float(w)

im scale y = size / float(h)
img = cv2.resize(
img, None, None, fx= im scale x, fy= im scale_y, interpolation = interp)

return img
BEAL BN « X 1 15 e v o TR X S8 2 AL 98 s 0 2 00 K

def random flip(img, gtboxes, thresh=0.5):
if random. random( ) > thresh:
img = img[:, :: -1, :]
gtboxes[:, 0] = 1.0 — gtboxes[:, 0]
return img, gtboxes

BEDLAT ALAR EAE R HESNIDU 5 08 R A AE — D 2= 24 B As 526, 45 Ul 2t BEALAT
L 33k 2 S 9] A 32 F) Y
def shuffle gtbox(gtbox, gtlabel):
gt = np.concatenate([gtbox, gtlabel[:, np.newaxis]], axis=1)
idx = np.arange(gt. shape[0])
np. random. shuffle(idx)
gt = gt[idx, :]
return gt[:, :4], gt[:, 4]
P RO ) b R v FRATT S H U 2R AT 1 3R A 8Os 3 5 0 vk, DL AR AR 1 Z R
o 3 A A R A I 8% 1 B A A S A T
def image augment(img, gtboxes, gtlabels, size, means = None) :

& BEAL R S I X Ll RE ST A

img = random_distort(img)

# BEMLEORE

img, gtboxes = random_expand(img, gtboxes, fill = means)
# HEHLE Y

img, gtboxes, gtlabels, = random crop(img, gtboxes, gtlabels)

# BEHLAE L

img = random_interp(img, size)

= B KL EHRE

img, gtboxes = random flip(img, gtboxes)

£ BEALFT L 2 S HE HES) T

gtboxes, gtlabels = shuffle gtbox(gtboxes, gtlabels)

return ing. astype( 'float32'), gtboxes.astype('float32'), gtlabels. astype('int32"')

BTk FATIE L get_img_data k6 I8 T i A oK KR, 2 BUBCHE RO B2 B SGIE I get
img_data_from_file SZHUEME bR iE ARG R, Z J5# i image_augment X B #E 17
BRI B m PRSI B AR AT I — AL IR e NLH . W, CIEER[C. H, W1,

def get img data(record, size = 640):

img, gt_boxes, gt_labels, scales = get_img_data_ from file(record)
img, gt boxes, gt labels = image augment(img, gt boxes, gt labels, size)

mean = [0.485, 0.456, 0.406]
std = [0.229, 0.224, 0.225]
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mean = np.array(mean).reshape((1, 1, - 1))

std = np.array(std).reshape((1, 1, —1))

img = (img / 255.0 — mean) / std

img. astype('float32'). transpose((2, 0, 1))
return img, gt_boxes, gt_labels, scales

img

B Arie

Ba, mfEnEnRsE—42 W EREEN—E, 8 LIS TrainDataset, 7F
initO) PRELCH . FRAT138 3T get_annotations AR I A EE A9 A5 {3 ARG T 72 14 545 5 7E getitem O

R T get img data 3 [P EME FIAR I,

class TrainDataset(paddle. io. Dataset) :

def  init (self, datadir, mode = 'train'):
self.datadir = datadir
cname2cid = get insect names()
self.records = get annotations(cname2cid, datadir)
self. img size = 640 # get img size(mode)

def  getitem (self, idx):
record = self.records[idx]

# print("print: ", record)

img, gt _bbox, gt labels, im shape = get img data(record, size = self.img size)

return img, gt bbox, gt labels, np.array(im_shape)

L0 3. #54 YOLOV3 4%
BN BRSSP E B AP O,

paddle. nn. functional. leaky relu(x,
negative slope =0.01,

name = None) :

ZAE O T leaky_relu BELIE 2 .
e x(Tensor): i A Tensor, B#EZT K float32 . float64,
e negative_slope(float, 1] 1) : x<<0 &R, ERINE N 0. 01,
* name(str, AJ %) : BAEA L FR AT, BINE A None)

paddle. add(x,y, name = None) : 1% 3% [T JEXTLEMME F. A x S A y BIxE M, it

K 25 A7 B B0 i HH G R AR A7 B [ 25 21

* x(Tensor): #ij A Tensor, BHEZE RN float32.float64.int32.int64,
e y(Tensor): i A Tensor, i 2R H float32.float64.int32.int64,

* name(str, A 3#%) . BAERZFR (AT 3% . BRIAE A None)

paddle. vision. ops. yolo loss(x,
gt_box,
gt_label,
anchors,
anchor_mask,
class_num,
ignore_ thresh,
downsample_ratio,
gt score = None,
use_label smooth = True,
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name = None,

scale x y=1.0):

12 B 2o 2 E B TN 45 SRR ECSEAE T YOLOVS ik

x(Tensor) : YOLOVS fit iz 5 iy A skt . X2 —MER NN .C. H W U 4
Tensor, H FI W Nz AHIA 25 Z 4k (OO A0 HE B 7 #1782 . L) B> anchor box HY
BAZES M1 one-hot /02K . BB IE AN float32 1% float64,

gt_box(Tensor) : BESEZHE, WiZZ[N,.B 4B, F =4 HRKE 2.y w. b H
Fox.y BESHEA DR w. b BEMNSEEMEE, H x.y.w. b B AR
AR 4 B0, 1] X [ . N & batch size, B 2 KR o BT & 4 M A B £ 1) box
BH . BdEZA R float32 ¢ floatb4,

gt _label(Tensor) : EEHERZE id, WiZE NIN,B]., EHEZEB N int32,
anchors(list| tuple) : #8 & anchor HE ¥ T & A1 = B B B X A7 fi Ay .
anchor_mask(list| tuple) : 4/ YOLOV3 #2315 i F§ anchor 1Y mask &5,
class_num(int) . ZE T A 25058,

ignore_thresh(float) . — % 4cF T~ 2 W& HEHE B 15 B 51 2% 1) 200 31
downsample_ratio(int) : MZHI A YOLOV3 loss 11 T RAEZ, P — 55
55 = loss MU REEZ N 7090 32.16,8.

gt_score(Tensor): HLHEMIREGE.ENIN,B], BRIk KN None, IR K
float32 uf float64,

use_label_smooth(bool) : JE& I FH 452, BRINA True,

name(str, 1] 1) ; $#5:4FE 1% FR (AT 2, BRINE N None) .

scale_x_y(float, AT &) 45 Al i i i FAE (9 vt . BB R 1. 0,

(1) YOLOV3 FrZ 4 .
ToU J& H AR A I i<k 72 op 5 F B bR o T S e P A HE Z 18] 9 52 9 He . PR L 7E R 47 X 4%
FEHEZ AT, B XH T A ToU (R %L box_iou_xywh,

def box iou xywh(boxl, box2):

xlmin, ylmin = box1[0] — box1[2]/2.0, boxl1[1] — box1[3]/2.0
xlmax, ylmax = box1[0] + box1[2]/2.0, box1[1] + box1[3]/2.0
sl = box1[2] * box1[3]

[0] — box2[2]/2.0, box2[1] — box2[3]/2.0
box2[3]/2.0

x2min, y2min = box2
x2max, y2max = box2[0] + box2[2]/2.0, box2[1]
s2 = box2[2] * box2[3]

xmin = np.maximum(xlmin, x2min

+

)
ymin = np.maximum(ylmin, y2min)
xmax = np.minimum(xlmax, x2max)

ymax = np.ninimum(ylmax, y2max)
inter h = np.maximum(ymax — ymin, 0.)
inter w = np.maximum(xmax — xmin, 0.)
intersection = inter h * inter_w
union = sl + s2 — intersection

iou = intersection / union

return iou
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YOLOV3 FEYI 25 1) 3k B v 1 S 5 B2 7= A S HE , MR 08 A v Xt i I HE 4 FL AR 28 . B — 4>
objectness FRTENR 1 MHSHE . 2347 — A~ B S A Ak T HE B 1 % 0, 2 Bl M T Ja ) 4k 28 31) O L T
Xif 7 4 B SEHE D 2 B AR 26 ). 3 B ] one-hot [] 8 3k R IR label, ol —3tA
10 A3 T LS A A T HE L TR 40 25 (0 AR S 01 56 2 2%, T label 4 €0,1,0,0,0,0,0,0,0,0),
HAA R R 3-2-6 FiR .

(LT R
FLIHERT R e
—={ FHHE 5 55 ELSE o U objectness=1
IS
HSHE Sk

. objectness!=1, {H Fiiill {E o JCA b

S eiticss 5 54 EUSERETU A T I ofjoctcas=-1 (BRI
. objectness!=1, . . JEAbRTE

&& objectness!=—1 objectness=0 {5

3-2-6 RESEILRE

(2) YOLOV3 FAE 42 1R 24 ,

YOLOV3 3 i AR5 A 42 BRI 45 J& Darknet53, Darknet53 #£ ImageNet R 52
1145 L HUAS T ARG 18 B 45T, I 445 1) LR 285 ¥ G ] 3-2-7 T . e IUAT 45w K I R Co 1
f 7 283 Ak L 42 3% 4 2R Softmax ZE 45t £/ B M A E CO 723 14 199 25 25 48y AR Ay A6 0 A5 2 Y
BER P25 254 AW AR O B T2 . YOLOVS3 AR 2 70 1 I 2% (4 S Al b, 7595 I &G I A OC
f14 Do £ A e

K2 DarkNet53 (#0258 2R B 2 . I TRATT R T T RSBk i e 0. Bk 3t
AL H— 1L 289 F LR ConvBNLayer O BB, B H— 2 BB A—Z2# 5 — 1L )2 H B, R
Pt A AT LA 2 A leaky_relu 1 AT pREK .

class ConvBNLayer(paddle. nn. Layer) :
def  init (self, ch_in, ch_out,
kernel size=3, stride=1, groups=1,
padding =0, act = "leaky"):
super (ConvBNLayer, self). init ()

self.conv = paddle.nn.Conv2D(
in channels =ch in,
out channels =ch out,
kernel_size = kernel_size,
stride = stride,
padding = padding,
groups = groups,
weight attr = paddle.ParamAttr(
initializer = paddle.nn. initializer. Normal(0., 0.02)),
bias_attr = False)
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self. batch norm = paddle.nn.BatchNorm2D(
num_features = ch_out,
weight attr = paddle.ParamAttr(
initializer = paddle.nn. initializer. Normal(0.,0.02),
regularizer = paddle. regularizer. L2Decay(0. ) ),
bias_attr = paddle. ParamAttr(
initializer = paddle.nn. initializer. Constant(0.0),
regularizer = paddle. regularizer. L2Decay(0. )))
self.act = act
def forward(self, inputs):
out = self.conv(inputs)
out = self.batch norm(out)
if self.act == 'leaky':
out = F.leaky relu(x = out, negative slope=0.1)
return out

DarkNet53 [(] 265 Fa 2]

Softmax 1000
PR 1000
EHyibir 1024 B TH L 1X1
% 8x8 co
o 1= 1024 3X3
2223 B
1= 512 1x1
M 1024 3X3/2 §x8
% 16X 16 Cl
B EH 512 3%3
Fbh | BV
E | 256 1%1
M 512 3X32 16X 16
% 32X32 c2
.8>f &M 256 3%3
W ER
& 128 1X1
= 256 3X32 3232
I 64 X 64
2% s
b 128 3%3
g | €
R 64 11
el 128 3X32 64 X 64
ek 128 %128
1% e
=R 64 33
k| O
| 32 1X1
AR 64 3X32 128X 128
el 32 3X%3 256256

G317 I LR GRE HBEEE A
3-2-7 Darknet53 [ %% 4544

DownSample JJE7E [ 25 i T F RAE BB 7E DarkNet53 H R SRR 2 K0 2
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03 FRZ S BRG] LA S SRR AIE 0 S0l A

class DownSample(paddle. nn. Layer) :
Z FRAE, R RSP, BARSE Ty 2] stirde = 2 (R
def  init (self,

ch in,

ch_out,

kernel size =3,

stride = 2,

padding=1):
super (DownSample, self). init ()
self.conv_bn layer = ConvBNLayer (

ch in=ch in,
ch out =ch_out,
kernel size =kernel size,
stride = stride,
padding = padding)
self.ch out = ch out
def forward(self, inputs):
out = self.conv _bn layer(inputs)
return out

1€ DarkNet53 #,5] AT ResNet Bk B % £ 00 B3 5% 22 254, i 13 BasicBlock 285
X DarkNet53 PR FEARFL 2258, S TFRA x, 23R ER T -k w)E, 8
paddle. add 5 5 4H B4 A x AHA .

class BasicBlock(paddle. nn. Layer) :
def  init (self, ch_in, ch out):
super(BasicBlock, self). init ()
self.convl = ConvBNLayer (
ch_in=ch in,
ch out =ch out,
kernel_size=1,
stride=1,
padding = 0
)
self.conv2 = ConvBNLayer (
ch in=ch out,
ch out =ch out * 2,
kernel size=3,
stride=1,
padding =1
)
def forward(self, inputs):
convl = self.convl(inputs)
conv2 = self.conv2(convl)
out = paddle.add(x = inputs, y= conv2)
return out

LayerWarp 25 L) BasicBlock 34l , 4H & £ 1% 22 458, # 1%, Darknet53 B 2% i) — 4>
ZE%.

class LayerWarp(paddle. nn. Layer) :

def  init (self, ch_in, ch out, count, is_test = True):
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super(LayerWarp, self). init ()

self. basicblock0 = BasicBlock(ch in,
ch out)

self.res out list = []

for i in range(1, count):
res_out = self.add sublayer("basic_block_ %d" % (i), # {#i/f add_sublayer T2
BasicBlock(ch out * 2,
ch_out))
self.res out list.append(res out)
def forward(self, inputs) :
y = self.basicblockO(inputs)
for basic _block i in self.res out list:
y = basic block i(y)
return y

BETT 8 FH 44 3 0 45 B 45 A F AR B 32T Sfe it 22 3 5 1 S AR Bk 35 Al DarkNet53 , #4) 4
YOLOV3 BERAF SR M 2%, BAAH R4 3-2-7 B4 45 F 7R 2 L 1 Se i it ConvBNLayer 52
W — N EBFRZ, B8 T DownSample SEEUSE BT K kE

% DarkNet %52 5% 22 e /1~ 48, >k H DarkNet iy 0 £% 45 14 [&]
DarkNet cfg = {53: ([1, 2, 8, 8, 4])}
class DarkNet53 conv_body(paddle. nn. Layer) :
def  init (self):
super(DarkNet53_conv_body, self). init ()
self. stages = DarkNet cfg[53]
self. stages = self.stages[0:5]
# H-EEH
self.conv0 = ConvBNLayer(
ch_in=3,
ch out =32,
kernel size =3,
stride=1,
padding =1)
# TOREE, A stride=2 Y HFUE LM
self. downsample0 = DownSample(
ch in=32,
ch out=32 % 2)

F2 T Kl 08 P 8 LayerWarp S2ELIE 3-2-7 i1 Hy AN [R] 503k 7k 22 25 4 21 B i) 45 7R
BT (HEZE N B8 43 » B A 55T 22 8] 58 5 DownSample CGiif 4 20 K 19 45 B 52 90 4FR1E 18] 1Y
TORAE L [R]IEE RE TE ) 26 45 4 B T B A CO,L CLL C2 AR TR A S ik [ {E

= WM AR S
self. darknet53 conv block list = []
self. downsample list = []
for i, stage in enumerate(self. stages):
conv_block = self.add sublayer(
"stage $d" % (i),
LayerWarp(32 % (2% % (1+1)),
32% (2% x1),
stage))
self. darknet53 conv block list.append(conv block)
£ A2 Y2 [0 {# ] DownSample g R~ i
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for i in range(len(self.stages) — 1):
downsample = self.add sublayer(
"stage % d_downsample" % 1,
DownSample(ch in=32% (2% % (1+1)),
ch out =32 (2% % (1+2))))
self. downsample list.append(downsample)
def forward(self, inputs):
out = self.conv0(inputs)
out = self.downsampleO (out)
blocks = []
for i, conv_block i in enumerate(self.darknet53 conv_block list):
FARUCHG A2 HAE T g AL
out = conv_block i(out)
blocks. append(out)
if i < len(self.stages) — 1:
out = self.downsample list[i](out)
return blocks[ —1: —4:-1] £ ¥ co, C1, C2 fE Fik [nl{H

(3) YOLOV3 Tl o 4 45 AiE £ Je

i) Darknet53 I FSRAEAR B0 RHAE . IR AN BE H 42 ] TR IO, 0 T2 &5t — RIIH
LRGSR, WL, id YOLODetectionBlock i — 2 2 BUREAE . YOLODetectionBlock Hi 6
A5 RN I — 0 178 245 4 20 8, [] Bsf 3 [ v ) D e S ) R AGE 1L

class YOLODetectionBlock(paddle. nn. Layer) :
def  init (self,ch_in,ch_out, is_test = True):
super(YOLODetectionBlock, self). init ()
self.conv0 = ConvBNLayer (
ch in=ch in,ch out=ch out,kernel size=1,stride =1, padding=0)
self.convl = ConvBNLayer (
ch in=ch_out,
ch out =ch out * 2,
kernel_size=3,
stride=1,
padding=1)
self.conv2 = ConvBNLayer (
ch in=ch out * 2,
ch_out = ch_out,
kernel size=1,
stride=1,
padding = 0)
self.conv3 = ConvBNLayer (
ch in=ch out,
ch out =ch out * 2,
kernel size=3,
stride=1,
padding = 1)
self. route = ConvBNLayer(
ch in=ch out * 2,
ch out =ch _out,
kernel size=1,
stride=1,
padding = 0)
self.tip = ConvBNLayer (
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ch_in=ch out,

ch out =ch out % 2,

kernel size=3,

stride=1,

padding = 1)

def forward(self, inputs):

out = self.conv0(inputs)
out = self.convl(out)
out = self.conv2(out)
out = self.conv3(out)
route = self.route(out)
tip = self.tip(route)
return route, tip

(4) YOLOV3 [ RFERRSY.
YOLOV3 $4E =) KRB A RRAE ] gE A7 W00, PR G 75 ZEAR 35 Darknet53 4 B 4
fIE A Upsample 2844 € BT B0 (9 24> RO /) FREAE 1]
class Upsample(paddle. nn. Layer) :
def  init (self, scale=2):

super(Upsample, self). init ()
self.scale = scale

def forward(self, inputs):
# get dynamic upsample output shape
shape nchw = paddle. shape(inputs)
shape hw = paddle. slice(shape nchw, axes=[0], starts=[2], ends=[4])
shape hw. stop gradient = True
in shape = paddle.cast(shape hw, dtype = 'int32')
out_shape = in shape * self.scale
out_shape. stop_gradient = True

# reisze by actual shape
out = paddle.nn. functional. interpolate(
x = inputs, scale factor = self. scale, mode = "NEAREST")

return out

(5) YOLOVS3 #&{k 4k #4

TESCH YOLOVS B2 ML Z 5 6 TR ZE X YOLOVS BRI SR 454, b 4
5 init . forward fl get loss,

1E init #B4y, il 1 DarkNet53  conv_body () 35 2 %5 1iF 42 BU W 4% DarkNet53, Jf- i i
YOLODetectionBlock Fl Upsample #4 & H] T 70 00 () = B ]UBE YRR AR . X5 T &l RUBE ¢
FEMEH K(C+H5 /M 1X 1 BRI, Hrp C 2N, K &84 R BRI R Ttk
A R S B

Hp M T S T A YOLOVS #1289 4% 1 paddle. vision. ops. yolo
_loss, YOLOV3 $it R A4 = A~ LI 40 EAE PR Btk ik, L1 ik
THEAR R (o k)[R sigmoid 28 U1 28 HI THEABAR (o s y)  H BRI 28 FI 20 240K

B HLHERAE T A anchor HH 4R B F PE B anchor, X% anchor [ FNKE 25 1F 55 4 &8
(ZFOFER HZEAVEE GT box(ground truth box, HAZHE) [ anchor [ HM H 2774 H
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PREESIIE . O T AU KHE (box) FI/IMIE (box) 22 [ f HE Ak A 5 2%, AE Al b 45 2 5 He B A
HASFe M4+

loss= (loss,, +-loss,, ) X weight, 4-loss ¢ 1 loss

class

YOLOVS loss Hf Y M &4 B AR NN .C.H . W, H MW RLZ A A RS E WA
Cgrid) K/, BEADRIAE ST S 371 FLHE (bounding boxes) » S 4 R JE H anchors # 11
NI E ., (4 (FERBEELERE )P, C WEN N S X (class_num—+5),class_num &
U5 K5 4 A B 0T 2 R 2 (AN coco R 80) L 3 AN L BR T AEE 4 A FAERL B ARKR 2y sw ks
AL HE 11 FHE DL Ko A anchor HE [ one-hot S8 5 1Y B A5 B4R 47 .

class YOLOV3(paddle. nn. Layer) :
def  init (self, num _classes=7):
super(YOLOV3, self). init ()
self.num_classes = num_classes
£ PRBUEMG R BB T
self.block = DarkNet53_conv_body()
self.block outputs = []
self.YOLO blocks = []
self. route blocks 2 = []
# AR 3 AR R FRER Po, P1, P2
for i in range(3):
£ ORI ci A ri A1 1 AY AR
YOLO _block = self.add_sublayer(
"YOLO detecton block %d" % (i),
YOLODetectionBlock (
ch in=512//(2% % i) %2 if i==0 else 512//(2 % % i) * 2 + 512//(2* * i),
ch out = 512//(2% *1i)))
self. YOLO blocks. append(YOLO block)
num_filters = 3 x (self.num classes + 5)
block out = self.add sublayer(
"block out %d" % (1),
paddle. nn. Conv2D(in_channels =512//(2 % % i) % 2,
out channels = num filters,
kernel_size=1,
stride=1,
padding = 0,
weight attr = paddle. ParamAttr(
initializer = paddle.nn. initializer.Normal(0., 0.02)),
bias attr = paddle.ParamAttr(
initializer = paddle.nn. initializer. Constant(0.0),
regularizer = paddle. regularizer. L2Decay(0.))))
self.block outputs.append(block_out)
if 1< 2:
# X ri T BEM
route = self.add sublayer("route2 %d" %1,
ConvBNLayer(ch_in=512//(2 % * i),
ch_out =256//(2% 1),
kernel size=1,
stride=1,
padding=0))
self.route blocks 2.append(route)
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# 8 rd HORDUME R ¢ (1 + 1 R RAE R R
self. upsample = Upsample()

1 forward O BRECT I E YOLOV3 W48 450 1 4% 2 22 6] 517 1) 4% 4% 1Y e 5 I

def forward(self, inputs):
outputs = []
blocks = self.block(inputs)
for i, block in enumerate(blocks) :
if 1> 0:
# H r_{(i-1}ZI B R ZJEHBIRHER, 53X — %0 ci BETPHE
block = paddle.concat([route, block], axis=1)
# O ci AR 1 Fl rd
route, tip = self.YOLO blocks[i](block)
£ M ti AR pd
block out = self.block outputs[i](tip)
£ 8 pi AT
outputs. append(block_out)
if 1<2:
£ OA) ri HEAT A PR UE R T A
route = self.route blocks 2[i](route)
£ X i TR, RS A e {1+ 1R FE—
route = self.upsample(route)
return outputs

i paddle. vision. ops. YOLO _loss 4 545 J¢ bR S, 2 A5 B8 7 3t 5 3 o m e

def get loss(self, outputs, gtbox, gtlabel, gtscore = None,

anchors = [10, 13, 16, 30, 33, 23, 30, 61, 62, 45, 59, 119, 116, 90, 156, 198, 373, 326],
anchor masks = [[6, 7, 8], [3, 4, 5], [0, 1, 2]],
ignore_thresh=0.7,
use label smooth = False):

self. losses = []

downsample = 32

for i, out in enumerate(outputs): # Xt =24 K 1 2k pR %L
anchor mask i = anchor masks[1i]
loss = paddle.vision. ops. YOLO loss(

x=out, # out 4 PO, P1, P2 f1J—1

gt_box = gtbox, TS AE A bR
gt_label = gtlabel, TS AE 2 1)

gt_score = gtscore, HAERS Sy, 8 mixup Yl Sk 15 0 7 2
BHE R SF, £ % [w0, hO, wl, hl, ..., w8, hg]ik
9 NHEHE 1 R ~F

{9 48 HE 1) mask

anchors = anchors,

anchor mask = anchor _mask_1i,

I 1 oS

class_num = self.num classes, e ekt
ignore thresh= ignore thresh, Y I HE 5 B S HE IoU > ignore thresh, BRI
objectness = -1

downsample ratio = downsample, £ RAE AR X T R I 46 /s A
use_label smooth = False) # {#i [ label smooth

self. losses. append(paddle. mean(loss)) # mean % 45 9K & F K il

downsample = downsample // 2 B N — G AE E Y 45 TR B4 v 2

return sum(self. losses) £ XN E YR

B0 4. Y4 YOLOV3 %%
Y i FE R 3-2-8 FIF 7, B A B R 28 3 5 A1 48 U 15 31 = A4S )2 20 09 By H R AE 1 PO
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o P oo o Rl T o e ot o R o b i el e s e S S 3
! Po || ATHRRS TR TR
' strlde 8 slr]dc 16 stride=32 1! 8X8 16X 16 32X32 e e
1 = | st AFLSEHE
i m. D D o |
1
Y O |
_________________ 4 L_________r__.______)
(tx, ty, th, tw, obj, cls) AT o ST bR

l

J2AER 7 A i e A
L‘]’!O Lo toctLpn objtLpo as
Loi=Lyi 1octLlpt otitLlpt as
L]:J_:Lp'.‘ Im+Lp2 ohj+Lp2 ds

l

S B Liorar=LpotLprtLipa

!

TFRFINES . minimize(Lgy,)

3—2—8 Y()L()\} 'LJ” gﬁ \ EE l}IL ZEE .

(stride=132) .P1(stride=16)F1 P2 (stride=8) , A5 W b 43 {5 F A [6] /N1 /)8 Jy B X e, 2= 2
JSEXF IV F1%) B HE R0 T HE , I % 3ok L6 i HE T A7 AR T

PO JZGURAAE I %t B A 32 X 32 R/ I /I T B 7 B A DS rp o 2R iR /N 43 5
[116.,90].[156,198].[373,326 ] =Fh4HE ,

P1 2GR X R 16X 16 KN/ T B, 76 B4 DX 0 AR R /43 51 R 030,
617.062,45].[59, 1199 =FhEHAE

P2 JZYURFAERL XA ] 8 X8 /NI /N T B, 78 B A4S Xl bt A= R /N 43 5 A 10,
13].[16,30].[33,23 A = FhEHAHE .

B = A2 G REAE P 55 0T 07 B HE 22 18] B4 A5 48 D IBE RS K , I 2 37 41 2K o BR . B 1 95 2K o B
BT = ARG R R BN . BN AR O eR S, BT AU A i 3 s 9 U e 7R

def train():
model = YOLOV3(num classes = NUM CLASSES) 4 {i] gt & 5l
learning rate = get_lr()
opt = paddle.optimizer. Momentum(
learning rate = learning_rate,
momentum = 0.9,
weight_decay = paddle. regularizer. L2Decay(0.0005),
parameters = model. parameters()) =l i
MAX EPOCH = 1
for epoch in range(MAX EPOCH) :
for i, data in enumerate(train loader()):
= data
gt_scores = np.ones(gt labels. shape).astype('float32')

img, gt_boxes, gt labels, img_scale

gt_scores = paddle.to tensor(gt_scores)
img = paddle. to_tensor(ing)

85



i ] O | OE ® B (D

gt_boxes = paddle.to_tensor(gt_boxes)
gt_labels = paddle.to_tensor(gt_ labels)
outputs = model (img) 2R AL, Wi [P0, P1, P2]
loss = model.get loss(outputs, gt boxes, gt labels, gtscore= gt scores,
anchors = ANCHORS,
anchor masks = ANCHOR MASKS,
ignore_thresh = IGNORE_THRESH,
use_label smooth=False) # |44 2 K%L

loss. backward() £ AR AR
opt. step() & BHSH

opt. clear grad()

N e an i 3-2-9 Jrs o 8 Ui kot A 2 i i B a0 I 2R A 48 2 bateh AR IR EL
I ZRi i 451 2

2021-02-21 13:16:32[TRAIN]epoch 0, iter 0, output loss: [17515.46€]
2021-02-21 13:16:45[TRAIN]epoch 0, iter 10, output loss: [711.6523]
2021-02-21 13:16:58 [TRAIN]epoch 0, iter 20, output loss: [177.56128]
2021-02-21 13:17:09[TRAIN]epoch 0, iter 30, output loss: [100.74901]
2021-02-21 13:17:22[TRAIN]epoch 0, iter 40, output loss: [109.4012]
2021-02-21 13:17:36[TRAIN]epoch 0, iter 50, output loss: [86.60315]
2021-02-21 13:17:49[TRAIN]epoch 0, iter &0, output loss: [73.88124]
2021-02-21 13:18:02[TRAIN]epoch 0, iter 70, output loss: [51.598812]
2021-02-21 13:18:15[TRAIN]epoch 0, iter 80, output loss: [66.547485]
2021-02-21 13:18:27[TRAIN]epoch 0, iter 90, output loss: [65.25056]
2021-02-21 13:18:40[TRAIN]epoch 0, iter 100, output loss: [87.08785]
2021-02-21 13:18:52[TRAIN]epoch 0, iter 110, output loss: [76.32029]
2021-02-21 13:19:06[TRAIN]epoch 0, iter 120, output loss: [72.307175]
2021-02-21 13:19:20[TRAIN]epoch 0, iter 130, output loss: [78.60363]
2021-02-21 13:19:34[TRAIN]epoch 0, iter 140, output loss: [61.50921]
2021-02-21 13:19:47[TRAIN]epoch 0, iter 150, output loss: [57.60893]
2021-02-21 13:20:00[TRAIN])epoch 0, iter 160, output loss: [48.932396]
2021-02-21 13:20:14[TRAIN]epoch 0, iter 170, output loss: [70.52108]
2021-02-21 13:20:28 [TRAIN]epoch 0, iter 180, output loss: [57.51571]
2021-02-21 13:20:42[TRAIN]epoch 0, iter 190, output loss: [54.175972]
2021-02-21 13:20:54 [TRAIN]epoch 0, iter 200, output loss: [55.90041]
2021-02-21 13:21:07[TRAIN]lepoch 0, iter 210, output loss: [52.864914]

3-2-9  YOLOV3 illl 23 72 th &Y 38 4>

B 5. YOLOV3 i il i 754

TR (8 T 3o AR A ] 3-2-10 FFw . il LA N4
(1) 5k 10 6% i 5 b 90 D00 A 7 5 R0 i T 2 031 19 75 5
(2) A3 FH A A8 R 410 ) A T o3k o 25 A O ) T A
£ YOLOV3 B IS get_pred O bR R 0 26 St A0 R A 28 45 il 199 28 T30 F) L FEC AEE Al
o R HE X5 o7 B 2 031«
def get_pred(self,
outputs,
im_shape = None,

anchors = [10, 13, 16, 30, 33, 23, 30, 61, 62, 45, 59, 119, 116, 90, 156, 198, 373, 326],
anchor masks = [[6, 7, 8], [3, 4, 5], [0, 1, 2]],
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valid thresh = 0.01):
downsample = 32
total boxes = []
total scores = []
for i, out in enumerate(outputs):
anchor_mask = anchor masks[1i]
anchors_this_level = []
for m in anchor_mask:
anchors_this level. append(anchors[2 * m])
anchors_this level. append(anchors[2 * m + 1])
boxes, scores = paddle.vision.ops.YOLO box(
x = out,
img size = im_ shape,
anchors = anchors this level,
class num = self.num classes,
conf_thresh = valid_thresh,
downsample ratio = downsample,
name = "YOLO box" + str(i))
total boxes.append(boxes)
total scores. append(
paddle. transpose(
scores, perm= [0, 2, 1]))
downsample = downsample // 2
YOLO boxes = paddle.concat(total boxes, axis=1)
YOLO scores = paddle.concat(total scores, axis=2)
return YOLO_boxes, YOLO_scores

B
1
1
| [::]
FESLEY | D
| O
1

A= R
JUsF: 608X 608

(tx, ty. th, tw, obj_logits, cls_logits)

ir?ﬁfﬂﬂﬂﬂﬁ?uf?ﬁ}‘

bbox: (x1. y1. x2, ¥2), P0: [N, 1083, 4].
e P1: [N, 4332, 4], P2: [N, 17328, 4]
. ;f;riff{y’ﬁ“* score: (Pel, Pc2..., Pc), P0: [N, 7, 1083],
FRONHERIS 53 P1: [N, 7,4332], P2: [N, 7, 17328]

ARZHSE RO,

bbox: (x1, 1, x2, ¥2), [N, 22743, 4]
score: (Pel, Pc2..., Pc), [N, 7, 22743)

% T
SRR T A A RORE

S 14 FOURE RO R 20

3-2-10 YOLOV3 W 4& ¥l i3 72 i 72

B trie
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PR R A~ H AR AT RE 2 WA [R] B0 B HE B2 2 ] B 2 B 0 1 229, IR e 5 2852 X multiclass

nmsO FREL X YOLOVS3 BTN 45 R e 7 AE e REMH M T ESEEE RRE EGEE
AR T

def multiclass nms(bboxes, scores, score thresh=0.01, nms thresh=0.45, pre nms_topk = 1000,
pos_nms_topk = 100) :

batch size = Dbboxes. shape[0]
class_num = scores. shape[1]
rets = []
for i in range(batch_size):
bboxes i = bboxes[1i]
scores_1 = scores[1i]
ret = []
for ¢ in range(class num) :
scores_1_c = scores_i[c]
keep inds = nms(bboxes i, scores i ¢, score thresh, nms thresh, pre mms topk, i=1, c=c)
if len(keep inds) < 1:
continue
keep bboxes = bboxes i[keep inds]
keep scores = scores i c[keep_ inds]
keep results = np.zeros([keep scores. shape[0], 6])
keep_results[:, 0] = ¢
keep results[:, 1] = keep scores| :]
keep results[:, 2:6] = keep bboxes[:, :]
ret. append(keep results)
if len(ret) < 1:
rets. append(ret)

continue
ret_i = np.concatenate(ret, axis=0)
scores_i = ret i[:, 1]
if len(scores i) > pos _nms_topk:
inds = np.argsort(scores i)[::—1]
inds = inds[ :pos_nms_topk]
ret i = ret_i[inds]

rets. append(ret 1)

return rets

e BATE 5 2 S test O bR I 2545 B9 YOLOVS #8581 JE 77 BUI . & 55 1l ]

YOLOV3 H1 i forward () bk B HEZ A9 BN AFAE , 2R J5 38 1 get_pred K TN 457 11 76 1
PR 4% T 300 143 26 T HE S0 0 17 BRI 26 9], B 5 8 1 multiclass nms 22 55 5 2 19 T 45 51, 15 3] ) 2%
T 2 1 T 235 2R
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def test():

model = YOLOV3(num classes = NUM_CLASSES)

params_file path = '/home/aistudio/YOLO epochQ'

model state dict = paddle.load(params file path)

model. load_dict(model_state_dict)

model. eval()

total results = []

test loader = test data loader(TESTDIR, batch size= 1, mode = 'test')
for i, data in enumerate(test loader()):

img_name, img data, img scale_data = data
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img = paddle.to_ tensor(img data)
img scale = paddle.to tensor(img scale data)
outputs = model. forward(img)
bboxes, scores = model.get pred(outputs,
im_shape = img scale,
anchors = ANCHORS,
anchor masks = ANCHOR_MASKS,
valid thresh = VALID THRESH)
bboxes data = bboxes. numpy( )
scores_data = scores. numpy()
result = multiclass nms(bboxes_data, scores_data,
score thresh = VALID THRESH,
nms_thresh = NMS_THRESH,
pre_nms_topk = NMS_TOPK,
pos_nms_topk = NMS_POSK)
for j in range(len(result)):
result j = result[j]
img name_j = img_name[ j]
total results. append([img name j, result j.tolist()])

0 52 G 38 1 AT AL BT DUAS B AN & 3-2-11 Fram i gl S, R R 2 M B g RoR ol
F A [ 200 B TR AE B2 B R R U 25 B &5 b A5
0.
2001
400
600 |

800 '\

10001

1200! - .
0 200 400 600 800 1000
3-2-11 Tl 25 R =6l

ZEILFATIME M T YOLOVS M4 5 I ZR M B it 72, /R 72

1200

3.2.2 ETF PP-YOLO #E ) E RN
FEAR T YOLOVS 56 3R St i 9 e 3 73 i ok 8 0 1R % 56 30 T 40 TLAL B0 0 oot
0 BUIR H R LR I 500 e B L DI 4 ) PaddleDetection P i S

SEEL AT PP-YOLO #47 B AR 51 . R R
®
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BB 1. MR AL R d R 4B

1 L7 P 014 B0 A 2 T e U B L
1693 5K Y2k B4 . 245 5K 35 Gk KR AT 245 553005 (&
B, 5ZHTA R B B AR Y B S 25 R A AR
B, 5 PASCAL VOC ) H S 45 # A1 IT il ., 40
Kl 3-2-12 s, H 36N A br i BHGOR RN &) 43 i
SASSCEdE . b bR SO S T ER SO T 45 B
43 A R VIR I = A S L I 43 50 A7 it X g
WU LI 25 R 56 TIE 4 9 A e R B . R R 43 14 S
PRI T AE AN S5 56 E AT i 4 B DL R 8 3

AU 2. PRBERAE

TEAYR SE B b, FRATTZLd ] PaddleDetection, A it
B E T I 4% PaddleDetection (¥ t%E, 5 3.1 %

B3 test
B3 train
By val

B3 Annotations

B test
B train
B val

By JPEGImages

£ imagesets

:l] val.txt
:l] test.txt

[7] Iabel tist.txt

:ﬂ train.bxt

B 3-2-12 HEHFHNBERSEN

M) 52 B —#F 1 git clone 174 F # PaddleDetection YRS , 322 % PaddleDetection Jif 55 UK i .

'git clone https://github. com/PaddlePaddle/PaddleDetection

% cd PaddleDetection
!pip install — r requirements. txt

U 3. BN S ERIE R

T 5E R AR 50 8 RN R B8 vE 45 U5 T DA BB I BT train, py RN 4%, 18X B IR AT
o 25 PP-YOLO AH XA 09 BC & SCH . E WAL 3-2-13 7 7 e B SO R v, o] DL B 5 s

1  architecture: YOLOV) I YOLOvIRead: TT TralnReRder:
I use_gpu: troe n snchor_masks: [[6, 7, 8], [3, 4, 5], [, 1, 2]] 93 Inputs_def:
3 ma_iters: 25000 3 anchors: [[10, 13], [16, 30), [33, D], o Fields: ['image’, gt bbox', ‘gt_class’, ‘gt_score’]
4 log_smooth_window: 19 M [, 61), [82, &5), [%9, 119], % us_man_Boxes: 59
S log_iter: 20 tH [116, 98], [156, 138], [373, 326]) % | dataset:
6  save_dir: output 3 norm_decay: 8. ¥ IVOCDataset
T snapshot_iter: 1000 n coord_conv: troe ] dataset_dir: dataset/insect
8 metric: VO 1 lou_mare: true ] anno_path: IsageSets/train.txt
9 pretrain_veights: https://psddle-inage 39 fou_sware_factor: 0.4 1ee inage_dir: InageSets
10 weights: owtput/ppyolo/model_final 4 scale x y: 1.85 !.ﬂl Label List: ImageSets/label list.txt
5 i a 1 troe 102 use_default_label: false
- . . 123 with_background: false

11 use_fine_grained_loss: true a yolo_loss: YOUDvIless b Aicapoativatig
13 use_ema: true f! nes: Matrlchits P S nils
18 ema_decay: 0.99%8 & drop_block: true 106 S5 T
1 i 107 slxup: True
16 YOLOv3: 46 YOLOvILoss: 18 1N supTaage
17 backbone: ResNet 47 batch_size: 12 105 alphaz 1.8
18 yolo_head: YOLOv3Mead 8 ignore_thresh: 0.7 18 beta: 1.§
19 use_fine_grained_loss: true 43 scale_x_y: 1.85 1 - Itolorbistert {}
» 50 label_smooth: false 12 - iRandosExpand
1 Reshet: H use_fine_grained loss: true 13 F111_valee: [123.675, 116.18, 103.51]
n nore_type: symc_bn 52 1ou_loss: Iouloss 14 - IRandostrop {}
n freeze_at: @ 53 fou_sware_loss: Towlwareloss s - IRandowF1iplmage
M fresze_norm: false Eel 116 is_normalized: false
» norm_decay: @, 55 louloss: 117 = INorsalizeBox {)
n depth: 58 56 loss_weight: 2.5 118 - IPagBox
n feature_naps: [3, 4, 5) 57 max_height: 628 s nom_max_boxes: 50
F variant: d 58 sax_width: 608 128 - 1Bb0VXYONM (]
» den_vd_stages: [5] 59 1 batch_transforms:

@ loubwareloss: 122 - IRandoaShape

&1 loss_weight: 1.8 2] sizes: [320, 352, 184, 416, €43, 489, 512, 544, 576, 608)

[+ max_height: 608 124 randos_inter: True

63 max_width: 608 125 - INorsalizelnage

12 mean: [0.485, 0.456, 0.40%]
137 std: [8.229, 0.204, 0.215]

3-2-13 PP-YOLO it & 32 #%
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B (R B30 A 2 B 2 B B 114 % Pl SO 38 5 7 1 L PP-Y OLO 19 45 B I 2% 25 1 L 2 40
B,

! python tools/train.py —c ../../work/ppyolo.yml —— eval

I ZR5E U Al L@ i 04T eval. py #l infer. py SR #5478 RL 5 50 5E A1 FUI . 51 25 B B
ANTE A 2 B T B 45 0 TE  SCPR A TR 56 TR B B a5 2 45 0 I R G n ASCER | 0 N R 45
YINEAR LT B A i R 2 Tt 1) TR

! python tools/eval.py —c ../../work/ppyolo.yml — o weights = ../../work/best_model

! python tools/infer. py — ¢ ../../work/ppyolo. ynl —— infer img = dataset/insect/JPEGImages/
test/1898. jpeg — o weights = ../../work/best model

3.3 SE=. EF DETR #EE ) BER4

AT H DETR K523 COCO it 4 iy H ARk ig ngTaR

DETR Bl Detection Transformer, & Facebook Al W) 5% & & a9 — M fE B R T Lty
Transformer %% it 5% - 5 27 K RE5 A0 FEAT BARKC I 19 05 ¥ . B 25 — ¥ Transformer
WIS G pipeline HO M @0 HAR R IAESL . 5 2Z A0 09 B ARkl 7 248 1k, DETR
HROIEER T X4 2 F T80 4144 59 75 =K . 41 an 3E 2 K30 #l (Non-Maximum Suppression
NMS) . 4 & (Anchor) 4= AU %,

AR5 T — AN R T R B 3 2 S A HEZE L DETR #4945 45 /AR 1 2, 43 = A8 4% .
55— 2 — MG CNN, T3 R R AR B0 08 = 4 s 28 — 340 &2 — > Transformer
i Encoder 1 Decoder, 32 H Bounding Box; 5% =#5/7J& Bipartite matching loss, i3
YIZRM 45

LU 1. COCO BePidl: 55 Vi

MS COCO M4 FR /& Microsoft Common Objects in Context , A& i ¢ A P\ $2 ik 1 — 4~ ]
DL SR AT R R B A B PG 4E . 55 TmageNet 55 58 —FF , 900 0 11 55 1A 5 S50 35 e 32 O 1 A
AR L FE 2 —

COCO FmER—1 KA. FEE M H KM (Image Detection) 15 X 43 #] (Semantic
Segmentation) Fl K {5 b5 (Image Captioning) $#g 4 . HEHE EZORIE TR 220 H % &5t
AP 3-3-1 frzs) Sl 33 J7 sk BB b 22 J7 sk A AR TE R 150 . 150 T4~ B AR,
80 I~ HARZE 5 (Object Categories, il W4T A V54 K E %), 91 Fh 251 (Stuff Categoris. il 1,
N RS A SRR IEMR AL 5 A R TR AR, HA 250000 AN SCEE SPRTERIAT A

AR SR & COCO2017 7Y H AR 6 £, U1l 254 118287 3K &1, HeUE4E 5000 3%
P 3kt 123287 KR 4 3-3-2 BT, YN 2 PR AGORT 38 GiE P AR 43 59 A7 i AE train2017 A
val2017 3L J& W1, annotations 77 fiff 19 52 XF W I 2k 4 F1 55 UF 5 19 bR v, P instances _
train2017 Fl instances_val2017 J& 75 B B bR 78 SCOF L4 10 ST 43 31 6 1 Pl A5 b st Fn N 1R ¢
BRI RO AT 2,

TEARR L, 7 AFEE instances_train2017 P AT A WFREEE . WA 3-3-3 i, 7F
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x n 1

COCO_train201

4_000¢

COCO_train201

4_000(

COCO train201

COCO_train201 COCO_train201 COCO_train201 COCO_train201 COCO_train201

4 4 4. 03 4 4

5 0 4 & 9

COCO _train201 COCO _train201 COCO_train201 COCO_train201 COCO_train201

4 7 4_000¢ 40 7 4 00000000008 4 00000000008
2 Fi 8 1 6

COCO train201 COCO train201 COCO train201 COCO train201 COCO train201

3-3-1 COCO # iR &£ R

{.} instances_train2017json
B valz017

{.} instances_val2017 json
By train2017

{} person_keypoints_train2017.json
By annotations

{-} person_keypoints_val2017.json

{.} captions_train2017 json

£} captions_val2017 json

E 3-3-2 BR%EMW

!

COCO_train201 COCO_train201
4_00000000006  4_00000000006

1 4

g

COCO _train201 COCO_train201
4_00000000008 4_0000000000%

2 2

COCO train201 COCO train201

g 1565075 1
P 1565076 “segmentation”: [
55 800000397133. pg", 1565877 i
56 “http:// images .org/val2e17 133. 9087, 1565878 364,34,
57 427, 1565879 399.98,
58 = 640,
59 “date_captured™: “2013-11-14 17:02:52%, 150500 356.67,
60 “flicke_url™: “http://fara?.staticflickr.con/6116/6255106340_datbcache . Jpg~, L0000l 402.97,
61 14" 397133 1565082 350.85,
62 h 1565083 402.21,
ot © G 1565084 u1.72,
' “§ile_name”: “@00000037777.1pg", 1565085 401.64,
66 org/val2el 7.308" 1565886 346.16,
&7 1565887 398.52,
:: ~dat tured™: "2013-11-14 20:55:317 i 345.03,
®_cap! £ -11- :58:31°,
70 “flickr_url™: "http://farmd. staticflicke,con/8429/ 7839160426 _f6cdaasss . Jpg=,  ooocer 394.26,
n =id": 3T 1565090 347.44,
72 1s 1565091 391.56,
2 { W 1565092 350.42,
an: i 4,
7 ~file_name": "000000252219.9p5", 1565003 389.01,
76 “coco_url”: “hutp://images.Cocodataset.org/vali0l7/0000e0152219. Jpg . 1565004 354.96,
7 “helght™: 428, 1565895 187.87,
78 “width™: &40, 1565006 360.08,
79 “date_captured™: "2013-11-14 22:32:027,
8 “Flicke_url": “http://fared. staticflicke, con/3446/3230237447_13detbotad 2. Jpg", o0 .32,
n 14" 252219 1565098 363.91,
82 1 1565099 392,56,
83 { 1565100 365.75,
B4 “licensa™: 1,
8 “file_nase”: “000000087038.1pg", 1565801 W11
B “coco_url®: “http://isages org/valzel g, 1565182 ]
87 “height™: 488, 1565183 3
P uldth™: 640, 1565108 “area™: 219.91114999999954,
8 ": "2013-11-14 23:11:377, 1565105 “1scroud”: 8,
™ http://Farmd. staticflickn, con/7355/8825114508 _bofadd7168 . 4pg”, ‘ o
ki 1565106 image_id": 535523,
2 L 1565187 "bbox"™: [
93 { 1565188 345.083,
s genen: 10y 1565109 387.97,
1565118 20.72
9 org/val2el? 74482.9pg" '
- ’ 1565111 14.38
9 1565112 L
1: http://farmB. staticFlickr. con/7020/6478877255_242§7418d1 2 .4 ot Koot Lo
¢ “http: -staticflickr.c i _z. 908", L7 o]
he1 =1d": 174482 1565114 1d": 1082722
hez t 1565115 s

3-3-3  #RETH
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AR AL e p s B B E R (5 B file_name 18 5% 00 B 7 4 FK Cheight A1 width 10 55 09 B% &
T FBR SO category_id 10 5 R 3 HEXT N 251 bbox ic 5% AR FEHE AL BR L K image_id
10055 B A TR AE I X A9 % id,

L% 2. Kedmak

F K FRATTEE 52 B 28 I 2o AR b A BRI A A3 . A 26 I ke B I 2 O3 B
T AR AR R FNAR TN 5 I RE AN i T B A HCHE 1 R A0 23 A 2 IR S RE L 43 0 ke 52
X LE T RE .

AR S B AT T COCO B4 46, r @ 5 JSON s X A7 itk BRI, B ) — A
COCODataSet ¢, COCODataSet EE 58 i O Hr bR 10 SCHF L A4 g IR bR 28 508 s O X
PG AT 5000 185 58 o I A N7 b X AV 64 7 90T

COCODataSet 25 = B pRECALHE init, getitem Al parse_dataset, % F %, 4 Bl X} X
JUA BRI 4. Dy COCODataSet 282 5 X345 COCO Bl 4 2 ME 55 B it iy, Bt
PUACHS iR A S 08 T A I A 38 43, 25 08 1 20 31 OB R AR 55 . AR B PN A R B N S
B P v B i H BR A I O3

initO B EUH TAER E COCODataSet S5 I 3474t Ak o 4 72 B A7 0 B Sk R B
Fe bR T A D B T BNk B B P9 2F (COCO B 55 B 1 A 2 4G I A 7 0 8 411 75 40 1 L 6
B SR RR T PRI FR AT 5 2 8 T AR B NS .

def  init (self,

dataset_dir = None,
image dir = None,
anno_path = None,
data fields = [ 'image'],
sample num= —1,
load_crowd = False,
allow_empty = False,
empty ratio=1.,
use_default label = None) :
super(COCODataSet, self). init ()
self.dataset dir = dataset dir if dataset dir is not None else "'
self.anno_path = anno path
self. image dir = image dir if image dir is not None else ''
self.data fields = data fields
self. sample num = sample num

parse_dataset O PREE COCODataSet Ht H T I I fif A e A A T8 A5 B 0 pR &, 763X
BB B4 parse_dataset O R,

T parse_dataset O pRECH , 75 BLAHH COCO % 4 48 A1k 19 5 125 o8 52 bR 1 SO R v i —
SfE R . BHAKHL, COCO #3iE i B br 524158 i 46 5 BIR 1D SR8 2 5 BRI X5 W C &
Ut 38 it getImglds O BRECK IRBUIT A FR 89 1D, Bt Z 4h, COCO Bl 4 80 K45
FEARIE 0~79, i1 L5 LAY T 4 5 19 2 5] 1D, X B 5 2238 i getCatlds O pRIOR KL
JitA COCO B d 45 b 1 BT A 2850 2 5
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from pycocotools. coco import COCO
coco = COCO(anno path)
img_ids = coco. getImgIds()
img_ids. sort()
cat_ids = coco.getCatIds()
records = []
self.catid2clsid = dict({catid: i for i, catid in enumerate(cat ids)})
self.cname2cid = dict({
coco. loadCats(catid)[0][ 'name']: clsid

for catid, clsid in self.catid2clsid. items()

H

TE AR ISE BT AT 8 TD FXE S8 00 R AT G 8 22 05 o 7 28 Xof 44> P G b 2 8 i b T 1R
Ko TR D R AR B bR TE Z 10 . e 14 2 B 0T R 40 4 5t JFG v 60 465 TR1 48 00 17 Ak
7 BB 1D DL R R K

for img_id in img ids:

ing anno = coco.loadIngs([ing id])[0] AR R 1 B0y T
im_fname = img_anno[ 'file_name']
im w = float(img_anno[ 'width'])

im h = float(img anno[ 'height'])
im path = os.path. join(image dir,
im fname) if image dir else im_fname
coco_rec = {
'im file': im_path,

'im_id': np.array([img id]),

m': im h,
'w': im_w,
} if 'image' in self.data fields else {} £ 1 2 B gk R ) 5

BT, A ERBE 1D, i H coco. getAnnlds BEHUS K4 B Fr A B #1045 315
B, —iKEMREFEFELZ N B, Wit X v E 24 Birfrii G B . & x84 BirEiE
HE W Ho 0 5 AR BR FITHE K S F546 h 22 AR VA T ff s A6 R 5 . B E bboxes H1,

if not self. load_image only:

ins anno ids = coco.getAnnIds( £ R G A E Y B AR 1D
imgIds = [ img_id], iscrowd = None if self.load crowd else False)

instances = coco. loadAnns(ins_anno_ids) HEHREE G T HERERER

bboxes = []

for inst in instances: # R — 36 B AR

x1, y1, box w, box_h = inst[ 'bbox']
x2 = x1 + box w
y2 = yl + box h
eps = le—5
if inst['area'] > 0 and x2 — x1 > eps and y2 — yl > eps:
inst[ 'clean bbox'] = [
round(float(x), 3) for x in [x1, yl, x2, y2]
1
bboxes. append( inst)

Xt R A S B T A AL H AR SE R TR AE A AR AR A i 5 ST AE BT A 2
B o DTS — K PRI AT B4 AR S 1) R ATTRA 77 A A R A A A A T 1 R O 2
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J R TR R A A T 4

num_bbox = len(bboxes)
gt_bbox = np.zeros((num_bbox, 4), dtype = np. float32)
gt _theta = np.zeros((num bbox, 1), dtype = np. int32)

(
gt class = np.zeros((num bbox, 1), dtype = np. int32)
is_crowd = np.zeros((num bbox, 1), dtype = np. int32)
gt poly = [None] * num bbox
for i, box in enumerate(bboxes) :
catid = box[ 'category id']
gt _class[i][0] = self.catid2clsid[catid] = f5 B AR 280

gt _bbox[i, :] = box['clean bbox'] # 15 B FRIE box AR FR
# xc, yc, w, h, theta

gt rec = { £ A4 ok R bR R B (F LB )
'is crowd': is_crowd, £ X 43 g B SE A R — 2 X 4

'gt_class': gt_class,
'gt_bbox': gt bbox,
'gt_poly': gt_poly,

}

TR e o K TR B0 0 B LR AT 4R P9 1 s 3 5 L5 9 A — ik il 52 ) T R 5k R B A A
Boma. 80 A IR A i 2 TR fE b R AR R

for k, v in gt_rec. items():
if k in self.data fields:
coco rec[k] = v
records. append(coco_rec)
self.roidbs = records

getitem O bR T 76 R0 25 11 2 ik AQ B0 i 7 b 42 I 25 BT 75 2L Bdls . 7 DETR iR
(] 4 2 PR TR G B i £ SR VR P A7 7 B9 F PR TR AE B9 7 B A5 . 7E getitem Wik 2z
Wit 7 5 A HE R A2 A MR A B 19 Miscup Bl 38 9 75 5 il [m] A 1 (MR 32 16 1 3 2%

def  getitem (self, idx):
roidb = copy. deepcopy(self.roidbs[idx])
if self.mixup epoch == 0 or self. epoch < self.mixup epoch:
n = len(self.roidbs)
idx = np.random. randint(n)
roidb = [roidb, copy.deepcopy(self. roidbs[idx]) ]
elif self.cutmix_epoch == 0 or self._epoch < self.cutmix_epoch:
n = len(self.roidbs)
idx = np.random. randint(n)
roidb = [roidb, copy.deepcopy(self. roidbs[idx]) ]
elif self.mosaic _epoch == 0 or self. epoch < self.mosaic_ epoch:
n = len(self.roidbs)
roidb = [roidb, ] + [
copy. deepcopy(self. roidbs[ np. random. randint(n) ])
for _ in range(3)
]
if isinstance(roidb, Sequence) :
for r in roidb:
r['curr_iter'] = self. curr iter
else:
roidb[ 'curr_iter'] = self. curr iter
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self. curr iter += 1
return self. transform(roidb)

FATAT BE 23 A5 27 BE L 7E getitem O PR H, FRATT 38 5 K 5145 3 1Y J2& parse_dataset () iR
Boh Az i AR AE A AR, ORI B B ER . S, 7E getitem O BR AP R GE i
transform (roidb) > 5 B B (Y i 28 A0 45 41 3 s i 3 #219 . 78 COCODataSet 252446 )5
FATE WA set_transform 5 B X KGR MR i 592k L) e 355 77 =0,

def set transform(self, transform):
self. transform = transform

e TR AL B 25 A28 . B brk U 0 4 X6 g AL R 4% XL RNV — 8 1 2
SR BRI R, T B O E AT AL B AR A 1A R T R DA I S A R T A B
(] B o Sy 7 X % DL sk B 22 6 A R Ak A SO L 3 R 2% B2 AR RE T L 3R S AT — SR AR Y T
ARYR S e FH B A E s A # O
o G SRD . ¥ BI85 Numpy #5620,
o MG BIEL . B BB B
o BEBLIERE . 7EAS[R) Y Fl b 25 6 B =2 8] Bifi AL 38— > e 4ot
o VB R KU/ B IR B R e i RO S — 4 TR 384,
o FMEEET . K ERAIK TES—H BTN 384 X 384, B AR Y 33 A B 1) F K0 dis RN G —
* IH—4fk(Normalization) : 38 iz #L0 Ab T B, FE b 28 ) 2% 45 )2 v AT 2 #2800 19 i AE
AT AR 0 2558 1 BIBRHE IE A 4040 (A5 B UL A i SO0 o 72 I J 25 AR 1
2% I ot B A S sk

o GEEARH . FHRAVEHEASCNIH, W, C G BE | 58 B2 R 38 18 20 . 0 h 28 W 2% 10 H]
HI IR BE s 28 [Cy H . W, PR 206 S 8 S8 HES L 9 an [ 384, 384, 3]
AR M3, 384, 3847,

TE S P 8Ly vk 2 |/, B L — N TAL BRI AC 28 BaseOperator , FoAil (19 4 P8 T4k #1258
FRELYE AKX N H . 7E BaseOperator 2H1 il call Y BaseOperator Z& 524 Xf 4 A LA
PR 38 pR RIS FE , DL 248 O 7B X fd . HABZEFE 4k 7K BaseOperator 28 /5, il
FLE W apply JrikRIAT

class BaseOperator(object) :

def  init (self, name = None):
if name is None:
name = self. «class . name
self. id = name + ' ' + str(uuid.uuid4())[ -6:]
def apply(self, sample, context = None) :
return sample
def call (self, sample, context = None):
if isinstance(sample, Sequence):
for i in range(len(sample)):
sample[i] = self.apply(sample[i], context)
else:
sample = self.apply(sample, context)
return sample

def  str (self):
return str(self. id)
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EIE 5 2E Decode: F T 4R B 15, 3F 4 BS54k o5 Numpy 8 20, Bh kR T
BaseOperator i /7% . 7E Decode 25 HFF 2 i H S apply O pREUH AT DL SE 3 ER 0 n 2% .
EL{R M, i F opency 38 i BGRB8 0 28 BT - B 4% 2% 19 E45 0 RGB A& X, I AR 48 in 28 1A
B K SN T B IE i COCO #24E A JSON A i SCF S 2 1 G K 58 . & a6 FAR
8 Numpy BIHE K,

class Decode(BaseOperator) :
def  init (self):
super(Decode, self). init ()
def apply(self, sample, context = None) :
""" load image if 'im_file' field is not empty but 'image' is"""
im = sample[ 'image']
data = np. frombuffer(im, dtype = 'uint8')
im = cv2. imdecode(data, 1) # BGR mode, but need RGB mode
if 'keep ori_ im' in sample and sample[ 'keep_ori_im']:

sample[ 'ori_image'] = im
im = cv2.cvtColor(im, cv2.COLOR_BGR2RGB)
sample[ 'image'] = im

if 'h' not in sample:
sample[ 'h'] = im. shape[0]
elif sample[ 'h'] !'= im. shape[0]:
sample[ 'h'] = im. shape[0]

if 'w' not in sample:

sample[ 'w'] im. shape[1]
elif sample[ 'w'] !'= im.shape[l]:

sample[ 'w'] = im. shape[1]
sample[ 'im shape'] = np.array(im.shape[:2], dtype = np. float32)
sample[ 'scale factor'] = np.array([1l., 1.], dtype=np.float32)

return sample

P& B 5 & RandomFlip 2. T X RS HEAT S % o [RIN S X 4 2 10 10 A A1 2 il iy
HHSE ) 8 5% B DR I8 R B AR AL AR AE B BE IE Bl s E A H AR

class RandomF1lip(BaseOperator) :
def  init (self, prob=0.5):
super(RandomFlip, self). init ()
self.prob = prob
def apply image(self, image):
return image[:, :: -1, :]
def apply bbox(self, bbox, width):
oldxl = bbox[:, 0].copy()
oldx2 = bbox[:, 2].copy()
bbox[:, 0] = width — oldx2
bbox[ :, 2] = width - oldxl
return bbox
def apply(self, sample, context = None) :
if np. random. uniform(0, 1) < self. prob:
im = sample[ 'image']
height, width = im. shape[:2]
im = self.apply image(im)
if 'gt_bbox' in sample and len(sample[ 'gt_bbox']) > 0:
sample[ 'gt_bbox'] = self.apply bbox(sample[ 'gt_bbox'], width)
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sample[ 'flipped'] = True
sample[ 'image'] = im
return sample

MR 55 T BE AL VA 2% B 1% 28 RandomShortSideResize: VL F§ A0 B 58 31 S LR, B ALK
SR /N B BE L AE BT 4 O 320 A [ R DR S BRI T L 81N A L T 45 R A 1A
8, DT 52 BLIEIME o3 AR BEAIL I 2% 5 PRGOS I A T) o s 9 2R TS A AL Ak AR 0L ) 0] K
Horr, get_size_with_aspect_ratioO PR T 1T 48 5 K, resize O bR IR 4 48 ik N+ 55 8
& 8%, apply_bbox W Ry i i85 bk 3 195 2 .

class RandomShortSideResize(BaseOperator) :
def  init (self,
short side sizes,
max_size = None,
interp = cv2. INTER_LINEAR,
random_interp = False):
super (RandomShortSideResize, self). init ()

def get size with aspect ratio(self, image shape, size, max size = None) :

return (ow, oh)
def resize(self,
sample,
target size,
max_size = None,
interp = cv2. INTER LINEAR) :

return sample

def apply bbox(self, bbox, scale, size):
im_scale x, im scale y = scale

resize w, resize h = size

bbox[:, 0::2] * = im scale x

bbox[:, 1::2] * = im_scale_ y

bbox[:, 0::2] = np.clip(bbox[:, 0::2], 0, resize w)

bbox[:, 1::2] = np.clip(bbox[:, 1::2], 0, resize h)
return bbox. astype( 'float32")

def apply(self, sample, context = None) :
target_size = random.choice(self. short side sizes)
interp = random. choice(
self. interps) if self.random interp else self. interp
return self.resize(sample, target size, self.max size, interp)

FEALE 5528 RandomSizeCrop: AR 45 45 %€ ) min_size A1 max_size ¥ F 1R #H & 57, 1
RandomSizeCrop F il it get crop_paramsO BRERA R IT SR P L FHSEGRITA & .
KN IFE T crop SEEREMER A ER B . [RIAE db o 7 X LG AT B8 B 04 B, B T A R R AE
B 3L apply_bbox () pREL Y AH N7 H I %

class RandomSizeCrop(BaseOperator) :

def init (self, min_size, max_size):

98



E3FE BHRREN

super (RandomSizeCrop, self). init ()
self.min size = min size
self.max_size = max_size
from paddle. vision. transforms. functional import crop as paddle crop
self.paddle crop = paddle crop
@ staticmethod
def get crop params(img shape, output size):
h, w = img_shape
th, tw = output_size
if w == twand h == th:
return 0, 0, h, w
i = random.randint(0, h — th + 1)
j = random. randint(0, w — tw + 1)
return i, j, th, tw

def crop(self, sample, region):
image shape = sample[ 'image']. shape| :2]
sample[ 'image'] = self.paddle crop(sample[ 'image'], * region)
keep index = None
if 'gt bbox' in sample and len(sample[ 'gt_bbox']) > 0:
sample[ 'gt_bbox'] = self.apply bbox(sample[ 'gt bbox'], region)
bbox = sample[ 'gt_bbox'].reshape([ -1, 2, 2])
area = (bbox[:, 1, :] — bbox[:, 0, :]).prod(axis=1)
keep index = np.where(area> 0)[0]
sample[ 'gt_bbox'] = sample[ 'gt bbox'][keep index] if len(
keep index) > 0 else np. zeros(
[0, 4], dtype = np. float32)
sample[ 'gt_class'] = sample['gt class'][keep index] if len(
keep_index) > 0 else np. zeros(
[0, 1], dtype = np. float32)

return sample

def apply bbox(self, bbox, region):
i, j, h, w = region
region size = np.asarray([w, h])
crop_bbox = bbox - np.asarray([j, i, j, i])
crop_bbox = np.minimum(crop bbox.reshape([ —1, 2, 2]), region size)
crop_bbox = crop bbox.clip(min=0)
return crop bbox. reshape([ — 1, 4]).astype('float32")

def apply(self, sample, context = None):
h = random.randint(self.min size,
min(sample[ 'image']. shape[0], self.max size))
w = random. randint(self.min size,
min(sample[ 'image']. shape[1], self.max_size))
region = self.get crop params(sample[ 'image'].shape[:2], [h, w])
return self.crop(sample, region)

BEAL I 5 AL B2 RandomSelect: M PR B Fi b B 7 SN2 5 BEALE$E—Fb . AT LA
MR ET A p 42 10 P 4k PR 4 5 00 fi 1o 4

class RandomSelect(BaseOperator) :

def  init (self, transformsl, transforms2, p=0.5):
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super(RandomSelect, self). init ()
self. transformsl = Compose(transformsl)
self. transforms2 = Compose(transforms2)
self.p = p

def apply(self, sample, context = None) :
if random. random() < self.p:
return self. transformsl (sample)
return self. transforms2(sample)

% H—1k 3 Normalizelmage: X4 A B EZ#47H—4k . Normalizelmage Z5#2 4L T

PIFP LI . O R BB R WS 2 0 3] 1; QR MR S E W E AR LT 2.

class NormalizelImage(BaseOperator) :
def  init (self, mean=[0.485, 0.456, 0.406], std=[1, 1, 1],
is_scale = True) :
super(NormalizeImage, self). init ()
self.mean = mean
self.std = std
self.is _scale = is_scale
from functools import reduce
if reduce(lambda x, y: x * y, self.std) == 0:
raise ValueError('{}: std is invalid!'. format(self))

def apply(self, sample, context = None) :
im = sample[ 'image']
im = im.astype(np.float32, copy = False)
mean = np.array(self.mean)[np.newaxis, np.newaxis, : ]
std = np.array(self. std)[np. newaxis, np.newaxis, :]
if self. is scale:
im = im / 255.0

im —= mean
im /= std
sample[ 'image'] = im

return sample

PR A AEAE AL BR 9 — 1K 2E NormalizeBox: H A5 1 A HE A9 A AR I3 — 1k, iy J5R A 268 %o
A A AL B2 AR g R X R A PG B A X A R (07 B TR RLOR B I A A A 23 i B L AT R

AR B9

class NormalizeBox(BaseOperator) :

def  init (self):
super(NormalizeBox, self). init ()
def apply(self, sample, context):
im = sample[ 'image']
gt _bbox = sample[ 'gt bbox']

height, width, @ = im. shape

for i in range(gt_bbox. shape[0]) :
gt_bbox[1][0] = gt _bbox[i][0] / width
gt _bbox[i][1] = gt bbox[i][1] / height
gt _bbox[i][2] = gt _bbox[i][2] / width
gt _bbox[1][3] = gt _bbox[i][3] / height
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sample[ 'gt_bbox'] = gt _bbox
return sample

Permute 25 AT HEME FEE RHC.H W), BRI GE®EE N (H . W,C)If
STl 2 R 285 1 i B R L DR I R B3 5 Permute 28R HHE O (CLH W),

class Permute(BaseOperator) :
def  init (self):
super (Permute, self). init ()

def apply(self, sample, context = None):
im = sample[ 'image']
im = im.transpose((2, 0, 1))
sample[ 'image'] = im

return sample
TE5E M COCODataSet 1 45 Ff #il 4 B 28 J5, 3 A7 50 2 52 3 de & 0 % 98 5 26
BaseDataloader, BaseDatal.oader iffi i3 ¥t COCODataSet fJ2E 4], 18 | COCODataSet AY
J7 ¥ Al paddle. io. Dataloader 923 DETR £ ¥4 i 4%, AL 4 batch 1955 4 DETR it
o b P AL A S A RO AR T s . Horh, Compose , BatchCompose 28 43 i AR 45 22 i 2]
Ak B 2 B 20 A ) A AL 3 o R

class BaseDataloader(object) :
def  init (self,

sample transforms =[],
batch transforms=1[],
batch size=1,
shuffle = False,
drop last = True,
num_classes = 80,
collate batch= True,
use_shared _memory = False,
* x kwargs) :

self. sample transforms = Compose(

sample transforms, num_classes = num_classes)
self. batch transforms = BatchCompose(batch transforms, num classes,
collate batch)

def  call (self,

dataset,
worker_num,
batch_sampler = None,
return list = False):

self.dataset = dataset

self.dataset. parse dataset()

self. dataset. set_transform(self. sample transforms)

self. dataset. set _kwargs( * * self.kwargs)

self.dataloader = DataLoader(
dataset = self. dataset,
batch_sampler = self. batch sampler,
collate fn = self. batch transforms,
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num_workers = worker_num,

return list = return list,

use_shared memory = use shared memory)
self.loader = iter(self.dataloader)
return self

3% 3. DETR K%yt

TEXH5r , ATEIF L/ # DETR RYBAL, WKl 3-3-4 i~ , DETR 1 /66 — ik =il i
&l J5 i A E backbone 2 CNN BRI 45 1, 2 BUE] 7 REAE 5 LU, 48 EHGCRAAE RO B A5 B 25 &
Je i A B transformer A5 7 [ 25 % #5 A% 25 s SR e, 38 S 0N 1) 2% A5 31 fie 28 0 K N &5
R BAEE AR — 1 box, A box FRm — T4l AL A PR 0 28 00 ROk I RE (7 . B2 R
FeBe 4y S DETR 1894543545

' Backbone N encoder 1 decoder
set of image features,! H

1 1
ly
transformer transformer

decoder

dodo !

object queries

3-3-4 DETR ¥ 40 M & %544

(1) Resnet FFAE$2 50 2%
FEIX B, FR AT H ResNet /E°4 backbone K42 HUIE B4 1E . ResNet P48 7E 2015 4F
P B S 36 28 R AT L B 45 48 L B 3 24 4F TmageNet 38 38 Hf 2025 L AR K AT 55 19 56 — 44
COCO Hdi b H bRl | B85 B4 — 44
TEE A v, FRATT A R A 2 O AT MR S R HE S
paddle. nn. Sequential ( » layers) : T2 #% . F Layer $44% 14 3 of %02 009 0 7 in 2]
MRS, (L b A & R B S 800 LL 2 Layers 8 0] 35 /C A name Layer JG4H
* layers(tuple): Layers 8¢ 7] 3% QA name Layer X,
Bt 8 X — 48K T paddle. nn. Layer B ResNet 53R L ResNet W45, 7F initO B
BOh BATT B4 A ResNet W45 1) — S8 BB,
class ResNet(nn. Layer) :
def  init (self,
depth =50, # ResNet depth, should be 18, 34, 50, 101, 152.
ch _in=64, # output channel of first stage, default 64
variant = 'b', # ResNet variant,
1r mult list=[1.0, 1.0, 1.0, 1.0], # learning rate ratio
groups =1, # group convolution cardinality
base width= 64, # base width of each group convolution
norm_type = 'bn', # normalization type

norm_decay = 0, # weight decay
freeze_norm= True, # freeze normalization layers
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freeze at =0, # freeze the backbone at which stage
return_idx= [0, 1, 2, 3], # freeze the backbone
den v2_stages=[ — 1], # deformable conv v2
num_stages = 4, # total num of stages
std_senet = False) :

super(ResNet, self). init ()

self. model_ type = 'ResNet' if groups == 1 else 'ResNeXt'
self.depth = depth
self.variant = variant

self.groups = groups

self. base width = base width
self.norm_type = norm_type
self.norm decay = norm decay

self. freeze norm = freeze norm
self. freeze at = freeze at

self. return_idx = return_idx
self.num stages = num stages
self.dcn_v2_stages = dcn_v2_stages

75 init O BRECH I8 75 2 58 1 ResNet 24> W4 R 985 &, 2L P resnet. py CfFh
) NameAdapter J5 48 B 46 )2 (19 24 FRUADC B SN ZR AL . A Resnet 55 — 52
55 a0 P 2 2 AR AN AH TR, PR 58 5 ConvNormLayer () 2R 0B 0 52 8126 4 FR + BN 2
CERN 2. RN R TXT BB .

na = NameAdapter(self)
convl name = na.fix cl stage name()
conv_def = [[3, ch in, 7, 2, convl name]]
self.convl = nn.Sequential()
for (c_in, c out, k, s, name) in conv_def:
self.convl.add sublayer(
_name,
ConvNormLayer (
ch in=c_in,
ch out =c_out,
filter size=k,
stride=s,
groups =1,
act = 'relu’,
norm_type = norm_type,
norm_decay = norm_decay,
freeze norm = freeze norm,
1lr=1.0))

ResNet BR& — 2 W 24 S 5075 Z i 8 Z A6, AR N 2 A B AR S5, R ik
PR JE FH Blocks O 28, IF IR TR [A] 1 S HOk sl 52 8. e 28 45 J2 10 25 /0 W A7 Al 7 res_
layers F CEKT] &2 2. 4 5 H resnet. py X4F) .,

ch out list = [64, 128, 256, 512]
block = BottleNeck if depth >= 50 else BasicBlock

self. out_channels = [block.expansion % v for v in ch_out list]
self. out strides = [4, 8, 16, 32]
self.res_layers = []
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for i in range(num_stages) :
Ir mult = 1r mult list[i]
stage num = 1 + 2
res name = "res{}".format(stage num)
res_layer = self.add sublayer(
res_name,
Blocks(
block,
self.ch _in,
ch out_list[i],
count = block nums[i],
name adapter = na,
stage num = stage num,
variant = variant,
groups = groups,
base width = base width,
Ir = 1r_mult,
norm_type = norm_type,
norm_decay = norm_decay,
freeze norm = freeze norm,
den v2 = (1 in self.dcn v2_stages),
std_senet = std_senet))
self.res layers. append(res_layer)
self.ch in = self. out channels[1i]

ResNet Hij [ 1% 4% Ho 8 1] 5 HAs R IRATT A — )2 P 45 25 F9 Fl res_layers [ X 45 25 #4 4%
JWGE A% 436 v LA (8% 25 W 45 M 7E Blocks R & SC8L T .

def forward(self, inputs):

x = inputs[ 'image']
convl = self.convl(x)
x = F.max_pool2d(convl, kernel size=3, stride=2, padding=1)
outs = []
for idx, stage in enumerate(self.res_layers):

x = stage(x)

if idx in self.return idx:

outs. append(x)

return outs

(2) o B 4t5

7E DETR #5 2,5 AL FH T 3 & 45 i% (PositionEmbedding) ., 7 DETR 5 &
i it PositionEmbedding 283k 58 DETR (9 # %i i, PositionEmbedding &£ T sine
learned PIRIAL & 4 i J5 2. learned J& —Fh AT % 2 19 J5 1, Bl emmbeding [1] £ M\ B 2% H 2
> sine J7 X FARAEIE = € RO W My gl R 09 007 8 4 5 PEE R X F L E
w) B d/2 BRKm H AL E G, )5 d/2 BRm W7 [a] LS G i .

. pos
PEps.2:) = sin 2i/d
temperature
pos
PE ps.2i11) =cos 2i/d
temperature

7E PositionEmbedding ZEH1 . initO) BT Z ARG L E sine O B learned Y77 EE 4T 1
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B WS sineO WY T B EWFIE W 4EE d . sinO P A0 B S temperature, T learned B
J5 P ) 3@ i3 paddle. nn. Embedding 35281,

class PositionEmbedding(nn. Layer) :
def  init (self,
num_pos_feats =128,
temperature = 10000,
normalize = True,
scale = None,
embed_type = 'sine',
num_embeddings = 50,
offset=0.):
super (PositionEmbedding, self). init ()
assert embed_type in [ 'sine', 'learned']
self. embed type = embed type
self. offset = offset
self.eps = le—6
if self. embed type == 'sine':
self.num_pos_feats = num_pos_feats
self. temperature = temperature
self.normalize = normalize
if scale is not None and normalize is False:
raise ValueError("normalize should be True if scale is passed")
if scale is None:
scale = 2 * math.pi
self.scale = scale
elif self.embed type == 'learned':
self. row_embed = nn.Embedding(num_embeddings, num_ pos_ feats)
self.col embed = nn.Embedding(num_ embeddings, num_ pos_feats)

TE forward O PRELH L sine 177 358 1 cumsum J7ik s AiH 8 W H WA~ J7 19 I pos B
A 2 s 753 I AR A 2 545 30 %68 7 A REL R 5 17 learned J7 i NUAR 91 iy A RRAE A9 WL H L 43
S8 3 init H1H row_embed Fl col_embed 4 #EXF W 1 AR B . S A5 B A 5 18] /9 B
S8 b AR RN FE AR AL S AR B T B A

def forward(self, mask):
if self. embed_type == 'sine':
mask = mask.astype('float32')
y_embed = mask.cumsum(1l, dtype= 'float32"')
x_embed = mask.cumsum(2, dtype= 'float32')
if self.normalize:
y_embed = (y_embed + self.offset) / (
y embed[:, —1:, :] + self.eps) * self.scale
x_embed = (x_embed + self.offset) / (
x embed[:, :, —1:] + self.eps) * self.scale
dim t = 2 * (paddle.arange(self.num pos feats) //
2).astype('float32")
dim t = self.temperature * * (dim t / self.num_pos_feats)
pos_x = x embed.unsqueeze( — 1) / dim_t
pos y = y embed.unsqueeze( — 1) / dim_t
pos_x = paddle. stack(
(pos_x[:, :, :, 0::2].sin(), pos_x[:, :, :, 1::2].cos()),
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axis =4).flatten(3)
pos_y = paddle. stack(
(pos_y[:, :, :, 0::2].sin(), pos_y[:, :, :, 1::2].cos()),
axis =4).flatten(3)
pos = paddle.concat((pos_y, pos_x), axis = 3).transpose([0, 3, 1, 2])
return pos
elif self.embed type == 'learned':
h, w = mask. shape[ —2:]
1 = paddle.arange(w)
j = paddle. arange(h)
x_emb = self.col embed(1i)
y_emb = self.row_embed(j)
pos = paddle. concat(
[x_emb. unsqueeze(0).repeat(h, 1, 1),
y_emb. unsqueeze(1l).repeat(1l, w, 1)],
axis= —1).transpose([2, 0, 1]).unsqueeze(0).tile(mask. shape[0],
1,1, 1)
return pos

(3) Transformer 454,
BT RS2 i Transformer B, W&l 3-3-5 FF 78, Transformer 4325 Encoder #
Decoder P #4y , BARSZ IS AT .
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1£ Transformer H,— PR EERTR R LM EZ K BEE S, FI,# T MultiHead Attention
Kk Z 3k BiEZE MG, 7F initO BB R AT T 45 B A DL S AR Y 4
& embed_dim.Z3k HEFEIHLH P LBEH num_heads 127 8 FH dropout %, 3 4= i,

q.k.v T 28 Linear 2,

class MultiHeadAttention(nn. Layer) :
def  init (self,

embed_dim,
num_heads,
dropout = 0.,
kdim = None,
vdim = None,
need_weights = False) :

super (MultiHeadAttention, self). init ()

self. embed_dim = embed dim

self. head dim = embed dim // num_heads
if self. _gkv_same_embed_dim:
self. in proj weight = self.create parameter(
shape = [ embed_dim, 3 * embed dim],
attr = None,
dtype = self. dtype,
is_bias = False)
self. in proj bias = self.create parameter(
shape = [3 * embed dim],
attr = None,
dtype = self. dtype,
is_bias = True)

else:
self.q proj = nn.Linear(embed dim, embed dim)
self.k proj = nn.Linear(self.kdim, embed dim)
self.v proj = nn.Linear(self.vdim, embed dim)
self.out proj = nn.Linear(embed dim, embed dim)

self. type list = ('g proj', 'k _proj', 'v_proj')
self. reset parameters()

TR IEM M AA K lorward O BRELH S B 3 =

J1 i

scaling Ml softmax J& v G E N T self. attention IL 2,

def forward(self, query, key = None, value = None, attn mask = None) :

key = query if key is None else key
value = query if value is None else value
q, k, v = (self.compute gkv(t, i)
for i, t in enumerate([query, key, value]))

product = paddle.matmul(x =g, y=k, transpose_y = True)

scaling = float(self.head dim) * % —0.5
product = product * scaling

if attn mask is not None:

: q Feld k B E Rk Ay

attn_mask = _convert_attention mask(attn _mask, product.dtype)

product = product + attn mask
weights = F. softmax(product)
if self. dropout:
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weights = F.dropout(
weights,
self. dropout,
training = self. training,

mode = "upscale_in_train")

out paddle. matmul (weights, v)

out = paddle.transpose(out, perm= [0, 2, 1, 3])

out
out = self.out proj(out)
outs = [out]
if self.need weights:
outs. append(weights)
return out if len(outs) == 1 else tuple(outs)

Encoder #5311 T,

Transformer 48 ¥ AT B A £ D WK 3-3-6 Frm 1Y
Encoder Z5# 4 i, Kb & 2k AR 1 k22 0 — 1L

AR M4, 32 F KA1 i TransformerEncoderLayer

SR SZEL B Encoder,

1F TransformerEncoderLayer Y init () pR £, B 5L 44
1 Encoder Z5 4 th T 5 209 £ S M 465 2, F A 23k B IE
B 12 FEN.JH—1LF1 Dropout )2 .

class TransformerEncoderlayer(nn. Layer) :
def  init (self,
d model,
nhead,
dim_feedforward = 2048,
dropout = 0.1,
activation = "relu",
attn_dropout = None,
act_dropout = None,
normalize before = False) :
super(TransformerEncoderLayer, self). init ()

paddle. reshape(x = out, shape=1[0, 0, out.shape[2] * out.shape[3]])

Encoder

Add & Norm \
)
[ FFN \
S|
’{ Add & Norm \

| Multi-Head Self-Attention |

3-3-6 Encoder &R~ E

attn dropout = dropout if attn dropout is None else attn dropout

act_dropout = dropout if act dropout is None else act dropout

self.normalize before = normalize before

self.self attn = MultiHeadAttention(d model, nhead, attn dropout)

self.linearl = nn.Linear(d model, dim feedforward)
self.dropout = nn.Dropout(act dropout, mode = "upscale in train")
self.linear?2 = nn.Linear(dim feedforward, d model)

self.norml = nn.LayerNorm(d model)
self.norm2 = nn.LayerNorm(d model)

self.dropoutl = nn.Dropout(dropout, mode = "upscale in train")

self.dropout2 = nn.Dropout(dropout, mode = "upscale in train")

self.activation = getattr(F, activation)
self. reset parameters()

7£ TransformerEncoderLayer B R [H i #2 H , 3 MK 3-3-6 I 1T. q.k &)
i A sre L pos BN BB AL A BFEREHNZE SN q.k,v #17 reshape, Z 5t
17582 FNN #/E, mE— kN5 AW F G, —FiER R ERMAZLBERNERM
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def forward(self, src, src_mask = None, pos_embed = None) :
src_mask = _convert attention mask(src_mask, src.dtype)
residual = src

if self.normalize before:
src = self.norml(src)
q = k = self.with pos embed(src, pos embed)
src = self.self attn(q, k, value = src, attn mask = src_mask)
src = residual + self.dropoutl(src)
if not self.normalize before:
src = self.norml(src)
residual = src
if self.normalize before:
src = self.norm2(src)
src = self.linear2(self.dropout(self.activation(self.linearl(src))))
src = residual + self.dropout2(src)
if not self.normalize before:
src = self.norm2(src)
return src

i 7+ TransformerEncoderLayer 7] DA 52 Bi 88 > ) Encoder %5 #, # T 3k, & X
TransformerDecoder 2536 53E# Transformer KK Encoder 454, Encoder i H 6 )2,
W& - —JZ Encoder #0%i A0 T —J2 Encoder W% A . B2 % 6 JZ )5 % th memory,
XA~ memory B1E N Decoder B4 A (i _get_clonesO B HEHI 200 .,

class TransformerEncoder (nn. Layer) :

def  init 7( self, encoder layer, num layers, norm = None) :
super (TransformerEncoder, self). init ()
self. layers = _get clones(encoder layer, num_ layers)
self.num_layers = num_layers

self.norm = norm
def forward(self, src, src_mask = None, pos_embed = None) :
src_mask = _convert attention mask(src_ mask, src.dtype)
output = src
for layer in self. layers:
output = layer(output, src_mask = src_mask, pos_embed = pos_embed)
if self.norm is not None:
output = self.norm(output)
return output

Decoder FB5 1T .

Transformer A Decoder #5437 Encoder #4340 1) . i 2 4~ /NA) Decoder 4544 41 A%, 11
ETERMA FAEZER. WE 3-3-7 FiR, HEE N ENE B BIENZ L ENE T q. 1 k
Flo WK H Encoder #8434 i, Horh k B2 0 A& b,

F A1 1 TransformerDecoderLayer 52 844 Decoder Z5#) ., TE init O BB , 7
FLIHIAE Decoder 45 92 3 HE R TI)Z AR L dropout TG PRAL

class TransformerDecoderLayer(nn. Layer) :
def  init (self,
d_model,
nhead,
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dim_feedforward = 2048,

dropout =0.1,

activation = "relu",

attn dropout = None,

act_dropout = None,

normalize before = False) :
super(TransformerDecoderLayer, self). init ()
attn_dropout = dropout if attn_dropout is None else attn_dropout
act_dropout = dropout if act dropout is None else act_dropout
self.normalize before = normalize before
self.self attn = MultiHeadAttention(d model, nhead, attn dropout)
self.cross _attn = MultiHeadAttention(d model, nhead, attn dropout)
self.linearl = nn.Linear(d model, dim feedforward)
self.dropout = nn.Dropout(act dropout, mode = "upscale in train")
self.linear2 = nn.Linear(dim feedforward, d model)
self.norml = nn.LayerNorm(d_model)
self.norm2 = nn.LayerNorm(d_model)
self.norm3 = nn.LayerNorm(d model)
self.dropoutl = nn.Dropout(dropout, mode = "upscale in train")
self.dropout2 = nn.Dropout(dropout, mode = "upscale in train")
self.dropout3 = nn.Dropout(dropout, mode = "upscale in train")
self.activation = getattr(F, activation)
self. reset parameters()

Decoder l»
B - o —— i
Add & Norm ]

)
‘ FFN ‘
*{ Add & Norm ‘

|

Multi-Head Attention
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Add & Norm ‘

\ Multi-Head Self-Attention |
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Object queries
3-3-7 Decoder £~ = Bl
TransformerDecoderlLayer Fij [f] & i) i 2 o, B 3-3-7 F 2R q.k B tgt L
query_pos(query A] LI B f# A%} anchor A 4815 , IF H.iX 4™ anchor & — eS80 % > H)D AY

mEl, Hg=k, i3 BEZNZE REMHE—4L)E . E query pos 1R F2# 002 3k
HEBENZW q. LEHAZ2kHEZNZERN k Ao W43 518 Encoder #B 4 A4 i Hi o L
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query_pos fil encoder #h4rp . F2EE A2k BiEE N ENE B FE L4582  FNN flE
— AL SR S5 A 2] T 8 Decoder Z5 48 1Y% i .

def forward(self,
tat,
memory,
tgt_mask = None,
memory_mask = None,
pos_embed = None,
query pos_embed = None) :
tgt mask = convert attention mask(tgt mask, tgt.dtype)
memory mask = _convert attention mask(memory mask, memory.dtype)
residual = tgt
if self.normalize before:
tgt = self.norml(tgt)
g = k = self.with pos_embed(tgt, query pos_embed)
tgt = self.self attn(qg, k, value = tgt, attn mask = tgt_mask)
tgt = residual + self.dropoutl(tgt)
if not self.normalize_before:
tgt = self.norml(tgt)
residual = tgt
if self.normalize before:
tgt = self.norm2(tgt)
self.with pos_embed(tgt, query pos_embed)

q
k = self.with pos embed(memory, pos_embed)
tgt = self.cross_attn(q, k, value = memory, attn mask = memory mask)
tgt = residual + self.dropout2(tgt)
if not self.normalize before:
tgt = self.norm2(tgt)
residual = tgt
if self.normalize before:
tgt = self.norm3(tgt)
tgt = self.linear2(self.dropout(self.activation(self. linearl(tgt))))
tgt = residual + self.dropout3(tgt)
if not self.normalize before:
tgt = self.norm3(tgt)
return tgt

DETR #1528 H 2 1~ Decoder F B2 1l , #: T 2R il 1 TransformerDecoder 282k 5281
DETR HJ# A~ Decoder i3 #2 , 5 Encoder #4301, i 1T _get_clones & ifil £~ Decoder B 4%
¥4, LLRT— Decoder i Hi4E A~ —> Decoder i A .

class TransformerDecoder(nn. Layer) :
def  init (self,
decoder layer,
num_layers,
norm = None,

return_intermediate = False) :

super (TransformerDecoder, self). init ()
self. layers = _get_clones(decoder_ layer, num_layers)
self.num_layers = num_layers

self.norm = norm

self. return intermediate = return intermediate
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def forward(self,
tgt,
memory,
tgt_mask = None,
memory_mask = None,
pos_embed = None,
query_pos_embed = None) :
tgt _mask = _convert attention mask(tgt mask, tgt.dtype)
memory mask = _convert attention mask(memory mask, memory.dtype)
output = tgt
intermediate = []
for layer in self. layers:
output = layer(
output,
memory,
tgt mask = tgt mask,
memory_mask = memory_mask,
pos_embed = pos_embed,
query pos_embed = query pos_embed)
if self.return_ intermediate:
intermediate. append(self. norm(output))
if self.norm is not None:
output = self.norm(output)
if self.return intermediate:
return paddle. stack(intermediate)
return output. unsqueeze(0)

Transformer E 53T,

SE W Transformer i Encoder I Decoder 2 J5 . 5t 7] LA SZE DETR B Transformer &
iz, 78 DETRTransformer 259 init O R, 43 3 32 il f& Transformer 75 2 1
Encoder Z5%) . Decoder 454 A B 415 . query_pos A1 RBELER) 1 X1 B,

class DETRTransformer(nn. Layer) :
def  init (self,

num_queries = 100,
position_embed_type = 'sine’,
return_intermediate_dec = True,
backbone num_channels = 2048,
hidden dim = 256,
nhead = 8,
num_encoder layers =6,
num_decoder_layers =6,
dim_feedforward = 2048,
dropout = 0.1,
activation = "relu",
attn_dropout = None,
act_dropout = None,
normalize before = False):

super (DETRTransformer, self). init ()

self. hidden dim = hidden_dim

self.nhead = nhead

encoder layer = TransformerEncoderLayer (
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hidden dim, nhead, dim_feedforward, dropout, activation,
attn dropout, act dropout, normalize before)
encoder norm = nn.LayerNorm(hidden dim) if normalize before else None
self. encoder = TransformerEncoder(encoder layer, num encoder layers,
encoder norm)
decoder layer = TransformerDecoderLayer(
hidden dim, nhead, dim_ feedforward, dropout, activation,
attn_dropout, act_dropout, normalize before)
decoder norm = nn.LayerNorm(hidden dim)
self.decoder = TransformerDecoder (
decoder_layer,
num_decoder layers,
decoder_norm,
return intermediate = return intermediate dec)
self. input_proj = nn.Conv2D(
backbone num_channels, hidden dim, kernel size=1)
self. query pos embed = nn.Embedding(num queries, hidden dim)
self.position_embedding = PositionEmbedding(
hidden dim // 2,
normalize = True if position_embed_type == 'sine'else False,
embed_type = position_embed type)

Transformer BT 3 & , UL Resnet A% i1 1 mask CH T 76 352 B8 B 0 R 47 T
Bl AL 14 AR Ak, BRI b X MR R AT BE LA BY L BT LA [ — batch 04 8Hs ROSF 7776 25 5 L (H 2 ] —
batch i A resnet B R/ AR — B, LT 2T R IEAT padding (42 0) 8 AF LR AIE [7] —
batch B R SFAHIE . EAKd Ui 5k /& 3k 2% batch T KM W Hid KA H , 2K )5 batch T T A
) AR X A B R WX H #5147 padding., PIHGIE 52— mask Kid 3¢ padding Hi#Y
JF bR MR padding J5 B EME T AL ED I A . B 56 X Resnet [ FRAE JE 17 B 4k, IF 45 4
EW[B, C, H, W] 4k [B, HXW, C .85 mask 1T B RS, R4, KK,
mask I B 4 458 Encoder fil Decoder 2 J5 8L75 2 T H & 14 .

def forward(self, src, src_mask = None) :
src_proj = self.input proj(src[ —1])
bs, ¢, h, w = src_proj. shape
src_flatten = src_proj.flatten(2).transpose([0, 2, 1])
if src_mask is not None:
src_mask = F.interpolate(
src_mask. unsqueeze(0). astype(src_flatten. dtype),
size= (h, w))[0].astype( 'bool")
else:
src_mask = paddle.ones([bs, h, w], dtype= 'bool')
pos_embed = self.position embedding(src mask).flatten(2). transpose(

[0, 2, 1])
src_mask = _convert_attention_mask(src_mask, src_flatten. dtype)
src_mask = src_mask.reshape([bs, 1, 1, —11])
memory = self.encoder(

src_flatten, src_mask = src_mask, pos_embed = pos_embed)

query pos_embed = self.query pos embed. weight. unsqueeze(0). tile(
[bs, 1, 1])

tgt = paddle.zeros like(query pos_embed)

output = self.decoder(
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tgt,
memory,
memory_mask = src_mask,
pos_embed = pos_embed,
query pos_embed = query pos_embed)
return (output, memory.transpose([0, 2, 1]).reshape([bs, ¢, h, w]),
src_proj, src_mask.reshape([bs, 1, 1, h, w]))

(4) £ 28 FI B
DETR AR E anchor, M EAEHEWT HH— D5 N DGR E S Hbh N B
VBCE W R T R W AR R . i ) 2 R B 1 A T ke DTG A 3k 4 0 ) 4% SR R L
SR TE CFE 3 BLg AN X 6 2F R R FF 20 1)
class HungarianMatcher(nn. Layer) :
def  init (self,
matcher coeff = {'class': 1, 'bbox': 5, 'giou': 2},
use focal loss = False,alpha=0.25,gamma=2.0):

super (HungarianMatcher, self). init ()

def forward(self, boxes, logits, gt_bbox, gt class):

(5) DETRLOSS,

DETR 1Y loss B PHFER A8 . 43 2P R M FAE S 2 . Hovpr, A0 S P e i FH ) 2 28 X
WA g, N AAHERI R M L1 Loss G 2.y WL H B4 X {H IR 2) Ml GIoU Loss 41 L.
7EX i i DETRLoss 28RS DETR 45 145 2% 8 71

class DETRLoss(nn. Layer) :

def  init (self,
num_classes = 80,

matcher = 'HungarianMatcher',

loss_coeff = {

'class': 1,
'bbox': 5,

'giou': 2,
'no_object': 0.1,
'mask': 1,
'dice': 1

}/
aux loss = True,
use focal loss = False):

DETR 7E TR B], B 5005 R0 285 T00 /%) 245 SR AN 7338 3 HungarianMatcher 77 35 5280
— —VCHL SR J5 AR 4 DT B 18 45 S 158 40 28 (0] 05 483 2 s AT [l )51 4 2%

def forward(self,
boxes,
logits,
gt_bbox,
gt class,
masks = None,
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gt_mask = None) :
match indices = self.matcher(boxes[ —1].detach(), logits[ — 1].detach(),
gt_bbox, gt class)
num_gts = sum(len(a) for a in gt bbox)

total loss = dict()
total loss.update(
self. get loss class(logits[ —1], gt class, match indices,
self.num classes, num _gts))
total loss.update(
self. get loss_bbox(boxes[ — 1], gt bbox, match indices, num gts))
return total loss

_get_loss_class Al _get_loss_bbox 43 5l H F 115 43 2 [0l U9 45 e Al ik FLAE [a] 9 i g,
Hr, get loss_class B9 38 W4t 2% 38 i 8 ] paddle. nn. functional. cross_entropy 2K,

def get loss_class(self, logits, gt class, match indices, bg index,
num_gts) :
target label = paddle.full(logits. shape[:2], bg index, dtype= 'int64')
bs, num query objects = target label. shape
if sum(len(a) for a in gt _class) > 0:
index, updates = self. get index updates(num_query objects,
gt_class, match_indices)
target label = paddle. scatter(
target label.reshape([ —1, 1]), index, updates.astype('int64'))
target label = target_label. reshape([bs, num_query objects])
return {
F.cross_entropy(
logits, target label, weight = self.loss coeff[ 'class']) }

_get_loss_bbox il i3 ## i paddle. nn. functional. 11_loss #l GloULoss 2% 3¢ 1155 75 il 2
FbREHE Z B ) L1 52 A1 GIoU #i 26,

def get loss_bbox(self, boxes, gt bbox, match indices, num gts):
loss = dict()
if sum(len(a) for a in gt_bbox) == 0:
loss[ 'loss _bbox'] = paddle.to tensor([0.])
loss[ 'loss _giou'] = paddle.to tensor([0.])
return loss
src_bbox, target bbox = self. get src target assign(boxes, gt bbox,
match_indices)
loss[ 'loss_bbox'] = self.loss coeff[ 'bbox'] * F.11 loss(

src_bbox, target bbox, reduction= 'sum') / num_gts

loss[ 'loss_giou'] = self.giou loss(

bbox_cxcywh to xyxy(src_bbox), bbox cxcywh to xyxy(target bbox))
loss[ 'loss _giou'] = loss['loss giou'].sum() / num gts
loss[ 'loss_giou'] = self.loss coeff[ 'giou'] * loss['loss_giou']

return loss

(6) DETRHead,
DETR ) Head DA Transformer #' Decoder #73 I %i 4 % A, i i3 FFN kMl & )5
B 432 F FEHE [R5
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class DETRHead(nn. Layer) :
def  init (self,

num_classes = 80,
hidden dim = 256,
nhead = 8,
num_mlp layers =3,
loss = 'DETRLoss "',
fpn dims =[1024, 512, 256],
with mask_head = False,
use_focal loss = False):

super(DETRHead, self). init ()

self. score head = nn.Linear(hidden dim, self.num classes)
self. bbox head = MLP(hidden dim,

hidden_dim,

output_dim =4,

nun_layers = num_mlp layers)

def forward(self, out transformer, body feats, inputs = None):
feats, memory, src_proj, src_mask = out_transformer
outputs logit = self.score head(feats)
outputs bbox = F.sigmoid(self.bbox head(feats))
outputs seg = None
if self. training:
gt_mask = self.get gt mask from polygons(
inputs[ 'gt_poly'],
inputs[ 'pad mask']) if 'gt poly' in inputs else None
return self. loss(
outputs bbox,
outputs_logit,
inputs[ 'gt_bbox'],
inputs[ 'gt_class'],
masks = outputs_seg,
gt_mask = gt_mask)
else:
return (outputs bbox[ — 1], outputs logit[ — 1], outputs_seg)

(7) DETR,
AT 25 € X7 DETR HJ backbone, transformer .DETRHead #1 DETR 831 5%, 11
HHH A T DETR BEAL,

class DETR(nn. Layer) :
def  init (self,
backbone,
transformer,
detr head,
post process = 'DETRBBoxPostProcess’',
data_format = 'NCHW') :
super(DETR, self). init ()
self. backbone = backbone
self. transformer = transformer
self.detr head = detr head
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self.post_process = post_process
self.data_format = data_format

TETT AL 4% 1 2 B b  DETR UL RR FbRE R AL it Backbone $2 BRI GRER1E , IF 4%
PEBUHYERAE 2% A transformer, fix & it detr_head i [ % i B9 451 < CHIUI B B 00 3% [0 %63 197 )
SR O

def forward(self, inputs):

if self.data format == 'NHWC':

image = inputs|['image']

inputs[ 'image'] = paddle. transpose(image, [0, 2, 3, 1])
self. inputs = inputs
self.model arch()
if self. training:

body feats = self.backbone(self. inputs)

out_transformer = self.transformer(body feats, self. inputs[ 'pad mask'])

losses = detr_head(out_transformer, body feats, self. inputs)

losses. update({'loss':paddle.add n([v for k, v in losses. items() if 'log' not in k])
1)
return loss
else:

body feats = self.backbone(self. inputs)

out transformer = self.transformer(body feats, self. inputs[ 'pad mask'])

preds = self.detr head(out_ transformer, body feats)
bbox, bbox num = self.post process(preds, self. inputs|'im_shape'],
self. inputs[ 'scale factor'])
output = {"bbox": bbox pred, "bbox num": bbox num}

return output

0% 4. DETR Y14

7£ DETR WY B, 1 56 2 52 ) Ak iy 1o o SCR A L, 1 2 BRI R AIE Y ResNet
DETR f4) Transformer %5 #4, A T DT B 30 90 45 % M Fr & B9 HungarianMatcher, #ii %
DETRLoss Al T DETR f4 3 3k 3 [ 4% (DETRBBoxPostProcess 75 W il {y Befdi f . T
Xif 45 SR AT JE b B AT A5 3 25 0 AR T HE AB A7) 5 SR S 1 SE 44k model B2 FRATTEE I LR
DETR ##£7# ,

backbone = ResNet(depth =50, norm type = 'bn', freeze at =0, return idx=[3],
lr mult 1list=[0.0, 0.1, 0.1, 0.1], num stages=4)
transformer = DETRTransformer(num queries = 100, position embed type = 'sine',
nhead = 8, num_encoder layers =6, num_decoder_layers =6, dim_feedforward = 2048,
dropout = 0.1, activation = 'relu', hidden dim = 256, backbone num_ channels = 2048)
matcher = HungarianMatcher(matcher coeff = {'class': 1, 'bbox': 5, 'giou': 2},
use_focal loss = False)
loss = DETRLoss(loss_coeff = {'class': 1, 'bbox': 5, 'giou': 2, 'no object': 0.1,
'mask': 1, 'dice': 1}, aux_loss = True, num_classes = 80, use focal loss = False,
matcher = matcher)
detr_head = DETRHead(num_mlp layers =3, num_classes = 80, hidden dim = 256, use
_focal loss =False, nhead =8, fpn dims=[], loss = loss)
post_process = DETRBBoxPostProcess(num classes = 80, use focal loss = False)
model = DETR(backbone = backbone,
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transformer = transformer,
detr head = detr head,
post_process = post_process)

56 IR (1) S AL IS L 42T ok 2 S BN 2 B B T i 0 B A DL AR AR L1 B I SR B o
M) 3] R A E F . 1E sample_transforms il batch_transforms ¥ & K15 i 4b ¥ Fl batch
b AL B A

def train(model, start epoch, epoch) :

dataset = COCODataSet(dataset dir = '/home/aistudio/dataset/', image dir = 'train2017',anno_
path = 'annotations/instances train2017.json',data fields = [ 'image', 'gt bbox', 'gt class',
'is crowd'])
sample transforms = [
{Decode: {}}, {RandomFlip: {'prob': 0.5}}, {RandomSelect: {'transformsl':
[ {RandomShortSideResize: {'short side sizes': [480, 512, 544, 576, 608,
640, 672, 704, 736, 768, 800], 'max size': 1333}}], 'transforms2':
[ {RandomShortSideResize: { 'short side sizes': [400, 500, 6001]}},
{ RandomSizeCrop: { ' min _ size ' : 384, ' max _ size ' : 600 }},
{RandomShortSideResize: {'short side sizes': [480, 512, 544, 576, 608,
640, 672, 704, 736, 768, 800], 'max_size': 1333}}]}}, {Normalizelmage:
{'is scale': True, 'mean': [0.485, 0.456, 0.406], 'std': [0.229, 0.224,
0.225]}}, {NormalizeBox: {}}, {BboxXYXY2XYWH: {}}, {Permute: {}}]
batch transforms = [
{PadMaskBatch: {'pad to stride': 1, 'return pad mask': True}}]
loader = BaseDataloader(sample transforms, batch transforms, batch size= 2,
shuffle = True, drop_last = True, collate batch=False, use shared memory
= False) (dataset, 0)
# build optimizer in train mode

steps_per_epoch = len(loader)

# BE R g

schedulers = PiecewiseDecay(gamma = 0.1,milestones = [400],use warmup = False)

lr = LearningRate(base lr =0.0001, schedulers = schedulers)

optimizer = OptimizerBuilder(clip_grad_by_ norm = 0.1, regularizer = False, optimizers =

{'type': 'AdamW', 'weight decay': 0.0001})
1r = 1r (steps_per_epoch)
optimizers = optimizer (lr,model.parameters())
DETR VI Z5 (4 32 72 5 117 187 4 52 BROAH AL 78 45 U 32 A A% 2o A ool fin 2 808 S A DETR A%
Y HEAT R 0] A48 IF 1S3 0% AR U8 908 2 AT B2 1] 4% 8 L AT — AR AL A5 91 47 S 808 0
S RBRE AR e T — BRI SR
for epoch id in range(start epoch, epoch) :
status[ 'mode'] = 'train'
status[ 'epoch _id'] = epoch id
_compose_callback. on_epoch begin(status)
loader. dataset. set_epoch(epoch id)
model. train()
iter tic = time.time()
for step_id, data in enumerate(loader) :
status[ 'data_time'].update(time. time() — iter tic)
status[ 'step id'] = step id
_compose_callback.on step begin(status)
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outputs = model(data)
loss = outputs['loss']
loss. backward()
optimizers. step()
curr_lr = optimizers.get lr()
1r. step()
optimizers.clear grad()
status[ 'learning rate'] = curr_lr
if nranks < 2 or _local_rank ==
status[ 'training staus'].update(outputs)
status[ 'batch_time'].update(time. time() — iter_ tic)
_compose_callback. on step end(status)

iter tic = time.time()

% 5. DETR 0955 3F A1

DETR 4956 Uk B BE 5 U1 Zhod R AL L 75 22 50 5 B T 36 0k 1 B0 4 L (HR o5 257 X 181 8
G T AR AR AT 0 — A S SR R A . TR AN 7 B Al % A R 1 A% % L Uk
A 2 A5 R 2R (] 00 45 SR 5 o e T SR Rl

def eval with loader(model) :
status = {}
_callbacks = [LogPrinter(model) ]
_compose_callback = ComposeCallback(_ callbacks)
dataset = COCODataSet(dataset_dir = '/home/aistudio/dataset/', image_dir = 'val2017'
,anno_path = 'annotations/instances val2017.json')
_eval batch sampler = paddle. io.BatchSampler(dataset, batch size=1)
sample transforms = [{Decode: {}}, {Resize: {'target size': [800, 1333],
'keep_ratio': True}}, {NormalizeImage: {'is scale': True, 'mean': [0.485,
0.456, 0.406], 'std': [0.229, 0.224, 0.225]}}, {Permute: {}}]
batch transforms = [{PadMaskBatch:{'pad_to_stride': —1,
'return_pad_mask': True}} ]
loader = BaseDataloader(sample_ transforms, batch_ transforms, batch size=1,
shuffle = False, drop last = False, drop_empty = False) (dataset,
4, eval batch sampler)

_metrics = _init metrics(dataset = dataset)
sample num = 0

tic = time. time()

_compose_callback. on_epoch begin(status)
status[ 'mode'] = 'eval'

model. eval()
for step_id, data in enumerate(loader):
status[ 'step id'] = step id
_compose_callback. on step begin(status)
outs = model(data)
for metric in metrics:
metric. update(data, outs)
sample num += data['im_id'].numpy( ). shape[0]
_compose_callback. on_step end(status)

& DETR T (14 32 5 o s 28 % 3000 69 [ 45 20 A7 09— Ak IR B RS) S SR Al i #3111 4R
TEREATAb B2 )5 T8 N 455X 90 28 1) i o R A7 Ak BEE 5 )0 T I 45 PN A . L DETR
F4 0 4% S Bl 27 20 56 1, DR 25 Bl T SR
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