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SHAWISS PURIPAT : THE EFFICIENCY OF THE MOTION DETECTION SYSTEM A
CASE STUDY OF EDIBLE-NEST SWIFTLET FARM. ADVISOR : ASSOC. PROF. DR.
RUTTIKORN VARAKULSIRIPUNTH, 71 PP.

The successful management of the nesting bird business is the most
important factor to be considered is the number of bird nests within the farm. The
edible-nest swiftlet is considered a wild animal that can’t be cultured naturally. as a
result, the idea of searching for techniques and methods for simulate farm buildings
to have an internal environment similar to a natural cave as possible. By sound
behavior in the mating to attract the edible-nest swiftlet to lay eggs. Therefore, this
research has designed a system for counting the number of edible-nest swiftlets that
fly in and out of buildings. In order to be able to analyze the accurate bird inspection
and adjust the environment inside the building to have the number of edible-nest
swiftlets to build more nests. The researcher has designed a device and developed a
program for this edible-nest swiftlet counting system. Using the YOLO v.5 algorithm
that can accurately count the number of edible-nest swiftlets that fly in and out of
the building, the accuracy is up to 92 percent and can meet the needs of farmers very

well.
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True Positive - TP False Positive - FP False Negative - FN

The object is there, and

;he obi‘jec‘t ;stthetre_}and :;eJtaT::] ;blf:gfl:fd ‘t’::;m zith:z: f’;:ﬁ'f;ergsb'fglgas L the model doesn’t detect
wi‘t}hn;c; IiU :gzci’nztl ) 9 9 d it. The ground truth object
ground truth box above Right: The object is not there, and the model detects Lalis Gl

the threshold one.

SUN 2.4 f9819n15WIAN TP, FP, FN
N3N 2.4 NIRUALAIABNTEUINGAINNAS Uansaudiletrenseuueing M
loU  #ldR1nnseurimunginguaznsouTnganuassdouriuaugun - 25  151a1m03aseen
threshold lad@wsudn loU iafiansaniin1snsaduinguugnaemsalil lngauafdngmg
fin loU 4w 0.5 g

v v [

i1 loU = 0.5 Wdausziannisnsiaduingilu True Positive (TP)

11 loU < 0.5 wansindumsnsaduiiinuazdauszinvidu False Positive (FP)

Fenseuimgruaiwunngeglunmuazuuudiasdiannsansaduinglalian
Uszinmidu False Negative (FN)

True Negative (TN) Aovndrumesnmiiisililévinnetng Taswnintaslifnase
nansaaduiagdaiugddliauls True Negative

drunnssaan threshold w84 loU 1y 0.5 %3081 anunsanaAdy 0.5, 0.75 0.9
w39 0.95 wWudy n1sldA1 Precision wazeA1 Recall wosmmsnlunisuszliulszansnim
Precision Way Recall anA1uinlagly True Positive, False Positive lag False Negative

LAgLAUANUTUN 2.6



Area of Intersection
I0U = Area of Union i

SUN 2.5 TBn13m1en loU

Precision = True Positive

True Positive + False Positive

Recall = True Positive

True Positive + False Negative

JUN 2.6 T8n1511e1 Precision Uag Recall

2.1.3 YOLOVS

YOLO (You Only Look Once) iusane3sunsisrinquuuiSealnifisiuszansam
B3 [5] agnamianuaAnvesnsnsaduingdaneiin lne [6,7] sane3du YOLO Liu Object
Detection Model sawilsidanulanduegnannlusnuresnninia naenaunsUsulse

U199819lUTUR D UNTAIAAZLLUNT DUV ULYATILAN AL O L NADIEN U
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416

208

416

3 32 64 128 756 512 1024 2048 1024 Kx(5+0)

Input Image Convolution-Downsampling Dense Connection Spatial Pyramid Object Detection
Block Block Pooling Block Block

5U71 2.7 Tasea$ewes YOLO Miludusg uuu neural network

Tngaziidanosiudiunnssfudmiunsnsaduing (Object Detection) uAzaBNIALUS
senduasingy [8,9]

Sano3fuilldify Classification sinsdniunisluasstuneu tuusnidengiiniai
aulalugnm denfsuungiinamanilnglilassnsyssamifon nsudtymiidenadn
dosnndesFenlinisamanisaidmiunngianeiiiden Megravesdaneifiuussianife
Region-based convolutional neural network (RCNN)

Sanes7udldifiu Regression Lmu'ﬁ%Lﬁaﬂdauﬁmaﬂwmgﬂmw Nagsiutemana
LazvauldmIUsUnmalunsiusaneifiuien sediirfigaaindanesiunguiie
YOLO wag SSD (Single Shot Multibox Detector) finlddmsun1snaduinguuusualng
\esnnlasiluudienadeuaniunisananuududiaadntiosiiionisusuusdliannusa

LT
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MS COCO Object Detection

AP - val

——YOLOv3-SPP
3 ——VOLOvS-large
——YOLOv4(CSP,Leaky)

L 1 2 3 4 5 6 7 3 9 w 1 12 13 14 1 1 17 13 19 20

Average Latency (ms) - batch size = 32

'
Y 1

JUN 2.8 feganmIsuifigunmainanuvedung

dmsumeuaiiidan Yolovss uldunu Yolovd isizeauinuedluinaiiannia
110 fanudalunisussannmags widnnuuiugianvssdidosnitduegng win1suiunly

SULUIBNIININ WUIZAUNUNADIN1TANUSTUNTY I ULAZUSEUIMNATDITZUU [10]

Better—yOLOv5x
50 =
YOLOvS5! i
45 - -
$yoLo '
Z L
o 40 4 |' -
] f
8 'l
YOLOVSS —t— YOLOV5s
35 ¥ —+— YOLOV5m
—e— YOLOWSI
—e— YOLOV5x
30 - —e . EfficientDet
0 20 25 30

5 10 15
Faster <« GPU Speed (ms/img)

UM 2.9 Mnnsid3guiigun1svinauadligg Yolovs wsagaun
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2.2 U MN8IVD9
UITENNYU9NUNNSUTLRUUSLANTAINLALIATILANITVINUT AT

2.2.1 Development of a Vehicle Counting Algorithms by Image Processing from

Video Camera

NAdeilaUssenaltnaedinie  wazimaluladinenunisussaanan e lgLive

]

widgmiliesnnduyuiuaslivsgansamlegldisnisnsaiunmedeulny  mMsdesei
Ufiou n1suUsuyuneanwlunwadn (Perspective) wazUIzUNAIAMUNUILLLYBINITITIAS
WUU Real-Time #udwisnde ludutdou fuse@nsamw awnsanaaeulaluaniuniasiway

saa A

lonadnsna weldlunisdanisasias Wiiulvegnegnsie [11]

JUT 2.10 AMA9NTOUATIRIVLALYININNTATIIT ULz UTULNMBInwluLwIEn

2.2.2 Implementation of a Low-Cost Real-Time People Counting System on

Raspberry Pi Based on Applied Tiny YOLO V3

a¥1953uu Classification tuyarafiifiuluiwuy Real-Time uy Raspberry Pi fg

'
1A

nsUszandld Tiny YOLO V3 Fadudanesiiunisssiniuingiuidanuswagainugnsied
wiugigs e Tiny YOLO v3 faududeutiesnit YOLO wuuunfiann famsngfiu
unannesuvpITEUUANDINalef Raspberry Pi Midnsnennsuwazanusalunisussananad

37110 [12]
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Total )
_ Counting
Bright- | Threshold | number | System
_ accuracy
ness (%) (%) of counting
(%)
people
80 16 67
100
60 24 100
80 16 67
90
60 24 100
80 15 62
80
60 22 91
24
80 6 25
70
60 12 50
80 0 0
60
60 5 21
80 0 0
50
60 0

5UN 2.11 1gazdunlszdnsnmnisnsiatiuyana laguwanaSeuieunnuuwsiug1vens

ATIUUAIETTUU FENTNNITAMUMNUNAIGAVBITANETAN Tiny YOLO V3 Tunis

n3793UTngN 80% wag 60%

2.2.3 Automatic detection, trackine and countine of birds in marine video

content

'
[ a

nsnsrduingiiedeulmlnesaluidniussansamlunsia iudlgwiiiivae
wigsnflosananududeuvesainidunald sssumavemeiaiiinanaduisouazanin
91NAVIIALAAAMUEIUINDHIIUINFINSUNITHAUT Dynamic background subtraction
(DBGS) Aoduisnsuidamfvnzaslureuunvesn1snaduidedmsunsinsieinig
i ludsetineia DBGS wnzdmiudeldsunmsnsmasunazUSulimunzaud sy
nsnsIedeukasinnuunludilenamsia uenmitearnmsauiiunds eazBeaivaey
gnuenlaednvazianzaaiuenauatiiieauingililvuneen dashunignasaaduls

waanvinsAnuenie Inglunaesdmasy Jagigliussanamalisuazuaiuggsguy [4]
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o el

and/H 1450 Vs 2s Tips
birds: 13

! Aa o

SUN 2.12 19 1Wnnvesdanasiiunly: lidledne JSON uavansuinlenifesuy

Dictionary  Kernel Bird Water  Time

3 Linear 92 % 86 % 91 s
5 Intersect 92 % 90 % 89 s
5 RBF 90 % 89 % 95 s
10 Linear 89 % 89 % 108 s
10 Intersect 91% 91 % 107 s
10 RBF 91% 92 % 107 s

JUN 2.13 naansanuusiugiazUsgavsnmaindanasny SIFT fiugiu

2.2.4 Swiftlets and edible bird's nest industry in Asia

unmnausuduuniunsaswuadndaunsiugluiiedens fusonideslilazuddiin
¥ luussaununausunanesindiftedidsdavduiifaulaneulunisadiesaund uls
(EBN) 9minanefindseenuilutganauiug eynsuisuvesununusudaaunddudsd
anifissfusnniigaluaeiusunidesandnvarmsduginaluaeiugianuadonds
fugs Fsanunsanuldmierdens Fusondedduazuudiinld Tnevhluununausuazainsetan
Jrnvualnglugilenioanmundeufimiiouduosanmuannsalunisdmsuany
fialagldnsszyiund AdiTiaidadoniniianulaaduluEesnruaunsalunsnanisi
AuleFsdulnguszneumeifudulnalalusiufinannsmdahaneduus ununususs

217 (Aerodramus fuciphagus) LagunUNLEUsIA1 (Aerodramus maximus) AsUN15enees
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£% i%
= £y

ag19gsluguzsunsansillouiiosaniaesviiainTuriavuavsodulngu1annsvas
wrarelaglisiudandu o wunglaaukazauun dedunisiiuiedsiunisiedu

geamnssuniinlslunaneUsewmelueduns Tusenidesls [1]

2.2.5 Vehicle Counting Based on Vehicle Detection and Trackine from Aerial

Videos

AMstiug ULz aINeINAguls ALt (UAVY) Mdsnanaidusdeidosendanlunis
ASIEBUANINNNTASI9T NADITIARseUL UAV Beldinduduwoinwd miusiusuiale
nse1nd WeIsudisufudumesuuutinuda UAV ansnsausuldfuiuiinigoanis
nsaevlfegdangunaslinunesiini1etu luunauifinisiauenseunisinalvgl
1S UNITUVLIUNIRUEAILIRLON1IN A IuLWS:uﬁ%ﬂsuawmm?aammé’fﬁmqmﬁ'auﬁ
annsadansfugesaaunisalielud: fundinsiinasiundaiindeulmdmsuiundaiuy
AsifansIsUARlel ety suAinwarzlduIiion v un musdsasnsasUinslaLn
anundsldethaseiilos dmsuitundafiadoulmasinisldnsameidounmiieusyanm
mMsidoufiveandosdsinlianuisansadueiunvuglaluszuuRingads uonainiuie
lwurnsasuasunanazgUswesumuglusun s diadesiiefnnunisioud
ooulaudsanunsaduinasegiilddmiunisiineusy gavheiseenuuuluganisdanis

a

a8 InTIAINITAVATIENLALATIIADUAN ULV UN MU NARAU LG9 Us aNT N

umAtANARLETA FBN1IVBUIISUNITNAZDUNUIR L8119 INIAUDIRINNINNAIIITIN TN
% el' d’l’ (9 c{' d{' Y @ I aa e{'

NS IAUAZNUNF TG UL HaNIINAARILAAITLALNINIBNSMEURAINTITOUTIRAIIY

WU UEININNIT 90% WAy 85% VoIN1sHUIalUIAlaNUNSIAIN AR LaNUNAILARDUlN

fua1au [13,14]

g ]
: Static
2 'l "l background 7
kL = /)
UAY Mi‘f”l"?' Multi-vehicle R Vebicle Vehicle
vemele tracking . ment counting
detection module

&

|

!

Moving
background

a

SUN 2.14 Wsa33AT8UAYTENBUMENIIATIRIVLINAULNIAAMINTONANLAUAS

IPNITTONANYAULBZNITATIANUTE UAV Raddumasnin



16

Tuunauiliinisiauenseun1snsIaTULAZARRNE LN UE HANBR UMY UAV &9
ansolddmsunistiugunnuzagasadanis e iundnsiwas Nundafpaeud u
150 UAV 9g57usmdsunmuazdsldauniomsiadudu eonfuaesdiufefiund oy
Aainaviundsiindoulnl iileduduendnealienizvesorunmuzluialodduenn
muwmuzﬁmmwuﬂ%wm%gﬂammﬂmaﬁaaﬂmu Lﬁaﬁmmsmuwmuzﬁgﬂa@muaa’wﬁ
Uazé‘m%m‘wLLawﬁﬂL?immmq'mwsflumiammmiﬂé’aaﬂLmuiufﬂami%’mmwmaﬁmq%q
Famsoummusiinamumelilugauuusunaglideyaamusvoseunur inauusaz

AULENITIASIZIIDaRs g luNeuraa [14]

2.3 5321381 3AHUUIY
NNNSANBIMIAA Naud wavadenifetesieilurnuidmsunisfinei

Weatesiumalulagyszanananmlunssl gAnwildihanusilasuandndununutusey

v ¥
av a v a

Tnsununtsiuiwnuddeiionun 3 duneu mumsned 2.1 fdl

1. fumeubosiu Wutunevlunsnindenidde §ideidldidudutoyn noud
wazanAssiinededlaeidoniagvinsieuiiouteyasenitenslinimils (snapshot)
fu nmARleLsH (videoframe image) fildainisanedmeainsaunusuiuiseglunaulng
unusy Lleiiususudeyainzausevindeide

U Ya

2. Funaun1smiunis Wuduseulunisaiiuanuide ua%’aﬁﬂéﬁ’ﬁﬂquaﬂim
I a o a s a a Y @ Y] .
VYIUNUBURUTIINNEAINS WiTeugunsallaslisuansudlaglindnnisnsiaduing (Object
Detection) @M95UNN5RSITUIILIULALIAUTZENTN N Inedana-asy Yolovs 3nNUUINIY
ANLHUNITNAAD
3. Funaun1sazy utuneuganelunisyihaisenisasunaniiddeiamua il
anlunstuneulosiukas tunoun1saliuns visaestunaudauietludousuiay

ANYITNUSLAZUNANLAVINTG
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W.A. | A.A. | W.8. | 5.A. | u.A. | W, | & WLEL | WA
& & o
JdunauLiiatau
RF ey Rk
ANTNUNIUITIUATTN
mMsnaaadiiiageu

F9LA1TATIINENTINUS

LR UALAT TATIINEN TN US

o
s

duaaun1satidunis

AMaLAuTayALAYLAFaNTAYR

A5UTTUIRNR

>
7

fdunaunissg

grUuasAnuweIuIY

Wauinendwusiauguysal

fauilavAuinentinus
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ASNITANAUIU

91NN1SANBINIAR NOEE wazanddeiifertaaioduanuidmnsunisanui

i v )

Nedesiumalulaguszinnanmluasal ganwlahenusilasuandnduanunutuney

v

N

D¢

1. myinsenveyatymivesnuide
2. m3fnwtayauazinalulagnunly
3. 9BNLUUNITNARDILATANTUNITNARDS

i
Y

TAYLNUNNTANTUINUITLTNIUA 3 TURDY

i
Y va o

Tumeurdowiu udunevlunismidenuide §3deldinsfnyuasdudu
Toya nquiuazuideiiieteslasideniazinsieuiisudeyaseninanisldamis
(snapshot) iU AmARTeS (videoframe image) Ailan1sanednleainsaunusuiusaee)
Tuneula3sunusu ieiAusiusudeyaivnzauserdoide

fupounisdiiiunig Wutumeulunisduiiumnyide AIAEFlAAN NG ANTIUVRS
UNKBUAUSIINNEAINS SeNgUnsaluazlauansudlagldndnnisnsiaduing (Object
Detection) dwiunisarifusiuauuariaussandnm ledane-85u Yolovs antudasy
ALUNITNAREY

funeunsasy iudupeuanielunsitenidenisagunanuidderanundla
unluistuneudoswiuuazduneunisdiiunis faesduneudwuieluitouguidy
MHINUTUALUNANNININTT

Falunsiliuaideazdulunudureunisiliunuidenugun 3.1
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Tagiin Yolovs Aflanulaatauluaiuanus7luni1sn1sasiadutazUssuianaunlgaud
Waua18lusunsun19 Python taglnatduiinddle*.mpdazlyaiu1savianis Image
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EX Windows PowerShell =, a X

5UT 3.2 msudasliid mpd 1Wulwid jog

ndulmilnasuamalagiuiviinis Image Labeling mugud 3.3 iiveldlunis

= 1
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Y
1n19138U3 JUTN dnuarvesingNiI98fean19n 51 UT 10N B9983UUNARNAYRIING

q

[

welranansaAauenIngnesnsiidaauiny



22

Dises
2 Lo
(] i

m R

rate e
DN csderreseescthoustom. datase ~
[FPiesy Toiseripasmses Astace
N ke

3
Wi 18, Heghli 20 ¢ X 230 ¥: 255

U7 3.3 M15911 Image Labeling

3.3 2ANLUUNISNNABIRAZALTUNISNAABDY

E>AY

F38leiN130eNRUUEIAUNTEUIUNTYINUVBITEUY TuiudI38ldvinnsuds

'
1 [J

#1N13¥1 Image Labeling {8 udaya Training Validation wae Test nanislifoys

JUTIWNMIA 1559 5U Agdnsnausiil

e
=)

BLANN

- Training Dataset = 75% ¥4 Dataset (1159 §U)
- Validation Dataset = 35% ¥84 Training Dataset (400 gu)
- Test Dataset = 25% w84 Dataset (400 §U)
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datasetyam| - Notepad — O X
File Edit Format View Help
# train test and val datasets (image directory or *.txt file
with image paths)

train: ./data/train/images/
test: ./data/test/images/
val: ./data/val/images/

# number of classes

nc: 2

# class names

names: [ ‘swiftlet’, f‘edible-nest swiftlet’]

Y 1

gﬂﬁ 3.4 faenelna Dataset config Tulua yaml

lun1sasrsmuuIneeini1snsaduinglag Yolovs ieldlunisnsiadudiuiuvesun

waUA U UTY 2RI 15 TauAId LN 0a319AY weights LT uA WA IMTUNITAT
wuudnaad Yolovs Tagagiinisnsandeyanaviunaiiauuuiness wwinvediing 31uiuseu

¥

Y25 38U3 uAazATe WunldUseuinma NN TTauARwINgUn 3.5 uay 3.6 uagasul

GPU 1978 U588 0UNa bLAaE AT 9N e

$ python train.py --data coco.yaml --cfg yolov5s.yaml --weights "' --batch-size 64
yolov5m 410
yolov51 24
yolov5x 16

' o
[ Y

JUT 3.5 fee1eAdan13aaA train.py

Ipython train.py --data custom _dataset/custom_data.yaml --cfg
models/yolov5s.yaml --weights '' --epochs 100 --batch-size 16

Y 1

U7l 3.6 A9 1NAFINITATINAT weights ISUAUVBILUUTIRDS

caf



Box Objectness Classification Precision Recall
0.06
0.040 —e— results 0.6
0.10 0.05 0.5 0.4
0.038 0.04 0.4 0.3
0.09
0.03 0.3 0o
0.036 -
0.08 0.02 0.2
01 0.1
0.034 0.01
0.07 0.0 0.0
Q 5 0 & 0 B 0 5 0 5
val Box val Objectness val Classification 05 mMAP@0.5 mMAP@0.5:0.95
0.038 0.04
0.09 0.4 0.15
0.036 e
. 0.3
0.08 0.10
0.034
0.07 D02 o
. 0.05
0.032 01
0.01
0.06
0.030 0.0 0.00
0 5 0 5 0 5 0 5 0 5

SUN 3.7 ABEHAANEIINAIAINITATINAT weights 15UAY

nnthudlewslg weights LémﬁuLLﬁaﬂaiamaé’wéﬁlﬁmﬂmia%qm weights 5y
fou o uasiuaumniisefiagldaduiolulneganguil 3.7 uddavimstiouddsathe
fn weights TeauuUsaesiiddmsunsamasuunusuiusluiuiividenis uarfmuss iy
souresnadsudiutulfifiome insedwnndnuseuniadeudaiitonAuly anuuiug,
LLam’mgﬂﬁaﬂmaﬁmwmmmLﬂﬁaulﬁ FaagynsUeumdsasnaa weights dwsunmsasas
LuUT1aea Yolovs f femaifismnsnfivesainguil 3.8 Tnoassiasldn weights Busuiilsian

v A o o A = a ° 1Y g o Y av v
nounthillagtourdanugui 3.9 Fediiluwuuiaesiuwuuildnsnduingildesnun 2 v

&
U

¢

- /weights/last.pt : Wuudrassillsinssange

- /weights/best.pt : LUUTBDINAINITYINNIUATIAA

q

Inglvla bestpt dAsuuuitassisasiluldadiuwuudnassiiauysaluasdinnis

o dldd' d' ! ] = 1 o | . QI ¥ ¥ v a 1 1 1 -] d' ¥
Vuiavan wianan 3vinludelaitan weights BuAUIN TS w1231 Audugn e

q q
[ Y

S UANEIEN FuLllandwiuseunsissuiNtes nven1sigdnuiusaunsiseuI ANty

NN3a$19A weights A awininsasnawuuinaesauysalldanuindy
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--img <> : wuewes Image wwih(iimsusu Resolution wes Image)

--batch <> : FwwBatch size

--epochs <> : s Epochs

--data <> : Path #ndlusilwaData config

--cfg <> : Path #Wdludilwalassatdlunaiiidonis

--weights <> : Path didludgslWaPretrained model #wsuvih Transfer learning

Y 1

JUT 3.8 fregnsgazidenvasiag Arguments nelufds

Ipython train.py --data custom_dataset/custom data.yaml --cfg
yolov5s.yaml --weights runs/train/exp4/weights/best.pt --epochs 500

'
v 1 [

SUN 3.9 Megrerdinisaiieen weights lngldmn weights 15udu

=3 2/ =
MUY aagamwwﬂa

.

Flasnuaadunm

}

dayamwitlsinh Image Labeling

2 =

Whayan

o

h 4

sdayamwi idinuaudoys Train/Valid/Test ‘
vindoys Train ldinasisi weights
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% python detect.py --source @ # webcam
file.jpg # image
file.mp4 # video
path/ # directory
path/*.jpg # glob
rtsp://17@.93.143.139/rtplive/470011e600ef003a004ee33696235daa # rtsp stream
rtmp://192.168.1.105/1live/test # rtmp stream
http://112.50.243.8/PLTV/88888888/224/3221225900/1.m3u8 # http stream
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import argparse

import logging

import 0s

import random

import time

from pathlib import Path

from threading import Thread

from warnings import warn

import math

import numpy as np

import torch.distributed as dist

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

import torch.optim.Ir_scheduler as Ir_scheduler
import torch.utils.data

import yaml

from torch.cuda import amp

from torch.utils.tensorboard import SummaryWriter

from tgdm import tgdm

from models.yolo import Model
from utils.autoanchor import check_anchors

from utils.datasets import create_dataloader

from torch.nn.parallel import DistributedDataParallel as DDP

import test # import test.py to get mAP after each epoch

from utils.general import labels_to_class_weights, increment_path,
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init_seeds, \
fitness, strip_optimizer, get_latest_run, check_dataset, check_file,
check_git_status, check_img_size, \
print_mutation, set_logging
from utils.google_utils import attempt_download
from utils.loss import compute_loss
from utils.plots import plot_images, plot_labels, plot_results, plot_evolution
from utils.torch_utils  import  ModelEMA,  select_device, intersect_dicts,
torch_distributed_zero_first
logger = logging.getLogger(__name__)
try:
import wandb
except ImportError:
wandb = None
logger.info("Install Weights & Biases for experiment logging via 'pip install wandb'

(recommended)")

def train(hyp, opt, device, tb_writer=None, wandb=None):

logger.info(f'Hyperparameters {hyp}')

save_dir, epochs, batch_size, total_batch_size, weights, rank =\

Path(opt.save_dir), opt.epochs, opt.batch_size, opt.total_batch_size,

opt.weights, opt.global_rank

# Directories

wdir = save_dir / 'weights'

wdir.mkdir(parents=True, exist_ok=True) # make dir

last = wdir / 'last.pt'

best = wdir / 'best.pt'

results_file = save_dir / 'results.txt'
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# Save run settings
with open(save_dir / 'hyp.yaml', 'w') as f:
yaml.dump(hyp, f, sort_keys=False)
with open(save_dir / 'opt.yaml’, 'w') as f:
yaml.dump(vars(opt), f, sort_keys=False)
plots = not opt.evolve # create plots
cuda = device.type != 'cpu’
init_seeds(2 + rank)
with open(opt.data) as f:
data_dict = yaml.load(f, Loader=yaml.FullLoader) # data dict
with torch_distributed_zero_first(rank):
check_dataset(data_dict) # check
train_path = data_dict['train']
test_path = data_dict['val']
nc, names = (1, [item']) if optsingle_cls else (int(data_dict['nc']),
data_dict['names']) # number classes, names
assert len(names) == nc, '%g names found for nc=%g dataset in %s' %
(len(names), nc, opt.data) # check
# Model
pretrained = weights.endswith('.pt")
if pretrained:
with torch_distributed_zero_first(rank):
attempt_download(weights) # download if not found locally
ckpt = torch.load(weights, map_location=device) # load checkpoint
if hyp.get(‘anchors'):
ckpt['model'].yaml['anchors'] = round(hyp['anchors']) # force autoanchor
model = Model(opt.cfg or ckpt['model'].yaml, ch=3, nc=nc).to(device) # create
exclude = ['anchor'] if opt.cfg or hyp.get('anchors') else [] # exclude keys

state_dict = ckpt['model'].float().state_dict() # to FP32
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state_dict = intersect_dicts(state_dict, model.state_dict(), exclude=exclude) #
intersect
model.load_state_dict(state_dict, strict=False) # load
logger.info('Transferred  %g/%g items from %s' % (len(state_dict),
len(model.state_dict()), weights)) # report
else:

model = Model(opt.cfg, ch=3, nc=nc).to(device) # create

# Freeze
freeze = [] # parameter names to freeze (full or partial)
for k, v in model.named_parameters():
v.requires_grad = True # train all layers
if any(x in k for x in freeze):
print(‘freezing %s' % k)

v.requires_grad = False

# Optimizer

nbs = 64 # nominal batch size

accumulate = max(round(nbs / total_batch_size), 1) # accumulate loss before
optimizing

hyp['weight_decay'] *= total_batch_size * accumulate / nbs # scale weight_decay

pg0, pg1, pg2 =[], [1, [] # optimizer parameter groups
for k, v in model.named_modules():
if hasattr(v, 'bias') and isinstance(v.bias, nn.Parameter):
pg2.append(v.bias) # biases
if isinstance(v, nn.BatchNorm2d):
pg0.append(v.weight) # no decay

elif hasattr(v, 'weight') and isinstance(v.weight, nn.Parameter):




a7

else:
optimizer = optim.SGD(pg0, Ir=hyp['Ir0'], momentum=hyp['momentum'],
nesterov=True)
optimizer.add_param_group({'params': pg1, '‘weight_decay': hyp['weight_decay']})
# add pg1 with weight_decay
optimizer.add_param_group({'params': pg2}) # add pg?2 (biases)
logger.info('Optimizer groups: %g .bias, %g conv.weight, %g other' % (len(pg2),
len(pg1), len(pg0)))
del pg0, pg1, pg2
# Scheduler https://arxiv.org/pdf/1812.01187.pdf
#
https://pytorch.org/docs/stable/_modules/torch/optim/Ir_scheduler.html#0OneCycleLR
If = lambda x: ((1 + math.cos(x * math.pi/ epochs)) / 2) * (1 - hyp['Irf']) + hyp['Irf'] #
cosine
scheduler = Ir_scheduler.Lambdal. R(optimizer, Ir_lambda=If)
# plot_Ir_scheduler(optimizer, scheduler, epochs)
# Logging
if wandb and wandb.run is None:
opt.hyp = hyp # add hyperparameters
wandb_run = wandb.init(config=opt, resume="allow",project="YOLOV5'
if opt.project == 'runs/train' else Path(opt.project).stem,name=save_dir.stem,
id=ckpt.get('wandb_id") if 'ckpt' in locals() else None)
loggers = {'wandb': wandb} # loggers dict
# Resume
start_epoch, best_fitness = 0, 0.0
if pretrained:
# Optimizer
if ckpt['optimizer'] is not None:

optimizer.load_state_dict(ckpt['optimizer'])

S PR -
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# Results
if ckpt.get('training_results') is not None:
with open(results_file, 'w') as file:
file.write(ckpt['training_results']) # write results.txt
# Epochs
start_epoch = ckpt['epoch'] + 1
if opt.resume:
assert start_epoch > 0, '%s training to %g epochs is finished, nothing to
resume.' % (weights, epochs)
if epochs < start_epoch:
logger.info('%s has been trained for %g epochs. Fine-tuning for %g additional
epochs.' %
(weights, ckpt['epoch'], epochs))
epochs += ckpt['epoch'] # finetune additional epochs
del ckpt, state_dict
# Image sizes
gs = int(max(model.stride)) # grid size (max stride)
imgsz, imgsz_test = [check_img_size(x, gs) for x in opt.img_size] # verify imgsz
are gs-multiples
# DP mode
if cuda and rank == -1 and torch.cuda.device_count() > 1:
model = torch.nn.DataParallel(model)
# SyncBatchNorm
if opt.sync_bn and cuda and rank != -1:
model = torch.nn.SyncBatchNorm.convert_sync_batchnorm(model).to(device)
logger.info('Using SyncBatchNorm()')
# EMA
ema = ModelEMA(model) if rank in [-1, 0] else None
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# DDP mode
if cuda and rank I=-1:

model = DDP(model, device_ids=[opt.local_rank],

output_device=opt.local_rank)

# Trainloader
dataloader, dataset = create_dataloader(train_path, imgsz, batch_size, gs, opt,
hyp=hyp, augment=True, cache=opt.cache_images,
rect=opt.rect, rank=rank,
world_size=opt.world_size, workers=opt.workers,
image_weights=opt.image_weights)
mic = np.concatenate(dataset.labels, 0)[:, 0].max() # max label class
nb = len(dataloader) # number of batches
assert mlc < nc, 'Label class %g exceeds nc=%g in %s. Possible class labels are
0-%g' % (mlc, nc, opt.data, nc - 1)
# Process 0
if rank in [-1, O]
ema.updates = start_epoch * nb // accumulate # set EMA updates
testloader = create_dataloader(test_path, imgsz_test, total_batch_size, gs, opt,
hyp=hyp, cache=opt.cache_images and not opt.notest, rect=True,

rank=-1, world_size=opt.world_size, workers=opt.workers)[0] # testloader

if not opt.resume:
labels = np.concatenate(dataset.labels, 0)
¢ = torch.tensor(labels[:, 0]) # classes
# cf = torch.bincount(c.long(), minlength=nc) + 1. # frequency
# model._initialize_biases(cf.to(device))
if plots:

Thread(target=plot_labels, args=(labels, save_dir, loggers),

- \ ‘ PAY
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# Anchors
if not opt.noautoanchor:

check_anchors(dataset, model=model, thr=hyp['anchor_t'], imgsz=imgsz)

# Model parameters

hyp['cls'] *= nc / 80. # scale coco-tuned hyp['cls'] to current dataset

model.nc = nc # attach number of classes to model

model.hyp = hyp # attach hyperparameters to model

model.gr = 1.0 #iou loss ratio (obj_loss = 1.0 or iou)

model.class_weights = labels_to_class_weights(dataset.labels, nc).to(device) #
attach class weights

model.names = names

# Start training
t0 = time.time()
nw = max(round(hyp['warmup_epochs'] * nb), 1000) # number of warmup
iterations, max(3 epochs, 1k iterations)
# nw = min(nw, (epochs - start_epoch) / 2 * nb) # limit warmup to < 1/2 of training
maps = np.zeros(nc) # mAP per class
results =(0,0,0,0,0,0,0) #P, R, mAP@.5, mAP@.5-.95, val_loss(box, obj, cls)
scheduler.last_epoch = start_epoch - 1 # do not move
scaler = amp.GradScaler(enabled=cuda)
logger.info('Image sizes %g train, %g test\n'
‘Using %g dataloader workers\nLogging results to %s\n'
'Starting  training for %g epochs..' % (imgsz, imgsz_test,
dataloader.num_workers, save_dir, epochs))

for epoch in range(start_epoch, epochs): # epoch
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# Generate indices
if rank in [-1, 0]
cw = model.class_weights.cpu().numpy() * (1 - maps) ** 2 # class weights
iw = labels_to_image_weights(dataset.labels, nc=nc, class_weights=cw) #
image weights
dataset.indices =  random.choices(range(dataset.n),  weights=iw,
k=dataset.n) # rand weighted idx
# Broadcast if DDP
if rank 1= -1:
indices = (torch.tensor(dataset.indices) if rank == 0 else
torch.zeros(dataset.n)).int()
dist.broadcast(indices, 0)
if rank != 0:

dataset.indices = indices.cpu().numpy()

# Update mosaic border
# b = int(random.uniform(0.25 * imgsz, 0.75 * imgsz + gs) // gs * gs)

# dataset.mosaic_border = [b - imgsz, -b] # height, width borders

mloss = torch.zeros(4, device=device) # mean losses
if rank !=-1:
dataloader.sampler.set_epoch(epoch)
pbar = enumerate(dataloader)
logger.info(('\n" + '%10s' * 8) % (‘Epoch’, 'gpu_mem', 'box', 'obj', 'cls', 'total’,
'targets', 'img_size'))
if rank in [-1, 0]
pbar = tgdm(pbar, total=nb) # progress bar

optimizer.zero_grad()

for i, (imgs, targets, paths, _) in pbar: # batch
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if ni <=nw:
xi = [0, nw] # x interp
# model.gr = np.interp(ni, xi, [0.0, 1.0]) # iou loss ratio (obj_loss = 1.0 or
iou)
accumulate = max(1, np.interp(ni, xi, [1, nbs / total_batch_size]).round())
for j, x in enumerate(optimizer.param_groups):
# bias Ir falls from 0.1 to Ir0, all other Irs rise from 0.0 to Ir0
X['Ir'] = np.interp(ni, xi, [hyp['warmup_bias_Ir'] if | == 2 else 0.0,
x['initial_Ir'] * If(epoch)])
if 'momentum' in x:
x['momentum'] = np.interp(ni, xi, [hyp['warmup_momentum'],

hyp['momentum']])

# Multi-scale
if opt.multi_scale:
sz = random.randrange(imgsz * 0.5, imgsz * 1.5 + gs) // gs * gs # size
sf = sz / max(imgs.shape[2:]) # scale factor
if sf1=1:
ns = [math.ceil(x * sf / gs) * gs for x in imgs.shape[2:]] # new shape
(stretched to gs-multiple)
imgs = F.interpolate(imgs, size=ns, mode="bilinear’,

align_corners=False)

# Forward
with amp.autocast(enabled=cuda):
pred = model(imgs) # forward
loss, loss_items = compute_loss(pred, targets.to(device), model) # loss
scaled by batch_size

if rank I=-1:
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scaler.update()
optimizer.zero_grad()
if ema:

ema.update(model)

# Print
if rank in [-1, 0]
mloss = (mloss * i + loss_items) / (i + 1) # update mean losses
mem = '%.39gG" % (torch.cuda.memory_reserved() / 1E9 if
torch.cuda.is_available() else 0) # (GB)
S=("%10s' * 2 + '%10.4g' * 6) % (
'%0/%g' % (epoch, epochs - 1), mem, *mloss, targets.shape[0],
imgs.shape[-1])

pbar.set_description(s)

# Plot
if plots and ni < 3:
f = save_dir / f'train_batch{ni}.jpg" # filename
Thread(target=plot_images,  args=(imgs, targets, paths,  f),
daemon=True).start()
# if tb_writer:
# to_writer.add_image(f, result, dataformats="HWC',
global_step=epoch)
#  tb_writer.add_graph(model, imgs) # add model to tensorboard
elif plots and ni == 3 and wandb:
wandb.log({"Mosaics": [wandb.Image(str(x), caption=x.name) for x in

save_dir.glob('train*.jpg")1})

# end batch
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if rank in [-1, 0]
# mAP
if ema:
ema.update_attr(model, include=['yaml', 'nc', 'nyp’, 'gr', 'names', 'stride'])
final_epoch = epoch + 1 == epochs
if not opt.notest or final_epoch: # Calculate mAP
results, maps, times = test.test(opt.data,
batch_size=total_batch_size,
imgsz=imgsz._test,
model=ema.ema,
single_cls=opt.single_cls,
dataloader=testloader,
save_dir=save_dir,
plots=plots and final_epoch,

log_imgs=opt.log_imgs if wandb else 0)

# Write
with open(results_file, 'a') as f:
fwrite(s + '%10.4g' * 7 % results + \n') # P, R, mAP@.5, mAP@.5-.95,
val_loss(box, obj, cls)
if len(opt.name) and opt.bucket:
os.system('gsutil cp %s gsi//%s/results/results%s.txt' % (results_file,

opt.bucket, opt.name))

# Log
tags = ['train/box_loss', 'train/obj_loss', 'train/cls_loss', # train loss
'metrics/precision’, ‘metrics/recall’, 'metrics/mAP_0.5',
‘metrics/mAP_0.5:0.95',

'val/box_loss', 'val/obj_loss', 'val/cls_loss', # val loss
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d combination of [P, R, mAP@.5, mAP@.5-.95]
if fi > best_fitness:

best fithess = fi

# Save model

save = (not opt.nosave) or (final_epoch and not opt.evolve)

if save:

with open(results_file, 'r') as f: # create checkpoint
ckpt = {'epoch': epoch,

‘best_fitness': best _fitness,
'training_results': f.read(),
‘model': ema.ema,
'optimizer': None if final_epoch else optimizer.state_dict(),

'wandb_id': wandb_run.id if wandb else None}

# Save last, best and delete

torch.save(ckpt, last)

if best_fitness == fi:
torch.save(ckpt, best)

del ckpt

# end epoch

# end training

if rank in [-1, O]
# Strip optimizers
n = opt.name if opt.name.isnumeric() else "
fresults, flast, fbest = save_dir / f'results{n}.ixt', wdir / flast{n}.pt', wdir /

f'best{n}.pt'
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#upload
# Finish
if plots:
plot_results(save_dir=save_dir) # save as results.png
if wandb:
files = ['results.png', 'precision_recall_curve.png', 'confusion_matrix.png']
wandb.log({"Results": [wandb.Image(str(save_dir/f), caption=f) for f in files
if (save_dir / f).exists()]})
logger.info('%g epochs completed in %.3f hours.\n' % (epoch - start_epoch + 1,
(time.time() - t0) / 3600))
else:

dist.destroy_process_group()

wandb.run.finish() if wandb and wandb.run else None
torch.cuda.empty_cache()

return results

if _name__=='_main__"

parser = argparse.ArgumentParser()

parser.add_argument('--weights', type=str, default="yolov5s.pt', help='initial
weights path')

parser.add_argument('--cfg', type=str, default=", help="model.yaml| path')

parser.add_argument('--data’, type=str, default="data/coco128.yaml’,
help="'data.yaml path')

parser.add_argument('--hyp', type=str, default='data/hyp.scratch.yaml',
help='hyperparameters path')

parser.add_argument('--epochs', type=int, default=300)
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parser.add_argument('--nosave', action='store_true', help='only save final
checkpoint')

parser.add_argument('--notest', action="store_true', help='only test final epoch’)

parser.add_argument('--noautoanchor’, action='"store_true', help='disable
autoanchor check')

parser.add_argument('--evolve', action='"store_true', help='evolve
hyperparameters')

parser.add_argument('--bucket', type=str, default=", help="'gsutil bucket')

parser.add_argument('--cache-images', action='store_true', help='cache images
for faster training')

parser.add_argument('--image-weights', action='store_true', help='use weighted
image selection for training')

parser.add_argument('--device', default=", help='cuda device, i.e. 0 or 0,1,2,3 or
cpu')

parser.add_argument('--multi-scale', action="store_true', help='vary img-size +/-
50%%")

parser.add_argument('--single-cls', action='store_true', help='train as single-class
dataset')

parser.add_argument('--adam', action='store_true', help="use torch.optim.Adam()
optimizer')

parser.add_argument('--sync-bn', action='store_true', help="'use SyncBatchNorm,
only available in DDP mode')

parser.add_argument('--local_rank', type=int, default=-1, help='"DDP parameter, do
not modify")

parser.add_argument('--log-imgs', type=int, default=16, help="number of images
for W&B logging, max 100')

parser.add_argument('--workers', type=int, default=8, help='maximum number of

dataloader workers')
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check_git_status()

# Resume
if opt.resume: # resume an interrupted run
ckpt = opt.resume if isinstance(opt.resume, str) else get_latest_run() # specified
or most recent path
assert os.path.isfile(ckpt), 'ERROR: --resume checkpoint does not exist'
with open(Path(ckpt).parent.parent / 'opt.yaml') as f:

opt = argparse.Namespace(**yaml.load(f, Loader=yaml.FullLoader)) #

replace

opt.cfg, opt.weights, opt.resume =", ckpt, True

logger.info('Resuming training from %s' % ckpt)

else:

# opt.hyp = opt.hyp or ('hyp.finetune.yaml' if opt.weights else 'hyp.scratch.yaml’)

opt.data, opt.cfg, opthyp = check file(opt.data), check_file(opt.cfg),
check_file(opt.hyp) # check files

assert len(opt.cfg) or len(opt.weights), 'either --cfg or --weights must be
specified'

opt.img_size.extend([opt.img_size[-1]] * (2 - len(opt.img_size))) # extend to 2
sizes (train, test)

opt.name = 'evolve' if opt.evolve else opt.name

opt.save_dir = increment_path(Path(opt.project) / opt.name,

exist_ok=opt.exist_ok | opt.evolve) # increment run

# DDP mode
device = select_device(opt.device, batch_size=opt.batch_size)
if opt.local_rank !=-1:

assert torch.cuda.device_count() > opt.local_rank
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# Hyperparameters
with open(opt.hyp) as f:
hyp = yaml.load(f, Loader=yaml.FullLoader) # load hyps
if 'box' not in hyp:
warn('Compatibility: %s missing "box" which was renamed from "giou" in %s'
%
(opt.hyp, 'https://github.com/ultralytics/yolovs/pull/1120"))

hyp['box'] = hyp.pop('giou’)

# Train
logger.info(opt)
if not opt.evolve:
tb_writer = None # init loggers
if opt.global_rank in [-1, O]:
logger.info(f'Start Tensorboard with "tensorboard --logdir {opt.project}", view at
http://localhost:6006/')
tb_writer = SummaryWriter(opt.save_dir) # Tensorboard

train(hyp, opt, device, tb_writer, wandb)

# Evolve hyperparameters (optional)
else:
# Hyperparameter evolution metadata (mutation scale 0-1, lower_limit,
upper_limit)
meta = {'Ir0": (1, 1e-5, 1e-1), # initial learning rate (SGD=1E-2, Adam=1E-3)
"Irf': (1, 0.01, 1.0), # final OneCyclelR learning rate (Ir0 * Irf)
'momentum': (0.3, 0.6, 0.98), # SGD momentum/Adam beta
'weight_decay': (1, 0.0, 0.001), # optimizer weight decay

'‘warmup_epochs': (1, 0.0, 5.0), # warmup epochs (fractions ok)

A~ A A Ay
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'obj_pw'": (1, 0.5, 2.0), # obj BCELoss positive_weight

fou_t': (0, 0.1, 0.7), # loU training threshold

‘anchor_t": (1, 2.0, 8.0), # anchor-multiple threshold

‘anchors': (2, 2.0, 10.0), # anchors per output grid (0 to ignore)

fl_gamma'. (0, 0.0, 2.0), # focal loss gamma (efficientDet default
gamma=1.5)

'hsv_h': (1, 0.0, 0.1), #image HSV-Hue augmentation (fraction)

'hsv_s'": (1, 0.0, 0.9), # image HSV-Saturation augmentation (fraction)

'hsv_v': (1, 0.0, 0.9), # image HSV-Value augmentation (fraction)

'degrees': (1, 0.0, 45.0), # image rotation (+/- deg)

'translate’: (1, 0.0, 0.9), # image translation (+/- fraction)

'scale’: (1, 0.0, 0.9), # image scale (+/- gain)

'shear': (1, 0.0, 10.0), # image shear (+/- deg)

'perspective’: (0, 0.0, 0.001), # image perspective (+/- fraction), range O-

0.001
flipud': (1, 0.0, 1.0), #image flip up-down (probability)
fliplr': (0, 0.0, 1.0), # image flip left-right (probability)
'mosaic": (1, 0.0, 1.0), # image mixup (probability)
'mixup’: (1, 0.0, 1.0)} #image mixup (probability)
assert opt.local_rank == -1, 'DDP mode not implemented for --evolve'

opt.notest, opt.nosave = True, True # only test/save final epoch
# ei = [isinstance(x, (int, float)) for x in hyp.values()] # evolvable indices
yaml_file = Path(opt.save_dir) / 'hyp_evolved.yaml|' # save best result here

if opt.bucket:

0s.system('gsutil cp gs://%s/evolve.txt ." % opt.bucket) # download evolve.txt

if exists

for _in range(300): # generations to evolve
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if parent == "single' or len(x) ==

# x = x[random.randint(0, n - 1)] # random selection

x = x[random.choices(range(n), weights=w)[0]] # weighted selection
elif parent == 'weighted":

X = (x * w.reshape(n, 1)).sum(0) / w.sum() # weighted combination

# Mutate

mp, s = 0.8, 0.2 # mutation probability, sigma

npr = np.random

npr.seed(int(time.time()))

g = np.array([x[0] for x in meta.values()]) # gains 0-1

ng = len(meta)

v = np.ones(ng)

while all(v == 1): # mutate until a change occurs (prevent duplicates)

v = (g * (npr.random(ng) < mp) * npr.randn(ng) * npr.random() * s +

1).clip(0.3, 3.0)

for i, k in enumerate(hyp.keys()): # plt.hist(v.ravel(), 300)
hyp[k] = float(x[i + 7] * v[i]) # mutate

# Constrain to limits

for k, v in meta.items():
hyp[k] = max(hyp[k], v[1]) # lower limit
hyplk] = min(hyp(k], v[2]) # upper limit
hyp[k] = round(hyp([k], 5) # significant digits

# Train mutation
results = train(hyp.copy(), opt, device, wandb=wandb)
# Write mutation results

print_mutation(hyp.copy(), results, yaml_file, opt.bucket)
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Custom_data.yaml

train: custom_dataset/train/images
test: custom_dataset/test/images

val: custom_dataset/valid/images

nc: 16

names: ['edible-nest swiftlet','Black-nest  Swiftlet','Seychelles  swiftlet','Cave
swiftlet','Philippine  swiftlet','Moluccan swiftlet','Mountain swiftlet','Australian
swiftlet','Uniform swiftlet','Bare-legged swiftlet','Palau swiftlet','Guam

swiftlet','Marquesan swiftlet','Indochinese swiftlet','White-Rumped Swift','edible-nest

Detect1.py

import argparse
import time

from pathlib import Path

import cv2

import torch

import torch.backends.cudnn as cudnn
from numpy import random

import csv

from models.experimental import attempt_load
from utils.datasets import LoadStreams, Loadlmages
from utils.general import check_img_size, non_max_suppression, apply_classifier,
scale_coords, xyxy2xywh, \
strip_optimizer, set_logging, increment_path
from utils.plots import plot_one_box

from utils.torch_utils import select_device, load_classifier, time_synchronized
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def detect(save_img=False):
source, weights, view_img, save_txt, imgsz = opt.source, opt.weights,
opt.view_img, opt.save_txt, opt.img_size
webcam = source.isnumeric() or source.endswith('.txt") or source.lower().startswith(
("rtsp://', 'rtmp://', 'http://'))
# Directories
save_dir = Path(increment_path(Path(opt.project) / opt.name,
exist_ok=opt.exist_ok)) # increment run
(save_dir/ 'labels' if save_txt else save_dir).mkdir(parents=True, exist_ok=True) #
make dir
# Initialize
set_logging()
device = select_device(opt.device)
half = device.type !|='cpu' # half precision only supported on CUDA
# Load model
model = attempt_load(weights, map_location=device) # load FP32 model
imgsz = check_img_size(imgsz, s=model.stride.max()) # check img_size
if half:
model.half() # to FP16
# Second-stage classifier
classify = False
if classify:
modelc = load_classifier(name="resnet101', n=2) # initialize
modelc.load_state_dict(torch.load('weights/resnet101.pt',
map_location=device)['model']).to(device).eval()
# Set Dataloader
vid_path, vid_writer = None, None
if webcam:

view_img = True
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cudnn.benchmark = True # set True to speed up constant image size inference
dataset = LoadStreams(source, img_size=imgsz)

else:
save_img = True

dataset = Loadlmages(source, img_size=imgsz)

# Get names and colors
names = model.module.names if hasattr(model, 'module’) else model.names

colors = [[random.randint(0, 255) for _ in range(3)] for _ in names]

# Run inference
t0 = time.time()
img = torch.zeros((1, 3, imgsz, imgsz), device=device) # initimg

_ = model(img.half() if half else img) if device.type !='cpu' else None # run once

# add-on variable

x=0

obj = []
obj1 =]
avg = []
avg_txt=0
top=10
last = None

for path, img, im0Os, vid_cap in dataset:
img = torch.from_numpy(img).to(device)
img = img.half() if half else img.float() # uint8 to fp16/32
img /=255.0 #0-255t00.0-1.0

if img.ndimension() == 3:
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pred = model(img, augment=opt.augment)[0]

# Apply NMS
pred = non_max_suppression(pred, opt.conf_thres, opt.iou_thres,
classes=opt.classes, agnostic=opt.agnostic_nms)
t2 = time_synchronized()
last = 1159
# Apply Classifier
if classify:
pred = apply_classifier(pred, modelc, img, im0s)
# Process detections
for i, det in enumerate(pred): # detections per image
obj_txt = "Object : " ### object counting
obj_avg = "Overall object : " ### overall counting
if webcam: # batch_size >=1
P, s, im0 = Path(path[i]), '%g: ' % i, imOs[i].copy()
else:
P, s, im0 = Path(path), ", imOs
save_path = str(save_dir / p.name)
txt_path = str(save_dir / 'labels' / p.stem) + ('_%g' % dataset.frame if
dataset.mode == 'video' else ")
s +="%gx%g ' % img.shape[2:] # print string
gn = torch.tensor(im0.shape)[[1, 0, 1, 0]] # normalization gain whwh
if len(det):
# Rescale boxes from img_size to im0 size
det[:, :4] = scale_coords(img.shape[2:], det[:, :4], im0.shape).round()
# Print results
for ¢ in det[:, -1].unique():

n = (det[:, -1] == c¢).sum() # detections per class
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s +='%g %ss, ' % (n, nameslint(c)]) # add to string
obj_txt +='%g %ss, ' % (n, namesl[int(c)]) # add string to txt ###
obj.append(int(n))
obj1.append(int(n))
# Write results
for *xyxy, conf, cls in reversed(det):
if save_txt: # Write to file
xywh = (xyxy2xywh(torch.tensor(xyxy).view(1, 4)) / gn).view(-1).tolist()
# normalized xywh
line = (cls, *xywh, conf) if opt.save_conf else (cls, *xywh) # label format
with open(txt_path + ".txt', 'a') as f:
fwrite(('%g ' * len(line)).rstrip() % line + "\n')
if save_img or view_img: # Add bbox to image
label = '%s %.2f' % (names[int(cls)], conf)
plot_one_box(xyxy, im0, label=label, color=colors[int(cls)],
line_thickness=3)
else:
obj_txt +="0"
obj.append(int(0))
obj1.append(int(0))
# Print time (inference + NMS)
print('%sDone. (%.3fs)' % (s, t2 - t1))
# Stream results
if view_img:
cv2.putText(im0,o0bj_txt,(5,60), cv2.FONT_HERSHEY_COMPLEX_SMALL,
0.5,(0,0,255),1) ### Show text
cv2.imshow(str(p), im0)
if cv2.waitKey(1) == ord('q'): # g to quit

raise Stoplteration
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# Save results (image with detections)
if save_img:
X=x+1
if dataset. mode == 'images':
cv2.imwrite(save_path, im0)
else:
if vid_path |= save_path: # new video
vid_path = save_path
if isinstance(vid_writer, cv2.VideoWriter):
vid_writer.release() # release previous video writer
fourcc = 'mp4v" # output video codec
fps = vid_cap.get(cv2.CAP_PROP_FPS)
w = int(vid_cap.get(cv2.CAP_PROP_FRAME_WIDTH))
h = int(vid_cap.get(cv2.CAP_PROP_FRAME_HEIGHT))
vid_writer = cv2.VideoWriter(save_path,
cv2.VideoWriter_fourcc(*fource), fps, (w, h))
cv2.putText(im0,0bj_txt,(5,30),
cv2.FONT_HERSHEY_COMPLEX_SMALL,1,(0,0,255),1) ## Show text

# Show Average Number
avg_num = 0
ifx <13:
for a in range(len(obj)):
avg_num += obj[a]
# avg_num = avg_num - top
# avg_num = avg_num /12
avg_txt = int(round(avg_num))
avg.append(avg_txt)

obj_avg += str(avg_num)
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# obj = []
print(i)
else:
top += obj[x-12]
for ain range(len(obj)):
avg_num += obj[a]
avg_num = avg_num - top
# avg_num = avg_num /12
avg_txt = int(round(avg_num))
avg.append(avg_txt)
obj_avg += str(avg_num)
if X == last:
sum_avg = "Average Object : " + str(avg_num)
cv2.putText(im0,sum_avg,(5,100),
cv2.FONT_HERSHEY_COMPLEX_SMALL,2,(0,0,255),1) ## Show text
# obj = []
# else:
# obj_avg += str(int(avg_txt))
cv2.putText(im0,0bj_avg,(5,50),
cv2.FONT_HERSHEY_COMPLEX_SMALL,1,(0,0,255),1) ## Show text

vid_writer.write(imO)

# Create *.csv file
write_dir = save_path +".csv" ## Object per Frame
with open(write_dir, mode='w') as obj_file1:

writer = csv.writer(obj_file1, delimiter="", quotechar="",

quoting=csv.QUOTE_MINIMAL)

writer.writerow(['Frame', 'Object Amount'])
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for a in range(x):
writer.writerow([a, obj1[a]])
if save_txt or save_img:
s = f\n{len(list(save_dir.glob('labels/*.txt")))} labels saved to {save_dir / 'labels'}"
if save_txt else "
print(f'Results saved to {save_dir}{s}"

print('Done. (%.3fs)"' % (time.time() - t0))
if _name__=='_main__"

parser = argparse.ArgumentParser()

parser.add_argument('--weights', nargs='+', type=str, default="yolov5s.pt',
help='model.pt path(s)')

parser.add_argument('--source', type=str, default="data/images', help="'source') #
file/folder, O for webcam

parser.add_argument('--img-size', type=int, default=640, help='inference size
(pixels)")

parser.add_argument('--conf-thres',  type=float,  default=0.25, help="'object
confidence threshold')

parser.add_argument('--iou-thres', type=float, default=0.45, help='IOU threshold
for NMS")

parser.add_argument('--device', default=", help='cuda device, i.e. 0 or 0,1,2,3 or
cpu')

parser.add_argument('--view-img', action="store_true', help='display results')

parser.add_argument('--save-txt', action='store_true', help="save results to *.txt')

parser.add_argument('--save-conf', action="store_true', help='save confidences in
--save-txt labels')

parser.add_argument('--classes', nargs='+', type=int, help="filter by class: --class

0, or --class 0 2 3')
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parser.add_argument('--agnostic-nms', action='store_true', help='class-agnostic
NMS')

parser.add_argument('--augment’, action='store_true', help='augmented
inference')

parser.add_argument('--update', action='store_true', help="update all models')

parser.add_argument('--project', default="runs/detect’, help='save results to
project/name’)

parser.add_argument('--name', default="exp', help="'save results to project/name')

parser.add_argument('--exist-ok', action='store_true', help='existing project/name
ok, do not increment')

opt = parser.parse_args()

print(opt)

with torch.no_grad():
if opt.update: # update all models (to fix SourceChangeWarning)
for opt.weights in ['yolov5s.pt', 'yolovbm.pt', 'yolovbl.pt', 'yolovox.pt']:
detect()
strip_optimizer(opt.weights)
else:

detect()
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