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Device design program

WHAT?

- Automatically detect growth situation and record data -> use visual processing and detection method
WHY?

- Can automatically know the progress of experiments. gain the graph of experiment data
HOW?

-OpenCV / other visual processing method -> detect growth situation

-Python-matplotlib -> draw graph

-Line Bot -> send data to phone processed picture/ E—

recorded data graph

Petri dish picture

Visual

process -LI N E
e  Bot_
[Detection

Taking by:

Arduino and camera

Send to User phone




Device progress

In Figure 1

code use OpenCV
to fit circle in
Figure 2

Figure 3 is the
result of Figure 1
and 2 where we
can know center
and radius

Figure 4
Record center
coordinate and
the color of
center

t cv2
t numpy

p.set_printoptions(threshold=1600)

timestr = time.strftime(

img = cv2.imread( sers/User/Desktop/140637.jpg", cv2.COLOR_BGR2GRAY)

.cvtColor(img, cv2.COLOR_BGR2GRAY)

gray_blurred = cv2.blur(gray, (3, 3))
detected_circles = cv2.HoughCircles(gra lurred,
2 .HOUGH_GRADIENT, 1,

param2 = 25, minRadius = 1, maxRadiu

detected _circles

detected circles = np.uint16(np.around(detected circles))

f pt detected_circles[o, :]:
a, b, r = pt[e], pt[1], pt[2]

2.circle(img, (a, b), r, (8, 255, @), 2)

px=img[b,a]

f = open(’ E esh

f.write( a},{b},{px[@]},{px
2.circle(img, (a, b), 1, (@, ©, 255),

cv2.imshow( t

.waitKey(1)

Figure 2-
schematic

diagram of
a Petri dish

Figure 3
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Artificial Intelligence
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/AZZ%‘%(Artificial Intelligence) h
fﬁ%&%‘ig(Machine Learning) h

#2328 (Machine Learning) /! . FREE Team

S TERNES S TN —— —_—
(Supervised) | | (Unsupervised) | |(Reinforcement) T | e

SE  ER B SE
oL Ell o PaE Lo k-FI9ESEE SERBEEA T EBIE
ana \ j \ \ / (Linear Regression) (Decision Tree) (K-means) (Apriori Algorithm) (Collaborative Filtering)
E[OEE KNN BEXNDEE DENEEE ABBE
ﬂﬁ(N N) (Multiple Regression) (K Nearest Neighbor) (Hierarchical) (Partition Apriori) (Content Filtering)
RIEEE (Deep L i
RKES2E( eep Lea rnlng) BELHOR SVM DBSCAN DHPIEE%
(Logistic Regression) (Support Vector Machine) (DBSCAN) (Direct hashed-

DNN CNN RNN GAN based pruning)
W
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eLogistic Regression #EEE 0] EF
R1E 02 FAZRTER —EEEE, ESHTREREEAKRSE.,
& o H7[0] 57 AR 2 r E B B2 Sigmoid BRI R .
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eK-mean
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eMean Square Error{ MSE) ¥5i8%

AR EEMLA RIS LB E (Loss function), i1 R —E R 2 R A RIRE, BIFME A
MSE & *1’E¢ﬁ9§rﬂ§&
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eFeatures &
ENEHEBE ARGFTEEERREE, BRFMEHUEENR KRR,
e Feature normalization % 1IERL/BF—1t
1A B & R A U E E R R0~ 1 2 FE RO SR, LIFIIDEESR.,
eBatch
BRERMEBIEE,
eLoss function 8K
FTRE—FBENRE, E/NIT, EMLF AZRE Emodel IR EILIZE,
BRI REE AR KRB ¥ A3RE (Mean square error, MSE )1 1448 $f{& 32 & (MAE)
S REMEE ARERE B X X (cross-entropy)




BB N
eLearning Rate 2B

¥ E T [F(Gradient Descent) i iig, KX GELBMK AR RERE, XN/NEEFRIE, halgeR
tkEllocal minFi{= T

B Bl £ 77 A RS #: E T &% (Stochastic gradient descent method)

A Small learning rate ¢
takes forever!
starting point starting point
loss loss
Overshoots the
] ¢ minimum!

< > < >

value of weight w, value of weight w,
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oOverfitting 1A% &
Model &[&{KI2E, REt#iTraining datamE £ MR

fRIRTTIE:

-f1EModel

-¥2 N Training data

-Data Augmentation-E & B8 /EEHL

Under-fitting Appropirate-fitting Over-fitting
o i ion- ItE & too simple t forcefitting--
Dropout Regularization-Drop s 4748 |, (iensieiets ) i S
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eUnderfitting
Edoverfitting8 i, FIl#E H 2k RO BY ZEFE 31K

fRIRTT K

1. ¥80Training data
2. WEEMEHE

3. BEAEL

Under-fitting Appropirate-fitting Over-fitting
(too simple to (forcefitting--too
explain the variance) good to be true) NG
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ePooling itk :
downsampling, #iRERBI4FEKEHER/NE, LAFIINEER,

maximum

eRegion Of Interesting{ROI) % Filk [ i3}

Bl Fbounding box;ZHX & fr [& 12 451, Fﬁ’ﬁE’JROI%“_‘SeIective Searchz{ RPN=Hx H 2k %
S AROI Pooling, {it4> #8258 (SoftmaxZ )& TN EHE,
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Network parameters 8 =
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Machine Learning
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Input Feature extraction Classification Output

hidden layer

input layer

Deep Learning

. w EoErLEs ;
input

Input Feature extraction & Classification Output

result
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Y4213 2 -RCNN

1. EH—F%7 2000 AR gERIE 1 (Region Proposals)

2. fRE—{EFELINMELTFE CNN R E A0 AlexNet FRERAFHEL, iFHEREFRER,

3. SR1RBEBLLSVM (Support Vector Machine) D 5Ez8 R ED 2B AR EES =,
4. mBEEHR— ﬂﬁl"f? |$|E|Em1‘§ﬁ”3ﬁ$3tIE bounding box {ii&,

R-CNN: Regions wzth CNN features

ﬂl aeroplane? no. |
!—.-i\\ :-l>| person‘? yes. |
PP ——————————————— = e e U R CNNN
= L , ‘ 4|tvmon1tor‘7 no. |
1. Input 2. Extract region 3. Compute 4. Classify
image  proposals (~2k) CNN features regions

]
'-~ 12 .’ S
Figure 3. A baseball scene (432 x 294 grey image), and the seg ion results p by our algorithm (o = 0.8, k = 300).



Ytk {s R R B -RCNN R R Bh

1.R-CNN —Fte 2B E £ 2000 EEE, BEESEEEE CNN R EREUE, ATl
FEHEZE /D 2000 XFI CNN

2.R-CNN B9 model 2 7B =57, 725l 2 FAZREH 5=/ CNN, 773889 SVM, LI E1E
bounding box BI#R 14 B8

>EEREBHAF ZAIR




Y4515 8 F2 8 -F-RCNN

A T#{ERCNN, 2000 ZEEEAZE A EEHE CNN, ELEERLZAMZEDN, LI
et EEEIGHM CNN REMEEERERN,

L Fast R-CNN B[R BIFE 2 £/ R E— R CNN misF, CNN HEER Hi SR BV AT LIERSE
2000 %A= A

Outputs: bbox
softmax regressor

Rol
pooling

] Rol feature
featu re map vector For each Rol

Conv
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1 {= B2 B -Mask-RCNN

1. Facebook Al researcher Kaiming He FrigH

2. Mask R-CNN &~ R 2#Zl bounding box, BI LU E#E1T pixel level BIEE (BE{& 5
Image segmentation),




Y1415 122 Yolo

YOLO Mt 2= —RE A& S x S A1, sEARLBE AT DS BEEHIE B
{& bounding boxes H & & #)82#] confidence score IRIEEE,

YOLO IR ET R E T 24 ESIRE, IR 2 BRI FC ##,

3 ;
JF 56| J[ -
448 £\l 28 Jﬁ—\ —
3 14l3 7N A 7 7
— XHX
|| 7 7 7
3 4096
Conv. Layer Conv. Layer Conv. Lay Conv. Layers Conv. Layers Conv. Layers  Conn. Layer  Conn. Layer
7x7x64-52 3x 3 192 1x 'I 128 1x 1x256 x4 1x1x512 1., 3x3x1024
Maxpool Layer  Maxpool Layer 3x3x256 3x3x512 3x3x1024 3x3x1024
2x2-5-2 2x2-s-2 1x1x256 1x1x512 3x3x1024
3x 3x512 3x3x 1024 3x3x1024-s-2
| Layer M | Layer
2x2:52 2x2.52




fWﬁH H|fZ 2 -YolofZ 24

YOLO ZEEMR, £ Titan X GPU ERTLLZEZRIEF) 45 1500:RE, E1EhRA YOLO EZET]
LLEZ 150 fps FIIEE, 5EEKKE YOLO ERa LG /EEEEET,
https://www.youtube.com/watch?v=VOC3hugHrss

2. AR R-CNN 232 5tik region B, FSEELLLE/N, BHFE R
background patch & B8z, YOLO fZalf#FIR{FRIEEHE —REBERE F, HxtEiaa
H1Z (background error, 12k false positive) &8 R & Fast R-CNN B—3,

3. YOLO EI’J/iFFJ |$1‘|_'J,J:|: R-CNN 5(#& DPM A X KFHFR L, 7#HY domain £/A YOLO
QZE_“QUE EPJ-~Eo



https://www.youtube.com/watch?v=VOC3huqHrss

RS RE

Real-Time Detectors Train mAP FPS

T00Hz DPM [ (] 2007 160 100 Fast R-CNN YOLO
30Hz DPM [ 0] 2007 26.1 30 Background: 13.6% Background: 4.75%
Fast YOLO 2007+2012 527 155 . ... iy
YOLO 200742012 63.4 45 i 4

Less Than Real-Time

Fastest DPM [ 7] 2007 304 15

R-CNN Minus R [21] 2007  53.5 6

Fast R-CNN [ 4] 2007+2012 70.0 0.5

Faster R-CNN VGG-16[27] 2007+2012 73.2 7

Faster R-CNN ZF [~ 7] 2007+2012  62.1 18

IR E /AERE R FOEII R 2E 5 FE R ER BN A yolodR BY B 4=
LI B ZERFERE2RER, EUFF-RCNNEE




YoloA~ [Elhig AR FR Y b 8%

Better
50 N{ oo ‘f]/-/' YOLOvV5X ! >
Y7
— YOLOvV5m ~
S
% 40 - ra
(@)
S
SYOLOv5s 4 T
i : ¢ —e— YOLOV5M
—e— YOLOVS5I
—o— YOLOV5x
20 - o EfficientDet |
0 5 10 15 20 25 30
Faster <@ GPU Speed (ms/img)
\r =l - N ot
Yolov5s#a FEE AR B R /NN iR EE R

Model
YOLOvV5s
YOLOvV5m
YOLOVSI

YOLOvV5x

YOLOvVSx + TTA

YOLOv3-SPP

APVl
37.0
443
47.7

49.2
50.8

45.6

Aptest
37.0
44.3
47.7

49.2

50.8

45.5

APsg
56.2
63.2
66.5

67.7

68.9

65.2

Speedgpy
2.4ms
3.4ms
4.4ms

6.9ms

25.5ms

4.5ms

FPScpu
416
294
227

145

39

222

params
7.5M
21.8M
47.8M

89.0M

89.0M

€3.0M

FLOPS
13.2B
39.4B
88.1B

166.4B

354.3B

118.08




Yolo A~ [E] il AR PR 2 Eb 8%

MS COCO Object Detection . MY COCO Ohject Deteetinn
50 49
EfficientDet (D0~D4) real-time .
48 o
46
46 45
YOLOV4 (ours) “
44 3
s 42
2 Sau
1 40
EE 40 : 39
- ~—YOLOV4 (ours) 38
" | —e—YOLOV3 [63] ;
36 | —m—EfficientDet [77] : ——YOLOV3-SPP
34 | —®—ATSS [94] YOLOV3 3 ~—VOLOvVS-large
—A— ASFF* [48] 2

Ep) ) ——YOLOv4(CSP,Leaky)
CenterMask* [40]

g 2

30 0 1 2 3 4 S 6 7 8 9 10 m 12 13 14 15 16 17 18 19 20

" o o » o A0 oy Average Latency (ms) - batch size = 32
FPS (V100)

EEBEEH yolov4{ZH#2yolov3

£ [EF i YolovaEE2{E Ryolov3, 748 EE E Bryolovs5{E Ryolov3, Hyolov4Z SR
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3D Printing
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>BRIFETEMR, MR BREMAEEE L ERERR L, BEHESD
S>TFH A A A2 ENSE R

O O O &8
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AR S EME LRSS B 5 it (SLA)
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SEASEEPEAGBLSINNESRAEED, BLULRERBHIIENFES
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® R3DFIFNfE REREs

0 1. solidworks:

0 #HMwindows% k&M CADE s

0 BEARZLF AHZRNERER

0 RECHFFMSERATERREE (BWEE D R T &)

2. pro/e(creo):

BECARR N SWRARTE, EEA —EHMEEEE N ETHEE

RECERAF ZLF, BFZ/NHEEFEERIE (FINERBEMRERE L R ERNEE)
S>HEHEESEETEE-CPURKID, HEBEEENER

O O O O




® R3DFIFNfE REREs

0 3.Tinkercad:

0 2REBMERLCADER, TEFAERMKBBRRREILIDIRE,
0 EBELEAFWRESTLAS, MREEFIEE B8 R ERAR,

0 GREL:ERAD—LEAREESTLAS ZERITNEE, HlAN RAEER EMIBIEEF

af)

eeeeee

Mighty Curcan




7 R 3DFIF{E AERES

0 4.Ultimaker Cura:
0 EITHIENEIE{ERBIRRIEERES
0 FERMRAZRYER/IEH., *ﬂéﬁ—ﬁuEﬂjﬁ‘tu&i?ﬂHE’JﬁFﬁu

0 5.Meshmixer:

0 stHEEETRREEESNDT

e

0 RS W AN
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[
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0 1.2=5 HAcreoEZ BB EMERE (BE Ecreom&Esolidworks)
0 2.84/hMprojects Zitweb T EEE

0 3.BEfEF AcuraETHENRIAIMN T

0 4.7 EIDIINEE

0 SFAIERBERMBIRIEM
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Weekl: project presentation
Week?2: 2D computer graphics
Week3: 3D basic computer graphics

Week4: 3D advanced computer graphics

O O O & O3

Weekb: 3D printing practice




Arduino IDE

hEERE 1t & project application




Arduinof5& X

0 7EArduino KRz, & =B HE B EEHIrER TR, REEEH—ERRAISRHEE R
Ma BAEFIRE, ARBEIMEEERF. 8051, SR ARAT fEE & FRIFER
et RTREXEERS, iEMEERARtSHTZS,

0 Arduinof—#k, ER/IVMIRETE, IBEHI& MRS ESE—R/IVMIRF L
, W HEPINWE A Z R, BB AR, oI LIEERAE LR BRAIZREOEZRE, ¥
SPEREGHEAIR PRt ETHRETE EY2EMNIMERKHERE,

1= od
@, == ==y

E3
=
e oldllS Scacaaxg
@ 11




Arduino B4 EL

0 1.&xXKMEEHAEXFEESSZ (TES ACES
0 2#KR LRk REMNEKE, NMEEMHEX LM S ERZEHLCOPY TR
0 3.Arduino BIMEEE KRB B2 A EREFA, EAKHFAIT, ER ASELFEENRI
ERRNESE S, ZSEEHNRET EERERSRTNERE S, (MAFE[IRT, &
/ Z S FAEBArduinoEBREIEF Al .

= [m] X

Blink | Arduino 1.8.9

BE fE SRS I8 R85
'!!!!'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
A

1 // the setup function runs once when you press reset or power the board

28void setup() {

// initialize digital pin LED BUILTIN as an output.
4 pinMode (LED_BUILTIN, OUTPUT);
5}

7 // the loop function runs over and over again forever

88void loop() {
digitalWrite (LED BUILTIN, HIGH):; // turn the LED on (HIGH

is the voltage level)

10 delay (1000) ; // wait for a second
11 digitalWrite (LED_BUILTIN, LOW):; // turn the LED off by making the voltage LOW
12 delay(1000) ; // wait for a second
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0 3.LED®&
0 FRRERFREE EERUIKE
0 xFrTEG > aEER=ELEDE

o
Icsp2

3 A ’7 ’7 13 {2 ¢ 1 ; ;
DIG ~ = E
L.
TX . e B

RX
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0 4.ESP32BH&HK:
0 FERMREAEWIFREHFERMEZE
0 Ex:IOT remote control

0 S5.REFEREH:
0 HRarduinoBIThee+ 7 %t Hd K
0 HHZHZTBFMNEHSRIEER

AX
K o
o 4
ﬂ l I Temperature Sensor
——y
PIR Motion Sensor
N
u;




[

Arduino IDE:
HEMREETH(ZEERE)
EMAHZ

TESEAIRHIF R R E:

HARDWARE SOFTWARE cLoup DOCUMENTATION v COMMUNITY + BLOG ABOUT

Arduino Web Editor

start coding online and save your sketches in the
cloud. The most up-to-date ion of the IDE
ncludes all libraries and also supports new Arduino
boards.

GETTING "
ONLIN STARTED
Downloads
DOWNLOAD OPTIONS
. Arduino IDE 1.8.19 VS e
Windows zIP file
The open-source Arduino Software (IDE) makes it easy to write code Windows app Win8.10r10 | Get 23

and upload it to the board. This software can be used with any
Arduino board.

Linux 32 bits
Linux 64 bits
Linux ARM 32 bits

Refer to the Getting Started page for Installation instructions. 3
Linux ARM 64 bits

SOURCE CODE Mac OS X 10.10 or newer
Active development of the Arduino software is hosted by GitHub. Relense Nates
See the instructions for building the code. Latest release source

code archives are available here. The archives are PGP-signed so Checksums (sha512)
they can be verified using this gpg key.

_> & sketch_jul7a | Arduino IDE 2.0.0-rc3
File Edit Sketch Tools Help
ESP32 Dev Module at COM4

sketch_jul7a.ino
1 oid setup() {




N e — —
55:%5.5 IE

0 1.ArduinoEARIhgE:

Save FEFIEE
Open FAE(EIE Serial Monitor
New BHETIER
|, Upload F{#2=
Verify #ERIEEE

0 2FERBXIEE LERDI:

10N

0 LE{ERINE, BELEDER]




£ E4{E 1 :blink

0 1.3EEE:

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

0 2.3 EKE:

di
de

g

lay(1000);

digitalWrite(LED BUILTIN, LOW);
delay(1000);




5 Z1E2:LED series

0 1.8&RE: 0 2.3Ez(HE:

t BASE =
t NUM = 7;

d setup()

for (int i = BASE; i < BASE + NUM; 1 ++)

Foghij
fFghij

pinMode(i, OUTPUT);

T I . Ve d e ceo 0
Deeee e - pee “ oo
Leevvene - “ oo
PR ne e “« v o
m e e e L 2B LA )
£ B [ 8

atks
o s ldis ¢ 0 o &

t 1 = BASE; i < BASE + NUM; i ++)

digitalWrite(i, LOW);
R delay(200);
‘ z- SRR

i = BASE; i < BASE + NUM; i ++)

digitalWrite(i, HIGH);
delay(200);
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Modeling

Modelling is the process of representing a model which
includes its construction and working. This model is
similar to a real system, which helps the analyst predict
the effect of changes to the system. In other words,
modelling is creating a model which represents a
system including their properties. It is an act of building

a model.
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1. Dealing with Matrices and Arrays

Command Window Ol Workspace ®

>> a=[2,0,1:3,0,0;5,1,1]
Fs
2 ] 1
3 0 0
5 1 1
>> b=[1,0,1:1,2,1;1,1,0]
b =
0 1
1 2 1
1 0
>> C=a+b
C =
0 2
B 2 1
2 1
fx >>

MATLAB

Name « Value
Hi c [3.0,2:4,
HH a 120,13,
b 11,01,
< >

Command History ®

E-%-- 21/10/2017 02:1
‘-a=[2,0,1;3,0,0;5,
fb=[1,0,1;1,2,1:1,

- C=a+b

C

2+1
=|34+1
S+1

0o 1
0O O B=
| B |

0+0 1+1)
0+2 0+1
1+1 140




2.2-D and 3-D Plotting and graphics

% define the coordinates
% along x and y
x=[-3:1:3];

y=[-3:1:2];

% define the coordinates
% along the x-y plane
[xx,yy]l=meshgrid(x,y)

% define and compute the given

% function along the x-y coordinates

z2zZ=xx.%2 - yy.*2;

% plot the function as a 3D mesh or surface

figure

surf (xx,yy, zz)
title('function z=x"2-y*2');
xlabel ('elements in x') ;
ylabel ('elements in y') ;
zlabel ('elements in z') ;
axis tight

shading interp

colorbar

[ Fgure 1

| File Edt View Inzet Tools Desitop Window Help

DeEds &t QAN ¢ 08 =0

elements in 2

function z=y?

eloments in y 3 3

MATLAB

Dl‘.nlmlul Knot !Elm Dqure No. 1 'mm Dflmne No. 1 Hmm
File Edit Wndow Help Fie Edil Window Hep Fle Edt Window Help
15
¢
‘ M e
MRS 0 P, e
1 AR N I e i
cmadie o 2L )
0 - Sy ~4
srewes § N \;-%'*\"::‘:\““ 1
- A RN v N
e AR E i
" A T Vo S E XN
CLEL NN
= |
-3 2 1 0 1 2
Dhgule No. 1 _ (O] x] [:]ngle No. 1 BE]E
Fie Edt Window Help Fle Edil Wndow Help A 3
1 1 ve ,/ 05 05
/ 0 of
08 05 /. 25 25|
086 / o 2 4 0 8¢
L o 1 1
04
05 08
05
02 9 b
/ 25 25
a 1 \
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3. Linear Algebra

QR: step 1 QR: step 2




MATLAB

. Algebraic Equations

System of Equations Circuit Diagram
5 R, C
Vi=i3 * Ry +(iy - ip) * Ry /WW‘_l AMAS—4—AMAL

] s . » g e R J
0=12‘R3+(12-l3)'R§+(12-|1)‘R‘g « 1 /> > /"7\) 3 //1_\) v
—V2=i3‘R3+(i3_i2)‘R5 | T & % & T

Rewritten Equations Matrices
A 2 X . b .
0" iRe¥Ral = Ra¥igh0=Vy KR1+R4 R, O b Iy Vi

11" Ry + 1" (Ry*Rs+Ry) - i3"Rs = 0| R, R,+R,+Rs -R.

N
I
o

%0~ i,*Re + i *(Ry#+R) = -V 0 R RytRs J| i ;
1 0-13"Rg + 137 (R3+Rg 2\ /\3J\V2J
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5. Non-linear Functions

x10°

35




6. Statistics

MATLAB

[: untitied fit 1

Noisy_Z vs.
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/.Data Analysis

MATLAB

thisPower vs. thisHour, thisTemp

90 -
80 -
70 .
60 |
50 -
40

thisPower

60 20

15

thisTemp. .
AP = 0 > thisHour



8.Calculus and Differential Equations

function z=f£1 (x)
z=(3*x"2)/

endfunction

function z=£2 (x)
Z=2%x"2

endfunction

t(l)=

x(1)=

y(l)=

)=

v(l)=

h=C

for i=
t(i+l)=t(i)+h
x(i+1l)=x(i)+h*u(i)
y(i+l)=y(i)+h*v (i)
u(i+l)=u(i)+h*
v(i+l)=v(i)+h*

(41
2

MATLAB

subplot (2,

plot(t,£l.,

ylabel (':
tle ('

(4)

ubplot (2,
plot(t,x,
ylabel (
tle ("
(4)
plot (2,
plot (t,f2,
title(

1(4)
subplot (2,
plot(t,y,
ylabel ("

tle (

(4)



exact solution

60
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30 4

20
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exact solution
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approximate solution by euler method
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9. Numerical Calculations

FZ Editor - D:\MATLAB Helper\MATLAB Fundamentals\C11L1\main_factorial.m ‘ Workspace
main_factorial.m | + | Name - Value
s clc : =] 10
num 10
2— clear Hval_factorial 3628800
3
41— num=input ('Enter an integer: ');
)
> o disp ('Factorial using in-built function')
= fprintf ('%d! = %d \n\n',num, factorial (num)) ;
3 L
o= disp('Factorial using Our Calculations') L
0= val factorial=1;
]! for i=l:num r
1L 2= val factorial=val factorial*i;
i3 end
= fprintf ('%d! = %d \n',num,val factorial):;
5 >
Command Window @ |
Enter an integer: 10 |
Factorial using in-built function
10! = 3628800
Factorial using Our Calculations
10! = 3628800
fx>> |




10. Integration

P

3 -

"-.i

Q=
10
11 -
12 -
13 —

15 —
Bli=

18 —

19
20 -
21 —

22\ —

23 =
24 -

clc;
clear;
format shortEng;

£ W4 x 13 Steel I-Beam
E=29e6; % psi
Ix=11.3; %in"4

syms x

v=250-50*%x;
x=0:1:10;
V=subs (v) ;
subplot(3,1,1)

plot(x,V,'x"'),title('Shear Diagram'),...
xlabel ('Position along Beam,
set (gca, 'XMinorTick', 'on', '"YMinorTick', 'on'), ...

line ([0 10],[0 0])

m=int (v);
x=0:1:10;
M=subs (m) ;
subplot(3,1,2)
plot (x,M, 'm')

feet'),vlabel ('Shear Force, lbs'),

MATLAB
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11. Transforms
Let x(n) = 0.9 ejan 3,0 < n < 10. Determine X(e jo ) mathematically and write the code for the

signal source Code

o Task2 0 Task2
\ | | q ﬂ :%:\R ]|
8_ .
| |
§ 6 \ \ /\ | § 6 4
= l | A
g 4t | [ -
\l | 2t 1
2l /jf V\[\j - M\/\/\/\}V\/\/\/WV\/\/V\/\N\NV\N\/\JV\N
| N l n
«\/V\/Wj Mol Mol T e
0 -2
-1.5 -1 0.5 0 0.5 1 1.5 -1.5 1 0.5 0 0.5 1 1.5
Time Time
Task2 Task2
3 T T 10 T T T T T
|———Ange]
2 angel “ ‘ Imag r‘yprt
5. 1| H | 4
(5} 1 (5}
% 0 % 0
g £
< <
1
5t
2
3 : ‘ : ‘ -10 : ' : :
1.5 1 -0.5 0 0.5 1 1.5 -1.5 -1 -0.5 0 0.5 1 1.5

Time Time



12. Curve Fitting

A

0.D. (600 nm)

0O.D. (600 nm)

25 4

MATLAB

Arsenic concentration =0 mg L

WL N -
o

e

P; W mwnmn

»
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The Baranyi and Roberts model is one of the most frequently used
differential equation models in predictive microbiology.
It consists of the following two simultaneous differential equations:

dq
=T Mmax 4 (t)

dN  q(t) N
dt — 1+q(t) X Ppax X (1 Nmax) X N

- g : dimensionless quantity related to the physiological state of the cells
M - maximum specific growth rate (1/h)

- N : bacterial cell concentration (CFU/g or CFU/mI) at time t

- N maximum population density of the bacteria (CFU/g or ml).



% = ,...q(t)  can be explicitly solved as follows:

q(t) = qo X €XP (Kyax?)

where q is the initial value of q at time zero.

dN q(t) N
Then P — T q(0) X Honas X (]. — m) X IN
qp X €Xp (“ma.xt) N
1+qo % exXp(fmaxt) 7 e © (1 N Nmax) x N

il N
— X % (] . — X IN
1+ q_10 exp(_ﬂmaxt) lu’max ( Nma,x )




We set q,;
+ q,:235 (1)

- i 1.07 (1/hr)
N1 1.26 (1)
then we have :

growth model prototype

max max

(CFU/ml)

5 b
F =N N

logN(CFU/m)

©
o

growth model by log




We set q,;
+ g, :2.35 (1)

- 10 (I/hr)
N1 1.26 (1)
then we have :

max max

growth model regressions in rate

0.2

log growth model regressions in rate

10



N(CFUIml)

20

18

16T

14

-
N
T

-
o
T

[o3]
T

We set q,;
+ g, :2.35 (1)

- i 1.07 (1/hr)
. N__:10'26(1)
then we have :

max

growth model corrections in quantites

max

logN

1.5

05

0.5

log growth model corrections in quantities

10
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