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Firetruck
My project is a fully wireless automated Firetruck. Powered by solar panels and thermoelectric pads,
the driver uses Bluetooth and Wi-Fi to control the truck. My project uses multiple sensors and
cameras to alert the driver of what is going on around it and to track the conditions of the fire.

My project is designed to make firefighting safer. Over the bushfire season late last year and early
this year, it was reported by the Parliament of Australia that 9 of the 33 total deaths from the fires
were firemen. This could’ve easily been prevented through the usage of my project. By controlling
and monitoring the truck from a safe distance away it means that there is a much lower risk of the
firemen getting injured — a robot can be replaced but a person can never be brought back alive.

Not only are bushfires dangerous for the firefighters, but they are also extremely harmful to the
environment. Approximately 400 million tons of carbon are released from fires in Australia every
year, almost as much as Australia’s annual human-caused emissions, and soot from bushfires can
spread to places like New Zealand’s glaciers, causing them to melt even quicker. Millions of animals
need to travel over 20-30km to escape the heat and ferocity of the fires, and even if they do survive
they will need to find completely new homes and food sources. This could also lead to a major loss
of biodiversity, especially in Australia as many species are endemic to Australia. The use of my
project would increase the rate at which fires could be put out, ultimately decreasing the social,
economic and environmental impact of the fires.

Because my firetruck can be powered through solar power and thermoelectricity, two forms of
energy that will be substantially abundant next to a fire, it means that the driver will rarely have to
drive the truck back to refill, maximizing work time and efficiency. In addition, this also means that
the firetruck will have the potential to work 24/7 with no rest as the driver can be easily switched.
Some other features that make my firetruck stand out are that it uses Machine Learning to classify
and detect people/animals and fire/smoke nearby. The Al will act as an extra pair of eyes for the
driver because human errors and random errors such as lag and disconnections could cause the
driver to miss things nearby. | trained my model with the Tensorflow Object Detection APl and
created a p5.js webpage to move a servo motor connected to an Arduino Leonardo when it detects
something. Another feature that most firetrucks don’t have is a remote monitoring system to
monitor the conditions of the fire. | used runlinc to write a program that will display the water level
in the truck, the weight of the water and how hot the area around the truck is in a table. It also
alerts the driver if there are problems with the truck, e.g. if it’s tipping over. This is an important
feature to have as it is something that can’t be easily detected through cameras, and if it isnt
monitored properly it could end badly.

Although my project isn’t fully refined yet and won'’t put a permanent stop to fires, it will make
firefighting safer and easier to a large extent and is a significant improvement from what is
traditionally used to fight fires. Moving forwards, | also hope to make my firetruck air based, i.e.
helicopter/drone, so that it won’t have to manoeuvre through the bush to reach the fire, but instead
simply deploy water from above. | would also like to create a way to prevent fires from happening
completely. This would be through slightly wetting areas likely to have fires every day, programming
a robot to regularly mow the grass and rake the fields and tracking and reducing the amount of
flammable fuels used in and around high-risk zones.
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Components and Supplies

Arduino Leonardo Used in conjunction with the Al

Arduino Uno

4>

STEMSEL Board Used to show Firetruck statistics

Jumper Wires (Assorted) Used to connect parts together

Breadboard Used with Bluetooth

2 Wheel Car Base Used to drive the car

L298D Motor Driver H-Bridge Used to control the motors

HM-10 Bluetooth Module Used to talk to the phone

ESP8266 Wi-Fi Module Used to connect the runlinc webpage to
the STEMSEL board
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Infrared Sensor Used to stop the car when there are
obstacles ahead

Temperature Sensor Used to track the temperature of the

fire
”

Light Sensor Used to find water level in truck
Weight Sensor Used to find weight of water (L)

LED’s Used to signal water level

Necessary Tools and Machines

Laptop with Webcam Used to access Al webpage
Soldering Iron Used to solder parts together

Cables (Assorted) Used to connect/power boards and
upload code

Batteries Used to power parts
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LA
iPhone Used to drive car

Apps and Online Services
Arduino IDE Used to code car and Al sorter

8

Google Colab Used Colab’s cloud GPU to train Al
catab
Tensorflow Used Tensorflow model to train Al

A

Python Language used in Colab notebook

L"

P5.js Used to make webpage for Al

runlinc Used to make webpage for truck
statistics
@labtronics

Google Drive Used to sync everything together

c

Google Drive
Fritzing Used to create Arduino schematics
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Running my Project

To run my project, you will need to make sure that you have access to all the devices and
parts required and are connected to a secure internet connection. To run the Al, after
training your object detector paste the link onto the p5.js webpage while in present mode.
Upload the Arduino code to the Leonardo board and give the browser webcam access. Then
the Al will start looking for objects to classify. All you need to do to get the truck to drive is
verify and upload the Arduino code before connecting your phone to the Bluetooth module.
To get the statistics page to work simply connect the Wi-Fi module to the internet and load
up the webpage. Upload your code and start running the project.

Code and Explanation

The code below is for the Al part of my truck. First is the .ipynb notebook script that | wrote
to train my object detector. Although there were many different ways | could’ve trained my
Al, | chose to use Google Colab as it was one of the only free online GPU’s available. There
were many different models that | could’ve used for my Al as well, but | chose the
Tensorflow Object Detection API because of its speed to accuracy ratio and the large
number of online resources available for it.

© <rom google.colab import drive This script basically trains the Al to detect images that you teach
dr ive mount (/gdrive’) it. I start off the c.ode by mo.untmg and importing my Google
# the project's folder Drive so that it will automatically sync and update.
%cd /gdrive/'My Drive'/object_detection

[» Drive already mounted at /gdrive; to attempt to forcibly remount, call drive.mount("/gdrive", force_remount=True).
/gdrive/My Drive/object_detection

[ ] t!apt-get install -qq protobuf-compiler python-pil python-lxml python-tk

[ ] !pip install -gg Cython contextlib2 pillow lxml matplotlib pycocotools

[ ] from __ future__ import division, print function, absolute_import

import pandas as pd
Here | am importing and installing the required packages | need

[ ] import numpy as np to make my project run. Although Google Colab already has
some pre-installed by default, these are ones that aren’t
[ ] import csv automatically imported.

[ ] import re
import os
import io
import glob
import shutil
import urllib.request
import tarfile
import xml.etree.ElementTree as ET
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[ ] %tensorflow version l.x

[ 1 import tensorflow
print(tensorflow. wersion__ )

C» 1.15.2

[ 1 lpip install numpy==1.17.4

[+ Requirement already satisfied: numpy==1.17.4 in /usr/local/lib/pythonl.é/dist-packages (1.17.4)

[ ] import tensorflow.compat.wl as tf
import cw2

from PIL import Image
from collections import namedtuple, OrderedDict

Here | download the Jepsgrflaw, model that
contains the Object Detection API. This is the API
that | will use to train my model. After that |
[ ] # downloads the models . .
%cd /gdrive/ "My Drive’/object detection compile my protocol buffers, which are used to

igit clone --g https://github.com/tensorflow/models.git | transfer data from the cloud to Google Colalis
GPU.

from google.colab import files

[+ /gdrive/My Drive/object detection
fatal: destination path "models’ already exists and is not an empty directory.

[ ] %d fodrive/ My Drive'fobject_detection/models/ressarch
Iprotoc object detection/protos/*.proto --python_outs=.

# exports the PYTHONPATH environment variable with the reasearch and slim folders' paths
os.environ| " PYTHONPATH" | += "1 /gdrive/My Drive/object detection/models/researehy:/gdrive/My Orive/object detection/models/research/slin/’

/gdrive/My Drive/cbject_detection/models/ressarch

=

# testing the mxdel buildes Mext | run a guick test to confirm that the model builder is
ipythond object detection/builders/model builder test.py )
working properly.

[+ WARNING:tensorflos:
The TensorFlow contrib module will not be included in Tensorflow 2.0.
For more information, please see:

* hitps:/fgithub.con/tensorflow/io (for I/0 related ops)
If you depend on functionality mot listed thepe, please file an issue.

Running tests under Python 3.6.9%: /usr/bin/python3
RUN ] ModelBuilderTest.test create exparimental model

[

[ OK ) ModelBuilderTest.test_create experimental model

[ RUN ] ModelBuilderTest.test_creata faster rcnn_model from config with example miner

[ OK ) ModelBuilderTest.test create_faster rcnn_model from config with_example miner

[ RUN ] ModelBuilderTest.test_create_faster_rcnn_models from config_faster rcmn_with matmul

[ 0K ] ModelBuilderTest:test create_ faster rcnn models from config faster ronn with matmul

[ RUN ] ModelBuilderTest.test_create faster rocnn models from config faster ronn without matmal
[ OK ] ModelBuilderTest.test create faster rcnn models from config faster ronn without matmal
[ RUN ] MeodelBuilderTest.test create faster rcnn_models from config mask renn with_matmul

[ 0O ] ModelBuilderTest.test create faster ronn_models from config mask rcnn_with_matmul

[ RUN 1 ModelBuilderTest.test create_faster_ronn _models from config mask ronn_without matmul
[ 0K | ModelBuilderTest:test create_faster_rcnn models from config mask ronn_without matmul
[ RUN ] ModelBuilderTest.test create rfcn model from config

[ OK ]| ModelBuilderTest.test_create_rfcn _model from config

[ RUN ] ModelBuilderTest.test _create_ssd_fpn _model from config

[ OK ]| ModelBuilderTest.test create_ssd_fpn model from config

[ RUN ] HodelBuilderTest.test _create ssd_models from config

I OK | ModelBuilderTest.test create ssd models from config

[ RUW ] ModelBuilderTest.test inwvalid faster renn batchnorm update

[ OK | ModelBuilderTest.test inwalid faster rcnn batchnors update

[ RUN ] ModelBuilderTest.test invalid first stage nms ion threshold

[ OK ) ModelBuilderTest.test invalid first stage nms iou threshold

[ RUN ] ModelBuilderTest.test_invalid model config proto

[ OK ) ModelBuilderTest.test_invalid model config proto

[ RUN ] ModelBuilderTest.test invalid second stage batch size

[ 0K ] ModelBuilderTest.test invalid second stage batch size

[ RUN ] ModelBuilderTest.test session

[ SKIFPED ] ModelBuilderTest.test session

[ RUN ] ModelBuilderTest.test_unknown faster renn feature extractor

[ OK ] ModelBuilderTest.test_unknown_ faster rcon_feature extractor

[ RUN ] ModelBuilderTest.test_unknown_meta_architecture

[ 0K ] ModelBuilderTest.test_unknown meta_architecture

[ RUN | ModelBuilderTest.test_unknown_ssd_feature extractor

[ 1

0K ] ModelBuilderTest.test_unknown_ssd_feature extractor

Ran 17 tests in 0.168s

OK (skipped=1})
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[1

C»

#adjusted from: https://github.com/datitran/raccoon dataset
from object_detection.utils import dataset_util
%cd /gdrive/My Drive/cbject_detection/models/research

#change this to the base directory where your data/ is
data_base_url = '/gdrive/My Drive/object_detection/data/®

¥location of images .. . Here | start to preprocess the images and labels in
image_dir = data_base_url +'images/ preparation for training the Al. After collecting my
def class_text to_int(row label): pictures and annotating them in LahelIMG | convert
if row_label == 'cardboard’: them from a couple hundred .xml files to two .csv files;
return 1 one .csv file for the train labels (used to train the model)
L3 SELIST, o M and one .csv file for the test labels (to test the model).
| retuen 2 , Once | have the .csv files | can use them to create a
if row_label == 'metal’:
e 9 |labelmaprhrxt file. This specifies the different classes
if row_label == 'paper’: that I will classifv.
return 4
if row_label == 'plastic’:
return 5
else:
None

def split(df, group):
data = pamedtuple(’data’, ['filename’, 'object’'])
gb = df.groupby(group)
return [data(filename, gb.get_group(x)) for filename, x in zip(gb.groups.keys(), gb.groups)]

def create tf example(group, path):
with tf.io.gfile.GFile(os.path.join(path, '{}'.format(group.filename)); 'rb') as fid:
encoded_jpg = fid.read()

encoded_jpg_io = io.BytesIO(encoded_jpg)

image = Image.open(encoded_jpg_io) | got the majority of this code from github, but

width, height = image.size o essentially what it does is it uses the .csv files to
ﬂl‘:‘:;r:a:’:“:j inf"m““m‘ e generate two JERecqxd files; one for training and one for
e Pg testing. The TERegrrd. files will be used to run the epochs
xmaxs = [] on as the files store all of the data and are quite small,
ymins = [] maximizing the training efficiency.

ymaxs = []

classes_text = []
classes = []

for index, row in group.ocbject.iterrows():
xming.append(row[ 'xmin'] / width)
xmaxs.append(row| 'xmax'] / width)
ymins.append(row[ ‘ymin'] / height)
ymaxsg.append(row[ 'ymax'] / height)
classes_text.appand(row['class’).encode( 'utfa’))
classes.append(class_text_to_int(row(|'class’]))

tf_example = tf.train.Example(features=tf.train.Features(feature={
'image/height’: dataset_util.inté4_feature(height]),
‘image/width': dataset_utdl.int64_feature(width),
'image/filenams’: dataset_util.bytes_feature(filename),
'image/source_id': dataset_util.bytes_feature(filename),
'image/encoded’: dataset_util.bytes_feature|encoded_jpg).
'image/format’: dataset_util.bytes_feature(|image_format),
'image/object /bbox/xmin’: dataset_util.float_list_feature{xmins),
'image/object /bbox/xmax's dataset_util.float_list_feature|xmaxs),
'image/object /bbox/ymin' 1 dlt,ng.t_utll.llo-t_li.lt_fntnm(y-in-] P
'image/object /bbox/ymax'i dataset_util.float list_feature(ymaxs),
'image/object/class/text’: dataset_util.bytes_list_feature(classes_text),
'image/object /elass/label s dataset_util.intéd_list_feature(classes),

i

roturn tf_example

Weraates tfrescord for both cav's
for esv in ['train_labels’, ‘test_labels’]:

writer = tf.lo.TFRecordWriter(data_base_url + cav ¢+ '.record’)

path = os.path,join|image_dir)

examples = pd.read_csv(data_base_url + cav + '.cav')

grouped = split{examples, 'filenams’)

for group in grouped:
tf_example = create_tf_example(group, path)
writer.write(tf_example.SerializeToString())

writer.close()
output_path = os.path.join(cs.getcwd(), data_base_url + ecsv + '.record’)
print{'Successfully created the TFRecords: {}'.format({data_base url +csv + '.record’))

fgdrive/My Drive/object_detection/models/research
Successfully created the TFRecords: /gdrive/My Drive/object_detection/data/train labels.record
Successfully created the TFRecords: /gdriwve/My Drive/object_detection/data/test_labels.record
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[ 1] # Some models to train on
MODELS_CONFIG = {

'ssd_mobilenet_w2': {
'model _name': 'ssd_mobilenet_vi_coco_2018_03_29',
‘pipeline_file': 'ssd_mobilenet_w2_coco.config’,

Yo

'faster_rcnn_inception_wi'i
‘model_name': 'faster_rcnn_inception_v2_coco_2018_01_28°,

Y

# Select a model from “MODELS_CONFIG™.
# I chose ssd_mobilenet v2 for this project, you could choose any
selected model = ‘ssd_mobilenet_v2'

] #the distination folder where the model will be saved
#change this if you hawve a different working dir
DEST DIR = '/gdrive/My Drive/object detection/models/research/pretrained modsl’

# Name of the cbject detection model to use.
MODEL = MODELS CONFIG[selected model]['model name']

#selecting the model
MODEL_FILE = MODEL + '.tar.gz'

#creating the downlaod link for the model selected
DOWNLOAD_BASE = 'http://download.tensorflow.org/models/object detection/’

#checks if the model has already been downloaded, download it otherwise
if not (os.path.exists(MODEL_FILE)):
urllib.request.urlretrieve|DOWNLOAD_BASE + MODEL_FILE, MODEL_FILE)

#unzipping the model and extracting its content
tar = tarfile.open(MODEL_FILE)

tar.extractally}

tar.close()

# creating an output file to save the model while training
08 . remove (MODEL_FILE)
if (os.path.exists(DEST DIR)):
shutil.rmtree(DEST_DIR)
os.rename|{MODEL, DEST_DIR)

#path to the config file
tiwritefile object_detection/samples/configa/sad mobilenet w2 _coco.config

# paste the content of thesGonfig file ib the same cell here.

# 55D with Mobilenet v2_gonfiguration(for MSCOCO Dataset.

# Users should configure the fine tups)checkpoint field in the train config as
# well as the label map path and)inpet_path fields in the train_input_reader and
# eval_input_readér. Search for  "PATH_TO BE_ CONFIGURED" to find the fields that
# should be configured.

model {
sad {
num_classes: &
box_codar {
faster_renn_box_coder {
y_secale: 10.0
x_scale: 10.0
height_scale: 5.0
width_mcale: 5.0
¥
}
matcher {
argmax_matcher {
matched threshold: 0.5
unmatched threshold: 0.5
ignore_thresholds: false
negatives_lower than_unmatched: true
force_match_for_each_row: troe
¥
¥
similarity calculator {
iou_similarity {
}
¥

| didn’t write all of this code,
but | modified it to suit my
needs. This script is
configuring the training
pipeline. | also add the path to

the TERekard files and

the .pbtxt file. Here it is
selecting the kind of
configuration model that |
want to train my Al on. | used

‘ssd_mobilenet_v2'.
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[ 1 anchor generator {

ssd_anchor_generator {
num_layers: &

min_secale: 0.2

max_scale: 0.35
aspect_ratios:
aspect_ratios:
aspect_ratios:
aspect_ratios:
aspect_ratioa:

}

O W O M e
[T = BRI - -

333

}
image_resizer {

fixed_shape_resizer (
heights 300
widthy 300

}

¥
box_predictor {

convolutional box_predictor
min_depth: 0
max_depth: 0
num_layers before predictor: 0
use_dropout: true
dropout_keep probability: 0.8
kernel_size: 1
box_code_size: 4
apply sigmoid to scores: false
conv_hyperparams {
activation: RELU_6,
regularizer {
12 regularizer {
weight: 0.00004
¥
}
[ 1] initializer {
truncated_normal_initializer {
stddev: 0.03
mean: 0.0
}
}
batch_norm {
train: true;
scale: true,
canteri, true,
decay: 0.9997,
epsilon: 0.001
}
}
}
}

feature_extractor {
type: "ssd_mobilenet w2’
min_depth: 16
depth_multiplier: 1.0
conv_hyperparams {
activation: RELU_6,
regularizer {
12_regularizer {
waight: 0.00004
}
}
initializer {
truncated normal initializer {
stddev: 0.03
mean: 0.0
}
}
bateh_norm {
train: true,
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[ scale: true,
center: true,
decay: 0.99%97,
epsilon: 0.001,
}
}
}
loss {
classification_loss {
weighted sigmoid {
}
}
localization loss {
weighted_smooth_l1 {
}
}
hard_example miner {
num_hard examples: 3000
iou_threshold: 0.99
loss_type: CLASSIFICATION
max_negatives_per positive: 3
min_negatives per image: 3
}
classification weight: 1.0
localization weight: 1.0
}
normalize loss by num matches: true
post_processing {
batch_non_max suppression {
score_threshold: le-8
iou_threshold: 0.6
max_detections_per_ class: 100
max_total detections: 100
}

score_converter: SIGMOID

train_config: {
batch_size: 24

optimizer {
rms_prop_optimizer: {
learning_rate: { Here | make my batch size 24 and | train my Al with
'*‘::;‘:::i‘:;:::;‘:::f‘gj;:f’ { 20,000 steps. | also augment and adjust some of my

decay_steps: 800720 images to reduce errors. Although this means it will take
decay_factor: 0.95 longer to train it will come out more accurate and work

) } better. The directory below is where | will save the model

momentum_optimizer value: 0.9 at each checkooint while training.

decay: 0.9

epsilon: 1.0

}

}
fine_tune_checkpoint: "/gdrive/My Drive/object_detection/models/research/pretrained model/model.ckpt”

fine_tune_checkpoint type: “detection”
# Note: The below line limits the training process to 200K steps, which we
# empirically found to be sufficient enough to train the pets dataset. This
# effectively bypasses the learning rate schedule (the learning rate will
# never decay). Remove the below line to train indefinitely.
num_steps: 20000
data_augmentation_options {
random_horizontal flip {
}
}
data_augmentation_options {
ssd_random_crop {
}
}
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train_input_reader: {
tf_record_input_reader {
input_path: "/gdrive/My Drive/object_detection/data/train_labels.record”
}
label_map_path: “/gdrive/My Drive/object_detection/data/label map.pbtxt”
}

eval_config: {
num_examples: 8000
# the number of images to disply in Tensorboard while training
num_visualizations: 20

}

eval_input_reader: {
tf_record_input_reader {
input_path: "/gdrive/My Drive/object_detection/data/test_labels.record”
}
label _map _path: "/gdrive/My Drive/object_detection/data/label map.pbtxt”
shuffle: false
num_readers: 1

}

[» Overwriting object_detection/samples/configs/ssd_mobilenet_v2 coco.config

[ ] # where the model will be saved at each checkpoint while training
model_dir = ‘training/’

# Optionally: remove content in output model directory to fresh start.
!rm -rf {model dir}
os.makedirs(model_dir, exist_ok=True)

{ ] !wget https://bin.equinox.io/c/éVmDzA7iaHb/ngrok-stable-linux-and64.zip
lunzip -0 ngrok-stable-linux-amd64.zip

This step is downloading and
[+ --2020-04-20 23:11:27-- https://bin.equinox.lo/c/4VaRzATialb/ngrok-stable-linux-anded. zip R
Resolving bin.equinox.io (bin.equinox.io)... 34.237.57.234, 34.192.308.200, 34.226.171.201, ... unmpp")gW
Connecting to bin.equinox.io (bin.equinox.i0)|34.237.57.234|:443... connected. .
HTTP request sent, awaiting response... 200 OX WIS a package that
Length: 13773305 (13M) |application/octet-strean) a“ows you to Visua"y track the Alls

Baving to: ‘ngrok-stable-linux-amdé4.zip.11’

progress while it is training. It

creates multiple graphs that

update in real time to show things

e et such as the Al's total loss, the
epochs, etc.

ngrok=stable<linux« 1004 [sssssnsnsannnnsnnns>] 13,138 12.5M0/s in 1.0s

2020-04-20 23:11:28 (12.5 MB/s) = ‘ngrok-stablo-linux<amdéd.zip.1l’ saved (13773305/13773308)

#the logs that are created while training

LOG_DIR = “training/”

get_ipython().system_raw(
'tonsorboard -~logdir () --howt 0.0.0.0 ~-port 6006 &'
Tormat (LOG_DIN)

)

get_ipython().system_raw('y/ngrok hitp 6006 &)
#The link to tensorboard.

#vorks after the training starts.

lcurl -s http://localhost:4040/api/tunnels | pythond -c \
“import sys, json; print(jsonsdoad(sys.stdin)( 'tunnels’|[0][ public_url'])"

O+ http://72dbb005.ngrok. o

Ipython3 object_detection/model _main.py \
~-pipeline_config_path=/gdrive/Ny\ Drive/object_detection/models/research/ocbject_detection/samples/configs/ssd_mobilenet _v2_coco.coafig \
~-model_dir=training/

[ | output_directory = './fine_tuned_model’ This portion of the code is actually
training the model. This step took
lot = os.listdir( 'training’) o
1ot = (1 for 1 in lst if ‘model.ckpt-' in 1 and '.meta’ in 1) over 20 hours for me as | was doing
stopswnp.array([int(re.findall('\d+', 1)(0]) for 1 in 1st)) iton my |apt0p'5 CPU. Next time if

RIELIRASL S ARSI AU RISt e ) it was trained on a GPU it would be

last_model_path = os.path.join( 'training’, last_model) much auicker.

tpython /gdrive/'My Drive'/object_detection/models/research/object_detection/export_inference_graph.py \
--input_ type=image tensor \
~-pipeline_config_path=/gdrive/My\ Drive/object_detection/models/research/object_detection/samples/configs/ssd_mobilenet_v2_coco.config \
put_di Y put_di ¥} \
--trained_checkpoint_prefix={last_model path}
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[ ]| #downloads the frozen model that is needed for inference
# output directory = 'fine tuned_model' dir specified above.

files.download(output_directory + '/frozen_inference_graph.pb’) After being trained, the model
is exported and uploaded to
[ ] #downlaod the label map the cloud to generate the link
# we specified 'data_base url' above. It directs to for p5.js to run.

# 'object_detection/data/' folder.
files.download(data_base url + '/label map.pbtxt')

The next set of code is done on p5.js. p5.js is a JavaScript library that is often
used to create webpages. | chose to use p5.js as it is online and free, easy to
run and quick to operate.

Sketch.js
class
constructor({isLeft) { ,
LS = [1; The code starts off by creating
console. Log ( LRARAARARRSARRAAR) | 1 . 4 P
if (isleft) { the class ‘PhotoGrid’. Here it is
3 Sdang = width /2 - 480; saying where the webcam
§ AR = width [ 2+ 300; image will go by giving the x
s = height 7 2.5; and y coordinates.
TAALARNRRANE, = 3}
SOLSRNRRRAR = 23
WALAnARABRRAZE = 120;

A~ RALEARE, = zﬂ:

! The ‘render()’
cender() { function here tells
the browser to

show the output

for (let § = 0; L < thisednaariadenathy L) {
let gurtlnRar = thAAARARRALL] ;

let row = i % 3; from the browser.
let gk = bl / 3); .
£i11(255); Below it also

pestrakal);
cecthade (CORNER) ;
RAAERASAK + (TRASAARABRASARA + LRASARAAAIAG) * COL, TRASAN + (THAGAARAGRSARR + LRASARAHHARA] *
row,
LRASAARABESIZR, THiAnARAARSAZR, 3, 3, 3, 3);
ippaelOyilRanR, his + (Lhisndnaaraias + WAS~RAAAIRA) * col + 5, Gl + (LhdS~dnaariizg +
thisnadding) * row + 5,
This~ARaaRsI28 - 10, LRiS~iRARASLZS - 10);

b
}
}
Class . The class ‘DropRawn’ basma‘llyltells
sensteyctortisleft, fcﬂfq.u.u.s.t.} { the browser to ask for permission to
WA UIARRA = false; i
fhic iideh = access the camera. Once accepted it
HME“ %= 0; = will start streaming video from the
Wl = 0 webcam. The function ‘debounce()’
, WAARARAR, = null; below tells the browser to not turn
eesgart) {

function debevsealfung, wait, immediate) {
var timeout;
return fgppetiant) {
var context = this,
aLhs, = arguments;
var later = functinn() {
timeout = null;
if flimmediate) FARRAARRAK(CONtext, arqe):
iH
var CALINAW, = immediate &&_liimeaut;
ARRIAARRARAL timeout]) ;
timeout = sgiTiRRAKiLlater, wait);
if (caddMaw) JAHG~ARRAXA context, akas);



CALEB TANG PRINCE ALFRED COLLEGE 2020

Lines 84 to 107 tells the
browser what colour the text

class Splash {

constructor(isLeft) {

if (isLeft) { under class ‘Splash’ will be and
this = width 2 314; e

b v i 12t where they are positioned.

) thise¥ = width / 2 - 314

thisey. = height / 3.3;
thisecolor, = coler(147, 229, 21);
thisetabxpladiog = false;
hisedsiobetwsenUndates = false;
his«exnlosinnBadius, = 100;
hiseexplosianindes = 0;

DS DUIRAILS = 4:
hisetadusQitser, = 10;

his width = 243;

this.height = 53;
}
wpslateRasddinnlx, ¥v) 1
Thises = x;
) thised = Vi
. Lines 110 to 144 basically states
teed) L ding = trues when and how often the ‘Splash’
} text and the webcam will be
WI‘ ]‘-’ A S updated.
thisedsinbeinsenlindatas = false;
}
cender() {
if OthiseisExpladiog) {
FATL(Ehisvealnr) i
/7 restlibisay thisaye this.width, this.height);
} e'l.sg { N
st rokelieight (3);
stroke(this.colre)
CoshEthise ¥y Shigayy this.width + (this.radiusdilsel * thiseexrlosinaldey)
this.height + (fhis.radivsQifsal * thisaexplosianlodex), ¢, 9, 9, 9);
}
if (thisoisExnlosliog. && !this isknbeiweeollndates) {
serliveantt() => {()
thaswpdatelades
}, 1e0);
thiscistnbelweenllindatas = true;
}
if (thiscesnrlesdaniodes == fhisebunBadins) {
thisdshxplodiog = false;
1Sl = false;
thisvexrlosinntodex = 0;
}
}
} Lines 149 to 155 tells the webpage how big

class ClassdhicabinnBan { ip e . o
constrictar() 4 the classification bar is and where it is
his width = min{width / 4, 341);
hic height = 28; located on the page.
his.x = width / 2;

thisey = height / 3.3;
thiseLadivs. = 51

thiseclassificationleft = 0;
thiseclassiiicaliolaiidih = this.width / 2;
thiseclassificatinonBiaht. = 0.0;
thiscbassetlineout, = false;

i (results) {
// console. lng(results}
const classl = results. filter(objs => {



if (ohjs.label === labels[0]) {
return objs;
}
i
const class2 = results. filter(objs => {
if (ahjs.lahel === labels[1]) {
return objs;
}
b
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Lines 164 to 177 updates the
classification bar constantly
according to what is streamed

from the webcam. The browser will
send out either [0] or [1] according
to what it detects, and also give a
confidence rating of how confident
it is of what it sees.

hisnelassilicakioolaft = map(class1[@].confidence, 8, 1. ﬂ 9 thdsnelassilicaklootaxidih) ;

this classifisaticoRight = map(class2[@].confidence, 0,

let view = new Uint8Array(1});

if (classi[@l.canfidence > 8.98) {
wiewld] = 1;
try {
(view);

shouldFreezeFrame = true;
splashLeft.trigger();

isLeftPic = false;

» thisaclassitical lootiaxiidih) ;

Here it is saying that if the
confidence rating for either
classl or class2 is higher than
90% it will send out a signal of
either 1 or 2 that will be received

} catch (e) {}

} else if (class2[@l.confidence > 0.90) { by the Arduino Leonardo.

1=2;
try {

(view);
shouldFreezeFrame = true;
splashRight.trigger();
isleftPic = true;

} catch (e) {}

Lines 207 to 226 tell the
webpage what colour the

} d background should be and
draws it up. The hex colour and
the RGB colour is the colour of
the background

//Draw Background rectangle
rectMode (CENTER) ;

fill{'rgba(174, 203, 250, 0.4)');
stroke(255);

strokeWeight (5);

Loshdthisax, thisay, this.width, this.height, fhis.tadivg, Ihisatadins, this.tading. thisacadins)
noStroke();

Fill('#19celf');
C;&ILib&ﬁi; éhiﬁaslaaﬁkiisaILQBLgfn / 2, thiswye thisaclassificatiooleft, this.height, this.tadius.
Thisatading, Thisatadddls, thisacaddus)
Leshitbisax - thisaclassiticaliooBiaht / 2, thiswy, thisaclessilicalieoBiaht, this.height,
thisaadivg) ;

» thisay - this.height / 2, thisax, This.y + this.height / 2);

This part if the code creates
the ‘load model’ button. It

class ClassInput {

constructor(isLeft) {

his.width = 243; gives the browser the x and y
; :.;Eggm - 33 coordinates of the button and

hisatextlinelffset. = 40;
hisadsleft = isLeft;
hissboverlne, = false;
hishoverlug, = false;
hissboverThree = true;

if (islLeft === true) {
Thise%. = width / 2 + 314;

tells it how big they should
be. It also creates the space
for you to paste the trained
model’s link. Then it will send
} else { R .
thises = width 7 2 - 314; out a signal once it has been

} clicked.
hisay = height / 3.3;
hdsadsbahive = false;
DisaculientValue = null;




CALEB TANG PRINCE ALFRED COLLEGE 2020

oofhickix, v) {

const leffBound = fhis.y - this.width / 2;
const pightBound = this.x + this.width / 2;
const potieuBound = this.y + this.height / 2;

const topBound = thisay - this.height / 2;
const islnside = (x >= leffRound && x <= rightBoeund & y sz hottomBouod && y >= topBaund) ;
if (islnside) {
B e = 1thisad .
}
}
ooblaertx, v) {
J (x, y);
}
defesidonalx, y) {
const leffBound = fhigey — this.width / 2;

const pightBound, = M+ﬂ:u_q_m.d.th/2

const zoneRoeBaktom = thisay + this.height / 2;
const zonelneloR = this.y — this.height / 2;

if (x >= lefiBound & x <= ightBeupd && y <= zongQuelar && y >= zonsQueBattom) {
his.hoverloe, = true;

hishoverlwo, = false;

hisboverthres, = false;

return 1;
Here it checks if the button has been
W t clicked or not, and tells the webpage
i11(255 ;

EJ@!! LENTER) ; what the button will say, what colour

noStroke(); it is and what font it is in.

mmiws

77 it gmmmsa) {

thisaradivsg) ;

17 peghbthisd, thdsay + thdsatesihinglfifsels this.width, this.height + this.texhhiboeQilset. * 2,
R W ERY o oG ITE I ) S E W= T AT um Thisatadivug) ;
(LhdsAhoverS
1/ £i11('rgba(154, 1sa 166, 0.2)');
7/ TeehLtbesak, thisads this.width, this.height, thiswcaddsii thiswtadisss @, 0);
/7 =t else if (fhis bovaslve) {
7 fill('rgba(154, 168, 166, 8.2)');
/7 m};,l_.;b;m m "‘Mﬂﬂmmk this.width, this.height - 1@, @, @, @, @);
// —1 else if (
£i11('rgba(154, 160, 166, a 2)");
// ToShLthdsnke SISy + SRSALEREhA0ERELSEE * 2 + 6, this.width, this.height - 11, @,
thisatadine, thisatading)

/o
/Y
if ( >=2) {
Fill('#19celf');
if (thisaisteft) {
SexSALIGRILEFT, CENTER);
text(labels[0], thisay - this.width / 2 + 18, this.x — 4);
/7 if (thisatsbaiive) {
1/ text (Labels[1], thisas - this.width / 2 + 10, thisws + ShisbesikioeRiiset) ;
// text (labels[2], thisay — this.width / 2 + 10, thisay + hdsatextlioelfilsed * 2);
//

ys__Lpencﬂ thisax - this.width / 2 + 200, this.y - this.height / 2 + 10, pencil.wddth / 2,

M%‘Lse {
mmum

/7 if l&hﬁk&m
text(%@ m+ this.width / 2 - 13, thisw - 4);

IGHT, CENTER)

/Y
// if (Shdsaisdehive) {
// text(labels[1], thisux + this.width / 2 - 13, thiqw + thiatesihivelffset)
// text (Iabels(2], Lhdsax + this.width / 2 - 13, ThiSaY *+ SONSALERRACENIASES * 2);

}
image(pencil, this.x + this.width / 2 - 235, thisay — this.height / 2 + 10, pengilewidih / 2,
pensilebaignt. / 2);
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}
}
This is the model URL to the trained model

, } where the machine learning model will be
} hosted. It stores the weights and the .json
// Classifier Variable files for the object detector.
let classifier;
let input;

// Model URL
let joageMedel, = 'https://teachablemachine.withgoogle.com/models/9L4-MDs@,/";

J/ Video

let \r%deo: _
{:E mmm.umm Lines 345 to 388 define the let

let ledtRmidi functions. The let functions

let ciehthcids declare all of the different

let GLRRIAR variables. It starts off with

let islLeftPic; declaring all the terms for getting

let LeftClASSRRARRIAR the video running before declaring

let GARRARAASARRAREEGR)

the background colours and fonts.
let
let title;
let silashheiig
let snlashRdahts
let selectRis;

let

let connect;

let group;

let pencil;

// Darker BG

J/ et QRRAARK, = '#63edd6’;

// Lighter Bg

let boCedat, = '#bcedds';

let port;

let shouldFreezeFrame;

let BodRLRRNL

let

let labels = [];

let jaledtilassiphnckas, = false;
let isRiQRARAASSARMRAGESG, = Talse;

let DARRARSRRAHAAR;
let i ;

let BAsSRARAMARIARAR:

// To store the classification

let label = "";

let ishodRURAsRA = Talse;

let endecedlaxt, = ""

J/ /7 Load the model first

J// function preleadl) {

//  classifier = ml5.imageClassifier( JRAARMAARK + "TRARAALARR" )

/1Y
function QAAARNARNRRAE) { Here the webpage loads the model and
= LRASAGRARARS) § . . . .
3 starts up the video. The video dimensions
function : are determined as well before some
AN, AR ARARSHARGAS) pictures are imported from the sketch
videasdze = 250; files.
video = GLERLARARAHAARLVYIDED) ;
ViAeRARAARL ) ;

ealacdes, = lowdlnaard ‘camera_border.png');
title = loaddRagel 'title.png');

group = JQRAARRRE' Group 61.png');
loadieded, = new Clisksbletl);

Losdiadedarraian( 145, 40);

The Clickable() function works with the
p5.clickable.min.js file to create the ‘LOAD MODEL’
button. It is dimensioned, sized and coloured

Mjﬁmli’a: before being told what it will do one clicked. Here it
SRAMRARAARRIRR = RRLRARKS says that if there are 2 or less different classes it

will come up with an alert. Otherwise, it will load
the model and start classifvine the video.
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Loadiadedakaxt, = 'LOAD MODEL';
RAARKAAIAS, =

Loadiied i
LoadiladeAaiaxiealkarn = '#19celf’
Loadtedal ARRARAR = () == {

try {

+ !

consale.loglentefsdTAXA ORAARARAALARR ' )
classifier = ml5. 1mage£19551fler{emdm,t,+ ' oRdedadsan ) ;

+ 'geAAdaianisam' , 'json', false, (response) == {
1T ([RRRRRARAARRRAACARRALR, <= 2) {
ataetl"Train a model with at least three classes: one for each type of object you want to sort,
and one for the empty sorter");
} else {
labels = [RSRANARAAARRAA:
Jsladellaaded, = true;

, SRRRADAARRL Here it will come up with an alert if the
}. (error) = "invalid T2 ggu')): trained m9del Im!( is !ncorrect if it doesn’t
} catch (e) { work. If it is fine, it will say ‘MODEL
LoRAMRARMAREXR = 'INVALID URL'; ) i
3 LOADED’ and give the option to ‘REFRESH
O ARRRIAMRI > ) e MODEL’ in case you updated it.
WAL = [ | rresh moDEL! Below the ‘pencil_icon.png’ image is
N }. 3000); loaded onto the classification bar and the
} text, fonts and colours are also imported.

SeLLELIA, = new ChoLoRiiditrue) ;
pencil = loaddraasl 'pencil_icon. png' ]'
ARALARARARRIRALGAFOR =

new
LefttlasssRlaRiAR = new ClassInput(true);
il aaasglreiar = new ClassInput(false);
splashRiqht, = new Splash(false);
stlashliefi, = new Splash(true);
CHIERKAA, = new BIRARRKAA false) ;
DODRARERRAMAAR, = LAAREARAA ' Poppins-Regular.ttf');
BOBRANIRRAR, = LRAARARA! 'Poppins-Bold.ttf');

&Wm&=mmﬁﬁw
false;
baww;wzmw T

alse;

var serial = {};

( )i
mmw W&M ;
// oRdRALRREEARERRR( ' position', 'absolute');
1/ CRARAIARMAASRKAA( ' Z-index", 18);
DRARLIRRNAARRAARAAA( 20, 28) ;
DodellnnstasinARl height ', '35px');
ORI LIRRRAARIMAA 'width', '267px');
DOGeALARMAaSANAR( ' border-width', '@px');
nedelIARNEARIKAR! ‘border-radius®, ‘4px dgx 0px 0px');
DodellRRMtasisARl ' Dorder=bottom’, '2px solid #19celf');
BOASLIRRNAAAAKAR (' font=family', 'Poppins'});
DodRALARMAASINAR] ' TONt—size', '16px');
Wm&f padding-left’, *Spx‘); This section of the code creates the

('codak , '#19celf');

ummwm placeholder', "Paste model link here"); | textbox where you can paste the

trained model’s link. After that a

connect = CLRAARBMAAARL' CONNECT ARDUINO');

COMELIARRAISARR (Width - 200, 20); button is created to go in the top
PSP L S right corner of the page that says
SRUUREAAAUARS | gg;ﬁ;;;x;gthﬂp* ) ‘CONNECT ARDUINO'. It is also
GRRRELLIAUNARS font—family', 'Poppins'); coloured and sized.

W ::ggiﬁ?fz?ééa;ﬁ?},—(' i Below that a button that says ‘EDIT
S Ty e CODFE' is created. If clicked, it will

) URGUNASAARARA SRARRARAS) take you to the p5.js sketch where
WHE Mfl I{’ > {E } you can edit the code.

}, 500, true);

editiadr, = CiRAARAL https://editor.p5js.org/ctang2l/sketches/ttnyj7hov', 'EDIT CODE', '_blank'};

editladranasiiaagnlwidth - 118, height - 40);
lEARAKARS 'height', "depx');

LRAAANARL ' horder-wmth ‘epx');
RAAKARS ' Dackground-goiax, ,

%%%
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el adrasiinARl  font=family', 'Poppins');

WW'TQM size', '18px');
editCadrnainAsl ‘width', '200px');

SOLECRARARAKARL ' €RARG » ' #19ce1f);

// Start classifying
if (iaMedeAbaadad) {
SARARAANNAARRL) i

}

This portion

¥

function deawl) {

to go.
f/ Darker BG

from the webcam stream once they have been
classified what should happen to them and where

of the code tells the pictures taken

if (width = 700) {
bgckgroundim;
YHRRARRAL) 5

H
/f Darker BG
// background('#e8fofe');

if (shouldFreezeFrame & _thasSefRANAeRiReR {
VAARAARARAA( ) ;

= YAGERARALLLSD, 0, AIARRRAAR, / 1.6, wideeliis / 1.6);

if (isLeftPic) {

}oelse {

.

}
SRATARRRARE() == {

AHRRARAARL )
RAsSRARASARIIGA = Talse;
shouldFreezeFrame = false

}, 2e00);

poStrake();
LRAAKARAA DRRRARSRAAL) ;
LRALAAARRLCENTER, CENTER);

Here it says what will happen if webcam
access isn’t granted; the webcam will ask
for control of the webpage before it tells
you to refresh the page to see the
webcam working.

LRAARAZRELS) ;
text("enable webcam access", width / 2, hei
Ee& and refresh page to use" width / 2,
image(title, width / 2 = /5,
imaselvideo, w1dth /2 - ddragize,/ 2,
VideRSAZR, * 1.5, * 1.5);
W&wldthfz-mm12
VIARARAZR, *+ B);

// imagelconnect, width - GORARKAANAAAR -
imagetaroup, 20, 20);

cectMads (CENTER) ;

he1gh

QARAAAL) ;
stroke({?255);
chrokaleighttf);
mldth / 2

ght / 1.6);

helght.!lS}

+ LELAROR, 7 2.5, Shtleietak, / 2.5);
tflﬁ-udmimf2 AARARAZR, VAARARAZRs 158, O,

=3, height / 1.6 - yddeRgdze, / 2 - 3, wideaSiza + 6,

20, 20);

height /2, YiARRSAAR, ViAERSAZR):

-

If the webpage is too small the camera will
not be accessed, and so here it tells you to
expand the page.

text("expand page or ", width / 2, height
taxtl"load on a computer to use", width / 2,
}
}

// Get a predlctlon for the current video frame
function {
CARALLRRARARARMRAl Video, QRARRAHAL) ;
1 GARRALARRARAARR R video, () == {});
}

// When we get a result
function rror,
// If there is an error
if (error) {
GRARRARARRARR(ETTOT) ]

return;

results) {

/1.

6);
height / 1.5});

This is where the video is finally
classified. It will make a
prediction of what it is and give
a percentage of certainty before
telling you what it classified it as.
Once you receive a result the
webcam will start classifying
again.
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f/ The results are in an array ordered by confidence.
// console.log(results[o]);
ARRALARARARRRAR R AN IRAALARARARR (resulLts )

label = pasuyltcld].label;
I GRRAAARAN, again!

RARARRAMNAARRL) } . . .
) The windowResjzed() function tells the webpage
function YiRRRRRAARRAL { how big everything should be if the browser is
s A K extended. This is so that the ratio of the size of the
t CAARARRARAARABES H
WWUW text/buttons/shapes to the size of the webpage
GLOLARKAL, = new BRAARALAAL false); stays the same. It also makes it so that the
SeLLELIAAARAARA = LRTLRRAARY N
AGARKAAARABES = GLARARRARAS text/buttons/shapes are evenly distributed
RAAAAR - R N ; ¢ i
S A Ao = e s awiarl | throughout the page. Here it updates the video,
R placn (fatse ) fatse s the classification bar and the buttons.
shlashiedt, = new Splash{true);
Loadiedrl, = new Clickahlel);

CAMRAAARRAARARA(Width - 200, 20);
SRRMNRARAARRAAAR( 145, 40);
LosdiadednAnsasal300, 15);
Loadlods iRkl = 0;
Loadiladedssaiar = '#19celf’;
Loadlodelakaxt, = 'LOAD MODEL';
Loadiladedaiaxiiizg = 18;
SRRNRARAARRXARRIAR = '#19celf’;
LoadiedednamRAgAs = () => {
loadiadelsiaxt = 'MODEL LOADED';
SRALARRRAREL) => {
leadiedeiaiaxt = 'REFRESH MODEL'

}, 3000);
¥
71 CRARRRAARAKARANR = BRRRAASRRANAARS
LodRAAALHARARE = RARRARSRASMAAR
}

Tunction BEUsRRARAARAL) {
LeAUARRARRARRIRAR AN TRNARX:  RANARK ;
N GLUECARRARRARRRARARA R TARARK,  TRNARX) §

function goueRKANRAE) {

(QRNRRK, TRNARX)
i GUIALARRSSRAREEBRANIOHNA NAMSRXs RAMSRNS §
Index.html
<!DOCTYPE html>
<html=>
<head>

<script src="https://cdnjs.cloudflare.com/ajax/1libs/p5.75/0.9.8/p5.js"></script>

<script src="https://ecdnjs.cloudflare.com/ajax/libs/p5.is/8.9.8/addons/p5.dom.min. js"></script>
<script src="https://cdnjs.cloudflare.com/ajax/libs/p5.75/0.9.0/addons/p5.sound.min.js"></script>
<script gggF"https://unpkg.com/ml5@0.4.1/dist/ml5.min, js"></script>

<link href="https://fonts.googleapis.com/css?family=Poppins&display=swap" ged~"stylesheet">

<link gedr"stylesheet" type="text/¢&&" bied~="style.css">
<link gglr"stylesheet" type="text/g33' Lie{~"purejscarousel.css">|
<meta charset="utf-8" />

<script gh&F"CanvasInput.min.js"=</script>
<script ggg7"p5.clickable.js"=</script>

</heads The html script essentially just imports the different cdn libraries

required to make the webpage run. The first library allows p5.js to get
access to the webcam. The next one lets p5.js classify images and then
<script gLg7"sketch.js"></script= . .
escript gaR="serial.js"s</script> the third one gives the webpage servo motor control. The next two
libraries import the font that | used and then ‘Canvasinput.min.js’ and
‘p5.clickable.js* are the scripts for the webpage to have html5 access
and the clickable buttons. Sketch.js is the script before that tells the
browser what the webpage looks like, and serial.js gives the webpage
serial access to talk to the Arduino.

<body=

</body>

</html>
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//Determines if the mouse was pressed on the previous frame PS'CIICkabIe'JS
var gl ARNARHRARRSAMSA = Talse;
//Last hovered button

var gl AAstHANRRRA, = null;

//Last pressed button . N

var gL ARStLLRKRRL, = null; | didn’t write the
//ALL created buttons . . .
var gl elbtkahas, = 11 code for this script, it

is a JavaScript library

//This function is what makes the magic happen and should be ran after

//each draw geele. ‘ created by the
e W R EE;;?;; NTRPTTTRY developers of p5.js to
RELCARTNRARA, | SaliAskahanlil) add buttons to the
} webpage.

%mm@a&& ' DRNSAARRRAAARS, &8 Gl LRSARAARKAR, 1= null{
EELelaARsARAARkRA, == Cladasilanarad) {
SLARRLAARKRANARAR G256 ) §
}

Aadaskbiiekesd = null;

-

CadRsiHanergd, = null;
GLARNSRHARRRAAARR = TRHARAARRARSSN
1

pEirpratetype. registerMethod( 'post', p5.prototype.runGUI};

//Button Class
function Clickahle(){

TG = Bi— //% positien of the clickable

Lhisy = @5 //Y position of the clickable
Ehicwideh = 100; f/Width of the clickable

thi i = 50; //Height of the clickable

LB CRARE, = "#FFFFFF"; //Background ¢QdAak of the clickable
mmm_ 10' JfCorner radius of the clickable
Lod ] =2; /fStroke width of the clickable
L4 = "#poooeo"; //Border gQlAdy of the clickable
Loisataxt, = "Press Me' __  //Text of the clickable

Tl ARKARRARR, = "#000000"; //(Qlag for the text shown
Lhistextaize, = 12; //5ize for the text shown
Tdlg~ AR LEARE, = "sans-serif"; J/Font for the text shown

= function(){
//This function is ran when the clickable is hovered but not
//pressed.

= function(}{
//This function is ran when the clickable is NOT hovered.

}
= function(){
//This fucking is ran when the clickable is pressed.
}
= function(}{
//This fuAciRR, 15 ran when the cursor was pressed and then
//released inside the clickable. If it was pressed inside and
//then released outside this won't work.
}

s ARRALR, = Tunction(x, y){
Wk = X
s = vi

X
¥

-

EodgadkAARR, = Tunction(w, h){
kot = W
thicybedight = h;

b

Ehisdian, = function(){
T1lLl (thisnkadrRrd 3
stroke (PRASAAAKAKR) i

strokeWeight (LAdAnAALAKRNAARRE) |

RAALLOAAAK Thd&nis this.width, this.height, tRAA~RARRARRAMMAN i
FALLGAARAARKARRARR) §

gestrakal) ;

L ALARRLCENTER, CENTER);

TRAARAZRI tRARAKRXESAZR) ;

LRAARRARS TRASAKAXARARR) §

M this.x+1, this.y+1l, this.width, this.height);

= thbsax && WNARY, >= Shdeas ) ) )
&& mwax.-< TRASAKALAARAWAIR, &8 TANARX, < TRARANARRAAANRRBO {
SLAAstRRNRREA

= this;
EEbnousRIsRARASRG, &6 !
CARURMGKSS = this;
}
¥
Sl LCKARARAARKAR  this)
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; serial.js
(function() { R . . .
‘use strict’; This script basically gives the
document.addEventListener(‘DOMNodeInserted’, event => { Arduino Leonardo a serial
let connectButton = document.querySelector(“#connect”); connection to the ps jS sketch
The first function tries to pair the
function connect() { two by finding which port the
port.connect(}.then{() => { . . .
Arduino is plugged into and
connectButton.textContent = ‘DISCONNECT"; .
requesting to connect.

port.onReceive = data =» {
let textDecoder = new TextDecoder(]};
console. log(textDecoder.decode(data));

port.onReceiveError = error => {
console.error{error);

;
}, error => {

i
}
try {
connectButton.addEventListener({‘click’, functien() {
if (port) {
port.disconnect();
connectButton.textContent = *CONNECT ARDUINO';

port = null;
} else {
serial.reguestPort().then(selectedPort => {
port = selectedPort;
connect();
}).catchlerror => {

1)

)3 Once the Arduino is connected the
M ‘CONNECT ARDUINO’ button will change to

' say ‘DISCONNECT’. The catch(e) statement

catch € {
L
console. 10g(“p5 sketch not loaded yet: “, e); allows you to handle the error of ‘p5 sketch
¥ not loaded yet’ in the Google Chrome
" serial.getPorts().then(ports => { console if you aren’t running the sketch in
144 if (ports.length == @) {

editing mode. This means that you won’t

7 boetse { need to have two tabs open at once while
/" port = portsiel; running the serial connection.

17 connect();

Iy

78T,

// From hitps://github.com/webusb/arduino/blob/oh-pages/denos/serial, is

var serial = {};

(function() { | didn’t write the rest of
‘use strict’; . .
this code below, | got it

serial.getPorts = function() {

return navigator.usb.getDevices().then(devices == { from githl.lb, but what it

console. log(devices); _— .
return devices.map(device => new serial.Port(device)); dOES Is it asks the Ardumo
3t to connect or disconnect.

serial.requestPort = function() {

const filters = [
{ ‘vendorId’: @x2341, ‘productId’: @x8@36 },
{ ‘vendorId’: @x2341, ‘productId’: @x8@37 },
{ ‘vendorId’: 0x2341, ‘productId’: @x804d },
{ ‘vendorId’: @x2341, ‘productId’: @xE8@de },
{ ‘vendorId’: @x2341, ‘productId’: @x8@4f },
{ ‘vendorId’: @x2341, ‘productId’: @x8@50 },

|H

return navigator.usb.requestDevice({ ‘filters': filters }).then(
device => new serial.Port(device)
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|H

serial.Port = function(device) {
this.device_ = device;
}u

.

serial.Port.prototype.connect = function() {
let readlLoop = () => {
this.device_.transferIn(5, 64).then{result => {
this.onReceive(result.data);
readLoop();
}, error => {
this.onReceiveError{error);
I
I

return this.device_.open()
Lthen(() == {
if (this.device_.configuration === null) {
return this.device_.selectConfiguration(1);

}
H
.then{{) => this.device_.claimInterface(2))
.then{{) => this.device_.selectAlternatelInterface(2, @))
.then{() => this.device_.controlTransferOut({
‘requestType’': ‘class’,
‘recipient’: ‘interface’,
‘request’: @x22,
‘value’: @x@1,
‘index': Bx02}))
Lthen{{}) == {
readLoop();

h

serial.Port.prototype.disconnect = function() {
return this.device_.controlTransferout({
‘requestType’: ‘class’,
‘recipient’: 'interface’,
‘request’: @x22,
‘value’: @x@e,
‘index': @x02})
.then{{) => this.device_.close(});

I

serial.Port.prototype.send = function(data) {
return this.device_.transferOut(4, data);

h

(;

1)

This Arduino sketch is used to connect the Arduino board to the webpage and move the
servo motor when the Al detects something. It also prints what it's doing and what it has
detected in the serial monitor when it classifies something.
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1 #include <WebUSB.h>

2 #include <Servo.hs

3

4 //TODO: fix this url hinting

5 WebUSB WebUSBSerial{l /* https:// */, "webusb.github.io/arduino/demos/rgb");

6
7 #define Serial WebUSBSerial The Arduino code starts off by importing the required libraries. WebUSB
g Servo myservo; allows the Arduino Leonardo to connect to the webpage through USB

10 const int redPin = 9; connection, and Servo.h gives the board servo control.

11 const int greenPin = 10;
12 const int bluePin = 11;
13 int pos = @; // variable to store the servo position
14

15 int color[3];

16 int colorIndex;

17

18 void setup() {

19 while (!Serial) {

20 H

21}

22 Serial,begin(9600);

23 Serial.write("Sketch begins.\r\n");

24 Serial.flush();

25  colorIndex = @; Here it is setting up the serial monitor and prints ‘Sketch begins.\r\n'.

26 myservo.attach(9); Then it sets the servo motor to 60°. The first loop statement states that if
27 myservo.write(6@); . L . N

28} it detects class 1 it will turn from 75 degrees higher than what it currently
29 is. Otherwise if it detects class 2 it will turn 75 degrees the other way.

30 void loop() { While the servo motor is turning it will print that it is throwing it away.

31

32 if (Serial && Serial.available()) {
33 color[colorIndex++] = Serial.read();
34 1if (colorIndex = 1) {

35

£ /7 Serial.flush(); )

3z I analoghWrite(redPin, color[@]);

38 if (color[@] == 1) {

39 myservo.write(@);

40 delay(2000);

41 for (pos = @; pos <= 75; pos += 1) { // goes from @ degrees, to 180 degrees

42 // in steps of 1 degree

43 myservo.write(pos); /7 tellpservo to go 0 position in variable "pos’

44 delay(5); // waits 15ms for the servo to reach the position

45

46 delay(1000);

47 Serial.write("ceral detected.\r\n");

48

49

5@ else if (color[@] == 2) {

51 myservo.write(188);

52 deloy(2000);

53 for (pos = 180; pos <= 75; pos <='1) { // goes from @ degrees to 180 degrees

54 // in steps of 1 degree

55 myservo.write(pos); // tell servo to go to position in variable 'pos’

56 delay(20); // waits 15ms for the servo to reach the position

57 }

58 deloy(1000);

59 Serial.write("mallow detected.\r\n");

60 }

61 while (Serial.available()) {

62 int throwaway = Serial.read();

63 Serial.write("Throwing away.\r\n");

64 }

65

66 Serial.flush();

67 colorlndex = @;

68

69 } This part of the code
7@ else { i i
71 I Serial .println("asdf"); S.tate_s that [f there Is
72 for (pos = 60; pos <= 99; pos += 1) { // goes from @ degrees to 180 degrees nothing there the servo
73 /7 in steps of 1 degree motor will go back and
74 myservo.write(pos); /7 tell servo to go to position in varioble 'pos'

75 delay(3); // waits 15ms for the servo to reach the position forth between .ti(?and
76 } 90 degrees until it gets
77 for (pos = 99; pos >= 6@; pos -= 1) { // goes from 180 degrees to @ degrees the signal that the Al
78 myservo.write(pos); // tell servo to go to position in variable ‘pos’| detects something.
79 delay(3); // waits 15ms for the servo to reach the position

80 }

81 // delay(20@);

82 1}

a3

84
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Wi-Fi a webpage linked to
the chip can be opened

from anywhere and used
to either program
something or run code.

css
P etami In this first section | am declaring the
fent-weight: bold; ’ . and
} font that I'm using, and that it's
hitml body { UO_Q.

bbackground: rgb(0,0,0);
background: linear-gradient(180deg, rgba(0,0,0,1) 0%, rgba(0,0,0,1) 19%, rgba(255, 188, §) 22%, rgba(177,
89, 16) 84%, rgba(0,0,0,1) 87%, rgba(0,0,0,1) 100%);

! Now I'm declaring the colour of the body of
e amiyais;  the background. The three numbers in the
) brackets is the ﬁmég the colour that | am

__u_.s im_mr _..Eam_
font-size: 12px;
using. | am using size 12.
_myButton {
=moz-box-shadow: Opx Opx Opx 2px #d4762a;
-webkit-box-shadow: Opx Opx Opx 2px #d4762a;
Ibox-shadow: Opx Opx Dpx 2px #d4762a;
background:-webkit-gradient(linear, left top, left bottom, color-stop(0.05, #dd762a;), color-stop(1,
#d4762a));
gl li #d4762a 5%, #b81111 100%);
k i #dd4762a 5%, #bB1111100%);
Enxa_.oc.a .c.:___.nu?n:a_-_.._:ou_ #d4762a 5%, #DBTI11 100%);
background:-ms-linear-gradient(top, #d4762a 5%, #b81111100%);
background:linear-gradient(to bottom, #d4762a 5%, #b&81111 100%);

___Eﬁuaa_a“ux_B-uo#u:mqo=_._.z__n33__5;&3ﬁFS:nu_oﬁ_.n.nnﬂmnm.‘
endColorstr="#b81111' GradientType=0); __ . .
This section of the CSS is the colour
-moz-border-ra
-webkit-border-rad|
s the border, the gradients, the. Font
. m:aﬁrmm_nm.

background-cal
e e of my reset button. It also includes
ize’, sans-serif;

font-weight: bold;
font-size:15px;
padding:8px 15px;
margin: auto;
margin-top: 20px;
display: flex; justify-content: center;
text-decoration:none;
text-shadow:0px 1px Opx #aadec;

1

-myButton:hover {
lbackground:-webkit-gradient(linear, left top, left bottom, color-stop(0.05, #d4762a), color-step(1,
#da762a));

o linear-g b, #4762a 6%, #d4762a 100%);
backgy bkit-linear-gradi #d4762a 5%, #d4762a 100%);
background r-gradient(top, #d4762a; 5%, #dd762a 100%:);
backgroun inear-gradient(top, #d4762a; 5%, #d4762a 100%);

ar-gradient(to bottom, #d4762a; 5%, #d4762a 100%);
filter:progid:DXImageTransform. Microsoft gradient[startColorstr="#d4762a;

endColorstr="#dA762a; GradientType=0);
background-color:#d4762a;
.myButton:active {
position:relative;
top:Tpx;
b

.group {
-webkit-box-shadow:Opx Opx 5px 3px #d4762a;
-moz-box-shadow:0px Opx Spx 3px #d4762a;
box-shadow:0px Opx 5px 3px #d4762a;
background: Gn.u_m 118, 42); /* Old browsers *f
z rgba(212, 118, 42) 0%, rgba(212, 118, 42) 17%, rgba(212, 118, 42)

90%);

9 (top, rgba(212, 118, 42) 0%,rgba(212, 118, 42) 17%,rgba(212, 18, 42

g
80%);
background: linear-gradient(to bottom, rgba(212, 118, 42) 0%,rgba(212, 118, 42) 17%,rgba(212, 118, 42)
90%);

filter: progid:DXImageTransform.Microsoft.gradient( startColorstr="#d4762a,

endColorstr="#d4762a’ GradientType=0 );

b

.col-header {

background: #d4762a;
background: -moz-linear- aan.w_._n:ou. #d4762a 0%, #d4762a 50%, #d4762a 96%, #d4762a 100%);

bikit-i (top, #d4762a 0%, #dd762a 50%,#dd762a 96%,#d4762a 100

background: _53_..@6..._.»;:»9 bottom, #d4762a 0%, #d4762a 50%, #dA762a B6%, #d4762a 100%);
filter: progid: DXImageTranstarm.| ;_namu: gradient( mS:no_n_ﬁq anm»n
endColorstr="#d4762a' GradientType=0 );

height: 26px;

padding-top: Spx;

}

.col-raw {

height: 340px;

background: rgb(212, 118, 42);
background: -moz-linear-gradient(top, rgba(212, 118, 42) 0%, rgba(212, 118, 42) 17%, rgba(212, 118, 42)
80%);
background: -webkit-linear-gradient{top, rgba(212, 118, 42) 0%,rgba(212, 118, 42) 17%,rgba(212, 118, 42)
90%);
background: linear-gradient(to bottom, rgba(212, 118, 42) 0%, rgba(212, M8, 42) 17%,rgba{212, 118, 42)
20%);
filter: progid:DXImageTransform.Microsoft.gradient( startColorstr="#d4762a),

endColof '#d4762a' GradientType=0 );
border: 1px solid black;
margin: 0.5px;
}
coner This whole page is getting the colour of
e the background right.
.rounded {

border-radius:10px;
-moz-border-radius:10px;
-webkit-border-radius:10px;
b

rounded-top-left {
border-radius:10px 0 0 10px;

-moz-border-radius:10px 0 0 10px;
=webkit-border-radius:10px 0 0 10px;
}

-rounded-top-right {
border-radius:10px 10px 0 0;
-moz-border-radius:10px 10px 0 0;
-webkit-border-radius:10px 10px 0 0;
}

Here | am declaring the colour
scheme of the table.

.rounded-bottom-left {

border-radius: 0 0 10px 10px;
-moz-border-radius: 0 0 10px 10px;
-webkit-border-radius: 0 0 10px 10px;
}

-rounded-bottom-right {
border-radius: 0 10px 10px 0;
-moz-border-radius: 0 10px 10px 0;
-webkit-border-radius: 0 10px 10px 0;
b

dropdown {
unnxm-o..__..n_ _.ucn»mm 208, S
g (top, rgba(212, 118, 42) 0%, rgba(212, 118, 42) 17%, rgba(212, 118,

42) 90%);
background: -webkit-linear-gradient({top, rgba(212, 118, 42) 0%,rgba(212, 118, 42) 17%,rgbai212, 118,
42) 90%);
background: linear-gradient(to bottom, rgba(212, 118, 42) 0%,rgba(212, 118, 42) 17%,rgba(212, 118, 42)
90%);

er: progid:DXImageTransform.Microsoft.gradient( startColorstr="#d4762a',
endColorstr="#d4762a'GradientType=0 );
}

select {
-webkit-padding-end: 20px;
-moz-padding-end: 20px;
-webkit-padding-start: 2px;
-moz-padding-start: 2px;
background-position: center right;

berder: 1px solid #AAA;

border-radius: 2px;

box-shadow: Opx 1px 3px rgba(0, 0, 0, 0.1);
color: #555;

padding-bottom: 2px;
text-overflow: ellipsis;
white-space: nowrap;
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HTML

<div class="center body" style="text-align:center; width:510px;">
<hZ>
<font color="arange">Smart Recycling</font>
</h2=
</div>
<div class="group center rounded” style="text-align:left; background-color:#ffcc00; width:250px;
padding:10px;"=>

Sd-Current Temperatwre:</id>— Here | am declaring the HTML of my

<td>

JaentiasrTemere<fiont=*C - webpage. After making my title

7 Waste Thrown:</ids orange, | get the table of readings
td . .
ntig=rpeurrents<onts  doNe. The first section is the

-t announcements box, but | disabled
S rEerWERIEEIS it as seen as in the loop. Then | get
<font id="Weurrent"></font> Kg . A

</td> my temperature logging and time
<br> .

</div> ) working.

<div style="text-align:center" >

<br>

<div class="center” style="display:inline-block; margin-top: 10px;">
<td=<label=Interval</label></td>
<td=>
<select class="dropdown" name="interval” onchange="
interval = value * 1000; clearTimeout(timer);
tem er(); [ B
e e ahterinterval®s This is where | get the option to
<aoption value="1" selected>1 Second</option> u '
<option value="10">10 Secands</option>  ChOOSE the interval at which the
<option value="60">1 Minute</option> ’ .
<option value="600">10 Minutes</option>  table’s readings are shown.
</selects
<ftd>
</div>
<div class="center” style="text-align:center; width:570px;">
<h3>Data Logging Table</h3>
</div>
<div class="center” style="display:flex; width: 570px;">
<div class = "group col-row rounded-top-left” id="time" style="averflow:hidden; width:150px;"
align="center">
=div class = "col-header" style="width:150px;">

s Here is where | put the results by
Dlores e TN sing “<pre id = >”
<div>

=div class = "group col-row" align="center” id="temp” style="width:150px;">
<div class = "col-header” style="width:150px;">
Temperature
</div>
<pre id="tempPre" align="center">
</pre=
</div>

<div class = "group col-row" align="center" id="weight" style="width:120px;">
<div class = "col-header" style="width:120px;">

Weight
</div= . . . .
<pre id="weightP" align="center'> 1 Nis section is where | make it so
ﬂ_a_ﬂusv that when | press the reset button it
</div> resets the table.
<fdiv>

<div style="text-align:center">
<button class="myButton" onclick="clearTable()" style="background-color: #4CAF50;">Reset</button>
<fdiv>
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._m.__smo:_on_umo_oﬂ Macro & _me_oﬁ adevice $ g Add z_moaw

var resister = 160;
var interval = 1000;
var profit = 0;
var log = 0;

var pop = 0;

var loggerT = *";
var loggerW =

This is where | declare my
variables. Var resistor is for the
resistance that the temperature
var loggerPP sensor is at. This can be

“““ "mﬂm”ﬁmﬂq_nnmocz.ﬁau_.nonuq=.. interval); n—._mzm.mn ﬁc N_.—“mﬂ H—-m

var counter = 0i temperature. Var log is to log
function getTemp() { H—Jm HDU_W

.!..u-u._n_am_z.ﬁaum._zwu:"

temp = Math.log((255 / temp - 1) * resistor [ 316.25) / 0.045;
degree = temp.toFixed(1);

j e degree: The function “getTemp()” is the
formula that | use to get the
now = new Date(); .
E—.H :%.m&“h.auﬂrﬁ i —“mgtmﬂm.—“r—ﬂm. The function
maonth = now. on +7; .
day = nowgeibatel “get Date()” is the formula that | use
hour = now.getHour: .
to get the current time.

minute = now.getMinute:
second = now.getSeconds();

tunction getDate() {

d=1{

year + /" &
month + /" +
day +" " +
hour + ™
minute + ";
second

,._.:mcmzmc_ma:_mma_mﬁ:mﬁlmc_m
) that | use to get the computer to
)9 give a warning.

var msg = new S Warning, Rubbish is tipping®);
var voices = window.speechSynthesis.getVaices();
msg.voice = voices[0];

function tempLogger() {
T=

W = d el
tt = document.getElementByld( Time'
if (log < 20) {
log++;
loggerT = loggerT + getTempi() + “ *C" +
leggerW = loggerw + analoginjweight) +
loggerTT = loggerTT + getDate() + “\n";

T.innerHTML = loggerT;
W.innerHTML = loggerw;
ttinnerHTML = loggerTT;

}

}else {
resetTable();
}

timer = setTimeout(“tempLogger()”, interval);

function resetTable() {

}

T = document getElementByld{‘tempPre’);
W = document.getElementByld('weightP');
pp = document.getElementByld('popu');
tt = document.getElementByld('Time');

loggerT =

logger'W N

loggerPP = | use the function .._.mmmﬂmc_m: to
loggerTT =

log = 0; clear the table when the reset

ﬁ.m:_..ul._d?:. -
w.innerHTML =+ button is pressed.

ttinnerHTML = "

function clearTable() {

}

resetTable();
pop = 0;

JavaScript Loop H Select Macro % — select a device & _ Add —..._mn_.ou

ffdocument.getElementByld('Temp').innerHTML = getTemp();

theWeight = analogin(weight);

innerHTML = theWeight;
)innerHTML = profit;

The // bits are the parts for the

MByld("Weur

if (analogln(LightSensor1) <20) {
turnOn(greenLed);

telse { i

e tareented) notices Uo.ma. The analogln declares
¥ the potentiometer’s name as

if (analogin(Lightsensar2) <20 {  ‘weight’. Then my code goes into a

turnOn(yellowled); . . s

Yelse { series of decisions.
turnOff(yellowLed);

}

if (analogin(LightSensor3) <20) {
turnOn(redLed);
telse{
twrnOffiredLed);
}

if(digitalin(TiltSensor) == 1) {
window.speechSynthesis.speak (msg);
Yelse{
window.speechSynthesis.cancel();

}




o
o
o
[V}
[
(U]
w
4
0
(@]
o
o
w
o
w
]
<
[
o
=
o
(=

CALEB TANG

This section of Arduino code is used to actually drive the truck. Using Bluetooth, the Arduino

ble to be connected to a mobile app where the driver has fast, responsive control of the

isa
vehicle.

1 #include <SoftwareSerial.h>

2 SoftwareSerial BTserial(@, 1); // RX | T4

3 | start of the code for my car by
4 1int irl = 6;
5int irll = HIGH;
6 so that | can make pin 0 and 1 my

7 char t; receiving and transmitting pins.

8 //defines pins numbers for Motor A (Forward & Reverse)

9 int pinAl = 4;

10 int pinAZ = 5;

11

12

13 ///defines pins numbers for Motor B (Steering)

14 int pinBl = 2; .
1S int pinB2 - 3. Then | define the pins
16 for my car before
17 void forward(int s){ declaring what the
18 digitalWrite (pinAl, HIGH); N
19 digitaliirite (pina2, LoWy; functions forward,

20 digitaliirite (pinBL, HIGH);reverse, stopcar, right
21 digitalWrite (pinBZ, LOW); and left do

22} .

23

24 void reverse(int b){

25 digitalWrite (pinAl, LOWD;

26 digitalWrite (pinAZ, HIGH);

27 digitalWrite (pinBl, LOW);

28 digitalWrite (pinB2, HIGH);

29

30}

31

32 void stopcar(){

33 digitalWrite (pinAl, LOW);

34 digitalWrite (pinA2, LOW);

35 digitalWrite (pinBl, LOW);

36 digitalWrite (pinB2, LOW);

37}

38

39 void right(O{

40 digitalWrite (pinAl, HIGH);

41 digitalWrite (pinA2, LOW);

42 delay(350);

43 digitalWrite (pinAl, LOW);

including the library SoftwareSerial.h

44}
45
46 void left(){

47 digitalWrite (pinBl, HIGH);
48  digitalWrite (pinB2, LOW);

49 delay(350);

5@ digitalWrite (pinBl, LOW);

51%

52

53 void setup() {

54 Serial.begin(9600);
55 BTserial.begin(9600);
56

57

Now in my setup |
make sure that the
serial is set at. 9600
bits per second.

58 /* Initialize Motor A Pin Modes */

59 pinMode (pinAl, OUTPUT);
60 pinMode (pinAZ, OUTPUT);
61 //pinMode (3, OUTPUT);
62

63 /* Initialize Motor B Pin Modes */

64 pinMode (pinBl, OUTPUT);
65 pinMode (pinB2, OUTPUT);
66 //pinMode (5, OUTPUT);

67

68

69 digitalWrite (pinAl, LOW);
70 digitalWrite (pinA2, LOW);
71 digitalWrite (pinBl, LOW);
72 digitalWrite (pinB2, LOW);
73

74 pinMode{irl, INPUT);

Now | initialize my
motor’s pin modes
before turning both
motors off and
declaring that my
infrared sensoris an
input.

87
88
89
90
91
92
93

95

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113 }

Now in my loop | declare that irll is what

75} is read from my infrared sensor. Then |
76 make it so that t is whatever button | am
e pressing on my phone. For example, if |
79 void loop() { press the f button then t will become f.
80

81 irll = digitalRead(irl);

82

83 if (BTserial.available()) {

84 t = BTserial.read();

85 Serial.print(t);

86 irll= digitalRead(irl);

int w:u:m - mm1mn~.1mnmnuw //Storing value of read data into variable assigned

} else {
t=0;
}

if (6 = "F'){

forward(15@);

else if (t == 'B'){

reverse(150);

else if (t == "L"){

left();

else if (t == 'R'){

right();

else if (t == "A"){

stopcar();

else {

//forward(15@);
Serial.print (t);

}

if( irll = LOW 8& t != 'B'){
stopcar();

} else {
Serial.print (irll);

1

delay(10@);

Now | make it so that whatever tis is
what direction my car will go.

B

If my infrared sensor’s readings are low,
and t isn’t making my car reverse, then
my infrared sensor will stop the car.
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CALEB TANG

This schematic is a rough idea of what the wiring of the truck should look like.
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This is a picture of what my incomple

te project looks like so far:
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