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Introduction
This project seeks to develop an automated
process for determining the messiness of a space
using Internet of Things (IoT) and cloud
computing technologies. IoT describes a system
where information is communicated and
connected across our physical and digital devices
or “things”. Having intelligence in these “things”
could increase energy efficiency, engagement,
and overall enjoyment in our physical spaces.1
The Google Cloud Platform (GCP) provides
resources, in the form of physical machines for
storage and Application Programming Interfaces
(APIs) for specific products, to be accessed from
almost anywhere.2 The aim of this project was to
design and develop an automated pipeline for the
streaming of spatial data from an IoT device to
the Google Cloud Platform for analysis and
storage and determine whether this data could be
used to identify a messy room.
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Figure 1. Raspberry Pi – Google Cloud Platform IoT Data Streaming Architecture Diagram

A Raspberry Pi 4 Model B running the Raspberry
Pi Unix-like operating system was connected to an
assembled Smraza 1080p Night Vision Webcam
for image capture. The shelf to hold the singleboard computer and camera was created from
cardboard and fastened by duct tape.
The Google Cloud Platform was chosen to store
and analyze the spatial image data:
• First a Cloud Storage “bucket” was initialized to
store the data stream of JPEG files received.
• The Cloud Vision API was then enabled to
accept images for object and label detection.
• A BigQuery Data Warehouse table was created
to hold the name of the image file (set to the
date), the image URI (”Uniform Resource
Identifier” / Path to file in “bucket”), label data
(description and confidence level), and object
data (name and confidence level).
• Then, a Cloud Function was programmed to
listen for file uploads in the “bucket”, send the
image to the Vision API, and format the
response to be stored in a BigQuery table row.
Lastly, a Python script was created on the
Raspberry Pi to always run, capturing an image
every 10 seconds and uploading it to the storage
“bucket”.

Figure 1. illustrates the implemented pipeline for
automated capture of bedroom images from the
Raspberry Pi computer, uploading of JPEG file to
Google Cloud Storage, sending of the file to Cloud
Vision API for label and object detection, and
returning the data in row form to Big Query.
Figure 2. and Table 1. show an example capture
and the recorded label and object data,
respectfully. Table 1 is a common example of the
labels and objects returned, showing how the
infrared light of the camera became noise for the
labels, and reduced the confidence of object
detection significantly. The images stored were on
average 466 KB in size. Capturing an image every
10 seconds, resulted in 15,586 total rows being
stored in the table. The total storage size for the
table was 5.39 MB. Figure 3. and Table 2. are an
image uploaded to storage from an iPhone and
the returned label and object data, respectfully.
This image was 2.5 MB in size and acts as a
reference for improved data collection with better
resolution and the absence of the infrared light.

Conclusions

Figure 2. Raspberry Pi Capture

Figure 3. iPhone Capture

While the project successfully created a pipeline
to upload spatial data from an IoT device to the
Google Cloud Platform for analysis, it would be
difficult to use the results to explicitly determine
messiness. The data returned from the Cloud
Vision API did not give enough meaningful
information to distinguish between a messy or
clean room. Observed in Table 2. the labels
become clearer without the infrared light, and
the overall confidence in the objects detected
increases. Even so, when the model was more
confident in objects, they happen to be basic
identifiers of a bedroom (e.g., “Bed”, “[Drawer]”),
not objects that would indicate cleanliness (e.g.,
“Clothes”, “Cups”). Further research should
include specific models trained on images that
resemble the desired space to increase the
identification of labels and objects of interest.
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