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ABSTRACT

Nowadays, object recognition has a potential to help gather data more
accurate and more intuitive than collecting data manually. This research is conducted
to study the possibility of using object recognition as an input in parametric
architecture, with these data we can generate an architectural design which suitable
for its current activities and surrounding contexts. The object recognition system is
developed on the smartphone platform (iOS) to gather three types of data 1) Object's
bounding box 2) Object’s location 3) Object's label. By using these data, we can create
a relationship between objects and their surrounding contexts to understand how
humans occupy the space. We conduct a data sampling around bus stops in the
Thammasat University Rangsit campus. As a result, we use these data as an input in
the parametric modeling application to explore the new possibility to generate a
3-dimensional model automatically based on human activities within their surrounding

contexts using the object recognition system.

Keywords: Object recognition, Parametric architecture
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CameraViewController

!/

// ViewController.swift

// Test 2

//

// Created by Sitthitouch Surabotsopon on 17/10/17.

// Copyright © 2017 Sitthitouch Surabotsopon. All rights reserved.

import UIKit

import Vision

import AVFoundation
import CoreMedia
import VideoToolbox
import os.log

import CSV

class CameraViewController: UlViewController {
@IBOutlet weak var videoPreview: UlView!
@IBOutlet weak var timelLabel: UlLabell
@IBOutlet weak var debuglmageView: UlimageView!
@IBOutlet weak var objectslistLabel: UlLabell
//@IBOutlet weak var saveButton: UlBarButtonltem!

let yolo = YOLO()

var videoCapture: VideoCapture!
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var request: VNCoreMLRequest!

var startTimes: [CFTimelnterval] = [J

var boundingBoxes = [BoundingBox]()

var colors: [UIColor] =[]

let ciContext = ClContext()

var resizedPixelBuffer: CVPixelBuffer?

var framesDone = 0
var frameCapturingStartTime = CACurrentMediaTime()

let semaphore = DispatchSemaphore(value: 2)

var buttonlsSelected = false
var fileCount: Int = 0
var objectName: String = "
var objectDataX: Int = 0

var objectDataY: Int = 0

var objectBoundingX: Int = 0
var objectBoundingY: Int = 0

struct objectProperties {
var dataName: [String]
var dataX: [Int]
var dataV: [Int]
var boundingX: [Int]
var boundingY: [Int]

init() {

dataName =[]
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dataX =[]
dataY =[]
boundingX = []
boundingY = []

var objects = objectProperties()

var addData: Timer?

var fileName: String?
var descData: String?

var csvFile: URL?

var objectNo: [String] = []

override func viewDidLoad() {

super.viewDidlLoad()

timeLabel.text =
setUpBoundingBoxes()
setUpCorelmage()
setUpVision()

setUpCamera()

frameCapturingStartTime = CACurrentMediaTime()

override func didReceiveMemoryWarning() {

83

Ref. code: 25605816030075HOB



84

super.didReceiveMemoryWarning()

print(#function)

// MARK: - Initialization

func setUpBoundingBoxes() {
for _in 0..<YOLO.maxBoundingBoxes {

boundingBoxes.append(BoundingBox())

// Make colors for the bounding boxes. There is one color for each class,
// 20 classes in total.
for r: CGFloat in [0.2, 0.4, 0.6, 0.8, 1.0] {
for ¢: CGFloat in [0.3, 0.7] {
for b: CGFloat in [0.4, 0.8] {
let color = UlColor(red: r, green: g, blue: b, alpha: 1)

colors.append(color)

func setUpCorelmage() {
let status = CVPixelBufferCreate(nil, YOLO.inputWidth, YOLO.inputHeight,
kCVPixelFormatType 32BGRA, nil,
&resizedPixe|Buffer)
if status = kCVReturnSuccess {

print("Error: could not create resized pixel buffer", status)

Ref. code: 25605816030075HOB



85

func setUpVision() {
guard let visionModel = try? VNCoreMLModel(for: yolo.model.model) else {
print("Error: could not create Vision model")

return

request = VNCoreMLRequest(model: visionModel, completionHandler:

visionRequestDidComplete)

// NOTE: If you choose another crop/scale option, then you must also
// change how the BoundingBox objects get scaled when they are drawn.
// Currently they assume the full input image is used.

request.imageCropAndScaleOption = .scaleFill

func setUpCamera() {
videoCapture = VideoCapture()
videoCapture.delegate = self
videoCapture.fps = 50
videoCapture.setUp(sessionPreset: AVCaptureSession.Preset.vga640x480) {
success in
if success {
// Add the video preview into the UL
if let previewlLayer = self.videoCapture.previewlLayer {
self.videoPreview.layer.addSublayer(previewlayer)

self.resizePreviewlLayer()

// Add the bounding box layers to the Ul, on top of the video preview.

for box in self.boundingBoxes {
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box.addTolayer(self.videoPreview.layer)

// Once everything is set up, we can start capturing live video.

self.videoCapture.start()

// MARK: Action
@IBAction func saveButton( sender: UlBarButtonltem) {

saveFilesName()

@IBAction func recordButton(_ sender: UlButton) {
buttonlsSelected = IbuttonlsSelected

updateFile()

for no in stride(from: 0, to: objectNo.count, by: 1) {

print(objects.boundingX[no])

private func updateFile() {
if buttonlsSelected {
addData = Timer.scheduledTimer(timelnterval: 1, target: self, selector:
#selector(appendData), userlnfo: nil, repeats: true)
print(objects.dataName)
print(buttonlsSelected)

} else {
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// stop timer
addData?.invalidate()
addData = nil

fileCount += 1

print(fileCount)

print(objects.dataName, "x: ",objects.dataX, "y: ", objects.datay,
objects.boundingX," x ",objects.boundingY)

print(buttonlsSelected)

@objc private func appendData() {
if objectDataX > 0 && objectDataY > 0 {

objects.dataName.append(objectName)
objects.dataX.append(objectDataX)
objects.dataY.append(objectDataY)
objects.boundingX.append(objectBoundingX)
objects.boundingY.append(objectBoundingY)
objectNo.append(objectName)

func saveFilesName() {
let alert = UlAlertController(title: "Save As", message: "Please enter the file
name", preferredStyle: .alert)
alert.addTextField(configurationHandler: {{(nameField) -> Void in
nameField.placeholder = "Enter the file name"
namekField.textAlignment = .center

D)
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alert.addTextField(configurationHandler: {(descField) -> Void in
descField.placeholder = "Enter the your descriptions"
descField.textAlignment = .center
)
alert.addAction(UlAlertAction(title: "Cancel", style: .cancel, handler: { (actions:
UlAlertAction) -> Void in
D)

alert.addAction(UlAlertAction(title: "Save", style: .default, handler: { (actions:

UlAlertAction) -> Void in

let nameFieldData = alert.textFields![0]

let descFieldData = alert.textFields![1]

self.fileName = nameFieldData.text 77 "

self.descData = descFieldData.text 77 "

print(alert.textFields![0])

let saveCSV = self.saveCSVFiles()

print(saveCSV.lastPathComponent)

self.performSegue(withldentifier: "unwindToCSVList", sender: self)

D)

self.present(alert, animated: true, completion: nil)

// MARK: - File management
func saveCSVFiles() -> URL {
let itemList = objectNo

let fileManager = FileManager.default
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let documentDirectory = fileManager.urls(for: .documentDirectory, in:
.userDomainMask)[0]
csvFile = documentDirectory.appendingPathComponent("\(fileNamel).csv")

let path = csvFile

let stream = OutputStream(url: csvFilel, append: false)

let csv = tryl CSVWriter(stream: stream!)

try! csv.write(row: ["name”, "X", "y", "width", "height"])

print(csv)
for no in 0..<itemList.count {
try! csv.write(row: [String(describing: objects.dataName[no]), String(describing:
objects.dataX[no]), String(describing: objects.dataY[no]), String(describing:
objects.boundingX[no]), String(describing: objects.boundingY[no])])
print(objects.dataName[no])
print(objects.dataName.count, objects.dataName, "boundingx”,
objects.boundingX)
print(no)
}

csv.stream.close()

print("yesss!", "\(fileName!)")

return path!

// MARK: - Nav

@IBAction func cancel(_ sender: UIBarButtonltem) {

dismiss(animated: true, completion: nil)
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// MARK: - UlTextField

// This method lets you configure a view controller before it's presented.
override func prepare(for segue: UlStoryboardSegue, sender: Any?) {

super.prepare(for: segue, sender: sender)

// MARK: - Ul stuff

override func viewWillLayoutSubviews() {
super.viewWillLayoutSubviews()

resizePreviewlLayer()

override var preferredStatusBarStyle: UlStatusBarStyle {
return .lightContent

func resizePreviewlLayer() {

videoCapture.previewlLayer?.frame = videoPreview.bounds

// MARK: - Doing inference

func predict(image: Ullmage) {
if let pixelBuffer = image.pixelBuffer(width: YOLO.inputWidth, height:
YOLO.inputHeight) {

predict(pixelBuffer: pixelBuffer)
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func predict(pixelBuffer: CVPixelBuffer) {
// Measure how long it takes to predict a single video frame.

let startTime = CACurrentMediaTime()

// Resize the input with Core Image to 416x416.

guard let resizedPixelBuffer = resizedPixelBuffer else { return }

let cilmage = Climage(cvPixelBuffer: pixelBuffer)

let sx = CGFloat(YOLO.inputWidth) / CGFloat(CVPixelBufferGetWidth(pixelBuffer))

let sy = CGFloat(YOLO.inputHeight) /
CGFloat(CVPixelBufferGetHeight(pixelBuffer))

let scaleTransform = CGAffineTransform(scaleX: sx, y: sy)

let scaledimage = cilmage.transformed(by: scaleTransform)

ciContext.render(scaledimage, to: resizedPixelBuffer)

// This is an alternative way to resize the image (using vimage):
//if let resizedPixelBuffer = resizePixelBuffer(pixelBuffer,

// width: YOLO.inputWidth,

// height: YOLO.inputHeight)

// Resize the input to 416x416 and give it to our model.

if let boundingBoxes = try? yolo.predict(image: resizedPixelBuffer) {
let elapsed = CACurrentMediaTime() - startTime
showOnMainThread(boundingBoxes, elapsed)

func predictUsingVision(pixelBuffer: CVPixelBuffer) {
// Measure how long it takes to predict a single video frame. Note that
// predict() can be called on the next frame while the previous one is

// still being processed. Hence the need to queue up the start times.
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startTimes.append(CACurrentMediaTime())

// Vision will automatically resize the input image.
let handler = VNImageRequestHandler(cvPixelBuffer: pixelBuffer)
try? handler.perform([request])

func visionRequestDidComplete(request: VNRequest, error: Error?) {
if let observations = request.results as? [VNCoreMLFeatureValueObservation],

let features = observations.first?.featureValue.multiArrayValue {

let boundingBoxes = yolo.computeBoundingBoxes(features: features)
let elapsed = CACurrentMediaTime() - startTimes.remove(at: 0)

showOnMainThread(boundingBoxes, elapsed)

func showOnMainThread(_ boundingBoxes: [YOLO.Prediction], _ elapsed:
CFTimelnterval) {
DispatchQueue.main.async {
// For debugging, to make sure the resized CVPixelBuffer is correct.
//var debuglmage: CGImage?
//NTCreateCGlmageFromCVPixelBuffer(resizedPixelBuffer, nil, &debugimage)

//self.debuglmageView.image = Ullmage(cglmage: debugimage!)
self.show(predictions: boundingBoxes)

let fps = self.measureFPS()

let currentObject = self.showRecorded

self.timelLabel.text = String(format: "%.0f FPS", fps)
self.objectsListLabel.text = String(format: "%@", currentObject)
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self.semaphore.signal()

func measureFPS() -> Double {
// Measure how many frames were actually delivered per second.
framesDone += 1
let frameCapturingElapsed = CACurrentMediaTime() - frameCapturingStartTime
let currentFPSDelivered = Double(framesDone) / frameCapturingElapsed
if frameCapturingElapsed > 1 {
framesDone = 0
frameCapturingStartTime = CACurrentMediaTime()
}

return currentFPSDelivered

func showRecorded() -> String {

let currentObject = String(describing: objects.dataName.last ?? ")

return currentObject

func show(predictions: [YOLO.Prediction]) {
for i in 0..<boundingBoxes.count {
if i < predictions.count {

let prediction = predictions]i]

// The predicted bounding box is in the coordinate space of the input
// image, which is a square image of 416x416 pixels. We want to show it
// on the video preview, which is as wide as the screen and has a 4:3

// aspect ratio. The video preview also may be letterboxed at the top
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// and bottom.

let width = view.bounds.width

let height = width * 4/ 3

let scaleX = width / CGFloat(YOLO.inputWidth)

let scaleY = height / CGFloat(YOLO.inputHeight)
let top = ((view.bounds.height - height) / 2) - 64

// Translate and scale the rectangle to our own coordinate system.
var rect = prediction.rect

rect.origin.x *= scaleX

rect.origin.y *= scaleY

rect.origin.y += top

rect.size.width *= scaleX

rect.size.height *= scaleY

objectName = String(labels[prediction.classindex])
objectDataX = Int(rect.origin.x * scaleX)
objectDataY = Int(rect.origin.y * scaleY)
objectBoundingX = Int(rect.size.width * scaleX)

objectBoundingY = Int(rect.size.height * scaleY)

// Show the bounding box.
let label = String(format: "%@ %.1f x: %d,y: %d",
labels[prediction.classindex], prediction.score * 100, objectDataX, objectDataY)
let color = colors[prediction.classindex]
boundingBoxes[i].show(frame: rect, label: label, color: color)
}else {

boundingBoxesli].hide()
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extension CameraViewController: VideoCaptureDelegate {
func videoCapture(_ capture: VideoCapture, didCaptureVideoFrame pixelBuffer:
CVPixelBuffer?, timestamp: CMTime) {
// For debugging.
//predict(image: Ullmage(named: "dogd16")); return

semaphore.wait()

if let pixelBuffer = pixelBuffer {
// For better throughput, perform the prediction on a background queue
// instead of on the VideoCapture queue. We use the semaphore to block
// the capture queue and drop frames when Core ML can't keep up.
DispatchQueue.global().async {
//self.predict(pixelBuffer: pixelBuffer)
self.predictUsingVision(pixelBuffer: pixelBuffer)

TableViewController
//

// TableViewController.swift
// Test 2
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//

// Created by Sitthitouch Surabotsopon on 18/10/17.

// Copyright © 2017 Sitthitouch Surabotsopon. All rights reserved.
//

import UIKit
import QuickLook
import CSV

class TableViewController: UlViewController, UlTableViewDelegate,

UlTableViewDataSource, QLPreviewControllerDataSource {

@IBOutlet weak var objectFilesList: UlTableView!
@IBOutlet weak var tableView: UlTableView!

let quickLookController = QLPreviewController()

var fileURLs = [URL]()

override func viewDidLoad() {
super.viewDidLoad()
//quickLookController.dataSource = self
prepareFileURLS()
quickLookController.dataSource = self
// Do any additional setup after loading the view.

//self.navigationltem.leftBarButtonltem = self.editButtonltem

override func didReceiveMemoryWarning() {

super.didReceiveMemoryWarning()
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// Dispose of any resources that can be recreated.

override func viewWillAppear(_ animated: Bool) {
super.viewWillAppear(true)
tableView.reloadData()

// MARK: - Navigation

private func getFileTypeFromFileExtension(fileExtension: String) -> String {

var fileType =

switch fileExtension {
case "csv":

fileType = "CSV document"
default:

fileType = "Text document"

return fileType

// MARK: Table Methods
func tableView(_ tableView: UlTableView, numberOfRowsInSection section: Int) ->
Int {

return fileURLs.count

func tableView(_ tableView: UlTableView, cellForRowAt indexPath: IndexPath) ->
UlTableViewCell {
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let objectldentifier = "ObjectsTableViewCell"

guard let cell = tableView.dequeueReusableCell(withldentifier: objectldentifier,
for: indexPath) as? ObjectsTableViewCell else {

fatalError("The dequeued cell is not an instance of ObjectsTableViewCell")

///quickview

// Fetches the appropriate object for the data source layout

let currentFileParts = extractAndBreakFilenamelnComponents(fileURL:
fileURLs[indexPath.row])

cell.lnamelabel.text = currentFileParts.fileName

//quickview

cell.descriptionLabel.text = getFileTypeFromFileExtension(fileExtension:

currentFileParts.fileExtension!)

return cell

func tableView(_ tableView: UlTableView, didSelectRowAt indexPath: IndexPath) {

if QLPreviewController.canPreview(fileURLs[indexPath.row] as QLPreviewltem) {
quickLookController.currentPreviewltemindex = indexPath.row
navigationController?.pushViewController(quickLookController, animated:

true)

func tableView(_ tableView: UlTableView, canEditRowAt indexPath: IndexPath) ->
Bool {
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// Return false if you do not want the specified item to be editable.

return true

func tableView(_ tableView: UlTableView, commit editingStyle:
UlTableViewCellEditingStyle, forRowAt indexPath: IndexPath) {
if editingStyle == .delete {
// Delete the row from the data source
do {
try FileManager.default.removeltem(at: fileURLs[indexPath.row])
fileURLs.remove(at: indexPath.row)
print(indexPath.row)
tableView.deleteRows(at: [indexPath], with: .fade)
UlView.animate(withDuration: 0.25, animations: {
self.tableView.reloadData()
P} catch {
print(error.localizedDescription)
}
} else if editingStyle == .insert {
// Create a new instance of the appropriate class, insert it into the array, and
add a new row to the table view

}

// MARK: Action

@IBAction func unwindToCSVList(sender: UlStoryboardSegue) {
fileURLs.removeAll()
prepareFileURLS()
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// MARK: Quicklook
func numberOfPreviewltems(in controller: QLPreviewController) -> Int {

return fileURLs.count

func previewController(_ controller: QLPreviewController, previewltemAt index:
Int) -> QLPreviewltem {

return fileURLs[index] as QLPreviewltem

// MARK: Private Methods
private func prepareFileURLS() {
let fileManager = FileManager.default

let path = fileManager.urls(for: .documentDirectory, in: .userDomainMask).first!

do {
let directoryContents = try fileManager.contentsOfDirectory(at: path,
includingPropertiesForKeys: nil, options: .skipsHiddenFiles)

for fileName in stride(from: 0, to: directoryContents.count, by: 1) {
fileURLs.append(directoryContents[fileName])

}
} catch {

print(error.localizedDescription)

private func extractAndBreakFilenamelnComponents(fileURL: URL) -> (fileName:

String?, fileExtension: String?) {
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// Break the NSURL path into its components and create a new array with

those components.

let fileURLParts = fileURL.path.components(separatedBy: "/")

// Get the file name from the last position of the array above.

let fileName = fileURLParts.last

// Break the file name into its components based on the period symbol (".").

let filenameParts = fileName?.components(separatedBy: ".")
print(filenameParts![0])
// Return a tuple.

return (filenameParts![0], filenameParts![1])

Helpers.Swift

import Foundation
import UIKit
import CoreML

import Accelerate

// The labels for the 20 classes.
let labels = [

non n

"aeroplane’, "bicycle", "bird", "boat", "bottle", "bus", "car", "cat",

non non non

"chair", "cow", "diningtable", "dog", "horse", "motorbike", "person”,

"pottedplant”, "sheep", "sofa

, "train”, "tvmonitor”

//\et labels = ['NGV", "Bin"]
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let anchors: [Float] = [1.08, 1.19, 3.42, 4.41, 6.63, 11.38, 9.42, 5.11, 16.62, 10.52]

//\et anchors: [Float] = [0.57273, 0.677385, 1.87446, 2.06253, 3.33843, 5.47434,
7.88282, 3.52778, 9.77052, 9.16828]

/**
Removes bounding boxes that overlap too much with other boxes that have

a higher score.

Based on code from

https://github.com/tensorflow/tensorflow/blob/master/tensorflow/core/kernels/non

max_suppression_op.cc

- Parameters:
- boxes: an array of bounding boxes and their scores
- limit: the maximum number of boxes that will be selected
- threshold: used to decide whether boxes overlap too much
*/
func nonMaxSuppression(boxes: [YOLO.Prediction], limit: Int, threshold: Float) ->
[YOLO.Prediction] {

// Do an argsort on the confidence scores, from high to low.

let sortedindices = boxes.indices.sorted { boxes[$0].score > boxes[S1].score }
var selected: [YOLO.Prediction] =[]
var active = [Booll(repeating: true, count: boxes.count)

var numActive = active.count

// The algorithm is simple: Start with the box that has the highest score.

// Remove any remaining boxes that overlap it more than the given threshold
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// amount. If there are any boxes left (i.e. these did not overlap with any
// previous boxes), then repeat this procedure, until no more boxes remain
// or the limit has been reached.
outer: for i in 0..<boxes.count {
if activeli] {
let boxA = boxes[sortedIndicesil]
selected.append(boxA)

if selected.count >= limit { break }

for j in i+1..<boxes.count {
if active[j] {
let boxB = boxes[sortedIndiceslj]]
if IOU(a: boxA.rect, b: boxB.rect) > threshold {
activel[j] = false
numActive -=

if numActive <= 0 { break outer }

}

return selected

/**

Computes intersection-over-union overlap between two bounding boxes.
*/
public func I0U(a: CGRect, b: CGRect) -> Float {

let areaA = a.width * a.height

if areaA <= 0 {return 0}
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let areaB = b.width * b.height

if areaB <= 0 { return 0 }

let intersectionMinX = max(a.minX, b.minX)

let intersectionMinY = max(a.minY, b.minY)

let intersectionMaxX = min(a.maxX, b.maxX)

let intersectionMaxY = min(a.maxY, b.maxyY)

let intersectionArea = max(intersectionMaxY - intersectionMinY, 0) *
max(intersectionMaxX - intersectionMinX, 0)

return Float(intersectionArea / (areaA + areaB - intersectionArea))

extension Array where Element: Comparable {

e

Returns the index and value of the largest element in the array.
*/
public func argmax() -> (Int, Element) {

precondition(self.count > 0)

var maxindex = 0

var maxValue = self[0]

foriin 1..<self.count {

if selfli] > maxValue {
maxValue = selffi]

maxindex = i

}

return (maxindex, maxValue)

/**
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Logistic sigmoid.

*/

public func sigmoid(_ x: Float) -> Float {
return 1/ (1 + exp(-x))

/**

Computes the "softmax" function over an array.

Based on code from https://github.com/nikolaypaviov/MLPNeuralNet/

This is what softmax looks like in "pseudocode" (actually using Python

and numpy):

X -= np.max(x)
exp_scores = np.exp(x)

softmax = exp_scores / np.sum(exp_scores)

First we shift the values of x so that the highest value in the array is 0.

This ensures numerical stability with the exponents, so they don't blow up.
*/
public func softmax(_ x: [Float]) -> [Float] {

var x = x

let len = vDSP_Length(x.count)

// Find the maximum value in the input array.

var max: Float = 0

vDSP_maxv(x, 1, &max, len)

// Subtract the maximum from all the elements in the array.

// Now the highest value in the array is 0.
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Max = -MaX

vDSP_vsadd(x, 1, &max, &x, 1, len)

// Exponentiate all the elements in the array.
var count = Int32(x.count)

wexpf(&x, X, &ount)

// Compute the sum of all exponentiated values.

var sum: Float = 0

vDSP_sve(x, 1, &um, len)

// Divide each element by the sum. This normalizes the array contents
// so that they all add up to 1.

vDSP_vsdiv(x, 1, &um, &, 1, len)

return x
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