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A Study on Improvement of Object Recognition Efficiency by
Generating Synthetic Datasets for Military Purpose

BTSN
Jaehyun Byeon

ABSTRACT

Object recognition requires manual work to collect and annotate actual data, which
requires lots of time and money. In the case of artificial intelligence in the defense
field, it is difficult to secure high-quality learning data, and there is a problem of the
absence of robustness. Synthetic data can be configured by machine learning experts
and enables fast, data-intensive development. Synthetic data also helps solve privacy
and security problems, and plays an important role in reducing bias by securing data
diversity. This paper examines the problems of object recognition in the defense field
and proposes a plan to improve the efficiency of object recognition through the
generation of synthetic data as an alternative. To this end, a commercial open-source
unity3d simulator was used to generate simple military-purpose synthetic data, and

similar research cases are examined.
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Synthetic data is orders of magnitude cheaper than labeling real world data <2 15> AZSEEN AQG S A2 [13]
Synthetic Real World
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Dataset Preparation Time égt:‘tgs;zon %lﬁt‘;rjrs éz:t::nl::on 15::&15 45 I‘”OI_I'AI-OO = 3=a |_|-
Annotation: 8 hours Annotation: 110 hours
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class SceneController : MonoBehaviour {
public ImageSynthesis synth;
public GameObject[] prefabs;
public int minObjects = 10;
public int maxObjects = 50;
public int traininglmages;
public int vallmages;
public bool grayscale = false;
public bool save = false;

private ShapePool pool;
private int frameCount = 0;

// Start is called before the first frame update
void Start() {
pool = ShapePool.Create(prefabs);

// Update is called once per frame
void Update() {
if (frameCount < traininglmages + vallmages) {
if (frameCount % 30 == 0) {
GenerateRandom();
Debug.Log($"FrameCount: {frameCount}");

}
frameCount++;
if (save) {
if (frameCount < traininglmages) {
string filename = $"image_{frameCount.ToString().PadLeft(5, '0')}";
synth.Save(filename, 512, 512, "captures/train”, 2);
}
else if (frameCount < traininglmages + vallmages) {
int valFrameCount = frameCount - traininglmages;
string filename = $"image_{valFrameCount.ToString().PadLeft(5, '0")}";
synth.Save(filename, 512, 512, "captures/val”’, 2);
}
}
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void GenerateRandom() {
pool.ReclaimAllL();
int objectsThisTime = Random.Range(minObjects, maxObjects);
for (int 1 = 0; i < objectsThisTime; i++) {
// Pick out a prefab
int prefablndx = Random.Range(0, prefabs.Length);
GameObject prefab = prefabs[prefabIndx];

// Position

float newX, newY, newZ;

newX = Random.Range(-10.0f, 10.0f);

newY = Random.Range(2.0f, 10.0f);

newZ = Random.Range(-10.0f, 10.0f);

Vector3 newPos = new Vector3(newX, newY, newZ);

// Rotation
var newRot = Random.rotation;

var shape = pool.Get((ShapeLabel)prefabIndx);
var newObj = shape.obj;
newODbj.transform.position = newPos;
newObj.transform.rotation = newRot;

// Scale

float sx = Random.Range(0.5f, 4.0f);

Vector3 newScale = new Vector3(sx, sx, sx);
newODbj.transform.localScale = newScale;

// Color

float newR, new(G, newB;

newR = Random.Range(0.0f, 1.0f);

newG = Random.Range(0.0f, 1.00);

newB = Random.Range(0.0f, 1.0f);

var newColor = new Color(newR, newG, newB);
newObj.GetComponent<Renderer>().material.color = newColor;

}
synth.OnSceneChange(grayscale);
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public enum ShapeLabel { Cube, Sphere, Cylinder };

public class Shape {
public ShapeLabel label;
public GameObject obj;

public class ShapePool : ScriptableObject

{
private GameObject[] prefabs;
private Dictionary<ShapeLabel, List<Shape>> pools;
private List<Shape> active;

public static ShapePool Create(GameObject[] prefabs) {
var p = ScriptableObject.Createlnstance<ShapePool>();
p.prefabs = prefabs;
p.pools = new Dictionary<ShapeLabel, List<Shape>>();
for (int i = 0; i < prefabs.Length; i++) {
p.pools[(ShapeLabel)i] = new List<Shape>();
}
p.active = new List<Shape>();
return p;

public Shape Get(ShapeLabel label) {

var pool = pools[labell;

int lastlndex = pool.Count - 1;

Shape retShape;

if (lastIndex <= 0) {
var obj = Instantiate(prefabs[(int)labell);
retShape = new Shape() { label = label, obj = obj };

} else {
retShape = pool[lastIndex];
retShape.obj.SetActive(true);
pool.RemoveAt(lastIndex);

}

active.Add(retShape);

return retShape;

public void ReclaimAll() {
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foreach (var shape in active) {
shape.obj.SetActive(false);
pools[shape.label]. Add(shape);
}

active.Clear();



