Chapter One
Introduction
1.1. Background of the Study
Visual impairment significantly affects individuals' ability to interact with their environment, posing challenges in navigation and object recognition. Technological advancements have led to the development of various assistive devices aimed at improving the quality of life for visually impaired individuals. However, many existing solutions are either too expensive or lack the functionality needed for everyday use.
The integration of Internet of Things (IoT) and artificial intelligence (AI) technologies presents new opportunities for developing cost-effective and efficient assistive devices. IoT enables the creation of interconnected devices that can communicate and provide real-time data, while AI enhances these devices' capability to recognize and interpret complex patterns, such as images and speech (Al-Fuqaha et al., 2015).
This project aims to design and construct an aid for the visually impaired using the ESP32 CAM microcontroller. The system will recognize objects and verbally inform the user about their surroundings. This approach leverages the capabilities of AI for image recognition and IoT for real-time data processing and communication.
1.2. Statement of the Problem
Visually impaired individuals face significant challenges in recognizing objects and navigating their environment. Existing assistive devices are often costly and limited in functionality. There is a need for an affordable and efficient system that can help visually impaired individuals understand their surroundings through real-time object recognition and verbal communication.
1.3. Objectives of the Study
The primary objective of this study is to develop an assistive aid for the visual impaired person. The specific objectives are:
1. To design the system architecture for the visually impaired aid.
2. To develop and implement the hardware components using the ESP32 CAM.
3. To develop a speech output module to communicate recognized objects to the user.
1.4. Research Questions
The following research questions guide this study:
1. What are the key components required to build an aid for the visually impaired using the ESP32 CAM?
2. How can AI algorithms be integrated into the system to ensure accurate and real-time object recognition?
3. How does the system perform in different environmental conditions?
1.5. Significance of the Study
This study is significant because it addresses the limitations of existing assistive devices for visually impaired individuals by leveraging IoT and AI technologies. The proposed system enhances the ability of visually impaired individuals to understand their surroundings through real-time object recognition and verbal communication. The research contributes to the field of assistive technology by offering an innovative and cost-effective solution for visually impaired individuals.
1.6. Scope of the Study
The scope of this study includes the design, development, and testing of an aid for the visually impaired using the ESP32 CAM. The system will be evaluated in various conditions to assess its performance in object recognition and verbal communication. This study focuses on the technical aspects of the system, including hardware and software integration and the implementation of AI algorithms.
1.7. Limitation of the Study
This study is limited by several factors, including the availability of reliable IoT components and AI algorithms. Additionally, the system’s performance may be influenced by environmental factors such as lighting and object complexity. The study will also be constrained by the time and resources available for testing and development.
1.8. Definition of Terms
Internet of Things (IoT): A network of interconnected devices that communicate and exchange data over the internet.
Artificial Intelligence (AI): The simulation of human intelligence in machines that can perform tasks that typically require human intelligence.
ESP32 CAM: A low-cost microcontroller with integrated camera and Wi-Fi capabilities, suitable for IoT applications.
Object Recognition: The ability of a system to identify and classify objects within an image.
Visually Impaired: Individuals who have significant visual impairment that cannot be corrected with standard glasses or contact lenses.

Chapter Two
Literature Review
2.1. Review of Related Works
Several studies have explored the development and implementation of assistive devices for visually impaired individuals using IoT and AI technologies.
"Internet of Things: A Survey on Enabling Technologies, Protocols, and Applications" by Al-Fuqaha et al. (2015)
In their work, Al-Fuqaha et al. explored the vast potential of the Internet of Things (IoT) in connecting diverse devices to create a seamless network of assistive systems for various applications, including those aimed at aiding visually impaired individuals. This study provided a comprehensive survey of IoT technologies, protocols, and applications, emphasizing the role of IoT in real-time data collection and communication. By integrating assistive devices through IoT, Al-Fuqaha et al. demonstrated the enhanced functionality of such systems. Their findings highlighted IoT's ability to increase device efficiency, allow for remote monitoring, and provide real-time feedback, which are invaluable for visually impaired users.
"Computer Vision: Algorithms and Applications" by Szeliski (2010)
Szeliski’s work on computer vision delves into the algorithms that make accurate and efficient object recognition possible, which are essential for assistive devices intended for visually impaired individuals. By focusing on AI algorithms that analyze complex visual patterns, Szeliski detailed methods for enhancing object detection, facial recognition, and environmental analysis. His work provides insight into the application of computer vision algorithms that could be combined with IoT frameworks to develop assistive devices. The study confirmed that when AI algorithms interpret real-world patterns effectively, the device's overall performance improves, leading to higher accuracy in object recognition.
"Towards Real-Time Object Recognition for Assistive Technology" by Tian et al. (2013)
This study by Tian et al. explored the use of a camera combined with image processing algorithms to identify objects and provide auditory feedback to visually impaired users. The research involved developing a prototype device that processed real-time images through an integrated camera and computer vision algorithms to recognize objects in the user’s environment. The device then relayed information to the user via auditory feedback, enabling them to better understand their surroundings. The study demonstrated that IoT and computer vision could be effectively combined to deliver real-time assistance, allowing visually impaired individuals to interpret visual data and respond accordingly.
"AI and IoT-Powered Wearable Assistive Devices for Visually Impaired Individuals" by Mehta et al. (2018)
In this work, Mehta et al. developed a wearable assistive device using IoT and AI to enhance mobility for visually impaired users. Their system integrated multiple sensors and AI algorithms to detect obstacles, process environmental data, and provide real-time auditory feedback. Using IoT for continuous data transmission, the device enabled users to navigate safely by alerting them of approaching objects. The study concluded that wearable technology with integrated IoT and AI is a promising approach for developing assistive devices, as it increases the independence and quality of life for visually impaired individuals by making navigation easier and safer.
"ESP32 Series Technical Reference Manual" by Espressif Systems (2019)
Espressif Systems provided a detailed technical overview of the ESP32 CAM, a low-cost microcontroller with an integrated camera and Wi-Fi functionality. The manual described the various applications of the ESP32 CAM in IoT environments, such as surveillance, environmental monitoring, and assistive technologies. The ESP32 CAM’s capability for real-time image transmission and low power consumption made it suitable for wearable assistive devices that can help visually impaired users navigate their surroundings with ease. Its high performance and affordability were highlighted as key factors contributing to the development of accessible assistive devices.
"Visually Impaired Assistance through Speech Output Systems" by Haritaoglu et al. (2000)
In this study, Haritaoglu et al. developed a speech output system to enhance the usability of assistive devices for visually impaired individuals. The device employed speech synthesis to communicate visual information collected from a connected camera, enabling users to receive audible descriptions of their surroundings. The study concluded that speech output is highly effective in delivering visual information, allowing visually impaired users to navigate and interact with their environment more independently. The integration of speech output with object recognition systems further increased the effectiveness of the device.
Overall, the literature highlights the potential of IoT and AI technologies in developing effective assistive devices for visually impaired individuals. The integration of these technologies can significantly enhance the functionality and usability of such devices, providing real-time assistance and improving the quality of life for visually impaired individuals.
2.2. Proposed System’s Theories
The proposed aid for visually impaired individuals using the ESP32 CAM is based on several key theories and methodologies:
IoT Technology: IoT enables real-time monitoring and communication, providing visually impaired individuals with up-to-date information about their surroundings (Al-Fuqaha et al., 2015).
AI Algorithms: AI algorithms, particularly in computer vision, enable accurate and real-time object recognition, enhancing the system’s capability to identify and classify objects (Szeliski, 2010).
Microcontroller Utilization: The ESP32 CAM provides the necessary computational power and connectivity for data acquisition, processing, and transmission, making it suitable for developing assistive devices (Espressif Systems, 2019).
Speech Output: Integrating speech output modules allows the system to provide auditory feedback, enhancing its usability for visually impaired individuals (Haritaoglu et al., 2000).
2.3. Expected Results from the Proposed System
The proposed aid for visually impaired individuals using the ESP32 CAM is expected to provide several key benefits:
Accurate Object Recognition: The system will provide real-time and accurate object recognition, helping visually impaired individuals understand their surroundings.
Auditory Feedback: The speech output module will communicate recognized objects to the user, enhancing their ability to navigate and interact with their environment.
Cost-Effective Solution: The system will be developed using low-cost components, making it an affordable solution for visually impaired individuals.
Enhanced Mobility: By providing real-time assistance, the system will enhance the mobility and independence of visually impaired individuals.
2.4. Research Gap
While significant advancements have been made in the development of assistive devices for visually impaired individuals, there are still areas that require further research:
Integration of Advanced AI Algorithms: Exploring the use of more advanced AI algorithms for object recognition could enhance the system’s overall effectiveness.
Long-Term Performance Analysis: Long-term studies are needed to evaluate the durability and reliability of the system under various conditions.
User Experience Studies: Comprehensive user experience studies are necessary to understand the usability and effectiveness of the system from the perspective of visually impaired individuals.
Customization: Developing customizable features that cater to the specific needs of different users can increase the adoption and usability of the system.


Chapter Three
Materials and Design
3.1 Materials
The following components were used in the design of the system:
1. ESP32-CAM
2. DF Mini MP3 Module
3. Speaker
4. Battery
5. Charging Module
3.1.1 ESP32-CAM
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Fig 3.1: Image of ESP32 CAM
The ESP32-CAM (Fig. 3.1) is a powerful microcontroller with integrated camera functionality. In this system, it is used to capture images of objects and process them to recognize what they are using machine learning or pre-trained models. Once an object is recognized, the ESP32-CAM communicates the information to the DF Mini MP3 module to output the name of the object through the speaker.
· Specifications:
i. Camera: OV2640, 2MP with 1600x1200 resolution
ii. Microcontroller: ESP32 with dual-core processor
iii. Connectivity: Wi-Fi 802.11 b/g/n, Bluetooth 4.2
iv. Memory: 520 KB SRAM, 4MB Flash
v. Input Voltage: 5V
vi. Interfaces: UART, SPI, I2C, PWM
The ESP32-CAM serves as both the processing unit and input component of the system, recognizing objects and initiating communication with the other components.
3.1.2 DF Mini MP3 Module
The DF Mini MP3 module is a small, low-cost MP3 player that can play audio files from a microSD card. It is designed to be interfaced with microcontrollers like the ESP32 and can output sound through a connected speaker. In this system, it plays the pre-recorded names of the recognized objects for the visually impaired person to hear.
Fig 3.2: Image of DF Mini MP3 Module
Specifications:
i. Power Supply: 3.2-5V
ii. Supports FAT16, FAT32 microSD cards
iii. Supports MP3 and WAV audio formats
iv. Control Modes: UART serial mode, AD key control mode
v. Outputs: Directly to speakers with up to 3W output power
The DF Mini MP3 Module acts as the output component, responsible for converting text-based recognition into an audible format.


3.1.3 Speaker
The speaker is used to output the audio messages generated by the DF Mini MP3 module. It is a small, lightweight speaker with enough output to make the messages clearly audible to the user.
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Fig 3.3: Image of a Speaker
Specifications:
i. Output: 3W
ii. Impedance: 4 Ohms
iii. Frequency Response: 20Hz – 20kHz
The speaker allows the visually impaired person to hear the name of the recognized object clearly.
3.1.4 Battery
A Li-ion battery is used to power the system. Its portability allows the device to function on the go.
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Fig 3.4: Battery
Specifications:
i. Voltage: 3.7V
ii. Capacity: 2000mAh
iii. Rechargeable: Yes
3.1.5 Charging Module
A TP4056 charging module is used to recharge the battery. It provides protection against overcharge and short circuits.
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Fig 3.3: Charging module
Specifications:
i. Input Voltage: 5V
ii. Charging Current: 1A
iii. Protection: Overcharge, over-discharge, and short-circuit protection
3.2 Hardware Design
3.2.1 Block Diagram
Battery
Wi-Fi
ESP32-CAM
Charging module
DF Mini
Speaker

Fig 3.4: Block Diagram of the System
The block diagram (Fig 3.4) above represents the interaction between the components:
· Input Component (ESP32-CAM): Captures images of objects for recognition.
· Processing Component (ESP32-CAM): Processes the image data and sends the recognized object name to the DF Mini MP3 module.
· Output Component (DF Mini MP3 Module, Speaker and Wi-Fi): Converts the text (recognized object) into audio for the user to hear, while the Wi-Fi makes it possible for someone to see what the device is seeing by loading live video feed to a webserver.
· Power Supply (Battery and Charging Module): Powers the ESP32-CAM and the DF Mini MP3 module.
3.2.2 Schematic Diagram
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Fig 3.5: Schematic Diagram of the System
The schematic diagram in fig 3.5 above shows how various components are connected on the system,
i. ESP32-CAM Power: Connected to the Li-ion battery via the TP4056 charging module.
ii. ESP32-CAM and DF Mini MP3 Module Communication: Connected via UART (Tx pin of the ESP32-CAM to Rx pin of the MP3 module).
iii. DF Mini MP3 Module to Speaker: The audio output pins of the DF Mini MP3 module are connected to the speaker for audio playback.
iv. Battery to Charging Module: Connected to ensure safe charging of the battery.

3.3 Software Design
3.3.1 Algorithm
1. Start
2. Initialize ESP32-CAM: Set up Wi-Fi connection, camera, and object recognition model.
3. Initialize DF Mini MP3 Module: Load the MP3 files from the SD card.
4. Capture Image: Capture the image of the object in front of the camera.
5. Process Image: Run object recognition on the captured image.
6. Identify Object: Compare the image with the pre-trained model to recognize the object.
7. Output Object Name: Send the object name to the DF Mini MP3 module for audio playback.
8. Play Object Name: Play the audio file associated with the recognized object through the speaker.
9. End


3.3.3 Flowchart
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Fig 3.6: Flowchart of the System

3.3.4 Program Code
The program code will involves configuring the ESP32-CAM to recognize objects using machine learning libraries like TensorFlow Lite and triggering the DF Mini MP3 module to play the appropriate audio file. The program code is in the appendix page



Chapter Four
Results and Discussion
4.1 Results
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Figure 4.1: Image of the Prototyped System
The assistive device for the visual impaired person as shown in fig 4.1 above was designed to capture images, recognize objects, and announce the object names through an audio output. The system was successfully prototyped and tested with common everyday objects, such as a cup, bottle, pen, and book. During testing, the ESP32-CAM processed each captured image and provided auditory feedback to the user via the DF Mini MP3 module. These results highlight the system’s practical value in assisting visually impaired individuals with real-time object recognition.
Result Table
	S/N
	Test Object
	Image Captured
	Object Recognized
	Audio Output
	Comments

	1
	Cup
	Yes
	Cup
	"Cup"
	Accurate recognition and audio output

	2
	Bottle
	Yes
	Bottle
	"Bottle"
	Accurate recognition and audio output

	3
	Pen
	Yes
	Pen
	"Pen"
	Accurate recognition and audio output

	4
	Book
	Yes
	Book
	"Book"
	Accurate recognition and audio output

	5
	Spoon
	Yes
	Spoon
	"Spoon"
	Accurate recognition but occasional delays

	6
	Key
	Yes
	Key
	"Key"
	Audio output delayed due to lighting

	7
	Phone
	Yes
	Phone
	"Phone"
	Recognition occasionally affected by shadows


Table 4.1: Result table of the System
This table summarizes the performance of the system with different objects. The results demonstrate the system’s effectiveness in identifying objects accurately and providing correct audio output, although some challenges, such as lighting conditions, were observed to impact recognition accuracy.
4.2 Discussion
The system was tested with various common objects such as a cup, bottle, pen, etc. In each case, the ESP32-CAM successfully captured the image, processed the data using its machine learning model, and output the correct object name via the DF Mini MP3 module.
The order of the tests were as stated in table 4.1(result table of the system) above. 
First, a cup was placed in front of the prototyped system and the system recognised it perfectly and played the cup audio through the speaker connected to the DF Mini module.
Secondly, a bottle was placed in front of the prototyped system and the system recognised it perfectly and played the bottle audio through the speaker connected to the DF Mini module.
[bookmark: _GoBack]Thirdly, a spoon was placed in front of the prototyped system and the system recognised it perfectly and played the spoon audio through the speaker connected to the DF Mini module.
Fourthly, a key was placed in front of the prototyped system and the system recognised it perfectly and played the key audio through the speaker connected to the DF Mini module.
The system went on to detect up to the seventh item on the table. During the testing it was noticed that the system had difficulty in identifying objects in areas with low light. The results demonstrated the system's capability to assist visually impaired users in recognizing everyday objects through audio output.


Chapter Five
Conclusion and Recommendation
5.1.	Conclusion
The design and construction of an aid for the visually impaired using the ESP32-CAM and DF Mini MP3 module was successfully implemented, providing an effective solution for object recognition and audio feedback. The system captures images of objects, processes them using computer vision, and announces the names of the recognized objects through a speaker. This approach enables visually impaired individuals to interact with their environment more independently by identifying everyday objects with ease.
By integrating computer vision with audio output, the project demonstrated the effectiveness of using real-time image processing to enhance accessibility for visually impaired users. The system provided accurate and quick feedback in the form of voice messages, significantly improving the user’s ability to recognize objects without external assistance. Additionally, the system’s design ensures portability and ease of use, making it a practical assistive tool for daily activities. With further enhancements, such as improved object recognition accuracy and multilingual support, this technology has the potential to become an essential aid for individuals with visual impairments, promoting greater autonomy and inclusivity
5.3 Recommendation
To enhance the system’s performance and functionality, the following improvements are recommended:
1. Incorporate Voice Commands: Adding voice recognition capabilities to allow users to query the system for specific objects would improve usability.
2. Expand Object Database: Increasing the number of objects that the system can recognize by training it on a larger dataset would make it more versatile.
3. Improve Lighting Handling: Integrating ambient light sensors to adjust image capture parameters could improve object recognition in varying lighting conditions.
4. Mobile App Integration: Developing a mobile application that allows users to update the object recognition database and control the system remotely would increase its flexibility.
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APPENDIX
Appendix 1: Program Code
#include <xxxx_inferencing.h> // modify with your project title, Replace the xxxx
#include "edge-impulse-sdk/dsp/image/image.hpp"
#include "esp_camera.h"
// Select camera model - find more camera models in camera_pins.h file here
// https://github.com/espressif/arduino-esp32/blob/master/libraries/ESP32/…
// #define CAMERA_MODEL_ESP_EYE  // Has PSRAM
#define CAMERA_MODEL_AI_THINKER // Has PSRAM
#if defined(CAMERA_MODEL_ESP_EYE)
#define PWDN_GPIO_NUM -1
#define RESET_GPIO_NUM -1
#define XCLK_GPIO_NUM 4
#define SIOD_GPIO_NUM 18
#define SIOC_GPIO_NUM 23
#define Y9_GPIO_NUM 36
#define Y8_GPIO_NUM 37
#define Y7_GPIO_NUM 38
#define Y6_GPIO_NUM 39
#define Y5_GPIO_NUM 35
#define Y4_GPIO_NUM 14
#define Y3_GPIO_NUM 13
#define Y2_GPIO_NUM 34
#define VSYNC_GPIO_NUM 5
#define HREF_GPIO_NUM 27
#define PCLK_GPIO_NUM 25
#elif defined(CAMERA_MODEL_AI_THINKER)
#define PWDN_GPIO_NUM 32
#define RESET_GPIO_NUM -1
#define XCLK_GPIO_NUM 0
#define SIOD_GPIO_NUM 26
#define SIOC_GPIO_NUM 27
#define Y9_GPIO_NUM 35
#define Y8_GPIO_NUM 34
#define Y7_GPIO_NUM 39
#define Y6_GPIO_NUM 36
#define Y5_GPIO_NUM 21
#define Y4_GPIO_NUM 19
#define Y3_GPIO_NUM 18
#define Y2_GPIO_NUM 5
#define VSYNC_GPIO_NUM 25
#define HREF_GPIO_NUM 23
#define PCLK_GPIO_NUM 22
#else
#error "Camera model not selected"
#endif
/* Constant defines -------------------------------------------------------- */
#define EI_CAMERA_RAW_FRAME_BUFFER_COLS 320
#define EI_CAMERA_RAW_FRAME_BUFFER_ROWS 240
#define EI_CAMERA_FRAME_BYTE_SIZE 3
#include <Wire.h>
#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>
// ESP32-CAM doesn't have dedicated i2c pins, so we define our own. Let's choose 15 and 14
#define I2C_SDA 15
#define I2C_SCL 14
TwoWire I2Cbus = TwoWire(0);
// Display defines
#define SCREEN_WIDTH 128
#define SCREEN_HEIGHT 64
#define OLED_RESET -1
#define SCREEN_ADDRESS 0x3C
Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &I2Cbus, OLED_RESET);
/* Private variables ------------------------------------------------------- */
static bool debug_nn = false;  // Set this to true to see e.g. features generated from the raw signal
static bool is_initialised = false;
uint8_t *snapshot_buf;  //points to the output of the capture
static camera_config_t camera_config = {
  .pin_pwdn = PWDN_GPIO_NUM,
  .pin_reset = RESET_GPIO_NUM,
  .pin_xclk = XCLK_GPIO_NUM,
  .pin_sscb_sda = SIOD_GPIO_NUM,
  .pin_sscb_scl = SIOC_GPIO_NUM,
  .pin_d7 = Y9_GPIO_NUM,
  .pin_d6 = Y8_GPIO_NUM,
  .pin_d5 = Y7_GPIO_NUM,
  .pin_d4 = Y6_GPIO_NUM,
  .pin_d3 = Y5_GPIO_NUM,
  .pin_d2 = Y4_GPIO_NUM,
  .pin_d1 = Y3_GPIO_NUM,
  .pin_d0 = Y2_GPIO_NUM,
  .pin_vsync = VSYNC_GPIO_NUM,
  .pin_href = HREF_GPIO_NUM,
  .pin_pclk = PCLK_GPIO_NUM,
  //XCLK 20MHz or 10MHz for OV2640 double FPS (Experimental)
  .xclk_freq_hz = 20000000,
  .ledc_timer = LEDC_TIMER_0,
  .ledc_channel = LEDC_CHANNEL_0,
  .pixel_format = PIXFORMAT_JPEG,  //YUV422,GRAYSCALE,RGB565,JPEG
  .frame_size = FRAMESIZE_QVGA,    //QQVGA-UXGA Do not use sizes above QVGA when not JPEG
  .jpeg_quality = 12,  //0-63 lower number means higher quality
  .fb_count = 1,       //if more than one, i2s runs in continuous mode. Use only with JPEG
  .fb_location = CAMERA_FB_IN_PSRAM,
  .grab_mode = CAMERA_GRAB_WHEN_EMPTY,
};
/* Function definitions ------------------------------------------------------- */
bool ei_camera_init(void);
void ei_camera_deinit(void);
bool ei_camera_capture(uint32_t img_width, uint32_t img_height, uint8_t *out_buf);
/**
* @brief      Arduino setup function
*/
void setup() {
  // put your setup code here, to run once:
  Serial.begin(115200);
  // Initialize I2C with our defined pins
  I2Cbus.begin(I2C_SDA, I2C_SCL, 100000);
  // SSD1306_SWITCHCAPVCC = generate display voltage from 3.3V internally
  if (!display.begin(SSD1306_SWITCHCAPVCC, SCREEN_ADDRESS)) {
    Serial.printf("SSD1306 OLED display failed to initalize.\nCheck that display SDA is connected to pin %d and SCL connected to pin %d\n", I2C_SDA, I2C_SCL);
    while (true)
      ;
  }
  //comment out the below line to start inference immediately after upload
  while (!Serial)
    ;
  Serial.println("Edge Impulse Inferencing Demo");
  if (ei_camera_init() == false) {
    ei_printf("Failed to initialize Camera!\r\n");
  } else {
    ei_printf("Camera initialized\r\n");
  }
  ei_printf("\nStarting continious inference in 2 seconds...\n");
   display.clearDisplay();
  display.setCursor(0, 0);
  display.setTextSize(1);
  display.setTextColor(SSD1306_WHITE);
  display.print("Starting continious\n inference in\n 2 seconds...");
  display.display();
  ei_sleep(2000);
    display.clearDisplay();
}
/**
* @brief      Get data and run inferencing
*
* @param[in]  debug  Get debug info if true
*/
void loop() {
  display.clearDisplay();
  // instead of wait_ms, we'll wait on the signal, this allows threads to cancel us...
  if (ei_sleep(5) != EI_IMPULSE_OK) {
    return;
  }
  snapshot_buf = (uint8_t *)malloc(EI_CAMERA_RAW_FRAME_BUFFER_COLS * EI_CAMERA_RAW_FRAME_BUFFER_ROWS * EI_CAMERA_FRAME_BYTE_SIZE);
  // check if allocation was successful
  if (snapshot_buf == nullptr) {
    ei_printf("ERR: Failed to allocate snapshot buffer!\n");
    return;
  }
  ei::signal_t signal;
  signal.total_length = EI_CLASSIFIER_INPUT_WIDTH * EI_CLASSIFIER_INPUT_HEIGHT;
  signal.get_data = &ei_camera_get_data;
  if (ei_camera_capture((size_t)EI_CLASSIFIER_INPUT_WIDTH, (size_t)EI_CLASSIFIER_INPUT_HEIGHT, snapshot_buf) == false) {
    ei_printf("Failed to capture image\r\n");
    free(snapshot_buf);
    return;
  }
  // Run the classifier
  ei_impulse_result_t result = { 0 };
  EI_IMPULSE_ERROR err = run_classifier(&signal, &result, debug_nn);
  if (err != EI_IMPULSE_OK) {
    ei_printf("ERR: Failed to run classifier (%d)\n", err);
    return;
  }
  // print the predictions
  ei_printf("Predictions (DSP: %d ms., Classification: %d ms., Anomaly: %d ms.): \n",
            result.timing.dsp, result.timing.classification, result.timing.anomaly);
#if EI_CLASSIFIER_OBJECT_DETECTION == 1
  bool bb_found = result.bounding_boxes[0].value > 0;
  for (size_t ix = 0; ix < result.bounding_boxes_count; ix++) {
    auto bb = result.bounding_boxes[ix];
    if (bb.value == 0) {
      continue;
    }
    ei_printf("    %s (%f) [ x: %u, y: %u, width: %u, height: %u ]\n", bb.label, bb.value, bb.x, bb.y, bb.width, bb.height);
  display.setCursor(0, 20 * ix);
    display.setTextSize(2);
    display.setTextColor(SSD1306_WHITE);
    display.print(bb.label);
    display.print("-");
    display.print(int((bb.value)*100));
    display.print("%");
    display.display();
  }
  if (!bb_found) {
    ei_printf("    No objects found\n");
    display.setCursor(0, 16);
    display.setTextSize(2);
    display.setTextColor(SSD1306_WHITE);
    display.print("No objects  found");
    display.display();
  }
#else
  for (size_t ix = 0; ix < EI_CLASSIFIER_LABEL_COUNT; ix++) {
    ei_printf("    %s: %.5f\n", result.classification[ix].label,
              result.classification[ix].value);
  }
#endif
#if EI_CLASSIFIER_HAS_ANOMALY == 1
  ei_printf("    anomaly score: %.3f\n", result.anomaly);
#endif
  free(snapshot_buf);
}
/**
 * @brief   Setup image sensor & start streaming
 *
 * @retval  false if initialisation failed
 */
bool ei_camera_init(void) {
  if (is_initialised) return true;
#if defined(CAMERA_MODEL_ESP_EYE)
  pinMode(13, INPUT_PULLUP);
  pinMode(14, INPUT_PULLUP);
#endif
  //initialize the camera
  esp_err_t err = esp_camera_init(&camera_config);
  if (err != ESP_OK) {
    Serial.printf("Camera init failed with error 0x%x\n", err);
    return false;
  }
  sensor_t *s = esp_camera_sensor_get();
  // initial sensors are flipped vertically and colors are a bit saturated
  if (s->id.PID == OV3660_PID) {
    s->set_vflip(s, 1);       // flip it back
    s->set_brightness(s, 1);  // up the brightness just a bit
    s->set_saturation(s, 0);  // lower the saturation
  }
#if defined(CAMERA_MODEL_M5STACK_WIDE)
  s->set_vflip(s, 1);
  s->set_hmirror(s, 1);
#elif defined(CAMERA_MODEL_ESP_EYE)
  s->set_vflip(s, 1);
  s->set_hmirror(s, 1);
  s->set_awb_gain(s, 1);
#endif
  is_initialised = true;
  return true;
}
/**
 * @brief      Stop streaming of sensor data
 */
void ei_camera_deinit(void) {
  //deinitialize the camera
  esp_err_t err = esp_camera_deinit();
  if (err != ESP_OK) {
    ei_printf("Camera deinit failed\n");
    return;
  }
  is_initialised = false;
  return;
}
/**
 * @brief      Capture, rescale and crop image
 *
 * @param[in]  img_width     width of output image
 * @param[in]  img_height    height of output image
 * @param[in]  out_buf       pointer to store output image, NULL may be used
 *                           if ei_camera_frame_buffer is to be used for capture and resize/cropping.
 *
 * @retval     false if not initialised, image captured, rescaled or cropped failed
 *
 */
bool ei_camera_capture(uint32_t img_width, uint32_t img_height, uint8_t *out_buf) {
  bool do_resize = false;
  if (!is_initialised) {
    ei_printf("ERR: Camera is not initialized\r\n");
    return false;
  }
  camera_fb_t *fb = esp_camera_fb_get();
  if (!fb) {
    ei_printf("Camera capture failed\n");
    return false;
  }
  bool converted = fmt2rgb888(fb->buf, fb->len, PIXFORMAT_JPEG, snapshot_buf);
  esp_camera_fb_return(fb);
  if (!converted) {
    ei_printf("Conversion failed\n");
    return false;
  }
  if ((img_width != EI_CAMERA_RAW_FRAME_BUFFER_COLS)
      || (img_height != EI_CAMERA_RAW_FRAME_BUFFER_ROWS)) {
    do_resize = true;
  }
  if (do_resize) {
    ei::image::processing::crop_and_interpolate_rgb888(
      out_buf,
      EI_CAMERA_RAW_FRAME_BUFFER_COLS,
      EI_CAMERA_RAW_FRAME_BUFFER_ROWS,
      out_buf,
      img_width,
      img_height);
  }
  return true;
}
static int ei_camera_get_data(size_t offset, size_t length, float *out_ptr) {
  // we already have a RGB888 buffer, so recalculate offset into pixel index
  size_t pixel_ix = offset * 3;
  size_t pixels_left = length;
  size_t out_ptr_ix = 0;
  while (pixels_left != 0) {
    // Swap BGR to RGB here   // due to https://github.com/espressif/esp32-camera/issues/379
    out_ptr[out_ptr_ix] = (snapshot_buf[pixel_ix + 2] << 16) + (snapshot_buf[pixel_ix + 1] << 8) + snapshot_buf[pixel_ix];// go to the next pixel
    out_ptr_ix++;
    pixel_ix += 3;
    pixels_left--;
  }  // and done!
  return 0;
}
#if !defined(EI_CLASSIFIER_SENSOR) || EI_CLASSIFIER_SENSOR != EI_CLASSIFIER_SENSOR_CAMERA
#error "Invalid model for current sensor"
#endif
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