1) T (MEikLNT)
1.1 Bitiéwi¥H15 + OpenCVv4

sudo apt update
sudo apt install -y build-essential cmake pkg-config git curl
sudo apt install -y Tibopencv-dev

1.2 38 OpenCV4 LEERETH

pkg-config --modversion opencv4
pkg-config --cflags --Tibs opencv4

BEIHIR A SHI—ERRIF/AHESE, B OK.
SNERYRISEIER) CSI4BHL (libcamera) FTARFFRIENR, FTESH 8 TEAIRIFFHERIRE: (& GStreamer) |,

2) gIETIEBFR (B EZ ~/Project/CProject)

HAHCEE:

~/Project/CProject/rpi_vision_cpp/

2.1 QB REE

mkdir -p ~/Project/CProject/rpi_vision_cpp/third_party
cd ~/Project/CProject/rpi_vision_cpp

3) &k header-only {ki#i (A{#EM Python)
AT B SUE

e cpp-httplib: HTTP server (Ta+API+MJPEG)

e nlohmann/json: JSON f#tfr


af://n2
af://n3
af://n5
af://n11
af://n14
af://n17

3.1 F&Zl third_party

cd ~/Project/CProject/rpi_vision_cpp/third_party

# cpp-httplib
curl -L -o httplib.h \
https://raw.githubusercontent.com/yhirose/cpp-httplib/master/httplib.h

# nlohmann/json (single header)
curl -L -o json.hpp \
https://raw.githubusercontent.com/nlohmann/json/develop/single_include/nlohmann/json.hpp

3.2 REXNHEEFT

1s -1Th ~/Project/CProject/rpi_vision_cpp/third_party

{RRiZEE httplib.h 0 json.hpp B3I,

4) 5488 (main.cpp)

EETERER:

cd ~/Project/CProject/rpi_vision_cpp
nano main.cpp

ETER B8 C++ RRBkLHE (RFEREH: ctrlvo. EIFE. ctrl+x) .
LER
o FNMERGEL cam_id=0, ¥E 640x480, fps=20
e Web i 7860 (#N4zsa])

#include <opencv2/opencv.hpp>
#include <atomic>

#include <mutex>

#include <thread>

#include <vector>

#include <string>

#include <sstream>

#include <chrono>

#include "third_party/httplib.h"
#include "third_party/json.hpp"

using json = nlohmann::json;
struct HSVRange {

cv::Scalar Tower; // H,S,V
cv::Scalar upper;


af://n24
af://n26
af://n30
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struct Config {
// ROI / dominant
bool draw_roi = true;
bool compute_dominant = true;
int dominant_k = 3;
int dominant_every_n_frames = 6;
bool has_roi = false;
cv::Rect roi;

// color alarm

bool enable_color_alarm = false;
int alarm_pixel_threshold = 3000;
bool show_mask_preview = false;
std: :vector<HSVRange> hsv_ranges;

// algorithms
bool enable_blur = false;
int blur_ksize = 5;

bool enable_edges = false;
int canny_tl = 80;
int canny_t2 = 160;
std::string edges_mode = "overlay"; // overlay / only
double edges_alpha = 0.6;
s

struct Meta {
bool alarm = false;
int alarm_pixels = 0;
std::string dominant_hex;
std::vector<int> dominant_rgb; // [R,G,B]
bool has_roi = false;
std::vector<int> roi; // x1,yl,x2,y2
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static std::mutex g_mtx;
static Config g_cfg;
static Meta g_meta;

static std::vector<uchar> g_latest_jpeg;

static cv::Mat g_latest_raw_bgr; // for click sampling
static std::atomic<bool> g_running{true};

static std::atomic<int> g_frame_count{0};

static int clampi(int v, int lo, int hi) { return std::max(lo, std::minChi, v)); }

static std::string rgb_to_hex(const cv::vec3b& rgb) {
char buf[8];
std::snprintf(buf, sizeof(buf), "#%02x%02Xx%02X", rgb[0], rgb[1l], rgb[2]);
return std::string(buf);



static std::vector<HSVRange> presets_to_ranges(const std::string& name) {
if (name == "Red") {
return {
{cv::Sscalar(0,120,70), cv::Scalar(10,255,255)},
{cv::Scalar(170,120,70),cv::Scalar(179,255,255)}
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}
if (name == "yellow") return { {cv::Scalar(20,100,100), cv::Scalar(30,255,255)} };
if (name == "Green") return { {cv::Scalar(35,100,100), cv::Scalar(85,255,255)} };
return {};

// Build HSV ranges from center HSV and tolerances; handle hue wrap.
static std::vector<HSVRange> build_hsv_ranges_wrap(int h, int s, int v, int htol, int stol,

int vtol) {
int s1 = clampi(s - stol, 0, 255), s2 = clampi(s + stol, 0, 255);
int vl = clampi(v - vtol, 0, 255), v2 = clampi(v + vtol, 0, 255);
int hl = h - htol;
int h2 = h + htol;

std: :vector<HSVRange> ranges;

if (hl < 0) {
ranges.push_back({cv::Scalar(0, sl1l, vl), cv::Scalar(std::min(179, h2), s2, v2)});
ranges.push_back({cv::scalar(180 + hl, sl1l, vl), cv::Scalar(179, s2, v2)});

} else if (h2 > 179) {
ranges.push_back({cv::Scalar(std::max(0, hl), sl1l, vl), cv::Scalar(179, s2, v2)});
ranges.push_back({cv::scalar(0, sl1l, vl), cv::Scalar(h2 - 180, s2, v2)});

} else {
ranges.push_back({cv::Scalar(hl, sl1l, vl), cv::Scalar(h2, s2, v2)});

}

return ranges;

static cv::Mat build_mask(const cv::Mat& bgr, const std::vector<HSVRange>& ranges) {

cv::Mat hsv;

cv::cvtcolor(bgr, hsv, cv::COLOR_BGR2HSV);

cv::Mat mask, tmp;

bool first = true;

for (auto& r : ranges) {
cv::inRangeChsv, r.lower, r.upper, tmp);
if (first) { mask = tmp.clone(); first = false; }
else cv::bitwise_or(mask, tmp, mask);

}

cv::medianBlur(mask, mask, 5);

return mask;

// dominant color via kmeans on ROI (downscale)
static bool dominant_kmeans_rgb(const cv::Mat& roi_bgr, int k, cv::vec3b& out_rgb) {
if (roi_bgr.empty()) return false;



cv::Mat small;

cv::resize(roi_bgr, small, cv::Size(80, 80), 0, O, cv::INTER_AREA);
cv::Mat rgb;

cv::cvtColor(small, rgb, cv::COLOR_BGR2RGB);

cv::Mat samples = rgb.reshape(l, rgb.rows *
samples.convertTo(samples, CV_32F);

rgb.cols);

cv::Mat Tabels, centers;
cv::kmeans(samples, k, Tabels,
cv::TermCriteria(cv::TermCriteria::EPS + cv::TermCriteria::MAX_ITER, 20,
1.0),
2, cVv::KMEANS_PP_CENTERS, centers);

std: :vector<int> cnt(k, 0);
for (int i = 0; i < labels.rows; i++) cnt[labels.at<int>(i,0)]++;

int best = 0;
for (int i = 1; 1 < k; i++) if (cnt[i] > cnt[best]) best = 1i;

cv::Vec3f c = centers.row(best);
out_rgb = cv::Vvec3b(
(Cuchar)clampi ((int)c[0],0,255),
(uchar)clampi((int)c[1],0,255),
(uchar)clampi ((int)c[2],0,255)
s

return true;

static void apply_processing(const cv::Mat& frame_bgr, cv::Mat& out_bgr, Meta& meta, const
config& cfg, int frame_count) {

out_bgr = frame_bgr.clone(Q);

meta = Meta();

const int h = frame_bgr.rows, w = frame_bgr.cols;

// ROI
cv::Rect roi_rect(0,0,w,h);
if (cfg.has_roi) {
roi_rect = cfg.roi & cv::Rect(0,0,w,h);
meta.has_roi = true;
meta.roi = {roi_rect.x, roi_rect.y, roi_rect.x + roi_rect.width, roi_rect.y +
roi_rect.height};
if (cfg.draw_roi) {

cv::rectangle(out_bgr, roi_rect, cv::Scalar(255,0,0), 2);

// color alarm on full image

if (cfg.enable_color_alarm && !cfg.hsv_ranges.empty()) {
cv::Mat mask = build_mask(frame_bgr, cfg.hsv_ranges);
meta.alarm_pixels = cv::countNonzZero(mask);
meta.alarm = meta.alarm_pixels > cfg.alarm_pixel_threshold;



if (cfg.show_mask_preview) {
cv::cvtColor(mask, out_bgr, cv::COLOR_GRAY2BGR);

// blur
if (cfg.enable_blur) {
int k = cfg.blur_ksize;
if (k% 2 ==0) k += 1;
k = clampi(k, 1, 31);
cv::GaussianBlur(out_bgr, out_bgr, cv::Size(k,k), 0);

// edges

if (cfg.enable_edges) {
cv::Mat gray, edges;
cv::cvtColor(out_bgr, gray, cv::COLOR_BGR2GRAY);
cv::Canny(gray, edges, cfg.canny_tl, cfg.canny_t2);
cv::Mat edges_bgr;
cv::cvtColor(edges, edges_bgr, cv::COLOR_GRAY2BGR);

if (cfg.edges_mode == "only") {
out_bgr = edges_bgr;

} else {
double a = std::max(0.0, std::min(1.0, cfg.edges_alpha));
cv::addweighted(out_bgr, 1.0 - a, edges_bgr, a, 0, out_bgr);

// dominant color (on ROI)
if (cfg.compute_dominant & & (frame_count % std::max(1l, cfg.dominant_every_n_frames) ==
0) {
cv::Mat roi_bgr = frame_bgr(roi_rect).clone();
cv::Vec3b dom_rgb;
if (dominant_kmeans_rgb(roi_bgr, std::max(1l, cfg.dominant_k), dom_rgb)) {
meta.dominant_rgb = {(int)dom_rgb[0], (int)dom_rgb[1], (int)dom_rgb[2]};
meta.dominant_hex = rgb_to_hex(dom_rgb);

// overlays
int ytxt = 28;
if (!meta.dominant_hex.empty()) {
cv::putText(out_bgr, "DOM " + meta.dominant_hex, {10,ytxt},
CV::FONT_HERSHEY_SIMPLEX, 0.8, {0,255,255}, 2);
ytxt += 28;
}
if (meta.alarm) {
cv::putText(out_bgr, "ALARM pixels=" + std::to_string(meta.alarm_pixels), {10,ytxt},
CV::FONT_HERSHEY_SIMPLEX, 0.8, {0,0,255}, 2);



static void camera_loop(int cam_id, int width, int height, int fps) {
cv::VideoCapture cap(cam_id);
cap.set(cv: :CAP_PROP_FRAME_WIDTH, width);
cap.set(cv: :CAP_PROP_FRAME_HEIGHT, hei ght) ;

if (!cap.isopened()) {
std::Tock_guard<std: :mutex> 1k(g_mtx);
g_meta = Meta();
return;

const int interval_ms = (int)(1000.0 / std::max(1, fps));

while (g_running.load()) {
auto t0 = std::chrono::steady_clock::now();

cv::Mat frame;
if (!cap.read(frame) || frame.empty()) continue;

int fc = ++g_frame_count;

Config cfg;

{
std::Tock_guard<std: :mutex> Tk(g_mtx);
cfg = g_cfg;
g_latest_raw_bgr = frame.clone();

cv::Mat out;
Meta meta;
apply_processing(frame, out, meta, cfg, fc);

{
std::Tock_guard<std: :mutex> 1k(g_mtx);
// WERARMWE RS M, L —win 3
if (meta.dominant_hex.empty()) {
meta.dominant_hex = g_meta.dominant_hex;
meta.dominant_rgb = g_meta.dominant_rgb;
3
g_meta = meta;
std::vector<int> params = {cv::IMWRITE_JPEG_QUALITY, 80};
g_latest_jpeg.clear();
cv::imencode(".jpg", out, g_latest_jpeg, params);
}

auto tl = std::chrono::steady_clock::now();

auto used = std::chrono::duration_cast<std::chrono::milliseconds>(tl - t0).count();
int sleep_ms = interval_ms - (int)used;

if (sleep_ms > 0) std::this_thread::sleep_for(std::chrono::milliseconds(sleep_ms));



cap.release();

static const char® kIndexHtml = R"HTML(
<!doctype html>
<html>
<head>
<meta charset="utf-8"/>
<meta name="viewport" content="width=device-width, initial-scale=1"/>
<title>RPI Vision Console (C++/0OpenCV)</title>
<style>
body{font-family:system-ui,Segoe UI,Arial;margin:16px;background:#0b0fl4;color:#e8eef6}
.card{background:#121a24;border:1px solid #1f2a3a;border-radius:16px;padding:14px;margin-
bottom:12px}
.row{display:flex;gap:12px;flex-wrap:wrap}
.col{flex:1;min-width:280px}
Tlabel{display:block;margin:8px 0 4px;font-size:13px;color:#b9c5d6}
input,select,button{width:100%;padding:10px;border-radius:12px;border:1lpx solid
#223145;background:#0c121b;color:#e8eef6}
button{cursor:pointer}
small{color:#9fblc8}
.badge{display:inline-bTlock;padding:6px 10px;border-
radius:999px;background:#0cl121b;border:1px solid #223145}
#swatch{height:36px;border-radius:12px;border:1px solid #223145}
img{width:100%;border-radius:16px;border:1px solid #223145;cursor:crosshair}
hr{border:none;border-top:1px solid #223145;margin:12px 0}
</style>
</head>
<body>

<h2> = WRIRMIEER & (C++/0pencV, JoPython) </h2>

<div class="row">
<div class="col card">
<div class="row" style="align-items:center;justify-content:space-between">

<div class="badge" id="status">IR%: --</div>
<div class="badge" id="roi">ROI: --</div>
</div>

<div class="row" style="margin-top:10px;align-items:center">
<div style="flex:1">
<div class="badge">DOM: <span id="domhex">--</span></div>
</div>
<div style="width:140px">
<div id="swatch"></div>
</div>
</div>
<hr/>
<img id="stream" src="/stream.mjpg" alt="stream"/>
<small>#rR:  mi o E T B /HEEROT” (H R iBiive) </small>
</div>

<div class="col">
<div class="card">
<h3 style="margin:0 0 8px">@ = HMA</h3>



<label> AdiHE i E{E</Tabel>
<select id="clickmode">
<option value="None">None</option>
<option value="PickColor"> & il fii</option>
<option value="SetROI">MH X M tiHEiEROI</0option>
</select>

<label>HSv #Z% (HFHUE/FER) </1abel>
<div class="row">
<div class="col">
<input id="hTol" type="number" value="10" min="0" max="60"/>
<small>H tol</small>
</div>
<div class="col">
<input id="sTol" type="number" value="80" min="0" max="255"/>
<small>S tol</small>
</div>
<div class="col">
<input id="vTol" type="number" value="80" min="0" max="255"/>
<small>V tol</small>
</div>
</div>
</div>

<div class="card">
<h3 style="margin:0 0 8px">& HithHlr</h3>
<label>¥iiE </1abel>
<select id="preset">
<option value="None">None</option>
<option value="Red">Red</option>
<option value="Yellow">Yellow</option>
<option value="Green">Green</option>
</select>
<button onclick="applyPreset()">N#i&</button>

<label>itatii</1abel>

<input id="picker" type="color" value="#ff0000"/>

<button onclick="applyrPalette() "> H it N Hbr</button>

<button onclick="clearTarget() ">k Hir CGEHIRE) </button>
</div>

<div class="card">
<h3 style="margin:0 0 8px"> s HiEJF*x</h3>
<label><input id="enAlarm" type="checkbox"/> JaHZithiliE</Tabel>
<label>#R %1% £ {E</Tabel>
<input id="pixTh" type="number" value="3000" min="0" max="50000"/>

<label><input id="maskPreview" type="checkbox"/> W rxmaskfiin (F#Hbit) </label>
<label><input id="drawroi" type="checkbox" checked/> MHROItE</Tabel>
<Tabel><input id="domon" type="checkbox" checked/> iI%HROIFth</Tabel>

<hr/>
<label><input id="enEdges" type="checkbox"/> 1%fiill</1abel>



<label>% En i </1abel>
<select id="edgesmode">
<option value="overlay">overlay</option>
<option value="only">only</option>
</select>
<div class="row">
<div class="col"><input id="cl" type="number" value="80" min="0" max="500"/>
<small>Canny tl</small></div>
<div class="col"><input id="c2" type="number" value="160" min="0" max="500"/>
<small>Canny t2</small></div>
<div class="col"><input id="ea" type="number" value="0.6" step="0.05" min="0"
max="1"/><small>alpha</small></div>

</div>

<hr/>

<label><input id="enBlur" type="checkbox"/> #fiffi</Tabel>
<label># % (F%) </T1abel>

<input id="bk" type="number" value="5" min="1" max="31"/>

<hr/>
<button onclick="applyAlgo()">F k& ikAl & </button>
</div>
</div>
</div>

<script>
async function postJson(url, obj){

const r = await fetch(url, {method:'POST', headers:{'Content-Type': 'application/json'},
body:JISON.stringify(obj)});

return await r.json().catch(Q=> ({}));

async function applyPreset(){
const p = document.getElementById('preset').value;
await postlson('/config', {preset:p});

async function applyPalette(){

const hex = document.getElementById('picker').value;
parseInt(document.getElementById('hTol"').value||10);
parseInt(document.getElementById('sTol').value||80);
parseInt(document.getElementById('vTol').value||80);
await postlson('/config', {palette_hex:hex, hTol, sTol, vTol});

const hTol

const sTol

const vTol

async function clearTarget(){
await postlson('/config', {clear_target:true});

async function applyAlgo(){
const cfg = {
enable_color_alarm: document.getElementById('enAlarm').checked,
alarm_pixel_threshold: parseInt(document.getElementById('pixTh').value]||3000),



show_mask_preview: document.getElementById('maskPreview').checked,
draw_roi: document.getElementById('drawRoi').checked,
compute_dominant: document.getElementById('domon').checked,

enable_edges: document.getElementById('enEdges').checked,
edges_mode: document.getElementById('edgesMode').value,

canny_tl: parseInt(document.getElementById('cl').valuel|80),
canny_t2: parseInt(document.getElementById('c2').valuel|160),
edges_alpha: parseFloat(document.getElementById('ea').value||0.6),

enable_blur: document.getElementById('enBlur').checked,
blur_ksize: parseInt(document.getElementById('bk').valuel|5),
I
await postlson('/config', cfg);

document.getElementById('stream').addEventListener('click', async (ev)=>{
const img = ev.target;
const rect = img.getBoundingClientRect();
const x = Math.floor((ev.clientX - rect.left) * (img.naturalwidth / rect.width));

const y = Math.floor((ev.clienty - rect.top) * (img.naturalHeight / rect.height));

const mode document.getElementById('clickMode').value;
parseInt(document.getElementById('hTol"').value||10);
parseInt(document.getElementById('sTol').valuel||80);

parseInt(document.getElementById('vTol').value||80);

const hTol

const sTol
const vTol

await postison('/click', {mode, x, y, hTol, sTol, vTol});
b;

async function refreshstatus(){
const r = await fetch('/status');
const s = await r.json(Q).catch(Q=> ({}));

document.getElementById('status').textContent = "{RZ&: " + (s.status || "--");
document.getElementById('roi').textContent = "ROI: " + (s.roi || "--");
document.getElementById('domhex').textContent = (s.dominant_hex || "--");

const sw = document.getElementById('swatch');
const hex = s.dominant_hex || "";
sw.style.background = hex ? hex : "transparent";

sw.textContent = hex ? hex : .
}
setInterval(refreshstatus, 300);
</script>
</body>
</html1>
JHTML";

static json meta_to_status_json(const Meta& meta) {
json j;
j["alarm"] = meta.alarm;
j["alarm_pixels"] = meta.alarm_pixels;
j["dominant_hex"] = meta.dominant_hex;
if (!meta.dominant_rgb.empty()) j["dominant_rgb"] = meta.dominant_rgb;

if (meta.has_roi && meta.roi.size()==4) {



std::ostringstream oss;
oss << "[" << meta.roi[0] << "," << meta.roi[l] << "," << meta.roi[2] << "," <<
meta.roi[3] << "]1";
j["roi"] = oss.strQ);
} else j["roi"] = "KRikE";
j["status"] = meta.alarm ? (" & R%E pixels="
E#H";
return j;

+ std::to_string(meta.alarm_pixels)) : "4

int main() {
// BIAEE
{
std::Tock_guard<std: :mutex> 1k(g_mtx);
g_cfg = configQ);

// JRENAHBLLRR

std: :thread th(camera_loop, 0, 640, 480, 20);

httplib::Server svr;

// ER
svr.Get("/", [](const httplib::Request&, httplib::Response& res){
res.set_content(kIndexHtml, "text/html; charset=utf-8");

1)
[/ R
svr.Get("/status", [](const httplib::Request&, httplib::Response& res){
Meta meta;
{
std::Tock_guard<std: :mutex> Tk(g_mtx);
meta = g_meta;
}
res.set_content(meta_to_status_json(meta).dump(), "application/json; charset=utf-
8");
3
// BE
svr.Post("/config", [](const httplib::Request& req, httplib::Response& res){
json out;
try {

json j = json::parse(req.body);

std::Tock_guard<std: :mutex> Tk(g_mtx);

if (j.contains("preset")) {
std::string p = j["preset"].get<std::string>Q);
if (p == "None") {
g_cfg.hsv_ranges.clear();
g_cfg.enable_color_alarm = false;
} else {



g_cfg.hsv_ranges = presets_to_ranges(p);
g_cfg.enable_color_alarm = true;

if (j.contains("palette_hex")) {
std::string hex = j["palette_hex"].get<std::string>Q);
int hTol = j.value("hTol", 10);
int sTol = j.value("sTol", 80);
int vTol j.value("vTol", 80);

int r = std::stoi(hex.substr(1,2), nullptr, 16);
std: :stoi(hex.substr(3,2), nullptr, 16);
int std: :stoi (hex.substr(5,2), nullptr, 16);
cv::Mat bgr(l,1,cv_8uc3, cv::Scalar(b,g,r));
cv::Mat hsv;

cv::cvtColor(bgr, hsv, cv::COLOR_BGR2HSV);

auto hv = hsv.at<cv::Vec3b>(0,0);

int

T «Q
o

g_cfg.hsv_ranges = build_hsv_ranges_wrapChv[0], hv[1], hv[2], hTol, sTol,
vTol);
g_cfg.enable_color_alarm = true;

if (j.value("clear_target", false)) {
g_cfg.hsv_ranges.clear();
g_cfg.enable_color_alarm = false;

auto setb = [&] (const char* key, bool& ref){
if (j.contains(key)) ref = j[key].get<bool>Q);
};
auto seti = [&](const char* key, int& ref){
if (j.contains(key)) ref = j[key].get<int>(Q);
};
auto setd = [&] (const char* key, double& ref){
if (j.contains(key)) ref = jl[key].get<double>(Q);
};
auto sets = [&] (const char* key, std::string& ref){
if (j.contains(key)) ref = j[key].get<std::string>Q);
};

setb("enable_color_alarm", g_cfg.enable_color_alarm);
seti("alarm_pixel_threshold", g_cfg.alarm_pixel_threshold);
setb("show_mask_preview", g_cfg.show_mask_preview);

setb("enable_blur", g_cfg.enable_blur);
seti("blur_ksize", g_cfg.blur_ksize);

setb("enable_edges", g_cfg.enable_edges);
seti("canny_tl", g_cfg.canny_tl);
seti("canny_t2", g_cfg.canny_t2);
sets("edges_mode", g_cfg.edges_mode);



setd("edges_alpha", g_cfg.edges_alpha);

setb("draw_roi", g_cfg.draw_roi);
setb("compute_dominant"”, g_cfg.compute_dominant);

out["ok"] = true;
} catch (...) {
out["ok"] = false;

}

res.set_content(out.dump(), "application/json; charset=utf-8");

s

// click: PickColor / SetROI
svr.Post("/cTick", [](const httplib::Request& req, httplib::Response& res){

json out;
try {
json j = json::parse(req.body);
std::string mode = j.value("mode", "None");

int x = j.value("x", 0);
int y = j.value("y", 0);
int hTol = j.value("hTol1", 10);
int sTol = j.value("sTol", 80);

int vTol = j.value("vTol", 80);

std::Tock_guard<std: :mutex> Tk(g_mtx);

if (g_latest_raw_bgr.empty()) {
out["ok"] = false; out["msg"] = "no frame";
res.set_content(out.dump(), "application/json; charset=utf-8");
return;

int W = g_latest_raw_bgr.cols, H = g_latest_raw_bgr.rows;
x = clampi(x, 0, w-1);
y = clampi(y, 0, H-1);

if (mode == "Pickcolor") {
cv::Vec3b bgr = g_Tlatest_raw_bgr.at<cv::vec3b>(y,x);
cv::Mat bgrl(l,1,cv_8ucC3, cv::Scalar(bgr[0], bgr[1l], bgr[2]1));
cv::Mat hsv;
cv::cvtColor(bgrl, hsv, cv::COLOR_BGR2HSV);
auto hv = hsv.at<cv::Vec3b>(0,0);

g_cfg.hsv_ranges = build_hsv_ranges_wrap(Chv[0], hv[1], hv[2], hTol, sTol,
vTol);

g_cfg.enable_color_alarm = true;

out["ok"] = true;

out["msg"] = "picked";

} else if (mode == "SetROI") {
static bool have_first = false;
static cv::Point pl;
if (lhave_first) {

pl = cv::Point(x,y);
have_first = true;
out["ok"] = true;



out["msg"] = "roi_pl_set";
} else {
cv::Point p2(x,y);
int x1 = std::min(pl.x, p2.x), X2 = std::max(pl.x, p2.x);
int yl = std::min(pl.y, p2.y), y2
if (x2 > x1 && y2 > yl) {
g_cfg.has_roi = true;

std::max(pl.y, p2.y);

g_cfg.roi = cv::Rect(xl,yl, x2-x1, y2-yl);
3
have_first = false;
out["ok"] = true;

out["msg"] = "roi_set";
}
} else {
out["ok"] = true;
out["msg"] = "noop";

3
} catch (...) {

out["ok"] = false;
}

res.set_content(out.dump(), "application/json; charset=utf-8");

s

// MJIPEG stream
svr.Get("/stream.mjpg", [](const httplib::Request&, httplib::Response& res){

res.set_header("cache-control", "no-cache");
res.set_header('"Connection", "close");
res.set_header("Pragma", "no-cache");

res.set_content_provider(
"multipart/x-mixed-replace; boundary=frame",
[J(size_t, httplib::DpataSink& sink) {
while (g_running.Tload()) {

std: :vector<uchar> jpg;

{
std::lock_guard<std: :mutex> Tk(g_mtx);
jpg = g_latest_jpeg;

3

if (1jpg.empty()) {
std::ostringstream oss;
oss << "--frame\r\n"

<< "Content-Type: image/jpeg\r\n"
<< "Content-Length: " << jpg.size() << "\r\n\r\n";

auto hdr = oss.str(Q;
sink.write(hdr.data(), hdr.size());
sink.write(reinterpret_cast<const char*>(jpg.data()), jpg.size());
sink.write("\r\n", 2);

3

std::this_thread: :sleep_for(std::chrono::milliseconds(50));

3

return true;

s



const int port = 7860;
std: :printf("open http://<raspberrypi-ip>:%d\n", port);
svr.listen("0.0.0.0", port);

g_running.store(false);

if (th.joinable()) th.joinQ);
return 0;

5) 5§ CMakelists.txt

ERIEREEE:

cd ~/Project/CProject/rpi_vision_cpp
nano CMakeLists.txt

FEG:

cmake_minimum_required(VERSION 3.16)
project(rpi_vision_console)

set (CMAKE_CXX_STANDARD 17)
set (CMAKE_CXX_STANDARD_REQUIRED ON)

find_package (OpenCv REQUIRED)
add_executable(rpi_vision main.cpp)

target_include_directories(rpi_vision PRIVATE
${0OpenCV_INCLUDE_DIRS}
${CMAKE_SOURCE_DIR}/third_party

target_link_libraries(rpi_vision PRIVATE
${opencv_LIBS}
pthread

6) HMIFTIE(T
6.1 fRi¥

cd ~/Project/CProject/rpi_vision_cpp
mkdir -p build

cd build

cmake ..

cmake --build . -j4
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RNERER:

(PythonProject) pi@raspberrypi: cd ~/Project/CProject/rpi vision_ cpp
mkdir -p build
cd build
cmake ..
cmake --build . -j4
-- The C compiler identification is GNU 12.2.8
The CXX compiler identification is GNU 12.2.0
Detecting C compiler ABI info
Detecting C compiler ABI info - done
Check for working C compiler: /usr/bin/cc - skipped
Detecting C compile features
Detecting C compile features - done
Detecting CXX compiler ABI info
Detecting CXX compiler ABI info - done
Check for working CXX compiler: /usr/bin/c++ - skipped
Detecting CXX compile features
Detecting CXX compile features - done
Found OpenCV: /usr (found version "4.6.0")
Configuring done
Generating done
-- Build files have been written to: /home/pi/Project/CProject/rpi_vision_cpp/build
[ 5e%]

[100%] Linking CXX executable rpi_vision
[100%] Built target rpi_vision

~/Project/CProject/rpi_vision_cpp/build/rpi_vision
6.2 BT
./rpi_vision
6.3 SREVHEIK IP
Frm— i
hostname -I

BiRE 192.168.1.180 , J'S58+TFF:

e http://192.168.1.180:7860/

7) NESER{E AR

TR :
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& WERMKEFS (C++/OpenCV, EPython)

w5 B EE ROI: KigE @ ZEER
B

DOM: #FD367F #FD367F None

HSV&E (ATME/BER)
10

H tol

80

V tol

@ meaiR
wE

None

FIRAER N BR

BB (CKHIRE)

7.1 SERYEE

e BHiE/R /stream.mjpg

7.2 SEEEIE (&XHE)

e None: F4ERT
o QFHNE: A—TFEE->FEGR SR HSV SEE-HBIRE
o FIRBEHIEEROI: S F—i% ROl > FEBRTE ROl RitE, FE/R dominant_hex

7.3 BT

e FAE: Red/Yellow/Green (IBEEIAME hue FFL%)
o FfatR: EEE + HSV BE
o EMRBIR: XITIRE

714 5ERAR

IRE: BEREME. mask TR

BN Canny t1/t2, overlay/only, alpha
&R K (B7E0)

ROIME/EBITE: FX
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