JAEA-Technology
@ 2025-007

DOI:10.11484/jaea-technology-2025-007

LI IR D — XA Db D
DZINIALIVYEYTI T N7 DR

Development of Real-time Mapping Software for Wide-area Radiation Survey

BEFE IR XE TR EFS i EH
Tohn TAKAHASHI, Mitsuo KOIZUMI, Yuki YOSHIMI and Takanori MOCHIMARU

[RFAAMEBE - RILE - T2V T aEe>yy—

Integrated Support Center for Nuclear Nonproliferation, Security and Human Resource Development

November 2025

>
[T1
>
3
.
=
=
=
O
oF
\<

Japan Atomic Energy Agency | HARTHIFZTHAREE




AR LA — MIESZAFFEBFEEN A AR AR B AR E NS HAT 9 D RS H T
AKUR—=MIZVZAT 47 « TR FR 40 HE 74 B AD FICRESITOET,
ALUR—FORE (F—%Z2E8) [CEEEPRELRWEETH, FT7 AR LFEEED
TR LT 72 &V, (httpsi//creativecommons.org/licenses/by/4.0/deed.ja)

B, RUR— FORTH AR IFEHFEERE Y = 7% 1~ (https//www.jaea.go.jp)
IoRESNTVET, KLR—MIBE LTI TRETBHAEL EE0,

ENZHFFERRFEEE N HARJR - B FEEA F6 R IFJERA FEHEMESD Bl B i ek
T 319-1112 ISR IREUARHAEAS R FASAL 4 i 49
E-mail: ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.
This work is licensed under a Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/deed.en).

Even if the results of this report (including data) are not copyrighted, they must be used under

the same terms and conditions as CC-BY.

For inquiries regarding this report, please contact Library, Institutional Repository and INIS Section,
Research and Development Promotion Department, Japan Atomic Energy Agency.

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken 319-1112, Japan

E-mail: ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2025



https://creativecommons.org/licenses/by/4.0/deed.ja
https://www.jaea.go.jp
https://creativecommons.org/licenses/by/4.0/deed.en

JAEA-Technology 2025-007

IR —_A DDV TNEL L= T YT v =T OB

HAE T T JERR FE RS I D AM B - AR - e ¥ =2 U T oAk v 2 —
S ERE, NROOBAE, HROEAT, R BRI

(202547 A 16 A #)

AR NEGEIZT T A BT - IRMEDEDRFFLIAEND Z 2B o, Tt
BHHERIZE D WA 35 ALHEm 2NN E T 2 FEN —KICHNLA TS, L,
IO LT EETVIRIT DAREENH D720, M5 s — FNOIRFEFRIZ 72 2 BUR R —
RA ZATV, B BEHEMEDR R BIAEN TN L 2R TA2MLERD S,

JRNT U T BB BN — A 5 Fik L LT, GPS Z#5#k L7 W o~ #ika Higs & H
W, BEI LR OHE LI ERREBRELTERT D R~y 7] BESTH D, *
v NU—=2ZFHT L, BEEOBRHENO O GPS EHET — X ZfRfEFT CHERF L. HIE
DOWEATRESL, WE LR E~ Y 72V T E A LA THERTHZENTREE D, ZD X
DI AEBATHZLICED MEDEEARLKITELZ < & L HIT, NERBE I Z
NEICHHTE X912 T& %, &b, T~ ARY ho A —F —%EAT S L,
HHMERIAAR D REICEED < WU R kLD ATRE & 72 B

DX BRI BREY — XA BT 2D, VT AA A b~y B 7Y T vy =T 2%
L7, B LY 7 by =T7I%, GPSHH U ~ART M A —F =ML EEINDHET —
ZaZ T, VI NVEA LTHRRLEL, Ho0LdF v ra— RLTEBWHIKT —% LI
W95, £72, BMEDO EF LAEETANY MVEREET S Z LI L0 TR T HE O FRE
PITZ, THUCESWTHILENRETE D X012 oz, SHIZ, AY 7 b7, H#
X2 VT &M ESEDLTD, =B RXy NU—=T DA THRHATEL LI ITR>TN D,

ABREETIEZ, BB LEZY 7 b7 OMBEEZBATLELEHIC, ZyvE U XE2H{SL
Tea— Raftgk TRty 5, RftLica— NI, =772 70—0 0SS, 7477V, &
BT LTBY, #THEALTHEHTRETH 2,

AHEFT, TR FEOEEX 2 ) 7 0 MILEHEEFELMB e O T THD & 7 FERc R
BT 26D TH %,

JEFAFRAWIZERT © T319-1195 RS IR BTRE BOEAS K5 H 07 2 3 4l 4

* 1 BREXA Technology

*2 NAIS



JAEA-Technology 2025-007

Development of Real-time Mapping Software for Wide-area Radiation Survey

Tohn TAKAHASHI, Mitsuo KOIZUMI, Yuki YOSHIMI"! and Takanori MOCHIMARU™

Integrated Support Center for Nuclear Nonproliferation, Security and Human Resource Development
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 16, 2025)

To prevent the smuggling of nuclear and radioactive materials into event venues for the purpose
of terrorism, it is common practice to individually inspect people and vehicles entering and exiting
using radiation detectors. However, since there remains a risk of such inspections being bypassed, it
is necessary to complement them with a wide-area radiation survey to ensure that no nuclear or
radioactive materials have been brought in.

Radiation mapping is an effective method for efficiently surveying large areas. In this method, a
gamma-ray detector equipped with GPS is used to record location data and radiation dose rates while
moving. By utilizing network connectivity, measurement data from multiple detectors can be
aggregated at a central command post, allowing real-time monitoring of survey progress. This system
helps to prevent both redundant and missing measurements and enables the prompt detection of
suspicious radiation sources. Furthermore, by incorporating spectrometers into the gamma-ray
detectors, it becomes possible to identify radioactive isotopes, thereby enabling appropriate responses.

To enable such wide-area radiation surveys, we developed real-time mapping software. The
developed software receives measurement data transmitted from GPS-equipped gamma-ray
spectrometers, processes it sequentially in real time, and plots it onto pre-downloaded map data.
Additionally, by integrating the spectral data collected from regions showing abnormal radiation
levels can be displayed immediately. To enhance information security, the software is designed to
function within local networks without requiring internet connectivity.

In this report, we introduce an overview of the developed software and provide a simplified version
of the source code as an appendix. The provided code is developed using open and free operating
systems, libraries, and environments, making it freely available and usable by anyone.

Keywords: Radiation Mapping, Global Positioning System, Real-time Monitoring, Visualization

Software Development

This development was implemented under the subsidiary for nuclear security promotion of MEXT.
*1 BREXA Technology
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AEND,

spectrum_sum.js (X, AX7 hLT7— X ZFEHE L TR 2 Spectrum viewer 0D Y — A
TrANTHY, BEOVAT U FEBET L7200 html = — FRAEERL TV D,

FATERER
Node.js 10.19.0 LA I

(P INT =2 5EfT D707 L5MPT 256, Crazar AL E7T
& DB )

£ VA P FIA GREEEED T - 2~ U R B)

FHIIZ JavaScript DFEITEREE CTo D Nodejs XU 7 —V <R —T ¥ —TdH 5 npm % A

VA R—LLTHEL, Ubuntu TlE, kO~ REFETFTTAHIETA LA R—LTX3,

- aptupdate
- aptinstall nodejs

- apt install npm

3-) TR T TAEFEITTHT 4 L7 MU ERERT B,
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(ZZTiE. 74 27 b U4 % realtime_mapping tool &3 %)

3D ERRL7=T 4 L7 R UIZEEI L, packagejson & UF serverjs Z1ERKT 5, N Eh D~
7 A ZIRD Y —Aa— K&k a b —7 25,

<7 7 A V4 : package.json>

{
"name": "leaflet csv_simple plot",
"version": "1.0.0",
"description: "",
"main": "server.js",
"scripts": {
"test": "echo \"Error: no test specified\" && exit 1",
"start": "node server.js"
5
"author": " takahashi.tohn ",
"license": "ISC",
"dependencies": {
"chart.js": "*2.8.0",
"cors": ""2.8.5",
"express": ""4.19.2",
"ws'": "*8.18.0"

}
}

<77 A4 . serverjs>

const fs = require('fs");
const path = require('path');
const net = require('net');

const http = require(’http');

const express = require('express');

const WebSocket = require('ws');

const app = express();

const cors = require('cors');

app.use(cors());
app.use(express.static(path.join(__dirname, 'public')));
const server = http.createServer(app);

const wss = new WebSocket.Server({ server });

/I Web ¥ 7 I H2fe
wss.on('connection’, function connection(ws) {
console.log('Client connected');
ws.on("'message', function incoming(message) {
//console.log(‘received: %s', message);
1);
1);

/I GPS 7 — & DYRAF/ S A
const gpsDataFilePath = path.join(__dirname, './public/gps_data.csv");
/| AT DVT —Z DIRAF/ A
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const spectDataFilePath = path.join(__dirname, './public/spect_data.csv');

/| GPS 7 — 4 % CSV \T/RAFT % Ba%KL
function saveGpsData(latitude, longitude, timestamp, count, gpsNumber) {
const data = "$ {timestamp},$ {latitude},$ {longitude},$ {count}\n";
fs.appendFile(gpsDataFilePath, data, (err) => {
if (err) {
console.error('Error saving GPS data:', err);
H
1);
H

/| AT R VT — X % CSV ITIRTET 5 Bk

function saveSpectData(timestamp, gpsNumber, spectrumData) {
const data = *$ {timestamp},$ {gpsNumber},$ {spectrumData.join(’,") }\n";
fs.appendFile(spectDataFilePath, data, (err) => {
if (err) {
console.error('Error saving Spectrum data:', err);

}
1
}

// TCP H— 3 —Z{ER%

const tcpServer = net.createServer((socket) => {
console.log("TCP client connected');

socket.on('data’, (data) => {

try {
const jsonData = JSON.parse(data.toString());

/| GPS 7 — & ZRAF
saveGpsData(jsonData.latitude, jsonData.longitude, jsonData.timestamp, jsonData.value,
jsonData.gpsNumber);

[| AT NVT — B T RAT

saveSpectData(jsonData.timestamp, jsonData.gpsNumber, jsonData.spectrumData);

} catch (err) {
console.error('Error processing data:', err);

}
1

socket.on('end', () => {
console.log('TCP client disconnected');

s
s
// TCP % — R—Z 8 ER— F TU A BRIR

tepServer.listen(8080, () => {
console.log("TCP Server listening on port 8080");

})’

server.listen(3000, function() {
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console.log("Web server listening on port 3000');
1)

3-3) fpublic)] &WOHT7F L7 bYZMERL, £DHIT index.html & map.js Z1ERCT
be TNENDT 7 A MIRD Y —Aa— REatr—4 5,

<7 7 A V4 : index.html>

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>GPS Mapping</title>
<link rel="icon" href="data:,">
<!-- Leaflet CSS -->
<link rel="stylesheet" href="leaflet/leaflet.css" />

<style>
[ H X D FTR R A e O */
#map {
height: 100vh; /* B4 D & S 24 5 */
width: 100vw;
}
</style>
</head>
<body>

<-- MK ZFRRT D720 O div EFHE >

<div id="map"></div>

<!-- Leaflet JS -->
<script src="leaflet/leaflet.js"></script>
<l-- BYED map.js & @triATe -->
<script src="map.js"></script>
</body>
</htm]>

<77 A4 : map.js>

/] #i Z WIEHE S %

var map = L.map(‘map').setView([36.461537, 140.600006], 15); // HIHIZE R DO HLMLE & A —
DAL R RGE

L.tileLayer('map _tile/{z}/{x}/{y}.png', { maxZoom: 19, minZoom: 14}).addTo(map);

/| T15—~ v v T D= 0K
function calculateColor(value, minValue, maxValue) {
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const normalized = (value - minValue) / (maxValue - minValue);
const hue = (1 - normalized) * 240; / & (240 &) ok (0E) ~D 7 75— 3
return "hsl($ {hue}, 100%, 50%)";

H

I/ CSV 7 7 A )V & Fidriite Bk
async function loadCsvData(filePath) {

try {
const response = await fetch(filePath);

W7 7 A NVDPFAE LIV E 1T 404 =5 — & Mt
if (Iresponse.ok) {
if (response.status === 404) {
console.log(" 7 7 A /VIAMFAE L £ A ${filePath});
return []; // Z2DORCH 2 U CALEE 221 T
H

throw new Error( HTTP error! status: ${response.status}");

}

const text = await response.text();

I T =2 DIAET DRI DI N—=2T %
if (text.trim().length === 0) {
console.log(" 7 7 A /L3 ZE T : ${filePath}");
return []; // ZE DB % KT
H

return parseCsv(text);
} catch (error) {
console.error(" 7 — & D FEAIAF NI T — D54 L E LTz: ${error}));
return []; // =7 — 3 4E L1255 THL RO/ 2 KT
}
}

/| CSV T % A b/ "— 24 % Bk
function parseCsv(text) {
const lines = text.trim().split("\n');
1] 7 7 A IVINZEDE D I T
if (lines.length === 0) {
console.error("CSV 7 7 A JLINZETT™M);
return [];

}

const headers = ["timestamp", "latitude", "longitude", "count"]; // -~ ¥ — % F#) THE

return lines.map(line => {
const values = line.split(',");
const obj = {};

headers.forEach((header, index) => {
obj[header] = values[index].trim();

1);
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return obyj;
1);
}

/I #iI EIZ GPS 7 — 2 &2 7' m v b9 % B
async function plotGpsData() {
const gpsData = await loadCsvData('gps_data.csv');

if (gpsData.length === 0) {
console.log("7—# NV FHA, HITLET, ")
return; // 7 — X DRV, TRy MLEEAE A X >

}

gpsData.forEach((data) => {
const lat = parseFloat(data.latitude);
const lon = parseFloat(data.longitude);

if (isNaN(lat) || isNaN(lon)) {
console.error(‘Invalid LatLng object: (${lat}, ${lon}) at data:", data);
return; // M7 T — R B A% v S

H

const count = parselnt(data.count);
const color = calculateColor(count, 0, 100);

L.circleMarker([lat, lon], {
color: color,
radius: 1,
fillOpacity: 0.7
}).addTo(map);
1)
H
=y a—REHZ T —% %7 ay b L, EHRIC S
document.addEventListener('DOMContentLoaded', () => {

plotGpsData();
setInterval(plotGpsData, 5000); // 5 ¥ Z &7 a0 v b & B

1

ZZETT, AA T 427 FUDOHERIZIROX A2 DX D725,
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~/realtime_mapping_tool
—— package.json
F—— server.js
—— public
|— index.html

—

map.js

A2 33)FETRATEEDORAAL T 4 L7 Y ORERL

3-4) public DHIZH 7T 4 L7 b U Tleaflet) Z/ERL., ZDOHTH— I F L ZBVTKRD
a< v R&EFITT 5,

wget https://unpkg.com/leaflet@]1.9.4/dist/leaflet.css
wget https://unpkg.com/leaflet@]1.9.4/dist/leaflet.js

35y FEANT 7 ANEATFL, public DF DY TF 4 L7 Y Tmap tile] (ZIR1ET
Do (wy T HEANEANFTTLHHIL, 8B 25 H,)

3-6) A>T 4 V2 ~ U (Irealtime_mapping_tool]) TH—IF/NLEE, kOa~vr R
FITT 5,

npm install

ZZETT, AAYT A4 L7 PULUTOMABIZROK A3 DX S5, AL,
lmode modules| & TN Tmap tile] OHIE, HHEL T\ 5,
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~/realtime _mapping_tool

——node_modules
—— package.json
—— package-lock.json
— server.js

—— public

|— leaflet
I— leaflet.css
|— leaflet.js
l— map _tile
— index.html

L— map.js

M A3 3-6)FE TRAXTZEOAAL T 4 L7 b ORERL

4) FAT
ALYT AV MY TH—=IFNERE, RO FEETT 5,

- node server.js

FATLIRER, TRt sns,

- TCP Server listening on port 8080
- Web server listening on port 3000

ZOWRETT 7 U &N H EIF T, localhost:3000 (27 7 AT 5 L ~ v TRREHEE
LN TED, ZD&&E, TCPIP @E T, A— 1T 8080 (27 —# & XLFHITERET D
. V7T o7 b Tpublic) OHIZ, Tgps data.csv] & [spect data.csv] HERK S AL,
EELET—2PMMREEND, ST 1 E gps_data.csv Dgiirrd Ei, WET —F B~ v
IR EN D,

TREIZRT server test.epp (L. EIMET A R D7=DITIRKO T — X ZER LIEET D720 =
— R TH 5D, serverjs ®FEITLIIRRET, Thxd A, 735 L, EfEMERTE 5,

(2L T DI, gee 7 E CHD T L XA T HREL)
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<77 A V4 : server_test.cpp>

/*

compile:

gt+ server_test.cpp
exec:

Ja.out

*/

#include <iostream>

#include <string>

#include <sstream>

#include <iomanip>

#include <vector>

#include <cstring>

#include <arpa/inet.h> // Unix/Linux @ > %7 > N @ H~v & —
#include <unistd.h>

#include <chrono>

#include <ctime>

/| BITEDRER 2 1SO 8601 JE 20 CTHAS 3 2 B4

std::string getCurrentTimestamp() {
auto now = std::chrono::system_clock::now();
std::time_t now_c = std::chrono::system_clock::to_time_t(now);
std::tm now_tm = *std::localtime(&now_c);

std::ostringstream oss;
oss << std::put_time(&now_tm, "%Y-%m-%dT%H:%M:%S");
return 0ss.str();

}

&I —=7 =2 %t 5B

std::string generateDummylJsonData(double& latitude, double& longitude) {
std::ostringstream oss;
std::vector<int> spectrumData;

W52 B RBIRANYT ST — 2
for (inti=0; 1< 1024; ++i) {

spectrumData.push_back(rand() % 256); // 0-255 D D ELEL
H

// BAAE DR % Bfs:

std::string timestamp = getCurrentTimestamp();

I =7 =52 DER
OSS << H{ll
<< "\"latitude\": " << std::fixed << std::setprecision(6) << latitude <<","
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}

<< "\"longitude\": " << std::fixed << std::setprecision(6) << longitude << ","
<< "\"timestamp\": \"" << timestamp << "\","

<<"\"value\": 45,"

<< "\"gpsNumber\": 1,"

<<"\"spectrumData\": [";

for (size ti=0; i< spectrumData.size(); ++i) {
0ss << spectrumData[i];
if (i < spectrumData.size() - 1) {
0SS << Il’";

}
}

0SS << "]"
<< "}\nll;

/] REIDEE I 2. C GPS O EZ D L3 54
latitude += 0.00001; // ##E 2 /b LEEIN & 5
longitude += 0.00001; // #2220 LM S H 5

return 0ss.str();

int main() {

I/ H—="=DIPT R R LR—k
const char* serverlp ="127.0.0.1";
int serverPort = 8080;

/1 913 GPS i &
double latitude = 36.461537;
double longitude = 140.600006;

17 b OFERL
int sock = socket(AF _INET, SOCK_STREAM, 0);
if (sock < 0) {
std::cerr << "Error creating socket" << std::endl;
return 1;

}

/| —="=7 R ADFRE

sockaddr_in serverAddr;

memset(&serverAddr, 0, sizeof(serverAddr));
serverAddr.sin family =AF INET;
serverAddr.sin_port = htons(serverPort);

inet_pton(AF _INET, serverlp, &serverAddr.sin_addr);

/] ==~ D

if (connect(sock, (sockaddr*)&serverAddr, sizeof(serverAddr)) < 0) {
std::cerr << "Error connecting to server" << std::endl;
close(sock);
return 1;

}

std::cout << "Connected to server" << std::endl;
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while(1) {
I E =7 =4 DERFE
std::string jsonData = generateDummylJsonData(latitude, longitude);
send(sock, jsonData.c_str(), jsonData.size(), 0);

std::cout << "Dummy data sent: " << jsonData << std::endl;
usleep(1000000); // 1 kR TT — & &5
}

N7y vefU5

close(sock);

return 0;

,21,
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4% B

FT7 T4 T~y TR D 2O DOEEDOIERTNE

AKX TIX, K ZHET L7004 —F 0V —2F 475 Y L LT, Leaflet Z#EI L7,
Leaflet (XU, £ < OHKEET 7' r—3 3 Tk, MROFREEHIZE DT TA >
Z—Fy b ENOEBRT ANV ER—RL, BT 2 HkEE>T0WD, A ¥ —Fv |k
ORI VAR IE THIK O R 2 R4 212i%, Wi 7 7 A L Ea— A VICREFELTE
SMERD D,

Z 2 TIE. QGIS ZFIM U7z M ] O Wi =7 7 A v OVER T IEZFETT 5. QGIS 1,
IR CRIHATRE /e A — 7 v ) — A DO HIBE R S AT A Y 7 N T, HIKIOIERRSCT — % O F
Bb7e EERITHBERENME X DTV A,

FIE
1) QGIS#Xy>u— K/ Af A N—1LT 5,
R—AL~—D Download 72°5H QGIS Z AF L., FIEIZHESTA A F—T 5,

https://www.qgis.org/

2) QGIS Z#&) L, X B-1 (g EEEE CEEOMEKZH<, 22Tk, A X =
BEIZT 7 4L b TEREMNE ATV S OpenStreetMap & i 35,
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