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Tajikistan

Deploying i ive digital technology to help develop inable sy that pump heat up from
underground.
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Geothermal energy could sustainably heat homes during Tajikistan’s icy winter. Credit: Roelant/Shutterstock

Tajikistan's vast water resources drive the country’s cheap electricity, but much of the population experiences energy
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shortages during winter when freezing temperatures cause soaring demand for home heating.

A team of researchers, led by Akita University, is working with the National Academy of Sciences of Tgjikistan's Center for
Innovative Development of Science and New Technologies and Hokkaido University to pilot ground source heat pump

(GSHP) technology in the central Asian country. GSHPs offer an alternative, sustainable source of energy to heat and cool
buildings, alleviating the load on the electricity grid.
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"Outside the capital city of Dushanbe, many people only have access to electricity for two or three hours a day,” says s 5 3 : - 2 ‘ : % o ; A B , 3 7 D"
project lead, Fumiaki Inagaki at Akita University, an institute with broad GSHP expertise. “GSHP can reduce electricity
consumption by about 50%.," he says.
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Mining

Rio Tinto

Vale

BHP

Glen Core

Anglo American

Fortescue

Codelco

Antofagasta
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Dense point cloud 10



~2D Y DDBEINREZSY U VD

RENTHS SR 1)

Black line: Contour line(per 0.05m)

45°

ST 1 ¥ e - e

-
2 Ko =N "y il A"




RO—YEVQIFARD RIVICK DHkinEE L

« Magnetite/ iron sand placer
deposits

« Smart mining

* | ocated on the coast

¢ Spatial area covered by deposit

« Aid in economic viability

Kamaiso Fukura, Yuza, Akumi
District, Yamagata

39°04'55.0"N
139°52'16.4"E




ey

RO—Y EVILVF AR B VIC &K DUt EhIRE

Lil & UAV multispectral sensor
>

- -H - H.J Specs.:

62.7° field of view

[4] 5] [1] Blue: 450 nm £ 16 nm,
[2] Green: 560 nm 16 nm,
[3] Red: 650 nm * 16 nm,

LT

[ 21 (3

Ele— 18 —fe—| ¢ [4] Red Edge: 730 nm * 16 nm,
g 700nm 8 [5] Near Infrared: 840 nm + 26 nm.
Magnetite at < RGB+VNR — —> = [6] RGB camera
placer deposit
| UAV drone Number of Flight time Battery power
flight elevation Images (minutes: consumed during
captured seconds) mission (%)
2 metres 80 21:32 69
10 metres 32 8:23 29

20 metres 8 2:08 7
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04 Underground Mine Testing

d Initial Autonomous Flight Test in Underground Mine
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04 Underground Mine Testing
1 Second Autonomous Flight Test in Underground Mine
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05 Data Analysis and Comparison

O Comparison of Underground Environment Modeling Results

360 Camera Tunnel 1

Drone LIDAR

Mean Distance Std Deviation
(cm) (cm)
Drone LIDAR 10.99 6.29
360 Camera Tunnel 1 29.74 14.03
360 Camera Tunnel 2 32.79 23.92 360 Camera Tunnel 2
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Risks for worker in

underground mine * Requires tracking of the positions of
workers in underground

MINER Act for emergent rescue

* Rock falls 1

e Also requires two-way communication
between surface and underground

* Toxic gases

o

Current situation in underground

e Loss of direction

GPS cannot be used in underground
* Installed communication infrastructure for navigation and

tracking of workers

* The use of communication infrastructure is limited, voice
communication is used for feedback of navigation Voice communication infrastructure

There are needs for digitalization of underground navigation and
tracking system

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines
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 Underground Map with GIS (like Google Map on surface) is
needed for underground navigation

* Digital Twin (3D model) can be used as Underground 3D Map

Digital Twin in Mining
» A virtual replica of the physical world for
operational visualization and decision making

> 3D model of the mine site must be created

» Creating underground 3D model by
Photogrammetry is difficult

—» Need to look for another method 3D model of the open pit
with Photogrammetry

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines




FE BB

To develop underground navigation system utilizing Digital Twin
and existing communication infrastructure

To create Underground 3D Map with GIS to share location
* LiDAR would be used for creating Underground 3D Map

* Georeferencing (adding GIS) to Underground 3D Map

To develop a navigation system using Visual Positioning System
\VVPS

* Creating a mobile application with Unity

 Demonstrating Visual Positioning System in underground mine

To mechanize the feedback of navigation

 Demonstration with smartphone and transceiver

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines
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Creating Underground 3D Map and sharing location

1. The operator decides the 2 Thew
destination and creates QR code comp

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines




iIDAR [CXK 3D Point CloudDEXf=

* LiDAR (Lightning Detection and Ranging) makes it possible to
measure the object with 3D point cloud

e 3D point cloud consists of vast number of points, and has
local 3 axis coordinates (Data3D) and image data (Images2D)

Optical system R= %th

I Where ¢ Speed of light, t;qx: Light travel time
Light source

Photosensor ’

(MPPC, APD, PIN
photodiode)

; ,.

Time measurement : |
: R

circuit - :
4 > :

Distance measurement

Reference ”ght

(x v, z)

ot
QWS
‘\ e C’(_e
e

Schematic diagram of LiDAR measurement The example of 3D point cloud

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines




MRZEESDVY Y JOERSR (EEY A1 H)

* Underground 3D point cloud was measured at Osarizawa Closed
Mine, Akita Prefecture

A\
)\
j SNy
s t_/Osa rizawa Closed Mine
yog
& /J
Akita Prefecture

The location of Osarizawa Closed Mine

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines
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 BLK 360 (LiDAR device) was used for scanning point cloud

e Each shooting distance was about 20m, required hundreds of
scanning

* Alignment was conducted to connect all point cloud data

/

Rotation direction

Point cloud measurement with BLK360

Alignment of current and previous pointcloud

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines




3D Point CloudDFEFEZS #a

3D point cloud was georeferenced (added GIS) by coordinate
transformation with Google Map

Flow of coordinate transformation

i i Google Map
Cloud C Picking up 1 point on same . . .
oLl SR stp-p Python coding with pyproj library

location with UTM coor‘dmate (UTM Zone 54, GRS80)
Referencing

Raw point cloud (.las) l

Picking up 1 point with Point cloud with l Point cloud with

Cartesian coordinate UTM coordinate i ke

l

Converting point cloud to 3D
Tiles through Cesium ion

4/ CESIUM
[ Creating web application ] Yes

through Cesium
! Unity

Does it appear in
the right place?

4/ CESIUM

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines
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e Cesium (3D GIS platform) was used for visualization of underground 3D map

* URL s changing with clicking, means it allows to share location information

i ik =z | l--d:rl---Hr |H“"Mhp o ey, Fanae oo Cinplurn: P cormobel croverRvigws el b o
LS
FIE I|||'l|_ ll:u‘i:lll- n.ﬁ-nlul-
-l n - ¥

Web application created by JavaScript using Cesium

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines
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System Design

Navigation with VPS
A
|

3. The worker navigates to the destination
through Visual Posmonlng System

* Feature point matching
between real camera and
virtual camera
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Visual Positioning System (VPS)

VPS estimates position by feature points matching of Underground
3D map with current image of from RGB camera in real-time

SIFT (Scale-Invariant Feature Transform) is an algorithm for feature
point detection and matching

AR (Augmented Reality) is often used for visualizing success of VPS

Red line shows feature point matching

e .
: ’ -
[

Feature point

[ - -4 r
Y =0 b me7 "
- T I

L DRI

An example of VPS with AR Imageigafat rcaeesdbRaiFaht I Mgieriog)(by Open CV)
by JR EAST

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines



Ny

VPSDT THIE

* The mobile application was developed for VPS with Underground
3D Map and Unity

AR s placed in Unity to indicate success of navigation

e Demonstration were conducted at Osarizawa Closed Mine

Installing the developed application to smartphone from PC Appearance of demonstration

Development of a Worker Navigation System Utilizing Digital Twins in Underground Mines




VPST TR

The successful detection of key points enabled self-positioning, indicating
navigation success, with AR

_+— | The worker can know here is the
> destination of navigation with AR

. =
R g g £ T &

Coordinates of Underground 3D Map

@ Estimated coordinates of self-position
from Underground 3D Map

EP RN NI T S

TN AR A A T A T
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