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“Only those who will risk going too far can possibly find out

how far one can go.” ― T.S. Eliot



Brainstorming and developing Use Cases through Design Thinking
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Photons as Messenger

Ever since the dawn of time human 

beings are trying to decipher the 

mysteries of the Universe by 

looking at the Sky.

~200 BC – Hipparchus creates a 

magnitude system (1-6) and catalogs 850 

stars

1610 – Galileo Galilei publishes Sidereus

Nuncius from his observations from the 

telescope

1668 – Isaac Newton builds reflecting 

telescope

1990 – Hubble Space Telescope is 

launched by NASA

2009 – Largest Telescope on Earth 

commissioned Gran Telescopio Canarias, 

Canary Islands, Spain beating Keck 1 and 

Keck 2, Mauna Kea Observatory, Hawaii

2012 – Construction of Giant Magellan 

Telescope will be located at Cerro Las 

Campanas at Las Campanas Observatory 

in the Atacama Desert of Chile

2018 – James Webb Space Telescope

expected to be launched
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Gravity as Messenger

Since the prediction by Einstein 

scientists have been trying to detect 

Gravitational Waves.

• Detect not with light, but with gravity.

• Gravitational waves are complementary 

to photons

• Photons are made by atoms

• Gravitational waves made by the 

dynamic motion of matter

• Laser Interferometers, not telescopes 

are required for the detection

• LIGO – US-based detectors at 

Livingston, Louisiana, and Hanford, 

Washington

• VIRGO – Italy-France-based initiative at 

Santo Stefano a Macerata, Cascina , 

Italy

• LISA – 1st Space-based Interferometer 

using 3 satellites, European 

collaboration

Courtesy: Simulating eXtreme Spacetime (SXS) Project: www.black-holes.org
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Gravitational Wave Detectors

LIGO – Hanford, Washington, USA. LIGO – Livingston, Louisiana, USA.

(1995) TAMA 300 - Japan - Decommissioned

(1995) GEO 600 - Sarstedt, Ruthe, Germany: http://www.geo600.org/

(2002) LIGO - Livingston, Louisiana and Hanford, Washington, USA: http://www.ligo.org/

(2003) MiniGrail - Leiden University, Netherlands: http://www.minigrail.nl/

(2005) Pulsar Timing Array (using radio-telescope): https://en.wikipedia.org/wiki/Pulsar_timing_array

- Parkes PTA, European PTA, North American Nanohertz Observatory for Gravitational Waves (NANOGrav)

(2006) CLIO - prototype for KAGRA

(2007) Virgo - Santo Stefano a Macerata, Cascina , Italy: https://www.ego-gw.it/

(2015) LISA Pathfinder, a development mission for LISA, launched in Dec. - switched off 18 July, 2017

(2018) KAGRA - Gifu Prefecture, Japan: http://gwcenter.icrr.u-tokyo.ac.jp/en/

(2023) IndIGO - (Hingoli, Maharashtra?), India: http://www.gw-indigo.org/tiki-index.php

(2025) TianQin - Sun Yat-sen University, Zhuhai campus, China [Space-based] 

(2027) DECIGO - Japan [Space-based]

(2034) LISA - Denmark, France, Germany, Italy, The Netherlands, Spain, Switzerland and the UK

– supported US, [Space-based]: https://www.lisamission.org/

(2030s) Einstein Telescope - European Union: http://www.et-gw.eu/

GW150914

29 solar mass black hole +

36 solar mass black hole

1.3 billion lightyears away 

(400 Mega parsec)C. Messenger (Glasgow) & LIGO

http://www.geo600.org/
http://www.ligo.org/
http://www.minigrail.nl/
https://en.wikipedia.org/wiki/Pulsar_timing_array
https://www.ego-gw.it/
http://gwcenter.icrr.u-tokyo.ac.jp/en/
http://www.gw-indigo.org/tiki-index.php
https://www.lisamission.org/
http://www.et-gw.eu/
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Multi-messenger Astronomy

Predicted area for the detection of the event GW150914

Courtesy: Dr. Shane Larson, Research Associate Professor, Associate Director of CIERA, 

Northwestern University
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https://app.mural.co/

https://app.mural.co/
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Design Thinking

Evolving Assets using Design Thinking:

• Open Assets
✓ Work with end users and researchers to define use cases
✓ Organize thoughts under 3 Hills and Foundation
✓ Define Sponsor Users for getting feedback from playbacks and continuous 

improvement of the design
✓ Define Components / features
✓ Define Open Projects, Timelines, Iterations, Playbacks, Milestones

• Open Patterns
✓ Identify common patterns within the code and 

documentation from multiple assets
✓ Patterns may be identified and developed by the 

Offering Management and other teams to 
accelerate Open Project development

✓ Exemplars are patternized into templates that can 
generate code, document, etc. for Open Assets

Cognitive Cloud Open 

Development <ccode/>
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▪ Provide identification and analysis of 

astronomical data from multiple sources

▪ Event notifications to mobile devices for 

building interest in the Community

▪ Remote control instructions to telescopes point 

to the specific location on the grid in the sky

▪ Visual Recognition integration with Zooniverse

for gamification of un identified events

LIGO can listen to gravitational waves but cannot 

see the event.

Gravitational Waves Detected 100 Years After 

Einstein's Prediction –

LIGO Opens New Window on the Universe with 

Observation of Gravitational Waves from Colliding 

Black Holes.

https://www.ligo.caltech.edu/news/ligo20160211

Using multi-messenger astronomy we have eyes and ears on the transient phenomena in the Cosmos

▪ LIGO data feed is parsed into canonical models 

and passed to the Event Analyzer

▪ If a Gravitational Wave event is detected, the 

available telescopes in the network are mapped 

into a grid to scan the sky

▪ Weather and Geospatial information is used to 

determine optimal coverage of the viewing area

Join us: http://ibm.biz/asset-ctn

Universities in the collaboration

Cognitive Telescopic Network

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwie5aXzgdXSAhXCVyYKHQAECbgQjRwIBw&url=http://physicsworld.com/cws/article/news/2016/feb/11/ligo-detects-first-ever-gravitational-waves-from-two-merging-black-holes&psig=AFQjCNHSLpAcnyp4ivL6XMU7fggMDaP4CA&ust=1489547079728562
https://www.ligo.caltech.edu/news/ligo20160211
http://ibm.biz/asset-ctn
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IBM Mentors
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https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwieru2Jg7DPAhWGMSYKHdMICIAQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Slack_Icon.png&psig=AFQjCNHe7QidX5TOu-esKKAIPMcOZ74x8Q&ust=1475081713924215
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Gravitational-Wave Candidate Event Database (GraceDB)

https://gracedb.ligo.org/latest/

SuperNova Early Warning System (SNEWS)

https://snews.bnl.gov/

Gama Ray Burst Host Studies (GHostS)

http://www.grbhosts.org/Ws.aspx

American Association of Variable Star Observers (AAVSO)

https://www.aavso.org/vstar

Fast Radio Burst Catalogue (FRBCat)

http://frbcat.org/

Make Alerts Really Simple (MARS)

https://mars.lco.global/

Zwicky Transient Facility (ZTF)

https://www.ztf.caltech.edu/

Cognitive Telescopic Network Transient Event Sources



Telescopes, protecting the devices and astrometry
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Cognitive Telescopic Network Remote Observatory

In 2016, an Illinois Tech 
alumnus, John Buckley, 
approached us to design a 
remote astronomy camp for 
STEM Education. This 
began our studies in 
computer assisted remote 
astronomy.
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Cognitive Telescopic Network Remote Observatory

• For this site to be useful for University 
students, it required remote control of the 
telescope

• Concurrent, with the design work on the 
remote observatory, we undertook an 
effort to start designing remote telescope 
software that could be utilized to 
#SAFELY control a remote telescope

• In 2018, the IBM Chicago team notified 
us of an effort to design a network of 
remote telescopes called the Cognitive 
Telescope Network controlled by IBM 
Watson technology.  

Proposed design for the 
observatory
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Cognitive Telescopic Network Refractor Telescope

• Typically not very large

• Little maintenance

• Best used for rentals and educational groups
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Cognitive Telescopic Network Reflector Telescope

• Can be produced at larger sizes

• Require more maintenance that refractor

• Best for permanent pieces and imaging
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Cognitive Telescopic Network Reflector Telescope

• Telescopes are of different shapes and sizes

• They are all fragile and expensive

• Without exception, they will allow you to destroy themselves
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Cognitive Telescopic Network Telescope Safety

DESIGN

• Telescope has to take input from IBM Watson

• Determine if the telescope can safely observe

• Safely move telescope to the object

• Safely observe the object

• Report the results back to Watson

• Move the telescope to a safe storage location

• Shutdown the telescope

• It must do this every time

• It must do this for every telescope

• It cannot fail

OBJECTIVES

Ensure safe movement of the telescope by avoiding 

objects

• Recognizing where the no-go areas of the 
telescope are

• Implementing safe path-finding algorithms for 
the telescope to follow

PLAN

• Establish possible range of motion of the 
telescope

• Map out no-go zones for the telescope

• Develop an initial calibration setup on site

• Establish way of interpreting and storing the 
boundaries

• Convert the Matlab path-finding algorithm into 
Python
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Cognitive Telescopic Network Telescope Safety

DESIGN

• Developed procedure 

for mapping the no-go 

zones of the telescope

• Developed path-finding 

algorithm (A* algorithm) 

that reads boundaries 

from *txt files, plots 

them, and finds the best 

path

Figure (1): Implementation of 

the algorithm using Matlab. The 

blue closed polygons are the no 

go areas while the red line is 

the path.

Figure (2): Implementation of the 

algorithm using Matlab. The white shapes 

are the no go areas while the red line is 

the path.
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Figure (3): A danger zone mapped 

out by the telescope

Horizon

Obstruction

Telescope

Ratation (x, y)

Vertical (z)
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Cognitive Telescopic Network Astrometry
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Cognitive Telescopic Network Motion Control

• Evolved from INDI

• Shared protocol to control any telescope

• Uses XML and JSON commands

• Server takes commands and passes along to telescope

• Server has open Telnet port for external tools to communicate

INDIGO Server DriverApplication

Internet: XML C code Cables/USB
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Telescope Commander Design

asset-ctn-tcom-iotCTN.commander.api

CTN.commander.indigo

Indigo Serverasset-ctn-storage
asset-ctn-images

tn-dev-vm01.ibm.cloud

ON-PREM

CTN.admin.ui

asset-ctn-tcom-cloudant

IBM CLOUD

Iot-sub

protection

protection-test

Indigo-client

mode

Iot-pub

ui

Python UI

CTN.commander.swift

protection

protocol

ascom-client

Ascom Server
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https://ipro.iit.edu/



Watson Internet-of-Things Platform, MQTT Protocol and telescopes
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Watson IoT Platform
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Watson IoT Platform

IoT
Industry 
Solutions

Watson IoT
Platform
Integrated 
managed service 
with SLAs and 
unified per 
device pricing

Continuous 

Engineering

Watson Assistant 

Solutions

Enterprise Asset 

Management

Asset Performance 

Management

Production Quality 

Insights

Production Optimization Inventory Optimization

Worker

Insights

Facilities 

Optimization

Facilities 

Management

Building 

Insights

Analytics Service
Explore AI-driven insights

Blockchain Service
Govern and deliver

Connection Service
Securely connect and store

Watson IoT Platform is a foundation for IBM industry solutions and IoT business use cases
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Watson IoT Platform

• Device Management

• Flexible device management console provides a 
preconfigured means to send events such as 
device reboot, factory reset, or custom device 
functions such firmware management and 
upgrades.

• Gateway Management

• Extra functionality and control with gateways as first 
class type, enabling single connection actions, 
automatic registrations, and device management on 
attached devices as separately addressable entities

Platform of Platforms

Watson IoT Platform can be integrated with other platforms 
including 3rd party device and network management platforms 
and enable system management with specialized services such 
as AT&T Control Center, Jasper, Orange SIM 

Flexible device and system management for your IoT devices and applications
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Watson IoT Platform

IoT Devices

IoT Gateways

Watson IoT Platform

APIs

Connection Service

⎯ Device connectivity
⎯ Device management
⎯ Data management

Analytics Service

⎯ Data visualization
⎯ Pre-built models
⎯ AI-driven insights

Blockchain Service

⎯ Traceability ledger
⎯ Transaction transparency
⎯ Trusted credentials

Third-party 
applications

Solutions

Dashboards
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Protocol for IoT

Internet of Things bring new Challenges

➢ Requires a real time Event Driven model

➢ Publishing information one to many

➢ Listening for events as they happen

➢ Sending small data packets from small devices

➢ Reliably pushing data over unreliable networks 

For IoT …. messaging ( often is )  > HTTP Request/Response   
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Protocol for IoT

http://docs.oasis-open.org/mqtt/mqtt/v3.1.1/os/mqtt-v3.1.1-
os.pdf

Abstract:

MQTT is a Client Server publish/subscribe

messaging transport protocol. It is light weight,

open, simple, and designed so as to be easy to

implement. These characteristics make it ideal

for use in many situations, including constrained

environments such as for communication in

Machine to Machine (M2M) and Internet of

Things (IoT) contexts where a small code

footprint is required and/or network bandwidth is

at a premium.

http://docs.oasis-open.org/mqtt/mqtt/v3.1.1/os/mqtt-v3.1.1-os.pdf


Illinois Tech Real Time Communications  |  2020

Cognitive Telescopic Network

35

MQTT A lightweight protocol for IoT messaging

➢ Open

➢ Light weight

➢ Simple

➢ reliable

Open specification Facebook messenger, Billion devices

Minimal overhead Efficient format Tiny Clients (Kb)

QoS for reliability on unreliable network 81 pages specification

CONNECT + PUBLISH + SUBSCRIBE + DISCONNECT

ISO 29022

Invented

Late 1990

Published

August 2010

Eclipse M2M

November 2011

Standard

October 2014

Standard

June 2016

Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Protocol for IoT
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Reference Architecture

▪ IoT Architecture

• Based on the Reference Architecture for IoT
Reference Architecture

▪ Omni-channel

• User Interfaces for Web, Mobile and Eclipse

▪ Proximity Network

• Telescope Commander client wraps the ASCOM Objects 

and provides an API interface

• Sensors send data using the IoT Gateway

• FITS data is saved to file system and send to the Server

▪ Public Network

• Telescopes can register from other networks using the 

API for the Telescope Commander

▪ Bluemix

• API Implementations using containerized Springboot app

▪ Yellow Zone

• Data synchronization with backend Enterprise Database 

using IIB flows mapping data

https://www.ibm.com/devops/method/content/architecture/iot

Architecture/0_1

https://www.ibm.com/devops/method/content/architecture/iotArchitecture/0_1
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Telescope Commander Design

asset-ctn-tcom-iotCTN.commander.api

CTN.commander.indigo

Indigo Serverasset-ctn-storage
asset-ctn-images

tn-dev-vm01.ibm.cloud

ON-PREM

CTN.admin.ui

asset-ctn-tcom-cloudant

IBM CLOUD

Iot-sub

protection

protection-test

Indigo-client

mode

Iot-pub

ui

Python UI

CTN.commander.swift

protection

protocol

ascom-client

Ascom Server
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Future of CTN… we are only limited by our imagination

What is the

Horsehead Nebula?

Here’s some information 

about the Horsehead 

Nebula. Do you want me 

to see if we can take a 

picture tonight?

Yes

The Horsehead Nebula

(also known as Barnard 

33) is a small dark nebula 

in the constellation Orion. 

The nebula is located just 

to the south of Alnitak, the 

easternmost star of Orion's 

Belt, and is part of the 

much larger Orion 

Molecular Cloud Complex. 

Look up RA DEC:

Right ascension: 05h 40m 59.0s

Declination:         −02° 27′ 30.0"

Find available telescopes in the 

Northern Hemisphere with the correct 

location and weather conditions.

Only 2 found amongst 10,000 

registered telescopes that match the 

criteria and not tasked.

Calculate the exact exposure, filters, 

etc. to take the picture for each 

telescope and camera combination.

Send picture to the CTN user.

•

•

https://vimeo.com/243536185

https://vimeo.com/243536185
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http://www.ncsa.illinois.edu/Conferences/DeepLearningLSST/

https://sites.northwestern.edu/hotwired6/
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Machine learning requires the right set of data that can be

applied to a learning process. An organization does not have

to have big data to use machine learning techniques;

however, big data can help improve the accuracy of machine

learning models. With big data, it is now possible to virtualize

data so it can be stored in the most efficient and cost

effective manner whether on-premises or in the cloud. In

addition, improvements in network speed and reliability have

removed other physical limitations of being able to manage

massive amounts of data at the acceptable speed. Add to

this the impact of changes in the price and sophistication of

computer memory, and with all these technology transitions,

it’s now possible to imagine how companies can leverage

data in ways that would be been inconceivable only five

years ago.

https://www-01.ibm.com/common/ssi/cgi-

bin/ssialias?htmlfid=IMM14209USEN

IBM Design Thinking is our approach to applying design

thinking at the speed and scale the modern enterprise

demands. It’s a framework for teaming and action. It helps

our teams not only form intent, but deliver outcomes—

outcomes that advance the state of the art and improve the

lives of the people they serve.

https://www-

356.ibm.com/partnerworld/wps/static/watsonbuild/media/IBM%20D

esign%20Thinking%20Field%20Guide%20Watson%20Build%20v3

.5_ac.pdf

The IBM Cloud Garage Method Field Guide documents

IBM’s approach to enable business, development, and

operations to continuously design, deliver, and validate new

function. The Garage Method’s practices, toolchains and

architectures are fundamental to transforming the entire

product lifecycle.

Practices

Tools and toolchains

Architectures

https://ibm.biz/garage-method-field-guide

Business pressures demand faster time to market and app

modernization. IBM can make this easy for you and bring

immediate benefits:

Accelerate digital transformation

Improve developer productivity

Improve operational efficiency and standardization

https://www.ibm.com/cloud/garage/content/culture/app-

modernization-field-guide/

https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=IMM14209USEN
https://www-356.ibm.com/partnerworld/wps/static/watsonbuild/media/IBM%20Design%20Thinking%20Field%20Guide%20Watson%20Build%20v3.5_ac.pdf
https://ibm.biz/garage-method-field-guide
https://www.ibm.com/cloud/garage/content/culture/app-modernization-field-guide/
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IBM Cloud Private offers Platform as a Service (PaaS), with

the benefits of a public cloud, including rapid deployment and

scalability, increased performance, predictable costs, tighter

security and flexible management options. A catalog of

certified content provides containerized software,

middleware, management and acceleration tools.

Security and governance

Speed and elasticity

Built for DevOps

Out of the box accelerators

https://www.ibm.com/cloud/garage/content/culture/private-cloud-

field-guide/

The IBM Data and Analytics Strategy Field Guide documents 

a strategy to connect your business plan and outcomes to 

your data and analytics requirements. We can help you 

develop the roadmap to quickly achieve success. It starts 

with these principles:

Make data simple and accessible

Build a trusted analytics foundation

Scale insights on demand

https://www.ibm.com/cloud/garage/content/culture/data-analytics-

field-guide/

As cloud technologies continue to challenge the fundamental

understanding of how businesses work, smart companies are

moving quickly to adapt to a changing set of rules. Adopting

the cloud requires a clear roadmap backed by use cases,

grounded in practical real-world experience, to show the

routes to successful adoption. The Cloud Adoption Playbook

helps business and technology leaders in enterprise

organizations sort through the options and make the best

choices for accelerating cloud adoption and digital

transformation.

https://www.amazon.com/Cloud-Adoption-Playbook-Transforming-

Organization/dp/1119491819

https://www.ibm.com/cloud/garage/content/culture/private-cloud-field-guide/
https://www.ibm.com/cloud/garage/content/culture/data-analytics-field-guide/
https://www.amazon.com/Cloud-Adoption-Playbook-Transforming-Organization/dp/1119491819

