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Don’t let us ask for the Moon, we have automation! 



Learning objectives
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1. Know what RTLS is, and how can RTLS technologies 
improve clinical workflow for higher operation 
efficiency, better patient safety and experience. 

2. Know technologies to improve communications in 
clinic.

3. Know what DICOM and RT PACS are, and 
technologies to automate plan archiving. 



Outline
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1. Clinical workflow and automation options.

2. Real-Time Location system and its applications in 
radiation therapy clinics.

3. Automated communications.

4. Automated chart rounds.

5. Automated plan archiving.



A typical clinical workflow
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A typical clinical workflow
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Automated portion to discuss
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Real-Time Location System
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Real-Time Location System (RTLS) is such a system that 
can tell the care team at any moment locations of 
patients, accessories, equipment and staff.

Why is RTLS useful ? 

1. Track/verify patients

2. Track/verify patient-specific accessories

3. Track shared equipment

4. Track staff



RTLS technologies
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1. Active radio frequency identification (active RFID)

2. Passive radio frequency identification (passive RFID)

3. Active radio frequency-infrared hybrid (active RFID-IR)

4. Infrared (IR)

5. Optical locating

6. Passive RFID RTLS via Steerable Phased Array Antennae

7. Ultrasonic ranging (US-RTLS)

8. Bluetooth Low Energy (BLE) 

9. …



BLE beacon and receiver
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Form factors of BLE beacons

Raspberry Pi as BLE receiver



How does BLE RTLS work ?
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How does BLE RTLS work ?
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Methods for location calculation

▪ Traditional methods – Trilateration, threshold

– Suffer from low accuracy and stability

– Signal strength is affected by building infrastructure

– Signal is affected by strong interference (wavelength ~ 12cm)

▪ Machine learning methods – ANN, CNN, RNN

Bluetooth signal is highly fluctuated!

Faragher et al. 2014, Computer Science.

Trilateration

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1746809419302721&psig=AOvVaw3mP1GQOPp2Gg1kk6sQ0XZy&ust=1585097680574000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDZw5rzsegCFQAAAAAdAAAAABAX


AI solved the problem
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Find location in deep learning

▪ sensors ( > 3 ) to calculate location

▪ Simulate effects of building structure and signal interference

▪ Train the DL database in calibration process (build location 
patterns)

▪ Find the closest pattern in the machine learning database  

Iqbal et al. 2018, PLoS ONE



Deep Learning is more accurate than 

traditional methods

Iqbal et al. 2018, PLoS ONE



Locations of 133 Raspberry Pis
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Building is divided into 144 zones
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RTLS Applications

▪ Tag registration and management

▪ Live Map
– Patient location

– Device location

– Accessory location

– Staff location

▪ Location “google” 

▪ Electronic checklist
– Double check patient’s ID

– Double check accessories

▪ Timeboard

▪ Attendance auto check-in

▪ Patient auto check-in
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RTLS tag registration app
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Live Map app
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Live Map app
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Location “google”
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RTLS assisted electronic checklist
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One of the most effective 
strategies to improve safety 
of radiation therapy 
procedures is to use a 
checklist to verify all relevant 
items prior to each 
treatment delivery as 
suggested by the ASTRO 
committees.



Why use electronic checklist ?
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1. Directly linked to treatment console.

2. Patient specific.

3. Can be automated by RTLS.

4. Web-based app that is easy to use and maintain.

5. Backed by a database to facilitate data analysis & 
investigation.

6. Paperless.
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Electronic checklist – superset
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Electronic checklist – patient-specific set

When the arrow button is clicked, the app will tell users where accessories are. So it is 
also an electronic finder. 
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Electronic checklist in action
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Electronic checklist - analytics
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Result of using electronic checklist

1 year no Lifeguard 4 months with Lifeguard Projected one year with 

Lifeguard

Event total 16 4 12
Near miss total 12 3 9
Combined 28 7 21

The RTLS assisted electronic checklist works well in clinic. Due to automation 

and minimalistic design, the minor extra work for the care team is rewarded with 

noticeable improvements on clinical practice. When the care team is getting used 

to the electronic checklist, it will become even more effective. 



Timeboard – another RTLS app
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1. Have patients well informed

2. Talk to patients when they had waited for too long

3. Do adaptive scheduling when able

4. A reminder for care team



Attendance auto check-in
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▪ Chart rounds
▪ Seminars
▪ Lectures
▪ Oral exams



Potential applications
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▪ Upon patient’s arrival

– Patient auto check-in

– Kiosk / greeting board

– Appointment reminder/updates to smart phone

▪ More analytics tools to improve clinical workflow and 
experience

▪ …



Automated communications
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1. Patient notification

a. Text to patient’s phone (reminder or updates)

b. Smart bulletin board (machine status)

2. Notification within a care team

a. Interactive phone book
1) Email
2) Pager
3) Call

b. Automated reminder in email/pager
1) Clinical duty next day
2) Tasks to fulfil
3) Unfinished work before overdue

3. Interactive PADs



Patient notification

▪ An automated SMS text messaging program is used 
to deliver daily appointment time reminders to 
patients on an elective basis. Automated text 
messages are sent 2 hours before treatment 
appointments with appointment-specific 
information.

(Jun Tan, et. al., "Automated Text Message Reminders Improve Radiation Therapy Compliance," 
IJOBP, Vol. 103, No. 5, pp. 1045e1052, 2019. DOI: https://doi.org/10.1016/j.ijrobp.2018.11.050)



Results of patient notification



Machine status bulletin board

▪ Whether the treatments on each machine have been 
on schedule.

▪ The physicians seeing the patients.

▪ The machine doctor.



Machine status bulletin board



Interactive searchable phonebook
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Interactive Pads for exam rooms

▪ Every exam room has a tablet outside 
the room by the door.

▪ Patient in exam room, check-in and –
out time.

▪ Staff members in room, check-in and –
out time.

▪ Paging a staff by clicking a function 
button.

▪ Holding room for



Automated chart rounds

▪ A list of patients sorted by disease group and 
physicians.

▪ Plan documents can be downloaded and reviewed

▪ Enter review comments.

▪ Log treatment break cause.

▪ Generate attendance report.



Chart rounds, patient list and review
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Automated plan archiving - DICOM

▪ DICOM stands for Digital Imaging and Communication in 
Medicine.

▪ It is the standard devised by the National Electrical 
Manufacturers Association (NEMA) in association with 
American College of Radiology (ACR), aiming to facilitate 
interoperability between systems claiming DICOM 
conformance in a multi-vendor environment. 

▪ DICOM modalities for radiation therapy are also called 
DICOM RT. A RT plan can be exported and archived in a 
Picture Archiving and Communication System (PACS).

▪ A PACS equipped with a RT viewer is called RT PACS.
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Automated plan archiving
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Why do we need a RT PACS ?

▪ A secondary plan backup system in addition to vendor 
provided backup solutions.

▪ Standardized data format, is vendor independent. 

▪ Interchangeable between different systems.

▪ Fast data retrieval for clinical practice and research.

▪ Much longer “shelf life”.

In short, things are easier in DICOM.
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SAM Questions



Question 1
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A. A Real-Time Location System that tracks assets and people for a better 
workflow.

B. A Radiation Therapy Localization System that localizes and tracks 
tumor in real time. 

C. A Real-Time Localization System that localizes and tracks moving 
targets.

D. A Radiation Therapy Lifeguard System to improve patient’s safety in a 
radiation therapy clinic.

What is RTLS ? 



Question 2
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A. Check patient’s identity in at least two methods.

B. Match treatment plan and its treating site. 

C. Use a patient-specific checklist to verify the completion of all checks.

D. All of above.

Ways to improve safety of radiation therapy procedures. 



Question 3
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A. increase clinical operation cost and interrupt clinical procedures too 
often. 

B. improve clinical operation efficiency and patient experience.

C. improve patient safety.

D. only decrease patients’ wait time.

Better communications within a care team, and between 
patients and care team will



Question 4
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A. No, radiation therapy plans cannot be archived in DICOM format.

B. Yes.

Can radiation therapy plans be archived in DICOM objects ? 


