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Platoon Formation 
Merge and split vehicle

platoons on the fly
Predictions on whether it is beneficial 

for a vehicle to catch up another vehicle

Liang et al., 2016

Optimal speed profiles for platoon formation

Platoon Formation 

Liang et al., 2016; Cicic et al., 2017 

Optimal speed profiles for platoon formation

Formation
Controller

Traffic and 
Vehicle

Predictor

Feedback control of merging point based on 
real-time vehicle states and traffic information



7/8/19

3

• Platoon formation of two trucks 
under various traffic conditions

• 600 test runs on E4 in Nov 2015
• Traffic measurements from road 

units together with onboard sensors

Platoon Formation Experiments

Liang et al., 2016
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Fundamental diagram of traffic flow

830K measurements

Traffic dynamics represented by extending the Daganzo (1994) 
cell transmission model (CTM) to handle moving bottlenecks

Platoon Formation Optimization

Cicic and J, 2019

Catch-up phase Platooning phase Split

v1, v2, vp 2 [vmin, vmax]
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• Higher fuel consumption during the catch-up phase
• Lower fuel consumption during the platooning phase
• Merge point depends on velocities during the catch-up phase
• Final split point is fixed to give desired average velocity

Platoon Formation Optimization

Cicic and J, 2019

Catch-up phase Platooning phase
v1, v2, vp 2 [vmin, vmax]
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v1, v2, vp 2 [vmin, vmax]
<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>

v1, v2, vp 2 [vmin, vmax]
<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>

v1, v2, vp 2 [vmin, vmax]
<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>

Merge point
Final split point

�1(⌧m) = �2(⌧m)
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Merge point Final split point

• Slowing down lead vehicle causes heavier traffic for follower vehicle
• Fuel consumption reduced for proposed controller despite later merging

Numerical Example

Cicic and J, 2019

Catch-up phase Platooning phase Split
v1, v2, vp 2 [vmin, vmax]
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v1, v2, vp 2 [vmin, vmax]
<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>

v1, v2, vp 2 [vmin, vmax]
<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>
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• Optimized platoon formation leads to 
2-3% additional energy savings

• Considering the influence of traffic
improves energy savings

Energy Savings

Catch-up phase Platooning phase Split
v1, v2, vp 2 [vmin, vmax]

<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>

v1, v2, vp 2 [vmin, vmax]
<latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit><latexit sha1_base64="rxv4MLu+911wW3L2OFVRVxuoK+0=">AAACFnicbZC7TsMwFIYdriXcCowsFi0SQ1UlXYCtgoWxSIRWaqLIcZ3Wqu1EtlNRRXkLFl6FhQEQK2LjbXAvA7T80pE+/ecc2eePUkaVdpxva2V1bX1js7Rlb+/s7u2XDw7vVZJJTDycsER2IqQIo4J4mmpGOqkkiEeMtKPh9aTfHhGpaCLu9DglAUd9QWOKkTZWWK5Xq7avOGIMjkK3NgobplKfiu4ozH1ORVGbAnooArtaDcsVp+5MBZfBnUMFzNUKy19+L8EZJ0JjhpTquk6qgxxJTTEjhe1niqQID1GfdA0KxIkK8uldBTw1Tg/GiTQlNJy6vzdyxJUa88hMcqQHarE3Mf/rdTMdXwQ5FWmmicCzh+KMQZ3ASUiwRyXBmo0NICyp+SvEAyQR1iZK24TgLp68DF6jfll3bxuV5tU8jRI4BifgDLjgHDTBDWgBD2DwCJ7BK3iznqwX6936mI2uWPOdI/BH1ucP6UeeHw==</latexit>

v1, v2, vp 2 [vmin, vmax]
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Relative energy savings with optimal control

Traffic congestion

Cicic and J, 2019

Optimal control, ignoring traffic 

Recalculating optimal control periodically, 
ignoring traffic conditions

Recalculating optimal control periodically, 
incorporating traffic conditions

Control truck velocity to dissipate congestion
based on traffic densities

Cicic and J, 2018

Traffic density with truck controlTraffic density without truck control

Truck trajectory 
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Conclusions

• Automated and integrated road freight transport
– Optimized vehicle match-making and platoon formation 
– Platoon control over V2V and V2I cellular communication
– Integrated platoon coordinator and cruise-controller

• Platoon formation optimization with traffic
• Control automated platoons to reduce stop-and-go waves
• Ongoing: Incentives, pricing, privacy, legislation,…

people.kth.se/~kallej
B. Besselink et al., Cyber-physical control of road freight transport. Proceedings of IEEE, 104:5, 1128-1141, 2016.

ENSEMBLE multi-brand platooning H2020 project 2018-2021
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