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The Cooperat ive  Truck Platooning System (CTPS)  tr ial  successful ly
demonstrated two Class  8  connected automated vehicles  (CAVs).  Each truck
was equipped with Level  2  driving automation that  supported lane
centering,  and adaptive  cruise  control  features.  The vehicles  platooned as  a
"road train"  separated by three,  four,  or  f ive-second intervals .   This  tr ial  is
the f i rst  s tudy in  Canada to  demonstrate  CTPS in  business  operat ions  on
public  roads.

A ' test-bed'  approach was used to  val idate  technology readiness  through
system monitoring and oversight .  Over  225 track tests  were completed to
analyze s ingle  truck breaking,  platooning breaking,  traf f ic  vehicle  cut- ins,
sudden reveal  traf f ic ,  automatic  emergency braking,  connectivi ty ,  as  wel l  as
dayl ight  and nightt ime operat ions.  Demonstrat ions  then progressed to  road
trials  where the advanced driver  system was safely  integrated into real-
world traf f ic  scenarios.

Extensive  vehicle  instrumentat ion was completed to  col lect  tr ial  data.
Vehicle  operat ions  were conducted on Queen El izabeth Highway 2,  Alberta 's
busiest  corr idor,  during the fal l  and winter  seasons.  Trials  contrasted non-
platooning and platooning operat ions  and captured the benefi ts  and
vulnerabi l i t ies  of  this  new technology.  

Through this  tr ial ,  instantaneous fuel  consumption was measured to
identi fy  i f  vehicle-to-vehicle  communication with forward sensors  was  able
to  maintain constant  fol lowing distance and shorter  gaps  between the
vehicles .  This  would result  in  potential  fuel  ef f ic iencies.  

The platooning tr ials  a lso  measured how vehicle  accelerat ion and
decelerat ion,  traf f ic  interact ions,  vehicle  weight  and road condit ions
contributed to  fuel  consumption.  Trials  were conducted,  in  part ,  to  identi fy
i f  platooning technology has  the potential  to  reduce greenhouse gas
emissions and contribute  to  a  more ef f ic ient  transportat ion network.  
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Feasibility and Safety
The tr ials  confirmed that  CTPS technology can be used to  support  f reight
transport  during Canadian winters .  Through the tr ial ,  CTPS was engaged for
over  22,855km with no hazardous sudden braking or  traf f ic  events .

Platooning Engagement
From January  to  February,  platoon engagement  rat ios  varied.  On average,  a
platoon rat io  of  55% was achieved with a  maximum platooning engagement
rat io  of  96%.  Winter  road condit ions  included bare  dry,  bare  wet ,  part ial
snow cover,  and shoulder  ice/snow surfaces.  

Acceleration Profile
Over  60% of  the tr ips  included at  least  one accelerat ion event.  The 
fol lower  truck experienced 33% more accelerat ions  and 48% more
decelerat ions  than the lead truck.  
 

Fuel Consumption
Instantaneous fuel  consumption was measured during the tr ials .  The
average fuel  consumption for  these tr ips  ranged from 0.7  to  1 .4
kg/ton•100km. Truck weight  was  the dominant  factor  with respect  to  fuel
consumption during platooning.  The fol lower  truck general ly  consumed
more fuel  than the lead truck during the platooning tr ials .

NOx Emissions
The accumulated speci f ic  NOx (engine-out)  showed higher  emissions during
tr ips  with l ight  cargo loads.  The average speci f ic  NOx was about  10  g/(ton
100km).  No strong trend was noticed.

Traffic Interaction
Traff ic  cut- ins  and cut-outs  occurred frequently .  On average,  cut- in  events
increased from 1.6  t imes per  hour  at  three seconds to  f ive  t imes per  hour  at
f ive  seconds.  This  invaluable  tr ial  val idated the usage of  CTPS technology
with three-  to  f ive-second platooning distances  in  a  variety  of  road surface
condit ions  during Canadian freight  operat ions.  
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Cooperative  truck platooning

consists  of  a  lead truck and

fol low truck that  are

electronical ly  connected.  

Cri t ical  data  is  continuously

transmitted from the lead truck

to the fol lower  truck to  al low

optimal  braking and accelerat ion

as  vehicles  interact  with road

traf f ic .  The engine control  unit

(ECU) connects  the braking and

steering to  support  lane

centering and connected

adaptive  cruise  control .  

For  the tr ial ,  two Peterbi l t  579

Class  8  trucks  were equipped

with radar,  cameras,  GPS,  a

vehicle-to-vehicle

communication system,  and

other  truck sensors.  

On-road tr ials  were conducted on

Highway 2  from Calgary  to

Edmonton and back.  This  route

was chosen as  i t  is  a  divided

highway with a  variety  of  grades

and long,  s traight  road sect ions.  

The platooning system was

engaged from Airdrie  to  Leduc,  a

234 km sect ion of  highway.

i n t r o d u c t i o n
C A N A D A ' S  F I R S T  O N - R O A D  
C O O P E R A T I V E  T R U C K  P L A T O O N I N G  S Y S T E M  T R I A L S

Validate  vehicle  safety

Evaluate  fuel  consumption

Review tai lpipe emissions and air

pol lutants  

Examine traf f ic  f low interact ions 

Assess  the driver  experience  

Create  an awareness  of  automated

and connected vehicle

technologies  

Trial Goals
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Pronto provided two vehicles  equipped with SAE Level  2  driver-assist

systems.  Pronto also  provided technology support ,  as  wel l  as  subject

matter  experts  to  complete  driver  training.  The Pronto driver-assist  

system supports  s teering and decelerat ion/ accelerat ion (s imultaneous

lane-centering and adaptive  cruise  control) .  Level  2  automation systems

require  the driver  to  constantly  supervise  the vehicle  and be ready to  take

control  of  the truck as  needed.  This  is  of ten referred to  as  'Driver  in  the

Loop' .

To engage the trucks  in  a  platoon,  the fol lowing condit ions  must  be met:

introduction
D R I V E R  A S S I S T  T E C H N O L O G I E S

1

2

3

T H E  F O L L O W E R  T R U C K  A N D  L E A D  T R U C K  M U S T  B O T H  B E  I N   ' C O -
P I L O T '  M O D E .

T H E  F O L L O W E R  T R U C K  A N D  T H E  L E A D  T R U C K  M U S T  B O T H  B E  I N  T H E
S A M E  L A N E .

T O  F I R S T  C O N N E C T  T H E  T R U C K S  A S  A  P L A T O O N ,  A  V E H I C L E  C A N N O T
B E  I N  B E T W E E N  T H E  C O - P I L O T I N G  T R U C K S .






     TERMINOLOGY

Co-pilot  is  the term used by

Pronto to  describe i ts  lane-

centering and adaptive  cruise

control  function.  This  system is

manually  engaged by the driver .

Co-pi lot  must  be engaged on

both the lead and the fol lower

truck before  the trucks  can act  as

a  platoon.



i n t r o d u c t i o n
D R I V E R - A S S I S T  T E C H N O L O G I E S

Forward-facing radar  translates  road markings  into  a  matrix  of  dots

and dashes  that  centre  the vehicle  in  the lane of  travel .

Forward-facing cameras  are
mounted in  the windshield

and front  bumper.  These
cameras  identi fy  objects  in
front  of  the vehicle  as  road

obstacles.  



Onboard sensors
automatical ly  adjust  the

vehicle  speed to  maintain a
safe  distance from the

obstacles  in  front  of  the
vehicle.



 Driver-assist  technologies
are  being advanced to  save
l ives,  prevent  injuries ,  and

reduce road accidents .
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1 .  S I N G L E - T R U C K  B R E A K I N G
    L E A D  T R U C K ,  F O L L O W  T R U C K

2 .  P L A T O O N - B R E A K I N G
    C O N S T A N T  S P E E D ,  A C C E L E R A T I O N ,
    D E C E L E R A T I O N

3 .  T R A F F I C  C U T - I N S
    S A M E  S P E E D ,  D E C E L E R A T I O N ,
    A C C E L E R A T I O N

4 .  S L O W E R - M O V I N G  T R A F F I C  

5 .  A U T O M A T I C  E M E R G E N C Y
    B R A K I N G

6 .  D A Y  A N D  N I G H T  T E S T I N G

7 .  D R Y  A N D  W E T  S U R F A C E  T E S T I N G

8 .  S U D D E N  T R A F F I C  R E V E A L
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O n - T r a c k  V A L I D A T I O N
P M G  T E C H N O L O G I E S  T E S T  A N D  R E S E A R C H  C E N T R E

Technology test ing was completed at  PMG Technologies  in  Blainvi l le ,
Quebec.  A total  of  225 tests  were conducted.

Init ial  test ing was completed at  lower
speeds ut i l iz ing a  programmable soft
target .  This  'soft  target '  was  designed
specif ical ly  for  the tr ials  on a  skateboard
frame.  
That  'soft  target '  was  safe  to  drive  over
and simple  to  reconstruct  i f  a  vehicle  hit
occurred.  Higher  speed-test ing was
completed with a  programmable robotic
car.  Track-test ing parameters  reviewed
included:












 The co-pi lot  and platooning

systems were only  engaged

outside of  the ci ty  l imits

between Airdrie  and Leduc.  

The total  distance from Calgary

to  Edmonton and back was 

660 km.

 A
ir

d
ri

e 
to

 L
ed

u
c
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Edmonton
Led

u
c to A

ird
rie

Calgary

Trip 1

Trip 2

Drivers  departed Calgary
around 7:00am and returned to
Calgary  as  the sun was sett ing
between 5:00 and 7:00pm. The
majori ty  of  the tr ips  were
completed during dayl ight
hours.  

o n - r o a d  t e s t i n g
T R I A L  R O U T E

On-road act ivi t ies  began in
October  2021 and concluded
February  2022.  

During the tr ials ,  dr ivers  picked
up their  f i rst  load in  Calgary  and
then dropped this  load in
Edmonton.  A second load was
then acquired for  the return tr ip
to  Calgary.  Al l  t r ips  began and
ended at  Bison Transport  in
Calgary.  



o n - r o a d  t e s t i n g
D R I V E R S

1 0
















Drivers  completed driver  training and part icipated in  a  detai led information
session before  the tr ials  began.  

For  each tr ip,  drivers  completed a  set  of  tablet-based cognit ive  tasks  (TBCT)
at  the beginning and end of  their  shi f t .  While  the drivers  interacted with the
driver  assist  and platooning technology,  brain act ivi ty  was  monitored using
a Muse headband,  and eye gaze and bl ink rate  were captured through a  dash
a mounted eye-tracking system (see below).   

Nine drivers  part icipated in  the CTPS tr ials .  Unfortunately ,  t rending driver
conclusions were not  at tained.  The number of  part icipants  or  length of  the
tr ials  would need to  be s ignif icantly  increased to  attain data  that  could be
used to  predict  future  events .  A  special  thank you goes  out  to  the drivers
wil l ing to  advance this  f i rst  on-road Canadian tr ial .  

Data  col lect ion did confirm that  the equipment  used was wel l  suited for  the
tr ial .  Human data  was also  able  to  be synchronized to  t ime-stamped driving
events  that  were hoped to  support  conclusive  and trending analysis .
Col lect ing driver  data  proved to  be a  highly  labor  intensive  process.   
















S U B S Y S T E M

P L A T O O N I N G
P E R F O R M A N C E  A N D

P A R A M E T E R S

VARIABLE

RADAR
DISTANCE GAP
BETWEEN TRUCKS
FORWARD-LOOKING
VIDEO

RADAR
DISTANCE GAP
BETWEEN TRUCKS
FORWARD-LOOKING
VIDEO

F U E L  C O N S U M P T I O N  A N D
E M I S S I O N S

FUEL MASS FLOW-
RATE,  FOLLOWER
TRUCK
FUEL MASS FLOW-
RATE,  LEAD TRUCK

NITROGEN OXIDES
CARBON DIOXIDE
EMISSIONS

V E H I C L E

ACCELERATION
BRAKING
TRUCK AND TRAILER
WEIGHT

INSTANTANEOUS FUEL
CONSUMPTION

V E H I C L E  C A B I N

HVAC PARAMETERS
TEMPERATURE,
BAROMETRIC
PRESSURE,  RELATIVE
HUMIDITY,  AND CO2

DRIVER-FACE VIDEO
FOR EMOTIONAL
IDENTIFICATION
STEERING WHEEL AND
CABIN VIDEO

V E H I C L E  D Y N A M I C S

WHEELS ROTATIONAL
SPEED
YAW ANGLE AND
SPEED

STEERING WHEEL
ROLL ANGLE AND
SPEED

W E A T H E R

TEMPERATURE
WINDSPEED
DIRECTION

RELATIVE HUMIDITY
PRECIPITATION

T R A F F I C
TRAFFIC VOLUMEVEHICLE

INTERACTIONS

G P S

ROAD SLOPEPOSITION
SPEED

D R I V E R
COGNITION
ELECTROENCEPHALOGRAM (EEG)
EYE MOVEMENT AND BLINK RATE
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The lead and fol lower  trucks  were both equipped with nine subsystems
that  col lected synchronized and t ime-stamped tr ial  data.  

D A T A  C O L L E C T I O N
V E H I C L E  D A T A  S U B S Y S T E M S  A N D  V A R I A B L E S
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D a t a  C o l l e c t i o n
V E H I C L E  A N D  S U B S Y S T E M  D A T A  C O L L E C T I O N
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Lead Truck

Follower Truck

Vehicle  data  col lect ion was

monitored at  the beginning

and end of  each tr ip  to

ensure successful  data

col lect ion.  

Remote l ive  monitoring was

enabled by various  data

recording systems.

A custom-designed data

acquisi t ion (DAQ) system

collected,  saved,  and t ime-

synchronized subsystem

data.  Platooning

performance (radar

distance),  instantaneous

fuel  consumption,  GPS,

vehicle  speed,  accelerat ion,

powertrain,  exhaust

aftertreatment,  vehicle

cabin,  weather,  t raf f ic ,  and

driver  behaviour  data  were

col lected.  

Over  one terabyte  of  vehicle

performance data  was

col lected during the tr ial .
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A total  of  339 data  parametres  with up to  ten Hertz  (10  Hz)*  sampling

frequency were col lected from the two trucks  and integrated by the DAQ

system.  

Due to  a  large number of  t r ial  part icipants  and drivers  interact ing with the

vehicles ,  c lear  power-up/power-down procedures  and processes  were

art iculated to  ensure the sensors  and devices  worked properly .  On

occasion,  human error  with start-up or  shut-down procedures  resulted in

data  loss  or  schedule  delays,  necessi tat ing vehicle  boosts  or  equipment

repairs .

*Hertz  is  a  unit  of  f requency equivalent  to  one event  (or  cycle)  per  second.
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D A T A  C O L L E C T I O N
V E H I C L E  D A T A  C O L L E C T I O N  E Q U I P M E N T
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T A S K T O T A L

N U M B E R  O F
P L A T O O N I N G  T R I P S

28

41% - 96%

3, 4, 5 SECONDS

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
S U M M A R Y

1 4

 P L A T O O N I N G  E N G A G E M E N T

T I M E  G A P

T O T A L  M I L E A G E 22,800 KM
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71.4%

Road Conditions 

21.4%

3.6%

3.6%

Bare Dry

Bare Wet

Partial Snow Cover

Shoulder Ice/Snow

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
W E A T H E R
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Road-surface condit ions  during the tr ial  included bare  dry,  bare  wet ,

part ial  snow cover,  and shoulder  ice/snow.  The largest  port ion of  the tr ials

were bare  dry,  accounting for  71.4% of  the platooning tr ial .  The remaining

tr ips  experienced freeze/thaw road condit ions,  part ial  snow cover,  and

shoulder  ice/snow road condit ions.  Drivers  were instructed to  apply

exist ing cruise-control  company protocols  to  engage driver-assist  and

platooning features.

A C C E L E R A T I O N  E V E N T S
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There were a  total  of  32  accelerat ion events  (a  ≥  0 .3  m/s²)  for  the lead truck

and 24 accelerat ion events  (a  ≥  0 .3  m/s²)  for  the fol lower  truck.  On January

22,  23,  25,  and 26 platooning tr ips,  the maximum accelerat ion was 0.40  m/s²   

in  the fol lower  truck.  60% of  platooning tr ips  experienced at  least  one

accelerat ion event  of  ≥  0 .3  m/s² ;  with the fol lower  truck having fewer  high-

accelerat ion events  than the lead truck.

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
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In  total ,  there  were 71  decelerat ion events  (a  ≤  -0.5  m/s²)  for  the lead
truck,  and 147 decelerat ion events  (a  ≤  -0.5  m/s²)  for  the fol lower  truck.
73% of  platooning tr ips  experienced at  least  one decelerat ion event  of  a    
 ≤  -0 .5  m/s² .  

The fol lower  truck experienced a  greater  number of  decelerat ion events
than the leading truck.  On January  23,  a  c lose  proximity  cut- in  occurred,
which caused the fol lower  truck to  decelerate  by  2 .02  m/s² .  This  was  the
greatest  decelerat ion event  that  occurred during the tr ials .

D E C E L E R A T I O N  E V E N T S
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f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
V E H I C L E  S P E E D  D U R I N G  P L A T O O N I N G
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Following Truck
     Maximum Speed Range: 96.1 - 114.5 km/h
     Minimum Speed Range: 62.6 - 80.9 km/h
     Average Speed Range: 87.6 - 95.2 km/h

Lead Truck
      Maximum Speed Range: 97.6 - 115.8 km/h
      Minimum Speed Range: 57.2 - 84.2 km/h
      Average Speed Range: 88.7 - 95.0 km/h
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For  the CTPS tr ials ,  a l l  of  the fuel
consumption values  are  reported
from the AIC f low metres  except
when indicated.

The fuel  consumption for  identical
makes  and models  of  t rucks  can
vary  due to  manufacturing
dif ferences  and small  variances
between powertrain systems.  

This  di f ference between the fuel
consumption of  the lead and
fol lower  trucks  can make i t
complex when analyzing the
comparison of  fuel  consumption
while  platooning.  

F U E L  C O N S U M P T I O N  F O R
T H E  L E A D  A N D  F O L L O W E R

T R U C K S  C A N  D I F F E R
G R E A T L Y ,  M A K I N G

C O M P A R I S O N S  W H I L E
P L A T O O N I N G  C O M P L E X .

Analysis  of  the fuel  consumption

behaviour  was conducted using

real-t ime consumption

measurements  through the AIC

fuel- f low meter .

The fuel  f low meter  was  instal led

upstream from the fuel  l ine,  to

monitor  fuel  f rom the fuel  tank as

i t  passed to  the engine.  There was

a water  separator  between the

AIC f low meter  and the engine.  

Water  separators  always  have an

empty cavity  f i l led with air .  The

air- f i l led volume acts  l ike  a

compressible  medium and causes

the fuel  f low to  be dependent  on

a range of  pressure di f ferences.

Pressure variances  wil l  cause a

t ime delay  for  instantaneous fuel

consumption measurement.  

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
F U E L  C O N S U M P T O N  -  L I M I T A T I O N S
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Speed 80 km/h 90 km/h 100 km/h

Tractor 3% 9% 22%

Tractor + 30 Ton 12% 7% 6%

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
N O N - P L A T O O N I N G  F U E L  T E S T S

Leading Tractor

Following Tractor
Leading Tractor + 30 ton

Leading Tractor + 30 ton

Basel ine fuel  consumption comparisons for  the tractor  (only)  and loaded
truck configurat ions  are  shown above.  The results  compared fuel
consumption at  three f ixed speeds ( i .e . ,  80,  90,  100 km/h).  When only  the
tractor  was  considered the lead tractor  consumed more fuel .   When the
loaded tractor  was  considered,  the lead vehicle  combination attained a
sl ightly  higher  fuel  consumption.  Basel ine on-road tests  are  presented in
the fol lowing table.
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Specif ic  fuel  consumption is  a  measure of  the amount  of  fuel  consumed

by a  vehicle  for  each unit  of  power  output  and is  measured in  units  of

g/kW•hr.  The speci f ic  fuel  consumption of  a  truck depends on the

engine load and speed.  

A brake-speci f ic  fuel  consumption map was constructed from

approximately  3 ,000 data  points .  I t  was  determined that  the most

ef f ic ient  fuel  consumption zone was located to  be around 1400-1600 Nm

and 1100 rpm.  

With the engine operat ing in  this  range,  the engine has  the highest

brake thermal  ef f ic iency measurements,  which produced a  speci f ic  fuel

consumption of  190g/(kW•hr) .

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
E N G I N E  S P E C I F I C  F U E L  C O N S U M P T I O N  M A P

2 0
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f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
P L A T O O N I N G  F U E L  C O N S U M P T I O N
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The graph below displays  the

accumulated fuel  consumption of

both trucks.  Truck weights  are  a

cri t ical  factor  for  speci f ic  fuel

consumption.  

The below tr ips  are  sorted based

on the ascending weights  of  the

lead truck.  Trips  where the lead

truck had lower  weights  are

displayed on the lef t  s ide of  the

graph,  and higher  load weights

are  on the r ight  s ide of  the graph.

The fol lower  truck patterns

ref lect  the total  vehicle/load

weight  for  each tr ip

  1 .  When the lead and fol lower

      t ruck have s imilar  weights ,   

      fuel  consumption is  s imilar .  

  2 .  When the lead truck is  

       heavier ,  the fuel  

       consumption for  the lead 

       t ruck is  lower.

  3 .  Trips  with empty trai lers

      have higher  fuel  consumption.

Speci f ic  fuel  consumption varies  from 0.5  to  1 .3  kg/ton of  over  100 km.
For  heavier  configurat ions,  the speci f ic  fuel  consumption approached
values  of  0 .65kg/(ton•100km).  The average fuel  consumptions for  these
tr ips  ranged from 0.7  to  1 .4  kg/ton•100km. 

Data sorted, based on truck weight
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E n g i n e - o p t i m i z a t i o n  i s  t h e  d o m i n a n t  f a c t o r  w i t h  r e s p e c t  t o  f u e l
c o n s u m p t i o n  d u r i n g  p l a t o o n i n g .  T h e  f o l l o w e r  t r u c k  t y p i c a l l y  c a r r i e d  

l i g h t e r  l o a d s  a n d  o p e r a t e d  f u r t h e s t  o u t s i d e  o f  t h e  e n g i n e  o p t i m i z a t i o n
r a n g e ,  t h e r e f o r e ,  g e n e r a l l y  c o n s u m i n g  m o r e  f u e l  t h a n  t h e  l e a d  t r u c k  

d u r i n g  p l a t o o n i n g .

When there  is  a  substantial  weight  di f ference between the lead and

fol lower  trucks,  the fuel  consumption of  the heavier  truck is  lower  than

the l ighter  truck 

The lead truck consumed more fuel  than the fol lower  truck under  normal

non-platooning condit ions.  However,  when platooning was engaged,  the

fol lower  truck displayed an increase in  fuel  consumption when compared

to the lead truck.  This  could be due to  the fact  that  the lead and fol lower

trucks  had an average ef fect ive  distance of  over  four  seconds ( i .e . ,  >  100

m) during platooning tr ips.

Due to  this  factor ,  the fol lower  truck experienced an aerodynamic drag

reduction.  Data  confirmed that  the power  prof i le  and speed prof i le  of  the

fol lower  truck was not  as  smooth as  the lead truck.

f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
P L A T O O N I N G  F U E L  C O N S U M P T I O N

2 2

Both the lead and fol lower  trucks  were equipped with two NOx sensors.

The f irst  NOx sensor  was located before  the af ter-treatment  system that

measures  engine-out  NOx.  The second NOx sensor  was s i tuated after  the

exhaust  af ter-treatment  system.  This  sensor  measures  NOx levels  emitted

from the tai lpipe.  Data  from both NOx sensors  were captured

instantaneously  during each tr ial  and were measured in  ppm.

The after-treatment  systems of  the two trucks  had di f ferent  conversion

eff ic iencies.  The lead truck's  af ter-treatment  system demonstrated a

stronger  conversion ef f ic iency when compared to  the fol lower  truck.

Because of  this  factor ,  comparing tai lpipe NOx in  platooning tr ips  was too

complex and wil l ,  therefore,  not  be presented in  this  report .



f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
N O X  E M I S S I O N S  D A T A

The speci f ic  NOx emission and weights  of  both trucks  are  shown in the

f igure  above.  The tr ips  were sorted based on ascending weights  of  the lead

truck.  Trips  with an empty trai ler  produced larger  readings  of  speci f ic

NOx.  Speci f ic  NOx varies  from about  10  to  34  g/ton of  truck over  100 km.

For  the heavy configurat ions,  speci f ic  NOx gets  c lose  to  the values  of  

10  g/(ton•100km).  

Speci f ic  NOx for  the tr ips  from Calgary  to  Edmonton ranged from 9 to  

18  g/(ton•100km),  except  one tr ip  with 21.2g/(ton•100km).  The speci f ic

NOx for  the tr ips  from Edmonton to  Calgary  ranged from 13 to  

34  g/(ton•100km).  Trips  from Edmonton to  Calgary  produced higher

speci f ic  NOx compared to  the reverse  path.  This  could be caused by

dif ferences  in  the engine operat ing points ,  s ince Edmonton’s  al t i tude is  

378 m less  than that  of  Calgary.

When the weight  of  the lead and fol lower  trucks  were substantial ly

di f ferent ,  i t  was  observed that  the l ighter  truck produced lower  speci f ic

NOx emissions.  Therefore,  the weight  of  the truck was the dominant  factor

when examining engine-out  speci f ic  NOx emissions.  For  trucks  with a

similar  weight ,  no strong trend was observed for  the ef fect  of  platooning

on NOx emissions.

0 12 3
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f i n d i n g s  a n d  t r i a l  l i m i t a t i o n s
C O 2  A N D  G R E E N H O U S E  G A S  E M I S S I O N S

2 4

Calgary to Edmonton

Edmonton to Calgary

Calgary to Edmonton CO2 Emissions ranged from 1.55 - 3 kg/(ton•100km)

Edmonton to Calgary CO2 Emissions ranged from 2.27 - 4.78 kg/(ton•100km)

C O 2  E M I S S I O N S  F R O M  E D M O N T O N  T O  C A L G A R Y  W E R E
G R E A T E R  T H A N  T H E  E M I S S I O N S  F R O M  C A L G A R Y  T O

E D M O N T O N
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1.  Lane-centering assist  is  a  Level  2  autonomous technology that  aids  the 

    dr iver  to  keep the vehicle  centered in  the lane of  travel .  Lane-centering is

    counterintuit ive  for  many drivers ,  speci f ical ly  truck drivers ,  who are  trained

    to  posit ion their  vehicle  s l ight ly  to  the r ight  of  the lane.

2.  Well- traveled highways have sect ions  of  rutted roads.  These deep,  narrow

    t rai ls  are  located s l ightly  to  the r ight  of  the lane surface.  When rutted roads

    are  encountered,  lane-centering technology struggles  to  travel  in  the center

    of  the lane and creates  an uncomfortable  vehicle  osci l lat ion.

3.  As  roads merge,  highway markings  often "disappear" ,  causing co-pi lot  and

    p latooning functions to  disengage.  Drivers  must  be ready to  take over  at  a l l

    t imes,  speci f ical ly  in  s i tuat ions when absent  road-markings  occur.

4.  There are  13  bridge overpasses  on Highway 2.  The overpass  near  Leduc

    caused the co-pi lot  and platooning features  to  disengage.  To avoid this

    anomaly  as  a  tr ial  r isk,  drivers  were instructed to  engage and disengage

    co-pi lot  and platooning outside of  Leduc.  

1
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L E S S O N S  L E A R N E D
V E H I C L E  T E C H N O L O G Y

The Cooperat ive  Truck Platooning System (CTPS)  tr ials  were conducted

between February  2021 and September  2022.  This  20-month tr ial  resulted in

many successes  and lessons learned.
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1The operat ion of  data  systems and subsystems needed to  be val idated before
drivers  departed at  7 :00am. On occasion,  researchers  were required to  meet
with the drivers  mid-tr ip  in  Edmonton to  troubleshoot  equipment  fai lures  or
lost  data  connections.  

Data  col lect ion is  cr i t ical  to  the success  of  a  tr ial .  Highly  automated,  c lear ,
repeatable  processes  must  be developed and fol lowed.

1.

 
  2 .  Data  equipment  was not  properly  shut  down twice during the f i rst  week of
      t r ia ls .  The data  system drained the auxi l iary  vehicle  battery,  result ing in  the
      need for  an unplanned vehicle  boost .  Addit ional  training was provided to
      reduce human error.  Turning of f  the data  col lect ion system correct ly  added
      addit ional  s tress  and tasks  to  the drivers '  end-of-day responsibi l i t ies .  

  3 .  Col lect ing driver  data  was more laborious than col lect ing vehicle  data.  A
      researcher  was  required to  cal ibrate  driver-speci f ic  equipment  in  Calgary
      upon departure  and again in  Edmonton before  drivers  began their  return
      t r ips.  COVID-19 i l lnesses  reduced research staf f  numbers  during the tr ials ,
      making human data  col lect ion more chal lenging than anticipated.  

  4 .  A  data  acquisi t ion (DAQ) system to  col lect  and synchronize  tr ial  data  was
      not  able  to  be sourced.  A custom unit  was  developed and designed by 
      Dr.  Mahdi  Shahbakhti 's  research team for  the CTPS tr ials .    
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L E S S O N S  L E A R N E D
D A T A  C O L L E C T I O N
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L E S S O N S  L E A R N E D

Commercial  driving is  a  highly  independent  career,  and drivers  are  used to   
 working alone.  During the CTPS tr ials ,  dr ivers  were paired and required to
col laborate  on departure  t imes as  teammates.

1.

  2 . Inef f ic iencies  were experienced as  drivers  could not  hook up their  trai lers  
     and go.  Drivers  were required to  wait  for  whoever  took the longest  to
     retr ieve/  drop-off  their  dai ly  loads and connect  outside the ci ty  l imits  before
     s tart ing their  routes.  Bison adjusted company scheduling to  al low for  the 
     p ick-up and drop-off  of  f reight  f rom a central  yard when possible.  Drivers  
     were  thri l led when yard-to-yard freight  pick-up and drop-off  was  avai lable  
     and disappointed when this  task  was not  removed from their  l is t  of  t r ial
     responsibi l i t ies .  First-  and last-mile  del ivery  extended unpredictable  t ime
     variables  in  a  driver 's  day.  This  resulted in  an unanticipated tr ial  variable  to
     consider.

  3 .Training was provided to  each driver  scheduled to  operate  the platooning
     system.  Future  studies  must  consider  providing not  only  training but
     establ ishing a  level  of  comfort  for  each driver  interact ing with the new
     technology.  As  comfort  is  subject ive,  varying lengths  of  vehicle  exposure
     are  needed for  each individual  tr ial  part icipant.
  
  4 .When hauling two trai lers ,  f leets  place the heavier  trai ler  in  front  and the
     l ighter  trai ler  in  back.  When platooning,  this  must  be reproduced with the
     heaviest  vehicle  combination,  assuming the lead and the l ighter  vehicle
     combination in  the fol lowing posit ion.  Dispatchers  were not  always
     aware of  this  requirement  and often assigned the wrong trai ler  to  the lead
     and fol lower  trucks.  Trai ler  weights  and vehicle-posit ioning require  constant
     monitoring.

 5 .Public  interact ions  with heavy-duty  trucks  are  surpris ingly  bold.  Although
    passenger  vehicles  are  c losely  posit ioned next  to  a  f reight  truck,  many 
    dr ivers  are  fearless  and cut  immediately  in  front  of  a  heavy-loaded truck.   
    Tr ials  confirmed that  minimizing the gap between two heavy-duty  trucks  
    reduces  the tendency for  passenger  vehicles  to  move between them.

C A R R I E R  O P E R A T I O N S
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A D D I T O N A L  I N F O R M A T O I N

For  addit ional  tr ial  information,  or  to  receive  the detai led Vehicle  Analyt ics  
or  On-Road Driver  Experience reports  created for  the CTPS tr ials ,  please vis i t
transformingtransportat ion.ca  or  amta.ca.

C O O P E R A T I V E  T R U C K  P L A T O O N I N G  S Y S T E M  T R I A L

.

W e  w o u l d  l i k e  t o  e x t e n d  o u r  t h a n k s  t o  t h e  1 0 0 +  p r o j e c t  c o l l a b o r a t o r s ,
i n c l u d i n g  T r a n s p o r t  C a n a d a ,  A l b e r t a  T r a n s p o r t a t i o n  ( n o w  T E C ) ,  B i s o n

T r a n s p o r t ,  P M G  T e c h n o l o g i e s ,  P r o n t o ,  S o l a r i s  F a t i g u e  M a n a g e m e n t ,
T a n t u s ,  U n i v e r s i t y  o f  A l b e r t a  V e h i c l e  A n a l y t i c  t e a m ,  D r i v e r  E x p e r i e n c e

t e a m  a n d  T r a f f i c  I n t e r a c t i o n  t e a m ,  a n d  p r o j e c t  s p o n s o r  E s s o .


