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Overview

 Introduction to SwRI 

SwRI’s Ranger Localization System

Automated Truck Platooning

Automated Trailer Docking (and other apps)
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Benefiting government, industry
and the public through innovative 
science and technology



Southwest Research Institute (SwRI)

Founded in 1947 by Tom Slick

Currently ~2700 Employees

Revenue: ~$550M

10 Technical Divisions



SwRI: From Deep Sea to Deep Space 

Alvin: New Deep Submergence 
Research Vehicle 

New Horizons 2006 - Present



SwRI 

Automated 

Vehicle 

Technology

Off-RoadOn-Road
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Since 2006



Ranger: Camera-based Localization 
System
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Camera Illuminator



Ranger Matches Pavement 
“Fingerprints”
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Map Live 



Ranger Works Like a Very High 
Precision GPS System
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Fig. 11. A portion of the driven path with the evaluation section highlighted.
Circles indicate the locations of individual measurements; the beginning,
middle, and end measurement locations also indicate speed at that location.
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Fig. 12. Left: Close-up of a sample of Ranger measurements (solid red line)
in comparison to GPS (blue dots) over 32 automated passes of the test course.
Right: Close-up of Ranger measurements.

speeds ranged from 9.6m/sat thestart of the evaluation section

to 4.2m/s at the end.

To ensure reliable measurements of lateral offset at the

measurement locations along the path, a second camera was

mounted above the driver side rear wheel. This camera was

used to measure the lateral offset of the vehicle, or, more

specifically, the offset of the rear tire relative to afixed point on

the ground, at each measurement location for each pass. Scale

tags were affixed to the pavement at each of these locations, as

shown in Figure 10, to provide the fixed point of reference on

the ground and an accurate scale to facilitate the conversion

from pixels to centimeters. The actual scale of the images

from which the measurements were made was approximately

4.5 pixels per centimeter.

A total of 25 runs were carried out for the test. Figure 12

shows a close-up comparison of Ranger measurements to GPS

measurements captured during these 25 test runs and 7 pre-

test runs. Images and raw data produced by the Ranger system

and external camera were collected for each run. The images
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Fig. 13. The distribution of measurements of lateral offset aggregated from
all 10 measurement points. Left: Lateral offset measurements obtained from
the externally mounted camera, Right: Lateral offsets as measured by Ranger
after subtracting the corresponding path offset

containing the scale tags were extracted from recorded data

automatically, while the measurements of lateral offset (the

distance converted from pixels between the tire and the scale

tag) were made manually from each image. The precision of

these manual measurements was estimated to be on the order

of 2–3 pixels or 0.44–0.67cm. In Figure 13, the left image

shows the distribution of lateral offset measurements for all

ten of the measurement locations as obtained from this manual

process. This particular set of measurements does not indicate

Ranger precision directly, but it is clear that with a total lateral

variation of less than 4cm, Ranger enables very precise path

following. The right image in Figure 13 shows the distribution

of lateral offsets, relative to the mean, as measured by Ranger.

This measurement does not capture precision exactly, because

the actual path offset contributes to the variance.

To assess the measurement precision, the manually-

measured path offset was subtracted from the corresponding

Ranger-measured offset. After this correction, the standard

deviation of the distribution falls from 1.05cm to 0.87cm. The

minimum and maximum values remain similar at -3.74cm and

3.07cm, respectively. While this precision is quite good, it is

somewhat surprising that the actual lateral offset of the vehicle

was significantly less than the offsets measured by Ranger,

considering that Ranger was the source of the measurements

for feedback control of the vehicle. It is possible that the

the lower observed variance of the path can be attributed to

the filtering effect of the EKF. It is also possible that the

uncertainty in the locations of the scale tags with respect to

the Ranger maps contributed to the observed variance. The

actual tag locations were unfortunately not measured directly

and could therefore only be estimated after the fact.

B. False Positives

A significant fundamental assumption of the Ranger lo-

calization approach is that the likelihood of mismatching a

live image to the wrong map frame is negligibly small. To

verify this assumption, Ranger was tested with over 1 million

non-overlapping image pairs to characterize the ability of the

approach to filter out false positives. The number of inlier

feature correspondences, those that are consistent with a rigid

2-D transformation, for each tested image pair were calculated
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speeds ranged from 9.6m/sat the start of the evaluation section

to 4.2m/s at the end.

To ensure reliable measurements of lateral offset at the

measurement locations along the path, a second camera was

mounted above the driver side rear wheel. This camera was

used to measure the lateral offset of the vehicle, or, more

specifically, the offset of the rear tire relative to afixed point on

the ground, at each measurement location for each pass. Scale

tags were affixed to the pavement at each of these locations, as

shown in Figure 10, to provide the fixed point of reference on

the ground and an accurate scale to facilitate the conversion

from pixels to centimeters. The actual scale of the images

from which the measurements were made was approximately

4.5 pixels per centimeter.

A total of 25 runs were carried out for the test. Figure 12

shows a close-up comparison of Ranger measurements to GPS

measurements captured during these 25 test runs and 7 pre-

test runs. Images and raw data produced by the Ranger system

and external camera were collected for each run. The images
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all 10 measurement points. Left: Lateral offset measurements obtained from
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containing the scale tags were extracted from recorded data

automatically, while the measurements of lateral offset (the

distance converted from pixels between the tire and the scale

tag) were made manually from each image. The precision of

these manual measurements was estimated to be on the order

of 2–3 pixels or 0.44–0.67cm. In Figure 13, the left image

shows the distribution of lateral offset measurements for all

ten of the measurement locations as obtained from this manual

process. This particular set of measurements does not indicate

Ranger precision directly, but it is clear that with a total lateral

variation of less than 4cm, Ranger enables very precise path

following. The right image in Figure 13 shows the distribution

of lateral offsets, relative to the mean, as measured by Ranger.

This measurement does not capture precision exactly, because

the actual path offset contributes to the variance.

To assess the measurement precision, the manually-

measured path offset was subtracted from the corresponding

Ranger-measured offset. After this correction, the standard

deviation of the distribution falls from 1.05cm to 0.87cm. The

minimum and maximum values remain similar at -3.74cm and

3.07cm, respectively. While this precision is quite good, it is

somewhat surprising that the actual lateral offset of the vehicle

was significantly less than the offsets measured by Ranger,

considering that Ranger was the source of the measurements

for feedback control of the vehicle. It is possible that the

the lower observed variance of the path can be attributed to

the filtering effect of the EKF. It is also possible that the

uncertainty in the locations of the scale tags with respect to

the Ranger maps contributed to the observed variance. The

actual tag locations were unfortunately not measured directly

and could therefore only be estimated after the fact.

B. False Positives

A significant fundamental assumption of the Ranger lo-

calization approach is that the likelihood of mismatching a

live image to the wrong map frame is negligibly small. To

verify this assumption, Ranger was tested with over 1 million

non-overlapping image pairs to characterize the ability of the

approach to filter out false positives. The number of inlier

feature correspondences, those that are consistent with a rigid

2-D transformation, for each tested image pair were calculated

GPS Error = +/- 5 feet  

Ranger Error = +/- 1 inch  



Mapping the World
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SwRI Vehicles
(All Use Ranger)
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SwRI White Paper for “Automated Trailer Yard Operations” 
September 16, 2016 
Page 5 
 

 

multiple  uses  in  trailer  yard  environments,  ranging  from  vehicle  safety  (obstacle  avoidance)  to 
yard  environmental  awareness  (creating  a  map  of  where  workers  and  vehicles  are  located  or 
ensuring areas are clear of people and hazards, see Figure 4). 

 

Figure 4: SwRI's image‐based pedestrian detection. 

SwRI’s  object  detection  framework  not  only  enables  a  vehicle  to  “see  and  understand”  its 
environment,  but  it  can  also  be  deployed  in  a  distributed  manner  through  infrastructure 
mounted sensors that provide over‐watch capabilities. 

3.3 Capital and Facility Resources 

SwRI owns a number of  fully automated vehicles.  Figure 5 shows  three of  those vehicles. The 
red  Freightliner  is  fully  actuated  and  is  frequently  used  to  demonstrate  basic  self‐driving 
capabilities  on  a  Class  8  truck  at  SwRI.  Big  Red,  as  it  is  affectionately  named,  was  also 
demonstrated publically at the 2014 ITS World Congress in Detroit. We anticipate using Big Red 
to carry out  initial proof‐of‐concept work  in order to  jump‐start  the process of developing the 
fully actuated  spotter.  In  addition  to  the vehicles,  SwRI has numerous  sensors and computing 
resources to quickly prototype and test algorithms in real‐world environments. 

 

Figure 5: SwRI’s fully loaded automated Freightliner at the 2014 ITS World Congress in Detroit. 

In addition to the vehicle resources, SwRI itself has a number of unique attributes that serve this 
type of project well.  SwRI is located on a 1200‐acre campus on the west side of San Antonio, TX. 
SwRI has a 1.12‐mile test  track  (Figure 6) that has restricted access and is available for use by 
our Unmanned Systems Section year round, around the clock. The track also has a loading dock 

Automated!
Automated!

Automated!



Enabling Technology: Precision 
Automated Following / Platooning
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Highway Automation for Fuel Savings



Platooning Can Greatly Improve Fuel  
Economy 

(in theory)
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assistive truck platooning prototype using simulation. No. 2016-01-0167. SAE Technical 
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Real-World Performance
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NREL Results
•National Renewable Energy Laboratory – Fuel Economy Results

•Drastically different trend than simulated data

▫ Engine fan duty-cycle much higher at close separation distances
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Front Truck

Rear Truck

Fu
el

 S
av

ed

9.4%

Gap (feet)

2.8%

• From: Humphreys, Hugh Luke, et al. An evaluation of the fuel economy benefits of a driver 
assistive truck platooning prototype using simulation. No. 2016-01-0167. SAE Technical 
Paper, 2016.

-2
0

%



Why The Difference?
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Significant Culprit: Lateral Offset 

Luke Humpreys (Auburn) 

Ranger  very precise lateral control



Low Speed Automation

Yard Navigation

Truck Backing
– Trailer Docking

– Trailer Parking
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Trailer Angle Measurement

January 2017 ©2017 Copyright SwRI - SwRI Proprietary 17

Laser Scanner



Automated Trailer Docking
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Automated Trailer Spotting

 SwRI is actively developing 
enabling technologies 
relevant for automated 
trailer spotting
– Precision automated docking

– Complex path planning for vehicle 

with a trailer

– Precise and Robust Localization

– High-reliability object detection
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Thank You!


