
SAE Government Industry Meeting | January 25-27, 2017SAE Government Industry Meeting | January 25-27, 2017

Evaluation of the 
RibEye™ Multipoint 

Deflection Measurement 
System installed in the 
WorldSID-50M Dummy

Heather Rhule
NHTSA

Jim Stricklin, Will Millis, 
Brian Suntay, Ann Mallory 

Transportation Research Center Inc.



SAE Government Industry Meeting | January 25-27, 2017

2

Motivation

• Measure deflection of a single point

• IRTRACCs
– WorldSID-50M
– WorldSID-5F

• Linear potentiometers
– ES-2re
– SID-IIs

WorldSID

ES-2re SID-IIs

Presenter
Presentation Notes
Current side impact dummies measure deflection of a single point.For example, the WorldSID mid-size male and small female, use Infra-Red Telescoping Rods for Assessment of Chest Compression, or IRTRACCs, to measure rib deflection.  The ES-2re mid size male and SID-IIs small female side impact dummies use linear potentiometers to measure rib deflection. The IRTRACCs and linear potentiometers are mounted between the spine box and the lateral-most part of the rib and measure the displacement between these two points.
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Motivation

• Measure deflection of a single point

• IRTRACCs
– WorldSID-50M
– WorldSID-5F

• Linear potentiometers
– ES-2re
– SID-IIs

WorldSID

ES-2re SID-IIs

Presenter
Presentation Notes
If there is loading to the rib at some point other than its lateral-most point where its deflection sensor is mounted, the dummy may not capture the full amount of deflection that occurs to the rib. And since maximum deflection is used to predict thoracic injury, the instrumentation would under-report the injury risk.Therefore, measuring deflection at multiple locations on the rib will increase the likelihood that the maximum measured deflection will be close to the rib’s actual maximum deflection, resulting in a more accurate injury prediction.
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RibEye™ Multipoint Optical Measurement System 

• WorldSID-50M

– x, y, z positions of 18 points 

– 2 sets of 3 sensors & 9 LEDs

• Top set ~ red filters & LEDs

• Bottom set ~ blue filters & LEDs

• Origin is at center of lens of middle sensor

– 9 LEDs  can be anywhere

– All 3 sensors must sense light from an LED to 

measure its position

Abdomen Rib 1

Thx Rib 3

Thx Rib 2

Thx Rib 1

Shdr Rib

Abdomen Rib 2

Origin

Presenter
Presentation Notes
RibEye is a multipoint optical measurement system.In the WorldSID-50M, the RibEye™ measures the x, y, and z positions of 18 different points.It consists of 2 sets of 3 sensors (or receivers) and 9 Light Emitting Diodes (or LEDs). The top set of sensors uses red optical filters and monitors the red LEDs mounted on the top three ribs.  The bottom set of sensors uses blue optical filters and monitors the blue LEDs mounted on the bottom three ribs.  Within each group of three sensors, position data from each sensor is reported with respect to a coordinate system that has its origin in the middle sensor of each set. The 9 LEDs of each set can be mounted anywhere - you could put all 9 on one rib if you wanted to.All 3 sensors must sense the light from an LED to measure its position.The RibEye™ also includes its own data acquisition system and controller, which are installed on the non-impact side of the spine box. 
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Objectives
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1. Assess the accuracy of RibEye™ measurement 

2. Assess ability of RibEye™ to capture max deflection

3. Determine optimal anterior and posterior LED locations

4. Evaluate RibEye™ in crash tests
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Is RibEye™ Accurate?
• Quasi-static tests w/9 LEDs on each rib
• Single ribs loaded at 0°, ±10°, ±20°, ±30°, +40°
• Loaded in 10 mm increments to 30, 40 or 50 mm
• LED positions measured with FARO and RibEye™
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Presenter
Presentation Notes
Quasi-static tests were performed using a materials testing machine.Each rib had 9 LEDs installed along the inner rib.Single ribs were loaded at 0 degrees, or pure lateral, as well as 10, 20 and 30 degrees posterior and anterior to lateral, and 40 degrees anterior to lateral.The ribs were loaded in 10 mm increments to 30, 40, or 50 mm.LED positions were measured with FARO and RibEye.
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Is RibEye™ Accurate?
• Quasi-static tests w/9 LEDs on each rib
• Single ribs loaded at 0°, ±10°, ±20°, ±30°, +40°
• Loaded in 10 mm increments to 30, 40 or 50 mm
• LED positions measured with FARO and RibEye™
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Presenter
Presentation Notes
This is a typical plot showing the comparison of FARO and RibEye data.The plots show the x vs. y position of each LED at each incremental compression of the rib.In addition, the sensor range and lines showing the initial and final shape of the inner rib are shown. For each LED, the RibEye data is shown with solid lines, FARO data is shown with dotted lines.As you can see, the RibEye and FARO data are so similar it is hard to see any difference.However, once the LEDs exceeded the sensor range, only the FARO data was measured.
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Can RibEye™ Capture Max Deflection?
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Foam 
between 
impactor 
face and 

rib

Outer ribInner 
rib

Spine 
boxOrigin

• Single rib dynamic impacts
• Thorax ribs 1-3 tested, each 

with 9 LEDs
• Impact speeds 2.0-4.3 m/s 
• Impact angles  0°, +/-10°,     

+/-20°, +/-30°
• Impactor mass 23 kg
• Impactor face 152 mm dia.
• HS video - track targets

Presenter
Presentation Notes
While we had the 9 LEDs installed on individual ribs, we wanted to get familiar with the RibEye and see whether it would capture max deflection.So we conducted dynamic single rib impacts on thorax ribs 1-3 using a hydraulic linear impactor.The ribs were impacted as shown at speeds between 2 and 4.3 m/s and at angles of 0 degrees (or purely lateral), and 10, 20 and 30 degrees anterior and posterior to lateral.The impactor mass was 23 kg and its face was 152 mm in diameter.Each test was recorded using high speed video from overhead.The x and y position of multiple 6 mm diameter targets on the rib surface were tracked every millisecond for the duration of the event using TEMA video analysis software.  A target was placed in the view of the camera to indicate the location of the RibEye™ origin, which was used as the origin in TEMA.
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Lateral-most point of rib 
(location of single-point deflection measurement systems)

Max deflection
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Can RibEye™ Capture Max Deflection?

Presenter
Presentation Notes
These images are taken from the high speed video from a 30 degree posterior impact test.The green line shows the lateral-most point of the rib, which corresponds to the middle LED location, and that of a single-point deflection measurement system such as a linear pot or IRTRACC.The white line, which is far from the lateral-most point of the rib, is the maximum deflection of the rib measured from the targets in TEMA.The plot shows the maximum deflections from 7 tests at various impact angles.The maximum deflections measured for the middle LED are shown in green and for the targets are shown in white.The plot also shows the maximum deflection measured among the 9 RibEye LEDs in black for each of the 7 tests.Ideally, we would be able to measure deflection continuously along the entire rib in crash tests.Unfortunately, we can’t do that yet.  But in these lab tests, we measured the deflection of 30 or so target points with video. This is the white line in the plot.With 9 points of deflection measured by the RibEye (black line), the max deflection was captured quite well, if you compare the white and black lines.With a single point of measurement, you can see what a big difference there is at larger angles of impact.For smaller impact angles (or nearly lateral impacts), a deflection measured at the lateral-most point of the rib is sufficient.But for larger impact angles, a single point measurement is no longer sufficient and a multi-point measurement becomes necessary.Now although the RibEye was successful at capturing max deflection with 9 LEDs on a rib, the WorldSID has 6 ribs and the RibEye can measure 18 points, so that means we’ll only have 3 LEDs per rib.So now the question is, where will we put the 3 LEDs per rib, and once that is determined, how well will the RibEye capture max deflection then?
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Where Are Optimal LED Locations?
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• 3 LEDs per rib
• 1 LED at lateral-most rib location
• What locations are optimal for anterior & 

posterior LEDs?
Trio of LEDs that would give the estimate of 

deflection closest to the truth at every 
time point in every test
Average error among all data
Maximum error among all data

Max deflection

Presenter
Presentation Notes
So given that we would have 3 LEDs per rib, we decided to put 1 LED at the lateral-most rib location to maintain measurement at that point as in the current dummies.So then what locations would be optimal for the anterior and posterior LEDs?We wanted to find the trio of LEDs that would give the estimate of deflection closest to the truth at every time point in every test.Remember, a trio is a combination of 3 LEDs where 1 LED is at the lateral-most rib location.Using the same single rib dynamic test target data, we calculated FOR ALL POSSIBLE LED TRIOS, the average and maximum errors among all time points in all tests.
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Target 0 
(lateral 
position)

Anterior 
targets  
A3- A5

P4

P3

P2

P1

A1

A2

Posterior 
target P5 

Trio
Mean 
Error 
(mm)

Max 
Error 
(mm)

A4 0 P5 0.85 7.16
A5 0 P5 0.92 7.16
A3 0 P5 0.92 7.16
A6 0 P5 1.08 7.16
A7 0 P5 1.32 7.16
A4 0 P6 0.88 9.04
A5 0 P6 0.95 9.04
A3 0 P6 0.95 9.04
A4 0 P7 0.96 9.04
A5 0 P7 1.03 9.04
A3 0 P7 1.03 9.04
A4 0 P8 1.09 9.04
A6 0 P6 1.11 9.04
A5 0 P8 1.16 9.04
A3 0 P8 1.16 9.04
A6 0 P7 1.18 9.04
A6 0 P8 1.32 9.04
A7 0 P6 1.34 9.04
A7 0 P7 1.42 9.04
A7 0 P8 1.56 9.04
A8 0 P5 1.53 9.2
A8 0 P6 1.56 9.2
A8 0 P7 1.64 9.2
A9 0 P5 1.65 9.2
A9 0 P6 1.68 9.2
A9 0 P7 1.75 9.2

Best Combinations of 3 LED Locations 
(Sorted by Maximum Error, from least to most)  
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Rib 
damping 
material 

taper

Best Trio: avg error = 0.85-0.92 mm; max error = 7.2 mm

Presenter
Presentation Notes
The table lists the best combinations of 3 LED locations sorted by maximum error, from least to most.The mean error is the average error across all time points in all angles of impact.The max error is the largest error across all time points in all angles of impact.The very best combinations included anterior target positions  3, 4, and 5 and posterior target position 5.These trios had an average error of less than 1 mm and a maximum error of 7.2 mm.However, because we didn’t want to put the LEDs on the tapered part of the rib damping material, 
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Trio
Mean 
Error 
(mm)

Max 
Error 
(mm)

A4 0 P5 0.85 7.16
A5 0 P5 0.92 7.16
A3 0 P5 0.92 7.16
A6 0 P5 1.08 7.16
A7 0 P5 1.32 7.16
A4 0 P6 0.88 9.04
A5 0 P6 0.95 9.04
A3 0 P6 0.95 9.04
A4 0 P7 0.96 9.04
A5 0 P7 1.03 9.04
A3 0 P7 1.03 9.04
A4 0 P8 1.09 9.04
A6 0 P6 1.11 9.04
A5 0 P8 1.16 9.04
A3 0 P8 1.16 9.04
A6 0 P7 1.18 9.04
A6 0 P8 1.32 9.04
A7 0 P6 1.34 9.04
A7 0 P7 1.42 9.04
A7 0 P8 1.56 9.04
A8 0 P5 1.53 9.2
A8 0 P6 1.56 9.2
A8 0 P7 1.64 9.2
A9 0 P5 1.65 9.2
A9 0 P6 1.68 9.2
A9 0 P7 1.75 9.2

Best Combinations of 3 LED Locations 
(Sorted by Maximum Error, from least to most)  

Target 0 
(lateral 
position)

Anterior 
targets  
A3- A5

12

P4

P3

P2

P1

A1

A2

Posterior 
targets P6-P7 

Anterior 
targets A6- A7

Final LED 
positions

Rib 
damping 
material 

taper

Final Trio: avg error = 1.1-1.4 mm; max error = 9 mm 

Middle LED only: avg error = 5.1 mm; max error = 30 mm

Best Trio: avg error = 0.85-0.92 mm; max error = 7.2 mm

Posterior 
target P5 

Presenter
Presentation Notes
we found that locations corresponding to target positions 6 and 7 anterior and posterior to lateral would be the best locations with an average error between 1.1 and 1.4 mm and a max error of 9 mm.  The final position of the LEDs is a linear distance of 35 mm from the center LED.The final anterior and posterior LED locations aren’t far from the middle LED, but considering that, for the middle LED location only, such as for IRTRACCs or linear pots, the average error is 5.1 mm and max error is 30 mm, adding these two LED locations reduces the error substantially.
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Evaluation of RibEye™
• Side NCAP crash tests

– 6 Pole tests
– 6 MDB tests
– WorldSID-50M w/RibEye driver
– Chest band on Thorax rib 1

13

Front left view of chest band on Thorax rib 1

Presenter
Presentation Notes
Side New Car Assessment Program crash tests were conducted, including 6 pole and 6 moving deformable barrier tests.The WorldSID-50M with RibEye was seated in the driver’s seat.The dummy had a chest band installed directly on Thorax Rib 1 as shown here.
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Chest band contours with 
RibEye™ LEDs

posterior

anterior

Left
lateral

Right
lateral

Chest band
LED

Inner rib
Outer rib

Evaluation of RibEye™

Presenter
Presentation Notes
For the crash tests, the chest band is installed around the outer rib and the RibEye LEDs are installed along the inner surface of the inner rib.The black contour shows the initial shape of the chest band; the blue contour is the shape of the chest at maximum deflection.The lines on the plot connect the origin to the location of the gage of maximum deflection.The red dots indicate the position of the LEDs. There is a gap between the chest band and the LEDs because the inner and outer rib are between them.
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Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
These are chest band contours and RibEye LED plots from pole tests in 6 different vehicles.Notice that the RibEye LEDs track the shape of the chest, similar to the chest band.
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Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
Also notice that 5 out of 6 contours showed anterior to lateral loading.
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Rear=21
Mid=22
Frnt=10

Rear=18
Mid=44
Frnt=61

Rear=13
Mid=40
Frnt=61

Rear=18
Mid=33
Frnt=37

Rear=22
Mid=40
Frnt=42

Rear=23
Mid=41
Frnt=39

Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
Here, the maximum deflections for the front, middle, and rear LEDs are shown and the LED with the maximum deflection is highlighted in red.In 2 of the 6 tests, the middle LED measured the maximum deflection, indicating that a single point measurement system would have been sufficient in these tests.
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Rear=21
Mid=22
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Frnt=42

Rear=23
Mid=41
Frnt=39

Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
In 4 of the 6 tests the front LED measured the maximum chest deflection, indicating that having multiple points of measurement is advantageous.



SAE Government Industry Meeting | January 25-27, 2017

19

Rear=21
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Frnt=61
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Rear=23
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Frnt=39

Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
However, in two of these four tests, the front LED only measured slightly more than the middle LED, suggesting that in these tests a single point deflection measurement at the lateral most point on the rib may have been adequate.
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Rear=21
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Mid=40
Frnt=42

Rear=23
Mid=41
Frnt=39

Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
But, in these two tests, the front LED measured much more deflection than the middle LED.Had the WorldSID only been instrumented with the middle LED of the RibEye or another single point measurement system in these tests, the chest deflection would have been largely underestimated, giving those vehicles a false measure of occupant safety. 
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Rear=21
Mid=22
Frnt=10
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Frnt=61
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Front LED:   Risk AIS 3+ = 64%

Middle LED: Risk AIS 3+ = 8%

Evaluation of RibEye™ - Pole test results

Presenter
Presentation Notes
In fact, the thoracic injury risk associated with the middle LED in these two tests is about 8%.The thoracic injury risk associated with the front LED in these two tests is 64%. Quite a big difference.Again, given that oblique loading does occur in crash test conditions, it is important to utilize a chest deflection measurement system with multiple points on the ribs to accurately measure injury risk to the occupant.
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• Finite sensor measurement range
• Error codes

– Exceed sensor range

RibEye™ Idiosyncrasies

sensor

range

Error code replaced with null data

Presenter
Presentation Notes
In addition to learning about the advantages the RibEye offers, we learned about some “idiosyncrasies” of the system as well.For example, each sensor has a finite measurement range, within which it can sense the position of the LEDs.  If an LED moves outside the range of the sensor, its position can no longer be sensed, and an error code will be produced by the RibEye™ software.  If an error code occurs, all three axes (x, y, and z) will be forced to the same error code.  The figure shows an X position vs. Y position plot with the sensor, its range, and the data from three LEDs on a rib.  In this test, the rear LED exceeded the sensor range and the RibEye software produced an error code.However, as shown in the deflection vs. time plot, the rear LED that went out of range would not have measured the maximum deflection.Our research has shown that LEDs going out of range are inconsequential as long as at least one of the three LEDs on a rib does not exceed the range.
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Shoulder rib 
not shown 
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• Finite sensor measurement range
• Error codes

– Exceed sensor range
– One or more sensors are blocked or see too 

much ambient light

RibEye™ Idiosyncrasies

max

blocked

Error codes replaced with null data

Out 
of 

range

Presenter
Presentation Notes
In addition, if one or more sensors are blocked from the LEDs or if a sensor sees too much ambient light, an error code will be produced by the RibEye software.For example, if one rib deflects more than an adjacent rib, the path from an LED to a sensor can get blocked, resulting in an error code.This Autodesk Inventor 3D CAD model shows the LEDs positioned during a test where 1 rib deflected more than another, blocking the path of light from the rear LED on this rib to the top sensor. This test resulted in an error code for the blocked LED.However, any time this happens, the rib with the most deflection is measured, so the blocked LED is inconsequential.Again, here is an example of two LEDs that went out of range that would not have measured the max deflection.
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• RibEye™ is sufficiently accurate
• In oblique single-rib dynamic loading conditions, RibEye™ successfully captured the 

maximum deflection of the rib (with 9 LEDs)
• Several crash tests demonstrated oblique loading to the thorax
• In all crash tests, RibEye™ LEDs followed the shape of the chest similar to the chest 

band
• In several crash tests, the front RibEye™ LED measured the maximum deflection of the 

rib, illustrating its advantage of measuring multiple points on a rib
• In a few crash tests, the front RibEye™ LED measured ~20 mm more than the middle 

LED, resulting in an injury risk difference of 56%, demonstrating the value of measuring 
multiple deflection points

Conclusions
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