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1.0 BLUF

One of the main responsibilities of the STRONG Team in the context of Performance
Science is the pervasive test and evaluation of commercial and near-commercial
technologies. With industry pushing forward with large investments in this space, the
STRONG Team must constantly evaluate the capabilities, and more importantly, the
accuracy of these systems.

This report documents the test and evaluation of 2 of the most widely used ‘external load’
systems in the performance science space, Catapult and Zebra. The STRONG Team had
a unique opportunity to at an NFL facility to set up experimental design and test both
systems, which have a combined cost of over $400K. Both are location based systems,
where Zebra operates based on RFID and Catapult via GPS. Catapult additionally has an
accelerometer and gyroscope in the hardware, but these were not evaluated in this set of
testing.

All testing (as documented in the next 14 pages) resulted in the Zebra system performing
well above the acceptable experimental error. For all tests summed together, the overall
error of the Zebra system is less than 1 yard (yd) per 50 yards of athlete movement (shown
below). Bland Altman analysis shows that over half the athlete runs are less than 1 yd
error, and 81% below 1.5 yd. However, as explained below, this is well below the expected
experimental error of the testing protocol, where precise movement of the athlete can only
be controlled within 1 yard, at best.

Distance Error % Error Yds:;'::: d(:)er

Zebra Summary 1.81% 091

Catapult Summary | 3.99% 200

% of Athlete runs with distance error below value
n=48 05yd | 1yd 15yd 2yd 25yd 2.5+
Zebra 46% 54% 81% 85% 88% 100%
Catapult 13% 21% 40% 54% 69% 100%
2.0 GOLD STANDARD COMPARISON

The “Gold Standard” comparisons for this testing are:
e Measured distance with accuracy to 17, and athlete running distance accuracy
defined within each test

e Timing gate system from Zybek (Combine Pro system) with 0.001 second
accuracy

1
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e Instantaneous velocity from radar guns (after assessing the data, the analysis team
found that the error of the radar guns was too high to be used in this study)

3.0 ATHLETES AND WEARABLE DEVICES

6 athletes ran the tests described below

e Each test was run in duplicate by each athlete, one at a jogging speed, and one at a
maximal effort

e FEach athlete was wearing a compression shirt with Zebra RFID tags on each
shoulder

e [Each athlete was also wearing a Catapult

4.0 TESTING PROTOCOL

The testing team mapped out 2 ‘team’ runs, and 4 different field routes between 40-58
yards each, diagrammed below. Each route was run at a jogging speed (at least 4 miles per
hour (mph)), and then a maximal effort.

The number of runs (per test) required for statistical power was a minimum of 10.

Before each athlete run, the field testing lead signaled “Start”, and both the Zebra and
Catapult systems simultaneously started a distinct “Session” in each software system.
Upon the “Start” signal, the field testing lead started a stopwatch and the athlete held still
for 15 seconds. After exactly 15 seconds, the field testing lead signaled to the athlete “Run”
to start their run. For Team Runs 1 and 2, all athletes started simultaneously on signaling,
for Runs 3-6, each athlete ran individually. Holding the athletes still for a set amount of
time was required for proper alignment of raw data.

4.1 Test 1: Team Run 1

Test 1 had each athlete line up at the sideline, separated by 10 yards each. All athletes stood
still for 30 seconds, and then jogged at the same pace (all followed the middle athlete’s
speed who was running at the 25) to the other sideline, running a straight line on the line
marker, and stopped exactly at the other sideline (Figure 1).

A timed rest 30 seconds was led by the field testing lead, and the run was repeated back to
the starting point.

2
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[ Test 1: Sideline to Sideline - ALL ATHLETES |

RRRD BRAE NRRE BRRD RROD RRRD RRUD RRAE DURD RORR RDRD BRRD NURD NRRE DRED RRAR QDODD BRRR 1DOR

-0L -0C -0€ -Or 0S OF- 0t~ 0¢Z- Ol-

TRRE RRRR RRRN RRRD BRRD RRRR RRRD RRND RRDR RRRD WRNE BRRRD DUAD BRRD NUEN RRRR BRODD RDDR LDDLD

-10 20 -30 -40 50 40- 30- 20- 10-

BORR RRRR NRAN RORN NRRD RRRR NRRD DRRD RRRR RORR RRRN RRDD RURD NERR BRARD NRDD DRED RORDE RDER 1IN

= ATHLETES

Figure 1. Test 1: Sideline to Sideline — All Athletes
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4.1.1. Results:

For this team run, only total distance is compared to the actual Gold Standard measured
distance. While the total distance was measured to 17 accuracy, the athlete variation is

estimated at +2 yards, due to natural variation in straight line running as well as natural
errors in stopping exactly on the sideline markers.

As shown in Table 1, for Team Run 1, total error in the Zebra data was 2.17%, resulting in
an average error of 1.15 yards per 53.3 yard run, well within the acceptable limit of an error

of +2 yards in the athlete run.

The Bland Altman analysis in Table 2 shows that 82% of Zebra trials are within the
acceptable error of 2 yards (73% half of that, at 1 yard error).

Table 1. Data and error analysis for Team Run 1

TEAM RUN 1
SUBIECT |Gold Standard {YD) |Catapult {YD)| Zebra {¥YD) | CatapultDiff ZebraDiff Ahs % Err Catapult | Abs % Emr Zebra
1 533 63.41 56 1011 2.7 18.98% 5.07%
2 533 55.12 58 1.82 4.7 341% 8.82%
3 533 5523 53 193 03 3.62% 0.56%
4 533 54.46 53 116 03 2.18% 0.56%
5 533 55.12 53 182 03 3.41% 0.56%
6 533 53.59 53 0.29 03 0.54% 0.56%
7 533 57.96 54 466 0.7 8.75% 1.31%
8 533 5534 55 204 1.7 3.82% 3.19%
9 533 5545 54 215 0.7 4.03% 1.31%
10 533 5293 54 037 0.7 0.69% 1.31%
11 533 5534 53 204 03 3.82% 0.56%
TOTAL ERROR (%) 4.81% 2.17%
TOTAL ERROR (YD) 258 1.15

Table 2. Bland Altman Analysis of Team Run 1

TEAM RUN 1 BLAND ALTMAN ANALYSIS
INSIDE | CATAPULT | ZEBRA |%CATAPULT | %ZEBRA
1yd 2 8 18% 73%
2yd 6 9 55% 82%
3yd 9 10 82% 91%
Ayd 9 10 82% 91%
5yd 10 11 91% 100%
5+ 11 11 100% 100%
4
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4.2 Test 2: Team Run 2

Test 2 had each athlete line up at the back line of the end zone. On the “Run” signal, all
athletes ran 20 yards and stopped on the line marker, this was repeated for a total of 6
intervals at a total distance of 120 yards (Figure 2).

| Test 2: Linear 120 yd |

-0L -0C -0€ -Or 0S OF- 0E- 0C Ol-

Stop

Wait 10s Stop

Wait 105 Stop

Wait 10s
DRER RERD RRER DRRD RRRR DOED RRRD DRRD RRRD DOUOE NRRED RDRE NERD NOORD RRRD DODD RRRR BRRD ROIRE RILM

BRER RROR RRER RRORR REER ROORR DEED DOURED RRED DRRN NRED DORRR ERAR DODR RERR BOORN BRRR NRRR RRRR RENRR
Stop
Stop Wait 10s

Wait 105

<10 20 30 40 50 40- 30- 20- 10-

BERR RROR RRRR RRRD BRRD DQRE RRRE DRRD RRER BRDD RRRR NRRE RERR DOROD DRAE DRORD RRER BOURD RERR RDID

@ -smmeres

Figure 2. Test 2: Linear 120 yard

4.2.2. Results:

Similarly to Team Run 1, Run 2 looks at overall distance against the measured gold
standard distance of 120 yards. For this trial, acceptable error is set at 4 yards for the same
reasons as stated in the Team Run 1 section.

As shown in Table 3, total error in Zebra data was 2.22% (in line with Team Run 1 at

2.17%) and a distance error of 2.66 yards per 120 yard run. Again, this is well under the
acceptable error of +4 yards for each individual athlete.

5
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Table 3. Data and error analysis for Team Run 2

TEAM RUN 2 DISTANCE ACCURACY ANALYSIS
Gold Catapult | Zebra . . Abs % Err | Abs % Err

SUBECT | tard (YD) (Yl';) (vp) | CatapuhDiff | zebraift | L | T
1 120 12894 | 121 894 1 7.45% 0.83%
2 120 12358 | 121 358 1 2.98% 0.83%
3 120 12882 | 124 882 2 7.35% 333%
2 120 12653 | 119 6.53 1 5.40% 0.83%
5 120 12609 | 126 .09 -6 5.08% 5.00%
6 120 12413 | 123 .13 3 3.44% 2.50%
TOTAL ERROR (%) 5.29% 2.22%

TOTAL ERROR (YD) 6.35 2.66

4.3 Tests 3-6: Individual Runs

Tests 3-6 were run individually, and each is described separately below. For these runs,
the gold standard comparisons are 1) distance measured to 1 accuracy (and accuracy of
the athlete running defined in each run below) and 2) Zybek timing gates with an accuracy
0f 0.001 seconds measured by breaking a laser beam.

Each Individual Run: Each athlete placed their foot at the start sensor, held still for 15
seconds, and ran (at the signal of the field testing lead) the pattern listed. The timing gates
started once the foot beam was broken. After the final beam was broken, the athlete
decelerated to a final stopping point between 2 cones for a well-controlled total distance.
A testing engineer held the athlete at that point for 15 seconds, and then the run was
complete. Again, this is needed for alignment of raw data. The first run for each athlete

was at a jogging speed, and then repeated at a maximal effort speed. Speed ranged between
5.4MPH — 17.7MPH between all runs.

4.3.1. Test3: Linear 40 Yard

In this test, each athlete ran a 40 yard linear route. After crossing the gate at 40 yards, the
athlete decelerates and comes to a complete stop between 2 cones placed at the opposite
45 yard line (for a total distance of 55.03 yards when measured). Each athlete ran once at
a jogging speed, and again at a maximal speed. The athletes all kept their gait within the
hash marks (<2’), and the testing team took great care in starting and stopping the athletes
precisely. Therefore, the acceptable error within this testing was within 0.5yd (Figure 3).
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ITest 3: Linear 40 yd, decelerate and stop on the 55 |

BERL RROR RRRNL RUND RRRR DRRD RRRD DURD RRRE DRRD RRRD DUND BRRR DRRE NRED BORRN DRRR RDRD RRER BIND

-0L -0C -0€ -OF 0S OF- 0E- 0C Ol-

BRRD RERD RRRD RRRD RRRD RRED RRRR DRRD RRNR RRED RRRD DRRD NRRE DRRD RDRN BRAD DRORD NODER RRRE DRINLD

BRAR RRER REAE RUOD RRRR DRRD RORR RORRD RRAD DRRD RRAR DRED BRAR RDED NRRE DOROR RRRD BOER BRILR DDLD

<10 20 -30 40 50 40- 30- 20- 10-

BERN RRRD RRRE RURD RRRR RRND RURE DRRD RRRN RRRD RRRD DRNN NRRD RRRD RURD NRAD BERD NODER RNRE DDIDLD

@ -~mieres @ =mvincare [ = RADAR GUN

Figure 3. Test 3: Linear 40 yard, decelerate and stop on the 55

4.3.2. Results:

Table 4 shows the accuracy of distance measurements in Run 3. The Zebra system shows
an extremely high accuracy with an average error of 0.66%, or 0.36 yards for the 55 yard
run. This is well within the 0.5 yard acceptable error of the measurements.

The Zybek timing gates placed at 10 yard increments, in addition to the raw data access
from the Zebra system, allowed the team to assess velocity measurements with high

precision. As shown in Table 5, all measurements show an average error below
0.5SMPH, well within the acceptable range for this testing.
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Table 4. Data and error analysis of Distance for Run 3

RUN 3: STRAIGHT 40 yd DISTANCE ANALYSIS
Gold -
Athlete | Distance Catapult Zebra (yd) Catapult Zebra Ervor iyd] Catapult Error | Zebra Error
(vd) Error (yd) (%) (%)
(yd)
1-Jog | 55.03 5457 55.00 -0.46 -0.03 0.83 0.05
2-Jog | 55.03 56.98 55.00 1.95 0.03 354 0.05
3-Jog | 55.03 56.65 55.00 1.62 0.03 2.95 0.05
4-Jog | 55.03 56.76 55.00 173 0.03 3.15 0.05
5-Jog | 55.03 56.65 54.00 1.62 -1.03 2.95 1.87
6-Jog | 55.03 57.09 55.00 2.06 0.03 3.74 0.05
1-Max | 55.03 59.49 55.00 446 0.03 8.11 0.05
2-Max | 55.03 56.08 55.00 1.95 -0.03 354 0.05
3-Max | 55.03 58.18 54.00 3.15 -1.03 5.73 1.87
A-Max | 55.03 55.99 54.00 097 -1.03 1.75 1.87
5-Max | 55.03 56.54 54.00 151 -1.03 2.75 1.87
6-Max | 55.03 57.10 55.00 207 0.03 3.76 0.05
TOTAL ERROR (%) 3.57% 0.66%
TOTAL ERROR (yd) 2.03 0.36
Table 5. Data and error analysis of Average Velocity between gates (Zebra only)
RUN 3: STRAIGHT 40 yd VELOCITY ANALYSIS
Gold- |Gold G1-G2 |Gold G2-G3
Athlete | Distance | AvgVel | Avgvel | SOl G3GAAvEVel | @@ Vel G1-G2 |%err Vel G2-G3 | %err Vel G3-G4
vt | tvdfsh | twarsh bya/s)
1-Jog | 55.03 5.52 5.36 5.37 350 8.02 0.79
Z-Jog | 5503 5.83 5.61 5.27 147 439 8.54
3-Jog | 55.03 5.64 5.70 5.68 867 3.80 9.76
4-Jog | 55.03 5.80 571 556 594 3.00 6.51
5-Jog | 55.03 6.04 5.92 5.97 3.01 2.81 4.34
6-Jog | 55.03 5.43 5.78 5.54 14.35 9.06 472
1-Max | 5503 6.66 6.68 6.79 484 14.64 19.33
Z-Max | 5503 7.54 8.01 8.16 497 1.31 192
3-Max | 55.03 .08 7.84 7.77 35.50 20.66 1.97
4-Max | 55.03 7.70 847 835 554 24.32 2.09
5-Max | 55.03 8.16 8.65 855 2434 0.51 2247
6-Max | 55.03 7.72 8.09 8.28 4.40 26.00 16.03
TOTAL ERROR (%) 9.71% 9.88% 8.21%
TOTAL ERROR (yd/s) 0.65 0.67 0.56
TOTAL ERROR (MPH) 0.44 0.46 0.38
4.4 Test 4: Linear 30 Yard with 45 Degree Cut

In this test, each athlete runs a 30 yard linear route. After crossing the gate at 30 yards, the
athlete cuts at a 45 degree angle to the last gate, and then decelerates and comes to a
complete stop between 2 cones for a total distance of 58.2 yards. The addition of a 45
degree cut adds an experimental error of approximately 2 yards to the overall athlete run,
bringing the overall acceptable error to +2.5 yards (Figure 4).
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Test 4: Linear 30 yd, 14.1 yard (10 yd x, 10 yd) 45 degree cut,
decelerate to the cones on the 50 yard line

BRRL RRRR RRRR RRRN RRRD DRRD RRRR NRRD REED RORR RRRN RDOQ NRRD REDD NRED RRODD NRED RERD RDER MIDR

-0L -0¢C -0€ -OF 0S OF- 0t~ 0C- Ol-

BRRL RRRD RN DNRE RRRD DODRD DERY DDD REL RRRD BRRR RRRN BRRD OURRD DRRN DRRD DROD DURE RRER DDOND

141 yd

-10 20 -30 -40 50 40- 30- 20- 10-

BRRL RRRR NRRR RRRD RRRD HRRD DRRD RURD RNED RRRR RNRN RDOD BRRE DRDD NRRD RRRE QRON DERRD RORR BIDD

@ -rveres @ =mvinG eate I = RADAR GUN

Figure 4. Test 4: Linear 30 yard, 14.1 yard

4.4.1. Results:

Table 6 shows the accuracy of distance measurements in Run 4. The Zebra system shows
a high accuracy with an average error of 3.78%, or 2.2 yards for the 58.2 yard run. This
is within the 2.5 yard acceptable error of the measurements.

Velocity measurements are shown in Table 7. All measurements (with the exception of
gate 3-4 at 0.54 yards) show an average error below 0.SMPH, well within the

acceptable range for this testing. The higher error for gates 3-4 can be attributed to the
higher experimental error of the 45 degree cut.

9

Distribution A: Approved for public release. 88ABW-2017-1670, 17 April 2017



Table 6. Data and error analysis of Distance for Run 4

RUN 4: 45 DEGREE CUT AT 30 DISTANCE ANALYSIS
Gold -
) Catapult Catapult Catapult Error | Zebra Error
Athlete | Distance (yd) Zebra (yd) Ervor (yd] Zebra Error (yd) %) %)
(vd)
1-Jog 5824 65.64 58.00 71.40 0.24 12.71 041
2-log 58.24 66.60 62.00 8.36 3.76 14.36 6.46
3-Jog 5824 62.01 58.00 3.77 0.24 6.48 041
4-log 58.24 62.45 56.00 1.21 -2.24 7.23 3.8
5-log 58.24 63.32 54.00 5.08 -4.24 8.73 71.27
6-Jog 5824 60.80 65.00 2.57 6.76 441 11.61
1-Max | 58.24 60.37 58.00 213 0.24 3.66 0.41
2 -Max 5824 59.27 58.00 1.04 0.24 1.78 041
3-Max | 58.24 58.95 61.00 0.71 2.76 1.22 4.75
4-Max | 58.24 58.62 57.00 0.38 -1.24 0.66 2.12
5-Max 5824 59.60 55.00 1.37 -3.24 2.35 5.56
6 - Max 5824 60.36 57.00 2.12 -1.24 3.64 2.12
TOTAL ERROR 5.60% 3.78%
TOTAL ERROR (yd) 3.45 2.20

Table 7. Data and error analysis of Average Velocity between gates (Zebra only)

RUN 4: 45 DEGREE CUT AT 30 VELOCITY ANALYSIS
fiold - |Gold G1-G2 (Gold G2-G3 Gold G3-GA Avg Vel
Athlete | Distance Avg Vel Avg Vel tyd/s) %err Vel G1-G2 | %err Vel G2-G3 | %err Vel G3-G4
{yd) {yd/s} {yd/s}
1-Jog 58.24 442 439 444 2.87 237 16.74
2-log 58.24 5.15 5.15 4.65 10.83 8.53 1.96
3-Jog 58.24 5.79 541 5.04 3.90 6.07 2.25
4-Jog 58.24 449 4.25 3.95 3.17 2.82 0.56
5-Jog 58.24 6.08 5.63 6.02 032 8.24 23.55
6-Jog 58.24 4.98 4.96 464 1.54 10.31 5.13
1- Max 58.24 6.45 6.25 6.08 0.98 9.16 31.37
2 - Max 58.24 7.61 7.13 7.16 12.79 16.64 14.37
3 - Max 58.24 7.39 6.71 6.61 2.13 6.83 21.38
4 - Max 58.24 6.78 6.40 5.55 8.25 2.21 4.74
5 - Max 58.24 745 7.13 6.90 2.34 0.46 2342
6 - Max 58.24 717 6.44 6.23 037 18.53 24.19
TOTAL ERROR 4.17% 7.68% 14.14%
TOTAL ERROR (yd/s) 0.26 0.45 0.79
TOTAL ERROR (MPH) 0.17 0.30 0.54
4.5 Test S: Linear 30 Yare with -45 Degree Cut

In this test, each athlete runs a 30 yard linear route. After crossing the gate at 30 yards, the
athlete cuts at a negative 45 degree angle to the last gate, and then decelerates and comes
to a complete stop between 2 cones for a total distance of 58.2 yards. The addition of a -
45 degree cut adds an experimental error of approximately 2 yards to the overall athlete
run, bringing the overall acceptable error to +2.5 yards (Figure 5).
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Figure 5. Test 5: Linear 30 yard, 14.1 yard reverse angle

4.5.1. Results:

Table 8 shows the accuracy of distance measurements in Run 5. The Zebra system shows
an extremely high accuracy with an average error of 1.56%, or 0.91 yards for the 55 yard
run. This is well below the 2.5 yard acceptable error of the measurements.

As shown in Table 9, all measurements (with the exception of gates 2-3 at 0.79) show
an average error below 0.SMPH, well within the acceptable range for this testing.

When all measurements are added together, the velocity measurements have an average
overall error of 0.5MPH.

11

Distribution A: Approved for public release. 88ABW-2017-1670, 17 April 2017



Table 8. Data and error analysis of Distance for Run 5

RUN 5: -45 DEGREE CUT AT 30 DISTANCE ANALYSIS
Gold -
) Catapult Catapult Catapult Error | Zebra Error
Athlete | Distance (yd) Zebra (yd) Ervor (yd] Zebra Error (yd) %) %)
(vd)
1-Jog 5823 53.04 59.00 -5.19 077 891 1.32
2-log 58.23 59.49 60.00 1.26 1.77 2.17 3.04
3-Jog 5823 58.51 58.00 0.28 0.23 048 039
4-log 58.23 57.74 58.00 -0.49 -0.23 0.84 0.39
5-log 58.23 59.71 58.00 1.48 -0.23 2.55 0.39
6-Jog 5823 61.78 59.00 3.55 077 6.09 1.32
1-Max | 58.23 58.73 60.00 0.50 1.77 0.85 3.04
2 -Max 5823 56.87 57.00 -1.36 -1.23 2.34 211
3-Max | 58.23 58.18 57.00 -0.05 -1.23 0.08 211
4-Max | 58.23 61.13 57.00 2.590 -1.23 1.99 211
5-Max 5823 59.71 57.00 1.48 -1.23 2.55 211
6 - Max 5823 57.52 58.00 0.71 0.23 1.21 039
TOTAL ERROR 2.75% 1.56%
TOTAL ERROR (yd) 1.61 0.91

Table 9. Data and error analysis of Average Velocity between gates (Zebra only)

RUN 5: -45 DEGREE CUT AT 30 VELOCITY ANALYSIS
fiold - |Gold G1-G2 (Gold G2-G3 Gold G3-GA Avg Vel
Athlete | Distance Avg Vel Avg Vel tyd/s) %err Vel G1-G2 | %err Vel G2-G3 | %err Vel G3-G4
{yd) {yd/s} {yd/s}
1-Jog 58.23 3.72 337 2.79 395 1011 6938
2-log 58.23 3.78 3.57 2.63 2.23 15.64 29.15
3-Jog 58.23 4.59 4.00 351 0.03 20.59 3.87
4-Jog 58.23 4.89 4.09 353 5.05 19.08 2.82
5-Jog 58.23 6.26 5.28 449 469 19.87 23.03
6-Jog 58.23 5.09 4.47 339 2.90 21.07 20.69
1- Max 5823 448 3.87 3.54 268 11.84 18.70
2 - Max 58.23 6.39 5.13 4381 16.71 47.85 27.05
3 - Max 5823 6.84 4.98 a4.77 9.64 2267 28.29
4 - Max 5823 6.84 5.07 4.56 5.20 2272 3054
5 - Max 5823 737 6.01 4.64 9.77 6483 10.68
6 - Max 58.23 6.93 5.47 443 5.19 26.99 16.82
TOTAL ERROR 5.67% 25.28% 18.22%
TOTAL ERROR (yd/s) 0.32 1.17 0.72
TOTAL ERROR (MPH) 0.22 0.79 0.49
4.6  Test 6: Linear 30 Yard with 90 Degree Cut

In this test, each athlete runs a 30 yard linear route. After crossing the gate at 30 yards, the
athlete cuts at a 90 degree angle to the last gate, and then decelerates and comes to a
complete stop between 2 cones for a total distance of 53.97 yards. The addition of a 90
degree cut adds an experimental error of approximately 1 yard to the overall athlete run,
bringing the overall acceptable error to +1.5 yards (Figure 6).
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Figure 6. Test 6: Linear 30 yard, 90 degree cut, 23.97 yards

4.6.1. Results:

Table 10 shows the accuracy of distance measurements in Run 6. The Zebra system shows
an extremely high accuracy with an average error of 1.26%, or 0.68 yards for the 53.97
yard run. This is well within the 1.5 yard acceptable error of the measurements.

As shown in Table 11, when averaged, all measurements show an average error of
0.52MPH, slightly above (0.02MPH) the acceptable range for this testing.
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Table 10. Data and error analysis of Distance for Run 6

RUN 6: 90 DEGREE CUT AT 30 DISTANCE ANALYSIS
Gold -
) Catapult Catapult Catapult Error | Zebra Error
Athlete | Distance (yd) Zebra (yd) Ervor (yd] Zebra Error (yd) %) %)
(vd)
1-Jog 5397 56.76 54.00 2.79 003 5.16 0.05
2-log 53.97 52.82 55.00 -1.15 103 2.13 1.90
3-Jog 5397 56.43 53.00 2.46 097 455 1.80
4-log 53.97 58.61 54.00 4.63 0.03 8.59 0.05
5-log 53.97 54.02 53.00 0.05 -0.97 0.10 1.80
6-Jog 5397 58.62 55.00 4.65 1.03 861 1.90
1-Max | 5397 56.43 54.00 2.46 0.03 4.55 0.05
2 -Max 5397 54.24 54.00 0.27 003 0.50 0.05
3-Max | 53.97 55.99 54.00 2.02 0.03 3.7 0.05
4-Max | 53.97 55.01 54.00 1.04 0.03 1.92 0.05
5-Max 5397 56.87 51.00 2.90 -2.97 5.37 5.51
6 - Max 5397 55.72 55.00 1.75 1.03 3.24 1.90
TOTAL ERROR 4.04% 1.26%
TOTAL ERROR (yd) 2.26 0.68

Table 11. Data and error analysis of Average Velocity between gates (Zebra only)

RUN 6: 90 DEGREE CUT AT 30 VELOCITY ANALYSIS
fiold - |Gold G1-G2 |Gold G2-G3 Gold G3-G4 Avg Vel
Athlete | Distance Avg Vel Avg Vel tyd/s) %err Vel G1-G2 | %err Vel G2-G3 | %err Vel G3-G4
{yd) {yd/s} {yd/s}
1-Jog 5397 3.89 3.72 27 6.15 11.10 1996
2-Jog 53.97 4.10 3.99 3.03 193 14.01 22.79
3-Jog 53.97 5.20 4.29 3.26 6.58 13.27 5.29
4-Jog 53.97 4.87 4.35 3.02 6.98 27.79 37.25
5-Jog 53.97 6.12 5.23 4.90 10.98 20.61 30.79
6-Jog 53.97 4.37 411 3.23 3.76 18.87 12.82
1- Max 5397 410 3.86 292 6.27 16.10 16.00
2 - Max 5397 6.31 5.69 3.78 11.43 55.89 3244
3 - Max 5397 718 5.63 a4.77 11.69 15.03 16.16
4 - Max 5397 6.76 5.66 4.14 3.72 2321 10.39
5 - Max 5397 7.70 592 5.53 205 32.70 7239
6 - Max 53.97 6.83 5.53 4.10 215 11.62 13.45
TOTAL ERROR 6.14% 21.68% 24.15%
TOTAL ERROR (yd/s) 0.34 1.05 0.91
TOTAL ERROR (MPH) 0.24 0.71 0.62
5.0 CONCLUSION

The experimental testing and data documented above shows that the Zebra RFID ‘external
load’ based system performed above experimental error of the testing protocol, with an
overall error of 1.81%. Catapult had a much higher error of 3.99%. This is attributed to
the increased accuracy via location of RFID vs. GPS. However, it should be noted that
RFID systems require a fixed antenna system to be installed, so there is an inherent
limitation with the locations available for use.
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