GPS WORK-FLOWS AND
PERFORMANCE INSIGHTS

NZSCA (SESNZ) — SPRINZ (AUT) nNzsca

2025 S&C Practitioners Day \
Massey University SE”NZ

SPORT & EXERCISE SCIENCE
Albany campus - — NEW ZEALAND —

Tuesday, November 18th

9am-Gpm AUT SPORTS PERFORMANCE
RESEARCH INSTITUTE NEW ZEALAND

. TE KUNENGA
KI PUREHUROA]

A [ Lumin OptiRTP [RAEEs
UNIVERSIT

UNIVERSITY OF NEW ZEALAN

Establishing innovative and
valid performance metrics
and reaktime analytics.
Creating big data analytics
for performance optimization
MOANA  and injury reduction etc.

The B\ - =
University “6séeSeste >|< 7 RowiNG
of Waikato BRITISHROWING l

W oo Winanga R T
QU | % @
i S PR >

AL - Dr. Brett Smith
eveloping innovations to suppo . — [
competition bestpractice Technologv & Innovation i o

Mechanistic underpinnings of
optimal performance

WAIKATO
RUGBY

Innovative analytics to
Inform effective training




Errors on GPS Signal
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Velocity vs acceleration in rugby
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: Walking




SPRINT VELOCITY ZONE — Steady state vs hard intermittent sprints

75 s 34 w;ﬁer kg
6.5 m/s 30 watts per kg !
5.5 m/s 25.5 watts per kg

SPRINT VELOCITY ZONE — Steady state vs very easy intermittent sprints

7.5 m/s /_\ /\ 34 watts per kg
6.5 m/s /\ Easiest accelerations & decelerations = 33 watts per kg 30 watts per kg
5.5 m/s 25.5 watts per kg

Time or distance in a velocity zone for rugby doesn’t accurately depict

the work done due to the constant accelerations and decelerations
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Velocity vs acceleration work in rugby union

* Velocity

— “The underlying assumption that displacement variables
reflect energy cost is applicable only when activity is
performed at a constant speed”

« Polglaze, T., Dawson, B., & Peeling, P. (2016). Gold standard or fool’s gold? The efficacy of displacement variables
as indicators of energy expenditure in team sports. Sports Medicine, 46(5), 657-670.

* Acceleration

— Distance (or time) in an acceleration zone cannot be used as
a measure of work
* Most accelerations occur when the player is already moving
+ distance or time in an acceleration zone is very inaccurate
— Acceleration count is therefore used, and it is an inaccurate
measure of the magnitude of work
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Locomotion workload in rugby union is a combination of velocity and acceleration

Metrics that combine these are Metabolic Load Distance

Experiment: Compare time to complete rugby type tests (examples below) with available GPS metrics.
Results: Metabolic measures consistently generate the highest and very strong correlations

Protocol 5 x 20-40- EOmshur!Ierepeated on 2 minutes HML Distance versus total time to complete six broken bronche
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Protocol 5 x 10-20m shuttle repeated on 1 minutes
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Osgnach, C., S. Poser, R. Bemardini, R. Rinaldo, & P. Di Prampero. (2010) Energy Cost and Metabolic Power
I in Elte Soccer: A New Match Analysis Approach. Medicine and Science in Sports and Exercise 42(1):170-178
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Forvars Backs Di Prampero, P., . Fusi, et al. (2005). Sprint running: a new energetic approach. Journal of experimental

biology 208(14): 2809-2816

RECOMMENDED KPI METRICS

1. HiMets (Match fithess)
. >25.5 w/kg ~ 5.5 m/s or 2 m/s/s (from standing start)
[I. Combination of acceleration and velocity
[ll. KPI metric ~VO2max pace

2. SpMets (Intensive Acceleration)
. >50 w/kg ~ 10.6 m/s or 3 m/s/s (from standing start)
[I. KPI metric ~ intensive accelerations
[ll. Combination of acceleration at velocity

3. HiVel
. >85% peak velocity (& > 93%)
[I.  Monitoring robustness (bullet proofing metric)
[ll. Developing maximal speed
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Hard

Mesocycle progressive overload

Moderate

Light

Very light

Minimal

Week
Targets
Safety

PRE-SEASON MESOCYCLE 1 PRE-SEASON MESOCYCLE 2 IN SEASON

4 week average (Chronic)|
MAX AVG SAFETY VALUE (1.5)|

A:C

EMWA (Chronic)|
MAX EMWA SAFETY VALUE (1.5)

2800 2560 2576 2666 2879 2848 2909 3105 3383 3710 3906 3944 4046 4188

A:C| 0.8 1.0 11 1.2 1.0 11 12 1.2 1.2 11 1.0 11 11 11
Props 85% 850 1870 2210 2550 850 2210 2550 2720 2890 850 2550 2720 2890 3230
Hookers 90% 1980 2340 2520 2880 2520 2700 3060 3420 3780 3780 3600 3780 3960 4140
Locks 90% 2250 1800 1740 1980 1980 1980 2070 2160 2205 2745 2385 2385 2385 2385
Loose Forwards 100% 3750 3000 2900 3300 3300 3300 3450 3600 3675 4575 3975 3975 3975 3975
Inside backs 110% 4125 3300 3190 3630 3630 3630 3795 3960 4043 5033 4373 4373 4373 4373
Midfield backs 110% 3080 2816 2834 2932 3167 3132 3199 3416 3721 4081 4297 4338 4451 4606
Outside Backs 115% 4830 4416 4444 4598 4967 4912 5017 5356 5836 6399 6738 6803 6980 7224

o ‘Sweet Spot’ ‘Danger Zone’
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Likelihood of subsequent injury (%)

| injury risk 1 injury risk
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Acute:Chronic Workload Ratio
Tim J Gabbett Br J Sports Med doi:10.1136/bjsports-2015-095788




HiMets A:C threshold 16 Acute to chronic ratio threshold based on 4th order polynomial model
Chronic A:C (position based mini and i with associated a:c thresholds)

1000 1.61 15 o ¥=1.1346050986E-16x¢ - 4.6023852257E-126° + 6.8302624855E.-08
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Week metric averages for fit players
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Individual player week values vs their position fit averages
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Shirt Status

Over Target

Over Safety
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er reports vs standards and safeties

Intensive acceleration = Dist > 50 w/kg (3 m/s/s/ or 10.6 m/s).
Week values are colored by position based weekly standards - see nd of report for more details. | wk = one week value, 4wk = average over four weeks, Bwk = average over eight
weeks. Season = average over the season. Wk Delta = linearized weekly change across season i.e., theorstically the trend of the per week change (positively or negatively) across

the season o far.
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“PREPARING FOR WAR”

Required conditioning vs optimal conditioning
recovery focus vs survival focus

MATCH SPECIFIC, QUALITY & WORST-CASE SCENARIO
WELLNESS & INJURY MANAGEMENT

Microcycle FITT principles, planning considerations

Totalwork
Rep Duration | Wattage | ~ vel (m/s) W:R [ duration (mins) Training Zone
2-20sec 1032.8 7.5 1:10 6 Lactate Production
10sec-1min 800 6 1:5 10 Lactate Production
15sec - 2mins 720 5.5 1:02 12
30 sec - 5mins 670 5 1:0.5 20
5-50 mins 575 4 1:03 50 Anaerobic threshold
5-60 mins 552 3.8 1:0.1 60 Anaerobic threshold
5-90 mins 526 3.6 3.5 90 Anaerobic threshold
1-2hrs 513 3.4 NA ~2hrs Aerobic intensity
2hrs 487 3.3 NA ~2-3hrs Aerobic
4hrs 466 3 NA ~4hrs Aerobic

Drill book — monitoring session intensities

QuaLiTy WORK MINUTES | REST MINUTES |REPS [TOTAL | Nommal |BestPractice AVERAGE BEST PRACTICE
Poor Drill Label Minutes Seconds | Minutes Seconds Total HiMets [Total HiMets |  |HiMets/minQuality AvgTime| |HiMets/min Quality
Almostgood | Warm up 10 1 769 7.9 02 075% 136 08
Good Clarity 15 1 1 155.0 103 001410 157 0.0
Position specifi i 1 30 i 7. 104 181 03
ST (54 edges 3 1 i 3 103 130 0.0
movement grids 7 30 i 3 i26.8 169 ; 218
Good ball tap i i 7 575 2.8 SOTED 334
Circle of pressure, i %0 I ? 110.1 313 30 TED a3
Balling ball 1 |5 3053 Gl 28 NCEd 737
atack sets yardage 1 4 1228 306 B o0 385
JArm wrestle 5 i 1221 244 05:20 289
Work ons 10 63.0 63 001025 63
TOTAL 1:11:10 0:19:45 1:30:55] 12468 1580.9
TOTALTIME 1:30:55
ESTIMATED QUALITY 0:18:40 |- Anaerobic work time [ saa2 [ 10083 |
[HiMets Target T 1300 | Targetditferenceiveunders wveoven]  -53.2 280.9
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Microcycle periodization
= = 0
(o)
900
Hard 850
(Typical) 800
750]
700
Moderate 650
(Typical) 600!
550
500
Light 450
400
350]
Very Light 300|
250
- 200!
Through e
Minimal
50
O
Very Hard Week Game DO D1 D2 D3 D4 CR
900 450 1050 100 900 300
Props 85% 765 o 383 893 85 765 255
Hookers 90% 810 o 405 945 90 810 270
Locks 90% 810 o 405 945 90 810 270
Loose
Forwards 100% 900 o 450 1050 100 900 300
Inside
backs 110% 990 o 495 1155 110 990 330
Midfield
backs 110% 990 o 495 1155 110 990 330
Outside
Backs 115% 1035 o 518 1208 115 1035 345
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Day Reports, player averages
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Player Day Reports vs their position averages

Week Qualty Re

B subs

o

z

Column chart showing daily position average metric value versus daily metric value for [N
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U U c U Ud dl (J€C d U dlC -
= First Day 4 Day |Day 4 Cumul |Day 4 Cumul
Name Surname Position Target Target Safety
= 1Prop 722) 456 492
1Prop 722| 495 584
i 1Prop 722 369) 209||
: | 1Prop 72£| 347] @Il
3 1Prop 687 701 764
| 1Prop 722] 380) 435)
’ F o ) 1Prop. 634] 416 476
! 1Prop 317 872 1544]
[—— 2Hooker 786] 383 584
T = g IR T 2Hooker 781
& Y1) 2Hooker 1604
R, ) 2Hooker 2173
e o 3Lock
- = 3Lock
- = e 3Lock
=5 = aLock
e - 3Lock
i a = s m 3Lock
T 2 oy 4Loose
ne - ™ | o 4Loose
e - - 4Loose
i: 2 ;- ‘; :’ 4Loose
o v = ™ w 4Loose
= i - —— 4Loose 925 918] 951]
am = m 4Loose 793 868 893
P - Sinside 1064 664 1zT£|
tom 7 = L 5inside 1064 391 695
o - = Sinside 1064 948 1020
= = & Sinside 1064 867, 1095
e = 2 Sinside 1064 941 1110
Sinside 1004 151] 192)
6Midfield o71] 688 a?s'
6Midfield 971 609) 820||
6Midfield o71] 618 1620
6Midfield o71] 634 1272
6Midfield 971 537 930
6Midfield 951] 386 447
70utside 1018 315 964
7Outside 264 -81 1297
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ESTABLISHING QUALITY - MATCH WORKLOAD ANALYSIS
Simple workload calculation (full match or half)

OkmhokmhOkmhOkmhOkmhOkmhokmhokmhokmhokmhokmh Y oot R oo

Average = 10kmh. WCS ??

Fixed Epoch workload calculatiopfag. 1 minute)
Avg 11kmh A 8kmh A 6kmh A 12k h Avg 12k 8kmh  Avg 6kmh A 9kmh
'Avg 12kmh Y Avg 12kmh  Avg 11kml vg 8km vg 6km vg 12km vg 12km @ vg 8km vg 6km vg 9km N

'y
| Y Y
20 [ 20 kot [ mokmhokmhokmh Wkh Okmh Whh omh@omhﬂ@omhﬂﬂomh Whoh Okmh 20konh [T 20k [

A_vemge—lOkmh WCS = 14kmh

Rolling Epoch workload calculation
e.g., The start time for each successive epoch increases by 1

Average = 10kmh. WCS = 15kmh

Shorter rolling Epoch (e.g., 30 sec Epoch) WCS ~ 20kmh

IS THERE A BETTER WAY?
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RUGBY MATCH LOAD IS NOT AN AVERAGE OVER 80 MINUTES
IT IS THE ABILITY TO PERFORM INTENSIVE BURSTS
Q1: WHAT DOES THIS LOOK LIKE?
Q2: HOW DO WE TRAIN FOR THIS




Match analysis: Ball in Play (BiP) versus Ball out of Play (BoP)

BoP avg 1 min 15 sec

Match Ball in Play periods

0.3%

BiP avg 32sec

m 0-15 sec
m 15-30 sec
m 30-60 sec
1- 3 minutes

® >3 minutes

29
15 sec BiP E—
32% of plays R
5% of match time BiP e
HEE e
100 GeoesooeEsE
75
2 Zoom — cruise - zoom

Speed — chaos - fatigue

Rest interval standard deviation

Average rest interval

Typical training duration and intensity

30 sec 1 min

2 min 3 min

FlIEVRPA  BoP avg 1 min 15 sec

5 min
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3 minute BiP
0.3% of plays
1.5% of match time
100
75
=
50
25 Rest interval standard deviation|
Average rest interval
Typical training duration and intensity
30 sec 1 min 2 min 3 min 5 min
BiP avg 32sec IV REIINERT:T
31
BEST PRACTICE: CREATE “MAGNITUDE” BASED POSITION STANDARDS
FOR DIFFERENT BIP DURATIONS
50% 50%
Collect :
match data Negative z-score Positive z-score
for multiple
years and
create
standards for
various
metrics for
different BiP 49:85%
durations
GOOD GREAT
\
mm..,..mu;m ’ Median I 75th Percentile 95“‘ Percentile
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Simple standards for BiP by position by duration
The standards achieved in matches become the standards for both
match and training performance

HiMets per minute

1-25D(2)
% Great
85
80 1-25D(2)
75 Great
70
P Avg-1SD(Z) 1-25D(2)
60 Good Avg-15D(2) Great 1-25D(2)
- Good Great 1-25D(2)

Avg -1SD(2) Great 1-2SD(2)

Good Avg-1SD(2) Great 1-25D(2)
Good  Avg-15D(2) Great 1-25D(2)
Good Avg-15D(2) Great
Good Avg -1SD(2)

Good Avg -15D(2)
Good

0-15 sec 15-30 sec 30-45 sec 45-60sec  1-1:30min 1:30-2 min 2-3 min >3min
Duration for each BiP
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Metric standards for BiP by position by duration
The standards achieved in matches become the standards for both
match and training performance

Prop HiMets per minutes standards per BiP minute
An exponential curve was fitted through the percentile data

Tuih Data from all team from 2014

=—@— 50th Percentile —8— 75th Percentile =@ 90th Percentile

56 - ~@~-- Raw 50th percentile ~—@-- Raw 75th percentile ~~@~- Raw 80th percentile

100.0

60.0

High Metabolic Load per Minute (distance / minute)

20.0

0.0

BiP bin (minutes)
There are 10 BiP bins with equal samples sizes in each bin
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Quality Himets Int Accel >85% Max Max Speed Distance
Position Fit |Mins  %Min %Drill |Metres Rnk|Metres Rnk|Metres Rnk|m/s %PB|Metres Rnk|Notes
1Prop N |00:12:14 t |65 3 | 2 |68 |&7% |T216] 1
1Prop N 2 |k P 3 t |7 80% 61@ 2
1Prop N 4 z 2 o 6 |68 7o s 4
Pop  F 3 |8 1 o 3 e8| 7o% (5421 3
Pop N 5 |35 6 |o 5 |62 68% (1988 5 |Non23
IPop N 6 |44 5 o 4 |62] 70% |1463 6 |Non23
Hooker G 2 |77 ) &i% |6556] 1
2Hooker  F 2 | 2 1 3 (73 |e6% |58 2
2Hooker  F 3 |as 3 o 1 |6 0 71% |18a5 3
F 1 |ae 1 |3 1 |73 |87% [s2110] 1
F 2 |18 2 o 5 |75 8% |T196] 2
N 3 (w9 4 o 3 |73 | 8% (6340 3
F 4 1’20 3 o 2 |74 7o% |se38 4
F 5 |58 5 o 4 |68 &% |[1809 5 [Non23
N EDEEGE 1 |82 2
F 2 s8] 1 |7 2 |9 1
F 3 |97 a |2 3 |8a 3
F N EDEEE 3 |18 10832 |1
F i 2 (2l 1 | 2 |85 3
R 3 a5 2 |o 4 |78 2
F ¢« |89 4 o 5 (78 4
F 5 |n9 5 |9 1 |83 5 |Non23
N 1 |274) 1|0 2 |82 1
F 2 |15 2 |o L) 2
F ES T [REE 2
F 2 |41 0 2 (20 4 |99 1
F 3 s8] 3 (14 W2 |94 3
F 4 (28] < |a 5 o 4
F 5 |62 5 |28 3 |94 5 |[Nen23
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Drill Summary Comparison
Drill Week Day Type Label Notes. Start Year Duration H:m:s Duration Type HiMet HiMetimin Qual Distance Distance/min IntAcc IntAccimin >85%
Dril1(D1). | PS03 Day 4 Team Tranng 09,4706 203 o8 409 3 0 56
Drill 2 (D2): PS09 Day 4 Other dnll C E Thu 06 Nov 09:57:18 2025 6014 437 235 o 586
Drill 3 (D3):  PS09 Day 4 Other drill Warmup  Thu 06 Nov 10:19:10 202! 503 T4 498 0 02
Drill 4 (D4).  PS09 Day 4 Other dll Rng{v; Thu 06 Nov 1026:3 i 2 148 59 81 o o
Drill § (D5) PS09 Day 4 Other drill FW Units  Thu 06 Nov 10:30.00 2025 y 5 P 798 272 7 0 o
Drili 6 (D6):  PS09 Day 4 Other drill SK Units /| Thu 06 Nov 10:32:23 202! g 2 212 443 62 o o
Nide g
Breakdawn
Kill &
Retention
Drill 7 (D7) Day 4 Other dnll 3(NUm|s( Thu 06 Nov 10:38:06 ! 85 21 0 02
Drill 8 (D8) Day 4 Other dnil K s v 9 i 5 5 P 69 %4 0 o1
Sarne way
Dt 9 (D9) Day 4 Other deill ts o d296 96 P 54 15 o [}
inish. o
Deill 10 (D10} PSS Day 4 Other drill Contact  Contact  Thu 06 Nov 11:03:07 1 52 74 0 0
Rotation |
Dnll 11 (D11) PS09 Day 4 Conditioning drill Kos vs Kor KOS vs  Thu 06 Nov 11:15:43 2025 00.00: 196 ne o 1
D:C\RJI(IN
Drill 12 (D12). PS09 Day 4 Conditioning drill Kos vsm:gg ﬁ\IN Thu 06 Nav 11:16:49 2025 00:01:07 137 94 o o1
s va
Dreill 13 (D13) PS09 Day 4 Conditioning drill Kos vs Kor Kggvs Thu 06 Nov 11:18:29 2025 00:00:49 E 132 65 o o
KOR /KIN
5
Drill 14 (D14): PS03 Day 4 Gonditioning drill Kos vs Kor KOS vs  Thu 06 Nov 11:19:56 2025 00:00:51 185 13 [ 09
KOR / KIN
5
Drilt 15 (D15): PS09  Day 4 Gonditioning dnill Kos vsKoﬂ':ggﬂ Thu 06 Nov 11:21:21 2025 00:00:54 E 149 103 0 o
Tian
5
Drill 16 (D16). PS09 Day 4 Conditioning drill Kas vs Kor KOS vs Thu 06 Nov 11:23.03 2025 00-00:58 126 10 o 01
KOR / KIN
&
Drill 17 (D17) PS09 Day 4 Condibioning drll 15v15 ‘I’Ldkf Thu 06 Nov 11:26:37 2025 00,0120 146 127 0 13
11
Drill 18 (D18) PS09 Day 4 Conditioning drill 15v15 :'aﬁ:fi 5 Thu 06 Nov 11:28:25 2025 00:00:56 E 500d 128 84 0 o
Drill 19 (D19) PSD9 Day 4 Conditioning drill 15v15 é!;:f 5 Thu 06 Nov 11-30:22 2025 00-00:52 135 81 0 o
3 ‘
Drili 20 (D20): PS09 Day 4 Conditioning drill 15v15 Thu 06 Nov 11:33,06 2025 00:00: 179 131 0 o
15
Drill 21 (D21): PS09  Day 4 Conditioning drill 15v15 5 v o6 3 s 5 237 86 o o
Drill 22 (D22) PS09 Day 4 Conditioning drill 15v15 5 - 135 87 o 02
!
Drill 23 (D23) PS09 Day 4 Condiboning drll 15v15 Thu 06 Nov 11:42:35 2025 00:01:14 0 . 114 74 o o
*¥3
Drill 24 (D24): PS09  Day 4 Conditioning drll 15v15 Haid Thu 06 Nov 11:44:37 2026 00:01:42 g 13 108 0 02
Drill 25 (D25) PS09 Day 4 Conditioning drill 15v15 el Thu 06 Nov 11:47:28 2025 00:00:51 o 144 108 o0 24
Drill 26 (D26) PS09 Day 4 Other dnll Work ons  BBA Thu 06 Nov 11:52:45 2025 SIS <3 5 7 319 75 0 0
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Training session analysis, live player qualities and targets

00:57:32

Squad

Players

Matrics |

Theesholds

ih =

E  ocame:

00:05:03

104 1 592

50/328

13/806

i

52/6%8

11830

617740

3130

21720

10420

3120

15/20

6/20

8/20

©/20

30/0 37miesn

©10/0 5.86/9.60

5W/D 5.08/8.60
.

388/0 384/8.00

s01/0 5.12/870
.

433/0 468/8.90

48540 5181870

530/0 5.18/10.00
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Week Reports, team drill totals

7 e

This figure displays the weekly team total metric value for conditioning and game drills

Quality

Sum of Value

Week

POOR s < average match Intensity, GOOD+ is > average match inte
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Future Directions

The holy grail = metabolic cost of backwards and curvilinear
running. Will enable directional specific power calculations

5.5m/s
Forwards
4.09 m/s 4.09 m/s
30m radius 30m radius
3.23m/s 3.23m/s
10m radius 10m radius
vl
Running at 25.5 w/kg High Metabolic Load Distance
2.64 m/s 2.64m/s
10m radius 10m radius
3.23m/s 3.23m/s
30m radius 4.0m/s 30m radius
Backwards
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