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GPS WORK-FLOWS AND 
PERFORMANCE INSIGHTS

Innovative analytics to 
Inform effective training

Integrating science, engineering and technology to optimize elite performance 

Developing innovations to support 
competition best practice

LEGPOWER
Rower
Weight 90 kg
Height 192cm
2000mErg target Normalised

Pace/ 500m Watts Watts/kg Watts/kg
M ss

1 24.7 576.0 6.4 15.7
2kmtime 5:38.8
Weight normalised 92 kg (min of selected)
Deadweight (tot) 172Rower numbers 8
2kmtime 5:37.8Normalised

Equivalent weight lifted 42.0Kg
Equivalent leg weight lifted 24.4kg Assuming leg drive time ~0.3
LEGWEIGHT LIFTS(required tomatchcompetition power output)

Squat drive speed 0.8seconds Squat/min 37.5
Squad depth 70 Percent of full (femurparallel tofloor)

Req additional squat Weight -5.1 Kg

Details (Bodyweight - without additional weights)
Weight aboveHip 71.6Kg Power + hip 300.5
Weight Thigh 13.1Kg Power - thigh 54.8
Height bodylifted -squat 33.6cm 355.3

Innovative return to play strategies

Mechanistic underpinnings of 
optimal performance

Dr. Brett Smith
Technology & Innovation

Establishing innovative and 
valid performance metrics 
and real-time analytics.  
Creating big data analytics 
for performance optimization 
and injury reduction etc.
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Speed (Km/hr)

High speed running

Running

Walking

Jogging

Velocity vs acceleration in rugby

Aerobic threshold LT1

Anaerobic threshold LT2

VO2max

Max speed

Rugby match work zone
Sprinting
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34 watts per kg

25.5 watts per kg

7.5 m/s

5.5 m/s

Hard accelerations & decelerations = 51.6 watts per kg6.5 m/s 30 watts per kg

34 watts per kg

25.5 watts per kg

7.5 m/s

5.5 m/s

Easiest accelerations & decelerations = 33 watts per kg6.5 m/s 30 watts per kg

SPRINT VELOCITY ZONE – Steady state vs hard intermittent sprints 

SPRINT VELOCITY ZONE – Steady state vs very easy intermittent sprints 

Time or distance in a velocity zone for rugby doesn’t accurately depict 
the work done due to the constant accelerations and decelerations

10 m/s

2 m/s/s 25 w/kg

2 m/s

2 m/s/s 50 w/kg

4 m/s

2 m/s/s 75 w/kg

6 m/s

2 m/s/s 100 w/kg

8 m/s

2 m/s/s 125 w/kg

1 Acceleration

Avg 25 w/kg

Avg 37.5 w/kg

Avg 50 w/kg

Avg 62.5 w/kg

Avg 75 w/kg
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3.5 m/s/s 70 w/kg

3.5 m/s

2.5 m/s/s 87 w/kg

6 m/s

1.5 m/s/s 70 w/kg

7.5 m/s
1 m/s/s 68 w/kg

8.5 m/s
0.75 m/s/s 64 w/kg

1 Z4 Acceleration
9.75 m/s

0.5 m/s/s 60 w/kg9.25 m/s

70 w/kg

Avg 70 w/kg

Avg 79 w/kg

Avg 76 w/kg

Avg 74 w/kg

Avg 72 w/kg

Avg 69 w/kg

3.5 m/s

2.5 m/s/s 87 w/kg

6 m/s

1.5 m/s/s 70 w/kg

7.5 m/s
1 m/s/s 68 w/kg

8.5 m/s
0.75 m/s/s 64 w/kg

1 Z3 Acceleration
9.75 m/s

0.5 m/s/s 60 w/kg9.25 m/s

Avg 87 w/kg

Avg 78 w/kg

Avg 76 w/kg

Avg 74 w/kg

Avg 71 w/kg

Player already moving -
acceleration starts @ 3.5 m/s
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7.5 m/s
1 m/s/s 68 w/kg

8.5 m/s
0.75 m/s/s 64 w/kg

1 Z1 Acceleration
9.75 m/s

0.5 m/s/s 60 w/kg9.25 m/s

70 w/kg

Avg 69 w/kg

Avg 67 w/kg

Avg 65 w/kg

Player already moving 
Acceleration starts @ 7.5 m/s

• 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

Velocity vs acceleration work in rugby union
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Locomotion workload in rugby union is a combination of velocity and acceleration

Metrics that combine these are Metabolic Load Distance

HMLD = 
• 25.5 w/kg = 5.5 m/s
• 25.5 w/kg = 2 m/s/s

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

r = 0.96

Osgnach, C., S. Poser, R. Bernardini, R. Rinaldo, & P. Di Prampero. (2010) Energy Cost and Metabolic Power 
in Elite Soccer: A New Match Analysis Approach. Medicine and Science in Sports and Exercise 42(1):170–178.

Di Prampero, P., S. Fusi, et al. (2005). Sprint running: a new energetic approach. Journal of experimental 
biology 208(14): 2809-2816.

RECOMMENDED KPI METRICS

1. HiMets (Match fitness)
I. >25.5 w/kg ~ 5.5 m/s or 2 m/s/s (from standing start)

II. Combination of acceleration and velocity

III. KPI metric ~ VO2max pace

2. SpMets (Intensive Acceleration)
I. >50 w/kg ~ 10.6 m/s or 3 m/s/s (from standing start)

II. KPI metric ~ intensive accelerations

III. Combination of acceleration at velocity

3. HiVel
I. >85% peak velocity (& > 93%)

II. Monitoring robustness (bullet proofing metric)

III. Developing maximal speed
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Mesocycle progressive overload
5000
4800
4600
4400
4200
4000
3800 3800
3600 3400
3400 3200 3200
3200 3200
3000 3000 3000 3200
2800
2600 2600 2600
2400
2200 2200
2000
1800
1600
1400
1200 1250 1250 1250
1000
800
600
400
200

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2800 Targets 1000 2200 2600 3000 1000 2600 3000 3200 3400 1000 3000 3200 3400 3800

Safety 2200 2600 2800 3200 2800 3000 3400 3800 4200 4200 4000 4200 4400 4600
4 week average (Chronic) 2500 2000 1933 2200 2200 2200 2300 2400 2450 3050 2650 2650 2650 2650

MAX AVG SAFETY VALUE (1.5) 3750 3000 2900 3300 3300 3300 3450 3600 3675 4575 3975 3975 3975 3975
A:C 0.9 1.3 1.3 1.4 0.5 1.2 1.3 1.3 1.4 0.3 1.1 1.2 1.3 1.4

EMWA (Chronic) 2800 2560 2576 2666 2879 2848 2909 3105 3383 3710 3906 3944 4046 4188
MAX EMWA SAFETY VALUE (1.5) 4200 3840 3864 3998 4319 4271 4363 4658 5075 5565 5859 5915 6069 6282

A:C 0.8 1.0 1.1 1.2 1.0 1.1 1.2 1.2 1.2 1.1 1.0 1.1 1.1 1.1
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

Moderate

Light

Very light

Minimal

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

Max

Very Hard

Hard

Tim J Gabbett Br J Sports Med doi:10.1136/bjsports-2015-095788
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Chronic A:C
1000 1.61
1500 1.49
2000 1.38
2530 1.30
2990 1.24
3450 1.20
3910 1.16
4370 1.14
4870 1.12
5300 1.11
5800 1.10
6300 1.10
6800 1.10

HiMets A:C threshold

Week metric averages for fit players
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Week metric averages for 23 match players vs fit non-23

Individual player week values vs their position fit averages
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Week player report vs targets & safeties

Week player reports vs standards and safeties
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RUGBY 
“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
Rep Duration Wattage ~ vel (m/s) W:R

Total work 
duration (mins) Training Zone

2-20 sec 1032.8 7.5 1:10 6 Lactate Production
10 sec - 1 min 800 6 1:5 10 Lactate Production
15 sec - 2 mins 720 5.5 1:02 12 Lactate Tolerance
30 sec - 5 mins 670 5 1:0.5 20 Lactate Tolerance
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
1-2 hrs 513 3.4 NA ~2 hrs Aerobic intensity
2 hrs 487 3.3 NA ~2-3 hrs Aerobic
4 hrs 466 3 NA ~ 4 hrs Aerobic

Drill book – monitoring session intensities
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1400
1350
1300
1250
1200
1150
1100
1050
1000

950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100

50
0

Very Hard Week Game D0 D1 D2 D3 D4 CR
3700 900 450 1050 100 900 300

Props 85% 765 0 383 893 85 765 255
Hookers 90% 810 0 405 945 90 810 270

Locks 90% 810 0 405 945 90 810 270
Loose 

Forwards 100% 900 0 450 1050 100 900 300
Inside 
backs 110% 990 0 495 1155 110 990 330

Midfield 
backs 110% 990 0 495 1155 110 990 330

Outside 
Backs 115% 1035 0 518 1208 115 1035 345

Maximal

Jog 
Through 
Minimal

Very Light

Light

Moderate 
(Typical)

Hard 
(Typical)

Very Hard

Microcycle periodization

Day Reports, player averages
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Player Day Reports vs their position averages

Individualized daily targets and safeties
First 
Name Surname Position

Day 4 Day 
Target

Day 4 Cumul 
Target

Day 4 Cumul 
Safety

Jiwon Gu 1Prop 722 456 492
Kauvaka Kaivelata 1Prop 722 495 584
Sho Maeda 1Prop 722 369 299
Hikaru Moriwaki 1Prop 722 347 -30
Isileli Nakajima 1Prop 687 701 764
Shigure Takao 1Prop 722 380 435
Takayuki Watanabe 1Prop 634 416 476
Hiroshi Yamashita 1Prop 317 872 1544
Ash Dixon 2Hooker 786 383 584
Takuya Kitade 2Hooker 786 728 781
Sione Mau 2Hooker 786 1583 1604
Keita Miyauchi 2Hooker 132 151 2173
Gerard Cowley-Tuioti 3Lock 687 276 356
Neil Hansen 3Lock 851 851 842
Naohiro Kotaki 3Lock 819 1651 1680
Takuma Motohashi 3Lock 833 576 622
Waisake Raratubua 3Lock 330 551 1311
Brodie Retallick 3Lock 851 67 115
Kavaia Tagivetaua 3Lock 851 764 674
Sosefo Fakatava 4Loose 872 634 471
Hayato Fukunishi 4Loose 925 593 658
Solomone Funaki 4Loose 872 502 594
Hikaru Hashimoto 4Loose 396 530 1714
Takara Imamura 4Loose 925 519 576
Go Maeda 4Loose 925 918 951
Willie Potgieter 4Loose 793 888 893
Bryn Gatland 5Inside 1064 664 1215
Atsushi Hiwasa 5Inside 1064 391 695
Daisuke Ito 5Inside 1064 948 1020
Itsuki Kamimura 5Inside 1064 867 1095
Daiki Nakajima 5Inside 1064 941 1110
Kenta Tokuda 5Inside 1004 151 192
Talilotu Fakatulolo 6Midfield 971 688 836
Junta Hamano 6Midfield 971 609 820
Mac Harris 6Midfield 971 618 1620
Tali Ioasa 6Midfield 971 634 1272
Timothy Lafaele 6Midfield 971 537 930
Michael Little 6Midfield 951 386 447
Inoke Burua 7Outside 1018 315 964
Ryota Funabiki 7Outside 264 -81 1297
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Average = 10kmh. WCS ??

20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh

Simple workload calculation (full match or half)

20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh 20 kmh 0 kmh

Average = 10kmh.  WCS = 14kmh

Avg 12kmh Avg 12kmh Avg 11kmh Avg 8kmh Avg 6kmh Avg 12kmh Avg 12kmh Avg 14kmh Avg 8kmh Avg 6kmh Avg 9kmh

Fixed Epoch workload calculation (e.g. 1 minute)

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

Average = 10kmh.  WCS = 15kmh

ESTABLISHING QUALITY - MATCH WORKLOAD ANALYSIS

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

IS THERE A BETTER WAY?

Ball in 
play

R
E
S
T

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

BiP avg 32sec BoP avg 1 min 15 sec

30 sec 1 min 2 min 3 min 5 min

100

50

25

75

BiP avg 32sec BoP avg 1 min 15 sec

Typical training duration and intensity

15 sec BiP
32% of plays

5% of match time BiP

In
te

ns
ity

Average rest interval

Rest interval standard deviation

Zoom – cruise - zoom

Speed – chaos - fatigue
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30 sec 1 min 2 min 3 min 5 min

100

50

25

75

BiP avg 32sec BiP avg 1 min 15 sec

Typical training duration and intensity

3 minute BiP
0.3% of plays

1.5% of match time

In
te

ns
ity

Average rest interval

Rest interval standard deviation

GOOD GREAT EXCELLENTPOOR

Average

BEST PRACTICE: CREATE “MAGNITUDE” BASED POSITION STANDARDS 
FOR DIFFERENT BIP DURATIONS

Collect 
match data 
for multiple 
years and 
create 
standards for 
various 
metrics for 
different BiP 
durations

Median 75th Percentile 95th 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
125
120
115
110
105
100

95
90
85
80
75
70
65
60
55
50 Average
45 Average
40 Average
35 Average
30 Average
25 POOR POOR Average
20 POOR POOR Average
15 POOR POOR Average
10 POOR POOR

5
0-15 sec 15-30 sec 30-45 sec 45-60 sec 1 - 1:30 min 1:30-2 min 2-3 min > 3min

1-2 SD(Z) 
Great

1-2 SD(Z) 
Great

1-2 SD(Z) 
Great

>2 SD (2Z)  
Excellent

>2 SD (2Z) 
Excellent

>2 SD (2Z)  
Excellent >2 SD (2Z)  

Excellent >2 SD (2Z)  
Excellent

1-2 SD(Z) 
Great

Avg -1SD(Z) 
Good

Duration for each BiP

Avg -1SD(Z) 
Good

Avg -1SD(Z) 
Good

Avg -1SD(Z) 
Good

Avg -1SD(Z) 
Good

Avg -1SD(Z) 
Good

Avg -1SD(Z) 
Good

1-2 SD(Z) 
Great

1-2 SD(Z) 
Great

1-2 SD(Z) 
Great

1-2 SD(Z) 
Great

Avg -1SD(Z) 
Good

>2 SD (2Z)  
Excellent >2 SD (2Z)  

Excellent >2 SD (2Z)  
Excellent

Metric standards for BiP by position by duration
The standards achieved in matches become the standards for both 

match and training performance
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Training session analysis, drill qualities and durations

35

36



Training session analysis, live player qualities and targets

Week Reports, team drill totals
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Future Directions
The holy grail = metabolic cost of backwards and curvilinear 
running. Will enable directional specific power calculations

THANKS & QUESTIONS
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