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Agenda

Overview 

ÅDifferent ways the power/performance and 
efficiency of a system can be compared

ÅComparing and contrasting energy and power

Benchmarks vs. real life 
ÅDifferences between the behavior 

of synthetic benchmarks and use 
cases 

ÅBoth on the usage of the CPUs and 
GPUs as well as the power 
consumption

Results
ÅExamples of some of the real life results that 

have been measured

The practicalities of measurements 
ÅHow the power rails inside a system can be 

accessed and measured

ÅEquipment needed and the procedures used

Summary

System Benefits
Å“Secondary Benefits’ to an efficient 
design”
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Choosing an Android STB

HDMI output

Support 4K

Wifi/Ethernet

Optical audio output

Support for mainstream applications –Netflix, Flixster,  Youtubeetc. 



©  2017 Arm Limited 5

System Specifications
X92 Feature H96

AmlogicS912 SoC RK3399

28nm HHMG Process 28nm HHMG

Quad -Core Arm Cortex-A53 @2GHz
Quad -Core Arm Cortex-A53 @1GHz

CPU Dual-Core Arm Cortex-A72 @2GHz
Quad-Core Arm Cortex-A53 @1.5GHz

512KB L2 cache 1MB/512KB

Mali-T820MP3 GPU @ 750MHz GPU Mali-T860MP4

2GBDDR3 RAM 4GBDDR3

16GBeMMC ROM 32GBeMMC

Android 6.0 Marshmallow OS Android 6.0 Marshmallow

5V @ 2.5A Power Supply 5V @ 2A

Gigabit Ethernet Gigabit

2.4G/5.8G, 802.11 b/g/n/ac WiFi 2.4G/5.8G, 802.11 b/g/n/ac 

4K*2K UHD Output, HDMI 2.0a HDMI 4K*2K UHD Output, HDMI 2.1

4 Ports : 2.0 USB 3 Ports : 3.0, 2.0, Type C

SPDIF/IEC958 Audio SPDIF/IEC958

PCM Serial AV PCM Serial

4.0 Bluetooth 4.1

Higher rated power 
supply suggests higher 
power consumption

Additional RAM & 
ROM suggests higher 
power consumption

Bigger caches, 
higher 

performance?

2 big / 4 LITTLE 
vs 

4 LITTLE / 4 LITTLE

2 big / 4 LITTLE 
vs 

4 LITTLE / 4 LITTLE
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Traditional methods of comparison
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Power vs. energy

Power is the rate at which 
energy is consumed.

ÅWatt = Joules/Second

ÅWatt = Volts x Current

Energy is the amountof power 
consumed.

Å Energy is power integrated 
over time.

Å Joule = Watt x Seconds

High 
average
current

Short time

Current
(mA)

Time (H)

System A

High power

Low energy

Low average 
current

Long time

Current
(mA)

Time (H)

System B

Low power

High energy
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Efficiency
Performance 

metric
Consumed 

energy

Efficiency

ά¢ƘŜ ratio of the useful work
performed by a machine or in a 
process to thetotal energyexpended
ƻǊ ƘŜŀǘ ǘŀƪŜƴ ƛƴέ

Work

ά! ǘŀǎƪ ƻǊ ǘŀǎƪǎ ǘƻ ōŜ ǳƴŘŜǊǘŀƪŜƴέ

For our purpose: 
Benchmark/Workload… with a metric 
(score/FPS/latency/etc.)

Energy

ά!Ƴƻǳƴǘ ƻŦ ǇƻǿŜǊ ŎƻƴǎǳƳŜŘέ

Energy: power integrated over time           
(Joule= Watt.Second)

Power: rate at which energy is consumed 
(Watt = Joules/Second… Watt = Volts.Current)

What is efficiency?
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Sample results
Measurement System A System B

Score 43329 12350

0

10000

20000

30000

40000

50000

System A System B

Score

Score

0

1000

2000

3000

4000

5000

6000

7000

System A System B

Average power

Average Power

2300

2400

2500

2600

2700

2800

2900

System A System B

Consumed energy

Consumed
Energy

Average current 1898mA 1048mA

Average power 6495mW 2920mW

Timefor test 5.59s 13.95s

Consumed energy 2527uAh 2836uAh

Efficiency 17.1 4.4

Although System A consumes more 

instantaneous current, and hence power, 

completing the task quicker results in a 

lower energy consumption. 

Combined with a high score results in high efficiency.
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The practicalities of 
measurements
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Method 1 ςFuel gauge
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Power measurement ςfuel gauge

Pros:
Non-invasive

Cons:
Not all systems have fuel gauges
Vary in accuracy
Provide total power, cannot provide breakdown



©  2017 Arm Limited 13

Fuel gauge ςaccuracy

Accurate

Inaccurate
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Method 2 ςmeasure at battery

Isolate battery terminals using tape

Add wires to battery
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Battery accessibility ςnon-removable battery

Very difficult to access 
terminals

Battery connects via 

ribbon cable

Battery connector
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Battery measurement

www.msoon.com
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Subtracting idle power

Idle 
(active 
screen)

Average 
active 
power

Test

Average idle power

Average test power
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Power measurement ςmeasure at battery

PC Running “PowerTool”

USB

Power Monitor –
Monitored power supply

Pros:
Works with or without a fuel gauge
Accurate

System with 
battery 

disconnected

Cons:
Invasive –need to bypass the battery

Provide total power, cannot provide breakdown
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Method 3 ςmeasure at power jack

Example –STM3210C-EVAL Board 

3.5mm Jack Plug
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“Standard 5V power supply” Modified 5V power supply

Modify the power jack
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Power measurement ςmeasure at power jack

PC Running “PowerTool”

USB

Power Monitor –
Monitored power supply

Pros:
Dev board does not require any mods
Accurate

Cons:
Limited –not all development boards provide separate power jack 

Provide total power, cannot provide breakdown

Modified 5V power cable
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Method 4 ςmeasure at USB connector

Raspberry pi 3

USB power supply can be modified in a 
similar way to the 3.5mm jack power supply
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Power measurement ςat USB connector

PC Running “PowerTool”

USB

Power Monitor –
Monitored power supply

Pros:
Works with boards with USB power
Accurate

Cons:
Limited –loose the “debug port”

Provide total power, cannot provide breakdown

Modified USB power cable
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Method 5 ςUSB power monitor
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Power measurement ςUSB power monitor

USB

Pros:
Non invasive –no need to modify boards or cables
Enable data to be transmitted over the USB port
Accurate

Cons:
Typically show instantaneous current and voltage

Provide total power, cannot provide breakdown

USB
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Method 6 ςmodified USB cable

Computer

Shunt 
resistor

(Rs)

Development
Board

Vb

Va

1 = Va/Rs

0V

0VChannel

Power calculation

P = V x I

Power = Vbx Va/Rs Va Vb

USB Cable
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Power measurement ςmodified USB cable

USB

Pros:
Provides continuous power monitoring 
Enable data to be transmitted over the USB port
Accurate

Cons:
Each USB cable needs to be modified (Mini, Micro-B, Micro-C)

Additional equipment (DAQ) required 
Provide total power, cannot provide breakdown

USB

5 –10mΩshunt 
resistor

Measure voltage drop across shunt
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Method 7 ςmodified USB power monitor

Shunt Resistor
(USB Current)

USB Voltage
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Power measurement ςmodified USB power monitor

USB

Pros:
Provides continuous power monitoring 
Enable data to be transmitted over the USB port
Accurate

Cons:
Additional equipment (DAQ) required 

Provide total power, cannot provide breakdown

USB

Measure voltage drop across shunt
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Method 8 ςmeasure at the SoC

CPU

GPU

I/O

Rest of SoC

Battery 
charge

PMIC

Voltag
e

reg.

Other
components

Measure here for total platform 
power consumption
(fuel gauge and VBAT)

Measure here for individual 
power consumption (CPU, GPU,  I/O etc.)
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What's being measured

PMIC
and/or voltage 

regulator
Inductor

Shunt 
resistor

(Rs)

C
a

p
a

ci
to

r

Applications
processor

Vb

Va

1 = Va/Rs

0V

0VChannel

Power calculation

P = V x I

Power = Vbx Va/Rs Va Vb
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Power measurement ςmeasure at SoC

USB

Pros:
Extremely accurate
Provides power breakdown 
of subsystems (CPU, GPU, Memory)

Cons:
Very invasive

Difficult!

Additional equipment (DAQ) required 

USB

Measure voltage drop across shunt on 
power monitor and on dev board
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Summary of Methods
Method Description Pros Cons Accuracy Granularity

1 FuelGauge Non invasive Not always available Variable System Level

2 Measure at 
battery

Works with/without FG
Accurate

Invasive–need to bypass battery Accurate System Level

3 Measureat 
power jack

Dev board does not requireany 
mods

Not all boards have separatepower 
inputs

Accurate System Level

4 Measureat 
USB connector

Allowsaccess to boards without 
separate power jack

Loose access to debug port Accurate System Level

5 USB Power 
Monitor

Non invasive
Enablesdata port to be used

Only show instantaneous power Not Accurate System Level

6 Modified USB 
cable

Enablesdata port to be used
Provides continuous power 
monitoring

EachUSB cable needs to be modified
Additional equipment required

Accurate System Level

7 Modified USB 
power monitor

Enablesdata port to be used
Provides continuous power 
monitoring

Additional equipment required Accurate System Level

8 Measureat SoC Provides power breakdown Very invasive
Difficult to do!

Very 
Accurate

SoC Level
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Results
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System energy 

System A

System B
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Benchmarking ςaverage SoC temperature

0.00

10.00

20.00

30.00

40.00

50.00

60.00

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6

Average SoC temperature

A B C
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0.60

0.70

0.80

0.90

1.00

1.10

1.20

1.30

1.40
Average CPU voltage

CPU voltage

1.11V

0.945V

0.785V
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Benchmarks vs. real life
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Pros & cons ςbenchmarks vs. workloads

Benchmarks

Pros

ÅEasily repeatable

ÅProvide a ‘score’ –performance metric

ÅWill stress device components –
CPU/GPU/memory/etc.

Cons

ÅSynthetic… is this what users actually do?

ÅVariable/dubious quality

ÅCan be ‘tuned’ for on target device

Workloads (real life)

Pros

ÅNon-synthetic… this is what users actually do

ÅUse is important not quality

ÅCan’t be ‘tuned’ for on target device

Cons

ÅDifficult to make repeatable

ÅDon’t (always) stress every sub-system

ÅDon’t provide a ‘score’ –performance metric from 
FPS/latency/other
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Test environment ςdevices under test

Premium Mid-Tier Entry

Cost > $400 >$200 < $ 400 < $200

Device thickness ≤8mm ≤9mm ≤10mm

Screen ≥1080p
(1080p)

≤1080p
(1080p)

≤720p
(720p)

CPU 4-8x (2cluster)
(4x big + 4x LITTLE)

4-8x (1-2 cluster)
(4x little+ 4x LITTLE)

4x (1 cluster)
(4x little)

GPU ≥70fps T-Rex ≥40fps T-Rex ≤40fps T-Rex

Memory ≥2GB ≥1GB ≤1GB

Camera(s) ≥12MP ≥8MP ≤8MP
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Benchmarks ςcombined results

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

Entry Mid-Tier Premium Entry Mid-Tier Premium Entry Mid-Tier Premium Entry Mid-Tier Premium Entry Mid-Tier Premium

CPU Graphics Mem & Storage System Web

Performance Metric Consumed Energy Efficiency Entry Avg. Mid-Tier Avg. Premium Avg.

Premium device is 2.7x 
more efficient than the 
mid tier device

Entry level device is 40%  
less efficient than the mid 
tier device
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Benchmarks ςobservations

Performance levels of benchmarks match expected performance of devices

ÅThis should be no surprise… benchmarks are designed to stress components/sub-systems

ÅBetter CPU/GPU/memory/etc. should dictate order

Premium device often consumes least energy

ÅMore surprising… larger & faster CPU, GPU, memory might indicate opposite to be true

ÅFaster execution time lowers consumed energy (entire device remember)

Premium device always most efficient

ÅIs this big.LITTLEeffect or design of benchmarks?

ÅEfficiency gives good user experience … longer battery life
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Workloads ςcombined results

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Entry Mid-Tier Premium Entry Mid-Tier Premium Entry Mid-Tier Premium Entry Mid-Tier Premium Entry Mid-Tier Premium

Social & Messaging Web Games & Photography Media Business & Travel

Performance Metric Consumed Energy Efficiency Entry Avg. Mid-Tier Avg. Premium Avg.

Premium device is 1.8x 
more efficient than the 
mid tier device

Entry level device is 13%  
more efficient than the 
mid tier device
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Workloads ςobservations

Performance levels of workloads don’t always match performance of devices

ÅPremium not always best… often similar to mid-tier and entry

ÅEntry level sometimes better than mid-tier

Premium device consumes the least energy

ÅBig.LITTLEenabling lower latency… faster interactions

ÅMid-tier & entry very similar –sub-systems are key factors (screen, camera, GPS, WiFi)

Premium device most efficient

ÅEfficiency gives good user experience … longer battery life

Åbig.LITTLEalso giving better user experience with faster app/content loading and smoother UI
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Conclusions ςbenchmarks vs. workloads

Synthetic benchmarks stress individual sub-systems and measure peak performance

ÅAlthough they test most of the device (to a point when combined), they tend to concentrate on CPU and GPU 
performance

ÅNo single benchmark can be relied on as “the answer”

Workloads are more representative of the overall device efficiency and user experience 

ÅWorkload performance and efficiency is greatly impacted by all device sub-systems

ÅAll components contribute to the final user experience
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System Benefits
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Higher efficiency leads to lower battery drain

Battery life on mobile devices is a huge selling point.

ÅManufactures use it in their marketing campaigns

ÅSellers use it as comparison, 

ÅTechnical writers/analyst test it and report on it

Battery Life
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Cheaper / Fewer Power Components

$ 29.50

$ 27.50

$ 25.00

$ 15.00

$ 12.50

$ 4.00
$ 9.95

$ 5.40

$ 
3.00

$ 18.50

$ 4.80

$ 85.00

$ 3.50

$ 12.00

$ 23.00

$ 6.20

Processor

DRAM Memory

NV Memory

Radio

Radio-Analogue

WiFi/BT/NFC

Touch Screen

Power

Rear Camera Module

Front Camera Module

MEMS/Audio

Display

Battery

Enclosure

Other Mech./Electro-Mech.

Box Contents

* If we only consider silicon, ignore screen, mechanics etc.

Power regulation accounts for 
4% of the silicon BOM cost*

Lower power/lower current
Ability to share voltage regulators
Lower power components are cheaper 
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PCB stacksςdos and don'ts Signal 1

Ground

Signal 2

Power

Signal 4

Signal 3

Ground

Ground

Å Tend to have an even number of layers 

Å Typically symmetrical around middle layers

Å High speed signals are routed adjacent to solid planes 
(Power or ground) 

Do

Å Split power planes
Hinder signal routing flexibility  

Å Increase the number of layers
More layers mean more cost

Don’t

Å Reduction in layer count
Low current power supplies could be shared

Å Avoid split power planes
Low current power can be routed as wide tracks

Potential benefits of low power
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Cooler Design

Additional cost 
ÅHeat sinks, fans

Reduced reliability
ÅMoving parts

Larger enclosure
ÅTo include heat sinks, fans, aid air flow

Higher mechanical tooling costs 
ÅAir slots, inlets

Less elegant design
ÅBigger, noisier, heavier
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Component Failure

Classic ”bathtub effect”

Wear out curve moves to left 

due to thermal stress
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Summary
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Summary
Efficiency is key! (bang for your buck!)

Power is not the same as energy! 

There are numerous ways of measuring and verifying your design

ÅVary in accuracy, complexity 

This process is complicated with low power systems such as IoT

ÅMore diligence and more expensive equipment requited for accurate results

Synthetic Benchmarks

ÅAlthough they will give an indication of performance, they don’t tend to measure efficiency

ÅGreat for showing peak performance of the main sub-systems in a device

ÅDon’t highlight a sub-system’s combined impact on UX

ÅStress the system but not necessarily reflective of use cases

ÅCan be manipulated
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Summary continued

Use cases 
ÅConsumers run workloads òuse casesó every day, not benchmarks

ÅCan be of limited use as they donõt stress the system 

ÅThey donõt tend to provide an indication of performance (the movie just played!)

ÅDifficult to repeat consistently 

ÅCan be automated (when does and automated workload become a benchmark?) 

System is important
ÅEverything has an effect on the system efficiency

Benefits of low power design goes beyond battery life
ÅCosts, reliability, design simplicity
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Thank You!
Danke!
Merci!

!
!

Gracias!
Kiitos!
ʾở ѮѸ
Ðę×ÛɟÏ
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