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Power measurement, analysis and optimization of smartphones and tablets is an active area of discussion.[1]Lack of tools 
to measure power at rail levels makes this problem even bigger and complex. This automation frame work gets the power 
consumption breakdown at rail levels for different test scenarios (use case). Tools like this are critical to ensure building 
of competitive products. It drastically reduces the time consumed to manually run a test and the human errors induced 
in manual testing. This framework outputs a highly detailed breakup of power numbers for the entire platform. Most 
importantly, this framework can be easily scalable to adapt to any new gen phone/tablet platform and benefit the future 
generation of Intel SoC.

I.	 INTRODUCTION
Code updates and bug fixes of user space components gets 
updated on a daily basis hence there is a need for power 
measurementand testing of daily builds to catch the regres-
sion and fix issues as soon as possible. This tool can do this in 
automated way for all Intel tablet and smartphone platforms. 
It can run the entire test suite without any manual interven-
tion thereby saving the valuable time.

Fig 1. Shows the breakup diagram of each block of a generic 
smart phone/tablet platform. Each of the blocks have a set of 
voltage rails connected to them. PMIC is the Power Monitor 
Integrated Circuit which is used to power up different blocks. 
PMIC has the control over the entire system. Each rail will 
have a sense resistor attached to it. The voltage measurement 
is shown in Fig.2 and current measurementis shown in Fig. 3.
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Fig.1 – Block Diagram of a Smart phone/ Tablet
 
Debug card is used to access the system BIOS and to get the 
serial logs and critical event notifications.
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Fig.2 – Current measurement using a sense resistor
 
Sense resistors will generally be in the order of Milli/Micro 
ohms.
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Fig.3 – Voltage measurement using a sense resistor 
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Fig.4 – Automated Hardware setup illustrating all physical 
connections
 
Network Simulator: In some test environment, the platform 
needs to be connected to a 2G or 3G or LTE environment. 
Network simulator simulates/duplicates the actual network be-
havior. In other words, the network simulator is a configurable 
base station which can mimic any network scenario. The simu-
lator used is an Agilent 8960 network simulator. [2]

Relay: It is a switching device which is used to enable USB 
pass through. It automatically connects/disconnects the plat-
form with the Host PC. This is mainly required because, all 
platforms has USB charging capabilities. Therefore, when a 
test case is run, the USB power from the HOST PC adds up to 
the actual power number resulting in wrong numbers. There-
fore, the platform needs to be disconnected when the power 
measurement starts. The USB relay is controlled using a COM 
port. [3]

NI-DAQ:It is a Data acquisition tool from National Instruments 
with the sampling rate of approximately 5M samples per sec-
ond. It is controlled by host PC running Windows. The plat-
form is connected to the DAQ using PXI slots [4]

Apart from the above shown hardware setup, a host of soft 
wares are used to automate the test suite. 

Test scripts are coded using Python 2.7. Variety of internal and 
external libraries are used. For data acquisition, a software 
called PACS is used. PACS uses NI-LabView libraries to capture 
the data. The software part is discussed in detail in the up-
coming sections.

III.	SOFTWARE SETUP
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Use Case:It is a predefined test methodology or a set of rules 
to measure power in different environment scenarios. It mim-
ics the user behavior at different instances. Ex: Idle Display 
(also called as standby) – In this particular use case, the plat-
form is set to a particular display time out and it is uninter-
rupted. The display brightness is set to X nits and measured 
using nits meter. From the user prospective, it is the behavior 
of the user when his device’s display is ON but he is not in-
dulged in any activity on the platform. The major power con-
sumption blocks in this Use case will generally be Display, Mo-
dem (if connected to the network). Other Blocks should ideally 
be very minimal (in terms of micro watts). These blocks would 
be consuming very less power due to paging and other activi-

ties like interrupts[6] happening on a frequent basis.[5]

Test scripts:These are basically python codes which defines the 
behavior of the platform depending on the use case. 

PACS:Power Automation and Control System is a software 
which captures the power data fetched from DAQ and out-
puts it in a user readable .csv file format. Fig.6 shows the 
PACS user interface

 
Summary: This is the end result generated at the end of each 
run. This file shows the voltage, current and power breakup of 
each rail at each instance of time. DAQ can be configured for 
different sampling rates. Higher the sampling rate, more accu-
rate will be the data we get.

IV.	WORKFLOW
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Fig.7 – Program flow diagram
	Platform is flashed (flashing is the process of updating the 

platform OS to a newer/older version) with a new build, 
powered up, booted and is left to settle for ~5 minutes. 
The reason to initially wait for 5 minutes is, after every re-
boot, few services from Google will start by default. There-
fore, if the recording starts during this period, it invariably 
results in wrong numbers.

	Workloads are those files (.apk, video, audio etc.) which 
needs to be there in the device during the test run. De-
pending on the use case that starts to run, the device uses 
the corresponding files. For ex: If, Video playback test is 
being run, then the corresponding video file should be 
playedand the power capture need to begin after the vid-
eo starts playing.

	Test scripts are the python scripts which executes depend-
ing on the use case data we are interested in capturing. 
These scripts automates the whole manual procedure. 

	After the successful beginning of the test case, Rail level 
power capturing will happen. 

	This happens in 2 phases: DAQ is started in the first phase. 
This is the hardware that captures the voltage and cur-
rentconsumed by each rail. In the second phase, PACS is 
launched. PACS reads the data from DAQ and outputs the 
same in graphical as well as user readable form (.csv). 

	The run may happen for few seconds or can stretch up to 
several minutes depending on the usecase requirement.

	After successfully running the test case, a report is gener-
ated showing the average power consumed by each rail. 
There will be hundreds of rails running to different mod-
ules. The report shows the average voltage, current and 
power consumed by each rail.

	After each use case run, the framework looks if there is 
any more use cases to be run. If yes, the process restarts 
by running the next test case without any manual interven-
tion. If No, the process ends and the setup goes Idle. 

	This process helps to run test cases overnight without in-
tervention thereby saving the valuable time and also avoids 
the human errors caused by manual testing.

	With this automation, the reliability of the test has been 
tremendously improved.

 
V.	 RESULTS
The below screen shots shows the results generated after 
each test run.

Fig.8– Current sampling trace.

 
 

Fig.10– Current readings

Fig.11– Voltage readings
 

 
Analysis: 
•	 Fig.8 shows the current captured in few rails at the rate of 

100 samples per second. It shows the instantaneous value 
of current at that point of time. Similar to that of current, 
voltage samples are read at the same sampling rate. Fig. 9 
interprets that. This is a .csv file generated after every run. 

•	 Fig.10 and Fig.11 summarizes the average of current and 
voltage readings of each rail from Fig.8 and Fig.9 respec-
tively.

•	  Fig. 12 shows the average power consumed by each rail.
•	 All these data are generated with one click of a mouse and 

absolutely without any manual intervention.


