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OTGS: Reducing Energy Consumption of
USB-connected Low-cost Sensors on Smartphones

Ivar in’t Veen, Amjad Yousef Majid, and Przemystaw Pawetczak
TU Delft, Mekelweg 4, 2628 CD Delft, The Netherlads; email: {a.y.majid, p.pawelczak }tudelft.nl

Abstract—This poster presents a hardware/software solution,
called On-The-Go Switch (OTGS), enabling a smartphone to
control the connection state of a USB-attached device. Through
an example, we show how OTGS can reduce the energy con-
sumption of portable spectrum sensing platform utilizing low-
cost Software Defined Radio. We show that OTGS can reduce
the energy consumption by 47%, compared to a baseline, which
would be difficult with a software alone, e.g. kernel modification.

I. INTRODUCTION

Many sensing applications use a combination of a smart-
phone and a USB-connected device, e.g. crowd-sourced radio
spectrum sensing [1]. Unfortunately USB devices deplete the
battery of the phone. According to the USB specification the
USB device has to manage its own power consumption by
going to a suspended state if possible or requested [2, Sec.7,9].
However, many USB devices do not support such state [3].
Even if supported, a suspended USB device is still allowed
to consume energy [2, Sec.7]. Therefore, connecting a USB
device to a smartphone, e.g. via a USB On-The-Go cable [4],
can decrease a smartphone’s battery life—both because USB
device keeps the smartphone awake and because of USB device
own power consumption.

To alleviate the problem we introduce On-The-Go Switch
(OTGS): a hardware/software platform that enables a smart-
phone to control via the audio port the logical connection
state of a physically connected USB device. This approach
limits both the duration at which the smartphone needs to act
as USB master and the duration at which the USB device is
consuming energy. Our proposed OTGS could work on any
smartphone with USB OTG capabilities and a headphones
connector without relying on custom kernels, rooted/jailbraked
firmwares or even the operating system. As a case study we
show how OTGS can reduce the overall power consumption
of a radio spectrum sensing platform.

II. OTG SWITCH

Inspired by the design of [5] we propose OTG switch which
replaces the OTG cable connecting a smartphone and USB
device. Following the USB standard [2] OTG cables use a fifth
connection (called ID connection) within the OTG connector
to signal their presence to a USB master. The OTGS simulates
the physical connection and disconnection of the OTG cable
by switching this ID connection between a pull-down and its

Supported by the Dutch Technology Foundation STW under contract 12491.

(a) OTG switch, components: C1 = 1pF, L1: LPR6235, (b) OTG switch
T1: ZSM61PO3F, T2: ZSM61NO3F, D1: DFLS120L-7,
T3: FDV30IN, R1 = 1M

(c) PoSSP hardware components: R: RTL-SDR dongle, S: OTG Switch,
A: Antenna. C and C’ are connected with an audio cable (not fully shown).

Fig. 1. PoSSP platform: (a) OTGS schematics; (b) OTGS; and (c) system
overview.

default pull-up state, see Fig. 1(a). The ID-connection, while
in pull-down state, will enable the phones USB master mode to
provide power and communication to the attached USB device.
On a hardware level the switching is done by a FET transistor
which is controlled from the phone’s headphone output. To
enable the OTGS the attached smartphone plays a audio signal
through its headphone connector, this waveform is rectified on
the OTGS to provide a suitable signal to switch the FET. The
audio signal outputted by the phone is a 15kHz sinusoid. The
OTGS needs around one second to stabilize after changing state.
The combination of the large drain resistor and parasitic input
capacitance mitigates the need for an extra storage capacitor.

III. CASE STUDY: ENERGY CONSUMPTION OF POSSP

In this case study we introduce our Portable Spectrum
Sensing Platform (PoSSP), analyze its power consumption
and show how this can be greatly reduced by the OTGS.

Our PoSSP platform setup consists of a Samsung Galaxy S3
running Android4.3.1, our OTGS, an RTL-SDR dongle [6], and
antenna, see Fig. 1(c). Source code for the PoSSP, i.e., sensing
software, PCB design and experiment results, are available
upon request or via [7].
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TABLE I
POSSP POWER CONSUMPTION PER COMPONENT
Wave Audiot USB Dongle Power (mW)
Bpon — — — — 789
+Pyave  yes headphones — — 870
+ Potgs yes OTGS OTGS — 1015
+ Pysp yes OTGS OTGS connected 15578
T Is waveform generated by the smartphone
¥ Type of connection to the smartphone’s audio port
§Average power consumption of four tested RTL-SDR dongles
TABLE II
POWER CONSUMPTION OF VARIOUS COMMERCIALLY AVAILABLE RTL-SDR
DONGLES
Type Tuner Chipset  No.  Fp (mW)  op,,
USB HDTV Stick E4000 RTL2832U 1 454 —
ezcap FC0013 ~ RTL2832U 1 434 —
NooElec R820T2  RTL2832U 4 662 18
DVB-T+DAB+FM  R820T RTL2832 4 615 12

A. Energy Consumption of PoSSP Components

The power consumption of the PoSSP components is
measured using a Monsoon power monitor [9] set to a voltage
of 4.19V. The device under test is an Android smartphone in
airplane mode with the screen enabled. This phone is running
a custom app, generating a 15 kHz audio signal.

Table I shows power measurements for different combina-
tions of PoSSP components. These results show that the audio
generator consumes 81 mW (Pyave — By on) While the OTGS
adds another 145 mW (P — Pyave). This increase in energy
consumption while the switch is enabled is lower than the
amount of energy otherwise wasted by keeping the radio dongle
continuously enabled. Furthermore, measurements show that
not all RTL-SDR dongles have the same energy consumption,
see Table II.

B. Demonstration of Energy Consumption Reduction with
PoSSP

In this experiment we use NEAT [8] which is a high resolu-
tion, coin sized, and self powered power meter. NEAT connects
to the vibration module of the smartphone to synchronize the
measured power consumption trace of the smartphone with an
activity trace of an application running on the same smartphone.
Then, we used an freely available tool, rt1_power [10], to
instruct the RTL-SDR dongle to sense the radio spectrum.
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Fig. 2. Example NEAT [8] power traces of PoSSP, top (light) line shows
consumption without, bottom (dark) line shown with OTGS. The sensing
period for both traces is marked with ts, see Section III-B for details.

Fig. 2 shows the power traces of PoSSP while doing a
periodic sensing operations every two minutes with, and without
OTGS. A sensing operation takes ~ 20s, and it consumes ~
34 J. OTGS, on one hand, adds two extra joules to the cost
of a sensing operation. On the other hand, it reduces the
energy consumption of a non-sensing period from 130J to
51 J. Moreover, OTGS will save more energy if the interval
between two sensing operations is increased.

IV. CONCLUSION

This paper proves how a simple On-The-Go switch (OTGS)
can reduce the energy consumption of a USB host, i.e a
smartphone, without affecting the performance of a system. Fur-
thermore, we introduce a smartphone-based Portable Spectrum
Sensing Platform, which utilizes OTGS, aimed at prolonging
smartphone battery life.
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