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Abstract—The Single Chip micro Mote, SCμM, is designed for
building small footprint micro robots. The localization and inter-
individual communication are prerequisites for swarm robots
to achieve collaboration. SCμM features a 2.4 GHz wireless
transceiver, which relies on its internal oscillator circuit, without
an external crystal. The chip is embedded with an optical receiver,
and supports optical programming functionality. Meanwhile, the
optical receiver can detect infrared light, enabling low-power
localization of the SCμM with the assistance of a lighthouse
positioning base station. For the communication, the inaccurate
internal oscillator of SCμM requires calibration before commu-
nicating with other commercial off-the-shelf wireless products,
such as a Bluetooth device. Clock calibration and localization for
SCμM were two separated topics in the previous studies. In this
paper, our preliminary work achieves both with the lighthouse
base stations. By utilizing the two different functions of infrared
light emitted by the base station, we can calibrate the oscillator
and the position information at the same time.

Index Terms—Localization, Clock Calibration, SCμM

I. MICRO WSN MOTE SCμM

SCμM is designed to provide complete Wireless Sensor

Network (WSN) node functionality including communication,

computation, sensing and power in a minimized form factor.

On a 2 × 3mm2 single die, SCμM contains a 2.4 GHz

IEEE 802.15.4/BLE radio, a 32bit ARM Cortex-M0 core

and an optical programmer (“Optical receiver” in Fig. 1).

In addition to serving as an interface for programming, this

optical receiver can also be used to detect infrared (IR) light

emitted by the HTC Vive lighthouse base station V1 [1].

II. HTC VIVE LIGHTHOUSE BASE STATION

HTC Vive lighthouse base station V1 was previously used

for interaction enhancement in Virtual Reality (VR) devices.

In order to obtain location information, users needs to wear

a tracker equipped with IR receivers. The simplicity of the

lighthouse positioning system enables multiple open source

solutions and customized position schemes [2], [3]. Each

positioning cycle of lighthouse starts by illuminating the

positioning space with an IR LED array, called “sync light”

as shown in Fig. 1. Then, base station sweeps a laser beam

over the entire space in one direction. A second sync light will

be triggered again, followed by another laser beam sweep in
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Fig. 1. System overview. In an indoor environment, two lighthouse base
stations are placed in predefined positions so they can see each other’s infrared
light. The optical receiver of SCμM, can detect the light emitted by the base
station. SCμM measures the interval between the sync light and the sweep
light of the respective base stations to obtain its coordinate information. At
the same time, SCμM also measures the intervals between the sync lights
from one of the stations to obtain a clock reference for calibrating its radio
frequency. After the localization and calibration, the position information is
advertised as a BLE beacon, which can be received by a BLE device, i.e. a
cell phone.

an orthogonal direction to the previous one. This completes

one positioning cycle. The timing of the sync and laser beam

sweep light in space is shown in Fig. 2. SCμM is able to detect

those light events through its optical receiver and trigger an

interruption.

The goal is to use the fixed interval of the sync light

to calibrate SCμM’s frequency. This requires the sync light

interval to meet a certain accuracy. We monitored this interval

with a standard lighthouse optical receiver, the TS4231 Light

to Digital Converter [4] and a logic analyzer. The TS4231 chip

can detect the sync light from the lighthouse base station and

toggle one GPIO pin on a nRF52840-DK board, which is used

for this experiments. By measuring the duration of each sync

light events, we find the sync light interval fluctuates a lot

around 8.3333 ms, corresponding to 120 Hz as pre-defined.

We suspect this could be caused by the motor jitters of the

base station. These jitters translates to ±360 ppm frequency

drift, based on 85% of the samples. By applying a moving

average filter on the latest 10 sync light intervals, the jitter
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Fig. 2. Timing Diagram for one positioning cycle of the lighthouse. Two
lighthouse base stations are placed in the same space and synchronized
automatically. The sync light of base station B (SyncBX , SyncBY ) is emitted

after the sync light of base station A (SyncAX , SyncAY ). The optical receiver
receives the infrared light from base station A and B, and by measuring the
sync light, it knows which base station is sending the coordinate information.
In the timing diagram, base station A is sending coordinates XA, YA by
the sweep light SweepAX , SweepAY and base station B is sleeping. The raw
coordinate information XA and YA required for localization comes from
measuring the sync and sweep intervals. For clock calibration, we measure
the interval TCalibration between SyncAX and SyncAY as the calibration
reference.
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Fig. 3. The sync light received by TS4231 chip is shinning at 120 Hz, resulting
an approximately 8.333 ms interval. We measured 1538 consecutive intervals
and applied an moving average filter to the interval samples. This histogram
plot shows 88.07% of the averaged intervals present an error of ±0.3 μs,
which is a drift of ±40 ppm.

can be reduced. As shown in Fig. 3, 88.07% of the interval

samples are within ±0.3μs, equivalent to ±40 ppm.

III. LOCALIZATION AND CALIBRATION

Lighthouse has been mainly used for localization. The

research of clock calibration for SCμM are mainly based on

additional communication devices (e.g., other nodes in a WSN

with external crystals [5] [6]) to provide a more accurate

clock reference. In this work, we achieve the simultaneous

localization and calibration of SCμM using the lighthouse

system. Comparing to the previous calibration work around

SCμM, lighthouse-based calibration does not require addi-

tional wireless nodes in the network being used. As long

as SCμM is within the coverage area of one lighthouse

base station, we are able to have SCμM keep a sufficiently

accurate frequency for communication, meanwhile achieving

self-positioning.

As mentioned previously, SCμM utilizes its optical receiver

to detect the IR light emitted by the base station. Given that

both sync light and sweep laser beam are IR lights, we first

need to identify the sync light event out of the two. In order

to minimize the extra delay caused by the computation, we

setup a capture interrupt using the timer peripheral of SCμM,

which is triggered when IR light is detected. According to the

sync light interval accuracy experiment in the previous section,

the calibration happens every 10 sync light events, which is

roughly 83 ms.

To efficiently demonstrate localization and clock calibration,

we programmed the radio of SCμM to advertise Bluetooth

beacons, which allows cell phones to monitor. When the

SCμM obtains its position and has its clock calibrated, it

transmits the location information in the beacon, and the real-

time positions will show in the cell phone with a Bluetooth

app, as illustrated in Fig. 1.

IV. CONCLUSION

By using only lighthouse base stations, we provide a method

for simultaneous positioning and clock calibration for the

crystal-free wireless sensor node, SCμM. Since both sync light

and the laser beam are IR light, the way to identify the sync

light event is to measure their duration. 10 consecutive sync

light intervals demonstrate a sufficiently accurate reference for

SCμM to calibrate its 2.4 GHz radio frequency. Meanwhile,

by measuring the interval between sync light and laser beams,

SCμM can calculate its position coordinates based on the

lighthouse localization method. This work is demonstrated

by using a SCμM transmit its real-time position information

through lighthouse localization mechanism, in a Bluetooth-

compliant beacon. The beacon can be monitored on a cell-

phone’s Bluetooth app. This indicates the success of both clock

calibration and localization.
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