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A Batteryless Wireless Sensor Network and
Its Memory Saving Data Collection Protocol
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Abstract: One of the key challenges in wireless sensor networks is the limitation of an energy source. Cur-
rent wireless sensor networks assume to use a battery as the energy source. However, the battery has lifetime,
and we have to change the battery if the battery is dead. It is not realistic to change all batteries on sensor
nodes, which are disseminated on a broad area. In view of this, the present study focuses on batteryless
wireless sensor networks, which operate with harvesting energy from environments. The batteryless wireless
sensor networks solve the battery problem, but the energy source is unstable because the amount of har-
vesting energy strongly depends on the environment. The paper shows a prototype of batteryless wireless
sensor nodes, “Solar Biscuit”, and a multihop data collection protocol running on the Solar Biscuit. The
data collection protocol consists of an energy aware data link layer and a flooding based network layer. The
paper shows evaluation results of the data collection protocol with simulation.
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Fig. 1 Solar Biscuit: A batteryless wireless sensor node
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Table 1 Current consumption at each state of a sensor node

A state of a sensor node

| Current

Receiving (MPU: Active, RF: Receiving, Sensor: Sleep, RTC: Active)
Sending (MPU: Active, RF: Sending, Sensor: Sleep, RTC: Active)
Sleep (MPU: Sleep, RF: Sleep, Sensor Sleep, RTC: Active)
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Table 2 Current consumption details at a sleep mode

Leak current on a capacitor 459 [pA]
Stanby current on a voltage regulator 65 [pnA]
Leak current on CPU, RF, Sensor, and RTC [6uA]
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Fig. 3 Capacitor voltage while the charge time increases
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Table 3 Average charging current on a capacitor

Illuminance Average charging current
20,000 [Ix] (clear sky) 15.6 [mA]
10,000 [Ix] (obscured sky) 9.32 [mA]
5,000 [1x] (clouded sky) 5.01 [mA]
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