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Abstract 
 

In this paper we present a Remote Control Unit (RCU) that 

can be attached to any location on a rifle, binoculars, etc., 

and be operated by a single finger of a soldier without 

removing his hand from the device. Even for a gloved hand 

a haptic feedback from the RCU will be realized. A RCU 

prototype, equipped with a single button, is used as a 

remote Push-to-Talk (PTT) device for the radio being 

carried by the soldier. The RCU is powered by the radio 

waves emitted by this radio. The RCU - being attached to 

the device - works with a receive unit (RXU) that is 

attached to and operates the radio. The RCU consists of a 

RF harvester, energy storage device, a button and a 

transmitter. Laboratory prototypes are demonstrated. 

 

1. Introduction 
 

Future combat soldiers will be supplied with new devices 

and equipment making use of modern high-technology. 

Miniaturized components for the dismounted soldier must 

be lightweight and crafted to withstand the severities of a 

harsh combat environment [1]. One important piece of 

equipment that could support dismounted soldiers is a 

wireless control which allows for the remote operation of 

equipment while at the same time allowing to hold another 

instrument without disruption. An application example of 

such a system is the remote “push-to-talk” (PTT) button 

which a soldier can attach to devices such as his weapon, a 

pair of binoculars, etc. and use it to operate a 

communication radio while keeping his target in view. 

Such a device may find a wider application also for civilian 

use. Figure 1 shows the schematic representation of the 

RCU system. 

 

The Remote Control Unit – that is attached to the hand-

hold equipment – is driven by a RF energy harvesting 

system, harvesting from the radio waves emitted by the 

soldier’s radio. An energy storage device, in the form of a 

(super) capacitor is used to store the harvested energy. The 

stored energy is then used to power the keyboard/button 

and RF transmitter. The radio is equipped with a Receive 

Unit (RXU) that receives PTT signals and requests for 

radio transmission to recharge the energy storage device if 

necessary.  

 

  

Figure 1. Schematic of the remote control system. 

 

2. RCU 
 

The core of the RF harvester is the rectifying circuit. This 

circuit consists of a cascade of four Schottky diodes in a 

Dickson charge pump configuration, optimized for 0 dBm 

RF input power in the frequency range 1.75 – 1.85 GHz. 

The diode selection (Skyworks SMS 7630) is based on the 

highest available saturation current [2]. Through Harmonic 

Balance simulations (using Keysight ADS), including the 

Printed Circuit Board (PCB) and a 10 k load, the 

optimum number of diodes has been found. A prototype 

has been realized and characterized. Figure 2, left shows 

the simulated and measured input reflection coefficient as 

a function of frequency. Figure 2, right shows the measured 

DC output voltage as a function of frequency for different 

RF input power levels. The RF-to-DC Power Conversion 

Efficiency (PCE) is well above 40% for all power levels in 

the chosen frequency band. 

 

The receiving antenna consists of a rectangular strip loop 

on a grounded dielectric slab, see Figure 3, left. This allows 

the antenna to be placed on any (metallic) carrier without 

the functioning being deteriorated. Inside the loop 

electronics can be housed. The antenna is excited through 

a small loop. The circumference of the large loop 

determines the resonance frequency, the dimensions of the 

small loop are used for impedance tuning. 
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Figure 2 Left: Simulated and measured input reflection 

coefficient vs. frequency for the four-diodes rectifyer. 

Right: Simulated DC output voltage (over a 10 k load 

resistor, emulating the power management circuit) as a 

function of frequency for diffferent RF input power levels. 

 

Figure 3 Left: Antenna prototype, resonant at 1.84 GHz. 

Right: RCU transmitter prototype with mounted push 

button (B3F-4155). Right: push button housing. 

 

The DC output voltage is stabilized and boost converted to 

2.75 V with a circuit using a Texas Instruments BQ25570 

Ultra Low Power Harvester Power management IC. This 

voltage is used to charge a 2.4 F super capacitor and this 

capacitor is used to feed  the RCU transmitter. 

 

The RCU transmitter uses a Silicon Labs Si4010 

transmitter with an integrated 8051 microcontroller, 

transmitting at 434 MHz. This device uses a 700 nA sleep 

mode current. The transmitter antenna is printed on the 

PCB, see Figure 3, middle. The button-down and -up 

actions are transmitted directly. The capacitor charge status 

is transmitted periodically. Therefore the transmitter is kept 

in sleep mode (and not in < 10 nA stand-by mode). A push 

button has been integrated on the PCB. We compared 

different strengths of button feedback for use with and 

without combat and/or winter gloves, using different test 

persons. As a result of the study we choose for a button 

with 2.55N force feedback for the RCU, placed in an 

indentation as shown in Figure 3, right. 

 

3. Demonstration 
 

For demonstration, a laboratory set-up as shown in Figure 

4 is used. The  radio is emulated using a Keysight E8267D 

vector signal generator, an amplifier and a horn antenna. 

The RXU uses a Silicon Labs Si4355 low-current, sub-

GHz receiver, powered (by wire) by the  radio. Using an 

UART-to-USB bridge, the received frames are evaluated 

on a PC and appropriate actions are taken based on the 

results, see Figure 5. After a successful demonstration, the 

RF harvester, power management, energy storage, push 

button and 434 MHz transmitter have been further 

miniaturized and integrated into a single device. 

 

 

Figure 4 test and demonstration setup showing the 

different pieces of hardware used. 

 

Figure 5 Data View of the control and demonstration 

software. Top: received RCU frames and capacitor charge 

state vs. time. Middle: Signal generator output vs. time. 

Bottom: Power analyzer measurement readings vs. time. 

 

4. Conclusion 
 

We have shown that it is feasible, with off the shelf 

components, to create a remote control unit, powered by a 

body worn radio. The power requirements are thus that 

civilian use, based on a cell phone, is feasible as well. 
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