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Abstract

To improve the ultilization of equipment and labor force, an improved set of

low-power indoor tracking equipment was developed based on RF transceivers

and microcontrollers. The operating voltage of the system was reset according

to the experimental results, this not only reduced the power consumption, but

also extended the battery life by driving RF with constant voltage. In the

light of the features of DC/DC converter and LDO (Low Drop-Out regula-

tor) converter, a switching circuit was designed to improve the efficiency of

the power module. In addition, the low-power modes of the RF module and

the microcontroller module were introduced into the system to minimize the

power consumption. After the actual test, the system works more reliably and

efficiently, the average power consumption drops to 0.4 mA. In addition, the

demand for wearing method of the transmitter was introduced to improve the

positioning effect based on the experimental results.

Keywords: Indoor Positioning, Low-power, Power Conversion Efficiency,

RFID

1 Introduction

Whether in the medical field, the industrial field or the commercial field, the tracking

technology has been widespread concern and got a rapid development. Although the

outdoor tracking technology has been very mature and began to be widely adopted,

the development of the indoor tracking technology[4, 11], as the end of the tracking

technology, is relatively slow. Since modern people are increasingly living indoors,

the potential applications of the indoor tracking technology is very broad. In many

healthcare scenarios, physicians and patients are scheduled to meet in designated

examination rooms. This is a jiont human and resource allocation problem, requiring

knowledge of both personnel locations and whether the exam rooms are occupied. In

other words, it is needed to understand the reception of different doctors and master

the use of medical equipment and rooms, so as to reduce the waiting time of patients
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and provide the most timely treatment.

At present, the commonly used indoor tracking technology is mainly based on

the following solutions[12]: Infrared , Ultrasonic , Radio frequency identification

(RFID)[5] , Bluetooth[3], Wifi[6], ZigBee[8] and Ultra-wideband[9]. The penetration

ability and propagation distance of the infrared are both limited, which make its

layout complex and increase the application cost. Even when the logo is blocked, the

infrared solution will not work properly. Although the tracking accuracy and pene-

tration ability of the Ultrasonic are both excellent, the attention in the air is serious,

which make it is not suitable for large places. In addition, the cost of the underlying

hardware for ultrasonic solution is very high. The bluetooth-based tracking devices

are small in size and low in power consumption, but the stability and anti-interference

ability of them are slightly worse. The tracking accuracy with Wifi technology can

only reach 2 meters or so at present, which is not suitable for accurate indoor posi-

tioning. The signal transmission of ZigBee is sensitive to the multi-path effects and

the movement. The ultra-wideband indoor tracking technology has many excellent

performance, including strong penetration, outstanding anti-multipath-effects, high

security, low system complexity. However, as a new technology, its implementation

costs are higher, and its power consumption is too great at this stage, all of which

limit its popularity.

Based on RF transceivers, an unobtrusive tracking system for indoor environ-

ments has been designed by our group[10]. This system is able to acquire both

location and timing data, which are collected by transceiver nodes and then trans-

ported by the microcontroller to a host computer. However, as a low-power indoor

tracking device, it still has some shortcomings to be improved. The power consump-

tion of the transmitter can be further reduced, and the power conversion efficiency

can be further improved. Concluding the directivity pattern of the RF signal, the

wearing method of the transmitter also needs to be changed. The present work fo-

cuses on taking a variety of measures to extend the battery life and improve the

system performance via experimental results.
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2 Improved measures

There are three main components for one system unit: a transmitter, a receiver and

a host PC. The transmitter is carried by the tracking object, which sends its own

characteristic information to the receiver once every second through the RF module.

The receiver is placed inside a room, once its RF module gets the characteristic

information from the transmitter, the corresponding message will be immediately

sent to the host PC through the WIFI module. Then, the host PC will implement

the object tracking by the positioning algorithm.

In order to extend the transmitter battery life, it needs not only to reduce the

transmitter power consumption, but also to improve the power conversion efficiency.

The transmitter power consumption can be reduced by reducing the supply voltage

appropriately in hardware or introducing low power sleep mode in software. The

power conversion efficiency can be improved by adopting an ingenious conversion

circuit. In addition, in order to improve the receiver performance, the original flat

antenna has been changed into a cylindrical one. The block diagrams of the im-

proved transmitter are shown in Fig 1, the improved parts are marked with a yellow

background.

2.1 Improvements in hardware design

The improvements of the hardware part mainly lie in the following two aspects:

1. The operating voltage of the transmitter was reset to extend the battery life.

In low-power systems, reducing the operating voltage is one of the effective

ways to reduce the systems power consumption. In additin, using a fix voltage

to drive the RF module not only guarantees its transmission power constant,

but also effectively extends the battery life [7]. Therefore, the operating voltage

of the transmitter is reduced from the original 3.3V to 2.5V which is slightly

higher than the cut-off voltage of the battery.

2. The two-stage power conversion and switching circuit was designed to improve
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Figure 1: Block diagrams of the improved system

the power conversion efficiency.

The transmitter is powered by a standard lithium battery with a maximum out-

put voltage of 4.2V and a cut-off voltage of 2.4V. Since the battery voltage will

change with the ambient temperature, the load current and the residual charge,

the conversion efficiencies of the DC/DC converter and the Low Dropout Reg-

ulator (two conversion devices commonly used in low-voltage appliances) will

change with the provided voltage and load current, therefore, it is needed to

design an ingenious circuit module to improve the power conversion efficiency

from the battery to the electrical appliance.

The first stage voltage conversion circuit is shown in Fig 2. The battery voltage

is converted to 2.7V by a synchronous step-down DC/DC converter (abbrevi-

ated as DC/DC) or Low Dropout Regulator (abbreviated as LDO). Wherein

the switching between the DC/DC and the LDO is achieved by the DC on

signal, and the output of the DC/DC is set to be slightly higher than that of
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the LDO.

The DC on signal generation circuit is shown in Fig 3. U1 is the voltage moni-

toring chip and the monitoring voltage is adjusted to 3.3V by setting the ratio

of R1 to R2. If the battery voltage is higher than 3.3V, the reset signal will be

high, otherwise it will be low. The Run signal represents the working status

of the microcontroller, when the microcontroller is in normal operation, this

signal is high; when the microcontroller is in sleep mode, this signal is low. The

reset signal and the Run signal are connected to the two inputs of an OR logic

gate built by BAT54C. The output of the OR logic gate is the DC on signal.

Thus, when the battery voltage is higher than 3.3V or the microcontroller is in

normal operation, the DC on signal is high and the DC/DC is selected. Since

the LDO output voltage is set to be slightly lower than that of the DC/DC, the

LDO internal circuit will automatically stop the conversion. The experimental

result shows that there is no sink current at the output of the LDO. On the

other hand, when the battery voltage is lower than 3.3V or the microcontroller

is in sleep mode, the DC on signal is lower, the DC/DC stops working and

the LDO outputs the conversion voltage. Similarly, it has been experimentally

verified that there is no sink current at the output of the DC/DC.

This solution conbines the advantages of the DC/DC and LDO, avoiding the

low conversion efficencies of LDO (when the battery voltage is high) and

DC/DC (when driving light loads).

The second stage voltage conversion circuit is shown in Fig 4. The output volt-

age of the first stage is converted into 2.4V via an LDO chip, which is supplied

to the microcontroller and the RF module. In addition, the power quality can

be improved and the power ripple can be reduced through the second stage.

According to the conversion characteristics of LDO, the conversion efficiency

of this stage is about 90%, that is, the ratio of the output voltage to the input

voltage.
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Figure 2: First level of power conversion

Figure 3: Control circuit
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Figure 4: Second level of power conversion

2.2 Improvements in software design

Since the receiver and the host PC are powered from a plug, whose program flow chart

are respectively shown in Fig 5 and Fig 6, therefore, the software improvements will

be mainly placed in the battery-powered transmitter. The multi-threaded technology

was used in the receiver and host PC code.

The improved program flow chart of the transmitter is shown in Fig 7. The power

consumption can be effectively reduced by enabling the sleep mode of the MCU and

RF modules in the working gap of the transmitter. It can be seen from the datasheet

that the current consumption of the MCU module is reduced to one thousandth of

the original (from active 8MHz to power-down mode with WDT enabled), and for

the RF module, this value is about 4 percent (from transmit mode to idle mode)

[1, 2]. It is worth noting that there is a need to provide sufficient response time for

the state transition of the RF module, the wake-up time is about 1.5ms.
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3 Experimental results

Since the voltage resetting, power conversion and sleep modes were adopted to im-

prove the performance of the transmitter, the experiments mainly focus on the follow-

ing aspects: at first, the effect of reducing the operating voltage on the transmitter;

secondly, the power consumption of the improved system; finally, based on the ex-

perimental results, several suggestions for the way of wearing were given due to the

directionality of the RF signal.

3.1 Experimental setup

1. The effect of reducing the operating voltage on the transmitter

In order to more obviously and realistically illustrate the launch performance

at different operating voltage, we use the signal received by the corresponding

receiver as the criterion, that is, the more signal received, the better launch

performance, vice versa.

However, the signal received by the corresponding receiver is not only deter-

mined by the launch performance of the transmitter, but also on the distance

and angle between them, as well as the gain setting within the transmitter.

Therefore, we first set the gain within the transmitter to -18dB (the minimum

value), and fixed the angle between the transmitter and the corresponding re-

ceiver. Then, the performance of the transmitter at different operating voltage

was studied by calculating the packet acceptance rate within the receiver at

different distances.

Since the supply range of the RF module is 1.9V to 3.6V and the power supply

range of a lithium battery is about 2.4V to 4.2V, the actual operating voltage

of the transmitter varied from 2.4V to 3.6V, which provided by an external

linear power supply.

2. Power consumption

This test can be divided into two parts, the first is about the conversion effi-
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ciency of the two stages of voltage conversion circuit; the second is about the

overall power consumption. For the first point, appropriate resistances were

used to simulate the different current consumption. Since the current consump-

tion of the transmitter in active state is about 14 mA, a resistance of about

190 ohm is connected directly to the output of the voltage conversion circuit

to simulate this situation. Whereas a resistance of about 7.2 Kohm is selected

to simulate the load current (about 330 µA) in sleep mode. For the second

point, the current in sleep mode will be compared to the quiescent current of

the previous system which has not applied sleep mode in RF module.

Similar to the experiment 1, the transmitter was powered by an external linear

power supply for easily being adjusted.

3. Wearing method

Since the emission angle of the RF module is not omnidirectional with 360

degrees, the angle between the transmitter and receiver would affect the trans-

mission of the wireless signals. Similar to the first experiment, we studied the

effect of the angle by observing the packet acceptance rate at different dis-

tances, with a fixed the operating voltage during the experiment.

In this experiment, there are three angles were selected, which are the trans-

mitter facing the receiver, perpendicular to the transmitter and back to the

receiver.

3.2 Results

1. The effect of reducing the operating voltage on the transmitter

The experimental results are shown in Tab 1, it can be seen that, when the

operating voltage is gradually reduced, there is almost no attenuation of launch

performance within the range of 18 feet, which is far greater than the length

of a common treatment room. Therefore, the operating voltage can be set to
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3.60V 3.40V 3.20V 3.00V 2.80V 2.60V 2.40V

8ft 100.00 100.00 100.00 98.33 100.00 100.00 100.00

10ft 100.00 100.00 100.00 100.00 96.67 100.00 100.00

12ft 88.33 86.67 86.67 93.33 91.67 85.00 90.00

14ft 100.00 100.00 98.33 96.67 100.00 100.00 100.00

16ft 98.33 98.33 100.00 100.00 90.00 90.00 96.67

18ft 100.00 100.00 100.00 100.00 100.00 98.33 100.00

Table 1: Package acceptance rate at different operating voltages

the minimum in order to reduce the power consumption of the transmitter.

2. Power consumption

The conversion efficiencies of LDO and DC/DC in different modes are shown

in Fig 8 and Fig 9. In the sleep mode, when the input voltage is higher

than 3.3V, the conversion efficiency of DC/DC is higher than that of LDO, on

the contrary, the conversion efficiency of LDO is higher. In the active mode,

the conversion efficiency of DC/DC is almost higher than that of LDO. The

experimental results not only confirm that the conversion efficiency of the first

stage is better than 80% under the current load required by the system, but also

illustrate that necessity to design a switching circuit according to the different

current loads.

Through the field measurement, the current consumption in sleep mode is

about 360 µA, which is far less than the previous consumption of about 730

µA. With the decrease of the current consumption in sleep mode, the average

power consumption of the transmitter drops to 0.4 mA.

3. Wearing method

The experimental results are shown in Tab 2. It can be seen that the angle has
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Figure 8: Conversion efficiencies of LDO and DC/DC in sleep mode

Figure 9: Conversion efficiencies of LDO and DC/DC in active mode
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8ft 10ft 12ft 14ft 16ft 18ft

Face to face 100.00 100.00 90.00 100.00 96.67 100.00

Perpendicular 8.33 85.00 83.33 98.33 98.33 91.67

Back to face 93.33 96.67 28.33 51.67 96.67 56.67

Table 2: Package acceptance rate at different angles

a great impact on the transmission of the wireless signal, the best way is to

keep the transmitter facing the receiver. Therefore, in order to achieve a better

tracking results, we recommend using a suspension way to wear the transmitter,

so as to increase the probability of the best angle. On the other hand, it is also

recommended to use a cylindrical antenna instead of the previous flat one and

place it on the ceiling.

4 Discussion and conclusions

Conclusions:

There are three improvements are implemented to extend the battery life based on

the previous indoor tracking system, and a suggestion about how to wear and intall

the equipment is given to enhance the performance according to the experimental

results.

1. The operating voltage of the transmitter was redesigned to reduce the power

consumption based on the experimental result that the reduction in operating

voltage has no effect on the launch performance.

2. A suitable power conversion circuit was designed to improve the conversion

efficiency and prolong the battery life based on the different working natures

of LDO and DC/DC when driving different load currents.
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3. The low-power mode, i.e. sleep mode, was introduced into the RF module and

the microcontroller module to reduce the system quiescent current, so as to

reduce the average power consumption.

Discussion:

In terms of future improvements, it needs to be noticed that there is a greater

attenuation for each operating voltage and each angle at the distance of 12 feet, which

is caused by the multipath effects of wireless signals. A further transformation of

the receiver needs to be used to overcome this physical impact effectively. On the

other hand, the possibility of applying the indoor tracking system to the intrinsically

safe environment, such as the mine, is further improved with the further reduction

of power consumption.
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