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Abstract— The micro-controller base penetrometer with 

depth measurement consists of sensing unit, signal modifier, 

ardunio uno micro-controller board, and with intelligent 

display unit. The sensing unit is made of two part the 

penetrating force unit, and ultrasonic unit which determines 

the depth. The signal modifier unit amplifier the output signal 

from load cell sensor fed into load cell amplifier and used to 

obtained penetrating force and pressure. The system has the 

maximum capacity of 500 N, of penetrating force and 

maximum pressure of 4000 bar. Also maximum depth of 

penetration is given as 1300 mm. The force applied unit in 

term of mass percentage error is 0.006 with ±0.12 g deviated 

from true value. The standard deviation value is closed to zero 

that is 0.03. The resolution depth has 1 cm.  The speed 

measuring unit has correlation value when compared value 

with car pass with predetermined value on speedometer was 

closed to unity and absolute deviation value 0.43. 
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I. INTRODUCTION 

Soil mechanical strength is an important soil parameter that 

affects root growth and water movement. It also controls 

nutrient and contaminant transport below the rooting zone. 

The most common way to assess soil strength is by using a 

soil penetrometer, which characterizes the force needed to 

drive a cone of specific size into the soil (Bradford, 1986). 

The measured penetration resistance (PR) depends on such 

soil properties as bulk density, water content and potential, 

texture, aggregation, cementation and mineralogy. 

Soil scientists have related changes in PR as caused 

by tillage, traffic or soil genetic pans to root growth, crop 

yields and soil physical properties. For example, correlation 

between PR and crop root growth and water and nutrient 

exploration have been obtained (Stelluti et al. 1998), and cone 

penetrometers have been used extensively in soil science 

studies to identify natural and induced compacted layers 

(Henderson, 1989) or to predict related soil properties (Ayers 

and Bowen, 1987). 

The cone penetration test (CPT) is also a method 

used to determine the geotechnical engineering properties of 

soils and delineating soil stratigraphy. It was initially 

developed in the 1950s at the Dutch Laboratory for Soil 

Mechanics in Delft, Netherland; to investigate soft soils. 

Based on this history it has also been called the "Dutch cone 

test". Currently, the CPT is one of the most used and accepted 

methods for soil investigation worldwide. 

The test method consists of pushing an instrumented 

cone, with the tip facing down, into the ground at a controlled 

rate (controlled velocity of 1.5 -2.5 cm/s accepted). The 

resolution of the CPT in delineating stratigraphic layers is 

related to the size of the cone tip, with typical cone tips having 

a cross-sectional area of either 10 or 15 cm², corresponding 

to diameters of 3.6 and 4.4 cm. A very early ultra-miniature 

1 cm² subtraction penetrometer was developed and used on a 

US mobile ballistic missile launch system soil/structure 

design program in 1984 at the Earth Technology Corporation 

of Long Beach, CA. (Henderson, 1989). 

The early applications of CPT mainly determined 

the soil geotechnical property of bearing capacity. The 

original cone penetrometers involved simple mechanical 

measurements of the total penetration resistance to pushing a 

tool with a conical tip into the soil. Different methods were 

employed to separate the total measured resistance into 

components generated by the conical tip (the "tip friction") 

and friction generated by the rod string. A friction sleeve was 

added to quantify this component of the friction and aid in 

determining soil cohesive strength in the 1960s (Begemann, 

1965). Electronic measurements began in 1948 and improved 

further in the early 1970s (De Reister, 1971). Most modern 

electronic CPT cones now also employ a pressure transducer 

with a filter to gather pore water pressure data. The filter is 

usually located on the cone tip, immediately behind the cone 

tip or behind the friction sleeve. Pore water pressure data aids 

determining stratigraphy and is primarily used to correct tip 

friction values for those effects. CPT testing which also 

gathers this piezometer data is called CPTU testing. CPT and 

CPTU testing equipment generally advances the cone using 

hydraulic rams mounted on either a heavily ballasted vehicle 

or using screwed-in anchors as a counter-force. One 

advantage of CPT over the Standard Penetration Test (SPT) 

is a more continuous profile determiner of soil parameters, 

with CPTU data recorded typically at 20 cm intervals. 

Currently, latest penetrometer developed by 

international manufacturers, is very expensive and not readily 

affordable for users in less developed economics. However, 

this locally developed model comes at greatly reduce cost; 

making it readily affordable. The locally developed 

penetrometer consists of cone penetration test (CPT) and 

depth of penetration (DP) measure automatically using load 

cell and ultrasonic system respectively. The system 

incorporates data-logger to measure CPT and DP at 

predetermined rate. 

II. CIRCUIT DESCRIPTION 

The design penetrometer consists of sensing unit which 

includes the load cell, speed sensor and ultrasonic sensor, 

load cell amplifier, microcontroller board including SD card 

shield and display unit. The block diagram is shown in Figure 

1. 

 
Fig. 1: The Block Diagram of Static Penetrometer with 

Automatic Depth Measurement 

http://en.wikipedia.org/wiki/Piezometer
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III. SENSING UNIT 

A. Pressure Cone Penetrometer Sensor 

The heart of any penetrometer system is the load cell. While 

they are not exciting to watch, load cells are highly accurate 

transducer which provides the user with information 

depending on the application of the cell. Load cells are 

designed to sense force or weight under a wide range of 

adverse conditions; they are not only the most essential part 

of an electronic penetrometer system, but also the most 

vulnerable. Load cell are of the varying capacity and for the 

purpose of selection must be well define. Here the most 

appropriate type and capacity for the job is “S” beam Load 

Cell of 50 kg which was used. The internal strain gauges 

arrangement is bridge circuit as shown in Figure 2 below. The 

final output voltage from the offset of the bridge is sent to the 

load cell amplifier. 

The Wheatstone bridge shown in Figure 2 is a 

simple diagram of a load cell. The resistors marked T1 and T2 

represent strain gauges that are placed in tension when load 

is applied to the cell. The resistors marked C1 and C2 represent 

strain gauges which are placed in compression when load is 

applied. The +In and -In leads are referred to as the 

+Excitation (+Exc) and -Excitation (-Exc) leads. The power 

is applied to the load cell from the weight indicator through 

these leads. The most common excitation voltages are 5 

VDC, and 10 VDC depending on the indicator and load cells 

used. The +Out and -Out leads are referred to as the +Signal 

(+Sig) and –Signal (-Sig) leads. The signal obtained from the 

load cell is sent to the signal inputs of the weight indicator to 

be processed and represented as a weight value on the 

indicator’s digital display. As weight is applied to the load 

cell, gauges C1 and C2 are compressed. The gauge wire 

becomes shorter and its diameter increases. This decreases 

the resistances of C1 and C2. 

Simultaneously, gauges T1 and T2 are stretched. This 

lengthens and decreases the diameter of T1 and T2, increasing 

their resistances. These changes in resistance cause more 

current to flow through C1 and C2 and less current to flow 

through T1 and T2. Now a potential difference is felt between 

the outputs or signal leads of the load cell, allowing a flow of 

current through the load cell. Current is supplied by the 

indicator through the IN lead. Current flows from -In through 

C1 and through -Out to the indicator. From the indicator 

current flows through the +Out lead, through C2 and back to 

the indicator at +In could be read. In order to have a complete 

circuit we needed to get current from the -In side of the power 

source (Indicator) to the +In side. Current is passed through 

the indicator’s signal reading circuitry. The current passed 

from the -Out lead through the indicator and back to the load 

cell through the +Out lead. Because of the high internal 

impedance (resistance) of the indicator, very little current 

flows between -Out and +Out. Since there is a potential 

difference between the -In and +In leads, there is still current 

flow from -In through T2 and C2 back to +In, and from -In 

through C1 and T1 back to +In. The majority of current flow 

in the circuit is through these parallel paths. Resistors are 

added in series with the input lines. These resistors 

compensate the load cell for temperature, correct zero and 

linearity. 

B. Load Cell Amplifier with 24 bits Analog-to-digital 

Conversion 

Based on Avia Semiconductor’s patented technology, HX711 

is a precision 24-bit analog-to-digital converter (ADC) 

designed for weigh scales and industrial control applications 

to interface directly with a bridge sensor. The input 

multiplexer selects either Channel A or B differential input to 

the low-noise programmable gain amplifier (PGA). Channel 

A can be programmed with a gain of 128 or 64, corresponding 

to a full-scale differential input voltage of ±20mV or ±40mV 

respectively, when a 5V supply is connected to AVDD analog 

power supply pin. Channel B has a fixed gain of 32. On chip 

power supply regulator eliminates the need for an external 

supply regulator to provide analog power for the ADC and 

the sensor. Clock input is flexible. It can be from an external 

clock source, a crystal, or the on-chip oscillator that does not 

require any external component. On-chip power on-reset 

circuitry simplifies digital interface initialization. There is no 

programming needed for the internal registers. All controls to 

the HX711 are through the pins. The loads cell amplifier is 

link to microcontroller via DOUT of pin 12 HX711 to pin 3 

on arduino and PD_SCK of pin 11 of HX711 to pin 2 of 

arduino. The circuit diagram of HX711 is shown on Figure 3 

IV. DEPTH SENSING SYSTEM 

A. Basic Theory of Ultrasonic Distance Measurement 

The ultrasonic length measurement employed to and fro 

movement of sound at point of hitting the target as shown on 

Figure 4. In the Figure 4 the sound beam out from transmitter 

hit a surface and reflect back receiver. The time taken in 

moving to and fro is given as 

t1 =
L

Vs + V
 and t2 =

L

Vs − V  
          1 

where t1 and t2 are transit times of the vibration 

between the two transducers in down direction and up 

direction respectively has been shown in figure 4, the t1 for 

the chirp and t2 for echo as distance change time taken to 

travel and echo by signal also change. 

The Parallax PING ultrasonic distance sensor 

(SFR05) provides precise, non-contact distance 

measurements from about 2 cm (0.8 inches) to 3 meters (3.3 

yards). The PING sensor works by transmitting an ultrasonic 

(well above human hearing range) burst and providing an 

output pulse that corresponds to the time required for the 

burst echo to return to the sensor. By measuring the echo 

pulse width, the distance to target can easily be calculated. 

B. Communication Protocol 

The PING sensor detects objects by emitting a short 

ultrasonic burst and then "listening" for the echo (see Figure 

5). Under the control of a host microcontroller (trigger pulse), 

the sensor emits a short 40 kHz (ultrasonic) burst. This burst 

travels through the air, hits an object and then bounces back 

to the sensor. The PING sensor provides an output pulse to 

the host that will terminate when the echo is detected; hence 

the width of this pulse corresponds to the distance to the target 

as shown the time line on Figure 5. 
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Fig. 2:  Bridge Circuit for Practical Load Cell 

 
Fig. 3: Circuit Diagram of Strain gauge amplifier (HX711) 

 
Fig. 4: Sound travelling to and fro when hit target 

 
Fig. 5: Ultrasonic Burst system 

 
Fig. 6: Pulse generated for monitoring 

The SFR05 have two modes from which it can 

operate. The mode 1 uses separate trigger and echo pins and 

mode 2 uses a single pin for both Trigger and Echo signals. 

The interest here is to use mode 2 will save limited number 

of digital pin on the arduino. To use this mode, connect the 

mode pin to the Ground pin. The echo signal will appear on 

the same pin as the trigger signal. The SRF05 will not raise 

the echo line until 700 µs after the end of the trigger signal. It 

usually have that long to turn the trigger pin around and make 

it an input and to have pulse measuring code ready. The 

PULSIN command found on many popular controllers does 

this automatically. (Hersteller and Bezugsquelle, 2009) 

C. Calculating the Distance 

The SRF05 Timing diagrams are shown on figure 6 above for 

each mode. As the power is supply a short 10 µs pulse is sent 

to the trigger input to start the ranging. The SRF05 will send 

out an 8 cycle burst of ultrasound at 40 khz and raise its echo 

line high (or trigger line in mode 2). It then listens for an echo, 

and as soon as it detects one it lowers the echo line again. The 

echo line is therefore a pulse whose width is proportional to 

the distance of the object. By timing the pulse it is possible to 

calculate the range in inches/centimeters or anything else. If 

nothing is detected then the SRF05 will lower its echo line 

anyway after about 30 ms. The SRF05 provides an echo pulse 

proportional to distance. If the width of the pulse is measured 

in µs, then dividing by 58 will give you the distance in cm, or 

dividing by 148 will give the distance in inches. µs/58=cm or 

µs/148=inches. The SRF05 can be triggered as fast as every 

50 ms, or 20 times each second. It waits for 50 ms before the 

next trigger, even if the SRF05 detects a close object and the 

echo pulse is shorter. This is to ensure the ultrasonic "beep" 

has faded away and will not cause a false echo on the next 

ranging. (Hersteller and Bezugsquelle, 2009) 

D. Speed Measure 

The speed at which penetrometer enter into soil was measure 

using microwave sensor, HB100 X-Band Mono-static. 

According to motion sensor application note (Datasheet 

HB100), the module consists of Dielectric Resonator 

Oscillator (DRO), microwave mixer and patch antenna. This 

module is powered by a +5 V low duty cycle pulsed trains so 

as to limit the consumed power. Sample and Hold circuit at 

the IF output is needed for its pulse operation. 

Doppler shift output from IF terminal when 

movement is detected. The magnitude of the Doppler Shift is 

proportional to reflection of transmitted energy and is in the 

range of microvolts (μV). A high gain low frequency 

amplifier (see Figure 7) is connected to the IF terminal in 

order to amplify the Doppler shift to a process able level 

Frequency of Doppler shift is proportional to velocity of 

motion. Typical human walking generates Doppler shift 

below 100 Hz. (Nguyen and Dinh, 2014) 
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Fig. 7: High Gain Low Frequency Amplifier 

E. Microcontroller (Arduino UNO R3) and Display Unit 

The out of the ultrasonic sensor (SRF05) was connected to 

arduino through the digital pin 9. The output of load cell 

amplifier is 24 bits serial is connected to serial digital analog 

(SDA) and serial clock sample (SCL) pins on arduino uno R3. 

The digital pin 2 to pin 7 is for serial communication for 

intelligent display LCD, when pin 2 to pin 5 is connected to 

data point input of display at D7 to D 4 respectively. The 

digital pin 6 and pin 7 were connected to enable pin and RS 

pin on display. The 10 kΩ point is connected to pin 1 to 3 on 

display LCD. The pin 1 to ground, pin 2 to 5 V supply and 

the wiper of the 10 kΩ pot is connected to pin 3 all on LCD. 

F. MicroSD Card Module  

The microSDcard module interfaced with microcontroller in 

SPI (Serial Peripheral interface) standard. The module is 

designed for dual voltage power supply. The interface module 

can be used with two logic level i.e. CMOS 3.3V or TTL 5V. 

(Pratik et al., 2014) 

G. Calibration 

The output of the load cell with amplifier was connected to 

arduino uno r3 microcontroller, then the standard weight of 

1000 g was placed on it and the corresponding output value 

is obtained on the LCD. The calibration constant is adjusted 

in the program until display value is 1000 g. After a standard 

mass of 2000 g was added onto the penetrometer for 10 

minutes and output mass was recorded every 30 s shown 

Table 1. After proper examination and confirm that force unit 

is function correctly the mass is converted force in Newton. 

Therefore, the force applied measure is divided by cone 

contact area by inputting the cone contact area in to 

microcontroller. 

The ultrasonic sensor is place at a known distance 

value and obtained was the same with known distance. The 

sensor was adjusted to known other distance from a target and 

it gives equivalent distance corresponding to various 

distances. To measure the depth, the rod length from the tip 

of the cone to point where the sensor is fixed at 130 cm. The 

distance measured will be subtracted from known distance 

and equal to depth penetration of the system. 

The sensor was examine for it accuracy, the sensor 

was fixed at point where an object can easy pass. When a car 

of known speed pass and the value display on the LCD 

recorded. The value obtained is shown with speed of the car 

shows speedometer on Table 2. 

H. Experimental Data Obtain from Tested Site 

The experiment was carryout at Physics Department 

Observatory at south gate of The Feredal University 

Technology, Akure, Nigeria. The table 3 shows data and 

Figure 8 and Figure 9 display the progressive penetration of 

the developed equipment. Also, empirical relationship was 

developed for test point shown on Figure 10. 

Time (s) Maas (g) 

0 2000.021 

30 2000.028 

60 1999.945 

180 2000.019 

210 2000.031 

240 2000.025 

270 2000.007 

300 2000.004 

330 2000.025 

360 2000.012 

Mean 2000.01 

Error 0.12 

Std 0.03 

Table 1: Determination of Repeatability of the Equipment 

Car Speed on 

Speedometer(km/hr) 

HB100 Speed 

Measured(km/hr) 

Deviat

ion 

25 24.72 0.28 

30 30.45 0.45 

40 41.07 1.07 

50 49.78 0.22 

60 60.37 0.37 

70 70.17 0.17 

80 79.56 0.44 

Correlation 1.00  

Average Deviation  0.43 

Table 2: Examination Speedometer 

Time(s) depthh(cm) Peetration Force(N) 

0 0 0.02 

2 3 5.67 

4 5 9.81 

6 6 13.56 

8 8 47.80 

10 10 64.58 

12 17 88.91 

14 23 106.83 

16 24 168.45 

18 27 195.34 

20 28 267.89 

Table 3: Testing of Penetration Equipment at speed of 2.5 

cm/s 
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Fig. 8: Evaluation of Penetration Equipment 

 
Fig. 9: Relationship between Penetration Force and Distance 

of Penetration 

V. CONCLUSION 

The developed penetrometer was examined force applied unit 

has a very good precision. The Table 1 gives precision result 

percentage error is 0.006 with ±0.12 g deviated from true 

value. The standard deviation value is closed to zero that is 

0.03 shows that with single read at any point is the truth value 

of the force applied. The resolution is 0.01 g. The Table 2 

excellently shows the performance of speed measuring unit 

has correlation value when compared value with car pass with 

predetermined value on speedometer was closed to unity and 

absolute deviation value 0.43. The depth measurement using 

ultrasonic sensor behaves well with resolution of 1 cm. The 

maximum depth is determined by cone attached rod which is 

130 cm in length. 

The penetrometer developed work well and found 

useful for agricultural purpose reason is that maximum value 

is 500 N. The accuracy, precision and repeatability are very 

good. The developed penetrometer locally cost effective. 
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