
 

 
Counting Cars and Buses with a Grove 

Inductive Sensor 
1 Description 

 
 

In the project that follows I will build a traffic inductive loop scaled down for my model cars on a Lego 
intersection. The goal is to explore how the most used sensor at traffic signals, the inductive loop detector 
works and can be used. Inductive loop detectors provide many functions at traffic signals including detecting if 
vehicles are stopped or if the queue length in a certain lane is full. Traffic inductive loop detectors can also 
count cars passing and provide data on traffic congestion. Another use of a traffic inductive loop detector is to 
trick a red light camera when an offender goes through a red traffic signal.  The most complex are capable of 
determining the type of vehicle passing so that can count the number of buses, trucks, car or even bikes but 
not pedestrians unless they have plenty of coins in their pockets! 

The sensor I used in the project is a Grove is a 2-Channel Inductive Sensor and it is based on Texas 
Instruments(TI) LDC1612 chip. It has a 28-bit inductance to digital converter(LDC) for inductive sensing projects 
which need to sense nearby metal magnetic objects. I have completed projects using it. One is a Lego train - 
just insert a metal coin in the base of a carriage or loco as the Inductive Sensor will not detect plastic. When 
the train passes the inductive loop detector it activates  the railway crossing to close the boom gate and flash  
the warning lights. The other project detects cars at a traffic intersection and this is the one I will describe 



here. Again Lego parts also also used in the traffic scene and this time it is a traffic  intersection. Instead of 
Lego cars I will use old model cars and buses made of metal such as Corgi or Dinki Toy cars which are still 
available on ebay – they have plenty of metal compared to modern day equivalents. 

 

 

 

Figure 3 - Lego Train with coin ready for detection 

  



1.1 Objective – learn aboujt Inductive sensing 
1.1.1 detect a nearby metal object such as a toy model car. 

1.2 The Grove Inductive Sensor is based on: 
1.2.1 Texas Instruments(TI) LDC1612 

28-bit inductance to digital converter (LDC) 
 

 
 

Go to Reference 1 for more details. 
Texas Instruments Datasheet for LDC1612 
I will use both inputs – one at the stop line and one at the end of the queue to determine if 
the queue of cars is full. 

Compared to inductive loop sensors on the road the frequency used on the Texas 
Instruments:LCD1612 is much higher -  Sensor Frequency Range of 1 kHz to 10 MHz. 

This allows for the detection of much smaller objects. I use smaller model cars instead of 
larger real cars. 
On the road we are detecting large vehicles such as cars and the operating frequency is 
between 10 kHz to 200 kHz. 

Measurement of Inductance for a real on-road or street inductive loop is: 
 

 
 

From reference 2 
where 

L = Inductance, henrys 
N = Number of turns 



I = Coil current, amperes 
 
 
 
=Relative permeability of material (1 for air) 
 
 
 
= 4pi x 10-7 henrys per meter. 

length here is much greater than the coil area to ensure uniform magnetic flux inside the 
coil 

This equation shows that coil inductance is 
o directly proportional to 

turns of the coil squared 
coil area 

o inversely proportional to  
coil length 

See the quivalent formula for the Texas Instruments:LCD1612  in Reference 1. 
An interesting experiment would be to make your own coils and check the dependencies 
using LCD Inductive sensor. 
See Reference 3 

Sensor Design for Inductive Sensing Applications Using LDC 
See document(s): snoa930c.pdf 

The Inductance range of a street loop is 
Between 50 to 700 microhenrys (µH) but the TI:LDC1612 is much lower than this but its 
high resolution wins the day. 

The  LDC1612 conversion  provides  a  tradeoff  between  measurement  resolution  and  
conversion interval. 
  Longer conversion  intervals  have  higher  measurement  resolution but the sampling rate is 
reduced.  

The conversion  interval  can  be configured from 
3.2 µs to >26.2 ms with 16 bits of resolution. In the traffic project I will aim for a sampling 
time of 1 ms as I need to see the transitions from metal to non-metal. 

 
Avoid long traces between the sensor and the LDC - higher frequency sensors may need to be 
placed closer to the device to minimize noise 

Loop system capacitance must be minimized 
Another experiment would be to see the impact of long leads on the sensor’s sensitivity & 
accuracy 

1.3 Cost of the Grove Inductive Sensor 
1.3.1 $US16.40 

  

https://www.ti.com/lit/an/snoa930c/snoa930c.pdf?ts=1636065692016


2 Applications 

There are more applications suggested on the Texas Instruments datasheet for the LDC1612 sensor. 



2.1 STEM Education 
2.1.1 prototype for traffic systems engineering 

o counting cars at intersections 
o Lego Trains – sense presence and trigger a closing boom at the next railway crossing 

2.1.2 Note: 
Texas Instruments do not include using the TI:LCD1612 for real roadside traffic detector on their 
applications. 

2.2 Vending Machine 
2.2.1 detecting coins 
2.2.2 recognise coins? 

From inductance measurements. I considered this 30 years ago but used measurements of coin 
diameters instead – at least this worked on NSW Toll roads including the Sydney Harbour Bridge. 

2.3 Push Buttons 
2.3.1 in harsh environments 

pedestrian push buttons at traffic signal crossings – no wear just a change of inductance 

3 Hardware 
3.1 Interface 

3.1.1 I2C 

3.2 Pin outs 
3.2.1  

 
 

3.3 Alternative coils 
3.3.1 The PCB coils with 28 turns supplied with the Grove sensor are sufficient to get you 
started. 



Try also winding your own coils for more sensitive readings. 

3.4 Coils supplied 
3.4.1 Two are supplied with the Grove kit. For most project you will need to snap off the 
coil attached to the main Grove driver board and solder two wire connections to it. I also 
soldered two Dupont jumper wires with female headers at the other ends of the wire and 
two Dupont male headers on the main Grove driver board. Do this with both PCB coils. 
You also need to minimise the length of wire from the PCB coil to the Grove Inductive 
Loop sensor board. 

  



4 Project 
4.1    Title & file reference: countVehicles_LDC1612V4 

4.1.1 1Nov21 
 

 
Figure 1 - testing the Inductive Loop sensor with a $1 coin 

 
 

 

 
Figure 2 - now testing with a model Sydney bus - I used to get this bus to work! 



 
 
 

 
 
 

4.1.2 Objective 
use two inductive sensors buried in the road to count vehicles. Use model metal cars and buses 
on a Lego Road section. To improve sensitivity, mount the sensor coils on the surface of the road. 
determine 

• count of vehicles (SCATS ‘Passing mode’) 
at both sensors 

• if vehicle is stopped (SCATS ‘presense mode’) 
at both sensors 

• if the queue is filled 

4.1.3 Hardware 
Wires: Grove cable 
Arduino UNO 
See document(s): Arduino-Uno-Rev3-p-694.html 

 
 

https://www.seeedstudio.com/Arduino-Uno-Rev3-p-694.html


Cost: $US25 
SKU : 202000234 

Grove Base Shield V2.0 for Arduino 
See document(s): Base-Shield-V2.html 

 

SKU: 103030000 
Cost: $US3.50 

Grove Inductive Sensor 

 
 

  

https://www.seeedstudio.com/Base-Shield-V2.html


Alternative 
Seeeduino Lotus - ATMega328 Board with Grove Interface 

 
 

Cost: $17.50 
Seeeduino Lotus - ATMega328 Board with Grove Interface (2).mmap 

4.1.4 Software 
countVehicles_LDC1612V4.ino.ino 
Cut and paste this code into your Arduino IDE  

You also need to  include the following libraries: 

•  "Seeed_LDC1612.h" 

• "math.h" 

           /* 

 * countVehicles_LDC1612V4.ino P Mallon 1Nov21 

* demo of counting vehicles using Grove - 2 Channel Inductive Sensor (LDC1612) 

 * Driver for Inductive  I2C SENSOR 

 * based on the Seeed Studio demo: basic_demo.ino 

 * Hardware:  Arduino UNO compatible computer 

 *            Grove - 2 Channel Inductive Sensor (LDC1612) 

 *            Jumper wires 

 *            small metal car or coin for testing 

  

 * Copyright (c) 2018 Seeed Technology Co., Ltd. 

 * Website    : www.seeed.cc 

 * Author     : downey 

 * Create Time: June 2018 



 * Change Log : 

 * 

 * The MIT License (MIT) 

 * 

 * Permission is hereby granted, free of charge, to any person obtaining a copy 

 * of this software and associated documentation files (the "Software"), to deal 

 * in the Software without restriction, including without limitation the rights 

 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell 

 * copies of the Software, and to permit persons to whom the Software is 

 * furnished to do so, subject to the following conditions: 

 * 

 * The above copyright notice and this permission notice shall be included in 

 * all copies or substantial portions of the Software. 

 * 

 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR 

 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, 

 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE 

 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER 

 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, 

 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN 

 * THE SOFTWARE. 

 */ 

  

#include "Seeed_LDC1612.h" 

#include "math.h" 

  



  

LDC1612 sensor; 

int vehicleCount1 =0; 

int vehicleCount0 =0; 

int vehicleStopTimer1 =0; 

int vehicleStopTimer0 =0; 

int vehicleStopTimerMin =3000; 

int currentTime1 =0; 

int currentTime0 =0; 

bool startVehicleTimer =true; 

bool metalCurrent1 = false; 

bool metalCurrent0 = false; 

bool metalPrevious1 = false; 

bool metalPrevious0 = false; 

  

long int ambientInduction =0; 

long int inductiveValeLowest = 43719616; 

long int inductiveValueMargin = 1500000; 

long int channel0 =0; 

long int channel1 =0; 

//--------------------------------------------------------------------- 

void setup() 

{ 

    Serial.begin(115200); 

    delay(100); 

    Serial.println("start!"); 



    sensor.init(); 

    if(sensor.LDC1612_mutiple_channel_config()) 

    { 

        Serial.println("can't detect sensor!"); 

        while(1); 

    } 

} 

//-------------------------------------------------------------- 

void checkChannel0(){ 

  if ((channel0>= inductiveValeLowest + inductiveValueMargin)){ 

           Serial.println("metal0"); 

           if (!metalPrevious0){ 

              //vehicleCount0 =vehicleCount0 +1 ; 

              vehicleCount0++; 

               

              Serial.print("vehicleCount0:"); 

              Serial.println(vehicleCount0); 

              currentTime0 = millis(); 

              metalPrevious0 = true; 

           } 

          vehicleStopTimer0 =millis() - currentTime0; 

          if (vehicleStopTimer0> vehicleStopTimerMin){ 

            Serial.println("Vehicle Stopped0"); 

        } 

    } 

    else { 



      metalPrevious0 = false; 

    } 

} 

  

//------------------------------------------------------------------ 

void checkChannel1() { 

  //Serial.print("result_channel1 is "); 

  //Serial.println(channel1); 

  if ((channel1>= inductiveValeLowest + inductiveValueMargin)){ 

           Serial.println("metal1"); 

           if (!metalPrevious1){ 

              //vehicleCount1 =vehicleCount1 +1 ; 

              vehicleCount1++; 

               

              Serial.print("vehicleCount1:"); 

              Serial.println(vehicleCount1); 

              currentTime1 = millis(); 

              metalPrevious1 = true; 

           } 

          vehicleStopTimer1 =millis() - currentTime1; 

          if (vehicleStopTimer1> vehicleStopTimerMin){ 

            Serial.println("Vehicle Stopped1"); 

        } 

    } 

    else { 

      metalPrevious1 = false; 



    } 

} 

//------------------------------------------------------------------------ 

void loop() 

{ 

    u32 result_channel0=0; 

    u32 result_channel1=0; 

  

    /*shows the status of sensor.*/ 

    //sensor.get_sensor_status(); 

  

    /*Get channel 0 & 1 results and parse it.*/ 

    sensor.get_channel_result(0,&result_channel0); 

    channel0 = result_channel0; 

    sensor.get_channel_result(1,&result_channel1); 

    channel1 = result_channel1; 

    //check channel0: 

    checkChannel0(); 

    //check channel1: 

    checkChannel1(); 

    delay(500); 

  } 

  //------------------------------------------------------------------ 



4.1.5 Result 

 
 

used two inductive sensors buried in the road to count vehicles 
determined that 

count of vehicles 
at both sensors 

if vehicle is stopped 
at both sensors 

if the queue is filled 
  



Video 
C0494.MP4 

 
 

Duration 
0:01:59 

Youtube 
Counting Cars with Induction Loops 
See document(s): 6J_xw3og4p8 

In this project I will add induction loops to my traffic signals. Here I do the unit testing of the loops 
to count cars and determine the length of the queue at traffic signals. I am using the same concepts 
and sensors as real traffic signals - induction sensors that need the presence of metal for detection. 

The project uses an Arduino UNO with a Grove Shield. The Grove Inductive Sensor with two 
channels senses two position - one at the traffic signals and one downstream so the length of the 
queue can be determined. 

All coding is done in the Arduino IDE using C++ and I start with the demo programs programs from 
Seeed Studio. 

I have to calibrate the sensors and check if the polling still works so that I can count cars and queue 
lengths. 

In real life I used loops like this to count the cars & other vehicles on the Sydney Harbour Bridge as 
part of its first electronic tolling system. I also used loops in speed camera installations and in the 
first rapid bus transit systems called T-Ways in Sydney. 

https://youtu.be/6J_xw3og4p8


4.1.6 Issues 
Challenges 

•  faster conversion 
There is an INT-pad on the Grove  sensor board. It turns to the low level when the 
conversion is complete. Consider using this for an interrupt driven measurement with faster 
scan times 

•  change I2C address 
add more sensors 

• minimal drift 
use the second channel as a reference to compensate for temperature and external 
mangnetic effects. 

• better accuracy & sensitivity 
minimise the length of the lead cable to the coil 

• explore changing coil parameters 
 

 
 

Original configuration: 20 turns 
For other configurations: uncomment coil statements in software driver: Seeed_LDC1612.cpp 

• explore changing conversions factors 
o time offset 
o to stabilise 

• driver current 

• conversion time. This impacts on the loop detect sampling time. 

• The biggest challenge is to integrate this project with a traffic signals controller. My 
traffic signals controller using a simple Arduino UNO computer and it is  already 
saturated and there is not enough memory left so I need to port the software into a a 
microcomputer with more memory such as the Seeed Studio Xiao. 

Ref: Seeed_LDC1612.cpp 

  



5 References 
5.1  

 
 

5.1.1 Grove - 2-Channel Inductive Sensor (LDC1612) 
See document(s): Grove-2-Channel-Inductive-Sensor-(LDC1612)-p-3223.html 

5.1.2 wiki 
See document(s): Grove-2_Channel_Inductive_Sensor-LDC1612 

5.1.3 SeeedDocument/Grove-2-Channel_Inductive_Sensor-LDC1612 
See document(s): Grove%20-%202-Channel%20Inductive%20Sensor%20(LDC1612).zip 

5.1.4 Schematic 
SeeedDocument/Grove-2-Channel_Inductive_Sensor-LDC1612 

5.1.5  

 
 

LDC1612, LDC1614 Multi-Channel 28-Bit Inductance to Digital Converter (LDC) for Inductive 
Sensing 
See document(s): LDC1612.pdf 

Datasheet 

 
 
Reference 1 
Sensor Design for Inductive Sensing Applications Using LDC 

See document(s): snoa930c.pdf 

Reference 3 
Optimizing L Measurement Resolution for the LDC1312 and LDC1314 
See document(s): snoa945.pdf 

WEBENCH® Power Designer – this helps you design your own inductive loops 
See document(s): webench-power-designer.html 

5.2 Sydney Coordinated Adaptive Traffic System 
See document(s): Sydney_Coordinated_Adaptive_Traffic_System 

5.3 Chapter 2, Traffic Detector Handbook: Third Edition—Volume I 
See document(s): 02.cfm 

 
 

https://www.seeedstudio.com/Grove-2-Channel-Inductive-Sensor-(LDC1612)-p-3223.html
http://wiki.seeedstudio.com/Grove-2_Channel_Inductive_Sensor-LDC1612/
https://github.com/SeeedDocument/Grove-2-Channel_Inductive_Sensor-LDC1612/blob/master/res/Grove%20-%202-Channel%20Inductive%20Sensor%20(LDC1612).zip
https://files.seeedstudio.com/wiki/Grove-2-Channel_Inductive_Sensor-LDC1612/res/LDC1612.pdf
https://www.ti.com/lit/an/snoa930c/snoa930c.pdf?ts=1636065692016
https://www.ti.com/lit/an/snoa945/snoa945.pdf?ts=1636075342227
https://www.ti.com/design-resources/design-tools-simulation/webench-power-designer.html
https://en.wikipedia.org/wiki/Sydney_Coordinated_Adaptive_Traffic_System
https://www.fhwa.dot.gov/publications/research/operations/its/06108/02.cfm


5.3.1 Reference 2 

5.4 Traffic signal design 
See document(s): tsdsect11v13-i.pdf 

 
 

5.4.1 Section 11 - Detectors 

5.5  

 
 

5.5.1 Vehicle Detector Loops for SCATS 
See document(s): vehicle-detector-loops-for-scats 

5.5.2 What is Cycle Time 
See document(s): what-is-cycle-time 

5.5.3 Improving Traffic Flow onto Motorways 
See document(s): ramp-metering 

5.6 Mindmap 
5.6.1 This Mindmap 

Grove Inductive Sensor .mmap 

5.6.2 Others 
Traffic Signals AI Camera.mmap 

5.7 Software 
5.7.1 Seeed-Studio/Seeed_LDC1612 
See document(s): Seeed_LDC1612 

 

https://roads-waterways.transport.nsw.gov.au/business-industry/partners-suppliers/documents/guidelines/complementary-traffic-material/tsdsect11v13-i.pdf
https://www.aldridgetrafficcontrollers.com.au/scats/adaptive-traffic-management/vehicle-detector-loops-for-scats
https://www.aldridgetrafficcontrollers.com.au/scats/adaptive-traffic-management/what-is-cycle-time
https://www.aldridgetrafficcontrollers.com.au/products/traffic-signal-controllers/ramp-metering
https://github.com/Seeed-Studio/Seeed_LDC1612
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