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Project Objective:

The goal of the project was to create a device to help a blind person navigate in an 
indoor environment and avoid obstacles of varying heights as well as detect stairs.

Intro:

In considering the design of our smart cane, we decided to do away completely 
with the cane itself. We wanted the user to have both hands free, which is an 
improvement over the design of a cane, in which you would only have one hand free. We 
also wanted to minimize necessary movement of the device on behalf of the user and still 
have high resolution in obstacle detection. Thus, our design consists of four ultrasound 
sensors strapped onto a vest and positioned at four different angles (front, left, right, and 
downward). The feedback consists of four vibration motors, attached to the back of the 
vest, one for each ultrasound sensor. The front, left, and right ultrasound sensors are used 
primarily for obstacle detection, with the corresponding vibration motor that would 
vibrate when an obstacle was detected by a particular sensor. The ultrasound sensor 
facing downwards is used to detect stairs going up and down. The device being packaged 
on a vest is an efficient system that makes the smart cane as easy to use as it is to put on 
normal clothing.

Design Process:

Part 1: Determining the Sensors and Feedback Mechanism

We determined that the ideal range of obstacle detection would be about three to 
five feet away from the body. We tested the ultrasonic and long range infrared sensor. The 
infrared sensor was easier to implement, because it simply outputs a DC voltage 
corresponding to the distance of the detected object. The disadvantage of the IR sensor 
was that the signal was a noisy. We were concerned that if we wanted to have a threshold 
at a highly specific distance, say for stair detection, we would run into problems if the 
signal bounced above and below threshold. The advantage of the ultrasound sensor was 
that the width of the pulse output pulses remained relatively stable while detecting a 
constant distance. The disadvantage if the ultrasound sensor was that it required a pulse 
trigger in order for it to work and required additional programming in order to calculate 
distances from the pulse width that is the output of the sensor. In the end, we chose to 
implement ultrasound sensors in our smart cane.

For feedback, we decided to use vibration motors. Vibration feedback is quicker 
than, for example, a voice feedback system that would say “obstacle on the left.” 



Vibration feedback is also more advantageous than auditory feedback because it does not 
distract from auditory sensory information from the environment that are important for a 
blind person have.

Part 2: Programming the Microprocessor

 All the processing for the project was done on one PIC16F877 microcontroller. 
We chose this model as we had previous experience with it and because it was in ready 
supply. The code was relatively simple and was written and compiled in MPLab. An 
external programmer connected to port COM1 on the computer was utilized in order to 
program and reprogram the microcontroller as necessary. Once programmed, the 
microcontroller was placed onto the circuit board for use. For debugging purposes, a 
circuit to interface with the microcontroller to the HyperTerminal on the computer, via 
utilizing a MAX232 chip, was used. The microcontroller utilized an external 20MHz 
clock.
 The final code triggered the sensors, via pin B2, and read in the output one at a 
time for each of the four sensors, on pins A1 through A4. After the trigger is sent, the 
microcontroller was programmed to wait while the sensor output was low, then start 
counting cycles when it went high. This counter was used as a measure of the pulse 
width. Some simple logic was performed to determine whether or not to activate or 
deactivate the actuator associated with that sensor. Specifically, if the time was less than 
the corresponding threshold, the actuator would be turned on, otherwise it would be 
turned off. The actuators were connected to pins C1, C2, C3, and D0.

Step 3: Interfacing With the Vest

The primary problem of attaching the ultrasound sensors to the vest was the 
inherent flexibility of the vest. If the sensor is attached directly to the vest, the sensor 
would move too much and be difficult to calibrate accurately. Our solution was to mount 
the ultrasound sensors on a platform of polyurethane via specially angled polyurethane 
wedges to position the ultrasound sensor in the desired direction. With the larger surface 
area of the platform, it was easy to stabilize the sensors on the front of the vest using 
straps. The wires leading off of the ultrasound sensors were bundled by mesh tubing and 
combined into a larger mesh tubing before entering the box containing the 
microcontroller. Out the other side of the box, there was another mesh tubing that split 
into four smaller mesh tubing, each containing the wires for an individual vibration 
motor. The four vibration motors were attached to the back of the vest as if they were 
placed on the ends of a plus sign. The straps also press the vibration motors on the back 
of the user for easier detection. The user would feel vibrations on the left if the ultrasound 
sensor facing the left detected an obstacle and likewise for the sensor on right. The 
vibrating motor on top would correspond to the ultrasound sensor facing forward. The 
sensor facing down was, with proper calibration, meant to detect stairs going up or down 



based on sudden increase or decrease in distance from the ground to the sensor, using a 
constant and pulsing vibration to distinguish between the two.

Step 4: Calibration and Testing

 After the vest was put together, the exact threshold corresponding to a 1.5 foot 
distance from the obstacle was set in the code to trigger vibrations of the corresponding 
motor for each ultrasound sensor. Finally, the vest was tested in inside Clark Hall using 
various obstacles for functionality and performance.

Problems Encountered

1. When the vibration motors were connected directly to the output pins of the PIC, 
we found that the voltage delivered to the vibration motors was only around 1V. 
This resulted in weak vibrations that were barely detectable on the vest. This may 
have been due to the vibration motors placing too much load on the PIC. To 
resolve the situation, we used a NPN transistor circuits as switches to supply the 
vibration motors with the full 5V (see circuit diagram).

2. Hardware Issues: We used three main categories of components; sensors, 
actuators, and microcontrollers. Each displayed some rate of failure. Some 
sensors did not work or behaved erratically, and some actuators similarly did not 
work. Additionally, the microcontrollers sometimes exhibited flawed behavior and 
some began to break after repeated reprogramming. These issues were easily 
handled, however, with due foresight and collection of backup components.

3. Software Issues: While the final code was relatively simple, several methods were 
tried to get the timing right, in order to capture the pulse width of the sensor 
output correctly and to calibrate the different sensors properly. These expected 
difficulties were complicated by spotty HyperTerminal setups which made 
debugging difficult.

4. Final Performance: In actual usage, the performance of the device using all four 
sensors in unison while actually walking about was worse than desired. Issues in 
the code or microcontroller, or hardware issues such as faulty components or 
interference and cross talk between the sensors may have been to blame. This 
made it difficult to navigate the obstacle course, as it was hard to tell whether the 
vibration was due to the user approaching an obstacle or due to noise.

 
Possible Design/Device Improvements



 One very useful potential improvement to the design of our device would be 
variable intensity output on the actuators to distinguish relative distance of obstacles. For 
example, the actuator indicating an obstacle one meter away would vibrate more 
intensely than the one indicating an obstacle two meters away. This could be 
accomplished by the use of a more advanced microcontroller, as ours was not capable of 
variable output, or by implementing external digital-analog converters. Another method 
to achieve similar results would require the use of an additional microcontroller(s) to 
exclusively handle continuous duty cycle to simulate variable output on the actuators.
 Of course, one way to improve our device would be to replace our SRF04 
ultrasonic sensors with higher quality sensors that have longer ranges and more reliable 
output. Longer ranges and more reliable feedback, especially in the longer range would 
afford us a better resolution and a better overall quality of "vision". Also, it would allow 
us to fine tune and calibrate our device more accurately.
 In the same vein of improving the feedback, more advanced processing 
techniques could be developed to eliminate noise seen in the feedback due to movement 
when actually using the device. For instance, individual false positives could be filtered 
out when seen among longer stretches of negatives.
 Also, different types of sensors could be implemented instead of relying solely on 
ultrasound, as well as expanded placement of sensors. One of the advantages of our 
design is its low profile, however, so wireless communication and printed circuit boards 
to reduce size and overhead of additional components would also be desirable in such a 
case.

Potential Biomedical Applications

 The main application of our device would of course be to help people with 
impaired vision navigate indoors, but our device also has potential benefit outdoors, 
where the same principles apply.
 Additionally, our device might even be useful to help people without vision 
impairment to navigate in places with little to no light. It may even have military 
application, for scenarios where producing light would be dangerous.

Attachments:

       1. Full circuit diagram
       2. Full code used to program the PIC16F877 microcontroller





#include <16F877.h> //standard includes
#include <stdio.h> 
#use delay(clock=20000000) // 20 MHz clock

#define TOP_THRESHOLD 120 //define a threshold to determine near vs far, ie,
object or no object, for the top sensor
#define MID_THRESHOLD 140 //define a threshold to determine near vs far, ie,
object or no object, for the middle sensors
#define BOT_THRESHOLD 160 //define a threshold to determine near vs far, ie,
object or no object, for the bottom sensor
#define TIME_DELAY 30 //define a delay to wait while counting in order to
undersample

int time; //initliaze a variable to act as a counter

//code to deliver trigger pulse to sensors
void trigger() {
    output_high(PIN_B2);
    delay_us(12);
    output_low(PIN_B2);
}

void main() {

    while(true) {

        //PIN_A1
        time=0; //(re)set time to 0
        trigger();  

        while(!input(PIN_A1)); //wait while the output of this sensor is low

        //then when it goes high, count how many cycles it is high for
        while(input(PIN_A1)) {
            delay_us(TIME_DELAY);
            time++;
        }

        //check time and take appropriate action, that is, vibrate or not
        if (time<=TOP_THRESHOLD) {
            output_high(PIN_C1);
        }



void main() {

    while(true) {

        //PIN_A1
        time=0; //(re)set time to 0
        trigger();  

        while(!input(PIN_A1)); //wait while the output of this sensor is low

        //then when it goes high, count how many cycles it is high for
        while(input(PIN_A1)) {
            delay_us(TIME_DELAY);
            time++;
        }

        //check time and take appropriate action, that is, vibrate or not
        if (time<=TOP_THRESHOLD) {
            output_high(PIN_C1);
        }

        else {
            output_low(PIN_C1);
        }

        //repeat for the other 3 sensors:
        //PIN_A2
        time=0;
        trigger();
    
        while(!input(PIN_A2));

        while(input(PIN_A2)) {
            delay_us(TIME_DELAY);
            time++;
        }

        if (time<=MID_THRESHOLD) {
            output_high(PIN_C2);
        }
        else {
            output_low(PIN_C2);
        }
        
        //PIN_A3
        time=0;
        trigger();
        
        while(!input(PIN_A3));

        while(input(PIN_A3)) {
            delay_us(TIME_DELAY);
            time++;
        }
    

        if (time<=MID_THRESHOLD) {
            output_high(PIN_C3);
        }
        else {
            output_low(PIN_C3);
        }
            



        else {
            output_low(PIN_C1);
        }

        //repeat for the other 3 sensors:
        //PIN_A2
        time=0;
        trigger();
    
        while(!input(PIN_A2));

        while(input(PIN_A2)) {
            delay_us(TIME_DELAY);
            time++;
        }

        if (time<=MID_THRESHOLD) {
            output_high(PIN_C2);
        }
        else {
            output_low(PIN_C2);
        }
        
        //PIN_A3
        time=0;
        trigger();
        
        while(!input(PIN_A3));

        while(input(PIN_A3)) {
            delay_us(TIME_DELAY);
            time++;
        }
    

        if (time<=MID_THRESHOLD) {
            output_high(PIN_C3);
        }
        else {
            output_low(PIN_C3);
        }
            

        //PIN_A4
        time=0;
        trigger();
        

        while(!input(PIN_A4));

        while(input(PIN_A4)) {
            delay_us(TIME_DELAY);
            time++;
        }

        if (time<=BOT_THRESHOLD) {
            output_high(PIN_D0);
        }
        else {
            output_low(PIN_D0);
        }
        
        delay_ms(3);
        }
}


