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CLAIMS 

 

1. A self-tonometry device for measuring intra-ocular pressure (IOP) in an eye of a 

subject, the self-tonometry device comprising: 

a plurality of sensors arranged in an array for measuring a plurality of pressures at 

respective positions on the eye of the subject, when the plurality of sensors in the array apply 

a force to the eye through an eyelid of the subject, wherein said applied force is a cyclic 

force; and 

a processor for executing a machine learning module, which is configured to receive 

changes in the plurality of pressures at the respective positions measured from the plurality 

of sensors in response to the applied cyclic force, as an input to the machine learning module, 

and to compute using the machine learning module, the intra-ocular pressure in the eye based 

on the plurality of pressures at the respective positions measured through the eyelid of the 

subject. 

 

2. The self-tonometry device according to claim 1, wherein the machine learning 

module comprises an artificial neural network model or a random forest model. 

 

3. The self-tonometry device according to claim 2, wherein the artificial neural network 

is trained and calibrated by comparing the plurality of pressures measured by the plurality 

of sensors to true IOP measured using a reference device. 

 

4. The self-tonometry device according to claim 2, wherein the artificial neural network 

is calibrated using gradient descent. 

 

5. The self-tonometry device according to claim 2, wherein the artificial neural network 

is calibrated per subject.  

 

6. The self-tonometry device according to claim 2, wherein the processor computes the 

intra-ocular pressure in the eye by: 

(a) feeding the measured pressures into the artificial neural network; 

(b) transforming the measured pressures by one or multiple convolutional layers to 

produce an output; 
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(c)   transforming the output by a normalization layer; 

(d)  transforming the output by one or multiple convolution layers; 

(e) transforming the output by a normalization layer; 

(f) transforming the output by a dropout layer; 

(g) transforming the output by one or multiple fully connected layer; and 

(h) estimating the intra-ocular pressure in the eye.  

 

7. The self-tonometry device according to claim 1, wherein the intra-ocular pressure in 

an eye of a subject is a nonlinear function of the pressures measured by the plurality of 

sensors, given by Eqn. (2): 

(2)  𝑝𝐼 = 𝒗𝑇𝑎(1) + 𝑏(2) = 𝒗𝑇
1

1 + exp (−𝜔𝑇𝑋 + 𝑏(1)))
+ 𝑏(2)

= ∑ (
𝑣𝑚

1 + exp (−(∑ 𝜔𝑚𝑖𝑝𝑖 + 𝑏𝑚
(1)

))24
𝑖=1

+ 𝑏(2))

𝑀

𝑚=1

 

 

whereby 

Pi is the pressure measured by each of the plurality of sensors 1 to 24; 

M is the number of hidden neurons optimized using experimental data;  

ω=(ω1,1, ω1,2,…, ω24,M)T is the matrix of the weights connecting the nodes in 

input layer with neurons of hidden layer; 

b(1)=(b1(1), b2(1),…, bM(1))T is the bias vector of the neurons of hidden layer; 

V=(v1, v2,…, vM)T is the vector of the weights connecting the neurons of hidden 

layer with those in output layer; and 

b(2) is the bias of the neuron of output layer. 

 

8. The self-tonometry device according to claim 1, further comprising a force transfer 

assembly configured to applying the force by a finger of the subject.  

 

9. The self-tonometry device according to claim 1, wherein the plurality of sensors 

comprise capacitive pressure sensors.  

 

10. The self-tonometry device according to claim 1, wherein the plurality of sensors are 

coupled to a flexible member at an end of the self-tonometry device. 



 
- 19 - 

 

11. The self-tonometry device according to claim 10, wherein said flexible member 

permits the plurality of sensors to be pushed into contact with the eyelid. 

 

12. The self-tonometry device according to claim 1, further comprising a display for 

displaying the intra-ocular pressure or other metrics. 

 

13. The self-tonometry device according to claim 1, wherein said plurality of pressures 

at respective positions on the eye of the subject are multiple pressure readings from different 

positions used to improve the accuracy of the intra-ocular pressure measurement. 

 

14. The self-tonometry device according to claim 1, wherein the thickness of the array 

of said plurality of sensors is 0.5mm such to be flexible to press. 

 

15. The self-tonometry device according to claim 1, further comprising an accelerator 

for measuring how fast an eyeball of the subject is being compressed. 

 

16. A method for measuring intra-ocular pressure in an eye of a subject, the method 

comprising: 

measuring a plurality of pressures at respective positions on the eye of the subject 

using a plurality of sensors arranged in an array, when the plurality of sensors in the array 

apply a force to the eye through an eyelid of the subject, wherein said applied force is a 

cyclic force; 

in a processor executing a machine learning module, receiving changes in the 

plurality of pressures at the respective positions measured from the plurality of sensors in 

response to the applied cyclic force, as an input to the machine learning module; and 

computing in the processor using the machine learning module, the intra-ocular 

pressure in the eye based on the plurality of pressures measured through the eyelid of the 

subject. 

 

17. The method according to claim 16, wherein the machine learning module comprises 

an artificial neural network model or a random forest model. 
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18. The method according to claim 17, wherein the method further comprises training 

the artificial neural network by comparing the plurality of pressures measured by the 

plurality of sensors to true IOP measured using a reference device. 

 

19. The method according to claim 17, wherein the method further comprises calibrating 

the artificial neural network using gradient descent. 

 

20. The method according to claim 19, wherein the calibrating is per subject. 

 

21. The method according to claim 17, wherein the computing in the processor using the 

machine learning module comprises: 

(a) feeding the measured pressures into the artificial neural network; 

(b) transforming the measured pressures by one or multiple convolutional layers to 

produce an output; 

(c)   transforming the output by a normalization layer; 

(d)  transforming the output by one or multiple convolution layers; 

(e) transforming the output by a normalization layer; 

(f) transforming the output by a dropout layer; 

(g) transforming the output by one or multiple fully connected layer; and 

(h) estimating the intra-ocular pressure in the eye.  

 

22. The method according to claim 16, further comprising applying the force by a finger 

of the subject with a force transfer assembly.  

 

23. The method according to claim 16, wherein the plurality of sensors comprise 

capacitive pressure sensors.  

 

24. The method according to claim 16, wherein the intra-ocular pressure in an eye of a 

subject is a nonlinear function of the pressures measured by the plurality of sensors, given 

by Eqn. (2): 
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(2)  𝑝𝐼 = 𝒗𝑇𝑎(1) + 𝑏(2) = 𝒗𝑇
1

1 + exp (−𝜔𝑇𝑋 + 𝑏(1)))
+ 𝑏(2)

= ∑ (
𝑣𝑚

1 + exp (−(∑ 𝜔𝑚𝑖𝑝𝑖 + 𝑏𝑚
(1)

))24
𝑖=1

+ 𝑏(2))

𝑀

𝑚=1

 

 

whereby 

Pi is the pressure measured by each of the plurality of sensors 1 to 24; 

M is the number of hidden neurons optimized using experimental data;  

ω=(ω1,1, ω1,2,…, ω24,M)T is the matrix of the weights connecting the nodes in 

input layer with neurons of hidden layer; 

b(1)=(b1(1), b2(1),…, bM(1))T is the bias vector of the neurons of hidden layer; 

V=(v1, v2,…, vM)T is the vector of the weights connecting the neurons of hidden 

layer with those in output layer; and 

b(2) is the bias of the neuron of output layer. 


