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ABSTRACT 

In large areas in our planet, water is a limited resource and with the population growth, there will be a 

necessity for even more water. One of the significant water consuming facilities is the flush toilet. We 

suggest an automatically adjusting of the water amount released in each flush by a facility capable of 

analyzing the content of the toilet bowl and accordingly making a decision how much water should be 

released in order to wash out this content. Unlike the common flush toilets, the decision about the 

amount of water will not be between just two options and furthermore this decision will be taken 

automatically. 
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1 Introduction  
Using the toilet is an everyday event; however, no much progress has been noticed during last years. 

Many of last year researches have been aiming at special toilets for disableds or elderly people [1,2,3] 

which is obviously very important; however, there is still many conventional toilet elements to be 

improved. 

One of the common toilet elements that can be improved is the dual flush toilet that lets the users to 

decide on the amount of the flushed water with the intention of saving water; however, these dual flush 

toilets have two significant disadvantages: 

Most of them let the users to choose only between two amounts of water. 

 The decision of the amount of water is manually done by the user and is not done 

automatically by the toilet mechanism.  

 The dual flush facility is usually operated by two flush pushbuttons where pressing one 

pushbutton releases more water; whereas pressing the other pushbutton releases less water.  

There are also flush facilities controlled by pulling the flush handle down and up, where pulling the 

flush handle down starts the flush and pulling the flush handle up stops the flush. This method lets the 

user to choose between more amounts of water; however, the choice of the amount of water is still 

done manually by the user.On the other hand, there are flush facilities that identify a presence of a 

person in a restroom and when this person leaves the restroom the flush facility automatically will 

release water [4]; however, there is no automatic decision based on what can be seen inside toilet bowl 

so as to decide about the suitable amount of water. 

In this paper we suggest an improved toilet facility that can automatically decide on the suitable 

amount of water based on what can be seen by a simple digital camera in the toilet bowl. 

In order to avoid ethical issues to use a camera inside a toilet bowl, the camera will not have any kind 

of memory, so the camera will be actually an enhanced mirror with no ability of saving or 

communicating. 

2 Smart sensing Toilets 
Using the services of a simple digital camera can be effective to detect the quantity of waste within the 

toilet bowl and accordingly the toilet facility can decide on the suitable amount of water that should be 

used in order to flush this waste. 



Nowadays, the most popular format for image compression of digital camera is JPEG [5,6,7]. Actually, 

JPEG is not just popular in digital cameras; but also the most popular format for image compression in 

the web and many other applications [8].  

The JPEG format is prevalent because of several benefits like the ability to decoded parts of the image 

in parallel [9], the well documented open code that makes it uncomplicated to adjust the format to 

specific implementations [10] and the suitability for straightforward and uncomplicated hardware 

implementation [11,12]. 

The main reason for image compression is because the network is too loaded and too slow; hence 

sending a smaller image can use smaller bandwidth and consequently will be transmitted faster and will 

produce a smaller load on the network. Also compressing images can lighten the memory pressure in 

the device [13]. 

Even though the compression procedure of JPEG loses some data, this loss is unnoticeable. JPEG 

prefers to lose this data in order to be able to significantly compress the image size. 

The algorithm of JPEG is designed to mainly take in account the way a human eye catches sight of 

objects. JPEG removes substantial parts of the data that are unnoticeable for human eyes from the 

image. Human eyes are mostly aware to changes in their sight and as will be explained below the 

suggested application is mostly focused in the changes within the image, the information that JPEG 

generates will be very suitable. 

In addition, using the output of JPEG algorithm will let us use a standard digital camera without any 

necessity to adjust it for this specific implementation before the use. This will make this facility simpler 

to produce and will also lower the price of this facility. 

So in our implementation the toilet facility will straightforwardly use the compressed image in order to 

decide on the suitable amount of water, rather than decompressing the image before the use. 

3 Detection the quantity of waste within the toilet bowl 
The JPEG format is an eminent standard for image compression. JPEG compresses better images that 

do not have sharp differences like pictures of meadows. The JPEG format is well documented 

[14,15,16]. 

JPEG supports both color images and grayscale images; however, the grayscale images are rarely used 

and we will also use color images. 

In the first step of JPEG algorithm, the well-known DCT algorithm [17] is employed by the JPEG 

algorithm to transform images from the sample space to the frequency space. If the image is actually 

without sharp differences as JPEG supposes, almost all the coefficients will be on the interval (-0.5, 

0.5).  

The second step of JPEG is called quantization. In this step the coefficients are divided by some 

constants and next they are rounded to the closest integer. Consequently, coefficients in the interval (-

0.5, 0.5) are rounded to zero and when the divider constant is greater than one, the chances that these 

coefficients will be rounded to zero are even higher. Therefore, when there are no sharp differences in 

the image, most of the coefficients will be zero and the JPEG compressed image size will be very 

small. 

If there are shape differences in the image many coefficients will not be rounded to zero and the JPEG 

compressed image size will be larger than image in the same size without shape differences. 

The presence or the absence of sharp differences in an image influence the image file size in this way: 

JPEG splits the JPEG image to blocks of 8X8 pixels of Y, U and V components [18]. These blocks are 

arranged from left to right in a line by line order within the JPEG compressed file [19,20]. Each block 

is transformed by the DCT algorithm and if there are sharp differences within an 8X8 block, this 8X8 

block will be compressed less efficiently. If many blocks are compressed less efficiently because of 

many sharp differences within the blocks, the entire size of the JPEG compressed image will be 

considerably large. 



Giving these features of JPEG, the toilet facility compares a picture of an empty toilet bowl vs. a toilet 

bowl containing some waste. The main issue will be to realize the amount of the waste within the toilet 

bowl and accordingly the toilet facility is capable to decide about the amount of the water needed to 

flush the waste. 

Formally, there is no legal connection between JPEG and MPEG; however, both JPEG and MPEG use 

almost the same methods and are very similar [21]. The main difference is that JPEG offers a still 

image compression whereas MPEG offers a movie compression.  

MPEG defines P-frame as "Predicted Frame". Such a frame does not save the raw data, but rather it 

saves the changes in the image from a previous frame and as a result the unchanged data is not saved. 

The original intention of P-frame is saving space, because subsequent frames tend to be similar to their 

previous frames in many cases; however, for our implementation there is a different benefit for P-

frames – Sometimes there is a light on the water in the toilet bowl like in Figure 1. This can be 

misinterpreted by the toilet facility as waste that should be flushed. So, taking the P-frame can validate 

that such a misinterpretation will not happen, because the light will exist in the previous frame as well; 

however, turning on or turning off the light in the rest room indeed sometimes caused the toilet facility 

to release water. 

 

Figure 1. Light reflection in toilet bowl 

The toilet facility algorithm uses the MPEG/JPEG compression to achieve the P-frame. After that, the 

algorithm analyzes the compressed file size of this P-frame. According to the entire size of the P-frame, 

the toilet facility will decide on the suitable amount of water. 

 JPEG is a very prevalent format that suitable for our implementation and is commonly used. There 

may perhaps be other suitable formats, but employing uncommon formats will have need of using an 

standard equipment which is undesirable. 

Figure 2 is an example of how JPEG will manage a block containing a sharp difference vs. a block with 

no difference. The image in Figure 2 was compressed by the standard baseline grayscale JPEG format 

with a quality of 75%. The image is in a size of 1000X1000 pixels. Most of the pixels are white with 

the exception of the black rectangle that its pixels are black. The values of the 8X8 JPEG block 

containing the black rectangle upper left part are written in Table 1. It should be noted that the 

rectangle borderlines are not aligned to the 8X8 JPEG blocks. 

The DCT process saves for each 8X8 block the average value of the pixels. This average is called DC. 

JPEG saves the DC values as the difference between the current DC value and the previous DC value 

[22,23]. When a block contains only pixels of one color, obviously this color will be the average value.  



In the image of figure 2, there will not be a difference in the DC values in most of the cases, so they 

will be zero. Just in the JPEG blocks near the boundaries of the rectangle, the DC value will be greater 

than zero. Zero values are compressed by JPEG algorithm into a smaller sequence of bits than other 

greater DC values. 

As was mentioned above, the other values of 8X8 JPEG block will be compressed more efficiently if 

the sampling values are very similar. In the case of Figure 2, the values are the same so the 8X8 JPEG 

blocks containing equal pixels will be managed very efficiently and will be actually encoded into only 

six bits: 0,0,1,0,1,0. 

 

 

 

 

 

 

 

 

 

Figure 2. Synthetic image showing how JPEG handle differences 

The six bits sequence starts with 00 indicates there is no difference between the DC value of this 8X8 

block and the DC value of the previous 8X8 block. The other values are all zeros, so JPEG algorithm 

puts 1010 indicates an end of the block (EOB). 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  JPEG compression for the block with the substantial change. 

Conversely, a block containing abundant of differences in the pixels' colors will be transformed by the 

DCT algorithm into a wide range of frequency values. For example, Table 1 shows the DCT output of 

the 8X8 JPEG block containing the black rectangle upper left part of Figure 2. JPEG algorithm  will 

compress the coefficients of Table 1 into as many as 243 bits.  

The distinction between 243 bits required for the 8X8 block containing the rectangle corner and the 

only six bits required for the smooth 8X8 blocks is clearly noticeable. So, if an image of the toilet bowl 
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contains a large amount of waste, there will be many blocks with differences and as a result, the image 

size will be larger. 

JPEG standard specifies a quality factor. Based on this factor two quantization tables are generated: 

one quantization table for the luminance (brightness) information and a second quantization table for 

the chrominance (color) information. Applications that comply with IJG (Independent JPEG Group) 

will use quantization tables specified by IJG; however, there are other applications that do not comply 

with IJG and use other quantization tables.  

In toilet facility camera, we use the standard IJG quantization tables and the highest quality factor 

(100%) has been selected with the purpose of obtaining the best distinguishableness. In fact, quality 

factor of 100% in IJG specifies that the entire quantization table is filled with ones i.e. all the frequency 

coefficients in the JPEG blocks will not be divided. 

4 Experiments 
We employed an SQ11 Spy Hidden Mini Camera [24] with lens size of 3.6mm, Camera resolution of 

1.2MP and Decode Format has been H.264 [25]. 

The amount of the released water in one flush was according to the size of the compress image. 

Specifically it was set to: 

(1) amount=arctan((x-300)/140)/π*8+2 

where x is the size of the JPEG compressed image in Kbytes and the amount is in liters. The graph of 

this function is shown in Figure 3. 

 

Figure 3. Graph of the amount of water 

Clearly, smooth blocks and blocks with sharp differences like the blocks in Figure 2 infrequently occur 

in real images of toilet bowls; however, the toilet facility has still succeeded in most of the cases to 

figure out the amount of the waste within the toilet bowl. 
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When the size of pictures is less than 300KB, it means the toilet bowl is empty. Usually the size of an 

empty bowl is even 100KB, but some slight occurrences can slightly increase it, like a strong door 

shutting that can make some small ripples and little foams. 

The minimum amount of water in one water release is 2 liters. Smaller amount does not succeed to 

flush even small objects, so if the toilet facility decides on flush, no less than 2 liters will be released. 

The maximum image size that we had observed was 1068KB. The image is not shown here, because it 

is not nice-looking; however, it contains feces and the dark color of the feces is very different from the 

white toilet paper; therefore, many blocks have been compressed into a larger sequence of bits and the 

result was a large JPEG file size which indicates a requirement for the toilet facility to release a larger 

amount of water. 

Some toilet papers have some drawings like in Figure 4. This drawing usually increases the JPEG file 

size slightly; however, as a rule, when a paper toilet is used, the toilet bowl content should be flushed 

and the addition to the water amount is quite slight. 

 

Figure 4. Toilet paper with drawing 

When the toilet bowl is full with urine, the JPEG file size will be also small, because a smooth yellow 

image has no difference in the colors and as was explained above, JPEG file size is determined by the 

differences in the original image; therefore, when there is almost no difference, the JPEG file size will 

be small and no water will be released to wash out the toilet bowl.  

However, while the urine is entering the bowl, there will be some ripples and foams that will increase 

the differences in the original image and hence the JPEG file size will be larger, so as a result the toilet 

facility will detect the ripples and the foams and will release some water. This amount of water will be 

less than the amount of water in a case of feces, but this is just what is required in a case of flushing a 

toilet bowl with urine. 

5 False alarms 
Foams made a difficulty for the toilet facility. If the quantity of the foams is too sizeable, differences in 

the JPEG blocks will be detected and the image size will be larger; therefore, the toilet facility will 

decide to flush for no good reason. 

In point of fact, false alarms are an infamous problem in many automatic sensing facilities and the 

toilet facility is no exception. A human can straightforwardly observe that foams in the toilet does not 

require a flush; however, the toilet facility just checks the compressed file size and therefore it may 

possibly be wide of the mark in its conclusion and flush in vain. 

The foams are almost always different in their sizes and shapes. Therefore, even though we take the P-

frame which means the differences between the frames, the 8X8 JPEG blocks will not contain zero or 



almost zero values, but rather higher values and consequently JPEG will compress them into a larger 

file. 

Even so, this misinterpretation of the toilet facility is actually not so harmful, because after a small 

number of flushes, the detergents will be washed out and the differences between the P-frames will be 

very small, so the file size will be also small enough to cause the toilet facility stopping to release 

water. 

 

Figure 5. Foam in a toilet bowl 

This in actual fact is depended in the detergent type. Some detergents make more foams than others, so 

choosing appropriate detergents can be helpful for the toilet facility. A toilet bowl using an 

inappropriate detergent can be seen in Figure 5. 

There are also some detergents that make the water blue and because we take the P-frame and there 

might be shade differences, between the successive frames, the values of the 8X8 JPEG block will not 

be zero; however, since the entire 8X8 JPEG block has the same color, JPEG will be able to compress 

such block into a small files, so no flush will be done. 

6 Conclusions and Future work 
The use of sensors in rest rooms is longstanding [26,27]; however, the interpreting of the information 

obtained by the sensors has been minimal and accordingly the functionality has been basic and often 

does not provide the best possible operation. 

In this paper we employ JPEG that makes use of DCT. The JPEG blocks will be compressed into a 

shorter sequence of bits by DCT if they do not contain sharp differences. JPEG Blocks containing 

sharp differences will be compressed into a much longer sequence of bits. For that reason, the entire 

file size of a JPEG image of a toilet bowl can indicate how much waste exists in it.  

According to the gauged amount of waste in the toilet bowl, the toilet facility will be able to decide 

about the most suitable amount of water. So, instead of choosing between just two options by the user, 

the new facility is able to choose between unlimited options and the choice is done by the facility itself. 
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