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Current Issue:
When opening the closet, users found that their closet is always scattered with stuff and clothes. All this stuff is not in place. This makes them frustrated when they first view the closet. Since all the clothes and stuff are unorganized, sometimes they cannot find what they want in a short time. Besides, their emotion will be affected when they see the scattered closet. 
From the survey, our team found that most of the users do not have sufficient time to arrange their clothes and closet as some of them are busy for work(working adults), doing other house chores(house wife) and do not know how to organize their closet(children).

Introducing Smart Closet:
Smart closet will help the user automatically separate most of the cloth and help them to arrange their closet as well. First of all, users need to put all the cleaned cloth into the container provided outside the closet. Once the user has done putting all the clothes into the container, it will automatically start the process after the cloth is detected by the cloth detector and the closet’s door is closed.
Firstly, a cloth will be taken from the container and a scanner will scan to examine the type of cloth. The first scanner will scan whether the cloth is top or not. If yes, it will fold it and put into the drawer that places the cloth type of tops. If not, it will proceed with another scanner to determine whether it is a bottom or not. If yes, it will fold the bottom and put it into the drawer for the cloth type of bottom. If not, it will proceed to the scanner to determine whether it is a formal shirt (men or ladies) or not. If yes, it will hang the formal shirt with a hanger and hang it in the closet. If not, the particular cloth will be examined as an unrecognized cloth type. This unrecognized cloth type will be put into a container specified for unrecognized cloth type.
If there is no cloth left in the initial container, the process will stop.
Users can arrange the unrecognized cloth type by themselves in a very short time as Smart Closet has arranged for most of the clothes. This can save users time and provide them a cleaner and highly organized closet.
All the knowledge representation of Smart Closet is shown as figure below:
	cloth_detector
	closet_door_control
	cloth_arrange_system

	1
	1
	Activate

	1
	0
	Not activate

	0
	1
	Not activate

	0
	0
	Not activate


criteria to activate the cloth arrange system(fold, hang, arrange operation).

	Cloth_arrange _system
	is_top
	fold_indicator

	1
	1
	1

	1
	0
	0

	0
	1
	0

	0
	0
	0


Determine the cloth type for top.

	Cloth_arrange _system
	is_bottom
	fold_indicator

	1
	1
	1

	1
	0
	0

	0
	1
	0

	0
	0
	0


Determine the cloth type for bottom.




	Cloth_arrange _system
	is_shirt
	hang_indicator

	1
	1
	1

	1
	0
	0

	0
	1
	0

	0
	0
	0


Determine the cloth type for shirt.
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[bookmark: _yz7wh3g57o5f]KR1
IF cloth_detector = on AND closet_door_lock = on THEN cloth_arrange_system = on

Explanation
If the cloth detector detects the existence of clothes and the closet door lock is on, then the cloth arrangement system is activated.

First Order Logic(FOL)
∀x ∀y ((cloth_detector(x) ∧ detect_cloth(x)) ∧ (closet(y) ∧ lock(y))) ➝  ∃z (cloth_arrange_system(z) ∧ activate(z))
[bookmark: _cnsjwug7kphy]
[bookmark: _kd1qxz4yq5zb]KR2
IF cloth_detector = on AND closet_door_lock = off THEN cloth_arrange_system = off 

Explanation
If the cloth detector detects the existence of clothes but the closet door lock is off, then the cloth arrangement system is deactivated.

First Order Logic(FOL)
∀x ∀y ((cloth_detector(x) ∧ ￢(detect_cloth(x))) ∧ (closet(y) ∧ ￢(lock(y)))) ➝  ∃z (cloth_arrange_system(z) ∧ ￢(activate(z)))
[bookmark: _fwn8gzdrhjg7]
[bookmark: _kee9az5ascdl]KR3
IF cloth_detector = off AND closet_door_lock = on THEN cloth_arrange_system = off

Explanation
If the cloth detector does not detect the existence of clothes but the closet door is on, then the cloth arrangement system is deactivated. 

First Order Logic(FOL)
∀x ∀y ((cloth_detector(x) ∧ ￢(detect_cloth(x))) ∧ (closet(y) ∧ lock(y))) ➝  ∃z (cloth_arrange_system(z) ∧ ￢(activate(z)))
[bookmark: _oorcnnl4wff2]KR4
IF cloth_detector = off AND closet_door_lock = off THEN cloth_arrange_system = off

Explanation
If the cloth detector does not detect the existence of clothes and the closet door is off, then the cloth arrangement system is deactivated.

First Order Logic(FOL)
∀x ∀y ((cloth_detector(x) ∧ ￢(detect_cloth(x))) ∧ (closet(y) ∧ ￢(lock(y))) ➝  ∃z (cloth_arrange_system(z) ∧ ￢(activate(z)))
[bookmark: _uiah2zsydhkz]
[bookmark: _vw4ckva3ohjj]KR5
IF cloth_arrange_system = on AND is_top = TRUE THEN fold_indicator = TRUE

Explanation
If the cloth arrangement system is activated and the cloth is recognized as top, it will fold the particular cloth in the closet and put the cloth into the drawer label with ‘top’.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧  activate(x)) ∧ (cloth(y) ∧  top(y))) ➝  ∃z (top(y) ∧   
fold_indicator(z))
[bookmark: _zet0hljl59pu]
[bookmark: _xkqkhceufk0r]KR6
IF cloth_arrange_system = on AND is_top = FALSE THEN fold_indicator = FALSE

Explanation

If the cloth arrangement system is activated and the cloth is not recognized as top, it will not fold the cloth. The cloth will then pass to the next scanner which is used to determine bottom.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧ activate(x)) ∧ (cloth(y) ∧ ￢(top(y)))) ➝  ∃z( top(y) ∧ 
￢(fold_indicator(z)))
[bookmark: _ut657lzddc7y]KR7
IF cloth_arrange_system = off AND is_top = TRUE THEN fold_indicator = FALSE

Explanation
If the cloth arrangement system is not activated, and it recognizes the cloth as top, it will not fold the cloth. The cloth will then pass to the next scanner which is used to determine bottom.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧ ￢(activate(x))) ∧ (cloth(y) ∧ top(y))) ➝  ∃z( top(y) ∧ 
￢(fold_indicator(z)))

[bookmark: _skqf1c9olm6w]KR8
IF cloth_arrange_system = off AND is_top = FALSE THEN fold_indicator = FALSE

Explanation
If the cloth arrangement system is not activated, and it does not recognize the cloth as top, it will not fold the cloth. The cloth will then pass to the next scanner which is used to determine bottom.

First Order Logic(FOL)
∀x∀y ((cloth_arrange_system (x) ∧ ￢(activate (x))) ∧ (cloth (y) ∧ ￢(top (y))) ➝  ∃z ( top(y) ∧ 
￢(top_indicator (z)))

[bookmark: _tum3o2s80mqs]KR9
IF cloth_arrange_system = on AND is_bottom = TRUE THEN fold_indicator = TRUE

Explanation
If the cloth arrangement system is activated, and the clothes are recognized as bottom, the clothes will be folded and put into the drawer label with ‘bottom’.

First Order Logic(FOL)
∀x∀y ((cloth_arrange_system (x) ∧  activate (x)) ∧ (cloth (y) ∧  bottom (y))) ➝  ∃z (bottom (y) ∧ fold_indicator (z))

[bookmark: _ub3oujq10hsh]KR10
IF cloth_arrange_system = on AND is_bottom = FALSE THEN fold_indicator = FALSE

Explanation
If the cloth arrangement system is activated, and the clothes are not recognized as bottom, the clothes will not be folded. The cloth will then pass to the next scanner which is used to determine formal shirts.

First Order Logic(FOL)
∀x∀y ((cloth_arrange_system (x) ∧ activate (x)) ∧ (cloth(y) ∧ ￢(bottom(y)))) ➝  ∃z( bottom (y) ∧ ￢(fold_indicator (z)))
[bookmark: _jqiug2zb6c8x]
[bookmark: _vwfgo4x9ew0s]KR11
IF cloth_arrange_system = off AND is_bottom = TRUE THEN fold_indicator = FALSE

Explanation
If the cloth arrangement system is not activated, and the clothes are recognized as bottom, the clothes will not be folded. The cloth will then pass to the next scanner which is used to determine formal shirts.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system (x) ∧ ￢ (activate (x))) ∧ (cloth (y) ∧ ￢(bottom (y))) ➝ ∃z( bottom (y) ∧  ￢(bottom_indicator (z)))
[bookmark: _nt58ravkmndk]
[bookmark: _vb9cyoeyuuv1]KR12
IF cloth_arrange_system = off AND is_bottom = FALSE THEN fold_indicator = FALSE

Explanation
If the cloth arrangement system is not activated, and the clothes are not recognized as bottom, the clothes will not be folded. The cloth will then pass to the next scanner which is used to determine formal shirts.


First Order Logic(FOL)
∀x∀y ((cloth_arrange_system (x) ∧ ￢(activate (x))) ∧ (cloth (y) ∧ ￢(bottom (y)))) ➝  ∃z( bottom (y) ∧  ￢(bottom_indicator (z)))
[bookmark: _qj5bjm7l70pp]KR13
IF cloth_arrange_system = on AND is_shirt = TRUE THEN hang_indicator = TRUE

Explanation
If the cloth arrangement system is activated and the cloth is recognized as men or ladies shirts, it will hang the particular cloth in the closet since the cloth will not be put back to the container which the cloth cannot be determined.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧  activate(x)) ∧ (cloth(y) ∧  shirt(y))) ➝  ∃z( shirt(y) ∧   
hang_indicator(z))

[bookmark: _kr0spdcdssdd]KR14
IF cloth_arrange_system = on AND is_shirt = FALSE THEN hang_indicator = FALSE
Explanation
If the cloth arrangement system is activated and the cloth is not recognized as men or ladies shirts, it will not hang the cloth. The cloth will be put in a container with unrecognized cloth.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧ activate(x)) ∧ (cloth(y) ∧ ￢(shirt(y)))) ➝  ∃z( shirt(y) ∧ 
￢(hang_indicator(z)))

[bookmark: _jdarkap9jrte]KR15
IF cloth_arrange_system = off AND is_shirt = TRUE THEN hang_indicator = FALSE

Explanation
If the cloth arrangement system is not activated, and it recognizes the cloth as men or ladies shirts, it will not hang the cloth. The cloth will be put in a container with unrecognized cloth.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧ ￢(activate(x))) ∧ (cloth(y) ∧ shirt(y))) ➝  ∃z (shirt(y) ∧ 
￢(hang_indicator(z)))

[bookmark: _lccsmhyajadd]KR16
IF cloth_arrange_system = off AND is_shirt = FALSE THEN hang_indicator = FALSE

Explanation
If the cloth arrangement system is not activated, and it recognizes the cloth as men or ladies shirts, it will hang the cloth. The cloth will be put in a container with unrecognized cloth.

First Order Logic(FOL)
∀x ∀y ((cloth_arrange_system(x) ∧ ￢(activate(x))) ∧ (cloth(y) ∧ ￢(shirt(y)))) ➝  ∃z( shirt(y) ∧ 
￢(hang_indicator(z)))

[bookmark: _b8h57xhoriv]

[bookmark: _k0fa2elz7mv9]Explanation of KR that solved the goals
1. The goal of this smart closet is to create an AI that is able to fold or hang the cloth into a closet and at the same time arrange it into the closet. In order to start the folding and hanging process, the smart closet will detect the existence of cloth by using a cloth detector. Another criteria to activate the folding and hanging process is the door of the closet must be closed during the operation. When cloth is detected by a cloth detector and the closet’s door is closed, the closet will start to fold or hang the cloth and arrange it in the closet. The knowledge representation for this function is KR1, KR2, KR3, and KR4.
2. The smart closet needs to determine the type of cloth first before deciding to fold or hang it. To examine the type of cloth, a few clothes scanners are used in this AI. Each scanner has its own work to determine each type of cloth, which are top, bottom and formal shirt. When the cloth is examined as top, it will fold the cloth and put the cloth to the top’s drawer. If the cloth is not a top, it will pass it to the next scanner(bottom’s scanner) to examine it. The knowledge representation for this function is KR5, KR6, KR7, and KR8.
3. If the cloth is examined as a bottom, it will fold the cloth and put it into the bottom’s drawer. If the cloth is not a bottom, it will pass to the next scanner(shirt’s scanner) to examine it. The knowledge representation for this function is KR9, KR10, KR11, and KR12.
4. If the cloth is examined as a formal shirt, it will hang the cloth in the closet. If the cloth is not a shirt, it will place the cloth into a container, which is specified for all the unrecognized cloth types. Users may arrange into the closet by their own since the closet had arranged most of the cloth into the closet. The knowledge representation for this function is KR13, KR14, KR15, and KR16.
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