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Abstract

The aims of this research are to design and implement digital light meter (or digital Lux meter) (DLM) and use it to investigate, establish and test a proper standard for feasible lighting in different living environments in order to have a suitable human health. An electronic circuit was designed and implemented experimentally as a digital light meter (or digital Lux meter). The results are shown in tables that read from the designed circuit as decimal numbers related to the light intensity for making the good lighting standard.  The lighting standard was tested by taking different lighting, living places and recording the responses of groups of people. The results were analyzed to find the standard deviation of that's responses.
Finally, light intensity standard was suggested to be quite fit for different living places and environments.
الخلاصة
أن أهداف هذا البحث هي تصميم وبناء جهاز الكتروني رقمي لقياس شدة الضوء (Lux) واستخدامه لتحقيق معيار مناسب للإضاءة المناسبة في مختلف الظروف والاماكن المعيشية لنا للحفاظ قدر الامكان على بيئة صحية.

لقد تم تصميم دائرة الكترونية رقمية لقياس شدة الضوء وقد تم تنفيذها مختبريا استخدام هذا المقياس تم جدولة النتائج لقراءات الدائرة المصممة على شكل ارقام عشرية متعلقة بشدة الإضاءة لعمل معيار إضاءة جيد. وقد تم فحص هذا المعيار بأخذ شدة إضاءات مختلفة وفي أماكن مختلفة وسجلت استجابات مجموعة من الناس على هذه الإضاءات وحللت النتائج ووجد الانحراف المعياري لها.

أخيرا تم اقتراح معيار لشدة الإضاءة بحيث يكون ملائم الى حد كبير لمختلف الأماكن والبيئات المعيشية.
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1. Introduction
Light touches every part of our lives, from the moment we are born until the moment we die, and maybe beyond. It sustains us; allows us to see; allows us to sense the time of day; to sense the season; and it regulates our 24-hour circadian clock, the sleep/wake cycle that we take for granted. We feel joy when the sun shines, and perhaps romance when the moon shines. Shadows intrigue, or frighten us; bright light protects us, make us feel safe. Light is a constant companion.
Lighting is the application of light. We have endless means of creating light these days; then, we have a variety of light bulbs, thousands of decorative luminaires, and more popular than ever the return of the candle. What we do with these tools, where we place them, how much area we light with them, what color "white" light we choose. Clearly the effects of lighting on human health and the interested of that field had early concerned. Light is indicative of purity. It enables us to view, perceive and enjoy the various forms of visual communication. Good and efficient lighting is essential for everything, home, school, etc. [Code for lighting, 2002].
Artificial lighting as needed to provide task illuminance and adequate visual environment to carry on the task when natural light is inadequate or not available. Good artificial illuminance enables well lit surroundings, visual contort, prevent accident, protect health by minimizing eye strain and also contribute to the beauty in our environment. Inadequate light may lead to problems like lack of interest, failure to concentrate, sleepiness and apparent laziness. Furthermore, eyestrain, headache, indigestion and irritability are the other problems due to inadequate light [Rizzo, 2007].
Study room/area is a very important area (in our schools, homes, and offices) which needed proper and good lighting conditions where a lot of close visual tasks and skilled work are performed which require suitable type of lighting of adequate quantity.
Also, the living rooms in our houses were very important places since we spend almost time of our lives, speculate and also doing variety of task in it which required suitable types of lighting, so dependence on artificial light is needed of the hour [Sheweta, and Sandhu, 2008]..
In this research International Standard, (2002) is used the for lighting in building and the recommendations given by National Building Code [Nandi, and Sawkar, 2007, Sheweta, and Sandhu, 2008] and for guiding, and comparing between our results in order to conclude, establish this standard and then tried to find the optimums of the good lighting conditions in our different living environments. 
The International Standard can be summarized in table (1) shown below:
Table (1) 
Selected Values from International Standard.
	Particular Area
	Recommended Standard (Lux)

	Entrance halls
	100

	Bedroom
	150

	Kitchen room
	300

	Class room & Libraries 
	500

	General daily work
	100-500


2. The Research Objectives:
The work at this research was divided into two objectives: First objective deals with the design of the circuit, implemented of the circuit, circuit calibration and the testing of this circuit.
The second objective deals with the lighting standard, in which selections of people groups which are suitable for doing the test, to survey the existing lighting conditions in different types of environment, to determine the light - intensity in different types of environment, establish and test the lighting standard.
Figure (l) shows the whole system block diagram of the digital light meter.
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Figure (1): The block diagram of the digital light meter.

3. System Circuit Diagram:

First the research worked on the design of the digital electronic circuit in order to design a digital light meter (digital Lux meter) which needed to establish the rang that DLM will work with it, since the lighting standard that chosen was the International Standard with light intensity in Lux (100-500) and make the DLM reading compatible with that range {making the output of the DLM were a decimal number from (0) to (9)}, here can use a Light Depended Resister (LDR) as a light intensity sensor device to sense and detect light intensity as shown in figure (1). The LDR put into a voltage divider circuit in order to have a proper voltage drop related with the variations of resistance of the LDR due to the variations of the light intensity. The LDR have a very high resistance we put on it a very low intensity of light and it have a very low resistance we put on it a very high intensity of light, typically LDR have a resistance of (5 k for light intensity of 100 Lux (Lux is the unit of the "illumination") [www.alldatasheet.com.]. 
The LDR used here was the NORP12 RS [www.alldatasheet.com.] and by its characteristic the results founded the relationship between light intensity and resistance in designed circuit.
The value of the voltage drop produces from the LDR voltage divider was fed into an analog to digital converter (ADC 0804) in order to convert the analog voltage to a digital numbering (Binary) and these binary numbers in the range (0-9 in decimal) were the same as in the Binary Code Decimal (BCD).

And then put on a decoder with driver for the 7-segment display (BCD to 7-segment Decoder/Drivers DM 7447A), the decoder convert the binary numbers to BCD numbers. So, with 7-segment display one can see decimal numbers related to a certain light intensity.

Noting that the result must not exceed the number (9), i.e., the range of decimal numbers (0-9).
Figure (2) shows the whole wiring diagram of the digital light meter. 

Figure (2): The whole wiring diagram of the digital light meter.
The (ADC 0804) used here was a parallel output, 20-pin package, 8-bits resolution, and CMOS 8-bit successive approximation A/D converters that use a differential potentiometric ladder. This converter was designed to allow operation with NSC800 and I NS8080A derivative control bus [www.alldatasheet.com.].

A timer circuit needed to control the timing between the bocks of the circuit here we used the 555 timer as a stable multivibrator to give a fixed clock timing [Tokheim, 2003].

For designing the analog to digital converter (ADC) let the voltage reference for it (Vref.=+12V) this reference voltage (Vref.) can be divided into (28 = 256) levels of voltage according to the ADC resolution bits thus one bit voltage is (+12V/256=0.046875V).

And the results have taken for the four most significant bits (24=16) in order to have a wide range of lighting intensity reading as compared with the four lest significant bits and to produce the most significant number which were from (0 to 9 in decimal), so the voltage of the one most significant number was ( +12V/16= 0.75V).

Then founded a table for the decimal numbers from (0 to 9), which represented the most significant numbers of the ADC and their related voltages depending on the reference voltage (Vref.) and the data shown in table (2).

Table (2)

The relation between voltages and 

the decimal numbers for (DLM).

	Decimal Numbers for DLM
	Related Voltages (Volt)

	0
	<0.75

	1
	<1.5

	2
	<2.25

	3
	<3.0

	4
	<3.75

	5
	<4.5

	6
	<5.25

	7
	<6.0

	8
	<6.75

	9
	<7.5


In order to design the voltage divider that gave the voltage drops to the ADC, these drops must be combatable with the ADC numbering ranges (from 0 to 9 in decimal) so that the digital Lux meter worked probably. The series resistance which designed so that connected with the LDR to give a voltage drop of the related decimal number of (4) and that can be done for a typical value of the LDR of (5 k) at lighting strength of 100 Lux. 
The voltage divider can be found from equation: 
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                                          (1)

Where R () is the series resistance in the divider. And if we putted a 100 Lux it was referred a decimal number of (4) in our digital Lux meter, the related voltage for the decimal number of (4) in table (l) was (3.75 V).

R=0.44 k and by using a typical value of a variable resistance (R=5 k) and adjusted it until it reach (R=0.44 k) the design of the ADC was done.

By using equation (l) founded the relationships between the decimal numbers from (0 to 9) and the resistance values of the LDR and hence the strength of lighting (in Lux). And that was shown in table (3).
Table (3)

The relationships between the decimal numbers for DLM and the resistance values of the LDR and hence the strength of lighting 

(in Lux).

	Decimal Numbers for DLM
	Related Voltages (Volt)
	Resistance (maximum) of the LDR in k
	Strength of Light (Lux)

	0
	<0.75
	6.6
	0<Lux<8

	1
	<1.5
	3.08
	8<Lux<20

	2
	<2.25
	1.9067
	20<Lux<45

	3
	<3.0
	1.32
	45<Lux<80

	4
	<3.75
	0.968
	80<Lux<140

	5
	<4.5
	0.7333
	140<Lux<300

	6
	<5.25
	0.5657
	300<Lux<375

	7
	<6.0
	0.44
	375<Lux<420

	8
	<6.75
	0.3422
	420<Lux<530

	9
	<7.5
	0.264
	530<Lux<720


The timing circuit or clocked circuit was built from the (P555EN) timer integrated circuit in connection that gives pulses with low frequency of (1 Hz) in order to give enough time for the ADC to complete the conversion cycle of the analog to digital conversion and also to give enough time for us to see a fixed decimal number at the output of the Lux meter and by using the equation:
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The (555) I.C. can be designed as a stable multivibritor, and by using a typical value for a variable resistance (R1≈1 k) and adjusted it until it reach the required frequency R2=1 M & C=l F will give us       f ≈ l Hz. Its opiate the work of the 7-segment deriver (BCD to 7-segment Decoder/Drivers DM 7447A). 
And to convert the binary code decimal numbers to a certain value of output voltage in a sequence that enables the 7-segment display to work probably and give decimal numbers related to the BCD code and can see it clearly [Schultz, 2007]. Finally, a 7-segment display used in order to monitor decimal numbers at the output of the digital Lux meter [Lewin, et al, 2011].
For calibration, the electronic circuit of the digital Lux meter was tested by putting a two 60 watt bulb at distance of (1) meter far from the sensor of the digital Lux meter this will produce about 100 Lux and thus our digital Lux meter was shown a decimal number of (4) as shown in figure (2), and that reading approximately matching the numbers in table (2). This calibration was done by calculation and comparing the result with standard results [www.alldatasheet.com.] and also the circuit calibrated by using a standard or calibrated light meter like (HHLM-2) digital light meter.

The second objective deal with the lighting standard in which selections of people groups which are suitable for doing the test, here the result was selected a total of 50 people referenced to different education groups. The classification of the groups given by the Education Group [EG] (20 persons from the college students whose aged between 19-25 year), the Semi-Educated Young Group [SEYG] (15 people know how to read and write whose age between 20-30 year) and also the Semi-Educated Group [SEG] (15 persons know how to read and write house age between 40-60 year). The research try here by selected that's groups satisfied the requirements of a small and good statistic process based on a good and corrected answered from that's groups.

The research surveyed the existing lighting conditions in different types of environment liked in class rooms, libraries, laboratories, & common rooms in a College of Engineering living room, sleeping (bedrooms) rooms, study areas in the participated people houses that participate in the study in Iraq.

The descriptions of the class rooms were as follows: the area was little more than (50 m2), the artificial lighting in that class rooms were by a (16 fluorescent tube with wattage of (40 W) fixed at the roof of the class rooms at equal distances on that roof at height of (4.0 m), the class room contains small window(s) covered by curtain and a small door, so the effect of the sun light on our study was little.

Furthermore, the descriptions of the rooms in houses were: in general the area is little more than (20 m2, the artificial lighting in that room were by a (fluorescent tube with wattage of (20-40)W and tungsten bulbs of wattage (100 W) fixed at the walls of the rooms at different distances at height of approximate of (3.0 m) the room contains a small window(s) covered by curtain and a small door, so the effect of the sun light on our study is little.

The results also determined the light-intensity in different types of environment (as shown above), and finally established and tested with the lighting standard [Braintree District Council Local Development Framework, 2009].

4. The Results
The results were carried out by putting the DLM in the middle of the place that needed to find out its lighting intensity and in different places, environments for the different groups that the results were chosen as mentioned above.
The responses on different lighting intensity for different groups places were tabled by asking all the people that selected about the area of their rooms and how many and what types of their artificial lighting and about what height, spaces dose this lighting placed and recorded the response of them, so, the standard division of those results were found as shown in tables. 
So the results of the [EG] were tabled in table (4) shown below: 
Table (4)
EG results.
	Particular area
	Existing mean of the Decimal Numbers of the DLM
	Suggested Decimal Numbers for DLM
	The Correct Number for DLM
	Standard Deviation SD

	Entrance halls
	3.22580645
	3.0
	4.0
	0.5474

	Bedroom
	3.87596899
	4.0
	5.0
	0.7948

	Kitchen room
	4.42477876
	4.0
	6.0
	1.1138

	Class room & Libraries 
	7.14285714
	7.0
	8.0
	0.6061

	General daily work
	2.94117647
	3.0
	4.0
	0.7487


The results of the [SEYG] were tabled in table (5) shown below:
Table (5)

SEYG results.
	Particular area
	Existing mean of the Decimal Numbers of the DLM
	Suggested Decimal Numbers for DLM
	The Correct Number for DLM
	Standard Deviation SD

	Entrance halls
	2.63157894
	3.0
	4.0
	0.9676

	Bedroom 
	3.44234079
	3.0
	5.0
	1.1014

	Kitchen room
	4.48430493
	4.0
	6.0
	1.0718

	Class room & Libraries 
	6.49350649
	6.0
	8.0
	1.0653

	General daily work
	3.57142857
	4.0
	4.0
	1.0102


The results of the [SEG] were tabled in table (6) shown below:
Table (6)

SEG results.
	Particular area
	Existing mean of the Decimal Numbers of the DLM
	Suggested Decimal Numbers for DLM
	The Correct Number for DLM
	Standard Deviation SD

	Entrance halls
	2.43902439
	2.0
	4.0
	1.1038

	Bedroom
	3.44827586
	3.0
	5.0
	1.0972

	Kitchen room
	4.90196078
	5.0
	6.0
	0.7764

	Class room & Libraries 
	6.493506493
	6.0
	8.0
	1.0653

	General daily work
	5.434782608
	5.0
	5.0
	1.1068


5. Discussions:
The results can be discussed for each of the three groups alone as follows:
For the (EG) group the results were summarized in table (4). First noted that as compared by the lighting standard that chosen in table (1) all results were less than the recommended standard due to different reasons, the reasons could be caused by their not a good knowledge and understanding to the lighting standard in our life and what could this caused a serious lighting problem and its effect. Second, justified the existing mean of the decimal numbers of the (DLM) to decimal numbers that are greater than the old one's by one to an integer decimal number according if it's fraction more or less than (0.5) of the decimal number (i.e. 3.87596899 become 4) and if the existing mean of the decimal numbers of the (DLM) fractions more less than (0.5) of the decimal number we discarded the fractions (i.e. 3.22580645 become 3) as shown in table (4). Finally, the standard deviation (SD) for EG group has the minimum value between the standard deviations (SD) of all groups due to the (EG) high credibility.
For the (SEYG) group the results were summarized in table (5). First noted that as compared by the lighting standard that chosen in table (1) all results were less than the recommended standard due different reasons, and also noticed that the existing mean of the decimal number of the (DLM) for the general daily work more than in the (EG) group, due to this group work more time than the (EG) Second, justified the existing mean of the decimal numbers of the (DLM) to decimal numbers by the same way above (used in EG group).
Finally, the standard deviation (SD) for SEYG group is approximately the same as in SEG group since they had the same education levels.
For the (SEG) group the results were summarized in table (6). First noted that as compared by the lighting standard that chosen in table (1) all results were less than the recommended standard due to different reasons, and also can notice that the existing mean of the decimal number of the (DLM) for the general daily, studying area, bedroom and more than in the other groups due to this group needed more light than the other groups. Second, justified the existing mean of the decimal numbers of the (DLM) to decimal numbers by the same way above (used in EG group). Finally, the standard deviation (SD) for SEG group is approximately the same as in SEYG group for the same reasons above.
The possible reasons that respected for our results that came less the recommended standard might be the improper placements of bulbs and florescent tubes and mounting height of the light fixtures, its numbers, and use of lower wattages of bulbs/florescent tubes and improper cleaning schedule.
The major contributing reasons were due to the lake of awareness regarding the light intensity required to perform the different tasks.
6. Conclusion:
Artificial lighting may become significant matter when reducing the depending on day light (sky and sun light), so lighting may become a problem where it is excessive, poorly designed, badly installed or poorly maintained.
The results conclude that for all groups (EG, SEYG & SEG); the mean intensity of the artificial lighting was lower than the recommended standard.
The (SEG) needed more light intensity than the other groups (due to their ages).
Among all the three groups the EG group has the greater credibility due to the lower standard deviation (SD).
The research could achieve the International Standard by putting the proper lighting for each selected area; this can be done as shown in the table (7). Table (7) shows each area and how it need for lighting {lighting by using artificial lighting such as bulbs (100 W) and florescent tubes (40 W)}, also can assume that the particular area in general was more little than (20 m2) at height of approximate of (3.0 m).

So, we need to great awareness about the serious lighting problem and its effect.
Finally, the recommended standard of our country for lighting also badly needed to be popularized.
Table (7)
The proper lighting.
	Particular area
	Recommended standard (Lux)
	Number of florescent tubes (40 W)
	Number of bulbs

 (100 W)

	Entrance halls
	100
	1
	-

	Bedroom
	150
	1
	1

	Kitchen room
	300
	2
	1

	Class room & Libraries 
	500
	2
	-

	General daily work
	100-500
	1-2
	3
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