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1. [bookmark: _Toc534013135]Characterization of the studied populations
Tables S1 and S2 summarize all the baseline characteristics of the participants.

Table S1 South African population characterization summary.
	[bookmark: _Toc534013136]
	Confirmed Pulmonary Active TB Patients
	Non-TB Patients
	Healthy Control

	Number of patients
	109
	105
	106

	Female : Male ratio
	35 : 74
	43 : 62
	84 : 22

	Age 
mean, years (s.d.)
	38.54 (12.03)
	40.35 (12.58)
	37.0 (10.09)

	Country of birth
	109 South Africa
	104 South Africa
1 Congo
	99 South Africa
3 India,1 Zimbabwe
1 United Kingdom
1 Trinidad, 1 Sudan

	Smoking status 
Non-smokers: Smokers
	59 : 50
	43 : 62
	86 : 20

	Smoking habits
	23 smoke 1-5 times/day
20 smoke 6-10 times/day
3 smoke 10-15 times/day
1 smokes 16-20 times/day
	26 smoke 1-5 times/day
20 smoke 6-10 times/day
8 smoke 10-15 times/day
2 smoke 16-20 times/day
2 smokes more than 20 times/day
	10 smoke 1-5 times/day
7 smoke 6-10 times/day
2 smoke 10-15 times/day
1 smokes 16-20 times/ day

	HIV status
Positive: Negative
	55 : 54
	36 : 69
	18 : 88

	Time since last wash, hr (s.d.)
	6.24 (6.76)
	8.028 (8.589)
	4.865 (3.29)

	Time since last meal and, hr (s.d.)
	10:91 (7.79)
	12.815 (8.08)
	7.42 (6.82)

	Main contain of last meal
	54 Meat, 30 sweet food, 18 vegetables, 7 other
	66 Meat, 12 sweet food, 7 vegetables, 20 other
	48 Meat, 23 sweet food, 25 vegetables, 10 other

	TB family history
	23
	21
	14

	QFT status 
Pos. : Neg. : IND
	88 : 14 : 14
	64 : 36 : 5
	69 : 35 : 2

	GeneXpert
	103 Pos.: 3 Neg.
	105 Neg.
	n/a

	Culture
	103 Pos. :4 Neg. :2 IND
	105 Neg.
	n/a

	Previous TB history
	25
	3
	13

	Last alcohol consumption prior sampling
	70 without alcohol consumption.

1 two hours before
 6 a day before
19 within a week
1 a month 
6 more than two months
	75 without alcohol consumption.

15 a day before, 
12 within a week
2 two weeks
	76 without alcohol consumption.

1 five hours before 
12 a day before 
11 within a week
4 within a month 
3 more than two months

	(2,6-diphenyl-p-phenyleneoxide)-based anterior arm headspace area samples
	92
	10
	91



Table S2 Indian population characterization summary.
	
	Confirmed Pulmonary Active TB Patients
	Non-TB Patients
	Healthy Control

	Number of patients
	107
	103
	106

	Female : Male ratio
	28 : 79
	27 : 76
	26 : 80

	Age 
mean, years (s.d.)
	41.57 (17.34)
	42.37 (17.06)
	31.88 (8.93)

	Country of birth
	India
	India
	India

	Smoking status 
Non-smokers: Smokers
	96: 11
	86: 17
	85: 21

	Smoking habits
	8 smoke 1-5 times/day
2 smoke 6-10 times/day
1 smoke 10-15 times/day
	11 smoke 1-5 times/day
3 smoke 6-10 times/day
2 smoke 10-15 times/day
1 smoke more than 20 times/day
	15 smoke 1-5  times/day
2 smoke 6-10 times/day
2 smoke 10-15 times/day
1 smoke 16-20 times/day
1 smoke more than 20 times/day

	HIV status
	106 Neg. :1 IND
	103 Neg.
	106 Neg.

	Time since last wash, hr (s.d.)
	25.72 (70.6)
	17.19 (21.47)
	5.83 (6.38)

	Time since last meal and, hr (s.d.)
	10.89 (8.34)
	11.92 (8.02)
	4.52 (5.02)

	Main contain of last meal
	68 meat
36 vegetables
3 other
	68 meat
24 vegetables
11 other
	59 meat
46 vegetables
1 other

	TB family history
	18
	18
	9

	QFT status 
Pos. : Neg. : IND
	74 : 32 : 1 
	45 : 58 : 0
	61 :44 : 1 

	GeneXpert
	92 Pos.: 15 Neg.
	103 Neg.
	n/a

	Culture
	97 Pos: 10 Neg
	103 Neg
	n/a

	Previous TB history
	26
	29
	6

	Last alcohol consumption (days)

	99 without alcohol consumption.

1 within a day before
1 a week before
3 two week
3 two month
	94 without alcohol consumption.

1 a day before
5 within a week
2 two weeks
1 one month

	81 without alcohol consumption.

1 an hour before
4 a day before
13 within a week
3 two weeks
4 more than a month

	(2,6-diphenyl-p-phenyleneoxide)-based anterior arm headspace area samples
	91
	92
	106



2. Off-line tools for collecting VOCs from skin
In the literature review on the collection of skin VOCs, there are many different methods, usually involving uncomfortable sampling procedures, e.g. wrapping the desired area with a plastic bag. During the experiments, comfortable sampling methods that will increase the volunteer’s compliance were chosen. Two different absorbing materials were investigated and characterized. Protocols for fabrication, sampling, and storage for both materials were established.
2.1. Characterization of PDMS as a sampling tool
Several important parameters related to the Polydimethylsiloxane (PDMS) (Specialty Silicone Products Inc., USA) were investigated and optimized in order to fit as a sampling tool to detection of TB VOCs from the skin:
1. PDMS Dimensions optimized to 2.5 cm X 0.5 cm with 0.017'' thickness. 
2. PDMS cleaning process was evaluated in a serial experiment using: 1) Decon 90 with distilled water; 2) acetone and methanol washing; and 3) Plasma process. The optimal cleaning process was Decon 90 with distilled water. 
3. [bookmark: _Toc48823125]Thermal conditioning process was examined in a range of temperatures from 180°C to 270°C, under a constant pure gas flow (Nitrogen or Helium) for up to 90 minutes. The optimal conditioning temperature was determined as 270°C, under a constant flow of Nitrogen for 60 minutes. An example of PDMS before and after thermal conditioning is showed in Figure S1. The abundance of the materials was significantly reduced after the conditioning process. The mutual materials between the two graphs are mostly silicon produces from the PDMS and Gas chromatography–mass spectrometry (GC-MS) column.  
[image: ]







[bookmark: _Ref48823449][bookmark: _Toc49253528]Fig. S1 GC MS chromatography for PDMS before the chosen conditioning process (black) and after conditioning process (red).


4. Shelf-life of the conditioned PDMS sheets was also examined at 4°C storage conditions. It was found that the samples in the glass vials, sealed with parafilm be stored up to 8 months.
5. Cover material/attachment procedure of PDMS to skin was tested to reduce the background noise during the sampling from both the cover itself and the environment. In the literature the cover material was a gauze pad1; however, during our evaluation very noisy results were received. A series of experiments was held in which several different cover materials were tested including gauze pad, parafilm, and aluminum foil (see Fig. S2). A room sample was collected by hanging the PDMS in the room for the same duration of the experiment; the results are shown as a blue chromatogram in a case of aluminum foil (Fig. S2C). The marked areas in cases of gauze pad and Parafilm (Fig. S2B) highlight the high levels of the noise caused by the cover materials as the black chromatogram had the same abundance (or even higher) as the materials from the skin test. In the case of aluminum foil as a cover material, the noise levels are substantially negligible compared to the skin test. This indicates that the VOCs found in the skin sample are indeed VOCs emitted from the skin. As another control test, the room’s PDMS sample had a negligible VOC profile in comparison to the skin sample, indicating that an efficient cover that protects the skin sampling from air pollutants. 

[image: ]
[bookmark: _Ref48823662][bookmark: _Toc49253530]Fig. S2 GC-MS chromatography for PDMS with different cover materials: a Gauze pad; b Parafilm and c Aluminum foil. The insert in case c is an enlargement of the shown area in the chromatography
6. Sample duration from the skin was done for 60 min similarly to the literature. No further investigation was conducted as increasing the sampling time might cause refusal among potential participants. 
7. As the distribution of secretion glands on the skin is heterogeneous, and therefore distinctive VOC profiles can be emitted from different parts of the body. As a result, we have sampled the skin in two regions including the bilateral inner arm (close to the armpit) and chest areas, as different VOC profiles are obtained.     
             The results showed a significant difference in the VOC profile between the inner arm and chest (see Fig. S3). The skin cleaning method prior the sampling increased significantly the repetitiveness of the results and significantly reduced the differences between the different lateral sampling positions. Moreover, the percentage of the unique VOCs from the skin increased following the cleaning process. Skin cleaning process was tested in a serial experiment using distilled water, commercial alcohol preps and combination of both with different waiting time before sampling. It was found out that the optimal skin cleaning process was with alcohol prep 5 min before sampling. The average percentage of relative standard deviations (RSD) was lower for the series of experiments with the cleaning process compared to the experiment without cleaning process (see Table S3).

[image: ]
[bookmark: _Ref48823754][bookmark: _Toc49253531]Fig. S3 VOC profiles by PDMS absorbing material from the chest area (blue), inner arm area (red) and a room sample as a control.

[bookmark: _Ref48823836][bookmark: _Toc49681124]Table S3 Influence of the chosen cleaning method on the repetitiveness of the results and on the differences between the different sampling areas.
	With cleaning method
	Without cleaning method
	

	158
	148
	Total VOCs in the arm samples (excluding the silicones)

	88%
	83%
	Percentage of the exclusive VOCs to the arm samples

	23%
	59%
	Average percentage of relative standard deviation (RSD) of all the exclusive VOCs



2.2. Characterization of Tenax as a sampling tool
In order to increase the possibility to identify TB VOC profile via skin headspace, Tenax porous polymer (2,6-diphenyl-p-phenyleneoxide) (Buchem B.V. company) as additional absorbing material was used. As PDMS and Tenax have different VOC absorbing materials, the use of both had the potential to cover a chemically wider range of emitted VOCs from the skin. Tenax is known as an excellent absorbing material for detection of VOCs via exhaled breath2, once the Tenax is trapped inside a glass tube. In order to adjust the use of such a powdery polymer for skin sampling, several alternatives were investigated.
Initially, a commercial tag, ‘ULTRA Passive Sampler for ppb-Level Organic Vapors’ (www.skcinc.com) was used to trap the Tenax and allow it to be near the skin headspace without a direct contact with the skin that may cause irritation. As expected, the results showed VOC profiles from both inner arm and chest area, which were significantly different from the profiles obtained with the PDMS (Fig. S4). Since the solution of such tags were extremely expensive and required purchase of hundreds of tags for the clinical study, more cost affordable approaches were tested. The Tenax polymer was trapped in home-made envelopes sealed with heat presser which were made from polymeric membranes in order to allow vapor transfer, while ensuring no direct contact between the Tenax and the skin. The tested membranes included polyester with different meshes (30 and 47 µ) as well as 5 µ Polyethersulfone membrane (PES) that can control the preferred polarity of the transferred gases for elimination of humidity effect. As can be seen from Fig. S5-S6, the skin VOC profiles obtained from Tenax with different envelops and Ultra tag are similar and there were no significant differences. As the PES membrane was hard to be sealed by heat, it was eliminated. 47µ polyester membrane was chosen due to high availability and low price.
[image: ]
[bookmark: _Ref48824160][bookmark: _Ref48824156][bookmark: _Toc49253532]Fig. S4 Differences in the skin VOC profile at the same body location, chest area, between the two absorbing materials, PDSM (black) and Tenax (red). 
[image: ]
[bookmark: _Ref48824204][bookmark: _Toc49253533]Fig. S5 Skin VOC profiles extracted by Tenax polymer inside Ultra tag (black) and polymeric envelope (red).
[image: ]
[bookmark: _Ref48824206][bookmark: _Toc49253534]Fig. S6: Skin VOC profiles extracted by Tenax polymer inside 47µ polyester membrane (black), 30 µ polyester membrane (red) and 5µ Polyethersulfone membrane.

8. The cleaning procedure of the polyester envelopes was evaluated and set to be the same as for the PDMS, expect for drying conditions of 100°C instead of 200°C. The Tenax polymer was chosen with the lowest available mesh (20/35), in order to ensure no direct contact with skin. 134±2 mg Tenax was thermally conditioned in a glass tube for the optimal duration of 3 hours at 300°C and 20 bar N2 flow, after examining different combinations of time, temperature and pressure. Shelf-life examination was done at 4°C storage conditions. It was found that the samples in the glass vials, sealed with parafilm be stored up to 8 months, similarly to the PDMS. 

2.3. Collection of skin headspace.
Each volunteer was sampled as follows:
· Two Tenax patches on the inner arm area
· Two Tenax patches on the chest area
· Two PDMS patches on the inner arm area
· Two PDMS patches on the chest area
· One Tenax patch for room sampling, placed on a table during the skin measurement as a reference.
· One PDMS patch for room sampling, placed on a table during the skin measurement as a reference.
The duplicates of the different absorbing materials are used for two lab instruments: 
· GC-MS for detection and characterization the skin TB-VOCs; and
· Laboratory nanomaterial-based sensors array chamber for sensor performance assessment. 

3. Potential metabolic pathways associated with TB VOCs patterns
Acetic acid. Acetic acid was found to be with higher abundance among confirmed pulmonary active TB patients in comparison to control group of non-TB patients with healthy volunteers and room samples. The low abundance of this VOC in room samples, in comparison to skin samples, suggests an endogenous origin. According to the literature, there was a reported correlation between acetic acid and M. tuberculosis. It was found that acetic acid kills M. tuberculosis after exposure of 30 min to a 6% solution3. Its toxicity relates to pH levels and strong bactericidal activity. Furthermore, acetic acid, as a part of various metabolic pathways, was found to be emitted from both breath4 and skin5,6 of healthy volunteers, as well as from subjects with gastrointestinal and hepatic diseases7. Higher levels among confirmed active TB patients may be an evidence for the response of the immune system during the infection.
2-ethyl-1-hexanol. 2-ethyl-1-hexanol is an additional VOC that has had significantly increased abundance among confirmed pulmonary active TB patients, in comparison to other tested groups in South Africa. This compound was previously reported as TB-related VOC via exhaled breath of patients, indicating on the relevancy to the TB pathogenesis8. 2-ethyl-1-hexanol is also reported as VOC associated with cancer diseases and was detected in breath and urine9–12. The presence of 2-ethyl-1-hexanol in the room samples is associated with a microbial degradation of plasticizers in indoor air13. Acetic acid and 2-ethyl-1-hexanol VOCs were found also among Indian samples; however, not with a statistically significant difference between confirmed pulmonary active TB patients and non-TB subjects. Differences in study population size, geographical location, cultural habits, pollution as well as food intake all may be responsible for this result.
Toluene. Interestingly, toluene was found to be with significantly higher abundance among confirmed pulmonary active TB patients in comparison with non-TB subjects and room samples, on both clinical sites obtaining also similar values. Toluene is known as an exogenous VOC associated with industry pollutions14, therefore its abundance among room samples is not negligible. Toluene degradation among M. tuberculosis strains is known15, as toluene is ubiquitous in the environment. Furthermore, toluene emission from both breath and skin has been reported in the literature.16–19 The degradation occurs in the human body normally by Cytochrome P450 isozymes in human liver microsomes20,21 and the normal degradation rates may be subjected to geographical differences20. An inhibited influence of toluene on secretion of interferon-gamma (IFN-gamma), interleukin-4 (IL-4) and IL-13 was investigated in human peripheral blood mononuclear cells22. These factors were associated with inhibition of autophagy process during M. tuberculosis infection23. The increased levels of toluene emission among confirmed active TB patients on both clinical sites may suggest toluene’s role both in bacterium metabolism and immune system during the infection.
Three additional VOCs were tentatively identified as TB-related among Indian population. For both cases, the abundance among confirmed pulmonary TB patients was higher in comparison with non-TB cases and room samples. 
Ethyl-cyclopropane. Ethyl-cyclopropane is reported here for the first time as potential VOC biomarker. Nevertheless, cyclopropane and its derivatives as VOC emitted from breath, skin and feces has been already reported24–27. M. tuberculosis has a unique cell wall structure that consists of mycolic acid. Cyclopropanated-mycolic acid  are common membrane lipids that are found in various bacterial species but only in a limited number of eukaryotes28,29. Though cyclopsropanated mycolic acids are presumed to be important in the TB pathogenesis, their specific role remains to be defined. Furthermore, it was shown that the host innate immune activation through cyclopropane modification of a glycolipid effector molecule30,31. As a possible hypothesis, the increased levels of cyclopropane among TB subjects, emphasizes the critical key role of this compound in the infection progress.
Hexyl butyrate. This VOC is reported here for the first time as potential VOC biomarker. Nevertheless, this compound is related to lipid metabolism pathway and its derivatives were found in the exhaled breath of healthy subjects.16 Though it is lso known to has exogenous sources originated naturally from plans, serves as a food additive32, and can be found in cleaning and air care products33.
Octanoic acid. This VOC is reported here for the first time as potential VOC biomarker. Similar to the Hexyl butyrate, octanoic acid has both endo- and exo-genous sources. Octanoic acid has exogenous sources originated from industrial products, cleaning and flavoring agents, paints and coatings that may explain the high levels at indoor air samples34. Lower abundance among confirmed pulmonary active TB patients may be correlated to synthesis and deacylation of Ghrelin hormone that plays an important role in body's energy regulation and damaged during TB disease as Ghrelin levels are higher among patients in comparison to control subjects.35,36 Emission of octanoic acid was reported previously via both breath and skin secretion pathways.16

4. Discriminant function analysis (DFA) analysis for offline measuring
The study population was randomly divided into a training group (70%) and blinded-test group (30%). The training group included 120 confirmed pulmonary active TB cases and 202 non-TB and healthy cases. The test group included 43% South African samples and 57% Indian samples, which translates to 52 confirmed pulmonary active TB cases and 87 non-TB and healthy cases. Analysis results established by 32 nanomaterial-based sensors conductivity features based on the following sensors: (i) Au nanoparticles covered with octadecanethiol, Tert-dodecanethiol, decanethiol, butanethiol, 2-Ethylhexanethiol, Dibutyl Disulfide, 2-Nitro-4-(trifluoromethyl)benzenethiol, 1,6 hexanedithiol, hexanethiol, benzylmercaptan, 4-Chlorobenzenemethanethiol, 3-Ethoxythiophenol;(ii) polymer composites:  CB/(PPMA/PEI) Composite: a composite of black carbon with poly(propylene-urethaneureaphenyl-disulfide) PPUU-2S with/without poly(urethane-carboxyphenyl-disulfide) PUC-2 and (iii) random networks (RNs) of carbon nanotubes (CNTs) with crystal hexa-perihexabenzocoronene (HBC) with C12 chemiresistor (HBC-C12). Details regarding the fabrication and modification of the mentioned above sensors cab be found in refs 37–40. The training set of samples for distinguishing confirmed pulmonary TB patients from non-TB and healthy control individuals provided 86.0% accuracy, 89.17% sensitivity, 84.16% specificity, 76.98% positive predictive value (PPV), and 92.9% negative predictive value (NPV) (Fig. S7a). Furthermore, the area under the curve of the receiver-operating curve (ROC) scored 0.93 indicating the ability of the model to discriminate between the TB disease statuses (Fig. S7b). The blind set for validation of the training set, based on the same quadratic DFA analysis, was able to discriminate between confirmed pulmonary active TB patients and controls with similar performance as in the training set. The analysis provided 81.97% PPV, 94.43% NPV with 87.35 % specificity, 96.15% sensitivity and 90.65% accuracy. The potential confounding factors and their influence on the model’s results were also evaluated by the DFA model. The results are displayed in Table S4 and no significant difference within each confounding factor was found. 





a.
b.











[bookmark: _Toc534013130][bookmark: OLE_LINK2]Fig. S7: Quadratic DFA results of the global classifier. A Boxplot of the canonical score of the model. Each point represents one sample. The central dashed line represents Youden's cut-point. Samples above the cut-point are classified as Non-TB and healthy and samples below the cut-point are classified as confirmed pulmonary active TB samples. Non-TB and healthy samples of the test group are marked as open spheres, while confirmed pulmonary active TB samples of the test group are marked as closed spheres. b ROC curve of model. AUC= area under curve
[bookmark: _Toc534013142][bookmark: OLE_LINK6][bookmark: OLE_LINK3]Table S4 Confounding factors among both clinical sites and their DFA model accuracy.
	[bookmark: OLE_LINK1]Confounding factor
	Model accuracy (%)

	Gender
	48.37

	Age (cut-point of the average age of 38 years)
	42.08

	Place of birth
	38.48

	HIV status
	62.61

	QFT status
	56.14

	Smoking status
	59.44

	Last smoking time among smokers (cut-point 2h)
	42.86

	Family TB history
	60.30

	Last Bath (cut-point 8h)
	55.32

	Tea/coffee Time (cut-point 2h)
	53.14

	Meal time (cut-point 2h)
	49.67

	Meal content: Meat 
	48.59

	Meal content: Spicy food
	57.92



5. [bookmark: _Ref29307457][bookmark: _Ref20740689][bookmark: _Toc23154674]Wearable device
The internet of medical things IoMT device consists of a Data Acquisition System coupled with the electrodes–Microchip to pick up vital signals from the human body. The device is well equipped with an analog front end which facilitates the signal extraction and conditioning. The system also has an analog to digital device (ADC), for converting the extracted analog signal to digital form, and a microcontroller which sends digital signals to the Bluetooth transceiver, which enables communication with external devices, such as: android mobile devices, computer Bluetooth, etc. Furthermore, this device contains USB-HID capabilities that enable communication with computer hardware, if needed, and functions as a battery charger interface. 
5.1. [bookmark: _Toc23155696]Board design review 
5.1.1. Data Acquisition System 
[bookmark: _Toc23154661]Figure S8 Data Acquisition System.
Data Acquisition part is the most significant in the system. It includes sensors that transform a stimulus into an electrical signal that can then be converted by an ADC into a digital signal for processing. In addition, these systems often need a way to adjust different parameters of their sensors (gain, offset, etc). A complete data acquisition solution should be able to address this sub-system as well as the analog to digital conversion of the signals. One of the most important building blocks in the data acquisition is the microcontroller unit MCU that is responsible of interconnecting the Bluetooth, ADC and the sensor. The following are the MCU features: 
High-performance, Low-power Atmel® AVR® XMEGA® 8/16-bit Microcontroller
· Non-volatile Program and Data Memories
– 16K - 128KBytes of In-System Self-Programmable Flash
– 4K - 8KBytes Boot Code Section with Independent Lock Bits
– 1K - 2KBytes EEPROM
– 2K - 8KBytes Internal SRAM
· Peripheral Features
– Four-channel DMA Controller
– Eight-channel Event System
– Five 16-bit Timer/Counters
Three Timer/Counters with 4 Output Compare or Input Capture channels
Two Timer/Counters with 2 Output Compare or Input Capture channels
High-Resolution Extensions on all Timer/Counters
Advanced Waveform Extension on one Timer/Counter
– One USB device Interface
USB 2.0 full speed (12Mbps) and low speed (1.5Mbps) device compliant
32 Endpoints with full configuration flexibility
– Five USARTs with IrDA support for one USART
– Two Two-Wire Interfaces with dual address match (I2C and SMBus compatible)
– Two Serial Peripheral Interfaces (SPIs)
– AES and DES Crypto Engine
– CRC-16 (CRC-CCITT) and CRC-32 (IEEE 802.3) Generator
– 16-bit Real Time Counter with Separate Oscillator
– One Twelve-channel, 12-bit, 2MSPS Analog to Digital Converter
– One Two-channel, 12-bit, 1MSPS Digital to Analog Converter
– Two Analog Comparators with Window compare function, and current source feature
– External Interrupts on all General Purpose I/O pins
– Programmable Watchdog Timer with Separate On-chip Ultra Low Power Oscillator 
– QTouch® library support Capacitive touch buttons, sliders and wheels Up to 64 sense channels
· Special Microcontroller Features
– Power-on Reset and Programmable Brown-out Detection
– Internal and External Clock Options with PLL and Prescaler
– Programmable Multi-level Interrupt Controller 
– Five Sleep Modes
– Programming and Debug Interfaces PDI (Program and Debug Interface)
· I/O and Packages
– 34 Programmable I/O Pins
– 44 - lead TQFP
– 44 - pad VQFN/QFN
– 49 - ball VFBGA
· Operating Voltage
– 1.6 – 3.6V
· Operating Frequency
– 0 – 12MHz from 1.6V
– 0 – 32MHz from 2.7V

MCU Typical Applications 
• Industrial control
• Climate control
• Low power battery applications
• Factory automation
• RF and ZigBee
• Power tools
• Building control
• USB Connectivity
• HVAC
• Board control
• Sensor control
• Utility Metering
• White Goods
• Optical
• Medical Applications
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